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SECTION 23 08 01.00 20

TESTI NG | NDUSTRI AL VENTI LATI ON SYSTEMS
04/ 06
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NOTE: This guide specification covers the
requirenents for air flowtesting of industria
ventilation systens.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R R R S I R R R I R S R R R R R S I R R R R R R R S R R R
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NOTE: An industrial ventilation systemis the
nmechani cal equi prent that provides the sinultaneous
exhaust and replacenment of air to control

contam nants generated fromindustrial operations.
Test the followi ng industrial ventilation system
applications according to this specification

1. Systens installed to control enpl oyee exposure
to:

a. Hazardous airborne nmaterials with a Perm ssible
Exposure Limt (PEL) or Threshold Linmt Value (TLV)

of 0.1 milligramper cubic meter or the equival ent
value in parts per mllion
b. [Isocyanate paints.
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c. Lead.
d. Beryllium
e. Oto Fuel I1.

2. Pernanently installed asbestos del aggi ng
facilities.

3. Metal cleaning or electroplating shops.

4. Foundries.

5. Fiberglass layup and sprayup operations.

6. Abrasive blasting operations.

7. Carpentry shops.

8. Advanced conposite operations (e.g., graphite).
9. Indoor Firing Ranges.

Include this specification with the construction
project and require the Contractor to hire an

i ndependent subcontractor. This specification
encour ages the use of the Conm ssioning Process.
Modi fy this specification for an acceptance or
performance test contract for any industrial
ventilation system

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

PART 1 GENERAL

1.1 REFERENCES

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

The publications listed below forma part of this specification to the
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extent referenced. The publications are referred to within the text by
t he basic designation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON | NTERNATI ONAL, | NC. ( AMCA)
AMCA 201 (2002; R 2011) Fans and Systens
AMERI CAN CONFERENCE OF GOVERNMENTAL | NDUSTRI AL HYGA ENI STS ( ACA H)

ACA H 2092S (2004) Industrial Ventilation: A Mnua
of Reconmended Practice

.2 DEFI NI TI ONS

a. Capture velocity: Air velocity at any point in front of the hood or
at the hood openi ng necessary to overcome opposing air currents and to
capture contaminated air at that point to cause it to flowinto the
hood.

b. Capture zone: Controlled space around an industrial process that
provi des a safe and heal t hy workspace.

c. FEquilibriumperformnce point: The operating condition after
sufficient start-up tine that an air pollution control device reaches
optimum efficiency. The nanufacturer recomends the mnimumstart-up
time for each device.

d. Facility: A building or portion of a building in which contani nated
air is controlled by the industrial ventilation system This includes
t he shop space, equipnment room offices, restroons and | ocker roomns
af fected by the industrial process.

e. Full load condition: Condition in the facility where exhaust and
repl acenent air systens operate simultaneously, as installed by the
Contractor according to the design plans and specifications.

f. Heating and cooling equipnent: Equipnment used to tenper air in the
facility. Equipnent includes, but is not linmted to: condensers,
chillers, punps, heat exchangers, heating and cooling coils, heat
punps, cooling towers, and duct heaters.

g. Hood static pressure: Static pressure, in Pascals (Pa) inches of
wat er gage (wg), taken at 3 duct dianeters froma flanged or plain
hood or 1 duct dianeter froma tapered hood.

h. Manoneter: An instrument for neasuring pressure. Electronic or
U-tube manonmeters with water or light oil are acceptable.

i. Replacenent air system The nechanical system supplying air to a
facility to replace exhausted air

j. Standard Tenperature and Pressure: Air at standard conditions of 21.1
degrees Cel sius and 101.3 kil opascals 70 degrees Fahrenheit and 1
at nosphere.

k. Static Pressure: The potential pressure exerted in all directions by

a fluid at rest. For a fluid in notion, it is measured in a direction
normal to the direction of flow Usually expressed in Pa inches of wg.
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1

I. SystemEffect: The estimated loss in fan perfornance from non-uniform
air flowat the fan's inlet or outlet.

m Test agency: A first tier subcontractor who is independent fromthe
Contractor and the mechani cal Sub-contractor except by the affiliation
establ i shed by this contract.

n. Transport velocity: Mnimumair velocity, in neter per second (nis)
feet per minute (fpn), required to prevent contaninants from settling,
condensi ng, or pocketing in the ductwork.

0. Velocity pressure: The kinetic pressure in the direction of flow
necessary to cause a fluid at rest to flow at a given velocity.
Usual | y expressed in Pa inches of wg.

3 SUBM TTALS

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submtta

items in the text, to reflect only the submttals
required for the project. The CGuide Specification
technical editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G'. GCenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submittals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
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accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-06 Test Reports

Prelimnary reviewreport; G, [ 11
Smoke tests report; G, [ 11
Fan operating points report; ¢, |
Static pressure report; C[, [ 11
Vol une and velocity flowrates report; ¢, [ 11
Pitot traverse report; C[, [__ 11

Submit [6] | ] copies of an organized report bound in a
durabl e, 3-ring water-resistant binder. The report nust contain a
tabl e of contents, an executive summary, an introduction, a
results section and a discussion of the results. Include the
reports specified in paragraphs entitled "Prelinm nary Revi ew
Report," "Snmoke Test Reports,""Fan Operating Points Reports,"
"Static Pressure Report," "Volume and Velocity Fl ow Rates Report,"
and"Pitot Traverse Report" as appendi ces.

Submit field data and report forms in appendi ces separated by
the fan systemtested. Use the sanple forms, "Replacenent Air
System Test Data" and "Exhaust Air System Test Data," to sunmmarize
the tests for the appropriate fan. Forms other than those listed
may be used; however, include all infornation required by these
forns.

Docurent deficiencies and unnet design requirenents identified
during testing. Notify the [Prime Contractor] [Contracting
Oficer] in witing, no later than [5] [ ] cal endar days after
encountering deficiency, describe the nature of the deficiency and
a recomended course of action for resolution. Report daily
tenperature, humdity and baronetric pressure readings. Note
extreme weat her and barometric pressure changes during the day.
SD-07 Certificates
Test agency Qualifications; ¢, [ 11
Record of Docunent Submittal to Testing Agency; C[, [
Wrk plan; C[, [ 11
List of test instrunents; ¢, |
1.4 QUALITY ASSURANCE
1.4.1 Modi fication of References
Test the industrial ventilation systemaccording to the referenced
publications listed in paragraph entitled "References" and as nodified by

this section. Consider the advisory or recommended provisions, of the
referred references, as mandatory.
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1.4.2 Certification
1.4.2.1 Test Agency Qualifications

Submit, no later than [15] | ] cal endar days after contract award,
infornmation certifying that the test agency is not affiliated with any

ot her conpany participating in work on this contract. The work of the
test agency must be linited to testing and naki ng m nor adjustnments to the
i ndustrial ventilation system

Use the sanple form "Test Agency Qualifications Sheet," to submt the

followi ng information:

a. Verification of [5] [10] years of experience as an agency in testing
i ndustrial ventilation systens or current nenber of either AABC or
NEBB.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: There are two mmjor certifying organizations
for agencies testing, adjusting and bal anci ng
heating, cooling and ventil ating equi pment. The
mai n di f ference between the two organi zati ons, NEBB
and AABC, is their affiliation. AABC certified
agenci es nust be independent of any Contractor or
equi prent manufacturer. Many NEBB certified
agencies are affiliated with a nmechani cal or sheet
nmetal contractor, but many are independent. O her
di fferences are listed bel ow

AABC NEBB
1. M ninmmnunber of years
a. Agency in business 3 1
b. Individual: experience 10 8- 10
c. Individual: test experience 5
2. Licensed P.E. as Manager no no
3. Agency possesses own instrunents yes yes
4. Job references required 10 5
5. Witten examrequired yes yes
6. Continuing education requirenents 2/ cycl e annua
7. Recertification cycle in years 1 2

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

b. References fromfive [Contracting Officers] [facility managers] of
facilities with industrial ventilation systenms that the agency has
tested. A mnimmof one facility nust have processes and
contam nants sinmlar to those generated by the facility in this
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proj ect.

c. Registration for Professional Engineer (PE) license or Certification
for an Industrial Hygienist (CIH or Test and Bal ance (TAB) Engi neer
for the lead test engineer. Submt PE license, CIH registration
nunber, or TAB certification nunber. Include the discipline, date of
i ssue, and expiration date. Engineers nust include the state of issue.

d. Confirmation of 5 years of industrial ventilation test experience for
the I ead test engineer. References fromfive [Contracting Oficers]
[facility managers] for facilities where the | ead engi neer has
supervised industrial ventilation systens tests in the last 5 years.

e. Verification of Iength of tinme |ead engi neer has been enployed by a
test and bal ance agency.

.4.2.2 Record of Document Submittal to Testing Agency

Submit not later than [30] | ] cal endar days prior to the work plan
submi ttal due date, a record of transmittal of the foll owi ng docunents to
t he approved i ndependent testing agency. Information is required to
develop a testing work plan and prepare for field testing.

a. Copy of working as-built project draw ngs and specifications,
i ncludi ng narked desi gn changes. Changes current as of the date of
transm ssion.
b. Copies of all project submttals relating to the industrial
ventilation system Transmt copies of final record submittals
i ncl udi ng approval sheets.
.4.2.3 Work Pl an
Submit not later than [120] [ ] cal endar days after contract award,
but before start of work, steps to be taken by the |ead engineer to
acconplish the required testing. Submt the follow ng:
a. Menorandum of test procedure.
(1) Proposed dates for the prelimnary review and test.

(2) Plan view showi ng proposed test |ocations (i.e. static pressure
| ocations).

(3) Proposed pitot traverse reading | ocations.
b. Test equiprment to be used.

c. Scaffolding and other Contractor's support equipnment required to
performtest.

d. Factory representatives and other Contractor's support personnel who
will be on site for testing.

.4.2.4 Li st of Test Instruments
Submit a signed and dated list of test instruments, their application

manuf acturer, nodel, serial number, range of operation, accuracy and date
of calibration.
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1.4.3 Test Requirenents

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification is not intended to
gi ve guidance on testing air pollution control
devices. Refer to guide specifications specific to

the air pollution device.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I
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NOTE: This gui de specification does not address
testing the heating and cooling equipnment in the

i ndustrial ventilation system Refer to Section
23 05 93 TESTI NG, ADJUSTI NG AND BALANCI NG FOR HVAC
to test heating and cooling equi pment. Coordinate
the testing requirenents with the foll owi ng guide
speci fications, when used:

Section 23 03 00.00 20 BASI C MECHANI CAL NMATERI ALS
AND METHODS

Section 23 30 00 HYAC Al R DI STRI BUTI ON

Section 23 35 19.00 20 | NDUSTRI AL VENTI LATI ON AND
EXHAUST

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Note: This guide specification does not address

noi se and vibration testing. See Section

22 05 48.00 20 MECHANI CAL SOUND, VI BRATION, AND
SElI SM C CONTROL, NEBB publication, "Procedural
Standards for the Calibrati on and Measurenent of
Sound and Vi bration," and American Society of
Heating Refrigerating and Air-Conditioning Engi neers
publication, "Handbook HVAC Systens and
Applications," for noise and vibration testing

detail s.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

The Contractor nust adjust and bal ance the industrial ventilation system
according to Section 23 05 93 TESTI NG ADJUSTI NG AND BALANCI NG FOR HVAC
An i ndependent test agency nust test the industrial ventilation system
according to ACG H 2092S and this section under full load conditions. For
tenmpered supply air repeat the industrial ventilation systens test for the
follow ng conditions: [plus or m nus 20 percent mini num out door
tenperature design condition,] [plus or m nus 10 percent maxi num out door
tenperature design condition,] [[ ] percent |loads on a variable air
vol une system] [and] | ].

1.4.4 Test Engi neer

1.4.4.1 Field Wrk
The | ead test engineer nust be present at the project site while testing
is performed and rmust be responsible for conducting, supervising, and

managi ng of test work. Managenment includes health and safety of test
agency enpl oyees.
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1.4.4.2 Reporting Wrk

The | ead test engineer nmust prepare, sign, and date the test agenda,
equi prent list, and certified report.

1.4.5 Test Report
1.4.5.1 Prelim nary Review Report

Submit a prelimnary review report, see paragraph entitled "Prelimnary
Revi ew' [15] [ ] cal endar days prior to beginning the test.

1.4.5.2 Snoke Tests Report

Describe turbulent air flow and dead air spaces in and around the hood
capture zone. Describe air flowexiting fromthe replacenent air

di stribution device and the effect of roomair currents on snoke capture.
Report | eaks in the ductwork, access door, and duct connectors to fan
Report snoke behavior as it exits fromthe exhaust stack and describe
entrai nnent around the tested facility, nearby structures and any

geogr aphi cal features.

1.4.5.3 Fan Operating Points Report
Deternine the difference between neasured and design volune flow rate.
Conpare measured fan static pressure to manufacturer's performance data.
Show t he design and neasured operating point for each fan on the
correspondi ng fan curve. Report fans that cannot operate at speeds 25
percent faster than the neasured speed while renaining within the
boundari es of the fan curve and fan class. |Identify fan notors that are
operating at or near full |oad anperage.

1.4.5.4 Static Pressure Report
I ncl ude the follow ng:
a. Hood static pressures. Use tables to sunmarize test results by system

b. Fan static pressure, as defined by ACG H- 2092S, for replacenment and
exhaust air systens.

c. Roomstatic pressure, as conpared to [atnosphere] [adjacent roons],
for each roomin the facility.

d. Static pressures that are inconsistent and the probable reason. For
exanpl e:

(1) Inconsistent static pressure drop or increase in one or a series
of hoods on the sane branch

(2) Different static pressures for simlar systens in the facility;
and

(3) Decreasing static pressures as the hoods get closer to the
exhaust fan inlet.

[e. Differential pressure across air pollution control devices.]
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1.4.5.5 Volunme and Velocity Flow Rates Report

Report volume flow rates and velocities in standard cubic nmeters per
second (cns) and neter per second (nfs) cubic feet per mnute (cfm and
feet per minute (fpn), respectively, on the "Exhaust Air System Test Data"
sanple formor conparable form

[ Convert neasured volunme flow rates to standard volune flow rates for

| ocations with operating conditions other than standard tenperature and
pressure. The conversion may be ignored if the volune flow rate changes
| ess than plus or nminus one percent. Show both the actual and standard
val ue for test points. Show a sanple conversion equation.]

Conpare [neasured] [converted] volunme flowrates with the design value for
each hood, the total exhaust air system each replacenent air distribution
point and the total replacenment air system List the [neasured]
[converted] and design values in tabular form Report the transport
velocity for each branch [subnmain] and main duct in the exhaust air system

Indicate if the test value is adequate or inadequate. Adequate hood

vol ume flow rates and duct velocities are those with [nmeasured]
[converted] values within plus or mnus 10 percent of design val ues.
Adequate total systemvolune flow rates are those with [measured]
[converted] values within plus or mnus 10 percent of the design val ues.

1.4.5.6 Pitot Traverse Report
Use the "Pitot Traverse Data" sanmple form or conparable formto record
pitot traverse readings. Submt the follow ng data, as a mninum for
each test |ocation:
a. Velocity pressure and their correspondi ng vel ocities;
b. Average velocity;
c. Duct dinensions and area;
d. Total measured volune flow rate; and

e. Static pressure reading.

1.4.5.7 Deadl i ne

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

NOTE: Estimate the ampunt of time necessary for the
Contractor to make corrections and for the test
engineer to retest the systemin the event that the
systemfails to pass the initial test.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

Provide a sinplified pass/fail report within [3] [ ] days after
conpletion of testing. Provide a conplete test report [15] [30] [ ]
days after conmpletion of testing. [The only exception is for the |ast
seasonal work session which nust be conpleted by | 1.1
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1.5 SAMPLE FORVS

1.5.1 Test Agency Qualification Sheet
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TEST AGENCY QUALI FI CATI ON SHEET

DATE: COVPLETED BY:

A.  Agency Qualifications

Agency Nare:

Addr ess:

Tel ephone Nunber:

Years of experience testing industrial ventilation systemns:

Industrial facilities tested (5 required). Include the foll ow ng:

Facility Name, Address, Point of contact with tel ephone nunber;

Dat es of test;

Type of operation tested;

Li st of Contam nants;

Nunmber of fans;

Type of exhaust hoods;

Air cl eaning devices; and

Personnel performing the test.

Attach letters of recomendation for tests perforned at these facilities. Three
facilities nmust be of the type of operation to be tested.

B. Lead Test Engineer Qualifications
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TEST AGENCY QUALI FI CATI ON SHEET

Length of tinme | ead engi neer has worked with Agency:

Years of experience testing industrial ventilation systens:

Pr of essi onal Engi neering | nformation:

di sci pline:

li cense nunber:

i ssue date:

recertification date:

state of registration:

Industrial facilities tested (5 required). Include the foll ow ng:

Facility Name, Address, Point of contact with tel ephone nunber;

Dat es of Test;

Type of Operation;

Li st of Contam nants;

Nunmber of Fans;

Type of Exhaust Hoods; and

Air C eaning Devices.
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1.5.2 Pitot Traverse Data - Rectangul ar Duct

Pl TOT TRAVERSE DATA - Rectangul ar Duct

Test Date:

Readi ngs By: Traverse By:

Static Pressure:

Room Ai r Tenperature:
Traverse Location: I nsi de/ Qut si de Duct W dt h:
Di stance to Resistance |Causing Conponent I nsi de/ Qut si de Duct Hei ght:
Conponent : Di st ance:
I nside Duct Area:
bef ore: bef ore: Required Vel ocity:
after: after: Required Actual Vol une Fl ow Rate:
Vel ocity Pressure Reported as [ ] Units

Pitot Traverse Matrix

Velocity | Pressure Readings (mninmumcenter distance is 150 mm Velocity |
Pressure Readings (m nimum center distance is 6 inches

Poi nt 1 2 3 [ 4] s 6 | 7
Position

|00
|©
=
o

A [_] NN [ I Y I I I IS I ) I O

B [_] NN [ I Yy I Y IS I IS I U I O

C [_] NN [ I Y I I I IS I ) I O

D [_] NN [ I Y I I I IS I ) I O

E [_] NN [ I Yy I Y IS I IS I U I O

F [_] NN [ I Y I I I IS I ) I O

G [_] NN [ I Y I I I IS I ) I O

H [_] NN [ I Yy I Y IS I IS I U I O

| [_] NN [ I Y I I I IS I ) I O

J [_] NN [ I Y I I I IS I ) I O
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Pitot Traverse Matrix

Pressure Readi ngs Converted to Velocity (nm's) (FPM

Velocity |1 2 3 4 5 6
Poi nt
Position

7

| oo

|©

>

[_] NN I SR I Y U B

[_]

[_]

[_]

[_]

B [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

C [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

D [_] NN I SR I U U B

[_]

[_]

[_]

[_]

E [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

F [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

G [_] NN I SR I U U B

[_]

[_]

[_]

[_]

H [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

| [_] NN I SR I Y U B

[_]

[_]

[_]

[_]

J [_] NN I SR I U U B

[_]

[_]

[_]

[_]

Subt ot al :

Total Velocity/# Readings = Avg. Velocity x Duct Area = Actual Volune Fl ow Rate:

ms /

* ACFM - actual cubic feet per mnute

= ms x ______ SQ METER =
= FPMx ____ SQ FEET = __

REMARKS

SECTION 23 08 01.00 20 Page 17




1.5.3 Pitot Traverse Data -

Round Duct

PI TOT TRAVERSE DATA - Round Duct

Test Date:

Readi ngs By:

Traverse By:

Static Pressure:

Room Nunber :

Air Tenperature:

System Unit:

Baronmetric Pressure:

Traverse Locati on:

I nsi de/ Qut si de Duct DI A:

Di stance to Resi stance
Conponent :

Causi ng Conponent
Di st ance:

I nside Duct Area:

bef ore: bef ore: Required Vel ocity:
after: after: Requi red Actual Vol une Fl ow Rate:
Vel ocity Pressure Reported as [ ] Units
Pitot Traverse Matrix
Duct Di aneter 0- 150 mm 150-1219 mm >1219 nm or unstabl e
vel ocity
Readi ngs 12 (6/traverse) 20 (10/traverse) 40 (20/traverse)
TEST PO NT Vel ocity Pressure Vel ocity TEST PO NT Vel ocity Vel ocity
Pressure

1 P G

21 ] P

2 P G

22 ] P

2 P G

22 ] P

3 P G

23 ] P

4 P G

24 ] P

5 P G

25 ] P

6 P G

26 ] P

7 P G

27 ] P

8 P G

28 ] P

9 P G

29 ] P

10 P G

30 ] P
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Pitot Traverse Matrix

11 P G 31 ] P
12 P G 32 ] P
13 P G 33 ] P
14 P G 34 ] P
15 P G 35 ] P
16 P G 36 ] P
17 P G 37 ] P
18 P G 38 ] P
19 P G 39 ] P
20 P G 40 ] P
Confirm 1: Confirm 1:

Confirm 2: Confirm 2:

Vel ocity Sum

(Wt hout Confirm Val ue)

Vel ocity Sum # Readi ngs = Average Velocity x

Duct Area = Actual Vol une Fl ow

Rate [ ] ms /| |

1 =1

] ms

x [___ 1 sSQ METER = [

1 ow

REMARKS

Pitot Traverse Matrix

Duct Di amet er 0-6 in. 6-48 in. >48 in. or unstable
vel ocity
Readi ngs 12 (6/traverse) 20 (10/traverse) 40 (20/traverse)
TEST PO NT Vel ocity Pressure Vel ocity TEST PO NT Vel ocity Vel ocity
Pressure

1 (] (] 21 (] (]
2 (] (] 22 (] (]
2 (] (] 22 (] (]
3 (] (] 23 (] (]
4 (] (] 24 (] (]
S (] (] 25 (] (]
6 (] (] 26 (] (]
7 (] (] 27 (] (]
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Pitot Traverse Matrix

8 (] (] 28 (] [ ]
9 (] (] 29 (] [ ]
10 (] (] 30 (] (]
11 (] (] 31 (] (]
12 (] (] 32 (] (]
13 (] (] 33 (] (]
14 (] (] 34 (] (]
15 (] (] 35 (] (]
16 (] (] 36 (] (]
17 (] (] 37 (] (]
18 (] (] 38 (] (]
19 (] (] 39 (] (]
20 (] (] 40 (] (]
Confirm 1: Confirm 1:

Confirm 2: Confirm 2:

Vel ocity Sum

(Wt hout Confirm Val ue)

Vel ocity Sunml# Readi ngs = Average Velocity x

Duct Area = Actual Vol une Fl ow

Rate [___ 1 FPM/ [

= ] FPM x

[ ] SQ Feet =[____ ] ACFM

REMARKS
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1.5.4 Exhaust Air System Test Data
EXHAUST Al R SYSTEM TEST DATA
Test Dates:
Readi ngs By:
Unit Nunber: Pressures (Pa)

Unit Location: Fan Inlet Static:
Make Model : Fan CQutlet Static:
Mbdel : Fan Inlet Velocity:
Serial Nunber: Fan Static:
Fan Total :
Danper Positions
Hoods: Differential Pressure across air cleaning
devi ce
Subnei ns: - Devi ce Delta P (Pa)
Total Volunme Test Location [ 1 [ 1
Duct dia. before fan [ 1 [ 1 [ 1
Duct dia. after fan [ 1]
Fan Speed (RPMor RPS) [__ ]
Mot or Speed (RPMor RPS) [__ ]

Resi st ance Causi ng El enents

Type Rel ati onship to Fan Pulley - Center to

Center Distance
before/after # Duct dia.

el bow [ 1 [ 1

danper [ 1 (]

expansi on [ 1] [ 1] Anperage - T1, T2,
T3 [___ 1]

contraction [ 1] [ 1] Vol tage - T1-2,
T2-3,T3-1 [___ ]

pl enum [ 1 [ 1
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EXHAUST Al R SYSTEM TEST DATA

[ 1] [ 1 [ 1 Tenperature
(WB./D.B.)

[ 1] [ 1 [ 1 Qutside Air [__ 1]

[ 1] [ 1 [ 1 Repl acenent Air
[ 1

* RPM - revol utions per minute WB. - wet bulb

RPS - radi ans per second D.B. - dry bulb

EXHAUST Al R SYSTEM TEST DATA

Test Dates:

Readi ngs By:

Unit Nunber:

Pressures (inches of wg)

Unit Location:

Fan Inlet Static:

Make Model : Fan Qutlet Static:
Model : Fan Inlet Velocity:
Serial Nunber: Fan Static:

Fan Total :

Danper Positions

Hoods: Differential Pressure across air cleaning
devi ce
Subnei ns: Devi ce Delta P (in. wg)
Total Vol une Test Location [ 1] [ 1]
Duct dia. before fan [ 1] [ 1] [ 1]
Duct dia. after fan [ 1
Fan Speed (RPMor RPS) [__ ]
Mot or Speed (RPMor RPS) [__ ]
Resi st ance Causi ng El enents
Type Rel ati onship to Fan Pulley - Center to
Center Distance
before/after # Duct dia.
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EXHAUST Al R SYSTEM TEST DATA

el bow [ 1 [ 1

danper [ [

expansi on [ 1] [ 1] Anperage - T1, T2
T3 [___ 1]

contraction [ 1] [ 1] Vol tage - T1-2,
T2-3,T3-1 [___ 1]

pl enum

G G

G

G G

Tenper ature
(WB./D.B.)

G

] ]

Qutside Air [ ]

G

G G

Repl acenent Air

]

* RPM - revolutions per minute

WB. - wet bulb

RPS - radi ans per second

D.B. - dry bulb
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VOLUVE FLOW RAT

ES (Standard Cubic Meter per Second) VOLUVE FLOW RATES (Standard Cubic
AY

e AA ke

SYSTEM

ACTUAL

DESI GN

ADEQUATE

| NADEQUATE

Total Vol une

[

G

G

G

SUBNVAI N

Submai n nane

[

]

G

]

Submai n nane

[

G

G

G

Submai n nane

[

G

G

G

HOODS

Hood nane

[

G

G

G

Hood nane

[

G

G

G

Hood nane

[

]

G

]

Hood nane

[

G

G

G

Hood nane

[

G

G

G

Hood nane

[

]

G

]

Hood nane

[

G

G

G

Hood nane

[

G

G

G

Hood nane

[

]

G

]

Hood nane

[

G

G

G
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1.5.5

Repl acenent Air System Test

Dat a

REPLACEMENT Al R SYSTEM TEST DATA

Test Dates:
Readi ngs By:
Unit Nunmber: [ ] [ 1] Pressures (PA) (inches of wg)
Unit Location: Fan Inlet Static:
Make Model : Fan Qutlet Static:
Mbdel : Fan Inlet Velocity:
Serial Nunber: Fan Static:
Fan Total :

Danper Positions

Differential Pressure
Term nal s: across Filters [__ 1]
Submai ns: across Reheat Coil[___ ]
across Cooling Coil
across Preheat Coil
Total Volune Test Location (]
Total Volune Test Location
Duct dia. before fan [ 1] Fan Speed (RPMor RPS) [__ ]

Duct dia. after fan

P

Mot or Speed (RPM or

RPS) [ 1]

Resi st ance Causi ng El enents

Type Rel ati onship to Fan Pulley - Center to
Center Distance
before/after # Duct dia.
el bow [ 1 [ 1
danper [ 1 [ 1
expansi on [ 1] [ 1] Anperage - T1, T2,

T3 [____ 1
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REPLACEMENT Al R SYSTEM TEST DATA

contraction

G G

Vol tage - T1-2,
T2-3,T3-1 [___ ]

pl enum

G G

P

P G

Tenper ature
(WB./D.B.)

P

P G

Qutside Air [ ]

P

P G

Repl acenent Air

G

P

P G

Mxed Air [___ ]

* RPM - revolutions per minute

WB. - wet bulb

RPS - radi ans per second

D.B. - dry bulb
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VOLUMVE FLOW RATES (Standard Cubic Meter per Second) VOLUVE FLOW RATES (St andard

Cubi c Feet per M nute)

SYSTEM

ACTUAL

DESI GN

ADEQUATE

| NADEQUATE

Total Vol une

G

[

[

Qutside Air
Vol une

G

[

[

Return Air

G

[

[

Rat i o:
Qut si de/ Return

G

[

[

BRANCH

Branch nane

G

[

[

Branch nane

G

[

[

Branch nane

G

[

[

Branch nane

G

[

[

Branch nane

G

[

[

Branch nane

G

[

[

Branch nane

G

[

[
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PART 2 PRODUCTS
Not used.
PART 3 EXECUTI ON

3.1 TEST PROCEDURE

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Facilities requiring industrial ventilation
often contain offices, restroons, |ocker roons wth
showers and mechani cal roons. These roonms are

af fected by the industrial ventilation systemfor
the facility. Contaminants fromthe work area mnust
be prevented frommnigrating into these roonms. This
is acconplished by providing a slightly negative
pressure in the work area.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Deternine the static pressure of the work area relative to [the outdoors
and] the follow ng roons: | ]. Report the results.

3.1.1 Prelimnary Review

Conduct a prelinmnary review of the facility [45] [ ] cal endar days
prior to beginning the test. Performthe follow ng tasks and report the
results of each task in the Prelimnary Review Report.

a. Locate industrial ventilation system conponents including hoods, hood
transitions, ductwork, branch to main duct entries, elbows, expansions
and contractions, fans, air pollution control devices, exhaust stacks,
weat her protection, replacenment air plenuns, and distribution
devi ces. Show conponents on a single line drawing for each fan system

b. Review design draw ngs, specifications, and shop drawi ngs to verify
that testing can be performed on the system Record, on the single
line drawi ngs, |ocations of planned pitot traverses of nmmins and
branches and design velocities. Report potential test problens, such
as i nadequate space, to the Contracting Oficer.

c. ldentify on the single line drawings the |location of systemfire
protection conponents that may alter air flow, such as fire danpers.

d. Identify on the single line drawi ngs the |ocation of emergency and
spill sensors.
e. ldentify on the single line drawi ngs the location of [pressure

differential sensors] [static pressure sensors].

f. Use AMCA 201 to identify systemeffects that occur at the inlet and
outl et of each replacenent and exhaust air fan.

g. Verify that ductwork sizes, elbows and fittings, exhaust stacks and
weat her protection neet the design plans and specifications for both
repl acenent and exhaust air systens.

h. Verify that fans are rotating in the proper direction

i. ldentify equi pnent such as fans, air pollution devices, heating coils,
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3.

3.

and controls, that do not neet the design plans and specifications.

j. Obtain fan performance data.

k. Verify that replacenent air termnals including [diffusers] [l ouvers]
[grilles] [perforated plate] [perforated ductwork] are installed
according to design plans and specifications.

. Obtain the differential pressure data and maxi mum operating pressures
for air filtration devices including [dirty and cl ean repl acenent air
filters] [high efficiency particulate air filters] [dust collectors]
[mist elimnators] [wet scrubbers] [cyclone separators] [electrostatic
precipitators] | ].

m Cbtain the tenperature and pressure control diagrams for the supply
[and exhaust] industrial ventilation system

n. Record the nanmeplate data fromeach fan, notor, [air cleaning device]
[ vacuum systen] and | ].

0. Record nmotor starter sizes and the type of thernmal overload protection
devi ces.

p. Verify the followi ng requirenents unless otherw se specified in the
i ndi vi dual section

(1) Fan bearings have a minimumrated average |ife of 200,000 hours.
(2) Fan bases are |level.
(3) Fan wheels are bal anced and cl ear the housing.

(4) Fan shafts are of uniformdianeter [and there are no step down
cuts at the bearings].

(5) Access to fan grease fittings and other routine naintenance
equi pnent .

(6) Bearings are greased and the tube is full upon installation
(7) Safety equiprment, such as fan belt guards, are in place.
[(8) Drive alignment and belt tension are correct for each fan.]
2  FIELD TESTS
2.1 Prelim nary Procedures

Provi de instrunents and consunabl e equi pnment required to test the
i ndustrial ventilation system

Bef ore begi nning the test:
a. Cose all windows and doors in the facility.

b. Ensure that exhaust and replacenent air ductwork and air intake
sources are free fromdebris and dirt, through a visual inspection

c. Load the replacenent air prefilters to the manufacturer's recomended
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maxi mum | oad condi ti on.

d. Run the exhaust air systenms, containing air pollution control devices,
for a sufficient tine to obtain the manufacturer's recomended
equi | i brium performance point.

[e. Ensure that a duct |eakage test is conplete and accepted by the
Contracting Oficer.]

3.2.2 Test Met hod

Test the ventilation under full |oad conditions according to ACA H 2092S,
Chapter 9 and this section. Record quantitative readings on sanple forns,
"Pitot Traverse Data, [Rectangular Duct] [Round Duct]," "Exhaust Air

System Test Data," and "Repl acement Air System Test Data."

The test engineer is authorized to readjust and rebal ance the systemif

m nor adjustrments will bring the systeminto conpliance with the design
M nor adjustnments include [adjusting the fan sheave] [correcting fan
rotation] [resetting danpers] [adjusting blast gates] | ].

3.2.2.1 Snmoke Test

Test each hood with snmoke generators to verify contaminant control in the
capture zone, prior to performng quantitative tests on the industria
ventilation system Snoke sinulates the contaminant. [Videotape the air
noverment pattern at the worker's breathing zone for the [hoods] [booths]
[indoor firing range] | ] [and air currents].] Conply with
restrictions on the use of incendiary devices. Informthe fire departnent
or other responsible parties when |arge quantities of snoke are expected
[or the ventilation systemhas internal snoke al arns].

3.2.2.2 Air Quantity Readi ngs

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Straight duct prior to the test point is
essential to obtain a realistic average duct
velocity. The velocity profile becones distorted
after disturbances such as el bows, contractions,
expansi ons, branch entries in the exhaust system and
heating coils in the replacenent air system Look
at the drawings and deternine if there is enough
straight duct to obtain 7.5 duct dianeters of
straight airflow before the test points. [If not,
specify the exact test points nore explicitly, e.g.
3 neters 10 feet fromthe positive pressure side of
the fan, or between the fan and the scrubber. Do
not use the terns upstreamor downstream In
exhaust systens the total volune flow rate test
poi nt may be | ocated before or after the fan or

pol lution control device. In replacenent air systens

the test point is placed after the fan.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Use a pitot tube and nanoneter to neasure the velocity pressures for the
exhaust and replacenent air systens. Determ ne the nunber and |ocation of
velocity pressure readings required for round and rectangul ar ducts
according to ACG H 2092S. Drill traverse access holes. [Round ducts
require two traverse access hol es positioned 90 degrees apart. ]
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[ Rectangul ar ducts nmay require several traverse access hol es.]

Take pitot traverses away fromair disturbing devices (i.e. elbows, branch
entries, duct expansions, and hood transitions). M ninum distances are

a. Five (5) duct dianeter of straight duct after the fan outlet; and

b. Seven and one-half (7.5) duct dianeters of straight duct after an air
di st urbi ng devi ce.

VWhen these di stances of straight duct are not available, use a schematic
drawi ng to note the di sturbance producing device, and di stance between the
pitot traverse and the device.
Confirmone velocity pressure reading for each access hole after
conpleting a traverse. Accept traverse data when the difference between
the original and confirmati on neasurenent is plus or mnus 10 percent;
ot herwi se repeat the traverse. Plug holes with cap plugs inmediately
after each traverse
Convert velocity pressure readings to velocity before averagi ng the duct
velocity. Calculate average velocity fromvelocity pressure readi ngs and
volume flow rates for the followi ng | ocations:

Repl acenent air fan outlet;
b. Replacenment air duct branch
c. Exhaust air duct branch, including hoods [and submains];
d. Exhaust fan inlet or outlet;
[e. Air pollution control device inlet; and]
[f. Qutside and return air ducts in recirculating replacenment air system]
.2.2.3 Air Velocity Meter Readings
A flow hood may be used for measuring office and restroomrepl acenent air
guantities. Do not substitute air velocity nmeter readings for manoneter
and pitot tube readings. Use air velocity neters to estimate the
fol | owi ng:
a. Velocity exiting fromreplacenent air systens w thout ductwork;
b. Crossdrafts in a room
c. Hood capture velocity;
d. Duct velocities less than 3 ms 600 fpm; and

[e. Slot velocities.]

3.2.2.4 Static Pressure Readings

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

NOTE: Static pressures are always required. |If the
system has no pollution control device, static
pressure measurenments are only required at the fan
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inlet and outlet. This is also true for the

repl acenent air fans. To properly evaluate the
system differential pressures are needed across the
fan and each air pollution control device. Look at
each system and determine the appropriate test
poi nt s.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Take static pressure readings using a pitot tube and manonmeter. The
foll owi ng readings are required:

a. Hood static pressure. Take readings at a distance of one duct
di ameter fromtapered hoods, and 3 dianeters fromplain or flanged
hoods;

b. Replacenment and exhaust fan inlet and outlet static pressure;

c. Roomstatic pressure as conpared to [outdoors] [outside the area
controlled by industrial ventilation];

[d. Air cleaning device inlet and outlet static pressure; and]

[e. Branch static pressure in the replacenent and exhaust air system
submai n duct wor k. ]

Verify test instrunent readings correspond with attached static pressure
gages

.2.2.5 Control System Check- Qut

Test warning systemcontrols for the industrial ventilation system
i ncluding the follow ng:

a. Above and bel ow range alarns for roomstatic pressure.

b. Fan notor operating |lights.

[c. Danpers operated by the control notor.]

[d. Hood static pressure.]

[e. Dislodged or ripped filtration equi pnent.]

[f. Overloaded air cleaning device.]
.2.2.6 O her Readi ngs

Take the foll owi ng readi ngs on each day testing is perforned:

a. Tenperature readings after the systemhas stabilized and has been
running for at |east 4 hours:

(1) Wet bulb and dry bulb tenperature of ancillary roons, workspaces,
repl acenent air, outside air, [return air,] [and] [mi xed air].

(2) External tenperature for fan and notor bearings on ventilation
equi prent .

b. Record baronetric pressure and altitude.
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3.

2.3 Syst em Mar ki ngs

Mark the settings and test ports to re-evaluate the industrial ventilation
systemduring followup tests. Label test points before submitting the
report. Use spray paint or another acceptable practice, i.e. pernanent
marker, to mark the airfl ow adjusting devices [such as valves, splitters,
danpers, and bl ast gates], so the devices can be returned to their

original position if an unauthorized adjustnent is nade.

.2.4 Test Verification

Notify Contracting O ficer [30] [ ] cal endar days prior to conducting
the Test Verification. |In the presence of the Contracting Oficer, the
test engi neer nust repeat at least [10] [20] | ] percent of the test
for each repl acenent and exhaust air systemto verify the results. As a
m nimum re-test the foll ow ng readi ngs:

a. Total volune flow for each fan;
b. Inlet and outlet static pressure for each fan

c. Volume flow and hood static pressure for the hood with the | ongest
duct run fromthe exhaust fan; [and]

d. Hood volune flow rates and total systemvolune flow rates which
di sagree with the design val ue; [and]

[e. Differential pressure across each air pollution control device].

.2.4.1 Test Result Disagreenents

Static and velocity pressure test readings nust be within plus or m nus

[10] [ ] percent of the verification readings. When the difference

bet ween test and verification readings are greater than these acceptable
val ues, the test engi neer nust:

a. Recalculate the test and verification results.

b. Recalibrate test equipnent.

c. Retest the entire system

d. Verify the results.

.2.5 Test Engi neers Qut-Bri ef

Provide a verbal summary for the Contracting O ficer describing the
condition of the industrial ventilation system Report test data that
does not neet the design criteria as defined in paragraph entitled "Field
Test Reports."”

.3 SCHEDULE

Sone netric measurenents in this section are based on nathematica
conversion of inch-pound nmeasurenments, and not on netric measurements
commonl y agreed on by the manufacturers or other parties. The inch-pound
and netric nmeasurenments shown are as foll ows:
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Pr oduct s I nch- Pound

Metric

a.

1] ]

]

End of Section --
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