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Engi neeri ng and Design
TRANSFORMER APPLI CATI ON GUI DANCE

1. Purpose. This letter provides advance criteria for design
application of transforners, prior to update of current guide
speci fications.

2. Applicability. This letter applies to all HQUSACE/ OCE
el enents and all field operating activities (FQA) having Arny
mlitary design and construction responsibility.

3. Action to be Taken. Pending update and publication of

per manent nedi a gui dance, the criteria provided in Enclosure 1
Wl be used as an interimdesign guidance for all transformner
appl i cations.

4. |Inplenentation. This letter will have special application as
defined in paragraph 6c, ER 1110-345-100.

FOR THE DI RECTOR OF M LI TARY PROGRAMS:

27 A

Encl HERBERT H. KENNON
Chi ef, Engi neering Division
Directorate of MIlitary Prograns
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TRANSFORVER APPLI CATI ON ADVI SORY

1. CENERAL. The criteria, standards, and application guidance
for transformers contained in this advisory will be incorporated
in "TECHNI CAL MANUALS" and "CORPS OF ENG NEERS GUI DE
SPECI FI CATI ONS. ” These changes are a direct result of a multi-
service neeting on transfornmer dielectrics and their hazards.

2. PURPCSE. Thi s advisory provides current (criteria,
standards, practices, and policy) requirenents for the
application of transforner into MCA projects.
3. TYPE OF PRQJECTS.

a. Nev Facilities.

(1) For new facilities, the following relatively
nonhazardous transfornmer dielectric materials are permtted on
MCA proj ects:

(a) Mneral GI.
(b) High Fire-Point:

(b. 1) High-Mlecul ar-wei ght hydrocar bon.
(b.2) Silicon.

(c) Dry Type:

(c.l) Open dry.
(c.2) Cosed dry.
(c.3) Bisphenol Epoxy dry.

(2) The application guidance for the three transfornmer
types (Mneral GI, Hgh Fire-Point and Dry) are as foll ows:

(a) Mneral QI Dielectric Transforners:

| NDOOR APPLI CATI ON

The i ndoor application of mneral oil dielectric filled
transfornmer will conply with the "National Fire Protection Code,"
Nati onal Electrical Code," M L-HDBK-1008, "Fire Protection For
Facilities Engi neering Design and Construction" and the "Nati onal
El ectrical Safety Code."

Encl osure 1
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Transformer vaults will be | ocated on the exterior wall of
the building, vented to the outside and accessible only from
out si de the building under normal design conditions.

Air intake fan and | ouvers of HVAC systens will be
interl ocked with the snoke and rate-of-rise detector in the
transfornmer vault and/or vault roons. The snoke and rate-of-rise
detectors wll shut down the HVAC air intake if a fire occurred
in the transforner vault and/or vault roons. This is not
necessary if the HVAC intake is |located on the roof or the
opposite side of the building. Asign will be posted on the
access doors to a transformer vault which indicates the
appropriate firefighting equi pment and procedures.

OUTDOOR APPLI CATI ON

The outdoor application of mneral oil filled transforners
will conply wwth M L-HDBK-1008, "Fire Protection For Facilities
Engi neeri ng Design and Construction,” "National Electrical Safety
Code" (ANSI-C2), and pertinent EPA regul ations.

Mneral oil transformers. will be sited to preclude any
reasonabl e chance that products of conbustion froma transforner
fire will be drawned into the HVAC air intake of adjacent
bui | di ng.

(b) Hgh Fire-Point Transfornmer Dielectrics:
| NDOOR APPLI CATI ON

The indoor application of high-fire-point dielectric filled
transfornmer will conply with the "National Fire Protection Code,"
Nat i onal Electrical Code," M L-HDBK-1008, "Fire Protection For
Facilities Engi neering Design and Construction" and the "Nati onal
El ectrical Safety Code."

Transfornmer vaults will be |l ocated on the exterior wall of
the building, vented to the outside and accessible only from
out si de the building under normal design conditions.

Air intake fan and | ouvers of HVAC systens will be
interl ocked with the snoke and rate-of-rise detector in the
transfornmer vault and/or vault roons. The snoke and rate-of-rise
detectors wll shut down the HVAC air intake if a fire occurred
in the transforner vault and/or vault roons. This is not
necessary if the HVAC intake is |located on the roof or the
opposite side of the building. Asign will be posted on the
access doors to a transformer vault which indicates the
appropriate firefighting equi pment and procedures.



ETL 1110-3-412
20 Cct 89

OUTDOOR APPLI CATI ON

The outdoor application of high-fire-point filled
transforners will conply with M L-HDBK-1008, "Fire Protection For
Facilities Engi neering Design and Construction,” "National
El ectrical Safety Code" (ANSI-C2), and pertinent EPA regul ations.

Hi gh-fire-point transforners will be sited to preclude any
reasonabl e chance that products of conbustion froma transforner
fire will be drawned into the HVAC air intake of adjacent
bui | di ng.

(c) Dry Type Transformer Dielectrics:

| NDOOR APPLI CATI ON

Dry type transformers are available in four types:

1. Open Dry.

2 Cl osed Dry.

3. Sealed Dry (dry nitrogen fill ed)

4 Cast Coil (primary and secondary vacuum cast ed)

Bi sphenol Epoxy.

The indoor application of dry type dielectric transforner
will conply with the "National Fire Protection Code," "Nationa
El ectrical Code," M L-HDBK-1008, "Fire Protection For Facilities
Engi neeri ng Design and Construction"” and the "National Electrical
Saf ety Code" where applicable.

The open dry type transfornmer will be installed in a
controlled environment (the environnental air nust be filtered
and humdity controlled in a roomor vault as required by the
manuf act urer)

The sealed or closed dry type transforners will be installed
in a cleaned ventilated roonfvault.

The cast coil type transformer will be used in a clean
ventilated environnment (roomvault) or routine cleaning wll be
required.
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Dry type transformers will be sited to preclude any
reasonabl e chance that products of conbustion froma transforner
fire will be drawned into the buildings HV/AC system

OUTDOOR APPLI CATI ON

Open dry type transfornmers will not be used outdoor.

Cl osed dry type transformers may be used outdoors if housed
i n approved encl osure.

Seal ed dry type transfornmers may be used outdoor if
sheltered fromthe el enents.

Cast coil type transfornmers may be used outdoor with
approved housi ng/ encl osure.

The outdoor application of dry type transfornmers wll conply
with ML-HDBK-1008, "Fire Protection For Facilities Engineering
Design and “National Electrical Safety Code" (ANSI-C2) , and
perti nent EPA regul ations.

Dry type transformers will be sited to preclude any
reasonabl e chance that products of conbustion froma transforner
fire will be drawned into the HVAC air intake of adjacent
bui | di ng.

b. Rehabilitation of Existing Facilities.

(1) For facilities, where the dielectric of
exi sting indoor transfornmers and capacitors are EPA and/or N OSH
listed as a hazardous chem cal [ Askarel (PCB)
Tetrachl oroet hyl ene, and Freon 113] the following wll be
obser ved:

(a) The dielectric will be verified.

(b) A cost-risk analysis for each structure
will be made.

(c) \Were the cost-risk analysis requires
elimnation of the risk, retrofitting of transforners and
capacitors will be specified in-lieu-of retrofilling.

(d) For those facilities which are mandatory
for national security, the cost-risk analysis indicates
elimnation of the risk.
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(e) The contract specifications will mandate
that the contractor or his sub is or will be certified in the
current EPA regul ations for handling, storage, transportation,
di sposal, clean-up, safety and health hazards.

(2) Appl i cation guidance for retrofits will follow
t he gui dance covered under a, "New Facilities.”

NOTE:

Paragraph 3.3, "Liquid Insulated Transformers” from M L- HDBK- 1008
i's incorporated as pages 6, 7, 8, and 9 for your guidance.
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b) Electrical equipment in pulverizer areas should be suitable for
Class Il (NEC designation) hazardous areas. In normally clean areas,
el ectrical equi pment should be dust-tight (NEMA Type 5).

3.2 Power Generating and Utilization Equi pnent

3.2.1 General. In general, all electrical installations shall conformto
NFPA 70, National Electrical Code. Specific details on the hazards of

i nternal combustion engines, gas turbines, generators and transfornmers are
covered in the NFPA, Fire Protection Handbook, and the FM Loss Prevention
Dat a Sheets.

3.2.2 Stati onary Conbustion Engines and Gas Turbines. NFPA 37, Stationary
Conbusti on Engi nes and Gas Turbines, shall be followed for internal conbustion
engi ne and gas turbine and generator installations. Unless |located in
sprinklered areas the foll owi ng shall apply:

a) lIsolated installations may be protected with a sel f—eontai ned
pressurized sprinkler or water spray systemw th adequate supply to maintain a
density of 0.2 gpmft2 (8 1/mn/n?t) for 2,000 ft2(184 in? for
40 m nutes.

b) Where a turbine is installed as an individual unit in an
encl osure, a carbon di oxide systemis acceptable as primary protection in
accordance with the following criteria for acceptance.

(1) For turbine conpartnents, the rate of discharge shall be
such that a 34 percent concentration of carbon dioxide is attained within 1
m nute after actuation and a 30 percent concentration shall be maintained
t hr oughout the decel eration period and until all metal surfaces likely to
reignite oil are cooled to bel ow the autoignition tenperature of the oi
400- 500° F (204—260° Q)

(2) For accessory conpartment., to extinguish fires in
el ectrical equipnment and oil, a concentration of 50 percent of carbon dioxide
shall be obtained within 1 mnute after actuation. No | ess than 30 percent
concentration shall be maintained for the follow ng 10 mninutes.

(3) VWhere it can be established that fire tenperatures will be
bel ow t he deconposition tenperature of Hal on 1301 (under 900° F [482° (C]),
Hal on 1301 shall be acceptable as an extinguishing systemw th provisions that
the Hal on discharge is sufficient to maintain a m nimum desi gn concentration
of 5 percent throughout the deceleration period of the turbine.

c) Large individual units over 25,000 bp (18.63 MN shall have
backup protection of automatic sprinklers.

d) Emer gency generators shall be protected by a | oca
application of carbon dioxide.

3.3 Li qui d-1 nsul ated Transforners

3.3.1 Ol —+4nsulated Transformers. Fire protection equi pnent needed for
out door transformers depends on their size and inportance. Table 7 provides
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Table 7
Fire Protection for Qutdoor O | —+nsul ated Transforners

SIZE (EACH TRANSFORMER) NUMBER PROTECTION
Under 9,999 ~VA One or more Portable Extinguishers
1
10.000 - 99,999 kVA One only Hydrant Protection

1
10,000 - 99,999 kVA More than one a. Provide a 25-ft. (S m)

minimum clear space
between units, or

b. Noncombustible bamers
between units, or

c. Fixed automatic waterspray
100,000 kVA and above.
One or more fixed automatic
water sprays

10,000 kVA and above One or more Fixed automatic water spray

! Where there are mission-essential bus structures exposed to a possible transformer oil
fire, or electric service or production could be interrupted for an extended period, a fixed
automatic water spray system shall be provided to minimize the physical damage from fire
and reduce the downtime for repairs.
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fire protection requirements for single-phase or pol yphase outdoor
transformers.

Buil dings located 25 ft (8 m) or nore froman oil —ool ed transforner do not
require fire exposure protection. Buildings within 25 ft (8 n) of a
transformer require exposure protection by one of the foll ow ng nethod.:

a) Protect transformers with a permanently piped water spray system

b) Where transformers expose only one buil ding of masonry or
concrete construction, the foll ow ng safeguards shall be provided where
appl i cabl e:

(1) There shall be no wi ndow openings in first story walls
within a horizontal distance of 10 ft (3 m) fromthe transforners. Existing
wi ndow openi ng. shall be closed using brick or concrete bl ock

(2) Wndow openings in the first story beyond 10 ft (3 m and up
to 25 ft (8 m horizontally fromthe transforners shall be protected, using
either wired—glass in steel sash or glass block

(3) W ndow openings in second and third story walls directly
above the transformers shall be protected using either wired-glass in stee
sash or gl ass bl ock

(4) Overhangi ng eaves, where they exist, shall be fireproof.

c) Wiere transforners nust expose a buil ding having walls other than
masonry or concrete, the follow ng safeguards shall be taken

(1) Provide a masonry or concrete barrier between building and
transformers, with wing walls at each end of the barrier. The barrier shal
extend at least 1 ft (300 ) above the top of transformer bushings and
pressure—+elief vents. The wing walls shall be of the same hei ght and shal
extend horizontally 2 to 3 ft (600 to 900 nm) beyond the transforners,

i ncluding any radi ators and tap—ehanger enclosures. At nultistory buildings,
provide a fire—+esistive roof on this three—aided transformer enclosure.

d) Where transforners expose nore than one buil ding, such as
transformers located in courts or angles between buildings or where yard space
is limted, they shall be enclosed in a suitable fire—+esistive vault and
protected as shown in Table 8.

e) Where transforners are | ocated on or above nonconbustible roofs,
sui tabl e curbed and drai ned concrete mats or wel ded steel pans shall be under-
neath units and | ocated so as not to expose roof structures. OIl-filled
transformers shall not be installed on conmbustible roofs.

f) Gl —nsulated transformers installed indoors shall be located in
fire resistive vaults except for indoor transforner installations exenpted by
NFPA 70, National Electrical Code. Fire protection shall be provided in
accordance with Table 8. Requirenments apply to singl e-phase or pol yphase
lighting or power transforners.
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Tabl e 8
Protection for Ol —+nsul ated Transformers in Fire-Resistive Vaults

SIZE (EACH TRANSFORMER) NUMBER FIRE PROTECTION
60,000 kVA One or more, Hydrant Protection
and below not exceeding
60,000 kVA
total
60,000 kVA More than one, Automatic sprinkler, water — spray,
and below exceeding or carbon dioxide system
50,000 kVA
total
Over 50,000 One or more Automatic sprinkler, water — spray,
kVA or carbon dioxide system
3.3.2 Less Flanmable, Liquid-Insulated Transformers. Transforners

insulated with less flammable liquids (fire point of not |less than 572° F
(300 C), as defined by ASTM D-92-—72) shall be pernmitted to be installed
without a vault in Type | and Type Il (see Table 1) buildings in areas in

whi ch no conbustible materials are stored, there is a liquid confinenent area,
and the installation conplies with all restrictions provided for in the
listing of the liquid. Such indoor installations not neeting the requirenents
of the liquid listing, or installed in other than Type | or Type Il buildings,
or in areas where conbustible materials are stored shall (1) be provided with
an automatic fire extinguishing systemand a |liquid containnent area, or (2)
be installed in an approved vault.

Transformers installed i ndoors and rated over 35,000 volts shall be
installed in a vault.

Transformers installed outdoors shall adhere to the sane
requirements for ordinary oil insulated transformers; and if they present no
exposure hazard to inportant structures, they may be protected with fire
hydrant s.

Qut door transformer installations which are isolated and which present no
exposure hazard to inportant structures may be protected with hydrants.

Consult FM Data Sheets for additional information.
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PCB and/ or ELECTRI CAL EQUI PMENT MANUFACTURERS

Manuf act ur er

Aer ovox

Al l i s—hal ners
Anerican Corp.
Axel El ectronics
Bayer

Caffaro

Caffaro

Caffaro
Capacitor Specialists
Chenko

Cornel |l Dubilier
Di ngs Co.

El ectrical Uilities Corp.

El ectro Engi neering Works

El ectromagnetic Filter Co.

Envi r ot ech Buel |

Eri ez Magnets

ESCO Mg. Co.
Farranti —Packard Ltd.
General Electric
Geneva | ndustries

H K. Porter

Hel ena Cor p.

Hevi —buty El ectric
ITE Circuit Breaker
Jard Corp.

Kanegaf uchi

Kuhi man El ectric

Mc G aw Edi son

Mal oney El ectric
Monsant o

Monsant o

Monsant o

Monsant o

Monsant o

Monsant o

Ni agara Transfornmer Corp.
P. R Millory & Co.
Power Zone Transforner
Pr odel ec

Pr odel ec

R C. Uptegraff

R F. Interonics

Rel i ance El ectric Co.
Research-Cottrell
Sanganp El ectric
Sovol

Sprague El ectric Co.

St andard. Transforner Corp.

St ens Magneti cs

Tobe Deut schmann Labs.
Uni versal Mg. Corp.
Van Tran El ectric
Wagner Electric

West i nghouse El ectric
York El ectronics

UK and
UK and
UK and

TRADE NAME LI ST

us
Japan
Eur ope

10

Trade Nane
Hyvol

Chl or ext ol
Asbest ol

Cl ophen
Dk

Fencl or
I ncl or

Dykanol

Eucar el

Pyr anol
Askar el
Askar el
Pyr anol

Askar el

Non—l anmabl e Liq
Cl or phen

Kennechl or

Saf - T- Kuhl

El enex

Ar ocl or

Sanot herm FR
Pyrocl or

Ther m nol

Pydr aul

Santovac 1 and 2
Askarel , EEC48
Aroclor B

EEC-1 8

Phenocl or

Phyr al ene

Askar el
Di acl or

Chl ori nol

Askar el

No- FI anol
I nerteen

Nepol i n
Apirolio

Kanecl or



DECISION TREE FOR TRANSFORMERS DIELECTRICS

TRANSFORMER DIELECTRIC
WITH

PCBs > 1000 PPM

*k
RETROFIT

TRANSFORMER DIELECTRIC
WITH

ORGP ROWY

PCBs < 1000 PFM

4 TRANSFORMER DIELECTRIC HAVING

PCBs GREATER THAN 1000 PPM
{ LEACH BACK FROBLEM )}

khk
RETROFILL

TRANSFORMER DIELECTRIC HAVING

PCB > October 1, 1985 ¥
— PCB TRANSFORMER NEAR
TRANSFORMERS FOOD or FEED
(NO DIELECTRIC INFORMATION
on NAMEPLATE) > NO TEST I
P | (KNOWLEDGE of PCB’'= ADDED PCB-
C [to TRANSFORMER) CONTAMINATED October 1, 1990 %
B | (PCB NAMEPLATE) TRANSFORMERS NETWORK TRANSFORMER
(NO NAMEPLATE) WITH SECONDARY VOLTAGE
(OTHER REASON) b GREATER THAN 480 VOLTS |}
NO TEST and INCLUDING 480/277
TEST VOLTS. { COMMERCIAL BLDG}
TRANSFORMER (NON-PCB
TRANSFORMER )
DIELECTRICS (OIL DIELECTRIC
(OIL NAMEPLATE) RESTRICTED)
0 500 PPMs T
T |(OTHER DIELECTRIC [LIQUID)] OCTOBER 1, 1990
H | NAMEPLATE) T RADIAL TRANSFORMERS
E E | 50-499 PPMs. W1TH SECONDARY VOLTAGES
R ] (NON-PCB [ GREATER THAN 480 VOLTS
T TRANSFORMER ) and INCLUDING 480,277
1-49 PPMs (0IL DIELECTRIC VOLT TRANSFORMER.
TESTED - NOT RESTRICTED)
UNDETECTABLE > *Check other
regulations for -1
disposal of the
oil or other OCTOBER 1, 1990 %
dielectric fluid. NETWORK and RADIAL
L'rmusmmus WITH
VOLTAGE LES3 THAN 480
VOLTS.
EPA HAS CLASSIFIED AS
LL: NO HEALTH HAZARD
NOTES:

*

* Kk %

These dates are EPA mandatory conpliance dates.

RETROFI T. \Where possible the replacenent transforner should
be | ocated outdoors.

RETROFI LL. Where the age and/or the condition of the

t ransf or mer

makes retrofill not

practical,

then retrofit.

RECLASSIFY
FAULT PROTECTION

YES NO »1 END
CURRENT - LIMITING FUSES or I
EQUIVALENT DEENERGIZATION :

LESS GREATER
FAULT PROTECTION.

THAN THAN

1000 FPH 1000 PPM

_; LESS THAN 1000 PPM of PCBs

PCB CONTAMINATED

1T 18 NOT PRACTICAL TO REACH
NON-PCB STATES

ETL 1110-3-412
20 Cct 89
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