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|. BASI C DESI GN CRI TERI A

A. Basic design criteria is established by Techni cal
I nstructions Tl 800-01 issued by the Ofice of the Chief of Engineers.
The TI is a living docunent and is frequently revi ewed, revised, and
redistributed. As such, it is inperative that the current edition of
the TI be obtained and used for project designs. CQurrent editions are
available fromthe D strict Design Manager. The AE should clearly
indicate in each section of the Design analysis which (by date)
edition and changes (by date) of the Tl are being used for the design.

B. Cenerally, Chapters 1, 2, 9, 11, 13, 14, and 15 of the
TI 800-01 are of definite significance to the nechani cal design
effort. Areviewof the entire Tl with specific enphasis on the
listed chapters should be perfornmed prior to conpleting fee
negotiations or initiating design effort.

C. In the event conflicts arise between information
contained herein and the Tl, the Tl shall have precedence.

D. This instruction package was prepared using the basic Tl
dated 20 July 1998.

E. This instruction package is prepared pursuant to
executing designs for Arny projects. Air Force projects are to be
designed using MIlitary Handbook 1190 as the basic design gui dance
package. Although the TI (ARMY) and MIlitary Handbook 1190 (Al R FORCE)
are different docunents, the docunents share simlar requirenents and
design intent. Designers are required to thoroughly review the
applicable criteria for the specific project design.

F. Al abbreviations and synbol s used on draw ngs and
sket ches shall be based on ASHRAE Handbook Fundanental s and CADD
Details Library by Tri-Service CADD A S Technol ogy Center (I atest
editions).

G  ASHRAE Handbook of Fundanentals (latest edition),
Chapter 35, shall be used as a reference in devel oping netric project
designs. The use of inch-pound or netric systens for each specific
project shall be determ ned by the Design Team Leader (DTL).



1. MECHANI CAL:

A.  CENERAL: These instructions outline the highlights of
the applicable criteria for designing the principal nechanical
systens; where criteria for special systens is required, the A-E
shoul d check on availability of Corps criteria, and in the absence of
Corps criteria, rely on the best available criteria of the industry.

1. These instructions also cover both fire protection
and pl unbi ng desi gn requirenents.

2. Much of the information contained herein is taken
out of context. The user should study the original references and
investigate to make sure that the criteria has not changed since this
outline was witten. Special supplenentary criteria should be
requested for USAR Centers and other mlitary facilities covered by
standard criteria.

3. Basic instructions on preparation of draw ngs,
specifications and design analysis are contained in ER 1110-345- 700,
ER 1110-345-710, and ER 1110- 345-720.

4. Equi pent sel ection shall be based on not |ess than
three (3) manufacturers (whose equi pnent neets project requirenents)
for each item The design analysis shall indicate dinensions and
capacities of all equipnent. The project design is not conplete until
the designer is assured that there is sufficient physical (space in
roons/ areas where equi pnent is to be placed/located) to install and to
mai ntain the sel ected equi pnent with associ ated appurtenances in
accordance with project docunents, including applicable codes.

B. HVAC/ REFRI GERATI ON FI RE PROTECTI OV PLUMBI NG  The
mechani cal design shall followthe |atest dated criteria.

1. Ceneral: TMs are technical manuals and form part
of basic criteria. ETL's are for the purpose of nodifying the basic
manual s or for supplying |ater superseding information. Unless
ot herwi se indicated, chapter/paragraph references preceded herein by
"TI" refer to the DAEN i ssued architect-engineer instructions as
descri bed in the PREAMBLE and those preceded by "TM refer to TM 5-
810-1. O6HA Safety and Health Standards shall be incorporated where
requi red or applicabl e.

2. Popular Design Criteria: Criteria used should be
current as of the date of Notice to Proceed wth design.

Tl 800-01, Technical Instructions Design Criteria

Uni f orm Federal Accessibility Standards (UFAS)



Anmericans with Disabilities Act Accessibility CGuidelines (ADAAG

Air Force Design Manual (Applicable Handbook for Air Force
Proj ects)

MIlitary Handbook 1190
Conpr ehensi ve National Energy Policy Act (PL.102-486)
OMB Circular A-131, 21 May 1993, Subject “Val ue Engi neering”

CEMP- ET/ CEMP-5 Menorandum 31 August 1992, Subject *Programm ng
of Phased Construction for Utility Wrk”

M L- HDBK 1008C - MIlitary Handbook Fire Protection for Facilities
Engi neeri ng, Design, and Construction

M L-HDBK 1022 - MIlitary Handbook Petrol eum Fuel Facilities

- Architectural and Engi neering Instructions for Installation
Support (4 April 1996)

TM 5 805-4 - Noise and Vibration Control for Mechani cal Equi pnent
TM 5- 785 - Engi neering Weat her Data

TM 5-802-1 - Economc Studies for MIlitary Construction Design-
Appl i cations

TMb-804-2 - Sol ar Energy Systens
National Fire Protection Association Standards
SMACNA Manual s and Cui des (|l atest editions)

TM 5- 809- 10/ No. 000-09-01 - Seism c Design/ Structural Support
Det ails for No. 000-09-01 Seismc Standard Detail Protection of
Mechani cal and El ectrical Equi pnment

TM 5-810-1 - Heating, Ventilating and Air-Conditioning Manual

TM 5-810-2 - High Tenperature Water Heating Systens

TM 5-810-3 - Mechani cal Refrigeration and Ventilation in Col d-
Storage Facilities



T™M 5-810-4

Conpressed Air
TM 5-810-5 - Pl unbi ng

TM 5-810-6

Non- I ndustrial Gas Piping Systens

TM 5-810-7

Hi gh- Pressure Gas and Cryogeni c Systens
TM 5-810-15 - Central Steam Boiler Plants

TM 5-810-17 - Heating and Cooling Distribution Systens
TM 5-812-2 - Firestopping

TM 5-813-6 - Water Supply for Fire Protection

- TM 5-815-3 - Heating, Ventilating and Air-Conditioning (HVAC
Control Systens

TM 5-842-2 - Laundries and Dry O eaning Pl ants
TM 5-848-1 - Gas Distribution

TM 5- 848- 2/ COE St andard Desi gn AW 78-24- 20/ AW 78-24-27, Standard
Fuel Systens - Handling of Aircraft and Autonotive Fuel s

TM 5-855-4 - Heating, Ventilation, and Air-Conditioning of
Har dened Install ations

AR 11-27 - Arny Energy Program

AR 420-49 - Heating Energy Sel ection and Fuel Storage D spensing
System

AR 420-54 - Air-Conditioning and Refrigeration

AR 420-90 - Fire Protection

EM 1110-3-178 - Renoval of Underground Storage Tanks (UST)
ER 1110-345-100 - Design Policy for Mlitary Construction

- ETL 1110-3-438 - Engineering and Design, |Indoor Radon Prevention
and Mtigation



ETL 1110-3-440 - Engi neering and Design Cathodic Protection

ETL 1110-3-455 - Engineering and Design, Humdity Control for
Barracks and Dormtories in Hum d Areas

ETL 1110-3-465 - Engi neering and Design of Water Meters and
Appurtenances at New Arny Facilities

ANSI / ASHRAE 34-1992 - Nunber Designation and Safety
Cl assification of Refrigerants

ANSI / ASHRAE 15-1994 - Safety Code for Mechanical Refrigeration
ANS|I A13.1-1981 - Schene for the Identification of Piping Systens

ASHRAE Cui del i ne 3-1990 and Addendum 3a-1992 - Reduci ng Em ssion
of Fully Hal ogenated Chl orofl uorocarbon (CFC) Refrigerants in
Refrigeration and Air Conditioning Equi pnent and Applications

ASHRAE 62-89 - Ventilation for Acceptable Indoor Air Quality
ASHRAE - Systens and Applications

Pl umbi ng and Drainage Institute (PD -WH 201) Water Hanmer
Arrestors

CABO A 117.1 - American National Standard for Assessabl e and
Usabl e Buil dings and Facilities

Nat i onal Standard Pl unbi ng Code

CECW QA Menorandum 22 May 1996, “USACE Operated Facilities”
Envi ronnent al Conpl i ance Qui dance Letter No. 6, Managi ng Qzone-
Depl eti ng Substances (ODSS) at USACE Projects and Facilities

CEMP- ET Menorandum 3 August 1993, “Elim nating of Ozone-
Depl eti ng Chem cals; Inplenentations of the Requirenents of the
Nat i onal Defense Authorization Act for FY-93”

Nat i onal Environnmental Policy Act (NEPA)

The National Ambient Air Quality Standards (NAAQS)

Clean Air Act Amendnents (CAAA)



CENAB- EN SOP 340-5 Engi neering Division Standard Operating
Procedur e/ Regul atory Conpl i ance Check Li st

3. Tenperature Conditions -- Arny Criteria:

a. Qutside: TM5-785, TI 800-01 and TM 5-810-1,

2-2
b. Confort:
Wnter - 97-1/2% tables,
Sumer - 2-1/2%DB., 2-1/2% MOWB t abl es;
c. Special Technical Requirenents:
Wnter - 99%t abl es;
Sunmer - 1% DB, 1% MOWB
d. Water and Air Cool ed Equi prent: TM 5-810- 1,
2-2

e. I nside: TI 800-01

f. Confort:
Wnter 68 F. Admn, 55 F. work areas, 40 F.
freeze protection.

Summer 2-1/2% DB outside less 15 F. but not
greater than 78 F and not |ess than 75 F.

4. Thermal Coefficients: See TlI 800-01, Chapter 11 -
Tabl e 11-4.

5. Economc Studies: Unless directed otherw se by
the specific criteria, TM 5-802-1 shall be used for cost conparisons
between alternative designs. Oiteria exists for Total Energy and
Life Cycle Studies. The LCC D Conputer Programcan al so be used.

a. Fuel Studies: DA M FDF-U nenorandum dated 10
Jan 1994 or |atest guidance, Econom c Studi es MCA and MCAF Designs and
EC P

1. TI 800-01, Chapter 14 and AR 420-49

b. If the project is under a special program
such as MCA Energy Conservation Investnent Program (ECIP), then
Programcriteria is applicable.

6. A r Conditioning:

a. Ceneral Design Requirenents:



1. Miltiplicity of refrigeration units is
di scouraged except as permtted by TM 5-810-1. See al so AR 420-54 and
Tl .



2. Acentral refrigeration plant is
required to serve a building or group of buildings. A central plant
is a source of refrigeration consisting of an integrated refrigeration
system whi ch may supply a building or nunber of buil dings containing
air handling or fan-coil units, etc., serving designated areas.

3. Refrigerant policy - refer to CECWQA
menor andum 22 May 1996, “USACE Qperated Facilities Environnental
Conpl i ance Letter No. 6, “Managi ng Qzone-Depl eti ng Subst ances (CQDSS)
at USACE Projects and Facilities,” for guidance on specification of
refrigerants to reduce inpact on ozone depletion. In addition,

i ncorporate ASHRAE 15 and 34 into the design as well as ASHRAE
Qui del i ne 3.

b. Cold Generators (TM 5-810-1, 5-2):

1. A single reciprocating conpressor shal
not exceed 200 tons.

2. A packaged reciprocating unit shall not
exceed 400 tons and will not have nore than 8 conpressors.

3. Units greater than 200 tons may be
centrifugal, helical rotary screw, absorption type, or reciprocating
type conpressor selection shall be based on a life-cycle cost
anal ysi s.

4. Two or 3 refrigeration units may be used
inlieuof 1 unit if the life cycle cost analysis shows the initial
cost and operation and nai ntenance are less for nultiple units.

5. Standby conpressors, punps, etc., shal
not be provided for personnel cooling application. See special
criteria for air conditioning required for life support and critical
areas.

6. Reciprocating conpressors over 10 tons
shal |l use only capacity controls which reduce the power requirenents
as the load varies (TM 5-2a).

7. Absorption refrigeration should only be
consi dered where waste heat is available (TM 5-2e)

8. Use R 22, R 123 and R-134a wherever
f easi bl e due to environnental concerns.



C. Heat rejection equipnent:

1. Condenser or cooling tower outside air
requirenents.

2. Wnter operation of cooling towers
d. Cooling Systens: (TM5-810-1, 3-3, 3-5):

1. Chilled Water: The supply and return
chilled water tenperature differential will be determ ned by LCCA
(TM par agraph 3-3(a)).

2. Heating and air conditioning systens
shall be conbined (TM 3-Db).

3. Location of air conditioning equipnent
shoul d be designed to give conplete and unobstructed access to
equi pnrent for mai nt enance.

4. Integrated air conditioning and |ighting
systens are required where the general lighting | evel is 100 foot
candl es or greater (See TM paragraph 3-3b).

5. Ar conditioning systens shall be
designed for a 100% econony cycle. Except, that controller shal
sense outside air dry bulb tenperature in Iieu of enthal py as
indicated in TM 5-810-1. Qperating experience has shown ent hal py
sensing to be not reliable.

6. Low velocity air systens will generally
be used. Mediumand high velocity systens will be used only if shown
to be econom ca

7. Wnter humdity control is permtted on
a zone basi s.

8. Standby Heating Equipnent: WII| not be
provi ded unl ess justified.

9. Heating: (TI 800-01, Chapter 14 & TM
50810-1, 5-3)

a. Heating Plants: Central and
| ndi vi dual (See AR 420-49 and TI 800-01, Chapter 14/2)

1. Economc Analysis and fuel
study (See AR 420-49 and TI 800-01, Chapter 14/1a(3))
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2. Fuel Selection (See AR 420-49
and TI 800-01, Chapter 14/ 1c)

b. Heating Systens: (TM 3-2)

1. Were a building is to be
provided with heating and air conditioning, the systemsel ected shall
be a conbinati on system (See TM 3-6).

2. Mninmumof 30 days oil supply
shal | be provided based on criteria. (AR 420-49 and Tl 800-01,
Chapter 14/1d.) G| storage systens shall conformto Federal, State
and | ocal environnental standards.

10. Mechanical Ventilation: TI 800-01,
Chapter 13/5 & TM 5-810-1, 2-4 and ASHRAE 62- 89.

a. Ventilation in accordance with T™M
5-810-1, paragraph 3-4, and Tl requirenents as follows: Wth and
Wthout Attic Space: TlI 800-01, Chapter 13/4l (5).

b. CQutside air generally shall be in
accordance with ASHRAE 62-89 i ncl udi ng ANSI/ ASHRAE Addendum &a- 1990.

c. Industrial and special ventilation
is covered in | atest ASHRAE Handbooks Industrial Ventilation Manual s
(ACA H), CSHA/ NI CSH Regul ations; ANSI/ A HA Z9.5, American National
Standard for Laboratory Ventilations and TM 5-810-1, Chapter 4.

d. Industrial ventilation system
shal |l conply with OSHA/ Nl OSH exposure limts and shall be designed in
accordance with Industrial Ventilation Manual (ACA H) and ANSI/ Al HA
Z9.5, Anmerican National Standard for Laboratory Ventilation.

11. Design Anal ysis Draw ngs, and
Speci ficati ons:

a. For type and anount of information

to be contained in these el enents, see ER 1110-345-700, ER 1110- 345-
720, and ER 1110-345-710.

11



12. HVAC Controls: The Corps of Engineers
has devel oped and is inplenenting a new desi gn phil osophy regarding
t he design of HVAC controls systens. The Corps of Engi neers has
devel oped a series of standard heating, ventilating and air-
conditioning (HVAC) control systens. These systens are based on
reliable, quality, non-proprietary conmponents including single |oop
digital controllers. These control systens and the design required to
i npl enent the criteria and gui dance is described in TM 5-815-3 and
gui de specification CEGS 15950, HEATI NG VENTI LATI ON AND Al R
CONDI TI ONI NG HVAC CONTROL SYSTEMS. These docunents address the design
requirenments for the vast majority of HVAC systens and shall be used
for all new MCA designs. These standard HVAC control systens have
al so been mandated by our Air Force custoners. Savannah District is
the Corps center of expertise for HVAC controls and can provide
contract type drawi ngs for the nost recent standard control systens.
These drawi ngs can then be edited by designers to reflect system
specific requirenents. Any wai ver request shoul d be processed through
t he Governnent design manager and forwarded to NAD/ HQUSACE and nust
address operating and nai ntenance capabilities of the user, as well as
functional requirenents that necessitate a different approach to HVAC
controls. For additional information see; Arny: Tl 800-01, Chapter
13/5 & TM 5-810-1 chapter 2 and applicable ETL's, Air Force: Mlitary
Handbook 1190 and applicable Air Force ETL’s.

C. ENERGY CONSERVATI ON:

1. Ceneral: The itens bel ow represent inportant
criteria and issues in the energy conservation programfor the U S,
Arny Corps of Engineers. These itens are for general guidance. O her
energy saving neasures shall be considered as applicable for each
project. |If a project is under a specific program then the criteria
for that programmnust be followed. (The MCA Energy Conservation
| nvest ment Programis one specific program)

a. Asignificant anmount of rules and regul ations
governi ng energy conservation focus on existing facilities and the
responsibilities of the installation. However, sone of these rules
and regul ations al so pertain to new desi gns.

b. All mandatory requirenents of 10 CFR 435 have

been incorporated into Corps of Engineers criteria and cannot be
wai ved.

12



c. The Design Energy Use and Energy Use Budget
met hod of conpliance indicates conformance with 10 CFR 435 and
Executive Order 12759. Thi s requi renent cannot be wai ved but
previous studies can be used to verify conpliance, when applicable.

d. Life cycle cost analysis is mandatory in
conformance with 10 CFR 436 and cannot be wai ved. However, previous
studies may be utilized to insure selection of the optinmm
al ternative, when applicable.

Ref er ences:
TI 800-01, Chapters 1 and 11
DAl M FDF- 15 Menor andum 10 January 1994, “EC P Qui dance”
T™M 5-802-1

NI ST Handbook 135, Energy Prices and D scount Factor for Life Cycle
Cost Anal ysis (Latest Edition)

T™ 5- 810-1
ETL 1110- 3-282
AR 11-27 Arny Energy Program

ASHRAE/ | ESNA 90. 1- 1989 (CGui dance when not covered by Corps
criteria)

TM 5-815-2, Energy Monitoring and Control Systens with Associ ated
Qui de Specs.

2. Life Cycle Cost Studies/Energy Budget Conparisons:
Chapter 1 of the Tl establishes the scope of the design studies to be
performed to substantiate the design of a project. Chapter 13
est abli shes that the nechanical systens and equi pnrent will be sel ected
on the basis of lowest |ife cycle costs. Design decisions for al
projects will be based on |life-cycle cost considerations. For al
projects, the relative costs of each of the 4 major costs factors;
initial costs, operating costs, maintenance costs and repl acenent
costs, of each design option will be docunented as part of the design
anal ysis. For projects where the total estinmate of construction costs
exceed $500, 000 or the costs associated with all nechanical systens
exceed $75, 000, the proposed design will be further justified on the
basis of a present value life cycle cost analysis. LCCA
i npl enentation of Chapter 11 shoul d be acconplished in the follow ng
manner as part of the design analysis.

13



3. Concept Design: Al potential mechanical systens
and conbi nations thereof shall be narratively discussed and reduced to
not less than two functionally equival ent nost promsing alternative
designs. These alternative designs should be nodel ed to determ ne
their respective DAE. The annual operating requirenments for use in
LCCA shall be determ ned using actual anticipated hours of operation.

The life cycle cost of each alternative design will be determ ned and
conpared. The "best conventional" design will normally be the
alternative with least |life cycle cost. A determnation of the DAE for
t he "best conventional" design shall be nade and conpared to the DET.

For this conparison (DET conpliance check) operating hours will be
the sanme as specified in the TI 800-01, table 11-1. |If the DAE for
this "best conventional" is |less than the DET the design sufficiently
conplies with criteria. |If the DAE for this "best conventional design
exceeds the DET, a design team approach will be used to develop a
"revi sed" design incorporating both (a) extraordinary energy
conservation features into the nmechanical systens design and (b)
extraordinary electrical and buil ding envel ope energy conservation
features. This revised design, incorporating these extraordinary
features will then be nodeled to arrive at the LCC (using actual
operating hours) and the DAE for each extraordinary feature and
conbi nations thereof. A design shall be determ ned which will be |ess
than the DET and which represents the least life cycle cost. |If al
efforts and alternative extraordinary designs fail to produce a design
which will be less than the DET, a waiver request shall be pursued.
Consult the Governnent's design manager for details on obtaining a
wai ver .

4. Measures to be consi dered:
a. Buildings - Ceneral:

1. Oientation of building was consi dered
and is nost "economcal" for heating and air conditioning purposes.

2. Use of air locks, rotating doors, air
curtains, vestibules, etc.

3. Perinmeter insulation

4. Use Tl 800-01, Chapter 11 "U' val ues as
a maxi mum unl ess ot herw se i ndi cat ed.

14



r oof

back or cut-off.

etc.)

b. d ass:

A

o o A~ W

c. Roof:

3.

4.

Ref | ective gl ass coating
Sol ar screens

Sol ar shadi ng

Doubl e gl ass

Tinted gl ass

Structural shadi ng devices

d ass "U' factor has been consi dered

M ni mum gl ass area

Wiite or light col ored aggregate for

"Light col ored roof"
Ventilated attic space

Ventil ated ceiling space

d. A r Conditioning:

Econony cycl e

N ght and/or weekend tenperature

Run-around system

M ni num fresh air provided
Air-to-Air heat recovery
Absorption refrigeration

Doubl e bundl e condensers

cut -

Energy storage systens (water tanks,

15



occupi ed tines

syst ens.

e.

tenperature by 15-20 F

ti nes

out - door tenperature of 65 ﬁ.

avai | abl e

zones of buil ding

9. CQut-off of outdoor air during non-

10. Centrally | ocated supervisory control

11. Modul ar VAV system

12. H gher chiller Efficiencies

13. Vari abl e-speed dri ves

14. H gh-efficiency cooling units
Heat i ng:

1. N ght and weekend cut-back of room

for non-occupied tines.

2.

a > w

6

7.

8.

10.
11.

12.

13.

Only mnimumfresh air provided
Air-to-Air heat recovery
Energy storage systens

Cut -of f outside air during non-occupied

Turn of f punps and heat generators at

Use condenser heat

Consi der lowest life cycle cost fuel

Use of stack heat reclainers
Use of incinerator heat
Run-around system for heat recovery

Use of equi pnment heat to heat exterior

H gh-efficiency heating equi prent

16



f. Ventilation:

1. Use mninumfresh air quantities
permtted

2. Cut off ventilation air during non-
occupi ed tines

3. Demand-control ventilation strategy
g. Plunbing:

1. In recreation, admnistration,
i ndustrial buildings consider use of self-closing valves/flow limting
faucets in | avatori es and sinks

2. Low flow (maxi numof 2.5 gpm
shower heads as well as water closets (1.5 gpn)

3. Flow control devices

4. Design Branch Standard Operating
Procedure, Energy Conservation Conpliance Checklist (See Appendi x).

D. AR POLLUTI ON AND ENVI RONMENTAL PROTECTI ON REQUI REMENTS:

1. GCeneral: The designer of a boiler room plant,
industrial facility, etc., shall famliarize hinself wth the Federal
State and Local pollution control and environmental protection
requi renments before design of any facility is started which
contributes to air pollution or presents a hazard to the environnent.

Any water pollution resulting fromthe antici pated design nust al so
be taken into account.

2. State and Local Criteria: Al requirenents of

Federal , State and Local agencies shall be conplied with. [If state
or Local requirenents exceed the Federal, then the State or Local
requi renents shall be followed. |If there are no other nore stringent

requi renents than the Federal, then these shall prevail.
3. References:

a. AR 200-1/2, Environnental Protection and
Enhancenent and Environnmental Effects of Arny Actions

b. AR 385-10

c. TI 800-01, Chapters 2 and 14
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E. SEISMC CRITERIA The tri-service seisnmc design nanual
TM 5- 809- 10/ NAVFAC P- 355/ AFR 88-3, Chapter 12, "Seismc Design for
Bui I di ngs" and Standard Detail Nos. 000-90-01/2, Structural Support
Details for Seismc Protection of Mechanical and El ectrical Equi pnent,
Volunes 1 and 2, contain the information for structural design of
anchorage and supports for mechanical and electrical equipnment in the
vari ous seismc areas.

1. Pipe supports are schematically delineated on
Plate 8 of the manual and shoul d be applied per guide specification
"Seismc Protection for Mechanical, El ectrical Equiprent.” Typical
details of seismc bracing for M&E el enents shall be shown on the
drawi ngs. Because of the relatively Iight comercial exposure to
seismc restraint of mechanical/electrical elenments, contractors
executing work for the geographic area of the Baltinore District are
not famliar with or accustoned to addressing seismc supports. As
such, typical details must al so show how the brace for the
mechani cal /el ectrical elenment is to be attached to the structural
systens. Coordination with the structural designer nust be effected
to ensure that internal building structural elenents will wthstand
the lateral |oads inposed upon them by nechanical/ electrical bracing.
Anot her source of seismc bracing techniques, details and nethods for
mechani cal systens is Quidelines for Seismc Restraints of Mechani cal
Systens and Pl unbi ng Pi pi ng Systens, published by the Sheet Metal and
Air Conditioning National Association, Inc. (SMACNA Manual s and
GQuides (latest editions)). Seismc zone determnations shall be based
on information in TM5-809-10. Seismc restraints and consi derations
for fire protection are covered by NFPA

2. Qher supports are generally shown on the
structural draw ngs.

F. COWON DESI GN M STAKES TO BE AVO DED.  The follow ng are
sonme comon design m stakes or om ssions.

1. Wen witing guide specifications, using standard

Cor ps gui de specifications, optional itens are deleted fromthe
specifications. Wen witing specs, first read the "Notes on Use of
This Quide Specification", appearing at the end of each specification
section. These notes explain what can be del eted from each paragraph.

Except when using the SPECSI NTACT system which automatically
renunbers paragraphs, do not renunber paragraphs that have been
renoved but wite the word "OM TTED' and retain the paragraph nunber.

Ensure that non-applicable sections of the specifications are crossed
out or del eted.

2. Wiere insulation is applied to nechani cal
systens, the requirenments of NFPA govern.
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3. Al fire danpers |ocations nust be shown on the
dr aw ngs.

4. ASHRAE weat her data information should not be used
for outside design tenperatures. The engineering weather data given
in TM 5-785 nust be used.

5. Reduced pressure type backfl ow prevention devices
shoul d be shown in all water make-up systens. Al water nake-up
systens for all nechanical systens such as chillers, condensers,
boi | ers, heat exchangers, diesel generators, photographic equi pnent,
i ndustrial equipnment, etc., shall be provided with reduced pressure
backfl ow preventers, regardl ess of whether the liquid is treated or
not at the tinme of design.

6. Do not provide comments on drawings as to the type
of pipe insulation to be provided; specs cover this.

7. Provide control diagrans and ot her necessary
docunentation as required by TM 5-815-3. Show all thernostats.
I ndicate setting of thernostats. Indicate room design tenperatures.
Provide a narrative control sequence for each automatically controlled
devi ce. Sequence of control should follow those presented in TM 5-
815-3 and CEGS 15950, HEATI NG VENTI LATI ON AND Al R CONDI TI ONI NG HVAC
CONTROL SYSTEMS.

8. Do not specify conbustible insulating material in
air plenuns and spaces used as plenuns. This is in direct violation
of NFPA 30A

9. Seismc design and details for nechanical systens
nmust be included in the project docunents.

10. The need for cathodic protection should be
established and if necessary design should be provided. See TM 5-811-
7.

11. Pipe strainers, flexible connections and check
val ves shoul d be provided at punps, conpressors, etc. Provide piping
details for all nechanical equipnent.

12. Equi prent supports, |adders, wal kways, access
panel s, etc., should be provided. Cdearly detail and | ocate these
itenms when required for proper naintenance.

13. Fusible |link val ves, doubl e sol enoi d val ves,
f1 exi bl e connecti ons should be shown at fuel oil burners. Check need
for auxiliary fuel punp. Review suction lift requirenents for fuel

punps.
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14. Specify correct type roomthernostats. Adhere to
CEGS specifications and applications.

15. Be certain that shop drawi ng editing and approval
procedure is correct. See specifications instructions and gui dance
for preparation of submttal registers.

16. Make certain the design calculations are properly
checked for technical accuracy and conpl eteness, initialed by
designers, and dated on design anal ysis sheets. Ensure design work is
checked for technical accuracy, consistency and conpl et eness before
rel ease.

17. Do not use general notes which result in costly
clarifying change orders. Exanples of such notes are:

a. Relocate pipes and ducts as required
b. Renove piping and ducts as needed

Cc. Reuse existing if in good condition

d. [Insulate as needed
€. ....as necessary...
18. Wirk required nmust be shown on draw ngs and

notes shall be specific. CEGS comonly contain such words as "as
i ndi cated” or "where shown"; these statenents nust be supported by the
dr awi ngs.

19. Modtor voltage on nechanical drawi ngs are to be
i ndicated as foll ows:

El ectrical System Vol tage Mot or Vol t age Phase
208 200 3
230 230 3
480 460 3
120 115 1
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20. Submttal register shall be provided for al
mechani cal specifications. The submttal registers shall include al
information required to be submtted by the project specification. In
addi tion, the designer should Iist all major pieces of equipnent that
it is felt should be reviewed for confornmance to the project design
and specifications.

21. Al above /underground fuel storage tanks shal
comply with U.S. Arny Corps of Engineers Standard Design AW 78-24-
20/ 27 and MIlitary Handbook 1022.

22. DDC building control systens are not all owed.

23. ASHRAE CLTD cooling cal cul ati ons are done
incorrectly. Be sure to read notes regarding the cal culation of CLTD
val ues included i n ASHRAE FUNDAMENTALS.

G PLUMBI NG

1. Design shall be in accordance with TM 5-810-5 and
the National Standard Plunbing Code. A design analysis shall be
provi ded to docunent pipe sizing and equi pnent sel ecti ons.

2. Qher information relating to materials, fixtures,
appl i cabl e Federal Specifications, etc., are contained in the Corps
Qui de Speci fications.

H  COWUTER BASED AUTOVATI C CONTROL ANDY OR MONI TORI NG
SYSTEMS:

1. Al conputer based autonmation systens, regardl ess
of size or purpose, which sense the physical environnment and/or
control equipnent in real tinme shall not be included in any design
wi t hout prior approval of the Engineering D vision EMCS Techni cal
coordi nator at or before the concept subm ssion.

2. The current EMCS Techni cal Coordi nator is John
Kel |y, CENAB-EN-D, (410) 962-3881.

3. The EMCS shall be a separate procurenent and not
part of the general construction contract.

ATTACHVENTS:

1. Arny Concept Design requirenents.
2. Ar Force Concept Design requirenents.
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ARWY
CONCEPT DESI GN
BALTI MORE DI STRI CT CORPS OF ENG NEERS
MECHANI CAL DI SCI PLI NE

1. The following information is presented to give the architect-
engineer (A-E) a listing of the nost inportant requirenents to be
considered in preparing a concept design. This is not intended to be
all inclusive and should be used in conjunction with ER 1110-345-700,
710, and 720.

2. It wll be the responsibility of the AAE to design in
accordance with the basic instructions and gui dance usi ng current
criteria in all cases. The design analysis (D. A ) prepared by the A-E
is a matter of public record and nust be conpl ete.

3. The Design Analysis should be easily followed so that the A

E's work can be reviewed step-by-step. It nust be well organized so a
person who hasn't been involved with the project can still followthe
A-E s thought process. It nust be well organized with al

cal cul ations shown, all values referenced, and all assunptions
di scussed.

BE SURE TO OGBTAIN THE REQUI RED ARW ETL’s AND TM's VWH CH ARE
APPLI CABLE TO THE PRQJECT AND THE UPDATED TI W TH CHANGES TO DATE OF
NTP

ATTACHVENT 1
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1. HVAC DESI GN ANALYSI S
a. Scope of Wrk - Narrative description of the design
b. Citerialisting - manuals, codes, etc., with dates
c. Design conditions used in calcul ations:

bui | di ng occupancy profil e/ usage data

i nsi de and out si de tenperatures

personnel |oad requirenents

equi pnent | oad requirenents

infiltration | oad val ues

electrical lighting | oad requirenents

outside air ventilation requirenents (sumer/w nter)
personnel ventilation requirenents

. Ufactors

10. vibration/noise isolation requirenents

11. emssions control requirenents

12. other special conditions pertaining to the project

OCoNeTTRWNE

d. Design Cal cul ati ons:

1. block cooling | oad

2. block heating | oad

3. building air bal ance

4. any special cooling/heating requirenents

e. Narrative: Types of systens and full description including
justification for consideration, description of air distribution
desi gn net hod, zoning, and control description and justification for
any connections to existing systens. This narrative should indicate
energy conservation features/itens and shoul d highlight the
conclusions of the life cycle cost analysis perforned to arrive at the
proposed system

f. Equipnent: Brief description of various itens of equipnent;
i ndicate operating tenperatures, fuels and capacities.

g. Draw ngs: Show all pieces of HVAC equi pnent and | ocati ons,
air distribution duct |ayout (may be single |ine at concept), hoods,
and ot her equi pnment required for the facility. Provide installation
and support details. Sections shall be provided to show installation
el evati ons.

23



h. Specifications: Provide a listing of the nechani cal
specifications to be used on the project. Submttals after concept
shal | consi st of marked up Corps Qui de Specs.

2. COWUTER PROGRAMS: Provide a conplete, separate listing of all the
conputer programinputs, and outputs. Provide a discussion of the
conmput er program net hodol ogy. This listing nmust fully explain the

i nputs and outputs and how the conputer wll utilize that

information. If the conputer programused is CERL/BLAST, TRANE/ TRACE
or CARRI ER/ HAP t hen the program net hodol ogy need not be discussed.

3. STUDIES TO BE PROVI DED AT CONCEPT DESI GN
a. New buildings require the followi ng studies at concept:
1. Energy Budget — TI 800-01, Chapter 11
2. Fuel Study/Sel ection - depending on availability of
fuel s and design conditions provide a narrative of fuels considered
and reasons for rejecting/using fuels. |If cost differences are not
easily discernible then a fuel cost analysis nust be conpleted (life
cycle costed in accordance with TM 5-802-1 and the TI 800-01, Chapter
14) .
3. Life Cycle Cost Analysis - Aternative HVAC systens nust
be life cycle costed in accordance with TM 5-802-1 and the TI 800-01
Chapters 11, 13, 14. Provide all backup docunentati on.
b. Mjor or total building renovations require the follow ng
studi es at concept design.
1. Fuel Study - see requirenents addressed above

2. Life Cycle Cost Analysis - see requirenments addressed
above

3. Energy Budget - see requirenents addressed above
4. PLUMBI NG DESI GN ANALYSI S
a. Scope of Wrk - narrative description of the design.

b. Citerialisting - manuals, codes, etc., wth dates.
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c. Desig

ouhkwngE

conpressed air
7.
8.
9.
10.

11.
12.

d. Desig

1
2.
cal cul ati ons
3.
cal cul ati ons
4,
5.
el evator pit a
6.

n conditions used in cal cul ati ons

facility classification or category code

bui | di ng occupancy profile (male or fenale)

pl unbi ng code requirenents

handi cap/ heal t h/ safety regul ati ons

per sonnel requirenents/usage data

donestic chilled/ hot/col d/ vacuunm speci al type gas/
pressure/tenperature/flow requirenents

Sewer el evation/waste pitch vent pipe requirenments

equi prent / pi pi ng insul ation requirenents

equi prent/piping flexibility and support requirenents
pl unbi ng connection for HVAC equi pnent requirenents
equi prent el ectrical connection requirenents

ot her special conditions pertaining to the project

n cal cul ati ons:

pl unbing fixture unit value | oad cal cul ations
donestic hot/col d/ wast e/ vent/drain pipe sizing

vacuuni conpressed air/speci al gas/vacuum | oad

donestic hot water/storage capacity sizing cal cul ations
grease trap, oil/water separator, neutralizing tank,

nd ot her special tank sizing cal cul ations

equi prent/ system safety/relief/vent/hamer arrester

si zing cal cul ati ons

7.

hot water circul ation/punp, water cool er/fountain and

eye-wash/ energency shower sizing requirenments

8.
requirenments

any speci al plunbing and/or rel ated equi pnent/system
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e. Narrative: Types of equipnent/systens and full descriptions,
including justifications for consideration, description of
hot/ col d/ donmestic chilled, etc., distribution design nethod,
toilet/shower facility location/distribution and control description
and justification for any connections to existing systens. This
narrative should indicate energy conservation features/itens and
shoul d highlight the conclusions of the |life cycle cost anal ysis
perforned to arrive at the proposed system

f. Equipnent: Brief description of various
i t ens/ conponent s/ accessori es of equi pnent indicating operating
tenperatures, pressures, flowrates, capacities, as well as prinmary
fuels selected, etc.

g. Draw ngs: Show al | pieces of plunbing equi pnent/systens and
| ocations, piping/systemlayout (may be single line at concept), and
ot her conponents/accessories required for the facility. Provide
conpl ete plans, sections, elevations, riser diagrans, including
installation and support details.
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Al R FORCE
CONCEPT DESI GN
BALTI MORE DI STRI CT CORPS OF ENG NEERS
MECHANI CAL DI SCI PLI NE

1. The following information is presented to give the architect-
engineer (A-E) a listing of the nost inportant requirenents to be
considered in preparing a concept design. This is not intended to be
all inclusive and should be used in conjunction with ER 1110-345-700,
710, 720 and the applicable Air Force design criteria including all AF
ETL's and MIlitary Handbook 1190. It will be the responsibility of
the A-E to design in accordance with the basic instructions and
gui dance using current criteria in all cases. The design analysis
(D.A) prepared by the AAEis a matter of public record and nust be
conpl et e.

2. The Design Analysis should be easily followed so that the A

E's work can be reviewed step-by-step. It nust be well organized so a
person who hasn't been involved with the project can still followthe
A-E s thought process. It nust be well organized with al

cal cul ations shown, all values referenced, and all assunptions
di scussed.

BE SURE TO OBTAIN THE REQU RED Al R FORCE ETL's WH CH ARE APPLI CABLE TO
THE PRQJECT AND THE UPDATED M LI TARY HANDBOCK 1190 W TH CHANGES TO
DATE OF NTP

ATTACHVENT 2
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1. HVAC DESI GN ANALYSI S
a. Scope of Wrk
b. Citerialisting - manual s, codes, etc.
c. Design conditions used in calcul ations:

bui | di ng occupancy profil e/ usage data

i nsi de and out si de tenperatures

personnel |oad requirenents

equi pnent | oad requirenents

infiltration | oad val ues

electrical lighting | oad requirenents

outside air ventilation requirenents (sumer/w nter)
personnel ventilation requirenents

. Ufactors

10. vibration/noise isolation requirenents

11. emssions control requirenents

12. other special conditions pertaining to the project

OCoNTRkWNE

d. Design Cal cul ati ons:

1. block cooling | oad

2. block heating | oad

3. building air bal ance

4. any special cooling/heating requirenents

e. Narrative: Types of systens and full description including
justification for selection, description of air distribution design
met hod, zoning, and control description and justification for any
connections to existing systens

f. Equipnent: Brief description of various itens of equipnent,;
i ndicate operating tenperatures, fuels and capacities.

g. Format: Al pages shall be consecutively nunbered in addition
to any sheet designations which may be indicated.

h. Drawi ngs: Show maj or pi eces of HVAC equi pnment and | ocati ons,
air distribution duct |ayout (may be single |ine at concept), hoods,
and other itens of major equipnment required for the facility. Provide
installation and support details. Sections shall be provided to show
installation el evati ons.
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i. Specifications: Provide a listing of the nechani cal
specifications to be used on the project. Submttals after concept
shal | consi st of marked up Corps Qui de Specs.

2. COWUTER PROGRAMS: Provide a conplete, separate listing of all the
conmputer programinputs and outputs. Provide a discussion of the
conmput er program net hodol ogy. This listing nmust fully explain the

i nputs and outputs and how the conputer will utilize that information.

| f the conputer programused is CERL/BLAST, TRANE/ TRACE, or
CARR ER/ HAP t hen t he program net hodol ogy need not be di scussed.

3. STUDIES TO BE PROVI DED AT CONCEPT DESI GN
a. New buildings require the followi ng studies at concept:

1. Energy Budget - see Mlitary Handbook 1190 and
appl i cabl e AF ETL for energy budget figures

2. Fuel Study - Depending on availability of fuels and
design conditions provide a narrative of fuels considered and reasons
for rejecting/using fuels. If cost differences are not easily
di scernible then a fuel cost anal ysis nmust be conpl et ed.

3. Life Cycle Cost Analysis - Aternative HVAC systens nust

be life cycle costed in accordance with AFR-178-1, AFP-178-8, and the
requirenents of MIlitary Handbook 1190. Provide all backup
docunent ati on.

b. Mjor or total building renovations require the follow ng
studi es at concept:

1. Fuel Study - see requirenents addressed above

2. Life Cycle Cost Analysis- see requirenents addressed
above

3. Energy Budgets - see requirenents addressed above
4. PLUMBI NG DESI GN ANALYSI S
a. Scope of Wrk - narrative description of the design.

b. Citerialisting - manuals, codes, etc., wth dates.
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c. Design conditions used in calculations

facility classification or category code

bui | di ng occupancy profile (male or fenale)

pl unbi ng code requirenents

handi cap/ heal t h/ safety regul ati ons

personnel requirenents/usage data

domestic chill ed/ hot/col d/ vacuuni speci al type

gas/conpressed air pressure/tenperature/flow requirenents
7. Sewer elevation/waste pitch or vent pipe requirenents
8. equi pnent/piping insulation requirenments
9. equipnent/piping flexibility and support requirenents
10. plunbi ng connection for HVAC equi pent requirenents
11. equi prment electrical connection requirenents
12. other special conditions pertaining to the project

ouhkwngE

d. Design cal cul ations:

1. plunbing fixture unit value | oad cal cul ations

2. domestic hot/col d/ waste/vent/drain pipe sizing
cal cul ati ons

3. vacuuni conpressed air/special gas/vacuum | oad
cal cul ati ons

4. donestic hot water/storage capacity sizing cal cul ations

5. grease trap, oil/water separator, neutralizing tank,
el evator pit and other special tank sizing cal cul ations

6. equi pnent/systemsafety/relief/vent/hanrer arrester
si zing cal cul ati ons

7. hot water circulation/punp, water cool er/fountain and
eye-wash/ energency shower sizing requirenents

8. any special plunbing and/or rel ated equi pnent/system
requirements

e. Narrative: Types of equipnent/systens and full descriptions,
including justifications for consideration, description of
hot/ col d/ donmestic chilled, etc., distribution design nethod,
toilet/shower facility location/distribution and control description
and justification for any connections to existing systens. This
narrative should indicate energy conservation features/itens and
shoul d highlight the conclusions of the life cycle cost anal ysis
perforned to arrive at the proposed system
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f. Equipnent: Brief description of various
i t ens/ conponent s/ accessori es of equi pnent indicating operating
tenperatures, pressures, flowrates, capacities, as well as primary
fuels selected, etc.

g. Drawi ngs: Show al | pieces of plunbing equi pnent/systens and
| ocations, piping/systemlayout (may be single line at concept), and
ot her conponents/accessories required for the facility. Provide
conpl ete plans, sections, elevations, riser diagrans, including
installation and support details.

h. Specifications: Listing of all the plunbing specifications
to be used on the project. Submttals after concept shall consist of
mar ked up gui de specifications.
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I'11. FI RE PROTECTI ON:

A. SERVI CES AND QUALI FI CATI ONS OF FI RE PROTECTI ON ENG NEERS:

Maj or projects require the services and review of a qualified fire
protection engineer. |In addition, projects which involve design or
nmodi fication of fire detection, fire suppression, or |life safety
systens shall required the services and review of a qualified fire
protection engineer. A qualified fire protection engineer shall be an
integral part of the design team and shall be involved in every
aspect of the design as it relates to fire protection. This includes,
but is not limted to, building code analysis, Iife safety code
anal ysis, design of automatic detection and suppression systens, water
supply analysis, and a multi-discipline review of the entire project.

For the purpose of neeting this requirenent, a qualified fire
protection engineer is defined as an individual neeting one of the
foll ow ng conditions:

1. An engineer having a bachel or or master of science
degree in fire protection engineering froman accredited university
engi neering program plus a mninumof 2 years fire protection
engi neering work experience.

2. Avregistered professional engineer (P.E) in fire
protecti on engi neeri ng.

3. Aregistered professional engineer in a related
di sci pl ine and nenber grade status in the National Society of Fire
Prot ecti on Engi neers.

4. An engineer with a mninmum of 10 years experience
in fire protection engineering and nenber grade status in the National
Society of Fire Protection Engi neers.

5. Aregistered architect (RA ) wth nmenber grade in
the National Society of Fire Protection Engi neers. Services of the
R A shall be limted to building code applications and the life
saf ety code anal ysis.

B. FI RE PROTECTI ON
1. Design Oriteria:

a. ER 1110-1-260, Engineering and Design, Fire
Prot ecti on Engi neering Policy

b. ML-HDBK 1008C, MIlitary Handbook Fire
Protection for Facilities Engineering, Design, and Construction.

c. National Fire Protection Associ ati on
St andar ds.
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d. TM5-812-2, Fire Stopping.

e. TM5-813-6, Water Supply for Protection.
f. AR 420-90, Fire Protection

g. Fire Protection Handbook

h. Mlitary Handbook 1022, Petrol eum Fue
Facilities

i. Qher criteria pertinent to the project as
di rected.

J. Exterior fire protection - hydrants and hose
streans, in addition to criteria of M L-HDBK-1008C and NFPA, see
I nstructions And Qui dance To Architect-Engineers, Mlitary
Construction, Site Devel opnent (latest edition).

2. Design Analysis:

a. A design analysis shall be submtted with
concept or prelimnary and final design submttals. Design analysis
will contain the followi ng informati on applicable to the project.
Reference all criteria.

1. Type of building construction and type
of occupancy.

2. Description of structural nenbers
including fire resistive rating (where required).

3. Fire area limtations and buil di ng
hei ght limtations.

4. Separation between buil di ngs or exposure
protection.

5. Hazardous area separation
6. Exiting requirenments NFPA 101.
a. Exit unit width.

b. Travel distance and common path
travel (dead ends, where permtted).

c. Vertical and horizontal exits.
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d. Exit signs, lighting and energency
I'ighting.

e. I nterior Finishes.

7. Specific conpliance with M L-HDBK-1008C
appl i cabl e Design Quides, and National Fire Codes.

8. Fire alarm(and automati c detection
where required) systens; type and operation.

9. Fire danper requirenents.

10. Snoke control system (snoke contai nment
and/ or snoke evacuation systemincl udi ng snoke danpers operated
automatical ly).

11. Automatic extingui shing systens
(automatic sprinklers, carbon dioxide, etc.

12. Standpi pe systens.

13. Type, size and locations of fire
extingui shers and extingui sher cabinets. Arny or Air Force provide
extingui shers; cabinets, where required, will be included by the
desi gner.

14. Speci al hazards.

15. Water supply information fromrecent
hydrant flow test. Water supply needed for building in accordance
with ML-HDBK-1008 C, Section 5.

16. Connection to and description of base
fire reporting system

3. Automatic Sprinkler Systens:
a. Indicate type of hazard.

b. Include water pressure and flow available in
distribution system See DESI GN REQUI REMENTS for Site Section.

c. For systens |less than 3,000 square feet,
standard pipe size layout will normally be acceptable. Submt
sufficient calculations to show that water pressure and flow are
adequat e.

d. For systens over 3,000 square feet, hydraulic
design is required. This will be the responsibility of the sprinkler
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contractor under the construction contract (specification

requi renment); however, the designer nmust submt sufficient hydraulic
calculations in the design analysis to show that systemw || function
satisfactorily.

e. GCenerally, systens will be wet-type equi pped
with alarmcheck val ves. Paddle type water flow indicators normally
used for systens containing 20 or | ess heads. Use dry pipe val ves and
del uge val ves where required.

f. Cover alarmtransm ssion - Coordinate with
Post concerni ng nmethod of transm ssion and connection to post
facilities.

4. Standpi pe Systens:

a. Submt hydraulic calculations to show that
systemw th function properly.

b. Carbon di oxi de and ot her systens - D scuss
type of system (total flooding, |ocal application), nethod of
activation and quantities of C2, etc. required.

5. Concept or Prelimnary Design Anal ysis:

a. Submt sufficient information to permt
reviewer to clearly understand proposed fire protection features and
to permt realistic cost estimte.

b. Witer flowtests will be conducted to
determne avail able water supply for fire protection. The designer
should performor witness the required flow testing. Accepting
hi storical water supply information or simlar data w thout
verification should be avoided. Tests will be conducted prior to the
concept design submssion. It is vital that the adequacy of the water
supply be determned to allow the design to proceed wth planning
sufficient architectural or site spacing for any fire punp roons or
wat er storage tanks which may be required.

6. Final Design Analysis: Submt conplete design data
for all fire protection features.
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7. Draw ngs:

a. Concept or prelimnary - include the
followi ng, as applicable, in sufficient detail to permt reviewer to
clearly understand proposed features and to permt realistic cost
esti mate.

1. Al rated separation required (show
rati ng on draw ngs).

2. Exit signs, lighting and emnergency
I'ighting.

3. Fire alarmbells and pull stations (and
automatic detectors where required).

4. Locations of fire/snoke danpers
requi red; show |l ocations on HVAC draw ngs; show openi ngs (horizontal,
vertical) required for danpers on architectural draw ngs.

5. Indicate areas to be provided with
automati c extingui shing systens.

6. Show | ocations of standpi pes.

7. Show | ocations of fire extinguisher
cabi net s.

8. Special hazards.

b. Final dranings - simlar to the requirenents
for concept or prelimnary draw ngs except that drawings will be
conplete with all details.

1. Include details of fire/snoke danpers.

2. Show |l ayout for sprinkler systens;
i nclude buil ding cross sections showi ng sprinkler piping. Coordinate
| ayout with nmechanical, electrical and structural work. [Include water
distribution systemflow and pressure data where hydraul i c design of
sprinkler systens are required.

3. See DESI GN REQUI REMENTS for Electrical,
Mechani cal and Architectural Sections for additional requirenents.
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8. Specifications:

a. Automatic sprinkler and standpi pe systens -
for wet systens use CEGS 15330 Wet Pipe Sprinkler Systens, Fire
Protection; for Dry Systens use CEGS 15331 Dry Pi pe Sprinkl er Systens,
Fire Protection. For preaction or deluge systens use CEGS 15332
Preaction And Del uge Sprinkler Systens, Fire Protection. Edit to suit
proj ect .

b. Carbon D oxide, etc. - no guide specification
avai | abl e; consult manufacturers and applicabl e references.

c. Fire extinguisher cabinets - no guide
specification avail able; generally use manufacturers data; nake this a
separate section, D vision 10.

d. If necessary, use CEGS 15320 Fire Punps, edit
to suit project.

e. Foam Extingui shing Systens - use CEGS 15355
Agueous Fil m Form ng Foam (AFFF), Fire Protection Systens.

f. Cooking hoods, use CEGS 15371 Wt Chem cal,
Fi re Extingui shing System

g. For any specification which references the
District Fire Protection Engineer as a reviewer, when the AAE is
conducting Title Il services, the A-E remains responsi ble for approval
but nust forward a set to the District Fire Protection Engi neer for
review, concurrence and file.

h. See DESI GN REQUI REMENTS for Electrical,
Mechani cal and Architectural Sections for additional requirenents.

9. SPEC AL PRECAUTI ONS:
a. | nsul ati on.

1. Thernal and acoustical insul ation nust
comply with ML-HDBK 1008 C, Subsection 2.8.

2. Insulation for nechanical systens nust
comply with Quide Specification, CEGS 15250, Thermal Insulation for
Mechani cal Systens.
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| V. STANDARD REQUI REMENTS FCR DESI GN SUBM TTALS: The
requi renents of the guidance are a mninumthat nust be submtted at
each phase of design. A submssion is not conplete, and will not be
sent out to the custoner until all of the requirenents in the guidance
are nmet. Every designer should have a copy of the list and use it to
ensure that their submssion is conplete. The followng is the |ist
of the design submttals required for each phase of design:

A. Pre-Concept Design Phase:
1. Mechani cal
a. Narrative - brief description of each
HVAC/ refrigeration/ speci al equi pment and systens that will be
consi der ed.

b. References - criteria, codes, etc.

c. Abrief description of fuels avail able at the
site.

2. Fire Protection:

a. Narrative - brief description of occupancy
classification of the building.

b. References - criteria, codes, etc.

c. Water Supply Analysis - In the Design
Anal ysi s provide hydrant flow test results showi ng water supply at the
site, evaluate the fire protection water demand required for the
bui | ding and conpare to test results. Determne the adequacy of
avai l abl e water supply (need for punp, tank, etc.). A-E should
performor wtness the hydrant flow test.

3. Plunbing:

a. Narrative - brief description of each piece
of pl unbi ng equi pnent and pl unbi ng systens that will be considered..

b. References - criteria, codes, etc.

c. A brief description of fuels available at the
site (coordinate with nmechani cal fuel description/narrative).
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B. Concept Design:
1. Mechani cal

a. Narrative - specific description of each
proposed HVAC/ refrigeration/ speci al equi pnment, systens, and control s.

b. Conplete List of References - criteria,
codes, etc.

c. Design conditions.

d. Site visit trip report/data and |list of
equi prent / conput er nechanical /el ectrical technical data (inputs,
outputs, etc.).

e. Energy budget study.

f. Solar analysis.

g. Fuel study.

h. Life cycle cost analysis (equipnent, systens,
etc.)

i. Conplete specification outline.

j. Single line drawi ngs show ng equi pnent,
systens, exterior utilities, and | ocations, including other special
equi prent or systens required for the facility.

k. Prelimnary construction work estinmate.

I. Action/response to VE

2. Fire Protection:

a. Narrative - fire protection and life safety
design analysis in accordance with M| -HDBK-1008 C, Sections 1.4 and
1.5.

b. Conplete List of References - criteria,
codes, etc.
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c. Prepare life safety drawings illustrating
occupancy cl asses, occupant |oad, travel distances, exit capacity
capabilities, building separation and exposure protection
requirenents, and location of fire-related or snoke-rel ated buil di ng
conponents.

d. Conpl ete specifications outline.

e. Prelimnary construction work estinmate.

f. Respond to/incorporate coments to pre-
concept design.

3.  Plunbing:

a. Narrative - specific description of each
pi ece of plunbi ng equi prent and systens

b. Conplete list of references - criteria,
codes, etc.

c. Proposed special type plunbing
equi prent / syst em desi gn over vi ew.

d. Design conditions.

e. Fuel study (coordinate w th mechanica
st udy).

f. Life cycle cost analysis (coordinate with
mechani cal study).

g. Conplete specifications outline.

h. Single line drawi ngs show ng pl unbi ng
equi prent, systens, exterior site utilities, and | ocations, including
ot her special equi pnent/systens required for the facility.

i. Prelimnary construction work estimte -
i ncl ude pl ans.

]. Action/response to VE
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C. Final Design:
1. Mechani cal
a. Conplete nmechanical narrative

b. Al coments and responses from previous
subm ssi ons.

c. Complete final design anal ysis containing
cal cul ations, equi pnent/systens si zing/sel ections, copies of
manuf acturer’ s cat al ogs/techni cal data/ nodel nunbers, etc.

d. Complete final draw ngs including cover
sheet, index of draw ngs, |egends/synbol s/abbreviations, exterior
utilities plans/sections/details, interior plans, sections,
el evations, risers, details, flow and control diagrans,
sei smc/support details, etc., for all nmechanical equipnment and
systens; equi pnment schedul es and ot her special equi pnent/systent
controls required for the facility.

e. Conpl ete marked-up specifications.
2. Fire Protection:
a. Update/conplete fire protection, water
supply, and life safety analysis (containing sprinkler calculations,
and flow data).

b. Al coments and responses from previous
subm ssi ons.

c. Update life safety drawings to show fire
extingui sher | ocations, and other inportant fire protection/life
safety features.

d. Ensure nechanical and HVAC draw ngs show
fire danpers and snoke danpers | ocati ons.

e. Ensure electrical, power and lighting
drawi ngs show fire al arm devi ces and existing | ocations.
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f. On fire protection drawi ngs show extent and
type of fire protection system provide detailed information and
criteria; show location of supply (point of connection); show | ocation
of special fire protection systens; show | ocations of fire departnment
connections and test connections; and show | ocations of risers, stand
pi pes, punps and associ at ed equi pnent.

g. Provide details of water lines entering the
bui I ding, of the riser systemfrompoint entering the building to the
sprinkl er system pi ping, of fire departnent connection, of test
connecti ons.

h. Conpl ete marked-up specifications.
i. Construction work estinate.

3. Plunbing:
a. Conplete plunbing narrative.

b. Al coments and responses from previous
subm ssi ons.

c. Complete final design anal ysis containing
cal cul ations, equipnent/fixture sizing/selections, copies of
manuf acturer’ s catal ogs/techni cal data/ nodel nunbers, etc.

d. Conplete final draw ngs including cover
sheet, | egends/synbol s/ abbrevi ations, exterior utilities
pl ans/ sections/details, interior plans, sections, elevations, risers,
details, flow and control diagrans, seismc/support details, etc., for
al |l plunbi ng equi prent and systens; equi pnent schedul es and ot her
speci al equi pment/system controls required for the facility.

e. Conpl ete marked-up specifications.
f. Construction work estinate.

D. “Backcheck” Design (Mechanical, Fire Protection and
Pl unbi ng) :

1. The subm ssion for backcheck subm ssion shal
i ncorporate the comments fromfinal design subm ssion and al
appropriate outstanding conments fromearlier subm ssions. The
subm ssion shall include conpl ete design anal yses, backcheck design
drawi ngs, construction cost estimate, and typed specifications.
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2. AE/ designers nust ensure that the backcheck design
subm ssi on docunents have been reviewed for technical accuracy,
conpl et eness, biddability, constructibility and maintainability prior
to delivery to the Corps of Engineers or custoner.
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Desi gn Branch
St andard Operating Procedure
ENERGY CONSERVATI ON COWVPLI ANCE

1. PURPOSE: The purpose of this Standard Operating Procedure is
to define procedures for ensuring conpliance with Federal |aws and
mandat es on energy conservation criteria affecting project design
and executi on.

2. APPLI CABI LI TY: This SOP is applicable to all design projects in
t he Design Branch

3. PCLI CY: | ncreasi ng checks, audits, and control s mandat ed by
Federal |aws and regul ations dictate that Design Branch exam ne each
design for conpliance with all applicable regulations. d ose
coordination, tinmely action, and adherence to this checklist could
prove to be beneficial in ensuring that energy conservation

requi renents are not overlooked in the design process. Energy
conservation conpliance requirenents are subject to DoD/ I G audits.

4. RESPONSI BI LI TY: Design Team Leaders are to ensure that the
subj ect checklist is maintained throughout the entire design as a
record of conpliance with various regul ations which inpact design.
At each project design, designers are to review the checklist for
applicability, suitability, accuracy, and conpl eteness.

5. REFERENCES/ DEFI NI TI ONS:  Appendi x A consists of the list of the
current applicable references and a glossary of terns found in the
checklist for clarity.



1. ENERGY CONSERVATI ON COVPLI ANCE CHECKLI ST

Proj ect Nane/ Locati on:

Proj ect Nunber: FY:

Building/Facility C assification:

Bui l ding/Facility Function:

A- E/ | n- House/ O her:

Desi gner's Organi zati on Name/ Synbol :

Designers Providing Information:

Nane Si gnature Tel . No.

Proj ect Manager:

Ofice
Nane Si gnat ure Synbol Tel . No.
Desi gn Manager

Ofice
Nane Si gnat ure Synbol Tel . No.

Dat a provi ded shoul d be consistent with references |isted on
Appendi x A and other current guidance. Questions should be
answered as "N A" that are not applicable, "Yes" for conpliance,
and "No" option. Explanations/justifications for "No" option
shoul d be provided under "remarks" or on a separate sheet of
paper. Use the letter "X' to answer the appropriate colum.
NOTE: Designers providing information should properly coordinate



their answers or input data to the checklist for technical
accuracy, appropriateness, consistency, and conpl et eness.



APPENDI X A
1. References:

a. ER 1110-345-700, Design Analysis, Draw ngs and
Speci fications, 30 May 1997.

b. TI 800-01, Technical Instructions Design Criteri a.
c. Energy Policy Act of 1992 (P.L. 102-486)

d. DOE/National Institute of Standards and Technol ogy
(NIST)/ O fice of Managenent and Budget (OVB), Circul ar 94.

e. DoD Compliance with Federal Methodol ogy for LCCA
Title 10., Part 436, Subpart A

f. ETL 1110-3-465, New Water Meters and Appurtenances
at New Arny Facilities.

g. Menorandum CEMP-ET, 25 May 1994, Subject: Executive O der
12902, Energy Efficiency and Water Conservation at Feder al
Facilities.

h. Menorandum DAl M FDF-A, 10 April 1994, Energy
Conservation Program (ECI P) Cui dance.

i . Menorandum CEMP-ET, 6 Novenber 1995, Subject: Fl ow
Limting Shower heads.

j. National Institute of Standards and Technol ogy's
Building Life Cycle Cost (BLCC)

k. Federal Regulation 10 CFR 435, Energy Conservation
Vol untary Performance Standards for New Buil di ngs

| . Presidential Executive Order 12759 - requires Federal
agencies to develop and i nplement energy strategy plans that
ensure conpliance with overall energy reduction |evels.

m Menor andum of Agreenent (Army, Navy and Air Force) on
Criterial Standards for Econom c Analysis/Life Cycle Costing for
Mlitary Design

n. TM 5-802-1, Econom c Studies for Mlitary
Construction Design/ Applications.



0. Menorandum CEMP-EC/ CEMP- ET, Subject: Econom c
Studi es for MCA and MCAF Desi gns.

p. Message, CDR USACE, Decenber 1993, Subject:
Nat i onal Energy Conservation Act of 1992 - requires that plunbing
fixtures used in projects be water conservation type.

g. AR 11-27, Arny Energy program

r. AR 420-49, Heating, Energy Selection and Fuel
Storage, Distribution, and D spensing Systens.

2. Definitions:

Absorption Chillers - Machines that utilize heat energy directly
to chill the circulating medium usually water. The absorption
cycle utilizes an absorbent (usually a salt solution) and a
refrigerant (water).

Tl - Technical Instructions Tl 800-01, dated 20 Jul 1998

ASHRAE - Anmerican Society of Heating, Refrigerating, and Air
Condi ti oni ng Engi neers, Inc.

Bal | asts - Energy-saving magnetic ballasts nmandated by the 1988
Federal Ball ast Energy Law, reduced lighting by 10 percent.
Solid-state electric ballasts have further reduced energy use by
al nost 20 percent.

British Thermal Unit (BTU) - Approximtely the anount of heat
required to raise the tenperature of one pound of water from 59
degrees F to 60 degrees F.

Bui | di ng Loads Anal ysis and System Ther nbdynam cs ( BLAST)
conput er program for building energy analysis. BLAST perforns
hourly sinmulations of buildings air handling systens and central
pl ant equi pnment in order to provide the designer with accurate
estimates of a building' s energy needs. The program allows the
study of many design alternatives in order to assist its design
in choosing the nost cost effective design.

Bui | di ng Passive Design - The configuration of a building, and
the orientation and envel ope, determned in a large part the
anount of energy used. The building plan responds to

the functional program but a critical review of a functional
programthat includes energy consideration often reveals




opportunities to change the plan for energy conservation. The
site also may influence the direction of the building axis so
that the nost adverse effects of sun and wind are felt. 1In the

| atter case, specific envelope design tactics are required to

of f-set the hostile climate. A building with a north-south major
axis receives nore solar radiation than one with an east-west
maj or axi s, anywhere in the country. The follow ng energy
concerns are greatly influenced by the building shape and
orientation which, in turn, may be influenced by a particul ar
site:

Trade-of fs between heat | oss and heat gain on each exposure
with particular regard to wind and sun.

Utilization of natural daylight versus heat | oss and heat gain
and gl are problens peculiar to each exposure.

Beneficial effects of direct solar radiation for heating
versus adverse effects during the cooling season.

CARRI ER/ HAP and TRANE/ TRACE - Carrier Corporation and Trane
Conpany are HVAC equi pnent manufacturers whose software uses
predefined systens to simnulate packaged systens and central
heati ng-cool i ng equi pnent. These prograns primarily use

per f ormance equati ons based on their equi pnent test data to
sinmul ate the capacity and-power use of their equipnent.

CEGS - Corps of Engineers CGuide Specifications.

Coefficient of Performance (COP) - cooling: the ratio of the rate
of heat renoval to the rate of energy input in consistent units,
for a conplete systemor factory assenbl ed equi pnment as tested
under a nationally recogni zed standard or designated operating
condi ti ons.

Coil Run-around Cycle (air-to-water, water-to-air) - This system
is typically used to preheat outside ventilation air or make up
air during the heating season. It can be used during the cooling
season to pre-cool the outside ventilation air or make up air
whenever the exhaust air is colder than the outside air.

Control Loop, Local - a control systemconsisting of a
sensor, a controller, and a controll ed device.




DD Form 1391 - DoD/ DA construction project justification
docunents, Chapter 3 requires conpliance with energy conservation
Federal |aws and nmandat es.

Demand- Control Ventilation (DCV) - is a strategy that uses direct
or indirect neasurenent of air quality to control the flow of
outside air into buildings. 1t goes beyond occupant or tineclock

control to nmeasure air quality paraneters, primarily using carbon
di oxi de (CQO.) sensors.

Desi gn Energy Usage (DEU) - The conpl eted annual energy usage of
a proposed buil ding design based on normal | oads for maintaining
confort and anenities for the occupants. Refer to TI 800-01,
Chapter 11.

Doubl e Bundl e Condenser - In cool weather, part of a building may
need heating at the same tine as another part needs cooling. 1In
that event, the condenser heat can be applied to the heating

| oad, instead of being dissipated to the atnosphere in a cooling
t owner .

ECI P - Energy Conservation |Investnent Program- The ECIP is a
special Mlitary Construction (MLCON) funded programto inprove
the energy efficiency of existing facilities. Projects funded
under ECI P can inprove living and working conditions of Arny
personnel, enhance m ssion capabilities, and decrease negative
envi ronnental inpacts of energy systens. Funds designated for
ECI P are nanaged by DoD and do not conpete with Arny's MCA
program The ECIP M LCON program has separate project subm ssion
and execution requirenents. The National Energy Policy Act (P.L.
102-486) and recent DoD gui dance have pl aced renewed enphasis on
energy conservation. Installations/ MACOVs are required to use
ECIP, along with other prograns, to assist in neeting the Arny's
energy reduction goals.

Econom zer, air - a ducting arrangenent and automatic control
systemthat allows a cooling supply for systens to supply outside
air to reduce or elimnate the need for nmechanical refrigeration
during mld or cold weather.

Efficiency, HVAC System- the ratio of the useful energy output
(at the point of use) to the energy input in consistent units for
a designated tine period, expressed in percent.

Energy Efficiency Ratio (EER) - The ratio of new equi pnent
cooling capacity in BTUHR to total rate of electric input in
watts under designated operating conditions.




Ener gy Managenent System - a control system designed to nonitor
the environnent and the use of energy in a facility and to adj ust
t he paraneters of |ocal control |oops, to conserve energy while

mai nt ai ning a suitabl e environnent.




Energy Recovery in HVAC Systens - Systens involved in
transferring heat fromone airstreamto another. In sumrer

mont hs, intake air at a higher tenperature rejects heat to cooler
exhaust air prior to being nechanically cooled by the chilled

wat er or direct expansion coil. Conversely, during the w nter,
intake air is warnmed by transferring heat from exhaust air.

Energy Storage System - \Wen recoverable energy will not be
available at the tine it is needed, tenporary energy storage
equi pnment nust be provided. The additional cost to provide,
operate, and maintain the required thermal storage facilities
(itncluding the cost, if any, of the |oss of ventable space that
the storage tanks occupy) nust be included in the life-cycle
costs of the system Thermal storage can yield substanti al

owner ship and operating savings, especially in geographic

| ocati ons which have utility tinme-of-day rates wi th high on-peak
demand char ges.

Energy Use Budget (EUB) - The nmaxi mum al | owabl e conput ed ener gy
in BTU SF/ YR consunmed by buildings. Refer to TlI 800-01, Chapter
11.

Evaporative Cooling - A systemthat utilizes the cooling effect
of evaporating water as the heat sink. The use of this effect in
condensing refrigerant and providi ng condenser water. |n many
situations, it is possible to use evaporative cooling directly at
considerably | ower cost than that for nechanical refrigeration

Fenestration - any light-transmtting section in a building wall
or roof. The fenestration includes glazing material (which may
be glass or plastic), framng (nullions, nmuntins, and dividers),
external shadi ng devices, internal shading devices, and integral
(between gl ass) shadi ng devi ces.

Gray-Water recycling - an on-site waste-water treatnent and
recycling system- receives nonfecal and non-chem cal waste

water from |l avatories, washi ng machi nes, non-kitchen sinks, water
cool ers, bathtubs, showers, and other simlar equipnent and
fixtures. The water is treated and then recycled as an alternate
to fresh water for toilet and urinal flushing, |andscape
irrigation, and nmake-up water for ornanental ponds and cooling

t owers.

Heat - Pi pe Recovery System - This system makes use of self-
contained refrigeration cycle. Thermal energy (warmair) is
applied to either end of this pipe and vaporizes the




refrigeration at that end. The refrigerant vapor then travels to
the other end of the pipe where cooler air is applied, condensing
the refrigerant gas and absorbing the | atent heat of

condensation. The condensed liquid refrigerant then flows back
to the evaporator section (hot side). As long as there is a
tenperature difference between the evaporation (hot) end and the
condensing (cold) end, the transfer of energy will be continuous.

Heat Recovery Weels - typically recover 60 to 80 percent of the

sensi bl e heat difference between the upstream exhaust air and the
outside air. Special heat recovery wheels are manufactured with

properties |ike those of a desiccant dryer. They wll recover 60
to 80 percent of the total (sensible and | atent) energy

di fference between the upstreamair and the outside air.

HVAC system - The equi pnent, distribution network, and term nals
that provides either collectively or individually the process of
heating, ventilating or air conditioning to a buil ding.

| AW - In accordance wth.

| nsul ation - Thermal insulation is a material used for covering
pi pes, ducts, equipnent/vessels, etc., to effect a reduction of
heat | oss or gain.

Life-Cycle Costing (LCC) - is a nmethod of cal culating the total
cost of ownership over the |ife span of the asset/

bui | di ng/ equi pment/systens. Accuracy is the best policy for life
cycl e cost anal ysi s.

Life-Cycle Cost in Design (LCCID) - an econom c anal ysis conputer
programtailored to the needs of the Departnent of Defense (DoD).
It is intended to be used as a tool in

eval uati on and ranking design alternatives for new and existing
buil dings. LCC D incorporates the economc criteria of the Arny,
Navy, and Air Force for design, studies, and operates in a manner
that requires little know edge of this criteria by the program
user.

Lunen - The neasure of the quantity of light. It is analogous to
quantity of fluid flowin a hydraulic systemor current flowin
an electric power systemand is a neasure of the total anount of
i ght generated by a |ight source.

Meters - Devices to measure water and fuel volunes and
el ectric energy consunption.



Motor Efficiency - A neasure of the effectiveness with which
not or converts electrical energy to nechanical energy.

Cccupancy Sensors - A device that detects the presence or absence
of people within an area and causes any conbi nation of |ight,
equi pnent, or appliances to be adjusted accordingly.




Peak Loads - Utility rate structures are based not only on the
building's total usage of electricity but also on the peak demand
- which may occur for only a few hours or tw ce each year but

whi ch establ i shed demand charges for the rest of the nonth.

Roofs - These portions of the building envel ope including al
opaque surfaces, fenestration, doors, and hatches which are above
condi ti oned space and which are horizontal or tilted at |ess than
60 degrees from hori zontal .

Sel ecting the Type of Fuel - Before selecting any HVAC equi pnment,
the type of fuel nust be chosen. The fuel for heating is

sel ected i ndependent of cooling systens and i s chosen based on
econony and availability. The basic fuels are natural gas,
propane gas, oil, steam electricity, solar energy, and coal.

Skylight - In a roof, an opening which is glazed with a
transparent or translucent material; used to admt diffused |ight
to the space bel ow.

Sol ar Energy Source - natural day lighting or thermal, chem cal,
or electrical energy derived fromdirect conversion of incident
solar radiation at the building site.

Sol ar Screen - A non-structural openwork or |ouver panel of
a building, arranged so as to act as a sun-shadi ng devi ce.

Solid Fuels - Include bitum nous and anthracite coals, coke,
peat, and sawdust.

System - a conbi nation of equi pnent and/or controls, accessories,
i nterconnecting neans, and term nal elenents by which energy is
transferred so as to performa specific function, such as HVAC,
service water heating, or illum nation.

Thernostat - an autonatic control device responsive to
t emper at ure.

Total Energy System - a total energy systemis an on-site

el ectrical power generating system arranged for the maxi num use
of input fuel energy by utilizing the waste heat for space
heati ng, space cooling, and donestic water heating.

Transformer Losses - Transfornmers reduce transm ssion and
di stribution voltage to equi pnent operating voltage. Heat




generation and dissipation, due to electrical resistance in the
transforner, result in electrical energy | osses.



Vari abl e- Speed Drivers (VSDS) - used to accurately control notor
speed, are often praised in case studies that note savings of
nmore than 50 percent in energy consunption, conpared to fixed-
speed systens. VSDs sonetines are called variabl e-frequency
drives, or adjustable-frequency drives. Today, npbst use a

m croprocessor control systemwith an AC or DC notor. The DC
nmotor is used in highly specialized applications requiring
torque, tension control, and quick reversing.

U Factor - Overall heat transm ssion coefficient, the anount of
heat expressed in British Thermal Units (BTU) transmtted in one
hour through one square foot of a building section (wall, floor,
or ceiling) for each degree F of tenperature difference between
air on the warmside and air on the cold side of the building
section.

Ventilation - The process of supplying or renoving air by natural
or nmechanical neans to or fromany space. Such air nmay or nmay
not have been conditioned (cool ed or heated).




