Brown, Todd & Heyburn

CU H BROWN 111 11906-19741
RUCKER TO

RANDOLPH A BROWN
GEORGE E DUOLEY
EDWARD S BONNIE
JOSEPH B HELM

MARK B DAVIS

W. C. FISHER. JR
JAMES PARK. JR *
JOHN T. BONDURANT
CHARLES S CASSIS
MARSHALL P ELDRED. JR
CARL ARTHUR HENLEIN
DAVID W. CRUMBO
JOHN R. MCCALL

0. PATTON PELFRET
KENNETH J. TUGGLE

C. EDWARD OLASSCOCK
WINSTON E. MILLER
WILLIAM L. SKEES. JR t
PAUL E. SULLIVAN'
IRVIN ABELL Il
TIMOTHY W MARTIN

R. JAMES STRAUS
STEPHEN R. SCHMIOT
CHARLES R KEETON
HAL NANCE BOGARD

F GERALD GREENWELL
JOSEPH L. AROERY

CHARLES E. ALLEN 1II
Dali e.ahearn

JOHN 0. HEYBURN 11
KATHERINE RANDALL’
MICHAEL R. MERCER
FREDERIC H DAVIS

0 DUANE COOK

KEITH GRAHAM HANLEY
E. LAMBERT FARMER. JR *
STEPHEN t EMBRY*
MARK R FEATHER
HAPPY R PERKINS
RICHARO E. PLYMALE*
OEBBIE F REISS
ROBERT Y GWIN

VICTOR B. MAODOX

JAY MIDDLETON TANNON
SCOTT W. DOLSON”

DAN L. OWENS

SUSAN C. SIMPSON

KATHERINE K. TUNKER*
HELEN LUCIER

RICHARD M. HOPGOOO*
JAMES A HUGUENARD
CHARLES M PRITCHETT JR
MICHAEL A. LUVIS

KATHRTN ROSS ARTERBERRY

KJ7.C4042

8:mfo

Mr.

Thomas E.

DAVID B. BUECHLER
MARY R05S TERRY
ruoy a.bisciotti
JOELB TURNER

KEITH MOORMAN* M
DAVIO R. RHEIN
WARREN J. HOFFMANN*
MARSHA T DULA
DONALD L. MILLER lit
JOHN G. HUNDLEY
MART ANN GUENTHER’*T
ROBERT W OIBERT
CANDACE GROOT HILL
ALAN K. MACDONALD
DAVID s KLINESTIVERt
JOHN S. DO

ROBERT L. TREADWAV*
SCOTT T DICKENS
SUSAN S. SUNNING*
JAMES A. QIESEL
CYNTHIA L* STEWART
KATHY P. HOLDERt
CHRISTOPHER R. FITZPATRICK**T
A. B. CHANDLER I1I*
JEFFREY P STOOGH.LL
CECELIA T. ALLEN *

R GREGG HOVIOUS
STEVEN S REED

LINDA J. THOMAS

January 27,

Kotoske

540 University Avenue

Third

Floor

of exhibits for Westinghouse.
please note that we deleted

et al. v.

WILLIAM 0. FLOWERS H
JAMES 0. COCKRUM

W BRUCE BAIRC

ELIZABETH J. TURLEY*
DONNA JO JENKINS

ROBERT J. OCANGEUS. JR
JOHN L. DOTSON

JULIE R. BAKER

BARTON T ROGERS'
FRANCES B. JONES BERRY
TIMOTHY MAZE HARTLEY
TERESA C. BUCHHEIT

J. CHRISTOPHER HOPGOOO”
JASPER A. HOWARD'

K. A. WINKENHOFER SHUMATE

Mirrco to Ba rh
cmtuckt amo hdiana

HENRY R. HEYBURN
PHILIP P ARDERY
MARSHALL P ELOREO
SAMUEL R WELLS

OF COUNSEL

1989

Kentucky Power,

SIXTEENTH FLOOH
CITIZENS PLAZA
Locisvule, Kentucky +0202-2802
(002) 060-0400
TELEX: 802006
TELECOPIES (002) 061 - 1067

(002) 080-6470

1700 LEXINGTON FINANCIAL CENTER
LEXINGTON. KENTUCKY 40S07-1634
'«OBl 233-4068
TELEX BS2961
TELECOPIER (6061 252-510B

INDIANA OFFICE

ELSBY EAST
400 PEARL STREET

box SSa
NEW ALBANY. INDIANA 471S0-0S56
(S12) 946-2800

et al.

instructions of the Court and my agreement

am enclosing the documents outlined
line with my conversation
item no.

Palo Alto, California 94301
Re: David Adams,
Dear Tom:
Pursuant to the
with David McCrea,
list
with David,
original list.
Best regards.
Enclosures

CC:

Mr.

David S. McCrea

In

in the

15 from the



Adams, et al. v. Kentucky Power Co., et al
C .A. No. 85-ClI-1724

AMENDED
LIST OF EXHIBITS

WESTINGHOUSE ELECTRIC CORPORATION

Inerteen Transformers Instruction Book
Dated: Pre-1938.

Inerteen Transformers Instruction Book
Dated: March, 1938.

Inerteen Transformers Instruction Book
Dated: January, 1942.

Inerteen Transformers Instruction Book
Dated: November, 1946

Inerteen Insulating Fluid for Electrical Paratus
Dated: February, 1952.

Instructions for Inerteen Insulating Fluid P.D.S.
54201 KA
Dated: July, 1965.

Instructions for Inerteen Insulating Fluid P.D.S.
54201 CM
Dated: April, 1968.

Instructions for Inerteen Insulating Fluid P.D.S.
54201 CM and Installation and Maintenance of Inerteen
Transformers (including Supplement)

Dated: September, 1968.

Instructions for Handling Inerteen Insulating Fluid
P.D.S. 54201 CM and Installation and Maintenance of
Inerteen Transformers ;
Dated: August, 1971.

\
Instructions for Handling Inerteen Insulation Fluid
P.D.S. 54201 CM and Installation and Maintenance of
Interteen Transformers
Dated: February, 1976.



11.

12.

13.

14.

Instructions for Handling Inerteen Insulating Fluid
P.D.S. 54201 CM and Installation and Maintenance of
Inerteen Transformers

Dated: June, 1976.

Westinghouse schedules of transformer serial numbers
and years of manufacture.

Summaries of serial numbers, years, KVA work order num-
bers and dates of Westinghouse transformers from Ken-
tucky Power Co. retirement work orders.

Summaries of serial numbers and years of manufacture of
transformers from Westinghouse records corresponding to
serial numbers from Kentucky Power Co.
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INERTEEN

Inerteen, developed by Westinghouse Engineers, Is a syn-
thetic non-Inflamnable and non-explosive Insulating and cooling
liquid used Id Westinghouse Inerteen Transformerse

CHARACTERISTICS

Color e Straw-Yellow

o o ) Slightly Aromatic

Viscosity at 100°F. (Saybolt) . . . . 50 Seconds

Flash Point .. ... . .. ... . cioeiaaaan. None

Fire Point ... .. .. ... o aaan. None

Bolling Point ... ______ ... .. ... ._..... 440°F.

Freezing Point ... .. .. .. .. .. ...... - 40°F.

Specific Gravity at 60°F............. 1.555

Coefficient of Expansion per °C. . . .00078

Specific Heat (Cal./cc) ... oo ..... 40

Dielectric Constant ....... ... ....... 4.42

Dielectric Strength........ooooeno... 35 to 40 K.V.
Mineral oil is completely miscible with Inerteen. It

Is practically Impossible to separate mineral oil and Inerteen;
therefore, it la important to avoid contamination of Inerteen with
any oil as the presence of such materials markedly changes the
non-inflammable and non-explosive characteristics of Inerteen.

Inerteen Is chemically stable. It Is not affected by
reaction with other materials used In the manufacture of Inerteen
Transformers. It Is non-oxldizlIng and non-corrosive at tempera-

tures considerably ebove those normally obtained In transformers.
Inerteen will not form sludge under any conditions.

Inerteen exerts a strong solvent action on most of the
ordinary varnishes, gums and paints commonly used In oll-Insulated
transformers. Such materials, therefore, cannot be used In the
design and construction of Inerteen Transformers. It Is necessary
to use such materials as pure cellulose, cotton, paper and porce-
Inin. This requirement, coupled with the necessary use of tight-
tonk construction for Inerteen Transformers tends to give Improved
operating characteristics.

IT Inerteen is decomposed by an electric arc, hydrogen
chloride gas Is evolved. In case of arcing, the products of arc
decomposition are definitely harmful and the Inerteen will have to
be reconditioned. Where severe arcing occurs, the solid insula-
tion of the transformer would become saturated with the products
of arc decomposition andNthe affected parts must be removed from
the transformers.

With reference to the dielectric strength of Inerteen
It compares TfTavorably with and under average normal conditions will

be found higher than that of transformer oil. The same precau-

tions are necessary with Inerteen as are token with transformer

oil. Inerteen should be kept free of moisture, lint and dirt.
0854709
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DTZRTEEN

Inerteen ha* an irritating effect upon the akin. This
la more pronounced to aone persona than to others. Especially the
eyesi nose and lips are affected when coming in contact with Iner-
teen and certain safety precautions must be observed when handling
it. When working with the hands in Inerteen, it will irritate akin
abrasions or the tender parts between the fingers. Continued ex-
posure may cause skin eruptions with certain individuals due to
absorption of the Inerteen through the pores of the akin. Clean-
liness among workmen handling Inerteen is essential and a very
good safeguard against such effects. An application of castor
oil is recommended for the eyes and castor oil or cold cream for
the nose and lips. In case Inerteen comes in contoct with the
skin, the part should be thoroughly washed and cleaned. A supply
of these materials should be kept available at all times where

men are working with Inerteen.

Hot transformers should not be opened except in well
ventilated places. Large quantities of Inerteen should be handled
in a closed system. Workmen should be protected from frequent
contact with any appreciable vapor concentration and from frequent

skin contact with Inerteen.

In case Inerteen is spilled on one®"s clothing, it should
be changed as soon as possible and the soiled clothing laundered
before it is worn again. Special gloves, M-7530-6, which are re-
sistant -to lnerteen, should be worn where parts of transformers

are handled wet.

0854710



INERTEEN TRANSFORMERS
SHIPMENT

Inerteen Transformera are always constructed in tight
tanks which permit no breathing.

Inerteen Transformers are shipped properly Ffilled with
Inerteen and ready for installation. This prevents the entrance
of moisture into the windings during transit and usually makes it
unnecessary to dry the transformers prior to Installation.

Transformers equipped with switch or terminal chamber
which must he opened for installation, are always shipped with the
Inerteen for these chambers in separate cans or steel drums.

Inerteen must always be kept in sealed containers to
prevent the loss of its more volatile constituents by evaporation
or possible contamination from dirt or moisture.

MOVING TRANSFORMERS

Lugs are provided for lifting the complete transformer,
and when necessary, additional means are provided for lifting the
different parts. The transformer should be lifted by the means
provided and when necessary, spreaders should be used to obtain a
balanced lift. Transformers should not be moved or lifted by
placing jacks or other devices against or under cooling tubes,
radiators, valves or other fittings. Skids should be used to
distribute the stresses properly over the base when transformers
are moved on rollers.

INSPECTION

Carefully inspect the transformers for possible damage
during shipment.

This should include a check of the Inerteen level and
at least the removal of the manhole to determine whether any parts
have become loose or out of place and whether there is any evidence,
of moisture™ present. Insulation tests of the Inerteen should be
made and if the dielectric strength is less than 22 K.V. or if
there is any evidence of moisture, the transformer should be dried.

Inerteen Transformers are carefully tested at the Fac-
tory and in good condition when shipment is made but it is de-
sirable to inspect every transformer carefully before placing it
in service.

GROUNDING AND MAKINO CONNECTIONS

No matter what the type of floor or foundation on which
the transformer is to rest, the tonk should be definitely and per
manently grounded by connecting to the grounding connection pro-
vided for that purpose near the bottom of the tank.

. 0S54711



INERTEEN TRANSFORMERS

Terminal board, tap changer and other connections should
never be changed with voltage on the transformer. Do not make any
connections except those indicated on the diagram or the diagram
nameplate shipped with the transformer.

Any lead or connector not iIn use should be insulated
from any other leads and connectors ond from ground.

CASKETS

Gaskets used on Inerteen Transformers are mode from a
high grade cork and, it is recommended, in replacing any gaskets
that they be made of cork. Before replacing a gasket, ell gasket
surfaces should be thoroughly cleaned free of rust, oil, grease,
point or other foreign materials. The cleaning may be done by
scraping or wire-brushing and then wiping the gasket surface with
denatured alcohol.

Gasket Cement, M-7386, especially developed for use with
Inerteen, should always be used iIn applying gaskets to Inerteen
Transformers. Thoroughly brush the cement on the tank surface,
place the gasket in position and apply weights or other means to
obtain good adhesion of the gasket to the metal surface. The
gasket should be allowed to set approximately one-half hour be-
fore the weights are removed. Cement M-7386 should then be ap-
plied to the top surface of the gasket. The gasket surfaces must
immediately be bolted together under a uniform pressure.

Some transformers are equipped with terminal or switch
compartments into which cables enter by means of potheads. In
such cases, it will be necessary to remove the switch-cover.

When transformers are designed for bayonet connections,
it is only necessary to remove the bayonet pothead, make the cable
connections and replace the pothead.

Extra gaskets with Cement M-7386, are furnished with all
Inerteen Transformers where their installation requires the re-
moval of any gaskets. Additional gaskets and cement should be
ordered from the manufacturer.

PIPE FITTINGS
Care should be used to see that threads of pipe fittings

are not damaged. Their threads should be thoroughly cleaned to
remove all dirt, grease, etc. After cleaning, apply Cement M-7386

to the threads of each fitting. Immediately screw the proper
fittings together tightly.
PRESSURE TESTING 0854712

Inerteen Transformers should be pressure tested before *
they are put into service. The tanks, including all compartments,
should be subjected to a pressure of 7 lbs. per squsre inch for



THIRTEEN TRANSFORMERS

ot 1e®l 8Ix hours. Preferably, thla teat should be made after the
transformer Installation is complete and before voltage Is applied
to it. It is suggested that the alr space above the Inerteen be
blown out by using a nitrogen-cylinder, after which all vents should
be closed and the pressure test applied. The test-pressure, In
order to avoid subjecting the tank or compartment under test to ex-
cessive pressure, can best be limited by a regulating valve on the
nitrogen-cylinder. A check for leaks above the Inerteen level can
be mode with a solution of soap fend water applied to oil gasketed
Joints, pipe fittings and wiping sleeve connections.

PAINT

Inerteen Transformers are finished with e special paint
which Is resistant to the solvent action of Inerteen. A suffi-
cient quantity of this paint, M-7664-1, 1is furnished with each
transformer to "touch up" any damage caused during the normal pro-
cess of Installation.

STORAGE

Inerteen Transformers must always be stored filled with
Inerteen, otherwise a certain amount of moisture will most cer-
tainly accumulate on account of variations of air temperature. The
Inerteen level should always be checked to see that It Is at the
proper point. Inerteen Transformers should be stored In a dry
place, one where minimum temperature changes will occur.

IT there is any reason to store colls, Insulation or
other parts for the complete core and coll assembly of an Inerteen
Transformer, they should be Immersed In Inerteen to prevent any
moisture absorption. If such storage 1is necessary for a long per-
iod of time, the tank or storage container must be sealed to pre-
vent the evaporation of Inerteen.

Inerteen Transformers which have been Idle or stored for
an appreciable length of time, should be put Into service only
after making certain that the transformer is dry and that the di-
electric strength of the Inerteen tests 22,000 volts or higher.

MAINTENANCE

Inerteen Equipment

Care must be exercised In handling Inerteen to prevent
contamination since impurities alter its non-inflammable and
electrical characteristics. It must be handled in thoroughly clean
containers free from oil. IT there is any question concerning the
cleanliness of the containers, they should be thoroughly washed
with Trichlorbenzene, M-b872» and dried before any Inerteen 1is
place in them. The transformer tank or any of its compartments
In which Inerteen is used, must be free from oil.

il 0854713



INTRTEEN TRANSFORMERS

Inerteen should not he mixed with vegetable oil* since
these materials affect the deterioration» D.C. resistance and other-
wise contaminate It. Compounds of asphaltic nature, paraffin and
ordinary soldering flux are particularly harmful to Inerteen.

For soldering, a solution of rosin In alcohol Is recom-
mended .

All-metal hose must be used In handling Inerteen since
the lining used In most hose Is soluble In Inerteen.

Filling Inerteen Transformers

When 1t Is necessary to Fill a transformer with Inerteen,
one should make sure that all joints are tight; Cement M-7386
should be used for this purpose. Steel pipe or metal hose should
be used, and preferably the transformer should be filled through
the drain valve. This will keep aeration of the Inerteen to a
minimum. See that air vents are open as the transformer Is filled.

It is desirable to fill a transformer by passing the
Inerteen through an Inerteen Conditioner. If this cannot be done
and the Inerteen tests satisfactorily, Till the transformer by
possing the Inerteen through three thicknesses of tightly woven
white cloth, which has first been washed In Trichlorbenzene M-6872,
and dried to remove any sizing. New cloths should be used for at
least every two transformers.

When it Is necessary to fill Inerteen Transformers out-
of-doors and particularly on damp days due precaution must be
taken to prevent the entrance of moisture into the transformer.

PERIODIC INSPECTIONS

Inerteen - It is desirable that top and bottom samples of
Inerteen be token from each transformer and tested after a short
period of operation. When operating conditions permit, routine
sampling of the Inerteen at intervals of six months is recommended.
Accurate records should be kept of such inspections and tests, end
iT the Inerteen shows a dielectric strength of less than 16 K.V.,
the Inerteen Conditioner may be used. This depends somewhat on
the transformer load cycle and climatic conditions. ITf no facili-
ties are available for making dielectric tests on Inerteen, samples
should be sent to the Weatinghouse Electric & Manufacturing Com-
pany, Sharon Works, Sharon, Penna. Each sample of Inerteen should
be properly identified by the transformer serial number and it
should be recorded whether taken from the top or bottom of the
tank or from a tank-compartment. Samples should be carefully
packed to avoid breakage iIn tronsit. When any appreciable amount
of IDerteen is removed from a transformer, it should be replaced
with an equal amount of new Inerteen of proper dielectric strength
so that the liquid level in the transformer 1is maintained.

0854714



INERTEEN TRANSFORMERS

Operation of Transformers - It la recommended that a
periodic check be made of the operating temperaturea of Inerteen
transformers and that the temperature of the Inerteen be kept be-
low 90°C. for a maximum-rated aelf-cooled transformer.

Paint - The external tank aurfacea of Inerteen Trans-
formers should be examined regularly for signs of corrosion. It
appreciable corrosion Is found, Its cause should be determined
and, IFf possible, remedied. Inerteen Transformer tanks are made
from corrosion-resisting, copper-bearing steel, and they are
finished with a high grade Inerteen-resisting paint which is baked
on at high temperature. Any surface which is found corroded
should be thoroughly cleaned to the bare metal and refinished with
one coat of paint, M-6930, and two coats of paint, M-7664-1. Allow
twelve hours drying time between each coat of paint.

TAKING SAMPLES OF INERTEEN

All sampling and testing equipment must be thoroughly
dry and clean. It is recommended that sampling and testing equip-
ment used for Inerteen Transformers be used for no other purpose.
Care must be used In obtaining and sealing samples of Inerteen
taken from a transformer.

Use only small tin containers with screw-metal gasket
caps or small glass bottles with sealed glass stoppers for holding
- Inerteen samples.

IT it becomes necessary to use other than Factory samp-
ling containers, such containers should be thoroughly rinsed with
clean gasoline, washed with strong soap suds and rinsed thoroughly
In hot water, and then dried In an oven at approximately 110°C. for
one hour. IT the containers are not used Immediately after clean-
ing, they should be sealed tightly and stored in a dry, clean

place.

Inerteen sampling packages may be obtained from the
Westinghouse Electric A Manufacturing Company, Sharon, Penna. This
package consists of two 1-pint cans of Inerteen, packed and shipped
in cardboard cartons. This Inerteen may be used to replace thst
r'moved from a transformer os a sample. IT samples are not taken
immediately after emptying the containers, the empty containers*
should be kept capped snugly to prevent admittance of moisture.

The containers and carton should be used to return the samples of
Inerteen to the Westinghouse Company.

t

It Is desirable that samples of Inerteen be removed from
a transformer tank or from a drum on clear days only and when the
Inerteen is at least as warm as the surrounding air.

The sample of Inerteen should preferably be removed from
the top of the tank and ot a point 2 or 3" under the level of the
Inerteen. It is recommended that a sample be taken also from the.

o 0854715



INERTEEN TRANSFORMERS

bottom of the tank. IT the sample Is withdrawn through a valve
connection, this connection should be flushed by allowing a small
amount of Inerteen to run out before collecting the sample. The
sample should be Immediately placed iIn the container and the cap
screwed on tightly. The sticker on each container should be marked
to i1dentify the sample of Inerteen with the transformer from which
it was taken.

Before taking samples from a drum, the Inerteen should be
allowed to settle for approximately twelve hours. Samples from

the top of the drum should be removed by means of a clean glass
sneak-thief.

The same precautions to prevent moisture contamination
should be used in sampling lnerteen as are observed in taking trans
former oil samples.

The samples of Inerteen properly identified and packed in
cardboard cartons should be shipped to the Westlnghouse Electric k
Manufacturing Company, Sharon Works, Sharon, Penna.

DIELECTRIC TESTING OF INERTEEN

The same rules and precautions as normally followed in
testing oil should be used iIn testing lInerteen, except as herein
stated.

The test cup should be wiped clean with a clean, dry
chamois and thoroughly rinsed with clean gasoline and allowed to
dry before being used. The electrode spacing should be checked.

To determine whether the test cup is suitable for testing
Inerteen, Till i1t with dry gasoline and test this under a standard
voltage rise of 3 K.V. per second. IT the dielectric strength of
the gasoline is not less than 22 K.V., the test cup iIs suitable fc:
testing Inerteen, after the cup has been dried in an oven to remove
all traces of gasoline. Care ahould be exercised In handing
gasoline. In testing, do not make but one 'shot" per filling of
the test cup. Five different Fillings should be made anvi the
average result used.

DRYING AND FILTERING INERTEEN

Inerteen may be dehydrated and filtered by nerns of an
oil filter press but iIn order that it may not be contaiain&tdd, it
IS necessary that the Ffilter press be used for Inerteen only.

A different procedure than that followed for oil is re-
quired to purify Inerteen. Contamination in Inerteen cannot be
removed entirely by filter paper alone. To clean Inerteen thor-
oughly it must be filtered through ™"activated clay"” which absorbs
impurities. In practice, it is only necessary to pass the Inerte.r
through the clay and to separate the clay mechanically from the
Inerteen to obtain clean Inerteen of proper dielectric strength.

-10- 085471G



INERTEEN TRANSFORMERS

THE INERTEEN CONDITIONER"

The equipment recommended for conditioning Inerteen con-
sists of s filter press with suitable inlet and outlet connections
and the necessary fittings*

The clay is contained in five frames mounted in a yoke.
Plates are used on both sides of these frames between which one
piece of blotting paper is used to provide a gasket-seal and to
remove fine particles of cloy from the Inerteen.

The discharge in the plate iIncorporates a trap to avoid
pumping into the transformer air which might result from a leak in
the suction line. A strainer 1is provided on the suction side of
the pump, so constructed that all dirt collected is removed with
the screen. A by-pass connection fitted with a needle valve is
used for testing the suction line from the transformer for leaks.

A pressure gage and a by-pass valve indicote the operation
of the conditioner and they also serve as a check to avoid over-
loading and stalling the motor. The valve is set to by-pass the
Inerteen at a pressure of 60 to 70 Ibs. per square inch. Another
pressure gage and by-pass valve are provided on the discharge side
of the conditioner connecting to the transformer. This by-pass
valve, releasing at a pressure of approximately 5 lbs. per square
inch, will avoid breaking the transformer relief diaphragm when no
other relief is provided.

TO PREPARE THE CONDITIONER FOR OPERATION

Release the pressure-screw and remove the frames. Fill
each frame with activated clay, M-693%# to within 1/2" of the
cover. Replace the frames in the conditioner, placing one sheet
of "A" sire blotting paper between the face of each frame and plate.
Care should be used to see that the holes through the plates, frames
end paper are in proper alignment before the pressure-screw is
tightened. Close the discharge, suction and suction-test valves.
Pour sufficient Inerteen Into the drip pan to fill the conditioner
and to wet the clay. This will require approximately 8 gallons of
Inerteen. Start the motor and open the drip-pan valve so that not
less than 5 Minutes are required to fill the conditioner, saturating
the clay with Inerteen. With the valve at the transformer closed,
open the suction-test valve to check the suction line for leaks.

Since the density of Inerteen is considerably greater
than that of water, moisture will float on the surface of the
Inerteen. It is therefore considered advisable to condition Iner-
teen from the top and return it to the bottom of the tank. To be-
gin conditioning Inerteen in a transformer, close the suction-test
valve and stop the motor. Open the transformer valves. Open the
conditioner discharge and suction valves. Close the drip-pan valve

and start the motor.

0854717
11—



INTKTEEN TRANSFORMERS

Ooe charge of clay will condition approximately 3000 gal-
lons of Inerteen, depending upon the amount of contamination pres-
ent. To change the clay* remove the frames and turn them over to
allow any free Inerteen to drain out of the openings at the top.
Dump the used clay end fill the frames with fresh clay as pre-
viously described.

When 1t is necessary to change the blotters or the clay,
first close the valve in the suction line, then stop the motor
and close the discharge valve before releasing the pressure-screw.
Follow the procedure outlined above when starting up the con-
ditioner again.

IT the system-seal is not broken, it will only be nec-
essary to open the discharge and suction valves and start the
motor to again resume conditioning the Inerteen.

TO DRY INERTEEN TRANSFORMERS

Inerteen Transformers above 100 Kv-a. should be dried by
the short-circuit method with the transformer in its tank immersed
in the Inerteen. During the heating and drying process, the top
of the tank should be vented to the air to prevent moisture con-
densation. The desired load current should be obtained by short-
circuiting one winding and impressing the proper voltage on the
other winding. |If the full load Impedance of the transformer is
not known or not engraved on the transformer nameplate, it should
be obtained from the Westlnghouse Electric & Manufacturing Company
by identifying the transformer with its serial number.

Transformer windings in Inerteen should Ffirst be heated
under a partial load. A higher top Inerteen temperature can be
obtained more quickly by blanketing the tank with the cover re-
moved to prevent condensation.

IT the transformer is at or lower than room temperature
at the start of the drying process, from 125% to 15# full load
current will hasten the heating. The temperature should be care-
fully watched and when the Inerteen reaches d temperoture of 60°C.,
the load should be reduced to obtain an approximately constant
Inerteen temperature based on the following table. These tem-
peratures should not be exceeded for a given load.

Short Circuit Amperes Max. Temperature
in Percent of Load of Top Inerteen .
50 80
75 75
85 \ 70

The transformer may be dried more quickly if it is
possible to filter the Inerteen during the drying process. IT the

—12- 0854718



INERTEEN TRANSFORMERS

Tfiltering la continuous, cere should be taken to avoid letting the
Inerteen temperature become too low. IT any moieture condense* on
the underside of the cover, the temperature should be decreased
until it stops, and it should not be Increased again until after a
period of time of approximately four to eight hours, depending
“upon the site of the transformer.

The drying should be continued until dielectric testa of
samples of the Inerteen taken from the top and bottom of the tank
show 22 K.V. or higher. The tests should be made in a standard
test cup and it is recommended that at least two consecutive tests
of both the top and bottom Inerteen be made at least 24 hours
apart while the Inerteen is near a maximum temperature. Tests of
the Inerteen should not be made during the filtering process.

DRYINO TRANSFORMERS BY HOT AIR

Inerteen transformers may be dried by blowing clean, dry
hot air through them. The air should be at a temperature of ap-
proximately 90°C. and i1t should be blown through the core and coils
from the bottom of the transformer and allowed to pass out at the
top. The amount of air required to dry the transformer must be
such that the temperatures of the ingoing and outgoing air are ap-
proximately alike.

IF INERTEEN TRANSFORMERS FAIL IN SERVICE

Should an Inerteen transformer fail in service, the near-
est W. E. &H. Company District Office should be notified as soon
as possible. Give the rating of the transformer and its serial
number and, iFf possible, the conditions under which the Tfailure
took place. Samples of the Inerteen should be taken so that an
analysis of it can be made. The transformer should be kept im-
mersed in Inerteen and it is recommended that no work be done on
the transformer except under advice from the District Office.

ACCESSORIES FOR INERTEEN TRANSFORMERS

Pressure Relief Dlophragms - All tronsformers of ratings
larger than 25 Kv-a., are furnishadowith pressure relief diaphragms
This device is made in different sizes to provide ample venting for
different ratings.

Relief diaphragms are regularly supplied with covers
arranged for a pipe connection to carry the gases to the outside
atmosphere in case of e transformer failure and after the dia-
phragm ruptures. It is recommended that this type of Installation
be used for iIndoor transformers. For outdoor transformers, the
relief device 1is regularly provided with a perforated outlet which
allows the gases to escape directly to the outside atmosphere. The
outlet is covered by a hood which prevents the entrance of moisture
and dirt. A screen under the diaphragm prevents broken pieces
from falling into the transformer.

0854719
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The relief diaphragm unit assembly, which is bolted to
the transformer cover or other suitable place, consists of a sup-
porting flange in which the glass diaphragm is mounted between two
cork gaskets. A tight joint between gasket and diaphragm on the
supporting flange iIs made by a pressure-ring against the Ilower
gasket, all of which is clamped in place by stud bolts.

It is necessary to be very careful in bolting down the
pressure-ring to ovoid breakage of the glass diaphragm for its
rupture strength depends largely upon hoving an even distribution
of clamping pressure applied to the diaphragm.

Make sure that gasket seats are thoroughly clean. Apply
Coment M-7386 to both sides of the upper gasket and put the glass
diaphragm in place, being sure that both the gasket and the dia-
phragm ere centrally located in the supporting flange. Lay the
cushion or lower gasket in place over the glass diaphragm and
assemble the pressure-ring over this gasket. Then tighten the
assembly by means of the nuts and lock washers on the stud bolts.

An even distribution of pressure on the glass diaphragm
con be obtained only by tightening the nuts uniformly. This
should be done by tightening alternate nuts until the lock washers
are nearly compressed. The other nuts should then be tightened
in a similar manner. This alternate nut tightening should be
continued until the face of the pressure-ring is against the metal

gasket-stop.

Diaphragm relief devices are assembled on the transformer
at the factory and they are then pressure-tested at 7/ lbs. per
square inch and shipped in place.

Two spare diaphragms and the necessary gaskets and
cement are shipped with ecch transformer. Additional diaphragms,
if needed, should be ordered from the W. E. AM. Company, Sharon,
Pennyslvcnia, identified by the serial number of the transformer.

1

Gas Absorbers fTor Jnerteen Transformers - When Iberteen
transformers are equlppea with ges absorbers, separate iInstructions
are shipped with each transformer describing the device and its
Installation, operation and maintenance.

RENEWAL PARTS

When information 1is required concerning a transformer,
always give its serial number, particularly whenever renewal or
stock parts are ordered. The serial number will be found engraved
on the nameplate attached to the transformer tank and on the small
nameplate attached to the top or end of the core and coils assembly.
Whenever possible, c sketch showing the pert or ports and their
exact locations, will materially help to assure that the proper
parts are supplied by the Factory.. This sketch should always
indicate the direction or side of the transformer from which the

view is made.
0854720
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NOTE: Some transformer* are orderod designed for Iner-
teen but are to be operated Tirst as oil-insulated transformers.
they are shipped from the factory filled with oil.

Consequently,
Whenever it is desired to operate these transformers with Inerteen
complete instructions for the removal of the oil, the cleaning of
the transformer and filling it with Inerteen ehould be obtained

Trom the W. E. k M. Company, Sharon, Pennsylvania.

0854721
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INERTEEN

Inerteen, developed by w#*tlnghouae
Ergineere, 1« * eynthetlc non-infleasable And

non-exploelv* Insulating And cooling liquid uaad

in Westinghouse Inerteen Transformers .

Characteristics
Color ... .. ...... Straw-Yellow
Oodor ... Slightly Aromatic
Vlscoaicy AC 100°F. (Saybolt)50 Seconds
Flasn Point ............ . Non*
fir* Point ......_...... None
Bolling Point ._._.._..._.._. 2
Freezing Point ...._... -*0°F.
Specific Gravity at 60°F. _ 1.555
Coefficient of Expansion

per°C ... .. .00078

Specific Heat (Cal./cc. . >0
dielectric Constant . . . . *<?2
Dieloctrlc Strength . . . . 35 to *O K.v.

Hinerai oil la completely miscible
witft Inartaan. It la practically impossible
to aaparata mineral oil and Inartaan; therefore
It la Important to avoid contamination of In-
artaan with ar.y oil aa the prese.nca of auch
material» markedly change* the non-Infleasable
and non-explosive character!»tlca of Inerteen.

Inerteen la chemlcally atable. 11
1» not affected by reaction vith other materl-
als u»ad In the manufacture of Inerteen Trans-
formera. It la non-oxldIxlng and oon-corroalve
at température» conslderably abova thoae nor-
mally obtalned In transformsrs. Inerteen vill
mot fors aludge under aaj condition».

Inerteen exert» a atrong advent ac-
tion a. moat of the ordinary varnlahee, gums
and palnta commonly used In oll-inaulated
trar.aformera. Such materials, therefore, can-
not be uaed In the dealgn and construction of
Inerteen frar.aforaera. It la necessary to uae
auch materials as pure cellulose, cotton, paper
and porcelain. This requirement, coupled with
the necessary use of tlght-tank construction
for Inerteen Transformers tend» to give im-
proved operating characteristics.

If Inerteen Is decomposed by an
electric arc, nydrogen chloride gas is evci/ed.
In case of arching, the product* of arc decorp;
sitlon are definitely harmful and tre Inert™>.-,
will have to oe reconditioned. m“here sever»
arcing occur», the solid insulation of tre
transformer would become saturated witn tre
products of arc decomposition and tne affected
part* must be removed from the trar.sforaer.

with reference to tne dielectric
strength of Inerteen it compare* favorably with
and under average normal conditions will oe
found higner than that of transformer oil. T.re
same precaution* are .necessary witn Inerteen as
are taken with transformer oil. Inert™.-, sno®.;
oe kept free of moisture, Unt and dirt.

Inerteen has an irritating eff-rt
the skin. Thia la mere pronounced t; sr-t per-
sona than to other». Especially the eyel.
and lip* are affected when cosing Ir. ccr.tact *:e
Inerteen end certain safety precaution! s_stoe
aerved »hen handling it. ehen working «itr tr* ns
In Inertaen. It will irritate akin aorssicr.s or
tender part* between the finger*. Continued exp:
ur# may cause akin irruptions with certain ir.di-
uala due to absorption of the Inerteen through :
pores of the skin. Cleanliness among wore.*.-, her
ling Inerteen is essential and a very good safe-
guard against suen effects. An application of ce
tor oil is recommended for the eye» and castor :
or cold cream for the nose and lip*. li? case Ir
erteen cone* in contact with the akin, the part
should be thoroughly cashed and cleaned. * sup;,
of these materials should oe kept available at «
times whara man are working with Inerteen.

Hot transformers should not be openeo
except In wall ventilated placet. Large quan-
tities of Inerteen should be handled in a cool-
ed system. Vortoer. should ba protected from
frequent contact with any appreciable vapor
concentration and from frequent skin contact
with Inertaen.

In cate Inerteen it spilled on one"s
eiothlng, It snould be cnanged as soon as pos-
sible end tne soiled clothing laundered oefere
It is wem again. Special g.ovea, M-?*JC-c
wnleh are resistant to Inertsen, should be
worn wnere parts cf transformers are handled
wet.

INERTEEN TRANSFORMERS

Shipment

Inerteen Transformers are always
cor.structad In tight tinJcs which permit no
treathlmg.

Inerteen Transformers are snipped
properly filled with Inertaen and ready for
installation. This prevents the entrance
of moisture into the windings during trans-
it and usually makes It unnecessary to dry
the transformera prior to installation.

Transformers equipped with switch
or terminal chamber which must be opened for
installation, art always snipped with tne

Inerteen for these chambers In separatt cans
or steel drums.

Inertaen must always be kept In
sealed containers to prevent the loss of its
more volatile constituents by svaporatlor. or
possible contamination from dirt or r.cisturt

Moving Transformers

Lugs are provided for lifting the
complete transformer, and when necessary,
additional means are provided for lifting
the different parts. The transformer should
bs lifted by means provided and when
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necessary, iprttdtn should be used to obtain <«
balanced lift.
or liftod by placing Jacks or other devices
against or under cooling tub«*, radiators,
«alvo» or other fitting*. Skid* should bo usod
to dlatributo the strossos properly over the
baso when transformers aro aoved on rollara.

IS3PECTIOL

Carefully inspect the transforaers
for possible damage durine snipaent.

This should Include a cheek of the
~Xnerteen level and at least the reaoval of the
aannole to deteralne whether any parts have be*
coae loose or out of place and whether there Ila
any evidence of aolsture present. Insulation
tests of the Xnerteen should be Bade and if the
dleltetrie strength is less than 22 E.V. or if
there is any evidence of aolsture, the trans*
foraer should be dried.

Xnerteen Transforaers are carefully
tested at the Factory and in good condition
when ahipaent is made but it iIs desirable to
Inspect every transformer carefully before
placing it in service.

Grounding and Making Connections

lo aatter what the type of floor or
foundation on which the transforaer is to
resb, the tank should be definitely and per-
manently grounded by connecting to the ground*
_IAg connection provided for that purpose near
the bottoa of the tank.

Terminal board, tap changer and
other connections should never be changed
with voltage on the transforaer. Do not aake
any connections except those indicated on the
diagram or the diagram nameplate snipped with
the transforaer.

Any lead or eonneetor not in use
should be insulated from any other leads and
connectors and froa ground.

Gaskets

Gaskets used on Xnerteen Transform-
ers are aade froa a high grade cork and, it
is recomoended, in replacing any gaskets tnat
they be aade of cork. Before replacing a
gasket, all gasket surfaces should be thor-
oughly cleaned free of rust, ell, grease,
paint or other foreign materials. The clean-
ing may oe done by scraping or wire-brushing
and then wiping the gasket surface with de-
natured alcohol.

Oasket Cement, H-7}66. especially
developed for use with Xnerteen, should
always be used in applying gaskets to Iner-
teen Transformers. Thoroughly brush the ce-
ment oq the tank surface, place the gasket \
in position and apply weights or other means
to obtain good adhesion of the gasket to tne
metal surface. The gasket should be allowed

Transformers should not bo moved

«wa eyyewa _/ g a nwur DVIOT«
weights are removed. Cement'*-7386 should
then be applied to the top surface of the cas-
ket. The gasket surfaces must imedlately be
bolted together under a uniform pressure.

$oee transformers are equipped with
terminal or switch coapartments into which
cables enter by means of potheads. In such
eases, It will be necessary to remove the
switch-cover.

When transformers are designed for
bayonet connections, it is only necessary to
remove the bayonet pothead, aake the cable
connections and replace the potnead.

Xxtra gaskets with Cement K-7386,
are furnished with all Inerteen Transforaers
where their installation requires the re-
aoval of any gaskets. Additional gaskets
and cement should be ordered froa tne manu-
facturer .

Flpe Fittings

Care should be used to see that
threads of pipe fittings are not damaged.
Their threads should be thoroughly cleaned
to remove all dirt, grease, etc. After
cleaning, apply Cement 11-7386 to the threads
of each fitting. Xraedlately screw the
proper fittings together tightly.

Fressure Testing

Xnerteen Transforaers should be
pressure tested before they are put into
service. The tanks, including all compart-
ments, should be subjected to a pressure of
7 lbs. per square inch for at least six
hours. Preferably, this test should be
made after the transforaer installation is
complete and before voltage is applied to
it. Xt is suggested that the air space
above the Xnerteen be blown out by using
a nitrogen-cylinder, after which all vents
should be closed and the pressure test ap-
plied. The test-pressure, in order to
avoid subjecting the tank or compartment
under test to excessive pressure, can best
be limited by a regulating valve on the
nitrogen-cylinder. A cheek for leaks
above the Xnerteen level h* mad* with
a solution of soap and water applied to
all gasketed Joints, pipe fittings and
wiping sleeve connections.

Faint

Xnerteen Transforaers are fin-
ished with a special paint whleh is re-
sistant to the solvent aetlon of Xnerteen.
A sufficient quantity of this paint, N-
7664-1, 1is fTurnished with each transformer
to "touch up” any damage caused during the
normal process of installation.

Storage
Xnerteen Transforaers must always

0S54745
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b* stored filled vIitb Inerteen, otharvlae a
certain amount of molature vili aoat certainly
accumulate oa account of variation» of air tea-
pereture, The Inerteen level ahould always bo
cheeked to aoo that it la at tho propor point.
Zaortooa Tranafomora ahould bo atorod In a dry
placa, oao vhoro ainlmua toaporaturo changes
will occur.

If tbhoro la any roaaon to atoro colla,
Inaulatlon or otbor parta for tho coaplato coro
and coll asseably of an Xnortoon Tranaforaor,
they ahould bo laaaraod In Xnortoon to provont
anj aolaturo absorption. If such storage la
necessary for a long porlod of tima, tho tank
or atorag» container auat bo aoalod to provont
tho evaporation of Xnortoon.

Xnortoon Tranaforaora vhlch have boon
Idlo or atorod for an appreciable length of
tino, should bo put into service only after
naklng certain that tho tranaforaor la dry and
that tho dielectric strength of the Xnerteon
testa 22,000 volts or higher.

Maintenance

Inerteen Equipment - Caro oust bo ex-
ercised In handling inerteen to provont eontaai-
nation since lapurltles alter Ita non-Inflaa-
aablo and electrical characteristics. Xt auat
be handled in thoroughly clean containers free
fraa oil. Xf there la any question concerning
the cleanliness of tho containers, thay ahould
bo thoroughly washed with Trlchlorbenaeno,
M-6872, and drlod before any Xnortoon la placed
In thoa. the transformer tank or any of Ita
eoapartaonta in vhlch Xnerteea lo used, auat bo
free from oil.

X/erteen should not bo alxod with
vegetable oils since those aaterlals affect tho
deterioration, D.C. resistance and otherwise
contaminate It. Compounds of aaphaltle nature,
paraffin and ordinary soldering flux are pere
tleularly harmful to Xnortoon.

For soldering, a solution of rosin
In alcohol la reeoomended.

All-metal hooo auat bo uaod in hand-
ling Xnortoon oince tho lining uood In aoat
hooo la soluble in Xnortoon.

Filling Inertoon Tranaforaora - When
It la necessary to rill a tranaforaor with
Xnortoon one should aafca aura that all Joints
are tight; Cement 11-7266 should bo uaod for
this purpose. Stool pipe or aotal hose should
bs uaod, end preferably the tranaforaor should
bs filled throuah the drain walva. This will
taaep aeration of the Xnortoon to o minimum.
See that air wants are open as tho tranaforaor
la fill#«.

Xt la desirable to fill o tranafora-
or by passing the Inertoon through an Inertoon
Conditioner. Xf this cannot bo done and the
Xnortoon teats satisfactorily, Tfill tho trans-
former by passing the Xnartoon throuah throe
tMeknesses of tightly vovao white cloth,

b##n in Trichlorber.xene
vVFEIl2* t0O roaovo any sizing, hew
cloths ahould bo used for at least every o
trenaformero.

Vhen it la nacassory to fill Iner-
toan transformers out-of-doors and particularly
on damp days dua precaution auat bo takes to
grevent the entrance of aolaturo into tho trans-
ormer .

Porlodlc Inspection*

Inertoon - It Is dsslrablo that top
and bottom samples of Inartaan bo taken froa
each transformer and tested after a short
porlod of operation. When operating conditions
permit, routine oaaplIng of the Inertoon at
intervale of six months is rocoamsndsd. Ac-
curate records ahould bo kept of such Inspec-
tion» end toots, and if the Inartaan shows a
dielectric strength of lota than 16 t.V., trc
Xnortaoa Conditioner Bay bo used. This de-
pends somewhat on tho tranaforaor load ejela
and ellmatle conditions. Xf 00 facilities art
available for mating dielectric teats on Xnsr-
toon, saaploo ahould bo sent to tho Veatlng-
house lloctrle ft Manufacturing Company, Sharon
Vorka, Sharon, Peana. Each aaaplo of Inartaon
ahould bo properly ldentified by the trans-
former »«rial number and It ahould bo recorded
whether taken from the top or bottoa of «ho
tank or from a tank-compartaont. Samples
ahould bo carefully pocked to ovoid breakage
in transit. Whoa any appreciable amount of
Xaertooo la reaovad from a tranaformer, it
ahould be replaced vith an equal amount of new
Xnortoon of proper dielectric strength so that
the liquid level In the tranaforaor la Balo-
talned.

Operation of Tramforgan - It la
recommended that a periodic eneek O# aads of
the operating temperatures of Xnertetn trans-
formers and that the toaporaturo of tne Xner-
teea be kept below 90°C. for a maximum-rated
eelf-eoolod transformer.

Faint - The external tank surfaces
of Xnertaan Transformers should be examined
regularly for eigne of corrosion. Xf ap-
preciable corrosion is found, its cause should
be deteralned and, if possible, remedied. Ir-
erteen Transformer tanka are made from corro-
sion-resisting, eopper-bearing steal, and thay
are finished with a Algn grade Xnorteen-realst-
Log paint vhleh la o&ed on at hlgn temperature.
Any surface vhlch 1» found corroded should oa
thoroughly clsaned to the bare metal and re-
finished with one coat of paint, M-69J0, and
two coats of paint, M-766A-1. Allow tvalva
hours drying time between eaen coat of paint.

Taking Samples of Inerteen

All sampling and testing equipment
auat be thoroughly dry and clean. Xt la
reeocaaended that sampling and testing equip-
ment used for Inerteen Transformers bs used fsr
no other purpose. Care aust be used in obtain-
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in% end sealing iuplti of Inerteen taken fro«
a tn.ufMwr.

. Use only iu H tin containers vitn
iertv*B««l Jittr? ¢«pa or m il 41111 bottles
vitn Mt||{ IIm stoppers for noldInf Iner-
teen itaplts.

If it becomes neeessary co uat other
tnan Factory stapling containers, aucn con-
tainers anouid bt tnorougnly rinatd with clean
gasoline, waaned with strong aocap auda and .
finaad thoroughly in hoc vacar, and than dried
in an oven at approximately 110°C. for one
hour. 1f Che eontalnera are not uaed immedi-
ately after cleaning, they ahould be aealed
« tigrtly and atored 1n a dry, elean place.

( packagea 3# 1065658

be obtained from the Weatingnouae electric
4 Manufacturing Company, Sharon, Penna. This
ackage conalata of twd 1-pint cana of Xner-
een, packed and ahlpped in cardboard cartona.
Thia Ine-teen may be uaed to replace that re-
moved from a tranaformer aa a «ample. If
emmplea are not taken immediately after empty-
ing the eontalnera, the emf)ty containers )
should be kept capped snugly” to prevent admit-
tance of moisture, The cOntainers and carton
snould be uaed to return the samples of Xner-
teen to the Weatingnouae Company.

Xt is desirable that samples of
Xnerteen oe removed from a transformer tank
or from a_drum on clear days only and when the
Xnerteen is at least as vara as ‘the surround-

ing airﬁ‘

Xnerteen aamplin

The sample of Xnerteen ahould prefer-
ably oe removed from the top of the tank and at
a point 2 or 3" under the level of the Xnerteen.
Xt is recommended tnat a sample be taken alsq
from the bottom of the tank. .i1f the sample is
vitndrevn throu%r(1e a valve connection, this con-
nection snould flusned by allowing a small
amount of Xnerteen to run out before collecting
the sample. The sample snould be immediately
P_Iaced in the container and the cap _screwed on

ightly. The sticker on each container should
be narked to identify the sample of Xnerteen
with tne transformer” from which it was taken.

Before taking samples from a drum,
the Xnerteen snould be allowed to settle for
approximately twelve hours. Samples from the
top of the drum should oe removed by means of
a clean glass sneak-tnief.

The same preeautioos to prevent mois-
ture contamination should be used In sampling
Inerteen as are observed La taking transformer
oil samples.

) __ The samples ef Xnerteen properly

identified and packed in cardboard cartons

snould be snipped to the Vestinghouse Klectrle
Manufacturing Company, Sharon Works, Sharon,

«

4e

Dielectric Testing of Xnerteen

XKk,

g rules and precautions as norm-
ally_ followed in testin m? Ehou?él lJe used In
testing Inerteen, except as nerein stated.

The test cup should be wiped clean with
a clean, dry enamols and thoroughl)é rinsed with
elean gasoline and allowed to dry before being
The eleetrode spacing should be checked.

] To determine whether the test cup is
suitable for testm%_Xnerteen, fill 1t with dry
gasoline and test this under a standard voltagé
rise of 3 f.V. per second, If the dielectric
strength of the gasoline is not less than 22 1.Z,
the test cup is Suitable for testing Xnerteen,
after the cup has been dried in an oven to re-
move all traces of gasoline. Care should be
exercised in handling psolme. . In testing, do
not make but one 'shot* per filling of the™ test
cup. Five different fillings should be made
and the average result used.

used.

Drying and Filtering Xnerteen

Xnerteen may be dehydrated and filter-
ed by means of an oil filter press but in order
tnat” it may not be contaminated, it is necessary
that the filter press be used for Xnerteen only.

A different procedure than that fol-
lowed for oil is required to purify Xnerteen.
Contamination in Inerteen cannot be removed en-

tirely filter ?aggr alone. To clean Xnerteen
thoroughly it mus filtered throup 'activat-
ed clay” which absorbs impurities. In practice,

it is only necessary to pass the Xnerteen
through the elay and to Separate the_clay me-
chanically from the Inerteen to obtain clean
Xnerteen ‘of proper dielectric strength.

The Inerteen Conditioner

o The equipment . recommended for condi-
tioning consists of a filter press with suitable
:‘ntlteI and outlet connections and the necessary
ittings.

_ The elay is contained in five frames
mounted in a yoke. Flates are used on both
sides of thesé frames between which one piece
of blotting paper is_used to provide a gasket-
seal and to remove fine particles of clay from
the Xnerteen.

The discharge in the plate incorpor-
ates a trap to avoid E)umplngi into the trans-
former air which mlgh reeult from a leak m
the suction line. strainer is provided on
the suetlon side of the pump, so constructed
tnat all dirt collected is_removed with the
screen. A by-pass connection fitted with a
needle valve is used for testing the suction
line from the transformer for leaks.

L A pressure gage and a by-pass valve
indicate the operation of the conditioner and
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they »I»0 serve as a check to avoid overloading
and stalling tha motor. The valva la aac to by-
paaa tha Xnerteen at a praaaura of 60 to 70 lba.
par aquara Loch. Another praaaura gaga and by-
paaa valva ara providad oa tha dlacharga aida
of tha eondltlonar connecting to tha transformer
Thla by-pan valva, releasing at a praaaura of
approximately 5 lba. par aquara Inch, win avoid
bracking tha transformer rallaf diaphragm whan
no othar rallaf la providad.

To frepare Tha Condltlonar For Oparatlon

Release tha praaaura-acrav and raaova
tha frames. Fill aaeh fraaa with activated
clay, M-6935, to within 1/2* of tha cover.
place tha fraaaa In tha eondltlonar, placing
one meet of *AS alia blotting paper between
tha face of each fraaa and plate. Cara ahould
be uaad to eee that the holaa through tha
plataa, fraaaa and paper are In proper align-
ment before tha preaaure-acrew la tightened.
Cloae tha dlacharga, auction and auctlon-taat
valvea. Four auffldent Xnartaan Into tha
drip pan to fill tha eondltlonar and to wat
the clay. Thla vill require approxlaataly 8
gallons of Xnartaan. Start tha motor and open
tha drip pan valva ao that not leas than 5
mInutea ara required to fill the condltlonar,
saturating tha clay with Xnartaan. with tha
valva at the transformer closed, open tha sue-
tlon-test valve to cheek tha auction line for
leaks.

Re-

Since tha density of Xnartaan la
considerably greater than that of water, mois-
ture will float oo tha surface of tha Xnartaan.
Xt la therefore considered advisable to condi-
tion Xnartaan from tna top and return It to
tha bottom of tha tank. To begin conditioning.
"Xnartaan In a transformer, close tha suetlon
teat valve and atop tha motor. Open tha trans-
former valves. Open tha condltlonar dlacharga
and suetlon valves. Cloae the drip pan valve
and start the motor.

Ona charge of clay will condition
approximately 3000 gallons of Xnartaan, de-
pending upon tha amount of contamlna:ion pre-
sent. To change the clay, remove tna frases
and turn them over to allow any free Xnartaan
to drain out of tha openings at tha top. Dump
tha uaad clay and fill tha frames wit;, fraan
clay aa previously described.

When 1t la necessary to cn.nga tna
blotters or the clay, first close tna valve
in the suction line, then atop tha cotor and
close tha dlacharga valve before relevsing
tha preaaure-acrew. Follow the procad-re out-
lined above when starting up tha conditioner
again.

XF the system-seal is not broaen, it
will only be necessary to open tha dlsonerge
and suction waives and start the motor to
again resume eoadltloniog the Xnertec.n.

To Pry Xnartaan Transformers

Xnartaan Transformers above 100 gv-a.
ahould be dried by tha short-circuit method with
tna transformer in its tank immersed in the Inar-

taan. luring tha heating and drying process. the
top of tha tank ahould be vented to tna air to p-
vent moisture condensation. Tha desired load eur
rent should be obtained by short-circuiting ona
winding and Impressing tha proper voltage on the
othar winding. Xf tha full load Impedance of tha
transformer 1Is not known or not engraved on the
transformer nameplate, It should be obtained fros
tha Vastlnghousa lleetrlc k Manufacturing Company
by l;dentifying tha transformer with its serial
number .

Transformer windings in Xnartaan should
first be heated under a partial load. A higher
top Xnartaan temperature can be obtained more
quickly by blanketing tha tank with tha cover re-
moved to prevent condensation.

Xf the transformer la at or lower the-
room temperature at tha start of tha drying pro
cess, from 1250 to 1500 full load eurrsnt will
hasten the heating. The temperature should be
carefully watched and whan tha Xnartaan reaches
a temperature of 60°C.( the load should bo reduce
to obtain an approximately constant Xnartaan tem-
perature based on the following table. These tec
peratures should not be axeaadad for a gfcvan load

Short Cireult Amperes Max. Temperature

in Farcant, nf irert of Too Inerteer
50 80
e n |

The transformer may be dried more
quickly if it is possible to filter tha Iner-
teen during the drying process! Xf tha filter-
ing Is continuous, care should be taken to avoid
letting the Xnerteen temperature become too low.
XFf any moisture condenses on tha underside of the
cover, tha temperature should bo decreased until
It stops, and it should not be increased again
until after a period of time of approxlaataly
four to eight hours, depending upon tha size of
tha transformer.

Tha drying should be continued until
dleleetrlc tests of samples of tha Xnartaan taker,
from the top and bottom of the tank show 22 K.V.
or higher. The tests should be made in a stand-
ard test cup and it is recommended that at least
two consecutive tast™"f both tha top and bottom
Inartaan be made at least 2k house apart wnlle
tha Xnartaan is near a maximum temperature. Tests
of the Xnerteen should not be made during tna
filtering process.

Drying Transformers by lot Air
Xnerteen transformers may be dried by

blowing clean, dry hot air through them. The air
should be at a temperature of approximately 90°C.
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and It should be blown through tho cor« end
colls froa ths bottom of tho transformer and si*
lowed to pass out at tho top. The oaount of Air
required to dry tho transformer aust bo such
that tho toaperotures of tho Ingoing and out*
going Air are approximately alike.

If Inerteen Transformers Fail iIn Service
Should an Inerteen transformer fall in
service, the nearest V. S. ft N. Company District

Office should be notified as soon as possible.
Give the rating of the transformer and its ser-
ial number and, if possible, the conditions un-
der which the failure took place. Saaples of
the Inerteen snould be taken so that an analy-
sis of it can be Bade. The transformer should
be kept Immersed in Inerteen and it is recant-
mended that no work be done on the transformer
except under advice froa the District Offlee.

Accessories for Inerteen Transformers

Pressurs Belief Diaphragms - All
transformers of ratings larger then 25 lt-a.,
are furnished with pressure relief diaphragm.
This device is made in different sixes to pro-
vide ample venting for different ratings.

ie"ief diaphragms are regularly sup-
plied wit! vers arranged for a pipe connec-
tion to eaFTy the gases to the outside atmo-
sphere in case of a transformer failure and
after the diaphragm ruptures. It is recom-
mended that this type of installation be used
for Indoor transformer*. For outdoor trans-
former*, the relief device is regularly pro-
yfcled with a perforated outlet which allows
the gases to escape dlreetly to the outsled at-
mosphere.. The outlet is covered by a hoed
which prevents the entrance of moisture and
dirt. A screen under the diaphragm prevents
broken pieces froa falling into the trans-
former.

The relief diaphragm unit assembly,
which is bolted to the transformer cover or
other suitable plaee, consists of a supporting
flange in which the glass dlaphrag* is mounted
between two cork gaskets. A tight joint be-
tween gasket and dlspnragm on the supporting
flange is made by a pressure ring against the
lower gasket, all of which is clamped in place
by stud bolts.

It is necessary to be worv careful
bolting down the pressure-r*nt v  <pld break-
age of the glass dlaphrag* %r 1 rupture
strength depends largely up«.”™ having an even
distribution of clamping pressure applied to
the dlaphr*~.

Make sure that gasket seats are thor-
oughly clean. Apply Cement M-7JS6 to both eides

of the upper gasket and put the glass diaphragm
in place, being sure that Doth the gasket and
the diaphragm are centrally located in tne sup-
porting flange. Lay the cushion or lower gasaet
in place over the glass diaphragm and assemble
the pressure ring over this gasket. Then tighten
the assembly by means of tha nuts and lock wash-
ers on ths stud bolts.

An even distribution of pressure on
the glass diaphragm can be obtained only by
tightening the nuts uniformly. This snhould be
done by tightening alternate nuts until tne lock
washers are nearly compressed. The other nuts
should then be tightened in a similar manner.
This alternats nut tightanlng should ba continued
until the face of the pressure-ring is against
ths mstal gasktt-stop.

Diaphragm rellsf devices are asaesbled
on the transformer at the factory and they are
then pressure-tested at 7 lbs. per square inen
and shipped in plaee.

Two spare diaphragms and the necessary
gaskets and esment are shipped with each trans-
former. Additional diaphragma, if needed, snould
be ordered from the W. 1. f€m . Company, Sharon,
Pennsylvania, ldsntifled by the serial number of
the transformer.

Oas Absorbers for Inerteen Transform-
era-- Vhan Inertssn transforaers are equipped
with gas absorbers, separate instructions are
shipped with each transformer describing the
device aad its installation, operation and aala-
tananea.

Fanewsl Parts

Vhan information is required concern-
ing a transformer, always give its serial numoea
particularly vhanaver renewal or stock parts ere
ordered. The serial number will be found en-
raved on tha nameplate attached to the trans-
ormar tank and on the small nameplats attacned
to tha top or end of the core and coils assembly.
Whenever possible, a sketen showing tha part or
parts and their exact locations, will materially
help to assure that tha proper parts are sup-
plied by the Factory. This sketch should always
Indleats tha direction or side of the transform-
er froa which the view is made.

WOTIT  Some transformers are ordtred
designed for Inerteen but areto be operattd
first as oll-Insulatsd transformers. Constqusnt-
ly, they are shipped from the factory filled
with oil. Whenever it is desired to operate
these transformers with Inerteen, complete in-
structions for the removal of the oil, the elean-
ing of the transformer and filling it with Iner-
teen should be obtained from the V. 1. ft M. Com-
pany, Sharon, Pennsylvania.
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INERTEEN

Inerteen is« synthetic non-Inflaa&able
and non-explosive insulating and cooling liquid
us«d la Westlmghouse la«rt««a Transformers.

Charaetariatlca

Color ... ... Straw Yellow

Viscosity «t 100°F. (Saybolt). 5* Second«

Fir« Foiat ......... L Hone

Specific Gravity at60*F. ... 1.56*

Dielectric Constant  ........ *5

Mineral oil Is completely misclbla

with transformer |Inerteen. It Is practically
Impossible to separate mineral oil and Inerteen;

therefore It Is Important to avoid contamination
of Inerteen with any oil as the presence of such
materials markedly changes the non-Inflanaable
and non-explosive characteristics of Xnerteea.

Inerteen Is chemically stable. It is
not affected by reaction with other materials
used la the manufacture of Inerteen Transformers.
It Is ncn-oxldirlng and non-corrosive at tempera-
tures considerably above those normally obtained
in transformers. Inerteen »111 not form sludge
under any conditions.

Inerteen exerts a strong solvent ac-
tion on most of the ordinary varnishes, gums and
paints commonly used In oil-insulated transform-
are not used in

ers. Such materials, therefor,
the design and construction of Inerteen Trans-
formers. It is necessary to use such materials

cotton, paper and porcelain.
This requirement, coupled with the necessary use
of tlght-tank construction for Inerteen Trans-
formers tends to give improved operating charac-
teristics. The operating experience «lth Iner-
teen Transformers indicates that Inerteen re-
quires less maintenance than oil.

as pure cellulose,

If Inerteen is decomposed by an elec-
tric arc, hydrogen chloride gas is evolved. The
products of arc decomposition are harmful to the
transformer structure. Where severe arelng
occurs, the solid insulation of the transformer

becomes saturated with hydrogen ehlorlde and the
affected parts must be removed in the repair of
the transformer.

I*e dlelectrie strength of Inerteen
compares favorably with and under average ncraal
conditions »ill be found higher than that of
transformer oil. The same precautions are nec-
essary with |Inerteen as are taken with trans-
former oil. Inerteen should be kept free of
moisture, lint and dirt.

Inerteen has an irritating effect upon
the skin. This is more pronounced to some per-
sons than to others. Especially the eyes, ncse
and lips are affected »hen coming In contact
with Inerteen and certain safety precautions
must be observed when handling it. When working
with the hands in Inerteen, it will irritate
skin abrasions or the tender parts between the
fingers. Continued exposure may cause skin erup-
tions with certain individuals due to absorption
of the Inerteen through the pores of the skin.
Cleanliness among workmen handling Inerteen is
essential and a very good safeguard against such
effects. An application of castor oil is recom-
mended for the eyes and castor oil or cold cream
for the nose and lips. In ease Inerteen comes
in contact with the skin, the part should be
thoroughly »ashed and cleaned. A supply of these
materials should be kept available at all times
where men are working with Inerteen.

should not be opened

Hot transformers

except in well ventilated places. Large quanti-
ties of Inerteen should be handled in a closed
system. Workmen should be protected from fre-

quent contact with any appreciable vapor concen-
tration and from frequent skin contact with In-
erteen.

In ease |Inerteen is spilled on one's
clothing, it should be changed as soon as possi-
ble and the soiled clothing laundered before it
Is worn again. Olovea, 3#11S*650, which are re-
sistant to Inerteen, should be worn where it is
necessary to put one"s hand In Inerteen or where
parts of transformers are handled wet.

INERTEEN TRANSFORMERS

Shipmant

Inerteen Transformers are always con-

structed in pressure-tight tanks.

Inerteen transformers are shipped
properly filled with |Inerteen and ready for in-
stallation. This prevents the entrance of mois-
ture into the windings during transit and usually
makes i1t unnecessary to dry the transformers
prior to installation.

equipped with switch or
chambers which must be opened for in-
are shipped with the Inerteen for
in separate containers.

Transformers
terminal
stallation,
these chambers

A small amount of moisture will reduce
the dielectric strength of Inerteen. It may be
present in vapor form in the gas space above the
Inerteen level or from minute leaks.

Activated clay has a high affinity for
and absorbs other materials which may
Inerteen. To keep the |Inerteen in

moisture
contaminate

the best eonditloa bonded tubes of activated clay
are installed and shipped In place in switch and
terminal chambers of new transformers. When the
Inerteen is shipped in separate containers the
tubas are also shipped separately, enclosed in
air-tight containers.

Inerteen must always be kept in sealed
containers to prevent the loss of its more vola-
tile constituents by evaporation or possible con-
tamination from dirt or moisture.

Moving Transformers

Lugs are provided for lifting the com-
plete transformer, and when necessary, addition-
al means are provided Tfor lifting the different

parts. The transformer should be lifted by the
means provided and when necessary, spreaders
should be used to obtain a balanced lift. Trans-

formers should not be moved or lifted by placing
Jacks or other devices against or under cooling
tubes, radiator* valves or other fittings Skids
should be used to distribute the stresses proper-
ly over the base when transformers are moved on

rollers.
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Inspection

Carefully
possible damage dorLag

Inspect the transformers for
ilUpaant.

This ahould Lnelude * chock of tho In-
erteea lovol end at least tho removal of tho nan-
holt eovor to dotoraLno whether any ports hovo
become looso or out of place and whether there la
any evidence of moisture preaent. Inaulotlon
teats of the Inertsen ahould be mode end if the
dielectric atrervgth la lesa then 22 XV or If
there 1is any evidence of moisture, the trans-
former should be dried.

Vhere tror.aforaers ere to be used ot
high altitude (more than >000 ft. above sea level)
a fitting above tho liquid level should be open-
ed to equalize the Internal and external pres-
sures at a teaperature of approximately 25°C. be-
fore placing the tranaforaer In service. Be sure
that the fitting Is closed after equalizing the
pressure.

All transformers are carefully tested
at the Factory and in good condition when ship-
ment is made but It Is desirable to Inspect each
tranaforaer thoroughly before placing It In ser-
vice .

Grounding and Making Connection»

_ Bo matter vhat the type of floor or
foundation on which the transformer is to rest,
the tank should be definitely end permanently
grounded by connecting a lead to the grounding
connection” provided for that purpose near the
bottom of the tank.

Terminal board, tap changer and other
connections should never be changed with voltage
an the transformer. Do not make any connections
except those Indicated on the diagram or the dia-
gram nameplate shipped with the transformer.

lead or connector not in use should
leads and connectors

Any
be insulated from all other
and from ground.

Ceshtt»

Oaskets used on Inerteen Transformers
are made from a high grade of cork and, it is
recommended, In replacing any gaskets that they
be made of eork. Before replacing a gasket, all
gasket surfaces should be thoroughly cleaned free
of rust, oil, grease, paint or other foreign ma-
terials. The cleaning may be done by scraping or
wire-brushing and then wiping the gasket surface
with denatured alcohol.

Gasket cement 94*71880* especially de-

veloped for use with Inerteen, should always
used in applying gaskets. Thoroughl)é brush the
cement on the tank surface and onthe bottom side

Flaee the gasket in position and
means to obtain good ad-
metal surface. The

of the gasket.
apply weights or other
hesion of the gasket to the

gasket should be allowed to set approximatel
one-half hour before the weights are removed.
0 the top surface

Cement should then be aEpIied
of the gasket. The gasket surfaces must ImmedI-
ately be bolted together under a uniform pressure.

equipped
into which

Transformers
with terminal or swlteh

are frequently
compartments

< Quart Can.

cables enter by means of potheeds. In some cases.
It will be necessary to remove the switch-cover
to make the eable connections.

When transformers are designed for bayo-
net connections, it is only necessary to remove
the bayonet potheed, make the eable connections
and replace the potheed.

Cement 3#*718SC are
furnished with all Inerteen Transformers where
their Installation requires the removal of any
gaskets. Additional gaskets and cement should be
ordered from the manufacturer.

Ixtra gaskets and

Pipe Fittings

Care should be taken to see that threads
of pipe fittings are not damaged. All threads
should be thoroughly cleaned to remove dirt,
grease, etc. After cleaning, apply Cement 34
*71880 to the threads of each fitting. laaedl-
ately screw the proper fittings together tightly.

Pressure Testing

All Inerteen transformers are pressure
tested at the factory and shipped free of leaks.
After installation and before voltage is applied,
it is desirable to pressure test each transformer
especially if any fittings or eovers have been
removed and replaced during the installation.
Dry compressed nitrogen or air should be used at
a test pressure of 7 Ibs. per square inch for a
period of six hours. Zt is suggested that the
air space above the Inerteen be blown out with
nitrogen, all vents elosed and the pressure teat

applied. The test pressure can best be limited
by the use of a regulating valve on the nitrogen
cylinder. A check for leaks above the Inerteen

level may be made with a solution of soap and
water applied to all gasketed-Joints, screwed-
fittings and wiping-sleeve connections.

Paint

Inerteen Trans formers are finished with
a special paint, which is resistant to the sol-
vent action of |Inerteen. A sufficient quantity
of this paint 94302509 la furnished with each
transformer to "touch up" any places damaged
during the process of installation.

Storage

Inerteen Transformers must always be
stored filled to the proper level with Inerteen,
otlmrwise a certain amount of moisture may accu-
mulate on account of variations of air teapera-
ture. Inerteen Transformers ahould be stored in
adry place, mid where minimum teaperature changes
will occur.

Vhere it is necessary to temporarily
store colls, insulation or other parts for the
complete eore and eoll assembly of an Inerteen
Transformer, they should be immersed in Inerteen
to prevent moisture absorption. If such storage
is necessary for a long period of time, the tank
or storage container must be sealed to prevent
the entrance of awlsture mad the evaporation of
Inerteen.

Inerteen Transformers whleh have been
idle or stored for an appreciable length of time,
should be put into servioe oily after making eer-
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tain that tha transformer ladry and that tha dI-

alactrlc strength of tha Inerteen taata 22,000
volts or higher. Tha inspection instructions
should also ba followed.
Maintenance

Inertaan Equipment - Cara Bust be ex-

In handling inertaan to pravant eontaa-
Inatlon since impurities altar Ita non-laflsmable
and electrical characteristics. It Bust be
handled In thoroughly clean containers free from
oil. IT there is any question concerning tha
cleanliness of the containers, they should ba
thoroughly washed with Trichlorbenzene M-6872

and dried before any Inerteen Is placed In them.
Tha transformer tank or any of Its compartments
in which Inerteen Is used, must ba free from oil
and other contaminating materials.

arclsed

Inerteen should not be mixed with vege-
table oils since these materials affect the de-
terioration, D.C. resistance and otherwise con-
taminate It. «Compounds of asphaltic nature,
paraffin and ordinary soldering flux are partic-
ularly harmful to Inerteen.
in

For soldering, a solution of rosin

alcohol Is reconmended.

All-metal hose must ba used In handling

Inerteen since tha lining used In most hose Is
soluble In Inerteen.

Filling Transformers - Whan it Is nec-
essary to Till a transforaer with Inertaan one

ahould sake sura that all Joints era tight; Ceaent
S#*71880 should be used for this purpose. Steel
pipe« metal hose should ba used, and preferably,
the transforaer should be Ffilled through the
drain valve. This will heap aeration of the In-
erteen to a minimum. Sea that air vents are open
as the transformer is filled.

It is desirable to fill a transforaer
by passing the Inertaan through an Inertaan Con-
ditioner. If this cannot ba done end the Iner-
taan tests satisfactorily, Tfill the transformer
by passing the Inerteen through three thicknesses
of tightly woven white eloth, which has first
bean washed in Trlehlorbensene and dried to re-
move any siting. Few cloths should be used for
at least every two transformers.

When 1t Is necessary to fill Inerteen
transformers out-of”oors and particularly on
damp days due precaution Bust be taken to prevent
the entrance of aolsture Into the transformer.

»ad Terminal Chambers

Care should be exercised when filling svilten and
terminal chambers with Inerteen, and during ser-
vicing to avoid contamination by aolsture or dirt,
vhleh may Jlower the dleleetrle strength of the
Inerteen. The moisture may be present during tne
filling operation due to condensation and absorp-
tion on the Inside of the chamber walls, or may
appear as vapor In the gas space above the Iner-
teeir or from any minute leaxs.

The use of bonded tubes of activated
clay in Inerteen-filled chambers of transformers
In service |Is recommended where routine tests
show the Inerteen to have unsatisfactory dielec-

tric strength.

should not be removed from
the terminal chamber is
ready for their Installation. The tubes should
not be exposed to air more than approximate‘r
thirty minutes before dosing up the cha-p~r
preparatory to filling it with Inerteen unless
they are first dried for two hours at s tempera-
ture of approximately 250°C. or for twelve hours
at 135 to 150°C.

tubes
their containers until

drain the
period

If It becomes necessary to
Inerteen or to open the chamber after a
of service, It Is reconnended that new tubes be
Installed. To do this, it Is only necessary
to remove the bolts holding the spring clips,
remove the old and Insert the new tubes, and re-
plaes the clips and bolts.

Inerteen Conditioner is not
available for wuse In filling chambers with In-
erteen, It |Is recocsended that the Inerteen be
strelned through two or three layers of tightly
woven white cloth and poured through a conttir.er
in which three or four clay tubes have been
broken into small pieces. This will materially
reduce the possibility of contamination of the
Inerteen from dirt and moisture.

When an

Bonded clay tubes should be ordered as

Style #11501*10 from tne Wcstlnghouse Electric k
Manufacturing Company, Sharon, Fenna. It is also
desirable when ordering new tubes to Identify

the transformer for which they are required by
Including the serial number of tha transformer.

Periodic Inspections

Inerteen It Is desirable that top
and bottom samples of Inerteen be taken from
each transformer and testad after a short period
of operation. When operating conditions permit,
routine sampling of the Inerteen at intervals of
six months is reeoanended. Accurate records
should be kept rf such inspections and tests, and
If the Inerteen shows a dielectric strength of
less than 16 bDf the Inerteen Conditioner may
be used. Thle depend« somewhat on the trans-
former load eyele and cllmatle conditions. I
no facilities are available for making dlelee-

trle tests on Inerteen. eamples should be sent
to the v«stlnghouse Electric k Manufacturing
Company, Sharon, Fenna, Each sample of Inerteen

should be properly ldentified by the transforaer
serial number and It snould be recorded whether
taxen from the top or bottom of the tan* or from
a tana-compartment. Samples should be carefully
pacxed to avoid breakage In transit. When any
appreciable amount of Inerteen Is removed from a
transformer. 1t should be replaced with an e”ual
amount of new Inerteen of proper dielectric
strength so that the liquid level In the trans-
former Is maintained.

Operation of Transformers - It is
recomended that a periodic check be-made of the
operating temperatures of Inerteen transformers
and that the temperature of the Inerteen be kept
below 90°C. for a maximum-rated self-cooled
transformer.

tank surfaces of
examined regu-
IT appreciable

Faint - Thk external
Transformera ahould be
signs of eorroslon.
eorroslon Is found, Its cause should be deter-
mined and. If possible, remedied. Inerteen
Transformer tanks are made from corroslon-resls-
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ting, copper-bearing stael, and they are finish-
ed vith & high grade Insrteea-resisting paint
vbich 13 daked an at bigh tempsrature. ANy sur-
face vhich 1s found corroded should de thorough-
1y cleansd to the bare matal and refinished vith
ans coat of primer, and tvo coats of finish paint
8302505, Allov tvelve hours drying time betveen.
sach ooat of paint.

Taking Samplss of Inartaen

All sempling and testing equipaent
sust be thoroughly dry and clesn. It i3 recom-
asnded that saxpling and testing equipment used
for Inertssn Trapsformers be usad fer no other
purpose. Care =must de used in obtalning apd
;oalzns samples of Inerteen taken from s traas-

oroer.

Use obnly small tin ceotainers with
scrowed motsl-gasket capy or szall glass bottles
with glass stoppers for holding Ioerteen sazples.

If it becomes npecessary to use oOther
thab Factory saapling contalners, such contaipers
should be thoroughly rinsed with cleano gssoline,
washed with stroog soap suds apd rinsed thoroughly
i hot water, and then dried 1p an oven at ap-
proximately 110°C. for coe hour. If the contalners
are oot used immediataly after clesning, they
l!laould be sealed tightlyend stored inadry, clean
place.

Ioerteec ssapling package 34 1065658 may
be obtained from the Westipghouse Electrick Maou-
facturing Coapany, Sharcn, Penna. This packuge
consista of four lepint caos of Iperteen, packed
apd shipped in cerdboard cartons, 7This laerteessc
BAY Do used to replace that removed froma traos-
former as ¢ sapple. If ssxzplesare not taken im-
sediately after enptying the containers, the ezp-
ty coptainers should te tightly capped to prevent
admittaace of apisturse.

It ts desiradle that samples of In-
erteed be removed from & transforasr tank or
fram a drum og clesr days only ead when the In-
ertesh is 4t letst &3 warm 81 the surrcuncing
alir.

The sazple of Inerteen snould be re-
moved near the surface of the fluid. This can te
done reedlily through the rotary sampling devite
apd valve. It 13 slso recommendsd that & sez;.2
be taken froxm the dottam of the taok, partiti-
larly froa the bottom of awiteh or terminal-chacz-
bers. If the sample i3 withdrawn throughse valve
cannscticn, this commection should be flushed by
allowing & smell asount of Inerteen to run out de-
fore collecting the sample. 7The ssaple should t»
immediately Pléced in the contaicer aopd the :ap
screwsd op tightly. The stickeron eachceontaliner
should be marked to identify ths sample of Ipsr-
teen with the trensformer from which it was taken
sod whether taken from the top or bottoa.

Before tsking samples from s drua, the
Iosrteen should be allowed to settle forapproxi-
astely twelve hours. Samples from the top of the
drum should be removed by meazs of & clesn glass
speak-thlef.

The sams precsuticos to prevent mOis-
ture contamipation should be used iz samplicg

Insrteen as are observed in taking transforag,

0il sagples. Saeplin uipaen
ocly for Inertesn. § equimsent should be usey

Dielectric Testing of Inerteen

The saae rules and precauticos ar bor-
Bally follewed Aip testing o1l should be used in
testing Iaertesen, except as harein stated.

The test cup should be wiped with s
clean, 4ry chazols and thoroughly rinsed with
c¢ledp gasoline apd allowed to dry before being
used. The electrods apscing should de checked.

To detersine whether the test cup is -
sultable for testing Ioerteen, fill it with dry -
gaiolioo snd test this under & standard voltage
rise of 3 KV per sscond. If the dlelectric
strength of the gasoline i{s not less than 22 XV,
the test cup 13 suitsble <for testing Inerteen,
after the cup haa btea: dried IB 4n oven whors the
tezperature does pot exceed 50°C. to reaove sll
traces of gascling, Care should be exerciszed in
handling gssolime 4as 1t is highly inflazmadle.
In testing Insrteen, make oniy one "shot" per
£1lling of the test cup. Mive different fillings
should be made and the average result used.

Drying and Filtering Inarteen

Inertesn may be dehydrated and filtered
by mes2s of aa oil filter press dut in order that
it =may pot be coptaminated, it is nmecessary thatl
the filter press be used for Inertesn ogly.

. A different procedure than that fol-
lowed for o011 is required tc purify Inerteen.
Contaaination in Igerteesd cannot be removed en- -
tirely by filter paper alove. To clean Inertesn -
tfioroughly it must be filtersd through “"sctive- -
ted clay"” which sbsords lapurities. Ip practice,
it {s only Decessary to pase the Inerteec through
the clay and to separate the clay mechacicsll
frca the Ioerteen to obdtaln <clean Inerteen o
proper dlelectiric strength.

.
——

The Insrtesn Conditioner

The equipment reccommended for condi-
tioning Inerteen comsists of an activated clay
chember and f4ilter press with suitable iolet anAd
sutlet connsctions and other mecessary fittiogs.

The activated clay is contained in ¢
tank pounted oo ome end of the filter press. The
Inerteen 18 pumped up through the olay losuring
thorough agitation of the cliay and Inerteen. The
Inerteen 13 psased through 4 wire acreea prior
sa entaring the filter presa to reacve practical-
17 sll of the clay. .

The cover of the tadk incorporates &n
alr-trap and vent tO svoid pumping air ipto the
trapsforser which might result from s leak 10
the suction 1liae. A strainer 1» provided on the
suction side of the pump, 00 constructsd that
all dirt collected i3 removed with the 3cresn.
A ty-pase connectiot fitted with & nesdle valve
19 used for testing the osuotion line from the
traspaformer for leaks.
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The filter press consists of 15 fraaes
anc 16 plates alternately spaced »ousted 1in a
joke. One sheet of blotting paper la used be*
tween eaeb plate and frame to provide a gasket-
seal and to reaove all traces of elaj froa the
Inerteen.

A pressure gage indicates the opera-
tion and two bj-pass valves assure safe opera-
tion of the Conditioner bj preventing excessive
pressures and serve as a check to overloading
and stalling the aotor. One valve, connected
across the puap, Is set to bj-pass the Inerteen
at a pressure of 60 to 70 lbs. per square Inch.
The other valve Is provided on the discharge
side of the Conditioner connecting to the trans-
foraer. This bj-pass valve, releasing at apres-
sure of approximately 5 lbs. per square inch,
will avoid breaking the transforaer relief dla-
phrags when no other relief is provided.

To Prtpart the Conditioner for Operation

Reaove the cover and screen froa the
elaj tank and fill the tank vlth activated elaj,
M-6934 to vithIn four Inches of the bottoa edge
on the inner flange. Replace screen and cover.
Release the pressure-acrev of the filter press
and loosen plates and fraaes. Place one aheet
of "B* size blotting paper between the fees of
each fraae and plate. Care should be used to see
that the holes through the plates, fraaes and
paper are In proper alignment before the pressure*
screw is tightened. Close the dlscharge,tank by-
pass, tank drain, suetlon and suction-test valves.
four sufficient Inerteen Into the drip pan to
fill the clay tank and vet the elay. This will
require approxiaately eight gallons of Inerteen.
Start the aotor and open the drip pan valve so
that not less than 5 minutes are requlredto fill
the elay tank, saturating the elay vith Inerteen.
With the valve at the transforaer elosed, open
the suction-test valve to subject the suction
line to pressure and thus check It for leaks.

Since the density of Inerteen is con-
siderably greater than that of water, aolsture
will float on the surface of the Inerteen. It is
therefore considered advisable to condition In-
erteen froa the top and return it to the bottoa
of the tank. To begin conditioning Inerteen in
a transforaer, close the suction test valve and
stop the aotor. Open the transforaer valves.
Open the Conditioner discharge and suetlon
valves. Close the drip pan valve and start the
aotor.

One charge of elay vlIll condition ap-
proxiaately 5000 gallons of Inerteen, depending
upon the amount of contamination present.

necessary to change the
clay, first close the valve In the suetlon line,
close the tank inlet and outlet valves, open
the tank by-pass valve and tank drain valve to
peralt the free Inerteen in the tank to drain
into the lower drip pan. Open the drip pan valve
and puap the Inerteen froa the drip pan through
the Tfilter press. Additional Inerteen “«ay be
forced out of the clay by applying air pressure
to the air vent. Shut down the aotor and reaove

mhen It io

the elaj froa the tank and refill vith fresh
clay as previously described.
To ehange the filter or blotting pa-

pers, stop the motor, close the tank by-pass

the tank inlet valve and the tank dram
If these valves are open. Open the tanx
and applj air pressure to the air
vent until the free Inerteen has been driven out
of the blotting papers. Then release the pres-
sure-screw and reaove the papers.

valve,
valve.
outlet valve

If the systea-seal Is not broken, it
will only be necessary to open the discharge and
suetlon valves and start the aotor to again re-
sume conditioning the Inerteen.

Te Dry Inert«tn Transformers

Inerteen Transformers should be dried
by the short-circuit method with the transformer
in Its tank [Isaersed in the Inerteen. During
the heating and drying process, the top of the
tank should bt vented to the air to prevent mois-
ture condensation. The desired load current
ahould be obtained by short-circuiting one wind-

ing and |Impresalng the proper voltage or."the
other winding. If the full load Irpedar.ee of
the transformer Is not known or not engraved on

the transforaer nameplate. It should be cttained
from the Westiaghouse Electric it Manufacturing
Company by ldentifying the transformer with its
aerial number.

Transformer windings in Inerteen should
Ffirst be heated under a partial load. A higher
top Inerteen temperature can be obtained more
quickly by blanketing the tank with the cover
removed to prevent condensation.

IT the transformer Is at or lower than
room temperature at the start of the drying pro-

cess, froa 125* to 15c% full load current win
hasten the heating. The temperature should be
“carefully watched and when the Inerteen reaches

a temperature of 60°C., the load should be re-
duced to obtain an approximately constant Iner-
teen temperature based on the following table.
These temperatures should not be exceeded for a
given load.

Short Circuit Amperec« Max. Temperature

in Percent of Load of Top Inerteen
50 80
75 75
65 70
The transforaer may be dried more

quickly if it la possible to filter the Inerteen
during the drying process. If the filtering Is
continuous, care should be taken to keep tne
Inertaan temperature above 60°C. If aolsture
condenses on the underside of the cover, the rate
of taaperature rise should be decreased until
condensation ceases. To prevent condensationtne
tank taaperature aay be raised by blanketing tne
tank.

The drying ahould be continued until
dleleetrle tests of samples of the Inerteen
taken froa the top and bottoa of the tank show
22 EV  or higher. The tests should be made is
a standard test eup and it la recommended that
at least two conseeutlvo teats of both the top

and bottoa Inerteen be made at least 2* hours
apart while the Inerteen is near a a.ri-tur. tem-
perature. Tests of the Inerteen should not be

aade during the filtering process.
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If Transformer» Fail In Stw Ici

an Inerteen Transformer fall
nearaet V*atlnghou»e Slactrle 4
should bs
th* rating

dnould
1a service, the
Manufac turlng Coepany Olatriet Office
notified ta aoon as poaalbl*. Olva
O ths transformar and Ita aarlal nuabar and,
if poaalbla, tha condition* undar which th*
fallur* too* placa. Saaplas of th* Inartaan
should b* taican so that an analysis of it can ba
aad*. Th* transforaar should b* leapt laaarsad
In Inartaan and It la recommandad that no work b*
don* on th* transforaar except undar advice froa
tha District Offlc*.

Acc*«*ofi*» for In*rtean Tran*formera

Pressure Relief Diaphragms -All trans-
formara abov* 25 r/A ara furniahad with a pres-
sure raliaf diaphragm. Fig. #1 shows a eeetlon-
al view. This device is mad* In dlffarant sitas
to provide ample ventinf for dlffarant ratings.

Raliaf diaphragms ara regularly supplied,
arranged so that a flanc* vlth th* n*c*aaary pip-
ing mj b* applied to carry the gaaes to the out-
alde"ataosphare In eaao of transformer failure, and
after the dlaphraga ruptures. This type of Instal-
lation should b* aad* vher* possible on transform-
ers Installed Indoors. For outdoor transformers,
the relief device Is regularly provided vlth avent-
ed outlet vhich allows gases to escape directly to
tho outside atmosphere. A screen under th* diaphragm
%l)’events brocen pieces from falling Into tho trans-

rmer .

PIPE FLANGE
FOR EXTERNAL VENT
CONNECTION

FLANGE

SCREEN

Fig. 1 - Westinghouse

Sectional

Tha relief dlaphragn unlt-asseably,
which Is bolted to the transforeter cov*r or
other suitable place, consists of a supporting
flange in vhlch the glass diaphragm Is mounted
between two gork gaskets. A tight Joint be-
tween gasket and diaphragm on the supporting
flange Is made by a pressure ring against th*
lower gasket, all of whleh is clamped In place
by stud bolts.

Xt Is accessary to be very careful

bolting down the pressure-ring to avoid breakage
of the glass diaphragm for its rupture strength
depends largely upon having an even distribution
of clamping pressure applied to the diaphragm.

Make sure that gasket seats are thor-
oughly clean. Apply Cement 3#*71880 to both
aides of the upper gasket and put tha glass dia-
phragm in plaea, balng sura that both tha gasket
and the diaphragm are centrally located Ln tha
supporting flange. Lay the cushion or lower gas-
ket In place over the glaaa diaphragm and assam-
bla th* pressure ring over this gasket. Than
tighten th* assembly by means of the nuts and
“loek washers on the stud bolts.

An even distribution of pressure on
tho glaaa diaphragm ean be obtained only by
tightening th* nuts uniformly. This should be
done by tightening alternate nuts until th* lock
eashers art nearly coapreaaed. The other nuts
should then be tightened In a similar manner.
This alternate out tightening ehould be continued
until the fee* of the pressure-ring is against
the metal gasket-stop. Thread a «ire through the
hdles In the studs and faetan Ita ends securely.

HOOD FOR INDOOR USE
UNLESS FLANGE - PIPE
CONNECTIONS ARE INSTALLED

STAINING WIRE

PRESSURE RING

Fressure Relief Device
View
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Diaphragm relief devices 1ti assembled
on the transformer it the factory and they ara
than pressure-tested at 7 lb», par square Inch

and shipped la place.

Two spare diaphragms and the neeessary
gaskets and ceaent are shipped with each trans-
former. Additional diaphragms, If needed, should
be ordered froa the Vestlnghouse Electric e
Manufacturing Company, Sharon, Pennsylvania,
Identified by the serial suaber of the trans-
foraer.

notary Type Samolins Device - The
rotary type sampling device supplied onlnerteen
Transformers provides a convenient means of
draining a sample of laerteea for test purposes.
Due to the high specific gravity of Inerteen,
water tends to collect on the surface of the la-
erteea. Therefore, la order to obtain a sample
that will be representative of the surface la-
erteea la the transformer, the sampling valve Is
located near the laerteea level.

is designed to skim a
and may also be used In

This device
sample froa the surface,
applying pressure testa.

Fig. #? shows a sectional view of the
rotary type valve. The tube should be left In a
vertical ©position as shown. A sample is taken
by turning the operating knob to the right. The
travel is limited to 90 degs. by position-stops
on the body of the device. A position Indicator
is mad.: a part of the operating knob, attached

to the shaft In the same plane as the tube. A

peeking gland prevents the leakage of Inerteen
along the operating shaft.
tfeen the knob Is turned, the end of

the tube passes under the Inerteen level, allow-
Ing the Inerteen to enter the tube and flow to
the sampling-plug. The device may be equipped

with a plug type Bellmap sampling valve. Figs.
990-A or 992, a spring-eloslng Be’knap valve,
Figs. 993 or 99*. or spring-closing waterbury

valve #10o0.

The sampling device Is «0*117 removed
as a unit from the tank. A 1-1/** hex 1is pro-
vided for this purpose.

If the device is equipped with a
spring-closing valve, remove the dust cap from
the valve.* Remove the inner dust cap froa the
proper operating device and screw the operating
deviee tightly onto the valve. This releases
the ball-check la tne valve. Rotate th* opera*
ting knob slowly, wusing a vrenen to fit tne
1-1/3" hex on this knob, until tne Inerteen
begins to flow. At this point the rotation
should be stopped to Insure obtaining a true
sample of the top liquid.

A screw driver or eoln may be used to
open and close the plug type valve, Belknap
Fig. 990-A. The Belknap 992 valve is operated
by turning the knurled knob.

When, pressure tests are required, they
should be made before withdrawing samples of In-
erteen. To make a pressure test, the indicator
arm should be In the vertical position. If a
spring-elosling valve 1» used, remove dust caps
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from pressure-tesclng device and attach the de-
vie* to the sprint closing valva. To apply
pressure, attach operating davica to pressura-
tasting davica. Any prassura In tha transformer
tanic aay ba rtlaasad by removing tha operatine*
device and releaslne the check valva in tha pres-
sura-testine device. If a plue type valve is
used, connect tha prassura eMe to tha valve by
meaus of a netal tuba or hose. Open valve,
usine * screw driver or coin, and note pressure
on gage.- IT sample of gas 19 desired, connect
hose to a suitable container.

If tha Inerteen 1is above tha 25°C.
the pressure will be somewhat above atmos-
if tha Inerteen is below tha 25°C.
be a partial vacuum In tha tanJt

advisable to taka tha sample
Inerteen to ba at, or

level,
pheric while
level there will
It is therefore
whan the gaga shows the
slightly above the 25°C. level. If tha sample Is
taken at a higher or lower Inerteen level, pro-
vision should be made to relieve any pressure or
vacuum which may be created. This may be done
by restoring the pressure to the proper point by
forcing air into or pumping air out of the tank.
This should be done with the tube cf the sampling
device la a vertical position.

sampling device |Is
ruggedly constructed and requires very little
servicing or maintenance. If there Is a slight
leakage through the packing gland the gland nut
should be tightened. In case this does not stop
the leakage the gland should be repacked. Peek-
ing Style #1066507 may be obtained from Westing-

The rotary type

house Electric i Manufaeturlng Company, Sharon,
Penna. In ordering, include the transformer
serial number.

. gJ9 Absorfe,frs__for____ raerteen Trans -
formers - When Inerteen transformers are equip-
ped with gas absorbers, separate instructions
are shipped with each transformer describing the
device and Its installation, operation and main-
tenance.

Renewal Parts

When information is required con-
cerning a transformer, always give Its serial
number, particularly whenever renewal or stock

The serial number win be
found engraved on the nameplate attached to the
transformer tank and on the small nameplate
attached to the topor end of the core and colls
assembly. Whenever possible, a sketch showing
the part or parts and their exact loeatlons,wiil
materially help to assure that the proper parts
are supplied by the factory. This sketch should

parts are ordered.

always indicate the direction or side of the
transformer from which the view is made.

WOT!: Some transformers are ordered
designed for |Inerteen but are to be operated

first as oll-Iniulated transformers. Consequent-
ly, they are shipped from the factory filled
with oil. Whenever It la desired to operate
these transformers with Inerteen, complete In-
structions for the removal of the oil, the clean-
ing of the transformer and filling It with In-
erteen should be obtained from the Westlnghouse

Electric k Manufacturing Company, Sharon, Penn-
sylvania.
Revised: January, 1942
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INERTEEN

Inerteen laa synthetic non-Inflammable
and ncn-explcslve Insulating and cooling liquid
used in Vestinghousa Znertaen Transformers.

Characteristics

Color ... "Straw Yellow
Viscosity at 100°F. (Saybolt). 5* Seconds
Fire Point ... ... ... ... ...... Rone
Specific Gravity at 60®F. ... 1.56*
Dielectric Constant ......... k.5

Mineral oil is completely miscible with
transformer Inerteen. Zt is practically impos-
slble to separate mineral oil and Znerteen;
thercfore.it is important to avoid contamination
of Znerteen with any oil as the presence of such
materials changes che non-inflaronable and non-
explosive charac-.eristics of Znerteen.

Inerteen is chemically stable. Zt is
not affectej by reaction with other materials
used in the manufacture of Znerteen Transformers.
It is nrn-oxidizing and non-corrosive at tempera-
tures considerably above these normally obtained
in transformers. Znerteen will not form sludge
under any conditions.

Znerteen exerts a strong solvent ac-
tion on most of the ordinary varnishes, gums and
paints eoanonly used in oil-insulated transform-
ers. Such materials, therefore, are not used in
the design and construction of Znerteen Trans-
formers. Zt is necessary to use such material
as pure cellulose, cotton, paper and porcelain.
This requirement, coupled with the necessary use
cf tight-tank construction for Znerteen Trans-
formers tends to give improved operating char-
acteristics.

Zf Znerteen is decomposed by an elec-
tric arc, hydrogen chloride gas is evolved. The
products of arc decomposition are harmful to the
transformer structure. Where severe arcing
occurs, the solid insulation of the transformer
becomes saturated with hydrogen chloride and the

affected parts must be removed in the repa<» F
the transformer.

The dielectric strength of Inertccn
compares Tfavorably with and under average normal
conditions will be found higher than that cf

transformer oil. The same precautions arc nec-
essary with Znerteen as are taken with trans-
former oil. Znerteen should be kept free of

moisture, lint and dirt.

Znerteen has an irritating effect upon
the skin. This 1is more pronounced to some per-
sons than to others. Especially the eyes, r.ce
and lips are affected when coning in contact
with Inerteen and certain safety precaati-.r.s
must be observed when handling it. When working
with the hands in Inerteen, it will irritate
skin abrasions or the tender parts between the
fingers. Continued exposure 057 cause skin erup-
tions with certain Individuals due to absorption
of the Inerteen through the pores of the skin.
Cleanliness among workmen handling |Inerteen is
essential and a very good safeguard cealnst such
effects. An application of castor ell is recom-
mended for the eyes and castor oil or cold cream
for the nose and lips. In case Inerteen cones
in contact with the skin, the parts should be
thoroughly washed and cleaned. A supply cf these
materials should be kept available at all times
where men are working with Inerteen.

Hot transformers should not be opened
except in well ventilated places. large quanti-
ties of Znerteen should be handled in a closed
system. _ Workmen should be protected fron fre-
quent contact with any appreciable vapor concen-
tration and from frequent skin contact with Zr.-
erteen.

In case Inerteen 1is spilled cn .nr‘a
clothing, it should be changed as soon as
ble and the soiled clothing laundered before it
is worn again. Gloves, S*I1IC"6CO, which ir re-
sistant to Inerteen, should bo worn Vur* :e e
necessary to put one*s limd In Incrtr=-:1 .r r-
parts of transformers are handled wet.

INERTEEN TRANSFORMERS

Shipment

Znerteen Transformers are always con-
structed in pressure-tight tanks.

Inerteen transformer« are ahippad prepr
erly filled with Inerteen and ready for installa-
tion. This prevents the entrance of moisture into
the windings during transit and usually makes it
unnecessary to dry the transformers pricr to in-
stallation. A snail amount of moisture will re-
duce the dielectric strength of Inerteen. It nay
be present in vapor form in the gas space above
the Inerteen level or fron minute leaks.

Transformers equipped with switch cr
terminal chambers which must be opened for in-
stallation, are shipped with the Inerteen for
these chambers in separate containers.

Activated clay has a high affinity for
moisture and absorbs other materials which nay
contaminate Znerteen. To keep the Inerteen in
the best condition,bonded tubes of activated clay

are installed and shipped in place in itch srd
terminal chambers of new transformers. 2T, the
Inerteen is shipped in separate containers :
tubes are also shipped separately, oncl*s-:d in
air-tight containers.

Inerteen must 11lveys be kept Ir. s;:Is]
containers to prevent the less cf its r.90 "lIr.-
tile constituents by evaporation cr p«.ssicl™ c,
taninatlcn fr™m dirt or moisture.

Moving Transform«™

Lugs are provided for lifting ths s:.*
plete transformer, and when necessary, adll*: r-
al means are provided T>.r lifting the diffTT.t
parts. The transfurncr should be [lifted tv
means provided and when necessary, spread:rs
should be used tc obtain a balanced lift. Trans-
formers shculd not be moved cr lifted t7 plsci;?
Jacks or other devices against or under ¢ ling
tubes, radiators, valves cr ether fit:ir.gs.l.-i-cs
should be used to distribute the stresses p* *«’’
ly over the base when transformers arc xr

rollers. 913066
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/nerfeen Trmmformtn

Carefully Inspect the trtnifonseri for
damage during shipment.
This should include a check of the In-

level
ave

and the tightening of any parts
become loose cr cut of place and
there 1is any evidenco of moisture having
the transformer. Inerteen used for flll-
ifcrmers should have a dielectric strength
7 or higher. When the dielectric strength
teen in transformers in service reaches
r lover, it should be Tfiltered. IT the
ric strength 1is very lov or if there is
e of free vater.the core and coils should

Where transformers are to be used at
Ititude (more than JO03 ft. above sea level)
ing above the liquid level should be epen-
equallze the internal and external pres-
at a temperature of approximately 25cC. be-
mlacing the transformer in service. Ee sure
the fitting is closed after equalizing the
are.

All transformers are carefully tested
-t Factory and in good condition when shlp-
is made but it is desirable to Inspect each
former thoroughly before placing it in aer-

ndini and Making Connection»

No natter what the type of Floor or
datlcn on which the transformer is to rest,
tank should be definitely and permanently
mded by connecting a Jlead to the grounding
lection provided for that purpose near tha
ten cf the tank.

Terminal beard , tap changer and ether

nectlcns should never be changed with voltage
the transformer. Do net nake any connections
ept these Indicated on the diagram or the dla-
.m nameplate shipped with the transformer.

lead or connector not in use should
leads and connecters

Any
insulated from all other
i frem ground.

<ttt

Caskets used on Inerteen Transformers
® made fren a high grade of cork and, it is
commended, in replacing any ~skets that they
e made cf cork. Before replacing a gasketr ill
isket surfaces should be thoroughly cleaned free

rust, oil, grease, paint or other foreign ri-
erlals. The cleaning may be done by scraping cr
ire-brushing and then wiping the gasket surface
ith denatured alcohol.

Casket Cement S#*71990* especially de-
/eloped for use with Inerteen, should alvaf* be
used in applying gaskets. Thoroughly brush the
cement on the tank surface and on the bottom side
of the gasket. Place the gasket In position and
apply weights or other means to obtain good ad-
hesion of the gasket to the metal surface. The
gasket should be allowed to set approximately
cne-half hour before the weights are removed.
Cement should then be applied to the top surface
of the gasket. The gasket surfaces must immedi-
ately be bolted together under a uniform pressum*.

are frequently equipped
ccnpartments into which

Transformers

vith terminal or switch

cables enter by means of potheads. In some cas*a
it will be necessary to remove the switch-cover
to make the cable connections.

When transformers are designed for bayo-
net connections, It is only necessary to remove
the bayonet pothead, make the cable connections
and replace the pothead.

Extra gaskets and Cenent 3#471880 are
furnished with all Inerteen Transformers vnc:e
their Installation requires the removal of nry
gaskets. Additional gaskets and cement should be
ordered from the manufacturer.

Pipe Fittinft

Care should be taken to see that threads
of pipe fittings are not damaged. All threads
should be thoroughly cleaned to remove dirt,
grease, etc. After cleaning, apply Cement S#
471890 to the threads of each fitting. Immedi-
ately screw the proper Tfittings together tightly.

Pressure Testing

All Inerteen transformers are pressure
tested at the factory and shipped free of ;eaks.
After installation and before voltage is applied,
it is desirable to pressure test each transfor.-er
especially if any fittings or covers have bec-i
removed and replaced during the installation”®
Dry compressed nitrogen or air should be used at®
a test pressure of 7 lbs. per square inch for a
period of alx hours. It Is suggested that the
air space above the Inerteen be blown out with
nitrogen, all vents closc) and the pressure teat
applied. The test pressure can best be limited
by the use of a regulating valve on the nitrogen
cylinder. A check for leaks above the Inerteen
level may be made with a solution of soap and
water applied to all gasketed-Joints, screwed-
fittings and wiping-sleeve connections.

Psint

Inerteen Transformers are finish™-! with
a special paint, which la resistant to tnr jl-
vent action of |Inerteen. A sufficient tj %:I**
of this paint 3»302509 is furnished vitn

transformer to ‘'"touch up"™ any places cr -e.e=d
during the process of installation.
Storsf

Inerteen Transformers moat ».V -

stored filled to the proper level with Inerteen,
otherwise a certain amount of moisture may accu-
mulate on account of variations of air terrrm-
ture. Inerteen Transformers should bo cto: ,d in
adry place, and where minimum temperature rrar.sea
will occur.

\ Where It is necessary to
store colls, insulation or other parts for the
complete core and coll assembly of an Inerteen
Transformer, they should be immersed in Inerteen
to prevent moisture absorption. If auch storage
Is necessary for a long period of timo, th" thvi<
or storage container must be sealed to prevent
the entrance of moisture and the evaporation of
Inerteen.

temporarily

Inerteen Transformers which h**vc been
idle or stored for an appreciable length of ti ,
should be put into service only after making ecr-
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Incrfetn

tain that the transformer is dry and that the di-
electric strength of "the Inerteen tests 22,C00
volts or higher. The inspection Instructions
should also be followed.

Mainttnanca

Inerteen Equipment - Care must be ex-
ercised In handing inerteen to prevent contam-
ination since Impurities alter Its non-inflamnable
and electrical characteristics. It must be
handled in thoroughly clean containers free from
oil. IT there is any question concerning the
cleanliness of the containers, they should be
thoroughly washed with Trichlorbenzene M-6872
and dried before any Inerteen is placed in them.
The transformer tanJc or any of its compartments
In which Inerteen Is used, must be free from oil
and other contaminating materials.

Inerteen should not be mixed with vege-
table oils since these materials affect the de-
terioration, D.C. resistance and ctherwi e con-
taminate it Compounds of asphaltic nature,
paraffin and ordinary soldering flux are partic-
ularly harmful to Inerteen.
in

For soldering, a solution of rosin

alcohol is recommended.

All-metal hose must be used In handling

Inerteen since the lining used in most hose is
soluble in Inerteen.

Filling Transformers - Whan it is nec-
essary to Tfill a transformer with Inerteen one

should make sure that all Joints are tight; Cement
3#*71SSO should be used for this purpose. Steel
pipe a* metal hose should be used, and preferably
the transformer should be Tfilled through the
drain valve. This will keep aeration of the In-
erteen to a minimum. See that air vents are open
as the transformer is filled.

It is desirable to fill a transformer
by passing the Inerteen through an Inerteen Con-
ditioner. If this cannot be done and the Iner-
teen tests satisfactorily, fill the transformer
by passing the Inerteen through three thicknesses
of tightly woven white cloth, which has first
been washed in Trichlorbenzene and dried to re-
move any sizing. Sew cloths should be used for
at least every two transformers.

When it is necessary to fill Inerteen
transformers out-of-doors and particularly on
damp days due precaution must be taken to prevent
the entrance Of moisture into the transformer.

Filling switch and Terminal Chambers -
Care should be exercised vhen filling sviten and
terminal chambers with Inerteen, and during ser-
vicing to avoid contamination by moisture or dirt,
which may Jlover the dielectric strength of the
Inerteen. The moisture may be present during tne
filling operation due to condensation ana absorp-
tion on the inside of the chamber walls, or may
appear as vapor iIn the gas space above the Iner-
teen or from any minute leaks.

The use of bonded tubes of activated
clay in Inerteen-fHied chambers of transformers
in service 1is recommended where routine tests
show the Inerteen to have unsatisfactory dielec-
tric strength.

Trmniformtn

The tubes should not be reme 1 -
their containers until the ter-.Ir.rl
readg fer their Installation. Tie tr*.Y'o-7*. ;1*
not be exposed to air core th™n ric-
thirty minutes before closing u:- tie ¢
preparatory to filling It with Inert.Y "n" :

they are first dried for two hours at «»
ture of approximately 250°C. or for tv:*"*»
at 135 to 150°C.

IT It becomes necessary to _rair. =*
Inerteen or to 0pen the charber after a ":*r* -
of service, it Is recomended_ that rc . c.bo:
Installed. To do this, it IS a*;* rnze*c
to remove the bolts holding the s"r.r.n cl.
remove the old and insert the NEW tubeu.’ar.
place the clips and bolts.

re-

When an Inerteen Ccr.iltlor.*r :s a*,
available for wuse in filling chimbere v:h
erteen, it Is recommended that th- Ir.arteta :
atra®nei through two or three layer: of
woven white cloth and poured through a coat\ .*::
in which three or four clay tubes have beer,
broken into small pieces. This will materially
reduce the possibility of contamination cf the
Inerteen from dirt and moisture.

Bonded clay tubes should be oruertd as
Style #1150140 from tha Westlnghous* Electric i
Manufacturing Company, Sharon, Penna. It is aizc
desirable when ordering new tubes to identify
the transformer for which they are required by
Including the serial number of the transformer.

Periodic Inspection»

- Inerteen - It Is desirable that t -
and bottom samples cf Inerteen be t-ttn f -
each transformer and tested after a c.art ceri -

cf operation. V.Tion operating ccr.d.ti.r.a r r it.
routine sampling of the Inerteen at inter al:

alx month* is reccrjaended. Accurate r.:iir:e
ehculd be kept of such Inspecti:r.s and tests.t .:

IT the Inerteen ahevs a dielectric strength
less than 22 KV the Inerteen sh:uld t- c@**-
tlcned. This depends semevhat >n c'n* tr?nr-
fomer lead cycle snd climatic c¢ nliti'n:. I:
no facilities are available fer — .i:i*ix

trie taata on Inerteen, camples an _li e >
to the \Veatir.ghc.use Electric * "™r _fat* < *
Company, Sharon, Penna. Each cr.:..r.l- e

should be properly ldentified !y an-. t-

serial number ard It shtull ©* r:c rueu *

taken fren the tap or teat#* :f tar..;.r r-
a tank-ccnpartment. Samples ar.*uli b: caref
packed to avoid breakage in tra.v.it. an.*
aporeciable amount cf Ir.trtren ia vd f- « =%
transferrer, it should be replac"d "-th

amtunt of new Inerteen cf rmrp---r ilol._atri:
strength sc that the liquid level in tie era: -

is maintained.

Oncratlcn cf Trar.cftr;*rc
recoaoiended that a periodic cwvic.: to r-.'.r
operating temperatures of Inerteen cr-refer-.:
and that the temperature of the l.a.rtfn @
below y0°C. for a naxirsun-retc.-1f-c. *
trnnsforr.er.

former
7.

Paint - The external ta:u: surf-:**
Inerteen Transformers should be c . 1 :
L.irly for sigr.a of corrosion. If *.:;0 cv
corrosion la found, Its cau? oo . *
minmz«!  and, LF jos* , r .r
Transformer tar.h: *ro i- n-.
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Jntrittn Trumformtri

it«#!, and they are finish-
ed with a high grade Inerteen-reelsting paint
which is baked on at high temperature. Any sur-
face which is found corroded should be thorough-
ly cleaned to the bare metal and refinished with
one coat of primer« and two coats of finish paint
3#302509< Allow twelve hours drying time between
each coat of paint.

ting, copper-bearlug

Taking Sample» of Inerteen

All sampling and testing equipment
must be thoroughly dry and clean. It is recom-
mended that sampling and testing equipment used
for Inerteen Transformers be used for no other
purpose. Care must be used in obtaining and
sealing samples of Inerteen taken from a trans-
former .

Use only small tin containers with
screwed reetal-gasicet caps or small glass bottles
with glass stoppers for holding Inerteen samples.

If It becomes necessary to usa other
than Factory sampling containers, such containers
should be thoroughly rinsed with clean gasoline,
cashed with strong soap suds and rinsed thoroughly
in hot water, and then dried In an oven at ap-
proximately H10*-t. for one hour. If the contalners
are not used immediately after cleaning, they
st;ould be sealed tightly and stored in adry, clean
place.

Inerteen sampling package 5# 1065658 may
be obtained from the Vestlnghouse Electrick Manu-
facturing Company, Sharon, Penna. This packaga
consists of four 1l-pInt cans of Inerteen, packed
and shlppfd in cardboard cartons. This Inerteen
msy be used to replace that removed from a trans-
former as a sample. If samples are not taken im-
mediately after emptying the containers, the emp-
ty containers should be tightly capped to prevent
admittance of moisture.

It is desirable that samples of In-
erteen be removed from a transformer tank or
iron a drum on clear days only and when the In-

erteen is at least as warm as the surrounding

air.

The sample of Inerteen anould be re-
moved near the surfsce of the fluid. This can be
dcr.e readily through the rotary sampling device
ird valve. It is also recommended that s sample
be taken from the bottom of the tank, particu-
larly from the bottom of switch or terminal-cham-
bers. If the sample is withdrawn through a valve
connection, this connection should be flushed by
allowing a small amount of Insrtsen to run out be-
fore collecting tho «ample. The sample should be
immediately plaeed Id the container and the cap
screwed on tightly. The sticker on each container
should be marked to identify the sample of Intr-
tsen with the transformer from which itwas taken
and whether taken from the top or bottom.

Before taking samples from a drum, "the
Inerteen should be allowed to eettle for approxi-
mately twelve hours. Samplss from the top of the
drum should be removed by means of a clean glass
sneak-thief.

The same precautions
ture contamination should be used

to prevent mois-
in sampling

Inerteen as are observed in talcing trensfcrmer
oil samples. Sampling equipment should b- uo*d
only for Inerteen.

Dielectric Testing of Inerteen

The same rules and precautions as r.cr-
aslly followed in testing oil should be used®ir.

testing Inerteen, except as herein stated.
The test cup should be wiped with 3
clesn, dry chamois and thoroughly rinsed =m-ith

clean gasoline and allowed to dry before teir.g
used. The electrode spacing should be che:<cd.

To determine whether the test c p is
suitable for testing Inerteen, fill it viitn dry
gasoline and test this under e standard voltage
rise of 3 KV per aecond. If the dielectric
atrength of tha gasoline is not U.as than 22 2?17,
the teat cup la suitable for testing Ir.erter-..
after the cup has been dried in en oe." where tne
temperature does Dot exceed 50aC . to 1-move all
traces of gasoline. Care should be exer.lsed in
handling gasoline as it is highly inflaunable.
In testing Inerteen, make only one "shotper
Ffilling of the test cup. rive different fillvngs
should be made and the average result used.

Drying and Filtering Inarteen

Inerteen may be dehydrated and filtered
by means of an oil filter press but in order that
it may not be contaminated, it is necessary that
the filter press be used for Inerteen only.

A different procedure than that fol-
lowed for oil is vrequired to purify Tr.r'te-ir..
Contamination in Inerteen cannot be re-iovei en-
tirely by filter paper alone. To clean Ir.-rtron
thoroughly it must be filtered through "a.trea-
ted clay"” which absorbs impurities. In practice,
it is only necessary to pass the Inert«?:: thro -on
the clay and to separate the clay r.ocmrl ally
from the Inerteen to obtain clean Inertfr. :f
proper dielectric strength.

. The Inerteen Conditioner

recommended fer c

tlonlrg Inerteen consists of an activated al»y
chamber and filter press with suitable inlet nri
outlet connections and other necessary fittings.

The equipment

in a

The activated clay is contein;i
tank mounted on one end of the filter
Inerteen Is pumped up through the clay ir.v.:ri*f
thorough agitation of the cloy e<ad In
Inerteen is passed through a v;ire a== * rritr
to entering the fliter press tO rimovO prao:i *al-
iy all of the CI137.

The cover of the tank incorporate* a-.
air-trap and vent to avoid pumping air into the
transformer which night result from a 1tk in
the suction line. A strainer is prcvid:! a. the
suction side of the pump, so constructoi tho*
all dirt collected Is removed with tho cor;?r..
A by-pass connection fitted with a needl-s -alve
is used for testing the suction lino fiet*, f.e
transformer for leoks.
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Inerieen Tranaformers .

The filter presa consists of 15 frames
anc 16 plates alternstely’ spaced mounted in a
yoks, One sheet of blotting paper i3 used be-

. tween each plate and frame to provide & gasket-

seal and to remove all traces of clay from the
Inerteen. .

A pressure gage indicates the opera-
tion and two by-pasa valves assure pafe opera-
tion of the Conditicner bY -preventing excesasive
preasures and serve a3 a check to overloading
and stalling the motor. One valve, connected
acrose the pump, {8 set to bY-pass the Inerteen
at s pressure of 60 to TO 1bs, per square inch.
The other valve 1s provided on the discharge
side of the Conditioner coanecting to the trans-
forzer, This by-pass.valve, releasing at a pmes-
sure of approximately 5 lbs. per square inch,
will avoid breaking the transformer relief dia-
phragm when no othrer relief is providecd,

To Prepare the Conditioner for Operation

s
‘Remove the c¢over and screen from the
clay tare and f1l1l the tank vith activated clay,
M-6934 r to within four inches of the bottom edgs
on th.. inner flange. Replace screcn and cover.
Rel’.ase the pressure-screv of the filter press
a4 loosen plates and frames. Place cne sheet

of "B” size blotting paper between the face of

sach fraze and plate. Care should be used to see
that the holas through the plates, frames and
paper are in proper alignient before the pressure-
screv 1s tightened. Close the discharge, tank by-
pass, tank drain, suction and suction-test valves.
Pour sufficient Inerteen into the drip pen to
£111 the clay tank snd vet the clay. This will
roquire spproximately sight gaellons of Inerteen,
Start the mctor and open the drip pan valve 90
that not less than 5 minutes are requiredto fill
the clay tank, saturating the clay vith Inerteen.
With the valve at the transformer closed, open
the sucticn-teat valve to subject the suction
line to pressure and thus check 1t for leaks.

Since the denaity of Inerteen is con-
slderably greater than that of water, moisture
wlll float on the surface of the Inertecen. It 1s
therefore considered advisable to condition In-
erteen from the top and return it to the bottom
of the tank. Teo begin copnditioning Inerteen in
a transformer, close the suction tesat valve and
stop the motor, Opea the transformer valves.
Open ths Conditicner discharge and suction
valves. Close the drip pan valve and atart thoe
zotor.

One charge of c¢lay will conditlion ap-
Frozimately 3000°’l110nl of Inerteoen, degending
upon the amount contaminstion preseat.

Yhea {t 13 necessary to chang=s the
clay, first close the valve in the auction line,
closo the tank inlet and outlet valves, open
the tank by-pass valve and tank drain valve to

‘perait the free Inerteen in the tank to ain

into the lower drip pan, Open the drip pan vaive
and pump the Inerteen from the dri) pan through
tho filter press. Additional lawrtven =2y bo
rorced out of the clay by aopplylng alr preasare
to the alr vent, 3hut dovn the motor and rumove
the clay from the tenk sad refill vith [{rean
clay as previously described.

To change the filter or blotting Ea-
pers, atop the motor, <¢lose the tank by-pa3d

vaive, the tank {nlet valve and the tank ¢
valve, 1if these valves are open. Opegxgﬁea::;;
outlet valve and apply oilr pressure to she a‘r
vent until the fpee Inerteen has beon driven ous
of the blotting papers. Then relense the pres-
sure-screw and remove the papera,

If the asystem-seal 1s not broren, ¢
will only be necessary to open tho discharpe nn
suction valves and start the motor to aguin re
sume conditioning the Inerteen.

[~ 14

To Dry Inertean Transformers

Insrteen Transforaers should %z drte
by the shert-circult method with the transfcrmer
in {ts tank {mmersed in the lInerteen, Durins
the heating and drying process, the t»p of :the
tank should be vented to the air to prevent mois-
ture condensation. The desired 1lea? currens
should be ¢dtalned by shert-circuiting one wind-
ing and 4impressing the proper vcltage =n the
other winiing. If the full 1load impec:=nze of
the tranaformer is not knovm or not engravsd on
the tranzformer nameplate, Lt should be cbtailned
from the Westinghouse Electric % Manufscturing
Company by identifying the transformer with its
serial number,

. Transformer windings in Inerteen should
first dbe heated under a partisl load. A higher
top Inertesn temperaturc can be obtained more
quickly by ‘blanketing the tank with ths cover
removed to prevent condensation.

If the transfor=er 18 at or lower than
room temperature at the start of the drying pro-
cessmfrom 125% to 1508 full load current will
hazten the heating., The temperature ahould b-
carefully watched ang when the Inertesen roschas
a tempersture of 60YC., the load should bYbe ra-
duced to obtain cn approximataly econsiant Inar-
teen tomperature based on the follo:inn trile.
These temperatures should nst be ercgeeisd fer s

-given load,

-1

" Short Clreult Amperes Maw, Yompasp-napen
in Percent of Load of Tov nptaen

50

The traasiorasr aay b2
quickly 4f' 1t 13 possipls to fllter ¢
during tne drying procss, If as 2
continuous, care saculd 52 taXen
Inerteen temgerature =bove £39C.
condeases oa the :urjerside 20 tav cove.,
of tomperature risc snould oo S2ercazll
condencation ceasas. TO greveat ssalaiilily :
tank tuzperature may be ralsed By Slin4ellas ua.
tank.

The drying sheuld be ccntinued el di-
electric tests of samples cf the I;cr:een taken
from the top and bcttem cf the tanc  ahuw P A
cr higher, The teats 3shculd be nmxie n 2
standard test cup and it i3 reccrmendcd that at
least two consscutive tests of both the toip and
tcttom Inerteon De made &t least 24 hours spars
vhile the lnerteen i3 neare maxi=un te.-.:;aera:uz:-.-.
Tests of the Inertcen should not be made curlin
the filtering prcceas,
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If Treniform«n Fail InS«rrid»

an Inertten Transformer fail
nearest Vwstlnghous* Electric k
should be
the rating

anould
in service, the
Manufacturing Company District Office
notified as soon as possible. Give
of the transformer and its serial number and,
if possible, tne conditions -under vhleh the
failure too* place. Semples of the Inerteen
should be taken so that an analysis of it can be
made . The transformer should be kept Immersed
in Inerteen and it is recommended that no vork be
done on the transformer except under advice from
tne District Office.

AcctMoriet for Inerteen Transformer»

Pressure Relief Diaphragms -All trans-
formers above 25 KVA are furnished vith a pres-
sure relief diaphram. Fig. #1 shovs a section-
al vlev. This device is made in different sixes
to provide ample venting for different ratings.

Relief diaphragms are regularly supplied,
arranged so that a Tflange with the necessary pip-
ing nay be applied to carry the gases to the out-
side atmosphere in case of transformer failure, and
after the diaphragm ruptures. Ibis of instal-
lation should be made where possible on transform-
ers installed indoors. For outdoor transformers,
the relief device is regularly provided vith avent-
ed outlet which allows gases to escape directly to
the outside atmosphere. A screen under the diaphragm
1p:revents broken pieces from falling into the trans-
ormer .

PIPE FLANGE
FOR EXTERNAL VENT
CONNECTION

FLANGE

SCREEN

Fig.

The relief diaphragm unit-assembly,
which 1is bolted to the transformer cover or
other suitable place, consist* of e supporting
flange in which the glass diaphragm is mounted
between two cork gaskets. A tight 1lolnt be-
tween gasket and diaphragm on the supporting
flange is made by a pressure ring against the
lower gasket, all of which is clamped in place
by atud bolts.

It is necessary to be very careful

bolting down the pressure-ring to avoid breakage
of the glass diaphragm for its rupture strength
depends largely upon having an even distribution
of clamping pressure applied to the diaphragm.

Males sure that (taaket seats arc thor-
oughly clean. Apply Cement 3#47i8S0 to bo:r.
sides of the upper gasket and put the glass dia-
phragm in place, being sure that both the gasket
and the diaphragm are centrally located in the
supporting flange. Lay the cushion or lover gas-
ket in place over the glass diaphragm and assen-
bla the pressure ring over this g*.-»ket. Then
tighten the assembly by means of the .nuts and
lock washers on the stud bolts. 7

An even distribution of pressV-r* on
cha glass diaphragm can be obtained only- by
tightening the mite uniformly. This should? e
don* by tightening alternate nuts until the loo!
washers are nearly compressed. The other outk
should then be tightened in a similar manner A
This alternate nut tightening should be continued \
until the faee of the pressure-ring la against
the metal gasket-stop. Thread a wire through the
ho”es In the etude and fastan its ends securely.

HOOD FOR INDOOR wuseE
UNLESS FLANGE - PIPE
CONNECTIONS ARE insTALLED

RET.MF"i ;550 \7

PRESSURE RI.JG

1 - Veetlnghouse Fressure Relief Device

3ectlon.il View
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Inartttn Trani/armtrt

Diaphragm relief devices ax# assembled
on the transformer at the factory and they are
then pressure-tested at 7 lIbs. per square Inch
and shipped In place.

Two spare diaphragms and the necessary
gaskets and cement are shipped with each trans-
former. Additional diaphragms, if needed, should
be ordered from the Westinghouee Electric *
Monufactur Ing Cocpany, Sharon, Pennsylvania,
identified by the serial number of the trans-
former.

Device - The

Inerteen
means of
purposes.

Rotary Type Sampling
rotary type sampling device supplied on
Transformers provides a convenient
draining a sample of Inerteen for test
Due to the high specific gravity of Inerteen,
eater tends to collect on the surface of the In-
erteen. Therefore, in order to obtain a sample
that will be representative of the surface In-
erteen in the transformer, the sampling valve is
located near the Inerteen level.

skim a
in

is designed to
and may also be used

This device
sample from the surface,
applying pressure tests.

Pig. 02 shows a sectional view of the
rotary type valve. The tube should be left in a
vertical position as shown. A sample is taken
by turning the operating knob to the right. The
travel is limited to 90 degs. by position-stops
on the body of the device. A position indicator
is made a part of the operating knob, attached

O0PIRATING

Pig.

to the shaft in the same plane as the tube a
packing gland prevents the leakage of [Inerteen
along the operating shaft.

When the knob is turned, the end of
the tube passes under the Inerteen level, allow-
ing the Inerteen to enter the tube and flow to

the sampling-plug. The device may be equipped

with a plug type Belknap sampling valve, Figs.
990-A or 992. a spring-closing Be.knap valve,
Pigs. 993 or 994, or epring-closlng Waterbury
valve #106.

is easily removed

The sampling device
1-1/V* hex is pro-

as a unit from the tank. A
vided for this purpose.

If the devlee is equipped with a
spring-closing valve, remove the duat cap fr<r.
the valve. Remove the inner dust cap from t—-

proper operating device and screw the cpin:;-.;
device tightly onto the valve. This releoo-;
the ball-check in tne valve. Rotate the opera-

ting knob alovly, wusing a wrench to fit :rj
1-1/d" hex on this ar.ob, until tne Inert.*«.-,
begins to flow. At this poi.v tne rotation

should be stopped to Insure obtaining a true
sample of the top liquid.

A screw driver or coin may be used to
open and close the plug type valve, Belkr.ao
Pig. 990-A. The Belknap 992 valve is operated
by turning the knurled knob.

When pressure tests are required, they
should be made before withdrawing samples of In-

erteen. To make a pressure test, the indicator
arm should be in the vertical position. If a
spring-closing valve _Is used, remove dust capo
TUBE
IA PIPE
THREAD
TANK Y/ALL

VALVE

2 - Westinghous# Rotary Type Sampling Vslve
Sectional

View
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Inert**/*

th# de-

from pressure-testing device And AttAch
To apply

vie* to th* spring "closing v*lv*.
pressure, Attach operating d*vlc* to pressure-
testing device. Any pressure in th* transformer
tank nay be released by removing th* operating*
device and releasing th* eheck valve in th* pres-
sure-testing device. If a plug type valve is
used« connect th* pressure gage to the valve by
aeans of a metal tub* or hose. Open valve«
using a screw driver or coin, and not* pressure
on gage- If sample of gas is desired« connect
hoss to a suitable container.

IT the Inerteen 1is above th* 25°C.
level« the pressure will be snnsvhat above atmos-
pheric while if th* |Inerteen is below th* 25°C.
level there will be a partial vacuum in the tank.
It is therefor* advisable to take th* saapl*
when the gage shows the Inerteen to be at« or
slightly above the 25°2. level. If th* sample la
taken at a higher or lower Insrteen level« pro-
vision should be made to relieve any pressure or
vacuum which may be created. This may be done
by restoring the pressure to the proper point by
forcing air into or pumping air out of the tank.
This should be done with the tube of th* sampling
device in a vertical position.

The rotary type sampling device is
ruggedly constructed and requires very little
servicing or maintenance. IT there is a slight
leakage through the packing gland th* gland nut
should be tightened. In case this does not stop
th* leakage the gland should be repacked. Pack-
ing Style #1066307 aay be obtained from Vesting-

house Electric k Manufacturing Company« Sharon«
Penns. In ordering« include th* transformer
serial mnber.

Gas Absorbers for Inerteen Trans-
formers - When Inerteen transformers are equip-
ped with gas absorbers, separate instructions

are shipped with each transformer describing th*
device and its installation, operation and maln-
tenance.

Trentformer/

10

Rinf»tl fid1

required con-
it- =«riol

When information is
cerning a transformer, always give
number, particularly whenever renewal or stock
parts are ordered. The serial msaber win be
found engraved on th* nameplate attached to the
transformer tank and on th* small nameplate
attached to th* toper end of th* core and colls
assembly. Whenever possible, a sketch shewin
the part or parts and their exact location*wil
materially help to assure that the proper parts
are supplied by th* Factory. This sketch should

always indicate th* direction or side of the
transformer from which th* view is made.

WOTE1 Soae transformers are ordered
designed for Inerteen but ars to be operated

first as oil-insulated transfor.»rs. Consequent-
ly, they, are shipped from th* 4-"ctory filled
with oil. Whenever it is deslrec. to operate
«these transformers with Inerteen, deplete in-
structions for the removal of the oil,t.e clean-
ing of th* transformer and filling it with In-
erteen should be obtained from the Vestinghouse
Electric a Manufacturing Company, Sharon, * inn-
sylvanl*.

NOTE : "lInerteen 7336-8 is regularly
in all nev Westinghouse |Inerteen trans-

Insrtssn 7336-8 supersedes «lInsrteen
Inerteen 7336-8 has improved character-
if arcing occurs in an Insrteen
insulating materials are not so
quickly or so greatly impaired as a result of
th* formation of hydrogen chloride. This im-
proved characteristic of 7336-8 Inerteen 1*7 be
obtained from 7336-7 Inerteen by adding a cer-
tain concentrate to 7336-7 Inerteen. IT it it
desired to make this conversion, complete in-
structions for doing it should be db:nir.c-d fren
the Westinghouse Electric k Manufacturir.g cCor-
pany, Sharon, Pennsylvania."

used
formers.
7336-7.
istics so that

transformer th*

Revised: Ilovember, 19*6
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SPECIAL INQUIRIES

Whan communicating with Wastinghouse ragardmg tha product
corarad by this Instruction Book, includa all data contained on tha
namaplata attachad to tha aquipmant.* Also, to iadlitata raplias whan
particular information is dasirad, ba sura to stata fully and daarly tha
problam and attandant conditions.

Addraas all communications to tha naaxast \Waatinghouaa rapraaan-
tatira as listad in tha back of this book.

eFor a parmanent racord, it is suggastad that all namaplata data ba duplicatad and
ratainad in a conraniant location.

CC2
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INERTEEN* INSULATING FLUID

P.D.S. 7336.9

Inerteen is a synthetic non-inflammable and non-explosive insulating and ecooling
liquid. It has proved its suitability for use in all Westinghouse Inerteen insulated
apparatus, In order to insure the proper performance of the apparatus, only Westing-
house Inertesn should be used. . ‘

This publication gives the instructions for handling, inspection, and maintenance
which experience has shown are important in obtairning the best service from the
Inertesn.

* Registered trade-mark for Westinghouse Askarel

Co22C221
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INERTEEN iNSULATING. fLUID

'RECEIVING, HANDLING, STORING

SHIPMENT

Inerteen is shipped in tank cars, drums, or cans.
The modern tank cars are usually lagged to prevent
rapid fluctuations in temperature duzing trarsit and
thus reduce the amount of expansion and contrac-
tion of Inerteen. Changes in the volume of the
Inerteen due to temperature changes tend to cause
breathing in of moist air resulting in condensation
of moisture inside the container, and lowering of
the dielectric strength of the Inerteen.

When shipped in drums, the Inerteen and the
drums are both heated above room temperature
while the drums are being filled, and the bungs
are tightened immediately after filling. After cool.
ing to normal temperature, the bungs are again
tightened. The drums are provided with screw
bungs having gaskets to prevent admission of waler.

When shipped in cans, the cans as wall as the
[nerteen are heated above toom temperaturs while
being filled and are hermetically sealed immediate-
ly alter £ling.

STORING

Drums. Assoon as a drum of Inerteen has been
unloaded, the bung should be examined and tight.
ened if it is 1oose. It is possible for bungs to become
loosened by change in temperature or rough hand-
ling in transit. i loossned, be sure Inerteen is
tesied before using, or combining it with good
Inerteen.

1t is very desirable that Inerteen in drums be
stored in a closed room. Outdoor siorage of Inerteen
is always hazardous to the Inerteez and should be
avoided i at all possible. 1 it is necessary to store
Inerteen outside, protection against direct contact
of rain and mow should be provided. Drums stored
outdoors should be placed so that bungs will be
protected from moisture. It is desirable {o cover
the drums with a tarpaulin. '

Cans. Cans conlaining Inertesn must not be
exposed to the weather. Seals should be kept intact
until the Inerteen is actually needed.

Screw caps are provided on the cans to use when
the Inertean is only partially removed after hermetic
seal has been broken. By replacing the screw capas,
contamination by moisture and dirt will be retarded,
but the [nerteen must be tested just before using.

Storage Tank. The storage tank should be
mounted on piers so that it will not touch the ground,
and will be accessible to all points for inspection
for leakage.

It is desirable to maintain the temperature of the
Inerteen and tack a little above the temperature of
the surrounding air as this prevents condensation
of moisture in the tank which would affect the di-
electric strength of the Inerteen.

The tank should preferably havs a convexz bottom,
allowing {or the installation of a drain cock at the
lowest point for removing dirt or tank scale which
might settle out. As Inerteen is beavier than water,
most all of any wate: present will, in time, rise to the
top of the Inerteen. A valve somewhere near the
normal {op level of the Inertean should be provided
for drawing off water-contaminated Inerteen. Pro-
vision for drawing off the Inerteen should also be
made near the botiom of the tank.

HANDLING

Caution: Inertesn is a skin irritant. Un-
necessary contact with this liquid or its vapor,
particularly when it is hot, should be avoided.
Especially the ayes, nose, and lips are affected
when Inertesn comes in contact with them.
Certain safety precautions must be observed
when handling Inerteen.

In case Inerieen comes in contact with the skin,
the parts affected should be thoroughly washed in
soapy water and followed by an epplication of
cold cream. A supply of these materials should
be kept available at all limes where personnel
are working with Inerteen. Continued exposurs
may cause eruptions on certain individuals due
to the absorption of Inerteen through the pores
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of Ib* skin. Cleanliness among workmen handling
Ineneen is a very good safeguard against such
affects. Application of castor oil is recommended
for the eyes, castor oil or cold cream for the nose
and lips.

Hot apparatus should not be opened except in
well-ventilated places. Large quantities of Inerteen
should be handled in a closed system Workmen
should be protected from frequent contact with any
appreciable vapor concentration and from frequent
«dm contact with Inerteen.

In case Inerteen is spilled on one's clothing, the
clothing should be changed as soon as possible and
the soiled clothing laundered before it is worn again.
Gloves such as Westinghouse S* 1389 974 should
be wom when it is necessary to put one's hand into
Inerteen or when parts of apparatus nmust be
handled wet.

Mineral oil is completely miscible with Inerteen
and it is practically impossible to separate them
Therefore, it is important to avoid contaminating
Inerteen with any kind of oil, since its presence
changes the non-inflammable and non-explosive
characteristics of Inerteen.

Noté: The Inerteen should be sampled and
tested before being transferred from the con-
tainer to the apparatus, particularly in cases
where the wire lock-seal has been broken. In
cases where the apparatus is received with the
Inerteen installed, the Inerteen should be sam-
pled and tested before the apparatus is putinto
service, as described later in this book.

When putting new apparatus into service, see
that the apparatus tank is free from moisture and
foreign material.

Although the drums and tank cars are thoroughly
washed and dried at the refinery before filling, a
certain amount of seal* is sometimes loosened from
the inside in transit. Therefore, Inerteen which has
not been filtered should be strained through three or
more thicknesses of muslin, or other closely woven
cotton cloth which has been thoroughly washed and
dried to remove the sixing. The straining cloths may
be stretched across e funnel of large size and should
be renewed at frequent intervals.

Important: Extreme precautions must be
taken to insure the absolute dryness \and
cleanliness of the apparatus before filling it
with Inerteen, and to prevent the entiance of
water and dirt during the transfer of the Iner-
teen to the apparatus.

4

The preparation and filling of outdoor apparatus
should preferably be dose on a clear, dry day; if
this is not possible, protection against moisture nmust
be provided.

All vessels used for transferring the Inerteen
should be carefully inspected to see that they are
absolutely dry and free from contamination.

Important: Always use all-metal hose or pipe
when handling the Inerteen. A hose made of
natural rubber should not be used. Inerteen
can easily become contaminated from the
sulphur in the natural rubber, and should not
be allowed to come in contact with it.

When it is necessary to transfer Inerteen from
warm surroundings to apparatus exposed to extreme-
ly cold weather, even when the dielectric strength
at room temperature is high, it is desirable to cir-
culate the Inerteen through an Inerteen conditioner
at room temperature. A similar procedure is also
advisable in the case of apparatus erected inside
and later exposed to cold weather, the reason being
that Inerteen will absorb more water at higher
temperatures which will be throan out of solution
at lower temperatures. The remainder will be in
suspension in the Inerteen and will lower the di-
electric strength.

A drum of cold Inerteen when taken into a warm
roomwill "sweat", and the resulting moisture on the
surface may mix with the Inerteen as it flowns from
the drum. Before breaking the seal, the drum should
therefore be allowed to stand long enough to reach
room temperature, which may require eight hours,
or even longer under extreme temperature condi-
tiors.

Cleaning Contaminated Drams. The clean-
ing of drums which have contained used Inerteen
requires great care in order to insure a thoroughly
clean drum.

It is preferable to return such drums 1O the
supplier where adequate cleaning facilities are
available, rather than to attempt to clean them.

If it is necessary to clean such druns, the following
procedure is recommended:

Rinse the drum thoroughly with gasoline or ben-
zine, using about one gallon each time, until the
solvent shows no discoloration after using. Allow
it to drain, then pump out the last traces of solvent
with a vacuum pump, using a brass pipe flattened
at the lower end to explore the comers of the drum
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Caution: Do not .~ a steel pip« btcauu of
th« danger of a spark igniting the gasoline or
benzine vapor.

Next, heat the drum with bunghole down, in a
ventilated oven at a temperature of at least 88°C.
(190*F.) for sixteen hours. (A simple oven for this
purpose may be made from sheet metal and heated
with steam or an electnc heater.) Blow out the drum
with dry nitrogen or dry air to remove any linger-
ing explosive vapors. ScTew the bung on tightly
before removing the drum from the oven. Use a
new washer with the bung to insure a tight seal.

Caution: Open flames must always be kept
away from the oven to prevent igniting in-
flammable gases which might be remaining
in drum when placed in the oven.

Refilling Drums. The practice of refilling
drums with Inerteen is undesirable and should be
avoided whenever possible, for unless the utrmost
precautions are taken, the Inerteen is likely to
become contaminated.

SAMPLING AND

A good fireproof insulating liquid is one that will
act as an insulating liquid, will carry the heat away
from the apparatus, and is fireproof. Westinghouse
Inerteen meets these requirements with the follow,
mg characteristics:

1. High dielectric strength.

2. Freedom from inorganic acid, alkali, and cor-
rosive sulphur. (To prevent injury to insula-
tion and conductors)

Low viscosity. (To provide good heat transfer)
Low pour point.
Fireproof.

o~ w

CAUSES Or DETERIORATION

The principal causes of deterioration of Inerteen
are:

1. Presence of water.

2. Arcing.

Condensation from moist air due to breathing of
the apparatus, especially when the apparatus is
not continuously in service, may injure the Inerteen.
(The moist air drawn into the apparatus condenses
moisture on the surface of the Inerteen and inside
of the tank.) The Insrteen may also be contaminated
with water through leakage such as from'leaky cool-
ing coils or covers.

Arcing or burning in Inerteen produces finely
divided carbon and gases which are mostly hydro-

INCRTEEN INSULATING FLUID

If it is necessary to refill them for storage, drums
which have been used only for clean, dry Inerteen
should be reserved for this purpose. They should
be closed immediately after being emptied, to ex-
clude dirt and water. After refilling, they should
be examined to see that they do not leak.

Whenever a drum is to be filled with Inerteen,
the temperature of the drum and of the Inerteen
should be at least 5.5*C. (10*F.) higher than the
air, but the temperature of the drum need not be the
same as that of the Inerteen.

A new washer should be used with the bung each
time the drum is refilled, to insure a tight seal.
These washers may be obtained from the nearest
Westinghouse Office and it is recommended that a
supply be kept on hand. Natural rubber composi-
tion washers should sever be used as they would
be attacked by the Inerteen.

Drumj to be refilled with Inerteen for storage
should be plainly markedwith paint for identification.

INSPECTION

gen chloride. Hydrogen chloride in the presence
of moisture forms hydrochloric acid which may soon
damage the insulation in the apparatus and cause
rusting of ferTous materials.

Since hydrogen chloride is formed quickly after
the arcing occurs, neither the Inerteen nor the
apparatus should be exposed to the atmosphere
(which always contains more or less moisture)
until an attempt has been made to remove the hydro-
gen chloride. See Reconditioning, Page 7, for the
method of purification.

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the nmost minute traces of certain impurities, partic-
ularly water. It is important that the greatest care be
taken in obtaining the samples and in handling them
to avoid contamination. There have been low di-
alectic test results reported from the field which,
upon investigation, have been found to be largely a
matter of carelessness in handling.

All sampling and testing equipment nust be
thoroughly dry and clean. It is recommended that
sampling and testing equipment used for handling
Inerteen and servicing Inerteen be used for no
other purpose. Care must be used in taking samples
of Inerteen and sealing them prior to testing. It is

C022C224
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desirable that samples oi Inerteen be removed bom
any container os clear dayi only, and whan the
temperature oi tha Inartaan is at laast as high as tha
tamparatuia oi tha surrounding air.

Usa only tin containers with scrawad matal caps
or glass bottlas with Inerteen-resistant stoppars to
hold Inartaan samplas. i it bacomas nacassary to
usa othar than iactory sampling containers, thay
should ba nnsed with clean naphtha, washed with
strong soap suds, and nnsed thoroughly in hot
water, and than dried at approximately 110*C. for
four hours with neck down in a circulating air oran.
li tha containers are not used immediately after
cleaning, thay should ba sealed tightly and stored
in a dry, dean place.

Prorision is made on all Inartaan bansformers to
4 top sample oi tha Inartaan, however on a
transformer that is in operation, a sample may ba
taken bom either tha top or bottom since any
moisture present will ba mixed in, due to circula-
tion oi tha Inartaan. In sampling, allow a small
amount oi Inartaan to run out to flush tha sampling
connection dean before collecting tha sample. Tha
Inartaan should ba put into tha sample contai&en
immediately and tha cape screwed on tightly. Tha
label for each container should be marked dearly
with the serial number of the bansiormer or com-
partment bom which tha Inartaan was taken.

Before taking aamplas bom a storage tank, tha
Inartaan should be allowed to settle for approxi-
mately twelve hours so that ii there is any moisture
present, it, having a lower specific gravity, will rise
to tha top where the sample is to ba taken. A dean
sheak-thief should ba used to obtain tha samplas.
Essentially, tha same precautions to prevent mois-
ture and dirt contamination should ba used as out-
lined above.

Quantity el Sample. It is recommended that
one 16 ox. bottle of Inerteen be taken as a sample for
testing. At least one sample should be taken from
e tank car of Inerteen. One sample may be taken
bom each drum, or if desired, a composite sample
may be made bom Inerteen bom five drums, pro-
vided all of the drums are airtight. When the bung
is first loosened, e hissing sound should be heard,
which indicates that the drum has been airtight. li
the test of the composite sample is not satisfactory, a
sample bom each of the druns represented should
be tested.

When druns have been stored exposed to the
weather, a sample bom each drum must be tested
to determine if it is suitable for use.

PERIODIC INSPECTION

It is desirable that periodic inspections oi Inerteen
apparatus be made and that samples oi Inerteen
be taken bom each and bom all compartments
oi any apparatus and tested aitar a short penod of
service (approximately three months for transfor-
mers). Following this, when operating conditions
permit, routine sampling and testing oi the Inerteen
at intervals oi six months to one year are suggested.
Accurate records should be kept of such inspec-
tions and tests and ii the Inerteen shows a di-
electric strength oi less than 22 kv, it should be
conditioned. i facilities are not available for
testing Inerteen, see "Westinghouse Inerteen Test-
ing Service" below, and also P.L 44-860. When
an appreciable amount of Inerteen is removed
bom any apparatus, it should be replaced with
an equal amount oi new Inerteen so that the liquid
level in the apparatus is maintained The Inerteen
used for replacement purposes should have a
dielectric strength oi not lees than 30 kv.

INERTEEN TESTING SERVICE

Many users oi Inerteen do not have the necessary
facilities for testing it. In order that these users
may be able to make the periodic tests recom-
mended, Westinghouse Electric Corporation has
established an Inerteen testing service to provide
a careful test by experienced engineers, and e
prompt report of test results.

Two «pedal 16 ox. sample bottles per mailing
container (W) S* 1608 629, as well as necessary*
packing and printed matter, may be obtained by
contacting the nearest Westinghouse Office. (The
bottle and the container will not be returned to the
customer.)

After drawing the sample of Inerteen, the cus-
tomer shouldseal the bottle and nrail it to the Westing-
house Bectric Corporation, Plant Laboratory, Sharon,
Pa. To simplify these details, an instruction and
order sheet and a printed return label have been
included in the carton container. The instructions
cover the taking of the sample and its proper prep-
aration for mailing. The order sheet must be
sent to the nearest Westinghouse Office.

When samples oi Inerteen are received ior test-
ing, they are sent to the Plant Laboratory and tested
in accordance with methods described under 'Test-
ing Methods,"” which follows and is part of this
Instruction Book.

In addition to dielectric tests, Westinghouse is
also prepared to make a physical and chemical ex-
amination ii so requested. (The customer should
plainly indicate the type of service desired.)
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SASIPUXIG sLSD INSPECTION.

The physical And chemical AXAsnnAtion consists
of an e»amination of the Inerteen by a competent
chemist. Recommendations will be made as to the
suitability oi the Inerteen for continued use, whether
it would be desirable and economical to clean it
and ina general way, the preferred method of dean*
mg. In submitting samples for this service, the

a
INCftTECN INSULATING FLUID

history of the Inerteen represented should be given
as completely as paossible.

Power factor test of Inerteen at 60 cycles can be
made.

(For details refer to the nearest Westinghouse
Office.)

CHARACTERISTICS AND RECONDITIONING

CHARACTERISTICS

Inerteen is chemically stable. It is straw-yellow
in color. It is not affected by reaction with other
materials regularly used in the manufacture of
Inerteen apparatus. It is non-oxidizing and non-
corrosive at temperatures considerably above those
normally obtained in Inerteen apparatus. Inerteen
will not sludge under any operating condition.

The dielectric strength of Inerteen will compare
favorably with that oi insulating oil when tested
under the same conditions. Quality samples of
Inerteen tested under laboratory conditions may
show a dielectric strength in excess of 40 kv. Care
must be exercised in handling and testing Inerteen.
Inerteen must be kept in dean, sealed containers to
prevent loss by evaporation or contamination by
moisture or dirt.

Inerteen exerts a strong solvent action on rmost
varnishes, gums, and paints. Such materials are
not used in the construction of Inerteen apparatus.
No materials should be used in Inerteen apparatus
except those approved by the Westinghouse Dectnc
Corporation.

Inerteen has an irritating effect upon the skin.
If it is necessary to handle it, see the caution note
under Receiving, Storing, and Handling. (See
Page 3.) It should be remembered that mineral oil
is completely miscible with Inerteen; in fact, it is
practically impossible to separate mineral oil and
Inerteen.

Inerteen P.D.S. 7336-S has an improved char-
acteristic so that, when arcing occurs, the in-
sulating materials are not so quickly or so greatly
impaired as a result of the liberation of hydrogen
chloride. Inerteen 7336-7, which was supplied in
Inerteen transformers previous to September 1,1945,
can easily be converted to 7336-9 Inerteen. For
complete information on this conversion, request
Engineering Data Letter No. 1337-A from any West-
inghouse Electric Corporation Office.

Specific Characteristics of Inerteen. As
outlined in "Method oi Testing Askarels A.S.T.M.
D901-4ST', the specific characteristics of Inerteen
are:

1. Burn point: None
2. Chemical stability: No generation of free
chlorides under normal operating conditions
3. Color: (Maximum) 150 A.P.H.
4. Condition: dear
5. Dielectric constant:
At 1000 cycles 77*F (25*C), 4.0 t0 4.3
At 1000 cycles 2127 (100*C), 3.5 to 3.8
6. Dielectricstrength: (Minimum) 77"F (25°C)

At point of shipment, 35 kv
At point of receipt, 30 kv
7. Electrical resistivity: (Minimum)
100 x 10#ohms/cm3 (2127 000*0 at 500
volts d-c)
8. Fixed chlorine content:
percent
9. Free chlorides: Less than 0.10 ppm
10. Neutralisation number: Less than 0.010 mg.
of NaOH, gram.
11. Pour point:
(minus 32*C)
12. Refractive index
At 77*% (25*C), 1.6137 to 1.6157
13. Specific gravity: (Minimum)
At 607/607 (15.5*015.5*0, 1.560
14. Viscosity: (Maximum)
At 100*F (37.8*C), 54 seconds

RECONDITIONING

Reconditioning will be necessary to remove
water, dirt, and hydrogen chloride which may be
present and contaminating the Inerteen.

The blotter filter press and the Inerteen condi-
tioner (both of which will be explained later in this
book under "Apparatus for Reconditioning™) will
remove water and di*l deposits which may be pres-
ent. Of the two methods, the Inerteen conditioner
is the most effective in removing these two contam-
inating agents. Any equipment used for filtering

C022C326
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Insneen should first be thoroughly cleaned with
beann* or naptha. Every trace of any material
foreign to Inerteen must be removed. If et all pos-
sible separate equipment should be used for filter-
ing Inerteen only.

Hydrogen chloride, caused by arcing, may be
eliminated by rigorously bubbling dry nitrogen
through the Inerteen. The nitrogen should be passed
through the drain valve at the bottom of the appara-
tus and allowed to escape through a vent at the
top. The nitrogen should be discharged through a
pressure regulator attached to a stand pipe above
the level of the Inerteen in the apparatus to prevent
the Inerteen from flowing into the regulator. The
nitrogen should be bubbled through the Inerteen at
a rate of one to three cubic feet per minute for a
period of four to six hours. This will require from

TESTING

Instructions for all tests listed correspond in gen-
eral to the recommendations of the American Society
for Testing Materials.

DIELECTRIC STRENGTH TEST

Apparatus. The testing transformer and the
source of supply of energy shall not be less than
kva, and the frequency shall not exceed 100 cycles
per second. Regulation shall be so controlled that
the high tension testing voltage taken from the
secondary of the testing transformer can be raised
gradually without opening either primary or second-
ary circuit. The rate of rise shall approximate 3000
volts per second. The voltage may be measured by
an approved method which gives root-mean-square
values.

Some protection is desirable to prevent exces-
sive flow of current when breakdown of the Inerteen
takes place. This protection preferably should be
in the primary or low voltage side of the testing
transformer. Itif not especially important for trans-
formers of 5 kva ox less, as the current is limited by
the impedance of the transformer. e

The standard test cup for Hiding the sample of
Inerteen shall be made of a arterial haring a suit-
able dielectric strength. It must be insoluble in and
unattacked by Inerteen or gasoline, and non-absorb-
ent as far as moisture, Inerteen, or gasoline are
concerned. \

The electrodes in the test cup between which the
sample is tested shall be circular discs of pclished
brass or copper, 1in. in diameter, with square (90%)
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two to eight cylinders (220 cu. ft eech) of dry
nitrogen, based on epparatus containing 150 to
2000 gallons of Inerteen.

Immediate application of the bubbling process
will reduce the destructive action of the hydro-
chloric acid on the working parts and insulation,
thereby making it likely that the meteriais not dam-
aged by arcing may be usod in repairing the eppa-
ratus. Also, use of the process will in nost ceses
make it possible to satisfectonly reclaim the arced
Inerteen.

After the hydrogen chloride has been removed
by the bubbling process, the Inerteen should be
reclaimed by use of an Inerteen conditioner.

There is no commercially suitable method for
separating transformer oil from Inerteen.

METHODS

edges. The electrodes shall be mounted in the test
cup with their axes horizontal and coincident, with
agap of 0.100 in. between their adjacent faces, and
with tope of electrodes about 11,4 in. below the top
of the cup. (A suitable teet cup is shown in Tig. 1,
and portable testing outfits in Figs. 2, 3, and 4.)

PROCEDURE
The spacing of electrode* shall be checked with
a standard round gauge having a diameter of 0.100
in., and the electrodes then locked in position.

The electrodes and the test cup shall be wiped
clean with dry, calendered tissue paper or with a s
clean, dry chamois skin and thoroughly rinsed with
Inerteen-free, dry gasoline or benzine until they are
entirely free from fibers.

The test cup shall be filled with dry, lead-free
gasoline or bexrnne, and voltage applied with uni-
form increase at the rate of approximately 3000 volts
(mrs) per second until breakdown occurs.  If the di-
electric strength is not less than 25 kv, the cup shall
be considered in suitable condition for testing the
Inerteen. If a lower test value is obtained the cup
shall be cleaned with gasoline and the test repeated.

Noté: Evaporation of gasolin« from the
electrodes may chill them sufficiently to couse
moisture to condense on their surface. 'For this
reason, after the final rinsing with gasoline,
the test cup should be immediately filled with
the Inerteen which is being tested, and lhe test
made at once, or the electrodes should be
thoroughly dried before using.
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The temparature of the test cup and of the Iner.
teenn when tested shall be the same as that of the
toom, which should be between 68°F and 86°F.
(20°C and 30°C.) Testing at lower tempaeratures is
likely to give varizble results which may be mis-
leading.

? The sample in the container shall be agitated
with a swirling metion {ie aveid intreducing air) so

F1G. 2. Portable Oil Testing Set, |4 Kva, 35,000 Velta

m—e s . e mmy s - - -

a3 to m:x the Inerteen thoroughly befoze hll.ﬁ; the
test cup. This is even more important with useg.
[nerteen than with new Inerteen as the impunties”
may be precipitated and the test may be misleading.

The cup shall be fillad with Inerteen to a beight
of no less than 0.79 in. (20 mm) above the top of the
slectrodes.

The Inerteen shall be gently agitated by rocking
the cup and allowing it to stand in the cup for
three minutes beicre the first and cne minute before
each succeeding puncture. This will allow air
bubbles to escape.

Veltages shall be applied and increased uni-
formly at a rate of approximately 3000 volts (rms)
per second until breakdown occurs as indicated by
a continuous discharge acress the gap. (Occasional
momentary discharges which do not result in a per-
manent arc may occur; these should be disregarded.)

TE3STS

8. Ezcept as specified in (b) one breakdewn test
shall be made on each of five fillings of the test cup.
U the average deviation fom the mean exceeds 10
percent or if any individual tesi deviates more than
25 percent from the average, additional tests shall
be made. The dielectric strength shall be deter-
mined by averaging the first five tests that conform
to the allowable variations.

b. Whap Inerteen is tested in considerable quan-
tity, so that the time tequired for testing is ¥xcessive
and when it is maerely desired to determine whether
the breakdown salely exceeds the limit specified, or
in those cases where the amount of Inerteen avail-
able for test may be very limited, one breakdown
test shall be made on each of two fllings of the test -
cup. I neither breakdown is below this value, the
Inettesn may be considered satifactory and mo
further tests sball be required. I either of the
breakdowns is less than the specified value a break.
down shall be made on each of three additional
fillings and test results apalyzed in accordance
with (a).

Report. The report shall include the volts {mms
valus) at sach breakdown and the averaye of tke
two or five breakdowns and the temperature of the
Inerteen at the time of the test.

POUR TEST

Note: The procedures covered by the
following instructions for the pour tes!, and
especiaclly the neutralization test, require spec-
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lal equipment. The neutralization test must be
made by a competent chemist, preferably one
specializing in this particular field. Customers
who do not possess these facilities are offered,
at nominal cost, the use of the Westinghouse
Inerteen Testing Service. Contact the nearest
Westinghouse Office for details.

The pour point oi Inerteen is the lowest temper-
ature at which it will pour or flow when it is chilled
without disturbance under certain definite specified
conditions.

Apparatus. The test jar (see Fig. 4) shall be
clear glass, oi cylindrical shape, approximately Wa
in. inside diameter and 41/2 to 5 in. high, with a flat
bottom An ordinary 4 oz. Inerteen sample bottle
may be used if the test jar is not available.

The cork shall fit the test jar, and shall be bored
centrally to accommodate the test thermometer.

The thermometer shall conform to A.S.T.M. spec-
ifications for pour test It may be ordered as:
AS.TM thermometer low cloud and pour, *707
(—50.78&) to 707 (-r21.1#).

no. 3. PortakU Trunk Typ« Inaulatin® Liquid and
Insulating Taeting Sat. 5 Kva. 30,000/60,000 Veits
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The jacket shall be oi glass or metal and shall be
watertight, of cylindrical form flat bottoned, about
41/2 ia. deep, with inside diameter  in. greater
than outside diameter of the test jar.

A disc of cork or felt v4 in. thick and oi the same
diameter as the inside oi the jacket >kfll be placed
in the bottom of the jacket

The ring gasket shall be about  in. thick, made
to fit snugly around the outside of the test jar and
loosely inside the jacket. This gasket may be made
of cork, felt or other suitable material, elastic
enough to cling to the test jar and hard enough to
hold its shape. The purpose of the ring gasket is to
prevent the test jar from touching the jacket.

The cooling bath shall be of a type suitable for
obtaining the required temperature. The nse and
shape of the bath are optional but a support suitable
for holding the jacket firmly in a vertical position is
essential. For determination of very low pour points,
a smaller insulated cooling bath may be used and
the test jar placed directly in it. The required bath
temperature may be maintained by refrigeration ii
available, otherwise by suitable freezing mixtures.

Procedure. The Inerteen to be tested shall be
brought to a temperature at least 257. (14*C},
above the approximate cloud point. Moisture, ii
present, shall be removed by any suitable method,
as by filtration through dry filter paper until the
Inerteen is perfectly dear. (Such filtration shall be
made at a temperature at least 257. (14*C.), above"
the approximate cloud point.) The Inerteen shall be
poured into the test jar, to a height of not less than
2 in. or more than 2Vi in. When necessary, the
Inerteen shall be heated in a water bath just enough
so it will pour into the test jar.

The test jar shall be tightly closed by the cork
carrying the test thermometer in a vertical position
in the center of the jar: the thermometer bulb should
be immersed so that the beginning of the capillary
shall be  in. below the surface of the Inerteen.

Heat without stirring to a temperature of 1157.
(46.1*C.) in a bath maintained at not higher than
1187. (47.8*C.). The Inerteen shall then be cooled
t0 907. (32.2°C.) in air or in a water bath approxi-
mately 777. (25°C.) in temperature.

The cork or felt disc shall be placed in the bottom
of the jacket and the test jar, with the ring gasket,
1 in. above the bottom, shall be inserted into the
jacket. The disc, gasket, and inside of jacket shall
be dean and dry.



During the cooling oi the Inerteen, cat* shall oe
taken aot to disturb th* mass oi the Inerteen nor to
permit the thermometer to shiit in the Inerteen..

The temperature oi the cooling bath shall bo
adjusted so that it is below tbe pour point—appro»*
mately -25.6% (-32:C)—of tbe Inerteen by not less
than 153 (8.3#) nor more than 30°F. (16.7*C),
and tbe cooling bath shall be maintained at tbu
temperature throughout tbe test. Tbe jacket con-
taining tbe test jar shall be supported firmly in a
vertical paosition in the cooling bath so that not more
than 1in. oi the jacket projects out oi the cooling
medium.

Beginning at a temperature 20*F. (II.1'C.) above
the expected pour point, at each lower test-thermom-
eter reading which is a multiple oi 5*F. (2.8*C),
the test jar shall be removed from tbe jacket care-
fully and shall be tilted just sufficiently to ascertain
whether there is a movement oi the Inerteen in the
test jar. Tbe complete operation of removal and
replacement shall require not more than three sec-
onds. As soon as the Inerteen in the test jar does
not flow when tbe jar is tilted, the test jar shall be

nC. 4. Apparatus for Four Toot

held in a horizontal position for exactly five seconc
as noted by a stop watch or other accurate
device, and observed carefully. If the Inertee.
shows any movement under these conditions, to*
test jar shall be immediately replaced m the jack*
and tbe same procedure repeated at tbe next tom
perature reading 5*F. (2.8*C.) below tbe previou:
reading.

The test shall be continued in this manner until ¢
point is reached at which tbe Inerteen in the tes
jar shows no moverment when tbe test jar is held ir
a horizontal position for exactly five seconds. The
reading of the test thermometer at this temperature
corrected for error if necessary, shall be recorded
Thbe pour point shall be taken as the temperature
5*F. (2.8*C.) above this solid point.

NEUTRALIZATION TEST

The Neutralization Number is tbe number o
milligrams oi potassium hydroxide required to neu-
tralize tbe acid in one gram of Inerteen.

Selitisas Required.

a. Standard Potassium Hydroxide Solution (alco-
holic, 0.1 N)—add 6 g. of c.p. solid KOH to 1 litsr oi
c.p. anhydrous isopropyl alcohol. Boil, add 2 g. oi
c.p. Ba (OH)a and boil again. Cool, filter and store
in a chemically resistant bottle protected by a guard
tube containing soda lime and soda asbestos
(Ascarite). Standardize against pure potassium acid
pbtbalate using pbenolpbtbalein as an indicator.

b. Titration Solvent—Add 500 m. of c.p. benzene
and 5 ml of water to 495 ml of c.p. anhydrous
isopropyl alcohol.

¢. Alpha-Naphtholbenzein Indicator Solution—
Prepare a solution containing 10 g. of alpha-napthol-
v\ per liter of c.p. anhydrous isopropyl alcohol.

Procedure. Into a 250 ml Erlenmeyer flask
introduce 40 g. of Inerteen weighed accurately.
Add 100 ml of tbe titration solvent and 3 nl of the
indicator solution. Titrate immediately at a tempera-
ture below 30*C. Consider the end point definite
if tbe color change to green persists for 15 seconds.
A shall be determined on the solvent.

Calculations. Tbe neutralization number or mg.

KOH per g. of ?—nerteen _(AB(Nz561

A - ml KOH solution required for sample.
B1 ml KOH solution required for blank.
N* normality of KOH solution.

Wi grams of sample used.



APPARATUS FOR

There ax* several types of reconditioning tppa-
ratus available, the relative advantages of each of
which are as follows:

1. The Inerteen Conditioner is the nost effective
method of removing moisture, dirt, and other con*
tammating materials bom Inerteen.

2. The hlter press is suitable for treating Inerteen
containing only small quantities of water and dirt.

INERTEEN CONDITIONER

The Inerteen Conditioner consists of a clay con-
tainer, clay filter, a motor-driven positive pressure
pump, attendant valves, gauges, and relief devices,
all mounted on a common base.

The mator and pump are combined as a unit and
a strainer is provided on input to the pump to pre-
vent entrance of large particles. The units are de-
signed to operate under working pressures up to 60
psi. However, the usual operating pressure is 30
psi to 40 psi. Excessive pressures are prevented by
two automatic by-pass valves. One by-pass valve
connected across the pump is set to by-pass the
Inerteen at a pressure of 60 psi to 70 pei. The other
by-pass valve is connected on the discharge side
of the conditioner. This latter by-pass valve, releas-
ing at a pressure of approximate!;, 5 psi, will avoid
breaking the transformer relief diaphragm when no
other relief is provided. Pump pressures are in-
dicated by a pressure gauge.

Seven CPM Unit. The activated clay is con-
tained in a t*nk mounted on one end of the filter
frame. This tank is provided with a cover which
incorporates an air-trap and vent to remove air
which might be present in the tank and piping.
The Inerteen is pumped up through the day, insur-
ing thorough agitation of the clay and Inerteen. The
Inerteen is passed through a wire screen prior to
entering the paper filter to remove practically all of
the clay. The paper filter consists of 16 frames and
17 plates, alternately spaced, mounted in a yoke.
One sheet of filter paper is used between each
plate and frame to provide a gasket seal and remove
all traces of clay from the Inerteen. (See Fig. 6)

Three CPM Unit. This unit utilizes two tanks,
one within the other. The activated clay is held
in the inner tank by suitable screens at top tad
bottom. The space below the inner tank is complete-
ly sealed off from the rest of the space between the
two tanks. The cover is of double-deck construe-
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tion, incorporating the top screen for the inner

and the solid cover for the outer tank. The Inerteen
is pumped into the lower space and is forced up
through the activated clay, insuring thorough agita-
tion of the clay and Inerteen. The Inerteen is passed
through the fine mesh upper screen and out into
the space between the two tanks. The discharge
pipe is at the lower end of the outside tsnk snd any
air in the Inerteen is trapped in the upper space of
the outside tank where it may be drawn off.

Since the density of Inerteen is considerably
greater than that of water, moisture will float on the
surface of the Inerteen. It is, therefore, considered
advisable to condition Inerteen from the top and
return it to the bottom of the Inerteen filled appara-
s.

One charge of clay is composed of approximately
40 pounds of 15-30 meah activated clay. * This rela-
tively large volume of clay makes only occasional
changes of clay necessary, depending of course on
the amount and condition of the Inerteen filtered.
Normally one charge will condition approximately
3000 gallons of Inerteen. The coarse granulated
clay used gives surface contact between
clay and liquid and makes poermble a rapid and
thorough "»-»"g of the clay and Inerteen to accom-
plish complete reconditioning of the Inerteen as it
passes through the clay tank. The day granules
are removed from the Inerteen by means of fine -
screen in the 3 GPM filter and by screen and paper
in the 7 GPM hiter.

The clay never passes through the pump to cause
wear on pump parts and consequent loss of pump-
ing capacity. As soon as the charge of activated
clay is placed in the tank and the cover clamped in
place, the unit is ready for immediate use.

Neither clay nor filter paper canfe effectively
dried of water after they have -once become
saturated with Inerteen. Therefore,'Extreme care
should be taken to see that both clay and filter paper
are thoroughly dried when placed in the filter.

The clay may be dried in a high temperature
oven at 200 deg. C. for six hours and shallow pans
are preferred as containers for the clay while drying.
A paper drying oven may be used if a high tempera-
ture oven is not available, with a drying time ex-
tended to approximately twenty-four hours at the
oven's highest temperature. The filter paper should
be dried six to twelve hours at 65*C. to 100°C.,,

riuL
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FIG. 5. Thro* Gallon*por-Minuto Conditionor

depending on the condition of the paper and tho
spacing of tti* sheets in the oven. Both paper and
clay should ba placed directly in tha filtar aitar tha
drying process as either, if exposed, will absorb
considarabla moistura from tha atmosphere in a
1 ary short tuna.

Each frash charga of clay will absorb about thraa
gallons of Inartaan. This should ba provided for to
pravant daplating tha supply in tha apparatus, but
most of this Inartaan may ba racovarad whan chang*
ing clay.

This can ba accomplishad rmost effectively by ra-
moving tha usad clay from tha filtar and placing it
in a tank of approximataly 30 gallons capacity con-
taining about 5 gallons of watar. Tha tank should
have a drain valve at its bottom adga and should
ba tiltad somawhat toward this valve. Tha clay thus
placad in watar, having a graatar affinity for watar,
will giTS up tha Inartaan it has absorbad and bacoma
saturated with watar. Tha Inartaan baing haariar
than watar will sink to tha bottom; tha clay and
watar will float on top. Altar satiling for several
hours, nost of tha Inartaan may ba drawn off through
tha valva. This Inartaan may ba raconditionad and
usad again in recharging tha conditioner. Tha usad
clay should ba discardad.

To Prepare tha 7 GPM Conditionor for
Operation. Remove tha covar and scraan from tha

INERTEEN INSULATING FLUID

clay tank and fill tha tank with activatad clay.
4440-3, to within bur inchas of tha bottom adga
of tha uinar flange. Raplaca scraan and covar.
Raloasa tha prassuro-scraw of tha filtar prass and
loosan platas and frames. Placa ona shaat of "B"
sue blotting papar batwsan tha faca of aach frame
and plata. Cara should ba usad to saa that tha holes
thru tha plates, frames and paper are in proper
alignment before tha pressure screw is tightened.
Close tha discharge, tank by-pass, drain, suc-
tion and suction-tact valves. Open tha air discharge
valve. Pour sufficient Inartaan into tha dnp pan to
fill the clay tank and wet tha clay. This will require
approximately eight gallons of Inartaan. Stan tha
motor and open tha drip pan valve a small amount
so that not lass than 5 minutes are required to hll the
clay tank, saturating tha clay with Inartaan. (If Inar-
taan is admitted too rapidly, it will tend to pack tha
clay into tha top of the tank) With tha valve
at tha apparatus doted, open tha suction-test
valve to subject tha suction line to pressure and thus
check it for leaks. Stop motor and close suction-test,
air discharge, and drip pan valves.

To begin conditioning Inartaan in Inartaan tilled
apparatus, open tha apparatus valves. Open tha
conditioner discharge and suction valves. At inter-
vals open air discharga valva to allow trapped air to
escape and cloaa whan Inartaan starts to flow
through valve. Open drip pan valva at intervals too,
to ramova Inartaan which may have dr.pped into
tha drip pan.

Whan it is necessary to change tha clay, first
doaa tha valve in tha suction line, dose tha tank

FIG. 6. Sovon Qollon-por-Minuto Conditioner

C022C232 13



inlet end outlet valves, open the tank by-pen valve,
the tank dram valve and the air Tent valve to per-
mit the free Inerteen in the tank to drain into the
lower drip pan. Open the drip pan valve and pump
the Inerteen from the drip pan through the filter
press. Shut down the motor and remove the clay
from the tank and refill with fresh clay as previously
described.

To change the filter or blotting papers, stop the
motor and close suction and discharge valves. Slow-
ly back off the pressure screw, permitting the Iner-
teen trapped in the frames to be released gradually.
Then back off the pressure screw completely, open
up the press and let the surplus Inerteen drain from
the papers. Replace the saturated papers with clean
dry paper and retighten the press.

If the system-seal is not broken, it will only be
necesrary to open the discharge and suction salves
and start the motor to resume conditioning the
Inerteen.

Te Prepare the 3 CPM Conditioner for
Operation. Remove the cover and screen from the
clay tank and fill the inner tank with activated day,
4440-3, to within bur inches of the top. Replace
screen and cover. Clooo the discharge and suction
valves and open air discharge and drip pan valves
about open. Start motor and pour sufficient
Inerteen into the drip pan b fill the clay tank and
wet the clay. This will require approximately eight
gallons. Hot less than five minutes should be re-
quired tofill the clay tank and saturate tbe clay with
Inerteen. With the valve at the apparatus closed,
open the suction-test valve to subject the suction
line to pressure and thus check it br leaks. Stop
motor and close suction-test, air discharge and
drip pan valves.

To begin conditioning Inerteen, open apparatus
valves, open tbe conditioner discharge and suction
valves and start mobr.

At intervals open air discharge valve b let
trapped air eecape and close as soon as Inerteen
flons from the valve.

When it is necessary to changs ths clay, first
stop motor and close the valves in the suction and
discharge lines. Remove discharge hose and open
the discharge valve and tank drain valve to permit
the Inerteen in the and discharge hose to drain
into a container. After draining is complete, remove
inner dump the clay from the inner tank
and refill with fresh clay as previously described.
Tbs used clay should be discarded.
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BLOTTER 1TLTER PRESS

The blotter filter press (See Fig. 7) is essentially
a number of sets of blotter filter papers in parallel,
each set containing several thidmesses. The Iner-
teen is pumped through filter paper which absorbs
the water and strains out the sediment.

Other Classes oi Service. Although there are
other uses, such as cleaning of bw-viscosity insulat-
ing compounds, benzine, etc., it is recommended
that a cleaning device intended br Inerteen re-
conditioning should not be used br other Hiitvs of
work, due to danger of subsequent contamination
of the Inerteen.

Capacity. The capacity of these machines, with
Inerteen pressure and filtering area fixed, depends
on the viscosity of the Insrteen and its freedom from
dirt. With fairly clean Inerteen at ordinary room
temperature, the capacity of the machines will vary
from normal to about 15 percent above normal, de-
pending on the viscosity (which varies with the
temperature). It has been found that the best results
are obtained when the Inerteen temperature is
about 50*C. The average worsting pressure of these
machines is less than 40 psi and the pressure relief
valve is set at the faebry to by-pass the full flow at
from 60 psi to 80 psL

Apparatus. -There are three standard sixes oi
Westinghouse filter presses: B-5, B-10, and A-30.
The letter designates the site of filter paper; the
number indicates the relative capacity in gallons
per minute.

The complete outfit consists oi filterpress, motor,,
strainer, pump, gas trap, pressure gauge, drip pan,
wheels, and piping. The piping is arranged so the
line can be tested br leaks under pressure. All
machines are mounted on a fabricated structural
steel frame. The drip pan can be removed by dis-
connecting one pipe coupling and bur bolts. The
strainer can be cleaned by disconnecting three bolts.
The pumps are of the helical-gear type b insure
quietness and smooth flow of Inerteen. The A-30
pump is connected b the notor through flexible
couplings. The B-5 and B-10 punype are mounted
directly on the rear nmotor bracket and driven
through a helical reduction gear.

The filter press proper is made up of a series of
cast iron plates and frames assembled alternately,
with the filter papers between them. By meanj of a
screw and cast-iron end block, the plates, frames,
and papers are forced tightly together. Except for
a machined rim which serves as a joint to prevent
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tix «oscip# of Inarte«n, th plate® at cast with small
pyramids on both surlac«*.

Th« plate« And framxe* hev hoi in two eora«rrs
And supporting lug* At thk sick  Th plates hav*
handle« cast on th top «dg«. Wh«n th plAie® And
frames ax« Awmbl«d with th hit«r paper* v,
th« hoice form the inkd and outlet.  Th frani«« have
th« hol«s in th upper corner connected by «<*11
duct« to th« middl« of th« frame.  Th« plate« have
ducts leading from th« suxiac« of th plat« to th
hoi« in th« lower corner. (See Fig. 8)

The Inartacan «at«ars under pressure at th top
corner through th inl«t formed by th hole« in th«
tramx«, plat«, and filter papers, flows into th« frames
through th« samx ducts, and completely fdl* th«
chamber formed by th fran and two sts of filter
paper. As th«r« are no outlet ducts in th« fram,
th« Inrt«n is forced through th« paper and flows
along th« groove« between th« rows of pyramids
and out through thk ducts provided at th lower
corner of thk plat«.  Th« dry filter paper tak«c up
th« moisture and removes th« sediment from thk
IN«Irtean.

Operation. Th filter pr«es is mad« r«ady for
operation by placing a s« of fiv« shwdts of filter
paper (that have b««n thoroughly dried in an elec-
trie oven) between each filter plate and frame. The
hole« in the filter paper must line up with the holes
in the plates and frames. The sediment is strained
out by the first layer of paper and th« moisture is
taken up by the capillary action of the paper.

If any moisture remains, it indicates that th filter
papers are saturated with moisture and should be
renewed. No rule can be given as to how often the
papers must be changed, as this depends entirely
on the condition of the Inerteen. The usual pro-
cedure is to run the machine for about half an hour
(if the Inerteen is not in very bad condition) and
then shut down; remove one sheet from the inlet
sid« of each «et and put in a new sheet on th« outlet
side of each set (The frame is the inlet side and the
plate is the outlet side.) Frequent dielectric tests
should be mad« during this procedure as wet Iner-
teen may necessitate recharging the filter press with
a full set of papers before the five sheets have been
removed in succession.

The quickest method of filtering a quantity of
Inerteen is to pump all the Inerteen through th«
filter and into another tank which is clean and dry.
If care is taken to change the filter papers before
they become saturated, the Inerteen will be clean
and dry. If a second tank for holding th Inerteen

INERTEEN INSULATING FLUID
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FIG. 7. B-10 Blotter FUtar Pna

is not available, or if it is desired to filter th« Inerteen
of apparatus while it is in service, the Inerteen
may be pumped from the top of the apparatus tank
through th« filter and returned to the bottom of th«
samk tank under th« surface of the Inerteen. This
operation should be continued until the Inerteen in
the apparatus tank shows a sufficiently high dielec-
tric strength.

When a large quantity of Inerteen is to be filtered,
time may be saved by using two filter pressw, one
of which may be operated while the other is being
recharged.

Filtering through blotter filter papers does not
materially reduce organic acidity or improve re-
sistance to «mulsification, although th« dielectric
strength may be restored to a satisfactory va3u.

Th capacity of th filter press is much reduced
when operating at low temperatures.

When the Inerteen has to be filtered at low tem-
peratures, an additional pump in the pipe line is
desirable.

Inerteen in apparatus contaminated by only a
small amount of moisture may be reconditioned by
drawing the Inerteen from the top of th« apparatus
tank, passing it through the filter press, and pump-
ing it back into the bottom of the apparatus. Th«
Inerteen should be put through th« system until a
sampl« drawn from th top of th« apparatus gives
satisfactory dielectric values.

Blotter Filter Paper. Th filter paper used is
a special grade of blotting paper about .025 in.
thick; it contains no coloring matter or chemicals
which might injure thk Inerteen. Five shk«ds cut to

0022C334
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the proper fixe, 12% in. square for the A fixes end
7% in. square ior the B sixes, end with holes
punched to correspond with the holes in the pistes
and frames, are used between each plate and the
adjacent frames.

To obtain the best results in reconditioning Iner-
teen, the paper nmust be perfectly dry when first
placed in the press. Filter paper always takes up

nO. |. Blotter Flltor Pr— Trun*
Showing Blottor nitor Papon in Piece

16

moisture if exposed to the sir for any length of tine
and for this reason care nmust be used in handling.
The standard paper is earned in packages contairn*
ing one ream, carefully wrapped in waxed paper
and covered with heavy wrapping paper.

Dectxic Drying Owens. Electric drying ovens
for use with Type A and Type B filter presses require
2000 watts and 1400 watts respectively. The intenor
of the ovens is provided with rods for supporting
the filter paper to facilitate rapid and thorough dry-
ing. An automatic thermostat having a range of
65°C to 120°C is provided for maintaining uniform
oven temperature. The thermoctat is adjusted at the
factory for 100*C, the recommended value, and the
setting marked so that the operator may convenient-
ly reset thermostat to 100°C if adjustrment is changed.

The standard thermostat-equipped oven is suit-
able for alternating current only. Ovens to operate
on direct current are special and are equipped with
a thermometer and a manually operated three-heat
switch.

By moving one rod, the Type A oven can be used
for drying Type B paper.

The normal capacity of the Type A oven is 240
sheets and the Type B oven is 180 sheets when
spaced % inch apart.

CG22C235
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Instructions for

INERTEEN* Insulating Fluid
PD.S. 54201 KA '
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- t ) Westinghouse Exhibit 6
Westinghouse Electric Corporation

*Power Transformer Division, Sharon, Pa.
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INERTEEN® IRSULATING FLUID
P.D.S. 54201KA

Inerieen is a synthetic zen-Inflammable and non-explosive insulating and cooling
liquid. It bas proved its suitability for use in all Westinghouse Ineriesn insulated
apparatus. In order te insure the proper performance of the apparatus, only Westing-
house Inerteen should be used.

This publicaten gives the instructions ior bandling, inspection, and maintenance
which erperience bas shown are important in obtaining the best service fom the
Inerteen.,

* Registered trade-mark for Westinghouse Askarel.

5091338
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. outdoors stounld be

-;f"ﬁxmmmn

- Inerteex is shipped In tank ears, drusms, er cam
The =odem tank cars are nsually lagged o prevent
rapid Juch:ilens in te=perature dusing tansit and
thus reduce the amount of expansion and coatract.
ton cf Inesieez, Chazmges in the voclume of the
I=erfeer due to temperature changes tend to cause
breathizs i= of mois! air resuling in condensaton
¢! moistere insice tte coztainer, and lowering of

_ tze dieieciric sireagih of the Inericen.

Whexn skipped in crurs, the Inerieen and the
drums are beth healed above rooxm texperatuze
wkile the dru=s are being filled, and the bungs
eze Hghtemed immediately afler ﬁ].:.ng. Afer coal-
ing to nor=al tenpezatu:e the bungs are again
tightened. The druxs are provided with screw
bungs havizg gaskels to prevent admission of water.,

When shipped iz cans, the cans &s well as the
Inerleen are heated atove rocm temperature while
being &lled 722 2:¢ her—elcally sealel immediate-

ly after &llizg.

'STORING
Drurr.s. S= 5553 as a Cru= of Inerleez Las been
v2loaded, tte buang should be examined a=< tight.
ened i it is loose, It is possible for bungs to becoxe

loosened by change in {emperature or rough band.
ling in transit. § locsened, be sure Inerieen is

- » tested before na.nq, oz co:nbm.!ng 1t thh qood
:.._._Inerlun. SR -~ el sl

.t is very ces"able that Le:‘een in drums be
stored in a clesed zoom. Outdoor storage of ertedn
is always hazardous fo the Izericen 2a=d should be
avoided if at all possikle, I it is necessary to store
Inerteen ouiside, protection against direct contact
of rain and =ow should be p:cvided. Dru=s stored
placed so that Lunge will be
protected fom woisture. It is desxable to cover
the drums with 2 farpanplin,

Cans. Cans containing’Inerteez must nol be
exposed o the weather, Seals should be kept intact

uxtil the Inerieen is acheally needed. 3

~~~

@.JNIFJG HAND ING, STORING

Scow cap: are pmndod on the ¢ cans to wse wher
the Inerteex is only pastially removed after hermesc-
seal bas been broken. By replacing the scrow saps,
contaminalion by moisture and dirt will be relaried,
but the Inerieea must be tested just belore veinc.

Storage Tank. The storage tazk stov!s :e
mounted on piers so that it will not louek the grau=2
a=d will be accessible to all points for x..spe-...r
for leakage.

1t is decirable to maintain the le=perature of 1=«
Izerfeen 2nd tack a litile abeve the te=perat:ce ¢
tte surrounding air as this prevexz's conderszt--
¢! moisture in the tank which wourld afest i=e ¢
electric strength of the Inerteen.

The tank should preferably bave & ceaver betia=
allowing for the installabion of a drais czck at the
lowest point for removing dirt or ta=k scale whic:
n.i;'h! seitle out. As Inerteen is heavier thaa wate:

==st 2l oi any water presez! will, iz ¥=e rise !z t=:
tcp of the Inerteen. A valve somew:ere pezs ik:
aor=al top leve! of the Inertees sheul2 be provice:
for drawing of waler-contamizated Inerieen. Pro
vision for dsawing of the Izerieea chould alss =«

) mace near the botiom of the tank.

500539
HANDLING

Cauntion: Inerteen is a sl=n irritant, Un

"necessary contact with the Lquid or its vaper
' 7 particularly when it is hot, should be avoiced
. Especially the eyes, nose, and lizs zre eflecte:

when Inerteen comes in contact with thex
Cestain safety precautions must be obsere
when handling Inerteen.

In case Inerieen comes In coztact with the svi:
the paris aHeacted should be theroughly waehel &
soapy water aad fcllowed by o= apph:a:-_ <
czld cream. A supply of these ralesial
be kept available at all bmes wkere persszzc
ere working with Inerteen, Contoued exposu:
=ay cause eruplcss on cerlain imdividuals ¢
io the absorpton of Inerieen through the pe-

g-\n e



RECEIVING, HANDLING, STORL. d

af the skin. Cleanliness among werkmes bandling
.I:_t.er:een is a very good safequard against such
ecis. Applicaton of castor oil is recommended
the eyes, casior oil or cold cream jor the nose
aad lips.

Hot apparatus should not-be opened except in
well.ventilated places. Large quantities of Inerisen
should be handled in a closed system. Workzen
should be protected kom &requent contact with any
appreciable vapor concentration and &rom frequent
sliz contact with Inerteen.

In case Inerieen is spilled oz one's clothing, the
clothing should be changed as soon as possible and
the soiled clothing laundered before it is worn again.
Gloves such as Westinchouse S¥1309 974 sheuld
be worn when it is necessary to pul one’s hazd into
Inerteen or when parts of apparatus must be
handled wet,

Mineral oil is completely miscible with Inerieen
a=d it is practcally impossible to separate them.
Tterefore, it is important to avoid contaminating
Icerieen with any kind of eil, since iis presence
changes tke ron-infammable and non-explesive
ckaracieristics of Inerteen.

Mote: Tie Izericea skould be saxmpled and
ed befcre keizg tcosferred from the con-
:giner to the erpperctus, particulorly in cases
where the wire Jock-secl bas been broken. In
scses where the cpporctus is received with the
“aerteexn ipsizlled, tie Inerieen should be sem-
sled azd tesied before tie cpparatus is put into
:ervice, as described later in this book

Whea putting new apraratus into service, see
aat the apparatus tank is ee bom moisture and
sreign material,

Although the drums and tank cars are thoroughly
vashed and dried at the refinery befcre flling, a
erfain amount of scale is sometimes loosened fom
- inside in transit. Therefore, Inerteen which has
ot been filtered should be strained through three or
:ore thicknesses of muslin, or other closely woven
ottoa cloth which hes been thoroughly washed and
sied to remove the sizing, Tke straining cloths may
a2 stretched across a funnel of large size and should
2 renewed af frequent intervals,

Important: Extreme precautions must be
Xen to insure the absoluts dryness and

‘nliness of the apparatus before filling it
«uas Inerteen, and to prevent the entrance of
ater and dirt during the transfer of the Iner-
en to the apparatus. .

The preparation and filling of outdoor apparatus
should preferably be done on a clear, dry day; U
this i3 not possible, protectioz against meisture must
be provided

All vessels used for translerring the Inerteen
should be carehully inspected 1o see that they are
absolutely dry and free from contamination.

Important: Always use all-mmetal hose or
pipe when handling the Inerteen. A hose made
of natural rubber should not be used. Inertsen
<an sasily becorne contaminated &om the
sulphur in the natural rubber, and should not
be allowed to come in contact with it.

When it is necessary to transier Inecteen from
warm surroundings to apparatus expesed to extreme-
ly cold waather, even when the dielectric strengih
at room temperature is high, it is desirable to eir-
culate the Inerieen through an Inerieen conditioner
at room temperature. A similar procedure is alsy
advisable in the case of apparatus erecied inside
and later exposed to cold weather, the reason being
that Inerteen will absorb more water at higher
temperatures which will be thrown eat of solution
a! lower temperatures., The remainder will be in
suspension iz the Inerieen and will lower the &i-
eleciric strength.

A drum of cold Inerteen when takesn izto a warm
room will “'sweat”’, and the resulting moisture on the
surface may mix with the Inerteez as it flows &rom
the drum. Belcre breaking tho seal, the drum should
therefore be allowed o stand long enough 1o reach
room temperature, which may require eight hours,
or even longer under exirame iemperature condi.

floss 500540

Cleaning Contaminated Drums. The clean-
ing of drums which bave contained used Inerteen
Tequires great care in order to ingure a thoroughly
clear drum, T .

It is preferable to :etu:::.- such drums fo the
supplier where cdequate cleaning facilities are
avg;‘]ab]e, rather than to attempt to cleca then.

If it is necessary io clean such drums, the fellowing
procedure is uco:;mendod:

Rinse the drum thoroughly with gasoline or ben.
zine, using about one gallon each time, until the
solvent shows no discoloration after using. Allow
it to drain, then pump out the Jast traces of solvent
with & vacuum pump, using a brass pipe flattezed
at the lower end to explore the corners of the drum,



© RECEIVING, SANDLL

- pew washer with the bung to {zsure a Bght seal,

+ STORING

Caution: Do not use a steel pipe because of
the danger of a spack iqni‘:ing the gascline or
Lenzine vapor.

Nex?, bea! the dru= with bunthlo down, in a
vestilated ovex at a temperature of at least 85°C.
(120T.) for sixieen houss. (A sizmple oven for this
purpose may be made &om sheet metal and beated
with sisam or an electtic heater,) Blow out the drum
with dry nitrogen or dry air to remove any linger-
ing explesive vapors. Screw the bung ea tightly
belore temoving the drum &£om the oven Use a

- Cantien: Open flarmes must always be kept

" sway &rom the oven to prevent igniting in..

Sammable gases which might be remaining
in drurn when placed In the oven.

Refilling Drums. The practice of refilling

 erums with Inerieen is uadesirable and should be

avoided whenever possible, for uxless the untmost
precauiicrs are taken, the Inerteen i3 likely io
become conlaminated

SAMPLING AND INSPE

A good Ereproct insulating Bquid is one that will
act as an izculaling liquid, will casty the heat away
Lexm the apparatus, and is fireprocf. Westinghouse
Ineriean meets these zequirexeats with the follow-
ing characleristes: .o

1. Eigh dieleciric shengit,

2. Freedom &om inorganic acid, alkali, axd cor-

rosive su.l;':m.x (To preveat ln;u:y to insula-
tica a=z epaduciars)
3. Low viscosity. (To prcmde good hea! transfar)
4. Low pour point. - .
. 5. Fireprod,

CAUSES or DETERIORATION

e . Tb. pr_npd causes c! detcmnbon of Inerteen ) "
.:_u.._. ._-..-s..'

509541

1. Preseacs of watox
2. Arcing, .
-Condensation from moist air duo to b:eath.tg of

" the apparatus, especially when the apparatus is

pot contiznously in service, may injuze the Izesteen.
(The meist air drawn into the apparatus condenses
moisture on the surface of the Izerteen azd inside
of the tank.) Tae Inerteen may also be contaminated
with water through leakage such as rom leeky cocl-
ing coils or covers.

Arcing or Lurning in Inerteea produces !me'ly

divided wbcn and gases wkich are mostly bydro-

If it is necessary to zekll them for storage, i—::.s
wkich bave been used caly for cloan, &y ISestee
should be resorved for this purpese. They sicu' s

" be closed immedistely adter being exmptied, s oz-

clude dirt and water. After ro.ﬁlhnq, they ar.:n...-
be azarined to see that they do not Jeak.

Whezever a drum is to be Slled with Iae:-:ee‘:.,
the texperatuze of the drum and of the Inesteez
should be at least 5.5°C, (10°F.) higher than the
aiz, but the texperature of the drum need 20t be e
saxe as tha! o! the Inertnn.

" Anew wuhez should bo und wx!h tho bunq each
t=e the drum is refilled, to insure a tight sesl
These washers may be oblained &om the nearest
Wes'-.::t;house Office and it is recommended that a
suppi;y be kept oz head. Natural rubber compesi-
ez washers shonld never be used as they wenld
be afiazked by the Inerteen, :

Droms to be retlled with Inerieen Ior storage
should be plainly marked with paint for identiicatics,

TION

gea chloride. Hydrogen chleside in the presezze
of moisture forms hydrochloric ecid whick may sces
dazage the insulation {n the apparabus and caute
rusting of ferrous materials,

Since hydrogen chloride is formed quickly a=::
the arcing occurs, neither the Inerizex mor t-:
apperatus should be exposed lo the 2imespher-
(which always contetns more or less moishus:
untl an attexpt has beea made to remove the hy- roe
gen chloride, See Reconditiczing, Page 7, for e
met=od of purificatien.

. SAMPLING MRTEEN'-
The dislectic sirength of Inerteen is affected L7 -

- . the most minute traces.of certain impurities, partic.-

“nlasly water. It is imporiant that the greatest caze ke’
taken {5 obtaining the samples aad in hancling thex
fo aveid contamination. There bave beea low &i-
electsic test results reported kom the feld wkick,
upen investigation, have been fcond lo be largely -
a matter of carelesciess in handling,

Al sampling a=d festing equipzent must ke
theroughly dry ard clean, It is recommended ta:
sampling and lestng equipment used for band ‘.’n;
Inerieen and servicing Inerteez be used for =
other purpose. Care must be used in taking sa.mp;es )
of lcerieen and seeling them prior to testzg, It i~



AMPLINC AND INSPECTION

iesirable that samples of Inerteen be removed from
container oa clear days only, and whan tha
perature of tha Inerteen is at least as high as tha
emperature of tha surrounding air.

Usa only tin containers with screwed metal caps
rr glass bottles with Inerteen-resistant stoppers to
aold Inerteen samples. If it becomes necessary to
ise other than factory sampling containers, they
;hould be rinsed with clean naptha, washed with
fcong soap suds, and rinsed thoroughly in hot
«atar, and then dried at approximately UO*C. for
our hours with neclc down in a circulating air oven.
J the containers are not used immediately after
leaning, they should be sealed tightly and stored
n a dry, clean place.

Provision is made on all Inerteen transformers to
:btain a top sample of the Inerteen, however on a
ransformer that is in operation, a sample may be
aken from either the top or bottom since any
noisture present will be mixed in, due to circula-
ion of the Inerteen. In sampling, allow a small
mount of Inerteen to run out to flush the sampling
connection clean before collecting the sample. The
nerteen should be put into the sample containers
— ediately and the caps screwed on tightly. Tae

1for each container should be marked clearly
am the serial number of the transformer or com*
artment from which the Inerteen was taken.

Before taking samples from a storage tank, the
aerteen should be allowed to settle for approxi*
:ately twelve hours so that if there is any moisture
resent, it, having a lower specific gravity, will rise
) the top where the sample is to be taken. A clean
aeak-tiief should be used to obtain the samples,
ssentially, the same precautions to prevent mois*
are and cirt contamination should be used as out*
ned above.

Quantity oi Sample* B is recommended that
ae 16 oz, bottle of Inerteen be taken as a sample for
-sting. At least one sample should be taken from
tank car oi Inerteen. One sample may be taken
om each drum, or if desired, a composite sample
ay be made from Inerteen from five drums, pro*
ded all of the drums are airtight. When the bung
first loosened, a hissing sound should be beard,
aich indicates that the drum has been airtight. If
» test of the composite sample is not satisfactory, a
mple from each of the drums represented should

*sted.

When drums have been stored exposed to the
jather, a sample from each drum must be tested
determine if it is suitable for use.

PERIODIC INSPECTION

Itis desirable that periodic inspections of Inerteen
apparatus be made and that samples oi Inerteen
be taken from each and from all compartments
of any apparatus and tested after a short period of
service (approximately three months for transfor*
men). Following this, when operating conditions
permit, routine sampling and testing of the Inerteen
at Intervals of six monthj to one year are suggested.
Accurate records should be kept of such inspec*
tions and tests and if the Inerteen shows a di-
electric strength of less than 22 kv, it should be
conditioned. If facilities are not available for
testing Inerteen, see "Westinghouse Inerteen Test-
ing Service" below, and also P.L. 44-860. When
an appreciable amount of Inerteen is removed
from any apparatus, It should be replaced with
an equal amount of new Inerteen so that the liquid
level in the apparatus is maintained. The Inerteen
used for replacement purposes should have a
dielectric strength of not less than 30 kv.

INERTEEN TESTING SERVICE

Many users of Inerteen do not have the necessary
facilities' for testing it. In order that these users
may be able to make the periodic tests recom-
mended, Westinghouse Hectrie Corporation has
established an Inerteen testing service to provide
a careful test by experienced engineers, and a
prompt report of test results.

Two special 16 oz. sample bottles per mailing
container (W) S41608 629, as well as necessary
packing and printed matter, may be obtained by
contacting the nearest Westinghouse Office. (The
bottle and the container will not be returned to the
customer.)

After drawing the sample of Inerteen, the cus-
tomer should seal the bottle and mail it to the Westing-
house QectricCorporation, Plant Laboratory, Sharon,
"Pa. To simplify these details, an instruction and
order sheet and a printed return label have been
included in the carton container. The instructions
cover the taking of the sample and its proper prep-
aration for mailing. The order sheet must be
sent to the nearest Westinghouse Office.

Whben samples of Inerteen are received lor test*
ing, they are sent to the Plant Laboratory and tested
in accordance with methods described under "Test-
ing Methods,” which follows and is part of this
Instruction Book.

In addition to dielectric tests, Westinghouse is
also prepared to make a physical and chemical ex-
amination if so requested. (The customer should
plainly indicate the type of service desired.)



SAMPLING AND INSPECTION

The phynical and chemica! examinmation consshs
ef a3 examination of the Inerteen by a campetexnt
chexist, Recommendakcas will be made as o the
suitability of the Inerteex for continued use, whether
t would be desirakle azd ecenomical & clean i,
e2d {3 a genesa] way, the preferzed methed of clean.
ing. In submitting samples for this service, the

_.'_C A..‘. C’“‘ERFSTES £ND RECOEB&T CHING

CEARACTBRISTICS .

Inerteen is chemically stable. 3t {5 siraw.-yellow
in color. It is not affecied by reaction with cother
matesisls regularly uwsed in the manufacture of
Inerie- = apparatus. It is ncn-oz:d.x.nzq &ad non-
commo=ve at temperatures consider:kly above those
permally obtaized in Inerfeen apparatus. Inerieen
‘will not sludge under aay cperating conditic=,

Toe dieleckric shezgih of Inerieen will cozpare
favorakly with hat of insulatzg cil when lested
nacer the same coaditiems. Quality samples ol
Izerieen tested tnder laberatory candiions may
stow a dielectic sitengih in exces: of 40kv, Care
must be exercised in handling and testing Inerteen.
Inerieen must be ket in clean, sealed containers ‘o

prevent loss by evapcraicn or csztaination Ty _

- meistuze or dizt,

Izerigez exeris a sireng salveat acton on mest
varzistes, gums, 2ad painis. Such materials aze
not used {n the consiruction of Inerteen apperahus.
No materials should be used in Inerieen apraratus
excep! these 2pproved by the Westinghouse Elestric
Corporation.

Page 3.) It saould be ramembered that mineral oil
is complelely miscible with Inertees; in fact it is
practically impessible lo separate mineral cil and
Inerieen.

. Specific Character’uﬁcs o! Inerteen. As
outlined in “Meikz! of Testing Askarels A.S.TM.
DS0),” the specific ~haracteristics of Inerteea are:

1. Burn poizt: Nene
. 2. Chenical stability: No geaeration of bee
chlerides uzder normal operating conditions

- 800543

-:~ - loerfeen hu an im&atmq efiéct upon the skin. . |
277 I #t'{s necessary lo handle it, see the cacticn ncle ™ ~ -
" ‘under Receiving, Stering, and Handling. . (See

hisiory of the Inerieen roprmaiod should be. give:
as cc=pletely as possible.

Power facter test of Inertees at 60 cycles cas :-
=ade.

(For details refer 1o the nesrest Westingheus:
Otice.)

—

3. Coler: O«Iamm) 400 AP.E.
4. Conditica: Clear
5. Dialecize consiant: :
At 1000 cycles 7T7°F (25°C), 4.0 to 4.2
At 1000 cycles 212°F 100°C), 3.5 tc 3.8
€. Dielectic streagit: (Minimu=) 77°F (25°C)
At poin! of shipment, 35 kv
At point of recoipt, 30 ke
2. Blecirical resistivity: Minzzum)
100 x 10* okxms /e (212°F (Q00°C) &t 503
velts d-¢)
8. Fized chlorine content: Mizmimum) =9 1
percent
9, Free chlorides: Less than 0.10 ppm
10. Neutralizaton number: Less tman 0.014 =5

of NaOH /gzax.
11, Pour Poizk (Maximum) =izus ZZ.8°F
(minus 32°C)
12. Rekacive index
77°T (25°C), 1.6140 to 1.5160

13. Specific gravity: .
At 60T /60°F (18.5°C/15.5°Q), 1. 5.3 te
. 1.526
14. Viscosity: .
At IOO'F (37 B'C). 86 second.s -"2 2L

e o

'nzcommoxmc T

Becondxﬁomg will be necessasy to re—cve
water, dizt and hydrogen ckloride wkich mar ke
present and contaminating the Inerieen. .

The blctter filler press and the Izerleen coxdi- ©
Honer (both of which will be explained later in ‘tis
book under “Apparatus for Reconditioning’) will
reciove water 2ad dirt depesils whick may be pres.
eat. Of the two metkods, the Inerteea conditzzer
{s the most efeclive in removing these two cortzm.
ineling agenls. Any equipment used lor Elteriag
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CHARACTERISTICS AND RECONDITIONING

‘“nerieen should frst be thoroughly cleaned with
senzine or naphbtba. Every trace of any material
foreigm to Inerieen must be removed. If at all pos-
sible separate equipment should be used for Hlter-

ing Inertesan only.

Hydrogen chleride, caused by ascing, may be
eliminated by vigorously bubbling dry nitrogen
through Inerteen. The nitrogen should be passed

through the drain valve at the bottom ef the appara-

tus and allowed to escape through a vent at the
top. The nitrogen should be discharged through a
pressure regulator attached to a stand pipe above
the level of the Inerieen in the apparatus to prevexnt
the Inerteen from flowing into the regulator, The
nitrogen should be bubbled through the Inerteen at
a rale of one {o three cubic feet per minute for a
period of four to six hours, This will require &om

- TESTING

Instructiozs for all tesis listed correspond in gen-
eral to the recommendations of the Amesican Society
for Testing Materials.

DIELECTRIC STREN GTﬂ TEST

Apparatus, The testng trazsiormer and the
source of supply of energy shall not be less than 1/
kve, and the frequency shall not exceed 100 cycles
per second. Regulation skall be so controlled that
the Lhigk tensicn testing voliage taken fram the
secondary of the testing transformer can be raised
gradzally witheut cpening either primary or second-
ary circuit. The rate of rise shall approximate 3000
volts per second. The voliage may be measured by
an approved method which gives root-mean-square
values.

Some protection is desirable to prevent exces-
sive flow of current when breakdewn of the Inerteen
. takes place. This protection preferably should be

in the primary or low voltage side of the lesting

kransformer. It is not especially imporiant for trans-
formers of S kva or less, as the current is limited by |
the impedance of the transiormer.

The standard test cup for holding the sample of
Inericea shall be made of a material baving a suit-
able dielectric strength. It must be inscluble in and
unattacked by Inerieen or gascline, and non-absorb-
ent as far as moisture, Inerteen, or gasoline are
concerned.

The electrcdes in the test cup between which the
sample is tested shall be circular discs of polished
brass or copper, 1 in. in diameter, with squaze (S0°)

two fo eight cylinders (220 cu. f each) of dry
nitrogen, based on apparatus coniu'ning 150 to
2000 gallens of Inesteen,

Immediate application of the bubbling process
will reduce the destructive action of the hydre-
chleric acid on the working parts and Insulation,
thereby making it likely that the materials not dam.
aged by arcing may be used in repairing the appa.
ratus. Also, use of the process will in most cases
make it pomblo to uh.dactcrily reclaim the arced
Inerteen.

After the hydrogen chloride has beez removed |

by the bubbling process, the Inerteen should be
recleimed by use of an Inerteen conditioner,

There is no commercially suitable method for
separating ansformer oil fom Inerteen.

METHODS 500504

edges. The electrodes shall be mounted in the test

" cup with their axes horizontal and coincident, with |

a gap of 0.100 in, betweexa their adjacent faces, and
_with tops of electrodes about 1% in. below the top
“of the cup. (& suitable test cup is shown in Fig. ],
and portable lesting outfils in Figs. 2, 3 and 4.)

‘PROCEDURE

The spacing of electrodes shall ba checked with
a standard round gauge having a diameter of 0,100
in., and the electrodes then locked in position.

The elecizodes and the fest cup shall be wiped
clean with dry, calendered tissue paper or with a
clean, dry chameis skin and thoroughly rinsed with
Inerteen-free, dry gascline or benzine until they are
entirely free fom fibers.

- *The test cup shall be £lled with dry, lead-free
gasoline or benzine, and vollage applied with uni.
form increase at the zate of approximately 3000 volts
(rmms) per second untl breakdown occurs. If the di.
electric strength is not less than 25 kv, the cup skall
- be considered in suitable conditicn for testing the
Inerieen. If a lower test value is obtained the cup
shall be cloaned with gascline and the lest repeated,

Note: Eveporation of gasclice from the
electrodes may chill them sufficiently to cause
- moisture fo condense oa their surface. For this
recson, alter the final rinsing with gascline,
the test cup should be immediately filled with
the Inerieen which is being tested, ond the test
made ef once, or the electrodes should be
thoroughly dried before using.

A\
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71« temperature of ;a tart cup and of the Iner-
teen when tested shall ba tit uaa as that ci tha
rwa, wblcb should ba between 68*7 end 66*7.
(20*C end 30*C.) Testing at lowar temperatures is

likely to give variable results wbicb cay be mis*
leading.

Tba sample in tba container shall ba agitated
with a swirling notion (to avoid introducing air) so

TIG. 1. Fluid Test Cup lor Di«l*evris T«at

no. 2 PorLi“U Oil T**tine S«t. IA Kt*. as.000 Veil*

as to six tba Inertean thoroughly before filling tbi
test cup. ThiJ Is area more important with used
Inar.ten than with naw Inarteen as the impurlt!*!
Nntj he precipitated and the test may ba misleading

The cup shall ba filled with Inertean to a he.gh:

of no leu than 0.79 in. (20 mm) above the top ci the
electrodes.

The I&erteen shall be gently agitated by recking
the cop and allowing It to stand in the cup icz
three minutes before the first and one minute before
each succeeding puncture. This will alcw-
bubble* to escape. * %

air

Voltages shall be applied and increased uni-
formly at a rate of approximately 3000 volts (ms)
per second until breakdown occurs as indici‘ed by
a continuous discharge across the gap. (Occasional
momentary discharges which do not result in a per*
maneni arc may occur; these should be disregarded).

TESTS

a. Except as specified in (b) one breakdown test
shall he made cn each of five fillings of the test cup.
If the average deviation f-cm the mean exceeds 10
percent or if any individual ten deviates more tzlz
25 percent from the average, additional »can
be mace. The cielecSic strength shall be deter-
mined by averaging the first five tests that conform
to the allowable rorlxtioas.

b. Vixen In. -een is tested in considerable cum-
tty, so that tbe time required for testing is excessive
and when it is merely desired to determine whether
the breakdown safely exceeds the limit specified, or
in those cases where the amount of Inerleen avail-
able for test may be very limited, one breakdown:
ter shall be made on each oi two fillings of the test
cup. If neither breakdown Is below this value, tbe
Inerteen may be considered satisfactory and no
further tests shall be required. I£ either of tbe

«/breakdowns is leu than the specified value a break-
down shall be made on each of three additional
fillings and test results analyzed in accordance
with (a).

Report. The report shall Include the volts (ms
svalue) at each breakdown and tbe average ci tbe
two or five breakdowns and the temperature e: be
Inerteen at the time of the test.

500545 rour TEST

Note: The procedures covered by the follow-
ing instructions for the pour test, and espec cl-
v tbe neutralization test recuire saecicl +—



TESTING METHODS

seat. The neutralization test must be made by
a competent chemist, preferably one special!-
ing in this particular field. Customers who do
not possess these facilities are offered, at
nominal cost the use of the Westinghouse
Inerteen Testing Service. Contact the nearest
Westinghouse Office for details.

The pour point of Inerteen is the lowest temper*
* hire At which it will pour or flow when it is chilled
without disturbance under certain definite specified
conditions.

Apparatus. The test Jar (see Fig. 4) shall be
clear glass, of cylindrical shape, approximately 1*4
in. inside diameter and 41/2 to 5 in. high, with a flat
bottom. An ordinary 4 oz. Inerteen sample bottle
may be used if the test jar is not available.

The cork shall fit the test jar, and shall be bored
centrally to accommodate the test thermometer.

The thermometer shall conform to A.S.T.M. spec-
ifications for pour test. It may be ordered as:
A.S.T.M. thermometer low cloud and pour, —707
(-56.7*0 to 707 (*f21.1%0-

The jacket shall be of glass or metal and shall be
watertight, of cylindrical form, flat bottomed, about
41/2 in- deep, with inside diameter 12 In. greater
than outside diameter of the test jar.

A disc of cork or felt fyc in. thick and of the same
diameter as the inside of the jacket shall be placed
in the bottom of the jacket

The ring gasket shall be about % in. thick, made
to fit snugly around the outside of the test jar and
loosely inside the jacket This gasket may be made
of cork, felt or other suitable material, elastic
enough to cling to the test jar and bard enough to
hold its shape. The purpose of the ring gasket is to
prevent the test jar bom touching the jacket

The cooling bath shall be of a type suitable for
obtaining the required temperature. The si2e and
shape of the bath are optional but a support suitable
for holding the jacket firmly in a vertical position is
essential for determination of very low pour points,
a smaller insulated cooling bath may be used and
the test jar placed directly in it. The required bath
temperature may be maintained by refrigeration if
available, otherwise by suitable freezing mixtures.

Procedure. The Inerteen to be tested shall be
brought to a temperature at least 25*F. (14*C.),
above the approximate cloud point. Moisture, if
present, shall be removed by any suitable method,
as by filtration through dry filter paper until the
Inerteen is perfectly clear. (Such filtration shall be
made at a temperature at least 257. (14*C.), above
the approximate cloud point.) The Inerteen shall be
poured into the test jar, to a height of not less than
2 in. or more than 2Vfc in. When necessary, the
Inerteen shall be heated in a water bath just enough
so it will pour into the test jar.

The test jar shall be tightly closed by the cork
carrying the test thermometer in a vertical position
in the center of the jar; the thermometer bulb should
be immersed so that the beginning of the capillary
shall be Vs I21- k*1°w the surface of the Inerteen.

Heat without stirring to a temperature of 1157.
(46.1*C.) in a bath maintained at not higher than
1187. (47.8*C.). The Inerteen shall then be cooled
to 907. (32.2*C.) in air or in a water bath approm*
mately 77 F. (25 C.) in temperature.

The cork or felt disc shall be placed in the bottom
of the jacket and the test jar, with the ring gasket,
1 in. above the bottom, shall be inserted into the
jacket. The disc, gasket, and inside of jacket shall
be clean dry.
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During the cooling of the Inerteen, c&ri shall be
taken not to disturb the mass of the Inerteen nor to
permit the thermometer to shift in the Inerteen.

The temperature of the cooling bath shall be
adjusted sc h -t it is below the pour point—approxi-
mately -25.6*7 (-32*0—of the Inerteen by not less
than 1ST. (S.3*C) nor core than 30*7. (16.7*C),
and the cooling bath shall be maintained at this
temperature throughout the test The jacket con-
taining the test jar shall be supported firmly in a
vertical portion in the cooling bath so that not more
than 1 in. ci the jacket projects out of the cooling
medium.

Beginning at a temperature 20*7. Cl.1*C.) above
the expected pour point, at each lower *>st-thermcm-
eter reading which is a multiple ci 5*7. (2.8*C).
the test jar shall be removed from the jacket care-
fully and shall be tilted just sufficiently to ascertain
whether there is a movement of the Inerteen in the
test jar. The complete operation of removal and
replacement shall require not more than three sec-
onds. As soon as the Inerteen in the test jar does
not Dow when the jar is tilted, the test jar shall be

FIG. 4. Appixmtu* for Pour Toat

held in a horizontal position for exactly five seccmds
as noted by a stop watch or other accurate timing
device, and observed carefully. If the Inerteen
shows any movement under these conditions, the
test jar shall be immediately replaced in the jacxe:
and the same procedure repeated at the nex: tem-
perature reading 5*7. (2.8*C.) below the previses
reading.

The test shall be continued in this manner *

. point is reached at which the Inerteen in the test

jar shows no movement when the test jexis beld si
a horizontal position for exactly five second The
reading of the test thermometer at this temperature,
corrected for enor if necessary, shall he recorded.
The pour point shall he taken as the tempe.atnxe
5 7. (2.8 C.) above this solid point

NEUTRALIZATION TEST

The Neutralization Number is the number of
milligrams of potassium hydroxide required to neu-
tralize the add in one gram of Inerteen.

Solutions Required«

a. Standard Potassium Hydroxide Solution (alco-
holic, 0.1 N)—add 6 g. of c.p. solid KOH to 1liter of
c.p. anhydrous isopropyl alcohol. Boil, add 2 g. of
c.p. Ba (OH)2 and boil again. Cool, filter and s;cre
in a ehecmically resistant bottle protected by a guard
tube containing soda lime and soda asbesios
(Ascarite). Standardize against pure potassium tend
pbthalate using phenolphthalein as an indicitrr.

b. Titration Solvent—Add 500 ml. of c.p. bearere
and 5 ml of water to 495 mi of c.p. anhydrous
isopropyl alcohol.

c. Alpha-Naphtholbenzein Indicator Solution—
Prepare a solution containing 10 g. of alpha-napthcl-
benzein per liter of c.p. anhydrous isopropyl alcohol

Procedure. Into a 250 ml Erlenmeyer Cask
introduce 40 g. of Inerteen’ weighed accurately.
Add 100 ml of the t&ation solvent and 3 ml of the
indicator solution. Titrate immediately at a tempera-
ture below 30*C. Consider the end point definite
if the color change to green persists for 15 seconds.
A blank shall be determined on the solvent.

Calculations. The neutralization number or mg.
(A-B (l)l\) x 56.1

KOH per g. of Inerteen-

A -m | KOH solution required for sample.
B - ml KOH solution required for blank.
N » normality of KOH solution.

W - grams cf sample used.



APPARATUS TOR RECONDITIONING

APPARATUS FOR

There lit several types of reconditioning appa-
ratus available, the relative advantages oi each of
which are as follows:

1. The Inerteen Conditioner ij the most effective
method of removing moisture, dirt, and other con-
taminating materials from Inerteen.

2. The filter press is suitable for treating Inerteen
containing only small quantities of water and dirt

INERTEEN CONDITIONER

The Inerteen Conditioner consists of a clay con-
tainer, clay filter, a motor-driven positive pressure
pump, attendant valves, gauges, and relief devices,
all mounted on a common base.

Tne motor and pump are combined as a unit and
a strainer is provided on input to the pump to pre-
vent entrance of large particles. The units are de-
signed to operate under working pressures up to 60
psi. However, the usual operating pressure is 30
psi to 40 psi. Excessive pressures are prevented by
two automatic by-pass valves. One by-pass valve
connected across the pump is set to by-pass the
Inerteen at a pressure of 60 psi to 70 psi. The other
by-pass valve is connected on the discharge side
of the conditioner. This latter by-pass valve, releas-
ing at a pressure of approximately 5 psi, will avoid
breaking the transformer relief diaphragm when no
other relief is provided. Pump pressures are in-
dicated by a pressure gauge.

Seven G?M Unit. The activated clay is con-
tained in a tank mounted on one end of the filter
frame. This tank is provided with a cover which
incorporates an air-trap and vent to remove air
which might be present in the tank and piping.
The Inerteen is pumped up through the clay, insur-
ing thorough agitation of the clay and Inerteen. The
Inerteen is passed through a wire screen prior to
entering the paper filter to remove practically all of
the clay. The paper filter consists of 18 frames and

17 plates, alternately spaced, mounted in a yoke.'

One sheet of filter paper is used between each
plate and frame to provide a gasket seal and remove
all traces of clay from the Inerteen. (See Fig. 8).

Three GPM Unit. This unit utilises two tanks,
one within the other. The activated clay is held
in the inner tank by suitable screens at top and
bottom. The space below the inner tank is complete-
ly sealed off bom the rest of the space between the
two tanks. The cover is of double-deck construc-
‘Wut 4mi «I»t »*7 W «ktdlard b*» Ik*

tion, Incorporating the top screen for the inner tank
and the solid cover for the outer tank. The Inerteen
is pumped into the lower space and is forced up
through the activated clay, insuring thorough agita-
tion of the clay and Inerteen. The Inerteen is passed
through the fine mesh upper screen and out into
the space between the two tanks. The discharge
pipe is at the lower end of the outside *awl and any
air in the Inerteen is trapped in the upper space of
the outside tank where it may be drawn off.

Since the density of Inerteen is considerably
greater than that oi water, moisture will float on the
surface of the Inerteen. It is, therefore, considered
advisable to condition Inerteen from the top and
return it to the bottom of the Inerteen filled appara-
tus.

One charge of clay is composed of approximately
40 pounds of 15-30 mesh activated day.* This rela-
tively large volume of clay makes only occasional
changes of day necessary, depending of course on
the amount and condition of the Inerteen filtered.
Normally one charge will condition approximately
3000 gallons of Inerteen. The coarse granulated
day used gives maximum surface contact between
day and liquid and makes possible a rapid and
thorough mixing of the day and Inerteen to accom-
plish complete reconditioning of the Inerteen as it
passes through the clay tank. The day granules
ire removed from the Inerteen by means of fine
screen in the 3 GPM filter and by screen and paper
in the 7 GPM filter.

The day never passes thfi~O & Ificp to cause
wear on pump parts and consequent loss of pump-
ing capacity. As soon as the charge of activated
day is placed in the tank and the cover damped in
place, the unit is ready for immediate use.

Neither day nor filter paper can be effectively
dried oi water after they have once become
saturated with Inerteen. Therefore, extreme care
should be taken to see that both clay and filter paper
are thoroughly dried when placed in the filter.

The day may be dried In a high temperature
oven at 200 deg. C. for six hours and shallow pans
are preferred as containers for the day while drying.
A paper drying oven may be used if a high tempera-
ture oven is not available, with a drying time ex-
tended to appropriately twenty-four hours at the
oven's highest temperature. The filter paper should
be dried six to twelve hours at 85°C. to 100°C.,

SUiu KamL
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depeading cn the ccaditen of the paper and the
spacing of the sheels i= the ove=. Both paper and
clay should e placed cizectly in the Slter aler t-e
crying process as eilker, if exposed, will absord
cozsiderable moisture £ca the atmosphere in a

. very shom E=e.

Each f-est ctarge of clay will absarb about three
gallens of Irerieen. This should be provided for to
preveat cepleting the supply in the apparatus, but
most of this Inelieen may be recovered when chang-
ing clay. . .

This can be accomplished moﬁ efectively by ze-

. mmoving the used clay &om the filter and placing it
- in g tank of approximately 30 gallons capacity con- - &
taining about § gallens of water. The tank should'
‘Bave a drain valve a! its bottom edge azd should

be Hlted somewhat toward this valve. The clay thus

"." placed in wa'er, baving a greater affinity for wites,

will give up the Inerteex it has absorbed and become | |

" .saturated with water. The Inerteen being heavier

than water will gink to the bottom; the clay and
water will float on top. After. settling for several
hours, most of the Inericen may be drawn off through

_the valve, This Inerteen may be recopditioned aad

used again {n recharging the conditiones. The used
clay should be discarded. ?SQ 5549.

'. . To Prepare the 7 GPM Conditioner for

- Operation. Remove the cover and screen !xox_n the

-

clay tank and £l the tank with acivaled clay,

- 4440-3, to within four inches of the botiom edse

of the inner flange. Replace screez z=d esve-.
Release the press:re-scrow of the £lter press 2=
locsen plates and kames. Place one shest of "B
size blotling paper between the face of each &2—=¢
azd plate. Care sbould be used to see that the bel=e
thru the plates, kames and paper ave in prope:
aligument before the pressure screw is Hghtezes.
Close the discharge, tank by-pass, tank drain su:-.
ton and suction-test valves. Open the air discha-=e

" valve, Pour sufficient Inerieen into the drip pa= :o

Ell the clay tank azd wet the clay. This will requize
epproximately eight gallons of Inerteen. Slart -
molor and open the drip pan valve a small amou-=:
so that not less thax § mizutes 2ve required to il e
cley tank, saturzing the clay with Inereen. (if Ize:.
teen {s admitted too rapidly, It will tend o pack *2: -
clay info the top of the tank.) With the valve at ¢=:
apparatus closed, cpen the suction-test valve io
subject the suction line to pressure and thus check
it for leaks. Stop motor and close suction-test, 2i-
discharge, and d-ip pan valves. : -

To begin condiivring Inerteen iz Ineriaen Elled
apparatus, open the appearatus velves. Opez tte
conditicner discharge and suctior valves. At inter-
vals open air discharge valve to allow trapped uir to
escape and close when Izerteen slasis to fow
through valve. Open drip pan valve at intervals too,
to remove Inerteen which may bave drirped ixts
the drip pan, |

Whez it is pecessary to change the clay, first
close the valve in the sucticn line, close the fa=X

LR IR L Rl P Y S
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inlet and outlet valves, open the tank by-pass valve,
the tank drain valve and the air vent valve to per-
mi! the &ree Inerieen in the tank to drain into the
lower drip pan. Opex the drip pan valve and pump
the Inertecn from the drip pan threugh the filter
press. Shut down the motor and remove the clay
from the tank and refil] with fresh clay as previously
described.

To change the flter or blotting papers, siop the
molor and close suction and discharge valves. Slow-

ly back off the pressure sczew, permitting the Iner. -

teen trapped in the frames to be released gradually.
Then back off the pressure screw compleiely, open
up the press and let the surplus Inerteen drain fom

the papers. Replace the saturated papers with clean

dry paper and relighien the press.

U the system-seal is not brokexn, it will only be
necessary to open the discharge and suction valves
and start the motor {0 resume conditioning the
Inesioen.

~ To Prepare the 3 GPM Conditioner for
Operation. Remove the cover and screen from the
clay tank and Ell the inner tank with activated clay,
4440-3, 1o within four inches of the top. Replace
sczeen and cover. Close the discharge and suction
valves and open air discharge and drip pan valves
about ¥ open. Start motor and pour sufficient
Inerteen into the drip pan to £l the clay lack and
wet the clay, This will require approximately eight
gallons. Not less than £ve rinutes gshould be re-
quired to £l the clay tank and saturate the clay with
Inertoen. With the valve at the apparatus closed,
ocpen the sucticn-test valve to subject the suction
lize to pxessuro and thus check it for leaks. Stop
molor and close tuchon-!est air discharge and
drip pan valves.

To begin conditioning Inerieen, open appultu.i

valves, open the conditioner di.seha.:qo md tuchon

valvec and start :no!or. C

At in!ervah open alr d:schugo valvo to lot
trapped air escape and close as soon as Inor!ocn
flows from the valve. _

When it fs necssa.ry to change the clay, first
stop motor and closs the valves in the sucticn and
discharge lines. Remove discharge hose and open
the discharge valve and tank drain valve to permit
the Inerieen in the tank and discharge hose to drain
. into a container. After draining is complete, remove
inner tank and dump the clay from the inner tank
and refill with fresh clay as previously described.
The used clay should be discarded. .

BLOTTER FILTER PRESS

The bloter flter press (See Fig. 7) is essentially
a number of sets of blotter filter papers in parallel,
each set coptaining several thicknesses. The Iner-
teen is pumped through filter paper which absorbs
the waler and strains cut the sediment,

Other Classes of Service. Although there are |

other uses, such as cleaning of low-viscosisty insulat-
ing compounds, benzine, elc., it is recommended
that a cleaning device inlended for Inerieen re-
conditioning should not be used for other classes of
work, due to danger of subsequent contamination
of the Inerteen.

Capacity. The capacity of these machines, with
Inerteen pressure and filtering area fixed, depends
oa the viscosity of the Inerteen and its keedom from
dirt, With fzirly clean Inerteen at ordinary room
temperature, the capacity of the machines will vary
from normal to about 15 percent above normal, de-
pending on the viscosity (which varies mth the
temperature). It has been found that the best resulls
are oblained when the lpertean temperature’ is
about 50°C. The average working pressure of these
machines is less than 40 psi and the pressurc relief
valve is set at the factory to by-pass the full ow at
trom 60 psi to 80 psi.

Apparatus. There are three standard sizes cof
Westinghouse flter presses: B-S, B-10, and A.30.
The letter designates thoe size of fillter paper; the

numbaer indicates the relative capacity in gallons

per minnte.

The cemplete outfit consists of fillerpress, moter,
strainer, pump, gas trap, pressure gauge, drip pan,
wheels, and piping. The piping is arranged so the
line can be tested for leaks under pressure. Al
machines are mounted on a fabricated structural
steal frame. The drip pan can be removed by dis-

 connectng one pipe coupling and four bolts. The

strainer can be cleaned by disconnecting three bolts,
The pumps ‘are of the helical-gear type to insure
quietness and smooth flow of Inerteen. The A-30

_ pump is connected to the molor through flexible
' couplings. The B-5 and B-10 pumps are mounted

directly on the rear motor bracket and drivea
through a hehcal uduchon gear.

The filter press proper i3 made up of a series of
cast izon plates and frames assembled alternately,
with the filter papers between them. By means of a
screw and cast-iron end block, the plates, frames,
and papers are forced tightly together, Except for
a machized rim which serves as & jeint to prevent

5-'!')550
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the escape of Inerisen, the plates are cast with gmall
pyramids cn both surfaces.

The plates and Saxmes have Eoles in two comerns
and supporizg lugs at the sides. The plates bave
handles cast on the top edge, When the plates a=d
frazmes £z0 assembled with the Lilter papers betweez,
the holes fcr= the inlet and outlst. The frames have
tho Boles in the upper coraez csanected by small
ducls to the middle of the &ame. The plates bave

. ducis leading 5ix the. suriaze of the plate to the
ol hclo‘.ntholoworeomu (See Hig.8). . -"-.-..

The Inerteez ezters under’ pressure at the lop .o

" eorner through the inlet formed by the heles iz the

" frames, plates, 2=d Slter papers, fows into the ames

through the saze ducls, a=d completaly £lls the
charber fcr=ed by the £a=e a=d two se's of Elter
paper. L3 there aze no cuilet ducts in the bame,
the Inerleen is forced through the paper and Bows
along the grooves betweez the yews of prramids
and out throuch the ducis provided at the lower

. comer of the istes. The cry Lller paper takes up

e moirure axd zemoves the sediment fom the
Inericen,

Ope:aﬁea. The Elier press is made ready for
cperation by placiag a set of five sheels of filter
paper (ba! heve been thoroughly dried in an elec-
tric oven) zelweez eack £lter plate and frame, The
boles in the filter paper must line up with the heles
in the plates azd £emes. The sediment is strained
ouf by the £rst laver cf piser and the moisiure is

- talken up ke tke capillasy astien of the paper.

If any meoistuze remaine, it indicates that the flter
papers ave salurzted witk moisture and stould ke
renewed. No rule cax be given as io how cften the
papers must be changed, as this depeacs extizely
on the conditicn ef the Inerisen. The usual pro-
cedure is {o run the mactine for about half an hour

..(if the Inerteen is not in very bad condition) and
- thea ghut down; zemove cne shest Eom the inlet
. side of each sot and put in a new sheet on the cutlet

side of each set. (The &ame is tte izlet side axd the

- " plate is the outlet .....-) Frequent dielecizic.tesis

stould be made dusing this procedure as wet ez
leen may pecessilate rechargizg the £lter press with
a foll set of papers befoze the five sheets have beea

removed in succession. 5900551

The ip:.id:es! metho? of i:'!!s:l ; a quastly of

B ‘Tnerleen is to pu=p all the Izerieen through the

fMer end in!s ansiher tank which is cleas and dry,
H care is taxes o change the flter papers belore
they become saturated, the Inerteea will be clean

and dry. If a secend tank for bolding the Inerieen
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is not available, oz if it is desired to &lter the Inerteea
of apperatus while it is in service, the Imerteez
may be pumped from the top of the apparatus ta=%

. through the Elter azd relurned to the bottom of the

same tank under the surface of the lnerieen T-ic
operatica should be continned unt the Inertess i
the apparatus tank shows a suficextly hg‘- dieles-
tric strength.

Wheza Iuge q'u.-.nhty of Ler‘een is to be £lteres,
Hime may ke saved by using two &lter presses, o2
of whick may be operated while the cther is teiz
recharged. )

Fitering tk-ough blotter £ller papers dos: =c:
zatesislly reduce organic acidity or impreve ze-
sistance o emulsifizaNon, althouglk i:e dieleczis
szength may be sesiored (o a satisfactory val:e.

- The capacity of the filter press is much resuzed
when operating at low temparatures,

When the Inerieen kas to be Ellered at low tem.
peratures, an addxhonal pu:np in the plpe L.nc

Y TS
- - -‘. T bed .
-

. Inerteen in appmh:.s eonta.m.na ed by cmy a
smell ainount of moisture may be reconditioned by
drawing the Inerieen &om the top of the apparahus
tank, passing it tkrouch the Elter press, and -u=p-
ing it back into the bottom of the apparatze, Tze
Inerieen skould be put through the system v=il a
sample drawn &om the top of the apparatus gives
satisfactory dielectic values.

Blotter Filter Paper. The Hlter paper used is
a special grade of blotting paper about 025 in.
thick: §t conleins no csloring matter or che=icals

which =igh! injure the Inerteen. Five sheete cut to
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APPARATUS IFOR RECONDIT.uNING

the proper size, 127} in, square for the A sizes and
734 in. square for the B sizes, and with holes
punched to correspond with the boles in the plates
and frames, are used between each plate and the
adjacent rames,

To oblain the best results in reconditioning Iner-
leen, the paper must be perfecily dry when first
placed in the press. Filter paper always takes up

ersT T A T
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T1G. 8. Blotter Filter Press Frame
Showing Blottsr Filter Pagers in Place

moisture if exposed to the air for any leagth of Hme
and for this reason care must be used in handling,
The standard paper is carried in packages contain-
ing cne ream, carefully wrapped in waxed paper
and covered with beavy wrapping paper.

Electric Drying Ovens. Electric diying ovens
for use with Type A and Type B filter presses require
2000 watts and 1400 watls respectively. The intedicr
of the cvens is provided with rods for supperting
the Elter paper to facilitate rapid and thorough dry-
ing. An automatic thermostat baving a range of
65°C to 120°C is provided for maintaining uniform

‘oven temperatura. The thermosiat is adjusted at the

factory for 100°C, the recommended value, and the
setting marked so that the operatoer may convenient.
ly reset thormostat to 100°C if adjustment is changed.

The standard thermestai-equipped cven is suit.
able for alternating current only, Ovens to operate
on direc! current are special and are equipped with
a thermeometer and a manually operated three-heat
switch.,

By moving cne rod, the Type A oven can be used

"1 for drying Type B paper.

The normal capacity of the Type A oven is 240
shee!s and the Type B oven is 180 ghests when

spaced 1 inch apart

200552
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 INERTEEN* INSULATING FLUDD
P.D.S. 54201CM

Inerieen is a synthetic non.inflammable and non-explosive insulating and cooling
Lquid It bas proved its suitability for use in all Wesinghouse Inerteen insulated
apperatus. In order to insure the proper pericrmance of the apparatus, only Westing-
bouse Inerieen should be used.

This publication gives the instructions fer handling, inspection, and mainienance
which experience bas shown are impertan! in obfairing the best service fom the
Inerteen.

* Registered trade-mask for Westinghouse Askarel.

50Q5¢8..



RECEIVING, EA

SEIPMENT

lnertessn Is shipped in tank cars, drams, or cass, ’

The modem tazk cars are usually lagged to prevent
sepid Luctuations in temperatuze during bransit and
thus reduze the amount of expansion 2nd contract-
Eoa ¢f Inerteez. Changes in the volume eof the
Inerieen due to temperature changes tezd to cause
breathing in of meist 2ir resulling in coadensation
of moishure inside the contaizer, a=d lowering of
tse dielesivic shexgik of the Inerteen.

Whe= skipped in cdrums, the Inerieea and the
drums 2ce Loth beated above room lexmpesature
wkile the drums are bei.ng £lied, 2=d the buzgs
ere tighlened immedialely after Elling. Afer cools
i=ng to per=al te...pe-a‘- e, the bungs are again
Egotened. The cruizs ace provided wilk screw
burgs baving gasiels to prevent adzission of water.

Wkhez skipped o cams, the cans as well a3 the
Inerteen are healed above room temperature while
being £lled and are hermetically sezled immediate-
Iy after B3z,

STORING

~ Drmms, A: sacz as 2 drum of Inerteen has been

nzloaded, the bung skhould be exa=mined and tight.
ened if it is logse, 1t is pessible for bungs to become
locsened by chaxnge in le=perature er rough hand-
ling iz transit I locsened, be sure Inerieen is
lested beisre u.d.ng er combininq il m!.h qood

'-._Ineﬂeen ..

"It 1s very éu’.:é]- tha! I:aerleen !.n dmms ‘be'
stcred in a closed roem. Outdeor storage of Inerieen |
is alv;ays hazardcus to the Inerteen and should be
avoiced If at all pessible. I it is necessary fu siore
‘aerteen outside, protecion against direct cozlact
of zain and snow should be provided. Drums stored
. outdoors should te placed s¢ that bungs will ke
protecied Fox meisture, It is desirable to cover
the drums with a farpaulia,

Cans, Cazs contaizing I:;er‘e-en z=ust not be

ANBLING, S@

iNG

Screw caps ase provided on the ca=s o use waes
the Inerteen is cr'ly partially removed aker bermet:.
seal bas been broken. By replacing the screw cazs,
conlaxination by moistura and dirt will be retazdes,
but the Inerfeen must be tested just before usi-<.

Storage Tank. The storage tazk should :e
mouxuied on piers so that it will not {cuck the grou=2,
a=d will be accessivle to 2ll points fer inspectc=
for leakage.

It is desirable to maintain the temperaturs ¢f tte
Inerteen and task a Ltile abave the tamperature cf
the surrounding air as this prever!s eondezsatic:
of moisture In the tank which would alect the c..
electric strength of the Inertees.

The tank shovld preferably have a eozvex botic=,
ellowing for the installation of a draizn cock at the
lowest point for removing dirt cor tazk scale whict
might settle cul. As Inerieen is heavier than water,
mest all of any water present will, in e rise o ite
top of the Inesteen. A valve scmewkere zear tt:
zor=al top level of the Inerieexn she’d be provide:
for drawing of water-contaminated Inerieea, P
vicon for drawizg o the Inerleen shouid alss b«
made near the botiom of the tank .

BANDLING

Caution: Inerteen is a skin irritant, Un.
necessary contact with the liguid or its vapor,
.. particularly when it is hot, should be avoides.
_ Especially the syes, nosa, and lips are effestes
“when Inerteen comes in contact with them.
Certain szfety precautions must be obsesved
when handling Inerteen.

1= case Inerieen comes in contaci with the s.r._
the pacis afected should be thoroughly wasked
soapy weter end fllowed by axn a'aph-atc- :'I
cold cream. A supply of these materals s:iow .-
.be kept available at ell times where pemc
are wosking with Inerieen, Cochinued expes

txposed io the weatker, Scals shewld be ky‘t th54 §)gey. cause enuplicas on certain L.d..'ndua_r -

untl the Inerieen is actually needed.

to the absoprcn of Inerieen through the per::
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RECEIVING, RANDLING, STORING

of the skin. Cleanliness among-worknen bandling?
Inerteen i1 & very good safeguasd against such |
2Hects. Application of caster oil is recommended

L

- 'lor the eyes, castor cil or cold cream for the nose

and lips.

He!l appanatus should not be opened except in
well.ventilated places. Large quantities of inerteen
should be Barndled in a closed system. Workmen
should be protected fom frequent contact with any

appreciable vapor concentration and kom fequent

skdn coplact with Inerteez.

In case Inerteen is spilled on cne's clothing, the
clothing should be changed as soon as possible and
the soiled clothing laundered before it is worn again.
Gloves such as Westinghouse S¥1379 974 should
be wom when it is necessary to put one’s hand into
Inerteen or when parts of apparatus must be
handled wet. '

Mineral oil is completely miscible with Inerteen
and §t is practically impossible to separale them.
Therefore, it is imporiant to avoid contaminating
Inerieen with 2ny kind. of oil, since ils presence
changes the non-inflammable and non-explesive
characteristics of Inerieen.

Note: The Inerieen should be sampled cnd

\__‘tested before beipg transferred from the coa-

toiner to the cpperatus, particulerly in cases
where the wire lock-secl hAas been broken. In
cases where the cpparctus is received with the
Inerteen instelled, the Inerieen should be sanm-
pled and tested before the apparatus is put into
service, as described later in this book

Wken puting new apparatus into service,.see
that the apparatus tank is &ee Lom moisture and
foreign material,

Although the drums and tank cars are thoroughly
washed and dried at the refinery belore filling, a
vertain amount of scale is sometimes locsened kom
the inside in transit Therelore, lnerieen whick bas
not been filtered should be strained through three or
more thicknesses of muslin, or other closely woven
cotton cloth which bas been thoreughly washed and

dried to rexmove the sizing. The straining cloths may

be eirelched across a funnel of large size and should
be renewed at frequent intervals,

Important: Extreme precautions must be
taken to insure the absolute dryness and
cleanliness of the apparatus before {filling it

" with Inerteen, and to prevent the entrance of

water and dirt uring the transfer of the Iner.

teen to the apparatus, 50 9510

»

The preparation and filling ef outdoor gppuuul
should prelerably be done cn a clear, dry day; i
this iz not pessible, prolection against moisture must
be provided.

All vessels used for transierring the Inerieen
should be carefully inspecied to see that they are
absclutely dry and free rom contamination,

Important: Always use all-metal hese or
pips when handling the Inerteen. A hose madse
of natural rubber should not be usad. Inertesn
can easily become contaminated from the
sulphur in the natural rubber, and should not
bae allowed to come in contact with it,

When it is necessary lo transfer Inerteen Hom
warm surroundings to apparatus axposed to extreme-
ly cold weather, even when the dieleciric strangth
at room temperature is high, it is desirable to cir-
culate the Inerieen through an Inerteea conditicner
at room lemperature. A similar procedure is also
advisable in the case of apparatus erected inside
and later exposed to cold weather, the reasen being
that Inerteen will absorh more water at higher
temperatures which will be thrown out of selutien
at lower temperatures. The remainder will be in
suspensicn in the Inerieen and will lower the di-
electric strength,

A drur of cold Inerieen whea taken into a4 warm
room will “sweat”, and the resulting moisture oz the
suriace may mix with the Inerleen as it fows from
the drum. Before breaking the seal, the drum should
therefore be allowed to stand long enough {o reach
room temperature, which may require eight bours,
or even longer under extreme texmperature coadi-
Yons,

Cleaning Contaminated Drums, The clean-
ing of drums which bave contained used Inerieen
requires great care in order to lnsu.ro a thoroughly
clean drum. . )

It is preferable to retura such drums to the
supplier where adequate clecaing facilities are
available, rather than to atlempt to clean them,

1f it is necessary o clean such drums, the following
procedure is recommended:

Rinse the drum theroughly with gasoline or ben-
zine, using about one gallon each time, untl the
solvent shows no discoloration after using. Allow
{t to drain, then pump out the last traces of sclvent

: with a vacuum pump, using & brass pipe flatiened

at the lower end to explore the corners of the drum.
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. STORING

Cantion: Do net use a stes! pipe becausa of

the danger of a spack igniting the gascline er
ben=ine vaper.

Next, beat the drum with bunghole down, in a
vextilatec oven at a temperature cf a! least B8°C.
(1S0°T.) for sixieen bouss. (A simple oven for this
purpose may be made from shest metal and heated
with stea= cr aa eleciric heates.) Blow out the drum
with dry nirogen or dry air to remove any lnger.
ing explosive vapors, Screw the bung on tghtly
belore removing the drum &em the oven. Use a
new washer with the busg to insure a tight seal

Cantion: Open Haimaes must always be kept
away from the oven to prevent igniting ine
farmmable gases which rnight be remaining
in drum when placed in the oven.

Refilling Drums. The practice of refilling
drums with Inesteen is undesirable and should be
avoided whenever pessible, for unless the utmost
precautons are lakes, the Inerteen is likely to
become contaminated.

L »y >
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- SANPLING

A good hreproof insulating liquid is cne that will

act as en insulating liquid, will carry the heat away

brem the apparatus, a=d is fHreprool Westinghouse

Inericea meels these :ecm.zremeats with the follow.
i=g ctaraciesistics:

1. Eig: cisleckric sizrength.

2. F:ee-:ic:; &om incrganic acid, alkali, and cor-
zosive sulphur (To preveal izjury to insula-
tioz a=d ¢onducicrs)

3. Low viscosily, (To provide good hoa! transier)

4. Low pour poinl. -

S. Fireprock -

CAUSES OF DETERIORATION

L. 'I'ho pnnczpa.l causes of de!enonhbn of Inerieen

.....
ll.—. % sasa
~ .

1. Presecca ef walu. -

2. Azcing. ) \

Condensation frem moist air due to breathing of
the 2pparatus, especislly when the apparatus is
not continuously in service, may injure the Inerteen.
(The moist-air drawn into the apparatus condenses
moisture ca the surface of the Inerieea and inside
of t5e tank ) The Inerieen may also be contaminated
with water through leakage such as krom leaky eocl-
Ing coils or covers,

Arcing or burning in lnerieen produces finely
divided carton and gases wkich are mosily bydso-

If it ts necessary to rekll them for storage, dro=s

~ which bave beez nsed oaly for cleas, dry lnestees

should be reserved lor this purpose. They skeuld
be closed immediately after being exmptied, to ez.
clude dirt and water. After refilling, they shzouid
be exazmined to ses that they do not leak.

Whesever a drum is to be filled with Inerteen,
the tezperatuze of the drum and of the Imerices
szould be at least 5.5°C. (10°T.) higher than tne
aiz, but the temperature of the drum need ot be the
same as that of the [nerteen.

& zow washer should be used with the bung each
Kme the drum {is refilled, to insure a tight seal
These washess may be obieined Bom the nearest
Westiaghouse Olfice and it is recommendes that &
supply be kept o2 hazd. Natural rubber cemposi-

ton washers thould never be used as they would

be attacked by the Inertiesn.

Druz=s to be refilled wilk Inerieea for storage
should be plainly marked wilh paint for identitization.

AWD EMSPECTION

gen chloride, Hydrogea chloride in the preseace
of muisture forms hydrecklonic acid wkich may soen
darxage the insulation in the apparatus and cause
rusting of ferrous materials,

Sizes bydrogen chloside is formes quickly siter
the arcing occurs, neither the Inerieen nor ke
appesatus should be exposed to the atmesphere
(which always coniains more or less =oisture)
nxtl an attexpt bas beea xmade to re=ove the kydro-
gen chlorice, See Reconditioning, Page 7, for the
methed of pusification,

:50 051%4aMPLING INERTEEN
The dielectric sirength of Inerieen (s aHecled by

- . the most minule braces of certain impurities, pasiic- *

ularly water. It is important that the greatest caze be
taken in obtaining the samples and {n handling the=

to avoid contamination. There have been low di-
olec"zc test resulis seporied bom the field which,
uper investigation, bave been lound to be largely
a meller of carelessness in handling,

AN sa=mpling and lesizg equipmeat must be
thorougkly dry and clean. It is recozmended that
sampling and lesing equipment used for Laadling
Inerieen and servicizg Inerieen be used for no
other »urpose. Care must be used in taking sa=zles
of [nesieen and sealing them prior to testng. It is



- SAMPLING AND INSPECTION.

derirable that samples of lneriesn be unov‘od Eom

. .. any confainer on clear days caly, and when the

-

L=

7 perature of the Inerteen is at least as high as the

- [ -»erature of the surrourding air,

b
]

Use only tin contairers with scrswed metal caps
or glass boltles with Inerteen.resisiant stioppers to
hold Inerteen samples. If it becomes necessary to
use other than factory sampling containers, they
-should be rinsed with clean zaptha, washed with
strong soap suds, and rinsed thoroughly in bot
water, and then dnod at appromately 10°C. for

: four hours with neck down in a circulating air oven.
" .. If the containers are not used immediately afler

cleaning, they should be sealed Hghtly and stored
in a dry, clean place. /,A -/

Provision is mace on all Inerteen transiormers to
cbtain & top sample of the Inerieen, bowever on a

" transformer hat is in operation, a sample may be
* taken from' either the top or bottom since any
.. ' moisture present will be =mixed in, due lo circula-

ticn of the Inerteen. In sampling, allow a small
amount of Inerieen to run out to Sush the sampling
coanection clean before collecting the sample. The
Inerteen should be put in'e the sample conlainers
immediately and the caps screwed on tightly. The
" " n lor each container should be marked clearly
_ 1 the serial sumber of the translormer or com-
periment from whick the Inerteen was taken.

Before taking samples &rem a storage tank, the
Inerieen should be allowed to seitle for approxi-
=alely twelve hours 5o that if there is any moisture
preseal, it, baving a lower specilic gravity, will rise
to the top where the sample is to be taken. A clean

" sceak-thief should be used fo obtain the samples,

' .asenha.lly, the same precautions to prevent mois-

. ture and dirt contamination should be used as out-

" lined above.

" Quantity of Sample. It is recommended thlt

‘. one 16 oz, botlle of Inarteen be taken as a sample for " -

testing, At least one sample should be taken from
a tank car of Inerieen, One sample may.be taken

. hom eack’ drum, or i desired, a composile sample

~

may be made fom Inerieen from &ve drums, pro-
vided all of the drums a-e airtight, When the bung
is first Joosened, a hissing sound should be heard,
which indicates that the drum has been airtight. If
the test of the composite sample is not satisfactery, a
a:nple from each of the drums :ep:esea!ed sbould
b tested.

- When drums have been stored exposed to the
weather, a sample from eack drum must be tesied
to determine if it is mhblo for use.

R

PERIODIC INSPECTION

1t is desizable that periodic inspections of Inerteen
apparatus be made and that samples of Inerisen
be taken fom each and from all compartmerts
of any apparatus and tested after a short peried of
service (approximately three months for transfor-
mers). Following this, when operating conditions
permit, routine sampling and testing of the Inerieen .
at intervals of six moaths to one year are suggested.
Accusate records should be kept of such inspec-
tions and tests and {f the Inerieen shows a di-
electric strength of less than 22 kv, it should be
conditioned. If faciliies are not available for
testing Inerieen, see “"Westinghouse Inerteen Test.
ing Service'' below, and also PL. 44-850, When
an appreciable amount of Inerieen is removed
from any apparatus, it should be replaced with
an equal amouxnt of new Inerteen so that the liquid
leve] in the apparatus is maintained. The Inerteen
used for replacement purposes should have a
dielectric strength of not less than 30 kv,

INERTEEN TESTING SERVICE
Many users of Inerteen do not have the necessary

[acilities fer testing it. In order that these users

may be eble to make the periodic tests’ recom.
rended, Westinghouse Heciric Corporation has
established an Inerteen testing service to provide
s careful test by expesienced engineers, and a
prompt repoit of tes! results,

Two special 16 oz, sample botitles per mailing
confainer (W) S&1608 €29, as well 2s necessary
packing and printed maller, may be obtained by
conlacting the nezrest Westinghouse Office. (The
botile and the container will not be returned to the

" customer.)

AHter drawing the sample of Inerieen, the cus-
tomer should seal the bottle and mail it to the Westing.
house Electric Corporation, Plant Laboratery, Sharon,
Pa. To simplify these delails, an instruction and
order sheet and a printed return label have been
included in the carlon container. The instructions
cover the taking of the sample and its proper prep-
aration for wmailing, The order sheet must be
sent to the pearest Westinghouse Office.

When samples of Inerteen are received for test-
ing, they ase sent to the Flant Laboratory and tested
in accordance with methods described under “'Test-
ing Methods,” which follows and is part of this
Instruction Bock. 800517

In addiion to dielectric tests, Westinghouse is
also prepared to make a physical and chemical ex.
amination if so requested. (The customer should
plainly {ndicatethe type of service desized.)



oAl LING AND INS¥ TION

The phycical asd cherical examination consisis
of a2 examinatica of te Inerteez by a competent

chemist, Recommmendations will be made as to the -

suitability of the Inertees for conlisued use, whether
it would be desirabie and economical to cleas i,
and in & geaeral way, the preferred methed of cleas.
ing. In sub=miting samples Ior this service, the

C’Ez ERR

CF-ARA QTSRIS‘I‘ICS

Inerteen is chemically stable. It is straw-yellow
in color. It is pot a¥ected by reachca with other
materials requlasly used in the manwiacture of
Inerieen apparatus, It is mezoxidizrzy and zon.
comresive at te=peratuses cendderably above thase
aormally obtained in laerieez apparatus. Inerieen
will sot siudge under any operating condition.

The dieleckric stexgih of Inerteen will compare
favorably with tha! of imsulafag eil when fested
under the sime concitions. Quelity semples of
Inerteen lested under leboraiory conditisns may

“ow a dieleciric stvengik in excess of 40ky. Care
ust be exercised iz handling and testing Inerieen.

Ineriee= must be kent iz clean, sealed containers to
prevezt less by evaperatsa or conlemimation by
meishure or dist,

Izerieen exeris a strizj ssivex! aclion on most
varnisher, gu=s, and peizts. Such materials are
ac! ured in the comsiructcz of Inerteen apparatus,
No malerials should be uced iz Ineriees apparatus
except those approved by e Westinghouse Electric
Corporation. )

Ineriees has 22 irritating eHect upon the skin.
It it is necessary to bandle it, see the caution note

under Recsiving, Sioring, and Handling. (See

Page 3.) It should be remembered that xmineral ol

is ‘cempletely miscible with Inerteen; in fact, i is °°

practically impossible lo separate mineral ofl and
Inerteen. . : :

Specifi¢ Characteristics of Inerteen. As
sutlized in “"Method of Testing Askarels AS.TM.
2901, the specitic chu'ac'le':shca ol Inerieen are:

1. Burn point: Noze -

- &, Chemical stability: No gezeration of iree
L chloridesunderzorzal oper;fng conditiozs
3. Color: (Maxizmum) 100 AP ¥

4. Conditicn: Clear 500513

RRS""ECS AND RECOT

\

h.!.sbry of the Inerisen nprucnted skould be ¢ives
as co=pletely a3 possikle.

Power facier test of Inerieen at 80 cycles ca= be
made,

(For details zefer to the mearest Westingh=:sa
Office.)

HDITIONTNG

5. Dielectric constaat
Al 1000 cyeles T7°F (25°C), 5.7 1o &.2
At 1000 eycles 212°F (100°C), 4.8 t0 5.0
€. Dielectic stength: (Minimum) 77°F (25°C)
At point of skizment, 38 ky
At point of receipt, 30 kv
2. Electrical resisivity: (Mini=musms)
500 z 10* obms/cm? (212°F (100°C) at 50C
- volsdee)
8. Power factonn .
At 60 cycles, 27°F (28°C) 252
At 60 cycles, 212°F 100°C) 2593
9. Fixed chlorine content (Minimum) 42 pe:-
cant
Free chlorides: Less than Q.10 ppm
Neutralization pumbern: Less than O 014 =s.
of NaOH/gra=.
Pour Point: (Maxdmum) plus 7°F (minus
14°C)
Refactve index:
At 77°F (25°C), 1.624 t0 1.626
Specific gravity:
At 60°FT/60°F (15.5°C/15.5°C), 1.381 to
1.392
Dezsity: 11.5 pounds per gel.
Viscosity:
At 100°F (32.8°C), 82-92 seconds
12,2 oisture (Va.nmnm) 35 ppm

S RpcoNDITIONING
Recondiiozing will be necessary to remove

10.
11,

12,
13,
14.

15,
16'

"wates, dirt and hydrogen chloride whick may be

present and contamizating the Inertees.

The blotler &lter press and the Inerteen condi.
tioner (beth of which will be explaine? later in this
bock uader “Apparaitus for Reconditioning’) will
zemove water and dirt deposits which may e pres.
ert. Of the twe methods, the Inerteen conditioner
is the most eHectve in removizg these two cozlaxm-
{naling agents. Any equipment used lor Kllesizg
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CHARACTERISTICS AND RECONDITIONING -

. .11,‘ “en should first be ﬁonugﬂy cleaned with

bi-se or paphtha. Every trace of any material
foreign to Inerteen must be removed. I at all pos-
sible separate equipment should be used for filter-
ing Inerteen only.

KEydrogen chloride, caused by arcing, may be
eliminated by vigorously bubbling dry aitrogen
through Inerteen. The nitrogen should be passed
through the drain valve at the bottom of the appara-
tus and allowed to escape through a vent at the
top. The nitrogen should be discharged through a
Pressure regulator attached to a stand pipe above
the level of the Inerteen in the apparatus to prevent

e Inerieen from flowing into the regulator. The -
zitrogen should be bubbled through the Inesteen at .

a rate of cne to three cubic feet per minute for a

" period of four to six hours, This will require fom

O

TESTING

FESER
Izstructions for all tests listed corzespond in gen-

eralto the recommendations of the American Society

“Tesking Materials,

DIELECTRIC STRENGTH TEST

Apparatus. The testzg iraasiome: and the
sotxce of supply of energy sball not be less than 15
kva, ard the frequency shell not exceed 100 cycles
per second. Reguiation shall be so centrolled that
the high tezsion testing voltage taken fom the
secendary of the testing trazsformer can be raised
gracdually without cpening either primary or second-
ary circuit. The rete of rise shell approximate 3000
velis per second The voltage may be measured by
22 approved method which gives root-mean-square
values.

Scme protection is desirable to prevexnt exces-
sive flow of currert when breakdown of the Inerieen
takes place. This protection preferably should be
in the primary or low voltage side of the testing
transformer. It is not especially important for trans-
formers of 5 kva or less, as the current is limited by
the impedance of the transformer.

The standard test cup for helding the sample of
Inerieen shall be made of a material having a suitl
able dielectric streagth. It must be tnsoluble in and
‘inatiacked by Inerieen or gasoline, and nen-absorb-
2nt as far as moisture, Inerieen, or gasoline are
concerned.

The electrodes in the lest cup between vihich the
semple is tested shall be circular dises of polished
hrase or copper, 1 in, in diameler, with sguare (80°)

\

two to.eight cylinders (220 cu. . each) of dry
nitrogen, based oa apparatus containing 150 to
2000 gallens of Inerteen.

Immediate application of the bubkling process
will reduce the. destructive action of the hydro-
chbloric acid on the working parts and insulation,
thereby making it likely that the materials zot dam--
aged by arcing may be used in repairing the appa-
ratus, Also, use of the process will in most cases

" make it possible to satisiaciorily reclaim the arced

Inerieen.

After the hydrogen chleride has been removed
by the bublbling process, the Inerieen should be
reclaimed by use of an Inerieen conditioner.

There is no commercially sujtable methed for
separating transformer oil from Inc:teen.’

WMETEODS

edges. The elecirodes shall be mounted in the test
cup with their axes horizontal and coincident, with
a gep of 0.100 in, between their adjacent faces, and
with tops of electrodes about 1% in. below the top
of the cup. (A suitable test cup is shown in Fig. ],
and portable testing outits in Figs. 2, 3 aznd 4.)

PROCEDURE

The spacing of electrodes skhall be checked with
a standard round gauge having & diameter of 0.100
in., and the electrodes then locked in position.

The slectrodes and the test cup shall bs wiped
clean with dry, calendered Lissue paper or with a
clean, dry chamois skin and thoroughly rinsed with
Inerteen-iree, dry gasoline or bens=ine uxntil they are
entirely free from fibers.

The i{est cup shall be filled wiogﬁ.s 14-&..

gasoline or berzine, and voltage applied with uni.
form increase at the rate of approximately 3000 volts
{rms) per secend until breakdown occurs. If the di.
electric strangth is not less than 25 kv, the cup shall

. be considered in suitable condition for testing the
Inerteen. I a lower test value iy cbtained the cup

shall be claaned with gascline and the test repeated,

* . Note: Evaporction of gosoline from the

elecrodes may ckill them sufficiently to couse
meisture {o condense on their surface. For this
reason, cfter the final rinsing with gasoline,
the fest cup should be immediately filled with
the Inerteen which is being tested, ond the test
made of once, or the electrodes should be
thoroughly dried before using.



* PESTING METHODS_

The temperature of the test cup and of the Izer.

{esn wken lested shell be the same as that of the

__ ream, which skould be between 63T and 86,

,\ 7} (20°C and 30°C.) Testing at lower temperatuces is

- likely to give vezable results which may be mis.
leading.

The sa=ple in the container shall be agilated
with & switling mston (io aveid introducing air) so
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2. Partable Qil Tasting

b p{<]

Set, 14 Rva, 25,000 Volts

a1 lo miz the Inerteen thoroughly before filling 1te
test cup. This is even more imporiast with used
Inerteen than with new Inerteen as the impusities
may be precipitated and the test may Le misleadi=<,

The cup sball be filled with Inerteen to a height
of no iess than 0.79 in. (20 mm) above the top oi tte
eleszodes.

The Inerteen shall be geztly agitated by rccicag
the cup and allowing {t to stand in ke cup for
three minutes before the Krst and cne mizute beiore
each succeeding puncture, This will allow air
bubbles to escape. .

Voltages shall be applied and increased u=i.
formly at a zate of approximately 3000 volts (=s)
per second until breakdown occurss as indicates by
a coniizuous disctarge across the gap. (Ocsasizzal
momentary disckarges which do zot result in a per- -
manent arc may occur; these should be disregarded), .

TESTS

a. Fxcept as specified in (b) one breakdown test
shall be made o= each of five fillings of the test cup.
If the average deviation &om the mean exceeds 10
percent or if any i=dividual test deviates more taz
25 percent from the average, addilizzal lests shal
be made. The dieleciric streagth stall be deter.
mined by averaging the first five tesis that coziarz
to the aliowabie va-iations.

b. When Inerteex is tested in consideratle guz=.
ily, o toat the Eme required for tectzg is exze:_.ve
and whez it is mesely desized to deler—ize whelier
the breakdcwn safely exceeds the it specifies, or
in those cases wheze the amount of Inerteea evall.
able for test may be very limited, cze breaks=uw=
test shall be made on each of two Ellizgs of the test
cup. I peither breakdown is below this value, the
Inerteen may be considered satisfaciory aad =no
further tests shall be required. I either ci tte
breakdowns is less ttan the specibed value a break.

: . down shall be made on each ¢f three additczal

Ellings and test zesults anelyzes in accord:zce
W‘ith (a)o ’ '

Report. The repert shall include the volis ir=s
value) at each breskdown and the average ci the
two or five breakdowns and the lex=perature & the
Ij:brieen at the Eme of the test,

219

FOUR TEST

Note: The procedures covered by tke follzw.
ipg iastructions for the pour test, cad especiz!.
ly the zeutralization test, require spec:‘a!‘e quip.



TESTING MLTHODS

mexnt. The peutrolization test must be made by
. @ competent chemist prefercbly cae speciali-
i © in this particuler field, Custezers who do
possess these facilities are offered, at
somincl cost, the use of the Westinghouse
Iperteen Testing Service. Coatoct the pearest
Westinghouse Office for details.

The pour point of Inerieen is the lowest temper-
atove &t which it will pour or flow when it is chilled
without disturbance under certain detinite specified
conditions. °

Apparatus. The lest jar (see Fig. 4) shall be
clear glass, of cylindrical shape, approximately 114
in. inside diameter and 415 to 5 In. high, with a flat
bottom. An ordinary 4 oz. Inerieen sample bottle
may be used if the lest jar is not available,

The cork shall &t the test jar, apd shall be bored

centrally to accom=odale the test thermometer.

The thermometer shall conform to A.S.T.M. spec.
ifications for pour fest. It may be ordered as:
AS.TM. thermometer low cloud and pous, —70°F
(—56.7°C) te 70°F (+21.1°C).

" e
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F1G. 3. Portable Trunk Tyﬁc Insulating Liquid and
Ingulating Testing Set, § Kva, 30,000/60,000 Volts

an

”

The {acke! shall be of glass or metal and shall be
watertight, of cylindrical form, fat botiomed, about
42 in. deep, with inside diameter 14 In. greater
than outside diaxeter of the test jar,

A disc of cork or felt 1 in. thick and of the same
diameter as the inside of the jacket shall be placed
in the botiom of the jacket

The ring gasket shall be about 3f; in. thick, made
to £t smugly around the outside of the lest jar and
loosely inside the jacket This gasket may be made

" of cork, felt, or other suitable maierial, elastic .

enough fo cling to the test jar and bard enough to
Bold its shape. The purpose of the ring gasket is to
prevent the test jar rom touching the jacket.

The cooling bath shall be of a type suitable for
cblaining the required temperature. The size and
sbape of the bath are oplional but 2 support suitable
{or holding the jacket firmly in a vertical pesition s
essential, Yor determination of very low pour points,
a maller insulated cooling bath may be used and
the test jar placed directly in it. The required bath
temperature may be mainlained by relrigeration if
available, otherwise by suitable freezing mixtures,

Procedure, The Inerieen to be lesied shall be
brought to & temperature at least 25°F, (14°C.),
ebove the approximate cloud point. Moisture, i
present, shall be removed by any suitable methed,
as by filtration through dry Elter paper until the
Inerteen is perfecily clear. (Such &liration shall be

made al a temperature at Jeast 25°F, (14°C.), above

the approximate cloud point.) The Inerieen shall be
poured into the test jar, to a height of not less than
2 in. or more than 214 in. When necessary, the
Inertesn shall be heated in a water bath just encugh
8o it will pour into the test jar.

The test jar shall be tightly closed by the cork
carrying the test thermometer in a vertical pesition
in the center of the jar; the thermeometer bulb should
be immersed so that the beginning of the capillary
shall be 13 in. below the surface of the Inerieen.

Heat without stirring to a lemperatuzre of 115°F.
(46.1°C.) in a bath maintained at not higher than

'118°F. (47.8°C.). The Inerieen shall then be cooled

to 90°F. (32.2°C.}) in air or in a waler bath approxi-
l_::ately T7F.(25Chin lcmpgratun.

The cork or felt disc shall be placed in the bottom
of the jacket and the test jar, with the ring gasket,
1 in. above the boHom, shall be inserted into the
jacket: The disc, gasket, and inside of jacket shall
be clean and dry, ‘

5100516



" TESTING METEODS..

* Dusing the ca.ei‘.ng of the Ixerieen, care lhaIl be
taken not to distuzh the mass of the Inerteez zor to
permit the thezmomeler to shift (o the Inerteen.

The temperature of the cocling bath shal ke

adjusied so ha! it {s below the pour point—2z;roxi-
sately -25.6°F (-32°C)—ci the Inerteen by =c! less
than 18°F. (£.3°C) nor mosre than 30°F. (16.7°C),
and the coclizg bath shall be maintained at this
lexperature throughout the test. The jacket con-
taining the test jar shall be supporied frmly iIn &
vertcal position in the cooling bath so that zol more
=.di=z -' el e . .

Beginnine at a temperature 20T, (L1.1°C.) above
the e spezied pour point, at each lower test-thermom.
eter reacding -which is a multple of 5T, (2.8°C).
the test jer skall be removed fom the jacket care-
fully a=d shall be tilted just suficiently to e-certain
whether there is a movemen! c! the Inerieez (= the
test jar, The cs=rlels cperaton of remeval and
replacement shall require oot more thaa tiree sec-
onds, As socz as tke Inerfeen in the lest jar does

;.- han 1ia ef the jacket projecis cut of the cooling

not flow whex the jar is Hited, the test jar shall be

T1G. 4. Kpparatus for Pour Tas
T [} ‘r.

[}

teld in a horizantal pesiticn for exacily Hve secsz 2y,
as noted by a siop watch or other accurate tizg
device, and chserved carefnlly, I the Inecee:z
shows any movement uzder these conditicns, the
test far shall be immediately replaced in the jezxe:
acd the sa=¢ procedure repeaied at the nex: le=.
penature reading §°F. (2.8°C.) below the previcus
reading.

The test aball be continued in this manner v=x!,
point {s reached at which the Inerieen in the tog
jar shows Do movement when the lest jar is held in
a borizontal pesition for exaclly Eve seconds. Tae
reading of the test thermometer a! this temperaturs,
corzected for error i necassary, shall be recorsed.
The pour point shall be taken as the temperaiuze
S F. (2.8 C.) abeve this solid point.

NEUTRALIZATION TEST

Tze Neutralizalion Number {s the nu=ter of
millicre=s of potassium kydroxide reguired io zex.
tralize t~e¢ acid in cne gram of Inerteen.

Solutions Required.

a. Standazd Potassium Hydrexide Selutizz (2lzo
holie, 0.1 N)—add € g. of c.p. sclid KOH to 1 Liter ef

" e.p. enhydrous isopropy} aleohal. Beil, add 2 q. ¢f

c.p. Ba (OK)2 and boil again. Cool, lter a=d stcre
ir & ctecmically resistant bottle protected by & guass
tube conlaining soda lime axnd ssfa eshestcs
(Ascarsite). Standardize ageinst pure potassiuz azic
pEi-elate using pheaolphthalein as an indicatsr.

k. Titzation Solvent—Add S00ml. of c.p. bezzsze
ené 5 ml of water to 495 mi of c.p. aniyircus
isoprepyl aleshel, -

c. Alpka-Napktbolbezzein Indicater Solutea—
Prepace a solution conlzining 10 g. ef alpka-napizel.
berzain per liter of ¢.p. ankydrous isspropy! alcobel.

Procedure. Inlo a 250 m] Ezlenmeyer fack
{ntroduce - 40 g. of Inerieen weighed accuralely.
Add 100 ml of the Etration solvent and 3 ml of the
indicator solution. Titrate immediately at a tepera.
ture below 30°C. Consider the enc point def=ite
if the color change to green persisis for 15 seceads.
A blank shall be deter.:'.i:.led cn the sclvent

Calculations. The neutralization su=ber or =3

KOH per g. of I:ertun-m-a 0,?’: 56.1

A=ml ROH sclusion required for saxzle,
F = ml KOH solution required for blanx.
N = normality of KOH seclution.
W =crams of sample used.
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APPARATUS FOR RECONDITIONING

APPARATUS FOR RECONDITIONING

) ;f:ero are several types of reconditioning appa-
ratus available, the relative advantages of each of
wkich are as follows:

1. The Inerteen Conditioner is the most effective
method of removing moisture, dirl, and other coa-
taminating materials from Inerteen.

2. The Lilter press is suitable for treating Inerteen

confaining only small quantities of water and dirt,

INERTEEN CONDITIONER

The Inerteen Conditioner consists ¢f & clay con-
tainer, clay filter, a motor-driven positive pressure
pux=p, allendant velves, gauges, and relie! devices,
all mounted on a commen base,

The molor and pump are combined as a unit and
8 strainer is provided on input to the pump to pre-
ven! entrance of large particles. The units are de-
signed to operate under working pressures up fo 60
psi. However, the usual operating pressure is 30
psi o 40 psi. Excessive pressuzes are prevented by
two aufomatic by-pass valves. One by-pass valve
" iecled across the pump is set to by-pass the
"-.~leea at a pressure of 60 psi to 70 psi. The other
by-pess valve is coanected con the discharge side
of the conditicner. This latter by-pass valve, releas-
ing at a pressure of approximately S psi, will avoid
breaki=z the trarslormer relief diaphragm when no
cther relief is provided. Pump pressures are in.
dicated by a pressure gauge,

Seven GPM Unit. The activated clay is con-
tained in a tank rmounted on one end of the filter
bame. This tank is provided with a cover which
incorporates an air-trap and vent to remove air
which might be present in the fank and piping.
The Inerteen is pumped up through the clay, insur.
ing thorough agitation ‘ef the clay and Inerteen. The
Inericen is passed through a wire screen prior to
entering the paper filter to remove practically all of
the clay. The paper filler consisis of 18 frames and
17 plates, aliernately spaced, mounled in a ycke.
Oze sheet of filter paper is used between each
plate and frame to provide a gasket seal and remove
all traces of clay fom the Inerieen. (See Fig. 8).

Three GPM Unit. This unit utilizes two tanks,
one within the other. The activated clay is beld
4 “the inner tank by suitable screens at fop and
_<<dom. The space below the inner tank is complete-
ly sealed off {rom the rest of the space between the
two tanks, The cover is of double-deck construc-

“Yilies pagper and acyvated clay may be ablalnsd brom the Wesliaghouse Shares Ploal

Yon, incorporating the top screen for the {nner tank
and the solid cover for the cuter tank. The Inerteen
Is pumped inio the lower space and is forced vp
through the activated clay, insuring therough agita.
tion of the clay and Inerieen The Inerteen is passed
through the fine mesh upper screen and cut into
the space between the two lanks, The discharge
pipe is at the lower end of the outside tank and any

" air in the Inerteen is trapped in the upper space of

the cutside tank where it may be drawn ofl,

Since the density of Inerteen Is considerably
greater than that of water, moisture will float on the
surface of the Inerteexn. It is, therelore, considered
advisable to conditien Inerieen from ihe top and
zeturn it o the botiom of the Inerteen filled appara-
tus.

One charge of clay is composed of approximately
40 pounds of 15-30 mesh activated clay.® This rela.
tively large volume of clay makes only occasional
changes of clay necessary, depanding of course on
the amount and condition of the Inerieen fliered.
Normally one charge will condition appreximately
3000 gallons of Inericen. The coarse granulated
clay used gives maximum suriace contact between
clay and liquid and makes possible a rapid and
thorough mixing of the clay and Inerieen to accom-
plish complete reconditioning of the Inerteen as it
passes through the clay tenk. The clay granules
are removed from the Inerieen by means of Lne
screen in the 3 GPM ilter and by screen and paper
in the 7 GPM filter.

The clay never passes through the pump to cause
wear on pump paris and consequent loss of pump-
ing capacity. As soon as the charge of activated
clay is placed in the tank and the cover clamped in
place, the unit is ready for immediate use.

. Neither clay nor filter paper can be efHectively
‘dried of water after they have once become
saturated with Inerteen. Therefore, extreme care
should be taken to see that both clay and filter paper
\are thoroughly dried when placed in the filter,

The clay may be dried in a high temperaturs
oven at 200 deg. C. for six hours and shallow pans
are preferred as containers for the clay while drying.
A paper drying oven may be used if a high tempera.
ture oven is not available, with a drying time ex-
tended to approximately tweaty-four hours at the
oven's highes! temperature, The filter paper should
be dried six to twelve hours at 85°C, to 100°C.,

500518
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T1G.S5. Three Gallon-per-Minute Conditioner

depending e= the conditicz of the peper aad the
spacing of the sheets iy the ove=. Both paper and
clay stould be placed dizecily in the Elter after the
dryine process as eitber, if exposed, will absorb
considerable moisture from the atmosphezs in 3
very short tire,

"Each fress cxarge of clay wo. absorb about three
gellczs of Izeeen. This should be provided for to
prevent depieting the supply in the appantus, but
most of this Inerieen may be recovered when chang-
ing clay.

- This can be accomplished most efectivaly by ze-
moving the used clay kom the Llter and placing it
in a tank of appreximately 30 gallons capacity eon-
taining about 5 gallons of water, The tank should

® .5 have a draia valve at its bottor edge end should
T be Klted somewhat toward this valve. The clay thus
placed in waler, having a grealer affinity for watez,

will give up the Inerteer it bas ebsorbed and become
saturated witk water. The Inerieen being heaviez
than water will £ak to the botom; the clay and
water will fcat on top. Aler settling for several
bours, most of the Inerieen may be drawn off through
the valve. This Inertean may be reconditioned 2ad
used again in recharging the cozditioner. The used
clay should be discarded. ' ,

To Prepare the 7 GPM Conditioner for
Operation. Remove the cover 224 sereen from the

\l

clay tank and Hl the lank with activated clay,
44403, to within four inches of the bottem eige
of the inner flange. Replace screen and cover,
Relsase the pressure-screw of the filter press and
locsez plates and &ames, Place one skeet ci “B"
size bloting paper between the {ace of eack ame
and plate. Care should be used to see that the oles
thru the plates, fraxmes and paper are {3 preper
alignment before the pressure screw is Sghtezed.
Close the discharge, tank by-pass, tank drain, suc-
Hen ané suckica-ltest valves. Open the air disczarge
valve. Pour sufficient [nerteen izto the d=ip pan to
11 the clay tank and wet the clay. This will reguire

_ appreximately eight gallons of Inerteen. Start the

motlor and open the drip pan valve a small axount
so that oot Jess than S minutes are zeguized to &ll the
clay tank, saturating the clay with Inerteen. (¥ Izer-
teen is admitted too rapidly, it will tead to pack the
clay izto the top of the tank.) With the valve at the’
apparatus closed, cpen the sucticn-test valve to
fubject the suction line to pressure and thus check
it for leaks. Stop motor and close suction-test, air
discharge, and drip pan valves. -

To begin conditicning Inerteen in Inerieex £lled
apparatus, open the apparatus valves. Opea the
conditioner discharge and suction valves. At izter.
vals open zir discharge valve to allow trapped 2iz to
escape and close when Inerfeen siasis to fow
through valve. Open drip pan valve 2! inlervals too,
to ramove Inerieen which may have dripped into
the drip pan. ’ )

. Whexn i is pecessary lo change (te clay, Lrst
close the valve in the suction line, ciose the tazk
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APPARATUS FOR RECONDITIL.<ING

tnlet and outiet valves, open the tank by-pass valve,
the tank draiz valve and the air ven! valve o per-
=" ““e {ree Ineriesn in the tank to drain into the
lo.  drip pan. Open the drip pan valve and pump
the Inertesn from the drip pan through the filter
press. Shut down the moter and remove the clay
from the tank and refill with fresh clay as previously
described.

To change the filter or blotting papers, stop the
motor and close suction and discharge valves, Slow-
ly back off the pressure screw, permitting the lner-
tean trapped in the frames to be released gradually.
Then back off the pressure sczew completely, open
up the press and let the surplus Inerieen drain fom
the papers. Replace the saturated papers with clean
dry paper and retigkten the press.

Il the system.seal is not broken, it will only be
necessary {o open the discharge and suction valves
and start the molor to resume conditioning the
Inerieen. .

To Prepare the 3 GPM Conditioner for

Operation. Remove the cover and screen from the .

clay tank and £l the inner tank with activated clay,
4440-3, to witkin four inches of the top. Replace
s- 1 and cover. Close the discharge exnd suction
v _5and open air discharge and drip pan valves
about %3 open. Start motor and pour suHficient
Inerieen into the drip pan to £ll the clay task and
wet the clay, This will require appreximately oight
gallons, Not less than fve minutes should be re-
quired to &1l the clay ta=k and satusate the clay with
Inerteen. With the valve at the apparatus closed,
open the suction-test valve to subject the suction
line to pressure and thus check it for leaks. Stop

motor aad close suction-test, air discharge and .

drip pan valves.

To begin conditioning Inerieen, open apparatus
valves, open the condiicner discharge and suction
valves and start molo: -

At interva.h open dr dbchugo valve lo lol
trapped air escape and close as soon as Inerteen
flows froxm the valve.

When it is necessary io change the clay, first
stop motor and close the valves in the suction and
discharge lines, Remove discharge hose and open
the discharge valve and tank drain valve to permit
the Inerteen in the tank and discharge hose fo drain
L .8 confainer, After draining is complete, remove

“r tank and dump the clay from the Inner tank
and refill with fresh clay as previously described.
The used clay should be discarded.

1A

BLOTTER TFILTER PRESS
The blotter filter press (See Fig. 7) is essentially

_ a number of sets of biotter filter papers o paralle],

sackh set containing several thicknesses. The Iner-
leen is pumped through filter paper which absorbs
the water and strains out the sediment.

Other Classes of Service. Although thers are
other uses, such as cleaning of low-viscosisty insulat.
ing compounds, benzine, elc., it is recommended
that a cleaning device intended for Inerteen rze-

' conditioning should not be used for other elasses of

work, due {o danger of subsequent contamination
of the Inerieen. .

Capacity. The capacity of these machines, with
Inerieen pressure and filtering area fized, depends
on the viscosity of the Inerteen and its keedom om
dirt. With fairly clean Inerteen at cordinary roem
tempezrature, the capacity of the machines will vary
from normal to about 15 percent above normal, de-
pending on the viscosity (which varies with the
temperature). It has been found that the best zesults
are obtained when the Inerieen temperature i
about 50°C. The average warking pressure of these
machines {s less than 40 psi and the pressure reliei
velve is set at the factory to by-pass the full flow at -
fom 60 psi to 80 psi.

Apparatus. There are three standard xizes of
Westinghouse filter presses: B.5, B-10, and A.30.
The letter designales the size of filter paper; the
pumxber irdicates the relative capacity in gallons
per minute.

The complete outlit consists of fillerpress, motor,
strainer, pump, gas trap, pressure gauge, drip pan,
wheels, and piping. The piping is arranged so the
line can be tested for leaks under pressure. All
machines are mounied on a fabricated structural
stoe]l frame. The drip pan can be removed by dis.
connecting cne pipe coupling and four bolts. The
strainer can be cleaned by disconnecting thres bolts,
The pumps are cf the helicalgear type to insure
quietness and smooth Jow of Inerteen. The A-30
pump is connected fo the motcr through flexible
\eouplings. The B-5 and B-10 pumps are mounted
directly on the rear molor bracket and driven
through a helical reduction gear.

The filter press proper is made up ::? lzsgies of
cast iron plates and Games assembled allernately,
with the filler papers between them. By means of a
screw and casi-iron end block, the plates, frames,
and papers are forced tightly together. Except for
a machined rim which serves as a joint o prevent

..‘
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the escape cof Inerteen, the plates are cast with small
pyramids oo both surfaces.

The plates and fames lnn boles in two comers

azd supporting lugs at the sides. The plates bave

ba=dles cast on the lop edge. When the plates and

Eazes are assermbled wilk the flter papers between,
the Boles {crm the inlet and outlet. The frames bave
the holes in the upper cormer connected by s=all
ducis to the micdle of the fame, The plates bave
ducts leading &exm the surface of the plate to the
bole in the lower corner. (See Fig. 8).

The Iserteen eaters under pressure at the top .=

. " corner ttrough the {nlet formed by the boles in the
" bames, plates, and Slter papers, flows into the frames

through the same ducts, and completely &lls the
chazber formed by the rame and two sets of Llter
paper. As thers a-e no contlet ducis in the fare,
the Inerieen is forced tkzough the paper and fows
tlong the grocves between the rows of pyramids
aad out through the ducls provided at the lower
caraer of the plates. The dry flter paper takes up
the moisture and removes the sediment from the
Inesteen,

Operation. The filler press is mace ready for
operatca by plecizg a set of five sheels of flter
paper (that bave beea thoroughly dried in an elec.
tric oven) between each flter plale and frame, The
boles in the filler paser must line up with the heles
in tbe plates and £ames. The sediment is sirained
out by the first laver of paper and the moisture is
takex up by the czrillecy acticn of the paper,

I any ncisture re=ains, it indicales that the Elter
papess are safusated with moeisture ead should be
rexewed. No rule can be given as to how often the
. papers must be changed, as this depends entirely

ca the condilion of the Inerieen. The usual pro-

cedure is to run the mackine for about half an hour
(if the Inerteen is not in very bad ceanditicn) and
then shut down; remove cne sheet kom the inlet

.. side of eack set and putin & new sheet on the cutlet
- 'side of ezch set. (The fame is the irle! side and the

“plate is the outlet side.) Frequent dielectric lesis
sbould be rmade during this procedure as wet Iner-
teen may necessitaie recharging the flter press with
a il set of papers befcre the five sheels have tee
removed in succession. -

The quickest-method of filtering a quantity of
Inefteen is to pump 21l the Inerieen througk the
Elter ard into anolter tank which is clean and dry,
If care is taken to cta=ge the flter papers before
they become saturated, the Inerieen will be clean
and dry. If a second tank for kolding the Inerieen

500621

is rct available, or i it is desired to &ilter the Ine=eez
ef apparatus while it is In service, the Inerieez
may be pumped Eom the lop of the appearatns tank
through the filter and retwsmed to the bottom of the
sare tank under the surdface of the Inerteen. This
operation sbould be corlinued until the Ineteen in
the apparatus tank shows 2 sriHiciently hick dielee-
tric strengtn.

Whez 2 large quaniity of Inerieen ;s to be i sved,
time may be saved by using two Elter presses, cze
of which may be cperated while the other is beiag

recharged. '

Fillering through blotter Hlter papers €z:c =st
malesially reduce organic acidily er improve re-
sislance lo emulrification, although the dieles:zic
sizength may be restored lo a salisfaciory value.

The capacity of the Lller press is much resuced
when operating at low texperatures.

Whez the Ineriesn has to be Kltered at low tem.
peratures, an additional pump in the pipe line is
desirable, . L -

‘Inerieen in’apparatus contarinsted by czly a
small amount of moisture may be recenditiozned ky
érawing the Inerteen &om the lop of the apparatus
tank passing it thoough the filter press, axd pu=p-
ing it back into the botlem of the apparshus, The
Inerteen should be put through the sysiem umxtl 2
sample drawn kom the top of the apparatus gives
satisfactory dielectric values. '

Blotter Filter Paper. The Elter paper veed is
a special grade of Llotling paper about .CZ35 L=
thick; {t contains no coloring matier or chemicals
which might injure the Inerteex. Five sheets cut to
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e proper llzo, 127 in. square for the A sizes and
73/4 in. square for the B sizes, and with holes
iched to correspend with the holu in the plates
| frames, are used between each plate and the
adjacent rames.

To cbtain the best results in teéﬁnd.itioninq Iner.
feen, the paper must be perfectly dry when frst
placed in the press. Filter paper always takes up

=t oy
I

LR SR TRy SO

T1G. 8. Blotter Filter Preas Frame
Showing Bletter Filter Papers in Place

-
» L
LR - VY

wmoisture If exposed o the air for any length of time
and {or this reason care must be used in handling.
The standard paper is carried in packages contain.
ing one ream, carefully wrapped in waxed paper
and coversd with heavy wnapping paper.

Electric Drying Ovens. Electric drying ovens
for use with Type A and Type B filter presses require
2000 watts and 1400 watls respectively. The interior’
of the ovens is provided with rods for supporting
the filter paper to facilitate rapid and thorough dry-
ing. An automatic thermostat baving a range of
E5°C to 120°C is provided for maintaining uniform
oven lempenature. The thermostat is adjusted at the
factory for 100°C, the recommended value, and the
setting marked so that the operator mey convenient.
Iy reset thermostat to 100°C if adjustment is changed.

The standard thermostat-equipped oven is suit-
able for alternating current only, Ovens to operate
on direct current are special and are equipped with
a thermomeler and a manually opeu!ed three-heat
switch,

By.rmoving one rod, the Type A oven.ca.n be used
for drying Type B paper.

The normal capacity of the Type A oven is 240
sheets and the Type B oven is 180 sheets when

spaced 1} inch apart,

500522
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Part 1 — Ineiteen” Insulating Fluid

CHARACTERISLICS

Inateen is » highly pure, synlhictic nen-inllam-
nubl and moscaplosive inslating and couling
liguid. Chemically stable and meatly water while
In color, loericen is potl affcctcd by reaction with
ollies maleriath regulardy used in the manulactuee
of Ioestcen apparastus. Il i3 Ron-Onkdizing and
L ive a3l leapotatuics coasiderably above
ke mwwally obtuicd in Imcstecn apparates.
limtteen will mod shuige undes any nperating
conditon. Waler is the main enemy of lncileca
anud heeping il dry will insuee long service life.

The dieketric slicngih of Incricen wifl com-
pasc favorably wilh that of inslsting odd wicn
tesed under the same condibions. Qualily sanipics
of Incricea tesicd under liboratosy comditions
nuy show o dickectric strcagih in cacess of 40 by,
Cate awal be caceciscd in hadling and (esling
lncricen. lacrleen wust be dept im ciran, scaled
amilainess 1o pecvend fow by evaporalion of
cuonfaminalion by muialuse or disl.

Inciteen eaents a strong solvent aclivn oa most
vatnithes, gums, asd paints. Such maicrisle ace
pol ted in Lhe comstssclion of Incticen sppa-
ralus No walctialy should be used in Incricen
apparatus excepl Lhose appeuved by the Wesling-
house Electiic Carposstive.

Incetcen has an invitsting clfect upon lhe shin.
I it i mocestaty (o hamdle it, aee (he caulive note
on the lithe page. 1l sthould be remenibeied that
minctal ol is completely miscitde with Incricen;

in facl, it is jmpossibic 10 separate mincrz) ol and

Specific Chasacierinlics of lactiern

As oullined in “Mcibod of Testing Askuch
ASTM. DYOL" Ihe specific charscicristics of
Incateen are:

I. Buia point: Nose

2. C(humical slability: No geacration of fice
chilotides umbcr poteal uperating conditions

3, Color: (Maximum) 10U AP

4, Condition: Cleas

5. Bickeotrnc convani:

AL 1O cyches TIUF 1259C), $.7 10 3.9
Al 1000 cyches 2029F (10U%C), 4.8 1 S0

AN e T

6. Dickctiic slicagth: (Migimum) 77V lIS"(".

At point of shipmenl, 35 hy
At poiat of reccipt, 30 by

"7, Electrical Resistivily: (Minimum)

300 2 10¥ ohmgfem? (2129 (1OUPC) @1 S00
volisd <)

8. Powet lacive:
A1 60 herlz, 778 (25°C) 1%

LAL6D herlz, 202V (10U0°C) 252

9. Fized chlorine content: (Minimum) 42 pes-
cent

10. Free chloriddes: Less thaa U.10 ppan

11. Neutratization sumber: Less thas 0.004 mg
of NaUll/gram

12. Pour Point: (Manimuin) plas 29F (mimus
19°0)

13. Relraclive index:

AVITOF (’zs"ﬂ. 1.624 v 1.620

4. Specific gravity:

AL BUOTJ60PF (15.59C/15.99C), 1,380 10 1092
1S. Demsity: 11.5 pousds per gatlon

16. Viscosity:

Al JOUPE (37.89C), 82-92 wronds

17. Moistwse: (Maninum) 35 ppen

HANDLING

CAUTION
Incstern is 8 shin isitand Unaccevary com-
tacy with the diquid or its vapur, paticulasly



when hot, theuld be avoided. The eyrs.
now. snd lps me eticited witn Inrileen
ronws in comtech with them AN salely
recoutions mwst be sbmrved when houdling
Inesteen.

M acosdently apilied on the hands, na shie
iation with occut i the pasly ate Imoughly
~wd with goap pnd wates. Conlinued eapoawe
v cause ciwplions on some individusls due (o
- ahumplion of lmlm thtimigh Ihe puses ol
- hin. llod apy houkl wol be op
rept in & wellventilated sica Lacge quantilics
Incateen shoukd De bandied ia 8 closed system.
12 Inceteen iy spilked on one's chothing, (he
hing tumid be changed st once and Isundeved
fogr hying winm again. lecricen tesistand gloves
wkl b worn when 6@ b necesey 10 work in
Luiewn I Inciteen gets bmla the cyes, Mush with
tve amd get cye Find oid frome 2 physicln.
Mot 0l s recnesme nded (ue Lhe eyes, castus oll
<bin vecans foe the mose snd lips CLEANLI-
NS AMONG WORKMEN IJANDLING INER-
IN IS A VFRY GUOD SAFEGUARD
AINST SKIN IRRITATION.

NOIE
Alnays e sliawisl how ot pipe when
handling the Incticen. Rubbey hoars should
not be wwd. lnestren con eanlly hecoms
snatominzied from the tobbes, sad should
anl be sllowed jo come in conlach with .

Wikw il is sccensary 1o (ransler Inesteen lo
waratus the apparaius maust be at least as warm
tla Tnrsteen AN Jncoscen should be cisculaied
wirgh am Incricen conditiones or filles pucss to
wovr wale of resd.

Vv i of cobt Incricen when lakem into o
s tiwwm will “sweat™, snd lhic resulling
avture am Ihe sutlsce may mis with the
ween 3 il (e Joum the dium. Before
g the neatl, the dsum should thescfore he
wwed 10 damd bong :-nu-h to seach toum
wpctatuse, which may iequise cight boun, o
n longer under exlremt Semperatusre coedi-

"
HRING
wan ’

wnn a3 8 drum of tacrieen hay heen wnloaded
- g shoukl be gaamined sudd dight

dif il is

ose. It is pusuble lur bungs to beoosie haoscncd
by change in lomposature o tough kandling in
tranyil. Be sure all incsteen is tesicd before using,

10 is desisabie that Incsteen in o be stnecd
indnun Culdons Horsge of Irciteen lo slways
Jous (o the | and shoukd be svoided
¥ at all pouible. I it is accensary (0 siute
Ineticen oulsnle, (he druin thouhk! he placed s
that the bungs sc down 10 they we peotecicd
froon moistute. [ i desieatie (0 cover the deums
with a tarpaulia.

TESTING SERVICE

Many users of Inciteen do mod have Lhe necessary
facilitics fus lesding it [n Osder 1hat these uscrs
may be ahle o make the periodic feals recom-
memled, Westinghouse Eleclrie Corposstion hay
esfablished sn Incsleen testing scrvice €0 proviie 3
carclul lesl by eaperienced engincers, and o
prompl repost of tesd resuls.

Two special 16 o1. sample boilles pes mailing
conlaines (W) SPIGURO2Y, my well as necesamy
paching and pwinted malter, m.y be obisined by
coniacling ke acarest Weslinghoose Office. (The
botile and the coalsiner will not be relusaed to
the customes.)

Afles diswing the sanph of Incrieen, ihe
customer shoubd sesl the bottie 3nd mail it 1o the
Westinghous Flectric Corporatsn, Plant Labues-
toey, Shason, Prans. To simplify (hese detaity, sn
instruction sed order alwet and 8 peinted scturn
label have been inchuded in the caslos conlainer.
The instructions cover the lahing of the sample
and ils proper pieparation for inailing. The wrder
sheet must be seut 20 the wearest Westinghouse
Offwe. -

When sanplcs of Incrleen sre received i
testing. Ihey stc scnt (o the Plant Laborstoey and
tested in sccusdance with ssndaed AST.M.
mecthods.

In sddition to diekectiic tesly, Westinghouse is
abo prepaied to make a physical and chemical
caamirations i so soquested. (The customer
should plainly indicsle the type of stavice de-
sised.)

The physicel aml chemical enmnination con-
sisls of sm e wa of ihe | n by a

oy I <hemisl. Recommomistions will be

L



wmade ay (o the suilability of the Inciteen for
conlinued use, whelher i would be desirable and
ccoamnwal to clcan it, 2 in 8 grncsal way, the
picicused mcthod of deaniing. In subknitling
samples fus this seeviee, the history ©of the
Inesteen repwcsented should be givea a5 cum-
plctely as possibie.

Power [actor Lest of Incricen al 60 cyches can
be made,

(FFor details refes to the neares! Westinghouse
Ollice.)

RECONDITIONING
Couses of Uetesiorntion

The principle causcs of sdeteriontion of Eneticen
ae:

I. Prescixce of waler.
1. Arcing.

Arcing or b ng in Ipcst ! finely
diviled carbon and g gascs which are -ouly hydio-
9=n chloride. Hydrogen cldorkle in the presence
of moistuie [osme hydiochionic aci) which may
svon d the inwlation ia the spparstus and
cause muln. of lesrous malesiale.

Since hydiogen chiotide la fonncd quickly
sltes the stcing occurs, aeillies the Incrteen nov
the appasatus shouhd be caposed (o le simos-
phete (which always conlaiat motc o lem mois-
tute) uatil an atlempd has boen miade o 1cmove
the hydeogen chovide.

Reconditioning
Reconditloning will be meceasy 10 reaove

waler, dist and hydiogon chluride which may be
pecacal and cuntaminating (he Incricen.

The blatter diltcs pecys and the Incrlcen condi-
Tiwncy will scinove waies amd dist depusits which
inay be prescut. Of the two methods, the Ineticen
comditiones is the most cllccllvc in lcnmm:.
these Iwo ¢ tinaling agenis. Any ey
uswed (we (Ficring Iluln- nhoul.l [T be thae-
oughly clcuned with benrine o8 naphiha. Every
trace of any matevial fuceign to Incsteen pust be
removed. If st al! pomible separate cruipmical
should be uscd lor lilieting Incsicen oaly.

Jydrogen chioside, caused by mcing, may be
climinated by sigosously Bubbling diy nilrupen
thsough Inericen. The nitrogen should be patscd
through the drain wvatve al the bollom of the
spparatus and sllowed to excape theough a vent al
the fop. The nitiogen shoukd be discharged
through s pressute fegulator sitached 10 » stand
pipe sbove lhe kevel of the dIncricen in Lbe
appasaius 10 prevent the Incsicen from (lowing
into the scgulsior. The mitrogen should be
bubbled thiough the Inericen al a ralc of one o
thees cubdic feel per mimute for a period of four to
sin bourt. This will requive from (wou o eighl
cylinders (220 cu. 1. each) of dey nitsugen, based
on sppeialus conlsining 150 to 2000 galions of
Incitcen.

Immediate spplication of the bubbling process
will seduce the deslructive activn of Ihe hydio-
chiagic acid on the woiking perts and insulation,
Ihereby mahing it Jikely (hal the matetisls nul
damaged by sicing mey be used in repaising the
apparsing. -Abw, ufe of the process will in mnost
cates muzhe il possible 10 satfactorily teckim the
srced Inericen.

Alter the hydiogea chioride has heen od
by the bubbling proccss, the Incsleen should be
rochaioned by use of sa lacsicen comlitioner.

There is w0 commcicially sitsble method for
scparsiing Usmslosmer ol from lnestecn.

04
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Par} Il — Installation and M2inlenance

of Inefteen Tsansformers
INSTALLATION

1 ue vonvomivace in hamiting, afl translosances are

When a tramfiumer is shipped coupletc amd
Blkd with Incricen, this ingpecion skl in.
whuide a check of the Incriern kvel, the tighlcaing

eopipged wilh hugs o6 cyes los Lilting amt
the comgpicic avarmbly Idkcd with Inciteen by e
of a crame. Adiditinnal nerans ate providked lie (e
hravict poris sumh as coveds, cowe amd coils,
sadisbies amad Tcosninal chambess. Jacking lugt are
atur upplicd 00 el the hase o curacrs of Owe
fand A lramformmce alxmkd ouly be Blled of
nuwrecd By facks placed agsiost these hags and ot
agsiavd Ihe conding tubes, 1adistor valves, or olher
T Ings.

An lndonn inlalating tcquises that live rousn
m whivh the Iramsdorners ase placed Rt be well
veniilated 80 thal the heated als cam readity
vwape and be teplaced by consler ain from e
sutsibe, I thr qoum ie poosly sentilated, this
vavhange of ais tekes plae too slowly sl the
tcageratuce of the ain in the 10 may becoine
cnecwively high. Ad any given koad (he lemper-
ature sine of & sl vkt teansfiamer will be 3
tined nutsbey of Scprces abuve the tempesature of
the sonusding sv. The lemsperature of ihe
tsgmioemes b the wm of ks sive and the air
tempetatore: hesclore, care musy be takea to
provinde 8 Juoms sulfivently seatdaled 1o permit
opcration of irandoinces al 8 reammable (enper-
atwie. Asca of the aiv inkeis shoukd de swch (hal
Ihe amberid Icmiprsaluie never eacocds 40
1HMYF) wilh an average oser tweaty four hours
o encexding MY (H6"ED: SU 10 60 wjuare fect
1ve N0 Bea of (ramfonses capacily has hoea
windeciiey. Ouilc) ppenings with (he e tolsl
wivd shoukd be provided.

Scil-conted Hamlonwes shuubl atways be wetl
wipartaied nwn one smothes amd (reen adjscent
walls, pastytums, ¢ic , in wides 1o pgol free s
wenbation abend Sl caxcs. This separation
Susikd med he keos thas 24 b Jb inches epuemding
o L sice ol the waita,

INSPECTION

AR Incelcen trawdumers ac varclully inspocied
amad tested at the Ity gl lhty arc w gownl
vomdiinm when shipped., bl i i douradil (o
vl ek ramfinmnes umoughly bolive plac:
g it i TR

,f"‘?

™l i of any paria hat auy keve bccone
louse 1w oul of place, sl dclermining the enton)
0 whch moistice may have enterad (e (5ans.
Toower. The Latter can bral be detcrmined trimm
the diclecitic sticnglh of the Incriven. Incricen
uard (ox hiling Bansfotmess shouhl have s diche-
tric strength of 30 ke of bghee, When il fests ks
than this the tacriven shouhl be Tlivicd. 1) the
Sucleciric stiength in very low oo o thcre is any
uther cwiieawe of moentuee, il i moccassy (o dey
the tiamivamer.

lrertcen Iranslirnress shoubd be Jeind by the
thosd ciecuil sectluxd with the Tramfiince -

axind in the Inertcen and with the tank xzhd -~

lightly. Dhusing the deying vul ogcraliom, the
lecticen stumihd be ciscubated (hwongh 8 bitics
pres or peclerably Iheough an Incricen comli-
liomer. A Iltcr press will cemunve digl aond mod of
the mwisiure, bul the connlitiones will scnmee
these aml olher conlaminsling malcsials as wall.

The dosised kiad current shoald be olsdaincd by
shil cicuiling ome winding and impicssing Lhe
propes inpedance voltage on the othes winding.
The Toll kad bapedance may wially be foumd o
the snstruction plate for the trgasfoners: i the

wnpedance of the transd tt ol b . it
shoutd be rejuented from the Westingbouse I h-
tric Uueg . Sh: Pemnsylvania, by ikali

fying the tsansliwmes with its scsial mumber.

If 1he trantfiminer is 81 of ower than rom
tempesature ul the slan of the diying prosess,
ciculation of 123 10 15U of Tuld head cuerent
will hasiem (he heating. aml a bughct top Inctieen
teapetature can be oblained more yuickly by
blankeling the comdern when fubular conkss are
uwd o by shulting oil the radialoe valses whcn
taliatons asc tsed The coves should by lagevd e
ecvent cuedewtalinm.

The huading ookl b carclully walvind gl
wiwn the lop Inciteen scaches a tempren.
G, ahe oad swmk) e redied 1o ol
appevsimalely comlang log hiwelovn langwralore
haed on fhe Iidhming tabke

——
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Whike e windings of Ve trasl hcal up,

do nol permil the tomgperalvse of the lop
1 (v cacend Jhe vadue speificd (oe a given
pevccntage of fuad. This wecaution b nccemmy
Ievauw the windings will heal up mosc quichly
amd opwvale al 3 bigher tomperaiure than the
lucsteom. I the winddings ase sluwed In reach too
high 3 (vemperatie, the vsulation will be das-
aped, The diying of 8 Wambiwuetr chould be
voainnnd watid the dickclnic slicngth of sanplks
of Iwcttorm {ahem from Uhe lramfurneer tesd ol 30
hv i higlar.

‘Ihe viwer should be kepl fightly seaked dwiing
the (amperaluse tur, amd walil the tiansfosmer
haas comvied down 1o suom (empetature 10 pecvent
wndensstivg. This ako pecveats lhe releasw of
it Incstren vapues which are yuite objcction:
abic, patticulatly il the veslilation ia puos.

CAUTION

It is not sale 4o attampt thwe drying cunt of
Usmiformernn unless ecastant atisntien s
given (o the job.

Fo do s, chan he domaged posiem by
swcans of 2 wropes s umdpageer, wipe thwroughl
with 2 swolvent dampencd chith, spply We
buuse prunes paind sl allow il 1o dry fur st
24 hours, then apply 8 coal of Weudi
finish paisd. L

«
o)

FILLUING

Use only ali-melal hose or pipe when filling,

the lining of mosl olher types of bose wmay- be
wluble in Incsteen sad will conlaminate i \gus
shost time. AN joints shouh] be light: whore
peactical, Gill thruugh the drain valve (0 beep
scration (U 3 miniksum and veal Ihe top of Ihe
1sak (0 ofhrw Lhe ais to cnape. e sute thal valves
snd pipc conncclions hriwcen (e wain taak and
sy Imcticen lilkcd compariocnty st open foe
free cieculation of gas amd Myuid, Oticrwie,
trapped air o0 gas may cause Ibe Incricen kvel in
some pavis of the Usmsivsmer 1o be below the
sale operating level.

I it is secestary to Gl & lsaniformer out-of-
“doors, particelarly oa a damp day, caie shoukld be
tshen o prevead the emirance of mmisture. In
arder 1o avoid condemsation the tonperstuse
Intide the urit thould be kept seweeal degrees
shave the oulside als lemperaluse.

The (ank and comparliinents, if any, should be
filled al smbical teniperature 10 the point on the

ACCESSORIES AKD FITTINGS
Bushings, (Wtings, aml bes when b ]
and shipped scpasately shoudd be fed 3

shown va e oulline d'u-in, Proper instalation
Inrsctinons whes nocematy are inchided i the
fnstruction lealikels fus compomeal nasts. Lsie
nsl be eaescined when fhese compoucais me
fiticd 1o climinale the sccialental imtroductions of
wmisture in any fusm imide (e isanalormce.
Wiee bind MLuges are eemuved befure filings
are swunled, the kevel of the Incvicen musl by
howetcd beluw the apcinings that will be made.

FINIsSn

Any portion of the painl him daseged duriag
shipanwnt of inslallaleen 1wt he sepaleed 20
qurhly as pussible, .

saugee mpeliad “239-Liquid Level.” IF the ambié-
enl vazies greally from 259C (77°F) wien fidied,
the Incticen kvel shoukl be chovked when the
sverage Muid temperatuee is 239C; mulficicnl
Incricen shoukl be added 10 of diained from The
tank 1o hring the kevel 10 The proper height, The
Immafoqmer shoukl mever be opetatal or kit
ciamding cven oul of service wilhoul the Incticen
evel bring indivalcd s Ilx gauge.

Filting Under Vacuum

Eatispped 2i¢ is o potontial source of tiouble in
o liquid hikd Wansfoemers. Thoreloe, it @
desirable to il Y Incetcen ramfornwes undel 8
Tull vacwum. This is Jone fue the trandutmcrs
shipped from the facliny snd should be dose
where practicable when leansfininets are filled im
the fickd, peuviding the lrandonuer caus hare
been s designed. Il the caws have mol heen
desigacd i full vacuam amd il & bmperative to

S
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gt the magioam winding impuls stiength ivne-
diately, the lasmsioemces shoukd be hitked with
Tacricen undes Tubl wacuum by placing them in an
sunilisty vacwnim (sah,

Whete puschaset docs ol have an established
technbgue for vacuum hiling, the lidlowing pao-
wriduies may be uned whether vavuum i applad
duccily to the trambmamer or the coenphote
tiamfoemes bs plpced ia an auziliaey vacuum (k.

). Apply and meinlsin cislinuously 8 sacuom of
28 least 28 inches of sricwey fus 21 leasd oae-half
st Ior umils rated 25 by amd below, or Tos fowr
huoes 10 waits above 25 hy.

Y While twciaining the vacusm, slowly il wilk
Incitcen (u the surmal 25°°C fevel o8 with
asppvusimately VOF of Lhe feyuiced smount whess
i is bmpomidle 10 govge propetly.

). Maintsin the spwoilied vacuum fur 81 least
owae-hall hows alicr lilling.

4 Adjudl Inctteen (o muimal kel amd scal the
teansfogmes tambk. 100 s seapen untill 1he tem-
pesatore o) the dop of the Naid is eyual 10 or
higher than 1he pmbicnl temperaiuee in ordes lo
wvoid comfensstion on ihe swelace of the Ines-
tren. ‘

In thurse come whese the transhiwmens sie mot
lithd wwdes vosvum. lull voltage should mol be
appind to the windings (16 scvernl hours sfter the
Incttcem bas Bren put into the casc. This tine is
accemay (G allow the ais hubbics 1o excape.

PLACING IN SERVICE
FPeevauee Tenling

AN Inciiccn Cramlitisees ate prcvac-lesied af
the Imliey and shipped fice of kabs. After
rnlaMations amd hefiwe wollage b0 applicd, iV s
desatable o previsse-lest eack ttanchurmes. cape-
cially i sy [itlings of covess have been tcnwrved
awad seplaced, nlnuq ixstatialing. Comprcerd Jdry
nitsugen an vy air may be wird (or the puspune,
0 s iccoowmwnded thal The space ahove the
twrsteen e bhvwa oul with Jdey sitiogen, Ihca
vine ol vents and apply & presmsc-test ol five
pouads pes spuare inch for 8 period of sin 10 eight
honen. The test premmate can et he lonited by

the vw of a pressure repulatos sttached o the
nirogen cylindes, A check For fcake of joinis
ahbuve the Inettecn keel may be made by painling
(hem wilth a solufien of wap and glycesin and
walching fus gas bubbles At the combution of
the i3t the intcrnsd pressure thould he retuwemed
tu nuemsl by momenlasily venting the gas musce.

High Altiinde

Wheee Wamsfoimen are to be uwd 2t a high
sllitide (moee than JODU feed abuve xes kewel) 2
llllu‘ abure lhe hpul evel lhoulul he vpened to

xjualize (he i i ae] sla
lempersivre of appeonimisiely 15"(. belore plac-
lng the transfomer I8 scrvice.
Groundisg 1 raneflasmes Tosh

Regardiens of the type of foumdslion or Moot oa
which a {ramformes is (0 ress, the (anh shoukl be
delinitely and p ily g Jeud Lo elimi

the pomihéilily nl ohisiaing siatic shachs of being
injured by sccidents) prowmding of & wimlicg to
the case. A ground pad ur kg is slways peovided
meas the boitom of Lhe tank for the puspose of
connccling the grounded kead.

CAUTION
A goed lowsresisnce greund s mecemmy
for pidoguaie prefection-a pess ground may
by worte than auas ot oll.

Groundieg Law Vellnge Winding

Evesy el(mt is made in intulating {raatfiemens to
puard sgaimst any chance of bicahilowa hriwcen
ligh voltage 3d how voliage windings; however,
n osder (0 he absnkeicly mafe, il b advizable (hsl
hrer voltage citcuits with which petsous may come
I conlact he grunded. The suannnum wolluge
thal can he oblained to ground is then Limiled lo
the mowrmal vollage at cnists belweea 1w
prouinded point and (he line: this is true cvea
Though the high voltage aml low vollage windings
beuowme connected clecitically.

In g ing 1he winding, the tral poind
should be used f 4 i svailable. Whea trans.
fosnwes vperate na single phase ciscuils wilh the
mililke pount of the lw vollage, the mazinum
vullage that can ¢xist holween any past of the bw
voltage cucuil and ground is oae-hell of the low

voltuges.

Y



MAKING CONNECIIONS

A diagram, ususHy on the mclal instrslion plafe
sliached (o the side of Ihe canc, shows Hwe proges
pawcy mmmal conneclings to be made he

ages. Uase should be tahea do e that
all conncctions amd valy thowe thawn Me prog-
rily made, [tw 8 wiong comexclivn may csuse
sevcre Jamape.

Some iastadations scquire am suziliny source
of power of cuntrol leads lo De wited to tesminale
ol the (ramaf s witing diagram, eilhcr #
wparale drawing o bmduded as parl of Jhe
ml:: du-m;. shows the cunncetums 1o be
[

Veliage Applicalion

Whea voltage Is fist spplicd (o the ¥ it
should, if pocsidle, be brought up dowly 1o ils
full value 50 that sny wrong conacction of olher
tsnouble may be discloscd befoer damage can
resul, After full voltage has been spplicd succew-
fully, the transformes shouk! be operated withoul
losd for 8 few howen. 1 should be kept wsder
chrse pbscrvation duting this fine and sleo dusing
the fivst few howse whils losded.

INSPECTION

It is detisble thal periodic impections of
Inesteen apparsius be made and thal ssmpics of
Incsteen be fahem from coch and Tiom 28
compasriments of sy lp'-unu sed tesied niter 8
shoel  pesiod of umu lamo-uuuly lhres
moatia fue fi Following this, whea
operating condilions 'ﬂ-nl. routias ssmpling sad
lesling of 1he Incticrn 31 intesvals of sin manths
fo one yewr sie mgyesicd. Accwrate ceconds
whoukd be kept of such inspections and teuls and
W Ihe Incricen shows » diclectric strength of ke
tham 25 hy, 10 should be conditioned. If facilities
are misl  oveilable fur lesting Incileem, sew
“Weslinghouse Iocsicen Testing Service,™ P.L
45:825. When an appreciabie amoun| of Inerieen
B ewmoved (1om amy spparstus, il should be
seplaced with an equal amouni of wew Incticen o
fhal  the Bligund kvel in the apparsivs is
mantained The (nestren used fue srplacemend
putpines should bave 8 diekectric stremgth of -ﬂ
fess than 3O ky,

Any, Increaws in operating temperalure al nod '
sl foad should bhe investigated and if the aut(j)
cannut be detcrmiined, the antormer shuukd
faken oul of service and givea & (hotough™
knpechion. Q"i

[ ai]

Any lymp!ouu. such 33 unusual moises, high lt' )
w | twa of relief devi
tic., shoubd be lavesiigated af oncs. i

-
Transfoameers which have been subjectcd lo
wausually scvere opevating comdilions, such a3
overkaads, f1equent short circwits, of special wails
should be inspecicd ol leasl once a year. This can
wauslly be dume sdegusiely by lowering the
Incrtcen kevel and inspecling with a fight Ihiough
the manhole. Bcfore (his lmspection is madc, the
Incttcen shoukl be allowed to coud to seduce the
smounl of lnestcen fumen givem off which sre
quite ohjcctionable aad thould sof be imhaled.

Dwiing pesiodic inspection, afl sccemories
should be impected 1o see if they are opcrating
peopesty.

SAMPLING INERTEEN

AN smnpling and lesting equipment must be
Ihoroughly dey and clesn. 18 i ceconsinended that
aaxnpling snd festing equipment uscd fos handling
Intitcen and ing Encticen be umd for wo
olher purposs. Care mull be wed in haking

ples of Inest and scaling them peice to
testing. U1 s desisable (hal samples uf Incriecn be
semoved (rom any comtsiner on choar days oaly,
sad when (he lemapesaiure of the incrtcen is ul
Icist o3 bigh = the temperatwse of the snoumd-
ing ais.

Uss only lin coolainers with srcwed metal
cape or glas boilles wilh Inerlcen-scsisianl slop-
pess to hold focstcen samples. If il Becumes
mcccmaty (0 use olher thaw factuey sanipbing
containers, they shoukd be sinud with ciean
maphihe, wathed wilkh stiong Mup s, and
vinacd thacoughly ia bot wytcr, and then deicd at
sppcosimaicly 10FX° fur fuur bours wilth eeck
dowa in 2 circuliting sir oven. Il the canlaincs
e ol usd immcdiately sfler ckeanig, they
thusld be scaled tightly amd stovedd in a diy, ckean
rhax.




Pruvisina B sade vo all Lecsleen Bransd ]
so obdpin 3 tup sauple of Lie Dncitoen. buweser,
wa o (amsfoamct thal & in opwratust, s suppke
say he Inhem Troms cither Ui logs 1w botiom tince
any molstwe preet will ke mined w, die 0
vrcwlation of the Incriven. In wanpling, stow o
oeall amuusd of Incvicen (v tun ouf 1o Tusk the
sanplisg conncclion clean heline coliccling the
weple. The Inceicen should e pul iato the
wple coalsincrs immeidisicly emd (he caps
‘sceewed on tightly. The kibel fus cach container
heuld be marked choatly with ihe sreial snhber
of the ltansfucmes o8 compistuend from which
the Incitcen wes lakenm.

Beline taking seuplcs from a stueage Jank, the
{mricen shnld be aliowcd (s ik (e appaoni-
sutcly twebve bouts s that if these is auy
nurivtste perscold, i, having 3 lower specilic
pracity. will vive to the lop where the uunple 63 to
b dakenm. A slean scab-hicl deonld be used o
oblaie (he samples. Farntially, the ame pre-

Weslinghouse Electiic Cerporation
Pones Irandetmss Bivision, tharen, Py,

wauls 10 prewent wontuie aml diet contaming-
S shoubld be used o3 outbned above,

Quonlity of Samplhe

1 is rcommended thal one |6 oz, boltle of
Incrtren be taken 23 » sanple fus lesting. Al feast
vae sample thoukd be tshen from o tank car of
Incyteen. Owe sanple cuay he lutu l'mm cah
deom, of o Josived, a e may be
made fsom Incsleen frum five drums, pmn:lal sl
the deums sac 2ietight. When the bung is fiest
ousencd, a himing souad shuukl be heasd, which
imdicates that the drum has baxn pitlight. I Ihe
lent of the componile sample is m mtisfactuty, 8
sample from each of ke diuss JFepivicaicd
thould be tested.

Whea drums hare boer stosed erpoxcd fo the
weather, » samiple from ench dium must be fested
to debermine i it is msitable for vee.

Rt nUSA tWID)
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Supplement to 1.B,45-063-998, September 1968

Inerteen®and Environmental Contamination

Inerteen is a synthetic insulating fluid made by the chlorination
of a relatively common chemical, biphenyl. The chlorination is necessary
to impart nonflammable properties to the Inerteen. The resulting poly-
chlorinated biphenyl (PCB's) are relatively insoluble in water but soluble
in fat, and are extremely persistent in the environment., It has been
indicated by several laboratories that measurable amounts of the PCB's
are present in our general environment and may have some effect on cartain
species of wildlife. While askarcls are generally regarded as being non=
toxic to humans, it is recasonable to assume that very high standards of
control will be issued by the Government in the overall program against
pellution, Ihcrefore, tight control on the usage and disposal of lnerteen
must be exercised.’

While the electrical users of askarel type fluids provide scaled systems,
te still remains a problem of waste disposal when the equipment exceeds )
its useful life or undergoes repair,

For scrap Inertecn fluid, Monsanto has arranged for return of this
materisal in sealed drums, Ship prepaid to

Monsanto Company
W. G, Krummrich Plant
Sauget, lllinois

Aten: Supervisor Dept. 246

A charge will be made for all returned Inerteen.

Inerteen soaked coils, insulation scrap, {ilter cartridges, and other
materials must be stored until appropriate mcthods can be provided to
dispose of them properly.

Thare is considerable work being done at the present time on this
vhole problem, We will continuc the usc of Incrtecn becausc of its out-
standing performance record and safcty features, 1f modification of the
prasent askarels can be made without sacrificing the nonflammable and
other insulating propertics, but which still make them less harmful to
wildlife, they will be used in our Inertcen.

\
1

Westinghouse Electric Corporation

POWER TRANSFORMER DIVISION
SHARON PA. &« MUNCIE. IND. s S. BUSTON, VA, prmied 1n U8 A



Instructions for Handling
Inerteen’ Insulating Fluid
P.D.S. 54201 CM

and

Installation and Maintenance
of Inerteen Transformers

@)

Westinghouse Electric Corporation Westinghouse Exhibit 9

POWER TRANSFORMER DIVISION, SHARON, PENNSYLVANIA ¢ MUNCIE; INDIANA
DISTRIBUTION TRANSFORMER DIVISION, SOUTH BOSTON, VIRGINIA

1.B. 45.063-99C Effective August, 1971 Superscdes |.B. 45-063-99B, Scptember 1968

* PLAINTIFF'S
- EXHIBIT- :
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Part | — Inerteen® Insulating Fluid

CHARACTERISTICS

Inerteen is a highly pure, synthetic. non-
inflammable and non-explosive insulating and
cooling liquid. Chemically stable and nearly water
white in color, Inerteen is not affected by
reaction with other materials regularly used in the
manufacture of Inerteen apparatus. It is non-
oxidizing and non-corrosive at temperature con-
siderably above those normally obtained in Iner-
teen apparatus. Inerteen will not sludge under any
operating condition. Water is the main enemy of
Inertéen and keeping it dry will insure long
service life.

The dielectric strength of Inerteen will com-
pare favorably with that of insulating oil when
tested under the same conditions. Quality samples
of Inerteen tested under laboratory conditions
may show a dielectnc strength in excess of 40KV.
Care must be exercised in handling and testing
Inerteen. Inerteen must be kept in clean, sealed
containers to prevent loss by evaporation or
contamination by moisture or dirt. :

Inerteen exerts a strorg solvent action on
most varnishes, gums, and paints. Such matenals
are not used in the construction of lnerteen
apparatus. No materials should be used in Iner-
teen apparatus except those approved by the
Westinghouse Electric Corporation.

Inerteen has an irritating effect upon the skin.
If it is necessary 10 handle it. see the precautions
under “Handling™. 1t should be remembered that
mineral oil 18 completely miscible with Inerteen:
in fact. it s impossible 10 separate mineral oil and
Inerteen.

A)

SPECIFIC CHARACTERISTICS OF INERTEEN

As outlined in *Method of Testing Askarels
AS.T.M. D901 the specific characteristics of
lnerteen are:

Burn point: None

)

Chemical stability: No generation of frec
chiorides under normal operating conditions.

3. Color: (Maximum) 100 A.P.H.

s

Condition: Clear

5. Dielectric constant:
At 1000 hertz 77°F (25°C).5.710 5.9
At 1000 hertz 212°F (100°C), 4.8105.0
6. Dielectric strength: (Minimum) 77°F (25°C)
At point of shipment, 35KV
At point of receipt, 30KV
7. Electrical Resistivity: (Minimum)
500 x 10° ohms/em® (212°F (100°C) at
500 volts DC)
8. Power factor:
At 60 hertz, 77°F (25°C) 2%
At 60 hertz, 212°F (100°C) 25%

9. Fixed chlorine content: (Minimum) 42
percent '

10. Free chlorides: Less than 0.10 ppm

11. Neutralization number: Less than 0.014 my
of KOH/gram

12. Pour Point: (Maximum) plus 7°F iminus
14°C)

13. Refractive index:
At77°F (25°C). 1.624 to 1.626

14. Specific gravity:
At 60°F/60PF (15.5°C/15.5°C). 1.381 1o
1.392

15. Density: 11.5 pounds per galion

16. Viscosity: )
At 100°F (37.8°C). 82-92 seconds

17, Maoisture: (Maxnimum) 35 ppm

ENVIRONMENTAL CONSIDERATIONS

Inerteen is a synthetic insulating fluid made by
the chlorination of a relatnely common chemica!.
biphenyl. The chlorination is necessary to impart
nonflarpmatig /properties to the Inertcen. The
resulling polychlorinated biphenyls (PCB's) are
relatively insoluble in water but soluble in fat.




and extremely persistent in the environment. It
has becn shown by several laboralories that
measurable amounts of the PCB's, particularly
those with more than 50% chlorination, are
present in our general environment and are a
threat to certain species of wildlife. While Iner-
teen is generally regarded as being non-toxic to
humans, very high standards of control in the
overall program against pollution must be exer-
cised.

Electrical apparatus (such as transformers and
capacitors) using Incrteen are normally sealed to
prevent escape of Inerteen jnto the environment.
However, a carefully planned program of waste
disposal must be followed at every step of the
equipment life. This includes manufacture, repair
and final disposition of the fluid and the Inerteen
contaminated parts. To date the only acceptable
destruction of the PCB’s is by incineration at
2250°C or higher under carefully controlled
conditions. At this temperature Inerteen wil)
breakdown into HC1, CO2 and water vapor. An
alkaline scrubber is necessary 1o neutralize the
HC1! and the final products released to the
atmosphere are CO> and steam. To be sure that
the Inerteen and Inerteen contaminated materials
do not contaminate the environment they must
be incinerated in approved equipment.

RANDLING

1. Safety Precautions

Breathing. The odor of Inerteen is noticeable
at concentrations below the Maximum Ac-
ceptable  Concentration.  Concentrations
which excesd this may cause irritation of the
eves. nose. throat and upper respiralory tract.
Much hicher concentrations could caus? n-
ternal reactions.

Swallowing. Inerteen is highly toxic if taken
internally. Swallowing of an ounce or two
could causc severe irritalion of the digestive
tract and serious internal reactions.

Skin Irritation. Although Inerteen is only a
moderate skin irritant when contact is for
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short duration., it can be absorbed through the
skin. Repeated contact over prolonged peri-
ods may result in severe dermatitis which may
persist for many months after removal from
exposure.

Protective Equipment. When necessary, und-
er emergency conditions, to enter a space
containing very high concentrations of Ines-
teen fumes or vapor, either an approved gas
mask or self-contained breathing equipment.

should be wom. For lower, but still signifi-

cant concentrations, cartridge type chemical
respirator should be wom. If the odor of
Inerteen is noticed while wearing respiratory
cquipment, the wearer should go immediately
into fresh air.

Neoprene coated aprons and neoprene
coated gloves may be used where necessary to
protect the skin. Hand cream designed to
protect against oils and petroleum solvents,
(such as Ply 9 Ge! made by Milburn Co. of
Detroit) may be of some value where the use
of gloves is not practical.

When handling Inerteen, wash hands often
with warm soapy water and in case of spillage
onto clothing, remove the clothing as soon as
possible. The clothing must then be laundered
prior to use.

Storage

Inerteen is shipped in tank cars. drums or
cans. Inerteen in drums or cans should be
stored in a covered area and when stored
out-of-doors the bungs should be down 1o
prevent collection of water around the bung.
A storage tank should be mounted on piers
above the ground and accessible 10 all points
for inspection for leakage. There should be a
curb on th: ground around the 1.ank to

contain any spillage or leakag: .

)t is desirable, if possible, to keep Inerteen
in storage at a tcmperature slightly above
ambient to prevent moisture condensation.



SAMPLING AND INSPECTION

Sampling. Each container of Incrteen must
be sampled and tested prior 1o being added to
a transformer and then should be added only
if the dielectric strength is 30KV or above.

1t is desirable that periodic inspection of
Inerteen apparatus be made and that samples
of Inerteen be taken from each compartment
and tested. Initially a sample should be taken
after about 3 months of operation and then.
where operating conditions permit, at inter-
vals of 6 months to ] year., Accurate records
should be maintained and if dielectric
strength drops below 22KV it should be
reconditioned.

If facilities are not available for testing
Inerteen, see “Westinghouse Inerteen Testing
Service" below.

Westinghouse Inerteen Testing Service. Many
users of Inerteen do not have the necessary
facilities for testing. In order that these users
may be able to make the periodic tests
recommended, Westinghouse Electric Corp-
oration has established an Inerteen testing
service to provide careful tests by experienced
engineer, and provide a prompt report on the
test results.

Two special 16 oz. sample bottles per
mailing container Westinghouse
S#24B1743602. as well as necessary packing
and printed matter, may be obtained by con-
tacting the nearest Westinghouse Office. (The
bottle and the container will not be returned
to the customer.)

After drawing the sample of Inerteen. the
customer should sea] the bottle and mail it 1o
the Westinghouse Electric Corporation. Ma-
terials Engineering Laboratory, Sharon. Pa.
16146. To simplify these details. an instruc-
tion and order sheet and a printed retumg label
have been included 1n the carton conlainer.,
The instructions cover the taking of the
sample and its proper prepuration for mailing.
The order sheet must be sent to the nearest
Westinghouse office.

-—

In addition -to dielectric tests, Westing.
house is also prepared to make a physicul and
chemical examination if so requested. (The
customer should plainly indicate the type of
service desired.)

The physical and chemical examination
consists of an examination of the Inerteen by
a competent chemist. Recommendations will
be made as t¢ the suitability of the [nerteen
for continued wuse, whether it would be
desirable and economical to clean it, and ina
general way, the preferred method of clean-
ing. In submitting samples for this service. the
history of the Inerteen represented should be
given as completely as possible. (For details
refer to the nearest Westinghouse Office).

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the most minute. traces of certain impurities,
particularly water. It is important that the great-
est care be taken in obtaining the samples and in
handling them to avoid contamination. There
have been low dielectric test results reported from
the field which. upon investigation, have been
found to be largely a matter of poor sampling. All
sampling and testing equipment used for handling
Inerteen and servicing Inerteen should be used for
no other purpose. Care must be used in taking
samples of Inerteen and sealing them prior to
testing. It is desirable that samples of Inerteen be
removed from any container on clear davs only.
and when the temperature of the Inerteen is at
least as high as the temperature of the sur-
rounding air.

Use only tin containers with screwed metal
caps or glass bottles with Inerteen resistunt Iwds 10
hold Inerteen samples. 1 it becomes necessan 10
us¢ other than factory sampling containers. they
should be rinsed with clean naptha, washed with
detergent -and water, and rinsed thoroughly in hot
water, and then dried st approximately110°C for
four hours with nech down in circulating air oven.
}M the containers are not used immediately after
cleaning. they should be sealed tightly and stored
in a dry. clean place. An aluminum foil liner.
should be put in the lid.
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Provision 1s made on sll Inerteen transformers
fo obtwn a top sumplc of the Invrteen. however
on a transformer that is in operalion. a sample
may be tahen from either the top or bottom since
any moisture present will be mixed in, due 1o
circulation of Inerteen. In sampling. allow at least
one quart of Inerteen to run out to flush the
sampling connection beforc collecting the sample.
This flush material must be collected in a suitable
container for disposition as per the section on
“Inerteen Disposal™ page 6. The Inerteen should
be put into the sample containers immediately
and the caps screwed on tlightly. The label for
each container should be marked clearly with the
serial number of the transformer or compartment
from which the Inerteen was taken.

Before taking samples from a storage tank,
the Inerteen should be allowed to settle for
approximately twelve hours so that if there is any
moisture present. it, having a lower specific
gravily, will rise to the top where the sample is to
be taken. A clean sneak-thief should be used to
obtain the samples. Essentially, the same precau-
tions to prevent moisture and dirl contamination
should be used as outlined above,

It is recommended that one 16 oz. hottle of
Inerteen be taken as a sample for testing. At Jeast
one sample should be taken from a tank car of
Inerteen. One sample  may be taken from each
drum, or if desired. a composite sample may be
made from Inerteen from five drums. provided all
of the drums are agirtight. When the bung is first
loosened. a hissing sound should be heard, which
indicates that the drum has been airtight. When
the composite 1ype of testing is used and a sample
is found to be unsatisfactory, a sample from each
of the drums represented must be tested.

When drums have been stored exposed io the
weather, o sumple from each drum must be tested
to determine if it is suitable for use,

DISPOSITION OF SAMPLE & CON:

TAINER All samples must be collected 1n seaicd!

labelled containers for disposition as described in
section on “Inerteen Disposal™ page 6. All sol-
vent rinses of test containers must be handled in a
like manner,
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All containers, rags. and other solid materials
involved in testing must be collected for proper
disposition.

TESTING METHODS

Instruction for all tests listed correspond in
general to the recommendations of the American
Society for Testing Materials.

1.  Dielectric Strength Test

The testing transformer and the source of supply
of energy shall not be less than 1/2 KVA, and the
frequency shall not exceed 100 Herstz per second.
Regulation shall be so controlled that the high
tension testing voltage taken from the secondary
of the testing transformer can be raised gradually
without opening either primary or secondary
circuit, The rate of rise shall approximate 3000
volts per second. The voltage may be measured by

.an approved method which gives root-mean-

square values. .

Some protection is desirable to prevent ex-
cessive flow of current when breskdown of the
Inerteen takes place. This protection preferably
should be in the primary or low voltage side of
the testing transformer. It is not especially im-

portant for transtormers of 5 KVA or less. as the -

current is limited by the impedance of the
transformer.

The standard test cup for holding the sample

of Inerteen shall be made of a material having a

suitable dielectric strength. It must be insoluble in
and unattacked by Inerteen or benzine and non-
absorbent as far as moisture. Inerteen, or gasoline
are concerned.

The electrodes in the test cup between which
the sample is tested shall be circular discs of
polished brass or copper. 1 in. in diameter. with
square 190%) edges. The electrodes shall be
mounted in the test cup with their axes hon-
zontal and coincident, with a gap of 0.100 in.
between their adjacent faces, and with tops of
clectrodes about 1-1/4 in. below the top of the
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cup. (A suitable test cup is shown in Fig. 1, and Voltages shall be applied and increased

portable testing outfits in Fig. 2.) uniformly at a rate of approximately 3000
volts (rms) per second unti! breakdown occurs
3. Procedure . as indicated by a continuous discharge across

The spacing of electrodes shail be checked
with a standard round gauge having a diam-
eter of 0.100 in,, and the electrodes then
locked in position.

The electrodes and the test cup shall be
wiped clean with dry, calendered tissue paper
or with a ciean, dry chamois skin and thor-

oughly rinsed with Inerteen-free, dry benzine
until they are entirely free from fibers.

The test cup shall be filled with dry
benzine, and voltage applied with uniform
increase at the rate of approximately 3000
volts (rms) per second until breakdown oc-
curs. i the dielectric strength is not less than
25KV, the cup shall be considered in suitable
.- condition for testing the Inerteen. If a lower
test value is obtained the cup shall be cleaned
with benzine and the test repeated.

The temperature of the test cup and of
the Inerteen when tested shall be the same as
that of the room, which should be between
68°F and 86°F. (20°C and 30°C) Testing at
lower temperatures is likely to give variable
results which may be misleading.

The sample in the container shall be
agitated with a swirling motion (to avoid
introducing air) so as to mix the Inerteen
thoroughly before filling the test cup. This is
even more important with used Inerteen than
with new Inerteen as the impurities may be
precipitated and the test may be misleading.

The cup shall be filled with Inerteen to a
height of no Jess than 0.79 in. (20 mm) above
the top of the electrodes.

The Inerteen shall be gently agitated by
socking the cup and allowing it to stand in the
cup for three minutes before the first and one
minute before each succeeding puncture, This
will allow air bubbles to escape. Fig. 2 Portable Oil Testing Set, 1/2 KVA, 35,000 Volrs
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the pap. (Occasional momentary discharges
which do not result in a permanent are may
ovcur; these should be disregarded).

b. Number of Tests

1. Except as specified in (1) one break-
down test shall be made on each of five
fillings of the test cup. If the average
deviation from the mean exceeds 10
percent or if any individual test deviates
more than 25 percent from the average,
additional tests shall be made. The dielec-
tric strength shall be determined by aver-
aging the first five tests that conform to
the allowable variations.

Il. When Inerteen is tested in consider-
able quantity, so that the time required
for testing is excessive and when it is
merely desired to determine whether the
breakdown safely exceeds the limit speci-
fied. or in those cases where the amount
of Inerteen available for test may be very
_ limited. one breakdown test shall be made
on each of two fillings of the test cup. If
neither breakdown is below this value. the
Inerteen may be considered satisfactory
and no further tests shall be required. If
cither of the breakdowns is less than the
specified value a breakdown shall be made
on each of three additional fillings and
test results analyzed in accordance with (1).

¢. Report

-The report shall include the volts (rms value)
at each breakdown and the average of the two
or five breakdowns and the temperature of
the Inerteen at the time of the test.

2. Neutralization Test

The Neutralization pumber is the number of
milligrams ¢ potassium hydronide required to,
nveutralize the acid 1n onc grum of Inerteen.

Solutions Required

a.* Standard Potassium Hydroxide Solution
(alcoholic. 0.1N) — add 6 g. of c.p. solid KOH

LN

to | liter of c.p. anhydrous isopropy! alcohol.
Boil, add 2 g. of c.p. B2 (OH) and boil again.
Cool. filter and store in a chemically resistant
bottic protected by a guard tube containing
soda lime and soda asbestos (Ascarite). Stund-
ardize against pure potassium acid phthalate
using phenolphthalein as an indicator.

b. Titration Solvent ~ Add 500 ml. of c.p.
benzene and S ml. of water to 495 ml.of c.p.
anhydrous isopropyl alcohol.

Procedure. Into a 250 ml.Erlenmeyer flask intro-
duce 40 g. of Inerteen weighed accurately. Add
100 ml. of the titration solvent and 3 ml.of the
indicator solution. Titrate immediately at a
temperature below 30°C. Consider the end point
definite if the color change to green persists for
15 seconds. A blank shall be determined on the
solvent.

Calculations. The neutralization number or
mg.

KOH per g. of Inerteen = L&_B__(_T‘é}jﬁ

A = mlL.KOH solution required for sample.

B = ml.KOH solution required for blank.

N = normality of KOH solution.

W = grams of sample used.

RECONDITIONING

Reconditioning will be necessary to remove
water, foreign material and hydrogen chloride
which may be present and contaminating Iner-
teen. The blotter filter press. cartridge filter and
the Inerteen conditioner will remove water and
dirt which may be present. Various modeis of
each of these types of upparutus are avadable. The
Inerteen conditioner is the most effective for
removing moisture, dirt, and other contaminating
materials. It basically consists of a clay container.
a clas filter. pump. attendunt valves. gauges anid
fittings.

Water cannot be effectively removed {rom
either clay or filter material once they have
become saturated with Inerteen therefore care
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should be taken to see that these matenals are
thoroughly dty prior to use. Any equipment used
for conditioning Inerteen should first be thor-
oughly cleaned with benzine or naphtha to
remove all traces of material foreign to Inerteen.
If at ali possible, separate equipment should be
used for filtering lnerteen only.

Hydrogen chloride, caused by arcing, may be
eliminated by vigorously bubbling dry nitrogen
through Inerteen. This should be done as quickly
as possible following the failure to prevent the
attack of HC1 on the cellulose insulation. The
nitrogen should be passed in through the drain
valve at the bottom and allowed to escape
through a vent at the top. The nitrogen should be
discharged through a pressure regulator atiached
to a stand pipe above the level of the Inerteen in
the transformer to prevent the Inerteen from
flowing into the regulator. The nitrogen should be
bubbled through the Inerteen at a rate of one to
three cubic feet per minute for a period of 4 to 6
hours. This may require two to eight cylinders
(220 cu. ft. each) depending on the size of the
apparatus.

DISPOSAL

inerteen Liquid. Collect all scrap Inerteen liquid
in a suitable metal container which can be
satisfactorily sealed. Once the lnerteen is col-
lected it may be retumed in sealed drums or tank
cars 10 Monsanto or other certified disposal
company. Ship prepaid to:

Monsanto Company

W. G. Krummrich Plant

Sauget, Illinois

Attention: Supervisor Dept., 246

A charge will be made for all feturned
Inerteen,

Solvent-Rinses Contaminated with Inerteen. Sol-
vent rinses or other liquids contaminated with
Inerteen should also be collected in sealed drums
or tank cars and sent either o Monsantowor other
certified disposal company. '

Solids Contaminated with Inerteen. Al solids
materials contaminated with Inerteen must be
stored in impervious containers until disposal.

RN by

This includes all glass, metals, papers. insulation.
clay rags, filter cartridges, etc.

These materials may be incinerated if suitabie
arrangements can be made for it to be done at a2
temperature sufficient to breakdown the Ine:-
teen. Or they may be purged by cleaning with a
proper fluid and the resultant fluid then may be
incinerated using an approved procedure and
temperature.

The following disposition is recommended for
various materials.

Material Disposition

Absorbing clay, filter paper, cartridges
sawdust and rags Incinerate

Coils Solvent clean or incinerate
Cores Solvent clean
Tanks & Frames Solvent clean
Copper or Aluminum Solvent clean
Insulation Incinerate

Incineration. Incineration, whether of liquids or
contaminated solid materials, must be done at a
temperature of at least 2250°C and the stack
must be equipped with a suitable scrubber to
remove HC1. .

Cleaning Contaminated Drums. The cieaning of
drums which have contained used Inerteen re-
quires greal care in order to insure a thoroughly
clean drum

It is preferable to return such drums to the
supplier where adequate cleaning facilities are
available. rather than to attempt 10 clean them.

If it is necessary 1o clean such drums. the
following procedure is recommended:

Rirse the drum thoroughhy with gowcline or
petroleum distillate, using about one gallon
each time, until the solvent shows no discolor-
ation after using. Allow it to drain. then
pump out the last traces of solvent with a
vacuum pump, using a brass pipe flatiened at
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the lower end to explore the corners of the
drum. Collect all solvent rinse material for
disposition as described above.

CAUTION: Do not use a steel pipe because
of the danger of a spark igniting the gasoline
or petroleum distillate vapor,

Next, heat the drum with bunghole down in
a ventilated oven at a temperature of at least
88°C. (190°F) for sixteen hours. (A simple
oven for this purpose may be made from sheet
metal and heated with steam or an electric
heater.) Blow out the drum with dry nitrogen or

dry air to remove any lingering explosive vapors.
Screw the bung on tightly before removing the
drum from the oven. Use 4 new washer with the
bung to insure a tight seal.

CAUTION: Open flames must always be
kopt sway from the oven to prevent igniting
inflammable gases which might be remaining
in drum when placed in the oven. .

The practice of refilling drums with Inerteen
is undesirable and should be avoided whenever
possible, for unless the utmost precautions are
taken, the Inerteen is likely to become con-
taminated.

Part Il — Installation and Maintenance

'"“Inerteen Transformers

INSTALLATION

For convenience in handling. ail transformers are
equipped with lugs or eyes for lifting and mov-
ing the complete assembly filied with Inerteen
by use of a crane. Additional means are pro-
vided for the heavier parts such as covers, core
and coils, radiators and terminal chambers. Jack-
ing lugs are also supplied on either the base or
comners of the tank. A transformer should only
be lifted or moved by jacks placed against these
lugs and not against the cooling tubes, radiator
valves, or other fitlings.

An indoor installation requires that the room
in which the transformers are placed must be well
vontilated so that the heated air can readily
escape and be replaced by cooler air from the
outside. If the room is poorly ventilated, this
exchange of air takes place too slowly and the
temperature of the air in the room may become
excessively high. At any given load the tempera-

- ture rise of a self-cooled transformer will be 2
. fixed number of degrees above the temperature of

LY
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the surrounding air. The temperature of the
transformer is the sum ‘of this rise and the air
temperature; therefore, care must be faken to
provide a soom sufficiently ventilated to permit

‘operation of transformers at a reasonable temp- -

erature. Area of the air inlets should be such that
the ambien! temperature never exceeds 40°C
(104°F) with an average over twenty-four hours
not exceeding 30°C (86°F): 50 to 60 square feet
per 1000 kva of transformer capacity has been
satisfactory. OQutlet openings with the same total
area should be provided.

Self<cooled transformers should alwayvs be
well separated from one anosher and from ad-
jacent walls. partitions, etc.. in order 10 permit
free air circulation about the cases. This separa-
tion should not be less than 24 to 36 inches

.depending on the size of the Lo,

INSPECTION

All Inerteen transformers are carefully inspected
and tested at the factornn and they are in good
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condition when shipped: but it is desirable to
inspect each transformer thoroughly before plac-
ing it in service.

When a transformer is shipped complete and
filled with lnerteen, this inspection should in-
clude a check of the Inerteen level, the tightening
or adjustment of any parts that may have become
loose or out of place, and determining the extent
to which moisture may have entered the trans-
former. The latter can best be determined from
the dielectric strength of the Inerteen. Inerteen
used for filling transformers should have a dielec-
tric strength of 30KV or higher. When it tests less
than this the Inerteen should be filtered. If the
dielectric strength is very Jow or if there is any
other evidence of moisture, it is necessary 1o dry
the transformer.

Inerteen transformers should be dried by the
short circuit method _with the transformer im-
mersed in the Inerteen and with the tank sealed
tightly. Duning the drying out operation, the
Inerteen should be circulated through a filter
press or preferably through an lnerteen condi-
tioner. A filter press will remove dirt and most of
the moisture. but the conditioner will remove
these and other contaminating materials as well.

The desired Joad current should be obtained

by short circuiting one winding and impressing:

the proper impedance voltage on the other
winding. The full load impedance may :sually be
found on the instruction plate for .ne trans-
formers: if the impedance of the transformer is
not known, it should be requested from the
Westinghouse Electric Corporation, Sharon, Penn-
svivania, by identifving the transformer with its
serial number.

If the transformer is at or lower than room
temperature at the start of the drying process,
circulation of 125 to 150% of full load current
will hasten the heating, and a higher top lncrieen
temperature can be obta:ned more Quickly by

- blanketing the coolers when tubular coolers are

used or by shutting off the radiator valves when
radiators are used. The cover should be lagged to
prevent condensation.

1t

The loading should be carefully watched and
when the top Inerteen reaches a temperature of
60°C. the load should be reduced to obtain an
approximately constant top Inerteen temperatune
based on the following table:

Short Circuit Amperes [Maximum Temperature
in Percent of Load of the Top Inerteen
50% 85°C
15% 80°C
85% 5°C

While the windings of the transformer heat
up. do not permit the temperature of the top
Inerteen to exceed the value specified for a given
percentage of load. This precaution is necessary
because the windings will heat up. more quickly
and operate at a higher temperature than the
Inerteen. If the windings are allowed to reach too
high a temperature, the insulation will be dam-

. aged. The drying of a transformer should be

continued until the dielectric strength of samples
of Inerteen taken from the transformer test at
30KV or higher.

The cover should be kept tightly sealed during
the temperature run, and until the transformer
has cooled down to room temperature to prevent
condensation. This also prevents the release of
hot Inerteen vapors which are quite objection-
able, particularly if the ventilation is poor.

CAUTION: It is not safe 10 attempt the —,
drying out of transformers unless constant
attention is given to the job.

J

ACCESSORIES AND FITTINGS

Bushings, fittings, and accessories when boxed
and shipped separately should be mounted as
shown on the oulline drawing. Proper installation
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instructions when necessary arc included in the
instruction leafets for component parts. Care
must be exercised when these components are
fitted to eliminate the accidental introduction of
moisture in any form inside the transformer.
Where blind Nanges are removed before fittings
are mounted, the level of the Inerteen must be
lowered below the openings that will be .made.

FINISH

Any portion of the paint film damaged during
shipment or installation must be repaired as
quickly as possible.

To do this, clean the damaged portion by
means of a scraper or sandpaper, wipe thoroughly
with a solvent dampened cloth, apply Westing-
house primer paint and allow it to dry for at least

24 hours, then apply a coat of Westinghouse

“inish paint.

FILLING

When putting new apparatus into service, see that
the apparatus tank is frec from moisture and
foreign material.

IMPORTANT: Extreme -precautions must
be taken to insure the absolute dryness and
cleanliness of the apparatus before fifling it
with Inerteen, snd to prevent the entrance
of water and dirt during the transfer of the
Inerteen to the apparatus.

The preparation and filling of outdoor appa-
ratus should preferably be done on a clear, dry
day: if this 1« not possible, protection against
moisture must dbe provided.

All vessels used for transferring .the Inerteen
should be carefully inspected to see that they are
absolutely dry and free from contamination. Use
only all-metal hose or pipe when filling, since the
lining of most other types of hose may be soluble

in Inerteen and will contaminate it in a short
time. All joints should be tight: where practical.
fili through the drain valve to keep aeration to a
minimum and vent the top of the tank to allow
the air to escape. Be sure that valves and pipe

. connections between the main tank and any

Inerteen filled compartments are open for free
circulation of gas and liquid. Otherwise, trapped
air or gas may cause the Inerteen level in some
parts of the transformer to be below the safe
operating level.

If it is necessary to fill a transformer out-of-
doors, particularly on a damp day, care should be
taken to prevent the entrance of moisture. In
order to avoid condensation the temperature
inside the unit should be kept several degrees
above the outside air temperature.

The tank and compartments. if any, should be
filled at ambient temperature to the point on the
gauges marked “25° -~ Liquid Level.” If the
ambient varies greatly from 25°C (77°F) when
filled, the Inerteen leve] should be checked when
the average fluid temperature is 25°C; sufficient
Inerteen should be added to or drained from the
tank to bring the level to the proper height. The
transformer should never be operated or left
standing, cven out of service without the Inerteen
level being indicated on the gauge.

Filling Under Vacuum. Entrapped air is a po-
tential source of trouble in all liquid filled
transformers. Therefore, it is desirable to fill al
Inerteen transformerss under a full vacuum. This is
done for the transformers shipped from the
factory and should be done where practicable
when transformers are filled in the field. provid-
ing the transformer cases have been so designed.
If the cases have not been designed for full
vacuum and it is imperative to get the maximum
winding impulse strength immediately. the trans-
jormers should be filled with Inerteen under full
vacuum by piacing them in an auxiliary vacuum
tank.

Where purchaser does not have an established
technique for vacuum filling. the following pro-
cedures may be used whether vacuum is applied
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directly to the transformer or the complete
transformer is placed in an auxiliary vacuum tank.

I. Apply and maintain continuously a vac-
uum of at least 28 inches of mercury for at
least one-half hour to units rated 25KV and
below, or for four hours 10 units above 25KV.

2. While retaining the vacuum, slowly fill
with Inerteen to the normal 25°C level or
with approximately 90% of the required
amount where it is impossible to gauge
properly.

3. Maintain the specified vacuum for at least
one-half hour after filling.

4, Adjust Inerteen to normal level and sezal
the transformer tank. Do not reopen until the
temperature al the top of the fluid is equal to
or higher than the ambient temperature in
order 1o avoid condensation on the surface of
the Inerteen.

In those cases where the transformers are not
filled under vacuum, full voltage should not be
applied to the windings for at least 24 hours after
the Incricen has been put into the case. This time
is necessury to allow the air bubbles to escape.

PLACING IN SERVICE

Pressure Testing. All Inerteen transformers are
pressure-tested at the factory and shipped free of
leuks. After installations and before voltage is
applied. it is desirable to pressure-test each
transformer, especially if any fitlings or covers
nave been removed and replaced during installa-
tion. Compressed dry nitrogen or dry air may be
used for the purpose. It is recommended that the
spave above the lnerteen be blown out with dry
nitrogen. then close all vents and apply a pressure-
- test of five pounds per square inch for a period of
six to cight hours, The test pressure can best be
Lritid ™y the use of 2 pressure rcgul-lor attached
to the nitrogen ovhinder. A check for'.leaks of
joints above the Inerteen fevel may be made by
painting them with a solution of soap and
glycerin and watching for gas bubbles. At the
conclusion of the test the internal pressure should

1}

be returned to normal by momentarily vrnung
the gas space. |

High Altitude. Where transformers are (o be used
at a high altitude (more than 3000 feet above sea
level) a fitting above the liquid leve! should be
opened to equalize the internal and cxlemal
pressures at a temperature of approximately 25°C
before placing the transformer in service. '

Grounding Transformer Tank. Regardless of the
type of foundation or floor on which a.trans-
former is to rest, the tank should be deﬁmteiy
and permanently grounded to eliminate the poss:-
bility of obtaining static shocks or being injurcd
by accidental groundmg of a winding to the case.
A ground pad or lug is always provided near thc
bottom of the tank for the purpose of connecting
the grounded lead.

I
1
CAUTION: A good low-resistance ground isi
necessary for adequate protection — 8 poor’
ground may be worse than none at all,

Grounding Low Voltage Winding. Every effon is
made in insulating transformers to guard against
any chance of breakdown between high voitage
and low voltage windings: however, in order to be
absolutely safe, it is advisable that low voltage
circuits with which persons may come in contact
be grounded. The maximum voltage that can be
obtained to ground is then limited to the normal
voltage that exists between the grounded point
and the line; this is true even though the hlgh
voltage and low voltage windings become Lon-
nected electrically.

In grounding the winding. the néutral point
should be used if it is available. When trans-
formers operate on single phase circuits with the
middle point of the low volluge. the maximum
voltage that can exist between any part of the low
voltage circuit and ground is one-half of the !ow
voltages.

MAKING CONNECTIONS

A diagram. usually on the meta) instruction platle
attached to the side of the case, shows the proper

“ ik ol | v"u-
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Voltage
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power terminal connections to be made for
various voitages. Care should be taken to see that
all connections and only those shown are prop-
erly made. for a wrong connection may cause
severe darnage. :

Some installations require an auxiliary source
of power or control leads to be wired to
terminals at the transformer; a wiring diagram,
either a separate drawing or included as part
of the outline drawing. shows the connections
to be made.

Application. When voltage is first
applied to the transformer, it should, if possi-
ble, be brought up slowly to its full value so
that any wrong connection or other trouble
may be disciosed before damage can result
After full voltage has been applied successfully,
the transformer should be operated without

load for a few hours. It should be kept under’

close observation during this time and also dur-

_ ing the first few hours while loaded.

INSPECTION

It is desirable that periodic inspections of In-
erteen apparatus be made and that samples of
Inerteen be taken from each and from all com-
partments of any apparatus and tested after a
short period of service. See section on Sampling
and Inspection.

Any increase in operating temperature at
normal load should be investigated and if the
cause cannot be determined. the transformer

should be taken out of service and given a
thorough inspection.

Any symptoms, such as wunusual noises,
high or low Inerteen levels, operation of re-
lief device, etc.,, should be investigated at

once.

Transformers_which have been subjected to
unusually severe operating conditions, such as

overloads. frequent short circuits, or special units.

should be inspected al least once a year. This can
usually be done adequately by lowering the
Inerteen level and inspecting with a light through
the manhole. Before this inspection is made,
the Inerteen should be allowed to cool to
reduce the amount of Inerteen fumes given off
which are quite objectionable and should not
be inhaled.

‘During periodic inspection, all accessories
should be inspected to see if they-are operating
properly.

CAUTION: Never enter a vault or any other
confined area in which a transformer relief
device has been known to operate or in
which a transformer has failed, until the area
has been thoroughly ventilated. Then enter
cautiously, with another person in attend-
ance. The pungent, somewhat isritating
fumes of hydrogen chioride are easily de-
tected and can serve as a guide in entering
the enclosure.
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Part | — Inerteen® Insulating Fluid

Copies are available from:

See American National Standards Institute Guidelines C107.1-1974
for complete information on handling and disposal of Askarels.

ANSI, 1430 Broadway, New York, N.Y. 10018

CHARACTERISTICS

[nerteen is 2 highly pure, synthetic non-
inflammable and non-explosive insulating and
cooling liquid. Chemically stable and nearly water
white in color, Inerteen is not affected by
reaction with other materials regularly used in the
manufacture of Inerteen apparatus. It is non-
oxidizing and non-corrosive at temperature con-
siderably above those normally obtained in Iner-
teen apparatus. Inerteen will not sludge under any
operating condition. Water is the main enemy of
Inerteen and keeping it dry will insure long
service life.

The dielectric strength of lnerteen will com-
pare favorably with that of insulating oil when
tested under the same conditions. Quality samples
of Inerteen tested under laboratory conditions

may show a dielectric strength in excess of 40KV.

Care must be exercised in handling and testing
Inerteen. [nerteen must be kept in clean, sealed
containers to prevent loss by evaporation or
contamination by moisture or dirt.

Inerteen exerts a strong solvent action on
most varnishes, guims, and paints. Such materials
are not used in the construction of Inerteen
apparatus. No materials should be used in Iner-
teen apparatus except those approved by the
Westinghouse Electric Corporation.

Inerteen has an irritating effect upon the skin.
If it is necessary to handle it, see the precautions
under “Handling™. It should be remembered that
mineral oil is completely miscible with Inerteen;
in fact, it is impossible to separate mineral oil and
Inerteen.

SPECIFIC CHARACTERISTICS OF INERTEEN

As outlined in “Method of Testing Askarels

A.S.TM. D901," the specific characteristics of

Inerteen are: v

1. Bum point: None

2. Chemical stability: No generation of free
chiorides under normal operating conditions.

W

Color: (Maximum) 100 A.P.H.
Condition: Clear

5. Dielectric constant:
At 1000 hertz 77°F (25°C).5.7t0 5.9
At 1000 hertz 212°F (100°C), 4.8 10 5.0
6. Dielectric strength: (Minimum) 77°F (25°C)
At point of shipment, 35KV
At point of receipt, 30KV
7. Electrical Resistivity: (Minimum)
500 x 10° ohms/em® (212°F (100°C) at
500 volts DC)
8. Power factor:
At 60 hertz, 77°F (25°C) 2%
At 60 hertz, 212°F (IOO"C) A%
9. Fixed chlorine content: (Minimum) 42
percent
10. Free chlorides: Less than 0.10 ppm
11. Neutralization number: Less than 0.014 mg
of KOH/gram
12. Pour Point: (Maximum) plus 7°F (minus
14°C)
13. Refractive index:
_ At 77°F (25°C), 1.624 t0 1.626
14. Specific gravity:
_ At 60°F/60°F (15.5°C/15.5°C), 1.381 to
1.392
15. Density: 11.5 pounds per gallon

16. Viscosity:
At 100°F (37.8°C), 82-92 seconds

17. Moisture: (Maximum) 35 ppm

»

ENVIRONMENTAL CONSIDERATIONS

Inerteen is a synthetic insulating fluid made by
the c¢hlorination of a relatively common chemical.
biphenyl. The chlorination is necessary to impart
nonflammable properties to the Inerteen. The
resulting polychlorinated biphenyls (PCB's) are
relatively insoluble in water but soluble in fat,
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and extremely persistent in the environment. It
has been shown by several laboratories that
measurable amounts of the PCB's, particularly
those with more than S0% chlorination, are
present in our general environment and are a
threat to certain species of wildlife. While Iner-
teen is generally regarded as being non-toxic to
humans, very high standards of control in the
overall program against pollution must be exer-
cised.

Electrical apparatus (such as transformers and
capacitors) using Inerteen are normally sealed to

" prevent escape of Inerteen into the environment.

However, a carefully planned program of waste
disposal must be followed at every step of the
equipment life. This includes manufacture, repair
and final disposition of the fluid and the Inerteen
contaminated parts. To date the only acceptable
destruction of the PCB's is by incineration at
2250°C or higher under carefully controlled
conditions. At this temperature Inerteen will
breakdown into HC1, CO2 and water vapor. An
alkaline scrubber is necessary to neutralize the
HC1 and the final products released to the
atmosphere are CO2 and steam. To be sure that
the Inerteen and [nerteen contaminated materials
do not contaminate the environment they must
be incinerated in approved equipment.

HANDLING

1. Safety Precautions

Breathing. The odor of Inerteen is noticeable
at concentrations below the Maximum Ac-
ceptable  Concentration.  Concentrations
which exceed this may cause irritation of the
eyes, nose, throat and upper respiratory tract.
Much higher concentrations could cause in-
ternal reactions.

Swallowing. Inerteen is highly toxic if taken
internally. Swallowing of an ounce or two
could cause severe irritation of the dlgesuvc
tract and serious internal reactions.

Skin Irritation. Although Inerteen is only a
moderate skin irritant when contact is for

short duration, it can be absorbed through the
skin. Repeated contact over prolonged peri-
ods may resuit in severe dermatitis which may
persist for many months after removal from
exposure.

Protective Equipment. When necessary, und-
er emergency conditions, to enter a space
containing very high concentrations of Iner-
teen fumes or vapor, either an approved gas
mask or self-contained breathing equipment,
should be worn. For lower, but still signifi-
cant concentrations, cartridge type chemical
respirator should be wom. If the odor of
Inerteen is noticed while wearing respiratory
equipment, the wearer should go immediately
into fresh air.

Neoprene coated aprons and neoprene
coated gloves may be used where necessary to
protect the skin. Hand cream designed to
protect against oils ‘and petroleum solvents,
¢such as Ply 9 Gel made by Milbum Co. of
Detroit) may be of some value where the use
of gloves is not practical.

When handling Inerteen, wash hands often
with warm soapy water and in case of spillage
onto clothing, remove the clothing as soon as
possible. The clothing must then be laundered
prior to use.

Storage

Inerteen is shipped in tank cars, drums or
cans. Inerteen in drums or cans should be
stored in @ covered area and when stored
out-of-doors the bungs should be down to
prevent coilection of water around the bung.
A storage tank should be mounted on piers
above the ground and accessible to all points
for inspection for leakage. There should be a
curdb on the ground around the tank to
contain any spillage or leakage,

It is desirable, if possible, to keep Inerteen
in storage at a temperature slightly above
ambient to prevent moisture condensation.

4
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SAMPLING AND INSPECTION

Sampling. Each container of Inerteen must
be sampled and tested prior to being added to
a transformer and then should be added only
if the dielectric strength is 30KV or above.

It is desirable that periodic inspection of
Inerteen apparatus be made and that samples
of Inerteen be taken from each compartment
and tested. Initially a sample should be taken
after about 3 months of operation and then,
where operating conditions permit, at inter-
vals of 6 months to | year. Accurate records
should be maintained and if dielectric
strength drops below 22KV it should be
reconditioned,

If facilities are not available for testing
Inerteen, see “Westinghouse [nerteen Testing
Service™ below,

Westinghouse Inerteen Testing Service. Many

users of Inerteén do not have the necessary -

facilities for testing. In order that these users
may be able to make the periodic tests
recommended, Westinghouse Electric Corp-
oration has established an Inerteen testing
service to provide careful tests by experienced
engineer, and provide 2 prompt report on the
test results.

Two special 16 oz. sample bottles per
mailing container Westinghouse
SH#24B1743602, as well as necessary packing
and printed matter, may be obtained by con-
tacting the nearest Westinghouse Office. (The
bottle and the container will not be returned
to the customer.)

After drawing the sample of Inerteen, the
customer should seal the bottle and mail it to
the Westinghouse Electric Corporation, Ma-
terials Engineering Laboratory, Sharon, Pa.
16146. To simplify these details, an instruc-
tion and order sheet and a printed retumn label
have been included in the carton container.
The instructions cover the taking of the
sample and its proper preparation for mailing.
The order sheet must be sent to the nearest
Westinghouse office,

In addition to dielectric tests, Westing-
house is also prepared to make a physical and
chemical examination if so requested. (The
customer should plainly indicate the type of
service desired.)

The physical and chemical examination
consists of an examination of the Inerteen by
a competent chemist, Recommendations will
be made as to the suitability of the Inerteen
for continued use, whether it would be
desirable and economical to clean it, and in 2
general way, the preferred method of clean-
ing. In submitting samples for this service, the
history of the Inerteen represented should be
given as completely as possible. (For details
refer 1o the nearest Westinghouse Office).

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the most minute traces of certain impurities,
particularly water, It is important that the great-
est care be taken in obtaining the samples and in
handling them to avoid contamination. There
have been low dielectric test results reported {rom
the field which, upon investigation, have been
found to be largely a matter of poor sampling. All
sampling and testing equipment used for handling
Inerteen and servicing Inerteen should be used for
no other purpose. Care must be used in taking
samples of Inerteen and sealing them prior to
testing. It is desirable that samples of lnerteen be
removed from any container on clear days only,
and when the temperature of the Inerteen is at
least as high as the temperature of the sur-
rounding air.

Use only tin containers with screwed metal
caps or glass bottles with Inerteen resistant lids to
hold Inerteen samples, Il it becomes necessary to
use other than factory sampling containers, they
should be rinsed with clean naptha, washed with
detergent and water, and rinsed thoroughly in hot
water, and then dried at approximately 110°C for
four hours with neck down in circulating air oven.
If the containers are not used immediately after
cleaning, they should be sealed tightly and stored
in a dry, clean place. An aluminum foil liner
should be put in the lid.

VLAY
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Provision is made on all Inerteen transformers
to obtain a top sampie of the inerteen, however
on a transformer that is in operation, a sample
may be taken from either the top or bottom since
any moisture present will be mixed- in, due to
circulation of Inerteen. In sampling, allow at least
one quart of Inerteen to run out to flush the
sampling connection before collecting the sample.
This flush material must be collected in a suitable
container for disposition as per the section on
“Inerteen Disposal” page 6. The Inerteen should
be put into the sample containers immediately
and the caps screwed on tightly. The label for
each container should be marked clearly with the
serial number of the transformer or compartment
from which the Inerteen was taken.

Before taking samples from a storage tank,
the Inerteen should be allowed to settle for
approximately twelve hours so that if there is any
moisture present, it, having a lower specific

gravity, will rise to the top where the sample is to

be taken. A clean sneak-thief should be used to
obtain the samples. Essentially, the same precau-
tions to prevent moisture and dirt contamination
should be used as outlined above.

It is recommended that one 16 oz. bottle of
Inerteen be taken as a sample {or testing. At least
one sample should be taken from a tank car of
Inerteen. One sampie may be taken from each
drum, or if desired, a3 composite sample may be
made from Inerteen from five drums, provided all
of the drums are airtight. When the bung is first
loosened, a hissing sound should be heard, which
indicates that the drum has been airtight. When
the composite type of testing is used and a sample
is found to be unsatisfactory, a sample from each
of the drums represented must be tested.

When drums have been stored exposed to the
weather, a sample from each drum must be tested
to determine if it is suitable for use.

. DISPOSITION OF SAMPLE & CON-
TAINER. All samples must be collected in sealed,
labelled containers for disposition as described in
section on “Inerteen Disposal™ page 9. All soi-
vent rinses of test containers must be handled in a
like manner.

477675

All containers, rags, and other solid materials
involved in testing must be collected for proper
disposition.

TESTING METHODS

Instruction for all tests listed correspond in
general 10 the recommendations of the American
Society for Testing Materials.

1.  Dielectric Streagth Test

The testing transformer and the source of supply
of energy shall not be less than 1/2 KVA, and the
frequency shall not exceed 100 Hertz per second.
Regulation shall be so controlled that the high
tension testing voltage taken from the secondary
of the testing transformer can be raised gradually
without opening either primary or secondary
circuit. The rate of rise shall approximate 3000
volts per second. The voltage may be measured by
an approved method which gives root-mean-
square values. .

Some protection is desirable to prevent ex-
cessive flow of current when breakdown of the
Inerteen takes place. This protection preferably
should be in the primary or low voltage side of
the testing transformer. It is not especially im-
portant for transformers of 5 KVA or less, as the
curtent is limited by the impedance of the
transformer.

The standard test cup for holding the sample
of Inerteen shall be made of a material having a
suitable dielectric strength. It must be insoluble in
and unattacked by Inerteen or benzine and non-
absorbent as far as moisture, Inerteen, or gasoline
are concerned.

The electrodes in the test cup between which
the sample is tested shall be circular discs of
polished brass or copper, | in. in diameter, with
square (90°) edges. The electrodes shall be
mounted in the test cup with their axes hori-
zontal and coincident, with a gap of 0.100 in.
between their adjacent faces, and with tops of
electrodes about 1-1/4 in. below the top of the

v "
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cup. (A suitable test cup is shown in Fig. 1, and Voltages shall be applied and increased

portable testing outfits in Fig. 2.) uniformly at a rate of approximately 3000
volts (rms) per second until breakdown occurs
a. Procedure as indicated by a continuous discharge across

The spacing of electrodes shall be checked
with a standard round gauge having a diam-
eter of 0.100 in., and the electrodes then
locked in position.

The electrodes and the test cup shall be
wiped clean with drv, calendered tissue paper
or with a clean, dry chamois skin and thor-
oughly rinsed with Inerteen-free, dry benzine
until they are entirely free from fibers.

The test cup shall be filled with dry
benzine, and voltage applied with uniform
increase at the rate of approximately 3000
volts (rms) per second until breakdown oc-
cur. If the dielectric strength is not less than
25KV, the cup shall be considered in suitable
condition for testing the Inerteen. If a lower
test value is obtained the cup shall be cleaned
with benzine and the test repeated.

The temperature of the test cup and of
the Inerteen when tested shall be the same as
that of the room, which should be between
68°F and 86°F. (20°C and 30°C) Testing at
lower temperatures is likely to give variable
results which may be misleading.

Fif. 1 Fluid Test Cup for Dielectric Test

The sample in the container shall be
agitated with a swirling motion (to avoid
introducing air) so as to mix the Inerteen
thoroughly before filling the test cup. This is
even more important with used Inerteen than
with new Inerteen as the impurities may be
precipitated and the test may be misleading.

The cup shall be filled with Inerteen to a
height of no less than 0.79 in. (20 mm) above
the top of the electrodes.

The Inerteen shall be gently agitated by
rocking the cup and allowing it to stand in the
cup for three minutes before the first and one

minute before each succeeding puncture. This
will allow air bubbles to escape. Fig. 2 Portable Oil Testini Set. 1/2 K VA ]5.000 Volts
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the gap. (Occasional momentary discharges
which do not result in a permanent arc may
occur; these should be disregarded).

b. Number of Tests

I. Except as specified in (II) one break-
down test shall be made on each of five
fillings of the test cup. If the average
deviation from the mean exceeds 10
percent or if any individual test deviates
more than 25 percent from the average,
additional tests shall be made. The dielec-
tric strength shall be determined by aver-
aging the first five tests that conform to
the allowable variations.

Il. When Inerteen is tested in consider-
able quantity, so that the time required
for testing is excessive and when it is
merely desired to determine whether the
breakdown safely exceeds the limit speci-
fied, or in those cases where the amount
of Inerteen available for test may be very
timited, one breakdown test shall be made
on each of two fillings of the test cup. If
neither breakdown is below this value, the
Inerteen may be considered satisfactory
and no further tests shall be required. If
either of the breakdowns is less than the
specified value a breakdown shall be made
on ecach of three additional fillings and
test results analyzed in accordance with (1).

c. Report

The report shall include the volts (rms value)
at each breakdown and the average of the two
or five breakdowns and the temperature of
the Inerteen at the time of the test.

‘2. Neutralization Test

The Neutralization number is the number of
milligrams of potassium hydroxide required to
neutralize the acid in one gram of Inerteen. \

Solutions Required

s. Standard Potassium Hydroxide Solution
(alcoholic, 0.1N) — add 6 g. of c.p. solid KOH

to 1 liter of c.p. anhydrous isopropy! alcohol.
Boil, add 2 g. of c.p. Ba (OH)?2 and boil again.
Cool, filter and store in a chemically resistant
bottle protected by a guard tube containing
soda lime and soda asbestos (Ascarite). Stand-
ardize against pure potassium acid phthalate
using phenolphthalein as an indicator.

b. Titration Solvent — Add 500 ml. of c.p.
benzene and 5 ml. of water to 495 ml of c.p.
anhydrous isopropy| alcohol.

Procedure. Into a 250 mLEslenmeyer flask intro-
duce 40 g. of Inerteen weighed accurately. Add
100 ml. of the titration solvent and 3 ml.of the
indicator solution. Titrate immediately at a
temperature below 30°C. Consider the end point
definite if the color change to green persists for
15 seconds. A blank shall be determined on the
solvent.

Calculations. The neutralization number or
mg.

KOH per . of Inerteen = {A-B (1) x 56.1

.A = mLKOH solution required for sample.
B = mLKOH solution required for blank.
N = normality of KOH solution.

W = grams of sample used.

RECONDITIONING

Reconditioning will be necessary to remove
water, foreign material and hydrogen chloride
which may be present and contaminating Iner-
teen. The blotter filter press, cartridge filter and
the Inerteen conditioner will remove water and
dirt which may be present. Various models of
each of these types of apparatus are available. The
Inerteen conditioner is the most effective for
removing moisture, dirt, and other contaminating
materials. It basically consists of a clay container,
a clay filter, pump, attendant valves, gauges and
fittings.

Water cannot be effectively removed from
either clay or filter material once they have
become saturated with Inerteen therefore care

TN



- DISPOSAL

* Cham-Trol Pollution Service, Inc.

should be- taken to see that these materials are
thoroughly dry prior to use. Any equipment used
for conditioning Inerteen should first be thor-
oughly cleaned with benzine or naphtha to
remove all traces of material foreign to Inerteen,
If at all possible, separate equipment should be
used for filtering Inerteen only.

Hydrogen chloride, caused by arcing, may be

. eliminated by vigorously bubbling dry nitrogen

through Inerteen. This should be done as quickly
as possible following ‘the failure to prevent the
attack of HC! on the celluiose insulation, The
nitrogen should be passed in through the drain
valve at the bottom and allowed to escape

" through a vent at the top. The nitrogen should be

discharged through a pressure regulator attached
to a stand pipe above the level of the Inerteen in
the transformer to prevent the [nerteen from
flowing into the regulator. The nitrogen should be
bubbled through the Inerteen at a rate of one to

- three cubic feet per minute for a period of 4 to 6

hours. This may require two to eight cylinders
(220 cu. ft. each) depending on the size of ths
apparatus. :

L

Inerteen Liquid. Collect all scrap Inerteen liquid

in a suitable metal container which can be -

satisfactorily sealed. Once the Inerteen is col
lected it may be retumed in sealed drums or tank
cars to Monsanto or other certified disposal

companies as listed helow. Ship prepaid to:

Nuclear Enginsering Company
Disposal Division
Shatfisld. lllinois

Monsanto Company

W. G. Xrummrich Plarit

Sauget, Hiinois

Attention: Supervisor Dept., 248

lo!lias-?urlc. Inc.
4313 Lake Avanue Boz 3349
Blasdell; New York 14219 Ullmmmn Delaware 19899

A charge wxll be made for all returned
Inerteen.

Solvent-Rinses Contaminated with Inerteen. Sol-
vent rinses or other liquids contamingted with
Inerteen should also be coliected in sealed drums
or tank cars and sent either to Monsanto or other
certified disposal company.

Solids Contaminated with Inerteen. All solids

materials contaminated with Inerteen must be
stored in impervious containers until disposal.
This includes all glass, metals, papers, insulation,
clay rags, filter cartridges, etc.

These materials may be incinerated if suitable
arrangements can be made for it to be done at a

temperature sufficient to breakdown the Iner-

teen. Or they may be purged by cleaning with a
proper fluid and the resultant fluid then may be

incinerated using an approved procedure and.

temperature.

The following disposition is recommended for
various materials,

Material ’ - 'l';isposition |

Absorbing clay, filter paper, cartndges

sawdust and rags . Incinerate
Coils Solvent clean or incinerate
Cores ; Solvent clean

Solvent clean
Solvent clean
Incinerate

Tanks & Frames
Copper or Aluminum
Insulation

Incineration. Incineration, whether of liquids or

contarminated solid materials, must be done at a
temperature of at least 2250°C and the stack
must be equipped with a suitable scrubber to
remove HC}. .

Cleaning Contaminated Drums. The cleaning of
drums which have contained used Inerteen re-
quires great care in order to insure a thoroughly
clean drum

It is preferable to retum. such drums to the
supplier where adequate cleaning facilities are
available, rather than to attempt to clean them.

If it is necessary to clean such drums, the
following procedure js recommended:

Rinse the drum thoroughly with gasoline or
petroleum distillate, using about one gallon
each time, until the solvent shows no discolor-
ation after using, Allow it to drain, then

pump out the last traces of solvent with a

vacuum pump, using a brass pipe flattened at
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the lower end to explore the comers of the
drum. Collect al solvent rinse materal for
disposition as described above.

CAUTION: Do not use a steel pipe because
of the danger of a spark igniting the gasoline
or petroleum distillate vapor, '

\

Next, heat the drum with bunghole down in

a ventilated oven at 2 temperaturs of at least
88°C. (190°F) for sixteen hours. (A simple
oven for this purpose may be made from sheet
metal and heated with steam or an electric
heater.) Blow out the drum with dry nitrogen or

dry air to remove any lingering explosive vapors.
Screw the bung on tightly before removing the
drum from the oven. Use a new washer with the
bung to insure a tight seal.

CAUTION: Open flames must always be
kept away from the ovan to prevent igniting
inflammable gases which might be remaining
in drum when placed in the oven.

The practice of refilling drums with lnerteen
is undesirable and should be avoided whenever
possible, for unless the utmost precautions are
taken, the Inerteen is likely to become con-
taminated.

Part ll — Ihstallation and Maintenance

of Inerteen Transformers

INSTALLATION

For convenience in handling, all transformers are
equipped with lugs or eyes for lifting and mov-
ing the complete assembly filled with Inerteen
by use of a crane. Additional means are pro-
vided for the heavier parts such as covers, core
and coils, radiators and terminal chambers. Jack-
ing lugs are also supplied on either the base or
comers of the tank. A transformer should only
be lifted or moved by jacks placed against these
lugs and not against the cooling tubes, radiator
valves, or other fittings.

An indoor installation requires that the room
in which the transformers are placed must be well
ventilated so that the heated air can readily
escape and be replaced by cooler air from the
outside. If the room is poorly ventilated, this
exchange of air takes place too slowly and the
temperature of the air in the room may become
excessively high. At any given load the tempera-
ture rise of a self<ooled transformer will be a
fixed number of degrees above the temperature of
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the surrounding air. The temperature of the
transformer is the sum of this rise and the air
temperature; therefore, care must be taken to
provide a room sufficiently ventilated to permit
operation of transformers at a reasonable temp-
erature. Area of the air inlets should be such that
the ambient temperature never exceeds 40°C
(104°F) with an average over twenty-four hours
not exceeding 30°C (86°F); 50 to 60 square feet
per 1000 kva of transformer capacity has been
satisfactory. Outlet openings with the same total
area should be provided.

Selfcooled transformers should always be
well separated from one another and from ad-
jacent walls, partitions, etc., in order to permit
free air circulation about the cases. This separa-
tion should not be less than 24 to 36 inches
depending on the size of the units.

INSPECTION

All Inerteen transformers are carefully inspected
and tested at the factory and they are in good




condition when shipped; but it is desirable to
inspect each transformer thoroughly before plac-
ing it in service.

When a transformer is shipped complete and
filled with Inerteen, this inspecticn should in-
clude a check of the Inerteen level, the tightening
or adjustment of any parts that may have become
loose or out of place, and determining the extent
to which moisture may have entered the trans-
former. The latter can best be determined from
the dielectric strength of the Inerteen. Inerteen
used for filling transformers should have a dielec-
tric strength of 30KV or higher. When it tests less
than this the Inerteen should be filtered. 1f the
dielectric strength is very low or if there is any
other evidence of moisture, it is necessary to dry
the transformer.

Inerteen transformers should be dried by the
short circuit method with the transformer im-
mersed .in the [nerteen and with the tank sealed
tightly. During the drying out operation, the

Inerteen should be circulated through a filter:

press or preferably through an Inerteen condi-
tioner. A filter press will remove dirt and most of
the moisture, but the conditioner will remove
these and other contaminating materials as well,

The desired load current should be obtained
by short circuiting one winding and impressing
the proper impedance voltage on the other
winding. The full load impedance may usually be
found on the instruction plate for the trans
formers: if the impedance of the transformer is
not known, it should be requested from the
Westinghouse Electric Corporation, Sharon, Penn-
sylvania, by identifying the transformer with its
serial number.

If the transformer is at or lower than room
temperature at the start of the drying process,
circulation of 125 to 150% of full load current
will hasten the heating, and a highér top Inerteen
temperature can be obtained more quickly by
blanketing the coolers when tubular coolers are
used or by shutting off the radiator valves when
radiators are used. The cover should be lagged to
prevent condensation.

The loading should be carefully watched and
when the top Inerteen reaches a temperature of
60°C, the load should be reduced to obtain an
approximately constant top Inerteen temperature
based on the following table:

Short Circuit Amperes |Maximum Temperature
in Percent of Load of the Top Inerteen

50% 85°C
75% 80°C
85% 75°C

While the windings of the transformer heat
up, do not permit the temperature of the top
Inerteen to exceed the value specified for a given
percentage of load. This precaution is necessary
because the windings will heat up more quickly
and operate at.a higher temperature than the
Inerteen. If the windings are allowed to reach too
high a temperature, the insulation will b¢ dam-
aged. The drying of a transformer should be
continued until the dielectric strength of samples
of inerteen taken from the transformer test at
30KV or higher.

The cover should be kept tightly sealed during
the temperature run, and until the transformer
has cooled down to room temperature to prevent
condensation. This also prevents the release of -
hot Inerteen vapors which are quite objection-
able, particularly if the ventilation is poor.

CAUTION: It is not safe to attempt the
drying out of transformers uniess constant
attention is given to the job.

ACCESSORIES AND FITTINGS

Bushings, fittings, and accessories when boxed
and shipped separately should be mounted as
shown on the outline drawing. Proper installation
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instructions when necessary are included in the
instruction leaflets for component parts. Care
must be exercised when these components are
fitted to eliminate the accidental introduction of
moisture in any form inside the transformer.
Where blind flanges are removed before fittings
are mounted, the level of the Inerteen must. be
lowered below the openings that will be made.

FINISH

Any portion of the paint film damaged during
shipment or installation must be repaired as
quickly as possible.

To do this, clean the damaged portion by
means of a scraper or sandpaper, wipe thoroughly
with a solvent dampened cloth, apply Westing-
house primer paint and allow it to dry for at least
24 hours, then apply a coat of Westinghouse
{inish paint.

FILLING
When putting new apparatus into service, see that

the apparatus tank is free from moisture and
foreign material.

IMPORTANT: Extreme precautions must
be taken to insure the absoluts dryness and
cleanliness of the spparatus before filling it
with Inerteen, and to prevent the entrance
of water and dirt during the transfer of the
Inerteen to the apparatus.

The preparation and filling of outdoor appa-
ratus should preferably be done on a clear, dry
day; if this is not possible, protection against
moisture must be provided.

All vessels used for transferring the Inerteen
should be carefully inspected to see that they are
absolutely dry and free from contamination. Use
only all-metal hose or pipe when filling, since the
Lining of most other types of hose may be soluble

in Inerteen and will contaminate it in a short
time. All joints should be tight; where practical,
fill through the drain valve to keep aeration to a
minimum and vent the top of the tank to allow
the air to escape. Be sure that valves and pipe
connections between the main tank and any
Inerteen filled compartments are open for free
circulation of gas and liquid. Otherwise, trapped
air or gas may cause the Inerteen level in some
parts of the transformer to be below the safe
operating level.

If it is necessary to fill a transformer out-of-
doors, particularly on a damp day, care should be
taken to prevent the entrance of moisture. In
order to avoid condensation the temperature
inside the unit should be kept several degrees
above the outside air temperature,

The tank and compartments, if any, should be
filled at ambient temperature to the point on the
gauges marked “25° ~ Liquid Level.,” If the
ambient varies greatly from 25°C (77°F) when
filled, the Incrieen level should be checked when
the average fluid temperature is 25°C; sufficient
Inerteen should be added to or drained from the
tank to bring the level to the proper height. The
transformer should never be operated or left
standing, even out of service without the Inerteen
level being indicated on the gauge.

Filling Under Vacuum. Entrapped air is a2 po-
tential source of trouble in all liquid filled
transformers. Therefore, it is desirable to fill all
Inerteen transformers under a full vacuum. This is
done for the transformers shipped from the
factory and should be done where practicable
when transformers are filled in the field, provid-
ing the transformer cases have been so designed.
If the cases have not been designed for full
vacuum and it is imperative to get the maximum
winding impulse strength immediately, the trans.
formers should be filled with Inerteen under full
vacuum by placing them in an auxiliary vacuum
tank.

Where purchaser does not have an established
technique for vacuum filling, the following pro-
cedures may be used whether vacuum is applied




directly to the transformer or the complete
transformer is placed in 2n auxiliary vacuum tank.

1. Apply and maintain continuously a vac-
uvum of at least 28 inches of mercury for at
least one-half hour to units rated 25KV and
below, or for four hours to units above 25SKV.

2. While retaining the vacuum, slowly fill
with Inerteen to the normal 25°C level or
with approximately 90% of the required
amount where it is impossible to gauge

properly.

3. Maintain the specified vacuum for at least
one-half hour after filling.

4. Adjust Inerteen to normal level and seal
the transformer tank. Do not reopen until the
temnperature at the top of the fluid is equal to
or higher than the ambient temperature in
order to avoid condensation on the surface of
the Inerteen.

In those cases where the transformers are not *

ﬁlled under vacuum, full voltage should not be
applied to the windings for at least 24 hours after
the Inerteen has been put into the case. This time
is necessary to allow the air bubbles to escape.

PLACING IN SERVICE

Pressure Testing. All Inerteen transformers are
pressure-tested at the factory and shipped free of
leaks. After installations and before vollage is
applied, it is desirable to pressure-test .each
transformer, especially if any fittings or covers
have been removed and replaced during installa-
tion. Compressed dry nitrogen or dry air may be
used for the purpose. It is recommended that the
space above the Inerteen be blown out with dry
nitrogen, then close all vents and apply a pressure-
test of five pounds per square inch for a period of
six to cight hours. The test pressure can best be
limited by the use of a pressure regulator attached
to the nitrogen cylinder. A check for ‘eaks of
joints above the Inerteen level may be made by
painting them with a solution of soap and
glycerin and watching for gas bubbles. At the
conclusion of the test the internal pressure should
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be returned to normal by momentarily venting
the gas space.

High Altitude. Where transformers are to be used
at a high altitude (more than 3000 feet above sea
level) a fitting above the liquid !eve! should be

opened to ecqualize the intemal and extemnal

pressures at a temperature of approximately 25°C
before placing the transformer in service.

Grounding Transformer Tank. Regardless of the
type of foundation or floor on which a trans-
former is to rest, the tank should be definitely
and permanently grounded to eliminate the possi-
bility of obtaining static shocks or being injured
by accidental grounding of a winding to the case.
A ground pad or lug is always provided near the
bottom of the tank for the purpose of connecting
the grounded lead.

CAUTION: A good low-resistance ground is
necessary for adequate protection — a poor
ground may be worss than none at ail.

Grounding Low Voltage Winding. Every effort is
made in insulating transformers to guard against
any chance of breakdown between high voltage
and low voltage windings; however, in order to be
absolutely safe, it is advisable that low voltage
circuits with which persons may come in contact
be grounded. The maximum voltage that can be
obtained to ground is then limited to the normal
voltage that exists between the grounded point
and the line; this is true even though the high
voltage and low voltage windings become con-
nected electrically.

In grounding the winding, the neutral point
should be used if it is available. When trans-
formers operate on single phase circuits with the
middle point of the low voltage, the maximum
voltage that can exist between any part of the low
voltage circuit and ground is one-half of the low
voltages. ;

MAKING CONNECTIONS

A diagram, usually on the metal instruction plate
attached to the side of the case, shows the proper
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power terminal connections to be made for
various voltages. Care should be taken to see that
all connections and only those shown are prop-
erly made, for a wrong connection may cause
severe damage.

Some installations require an auxiliary source
of power or control leads to be wired to
terminals at the transformer; a wiring diagram,
either a separate drawing or included as part
of the outline drawing, shows the connections
to be made.

Voltage Application. When voltage is first
applied to the transformer, it should, if possi-
ble, be brought up slowly to its full value so
that any wrong connection or other trouble
may be disclosed before damage can result.
After full voltage has been applied successfully,
the transformer should be operated without
load for a few hours. It should be kept under
close observation during this time and also dur-
ing the first few hours while loaded.

INSPECTION

It is desirable that periodic inspections of In-
erteen apparatus be made and that samples of
Inerteen be taken from each and from all com-
partments of any apparatus and tested after a
short period of service. See section on Sampling
and [nspection.

Any increase in operating temperature at
normal Joad should be investigated and if the
cause cannot be determined, the transformer

should be taken out of service and given a
thorough inspection,

Any symptoms, such as unusual noises,
high or low Inerteen levels, " operation of re-
lief device, etc.,, should be investigated at
once.

Transformers which have been subjected to
unusually severe operating conditions, such as
overloads, frequent short circuits, or special units
should be inspected at least once a year, This can
usually be done adequately by lowering the
Inerteen level and inspecting with a light through
the manhole. Before this inspection is made,
the Inerteen should be allowed to cool to
reduce the amount of Inerteen fumes given off
which are quite objectionable and should not
be inhaled.

During periodic inspection, all accessories
should be inspected to see if they are operating
propgrly.

CAUTION: Never anter a vault or any other
confined area in which a transformer relief
device has been known to operate or in
which a transformer has failed, until the area
has been thoroughly ventilated. Then enter
cautiously, with snother person in attend-
ance. The pungent, somewhat irritating
fumes of hydrogen chioride ars easily de-
tectod and can serve as a guide in entering
the enclosura,
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Part | — Inerteen® insulating Fluid

Copies are available from:

See American National Standards Institute Guidelines C107.1-1974
for complete information on handling and disposal of Askarels.

ANS!, 1430 Broadway, New York, N.Y. 10018

CHARACTERISTICS

Inerteen is a highly pure, synthetic non-
inflammable and non-explosive insulating and
cooling liquid. Chemically stable and nearly water
white in color, Inerteen is not affected by
reaction with other materials regularly used in the
manufacture of [nerteen apparatus. It is non-
oxidizing and non-corrosive at temperature con-
siderably sbove those normally obtained in Iner-
&4n apparatus. Inerteen will-not sludge under any
operating condition. Water is the main enemy of
Inerteen and keeping it dry will insure long
service life.

The dielectric strengtiof Inerteen will com-
pare favorably with that of insulating oil when
tested under the same conditions. Quality samples
of Inerteen tested under laboratory conditions
may show a dielectric strength in excess of 40KV,
Care must be exercised in handling and testing
Inerteen. Inerteen must be kept in clean, sealed
containers to prevent loss by evaporation or
contamination by moisture or dirt.

Inerteen exerts a strong solvent action on
most varnishes, gums, and paints. Such materials
are not used in the construction of Inerteen
apparatus. No materials should be used in Iner-
teen apparatus except those approved by the
Westinghouse Electric Corporation.

Inerteen has an irritating effect upon the skin,

If it is necessary to handle it, see the precautions

under *“Handling™. It should be remembered that

‘mineral oil is completely miscible with Inerteen;

in fact, it is impossible to separate mineral oil and
Inerteen,

SPECIFIC CHARACTERISTICS OF INERTEEN

As outlined in “Method of Testing Askarels

AS.TM. D901,” the specific characteristics of

Inerteen are:

1. Burn point: None

2. Chemical stability: No generation of free
chlorides under normal operating conditions.

Color: (Maximum) 100 A.P.H.
Condition: Clear
5. Dielectric constant:
At 1000 hertz 77°F (25°C), 5.710 5.9
At 1000 hertz 212°F (100°C), 4.8 10 5.0
6. Dielectric strength: (Minimum) 77°F (25°C)
At point of shipment, 35KV
At point of receipt, 30KV
7. Electrical Resistivity: ('Mmu'num)
*S00 x 10° ohms/ecm® (212°F (100°C) at
500 volts DC)
8. ®ower factor:
At 60 hertz, 77°F (25°C) 2%
. At 60 hertz, 212°F (100°C) 25%
9. Fixed chlorine -content: (Minimum) 42
percent
10. Free chlorides: Less than 0.10 ppm
11. Neutralization number:-Less than 0.014 mg
of KOH/gram
12. Pour Point: (Maximum) plus 7°F (minus
14°C)
13. Refractive index:
At 77°F (25°C), 1.624 to 1.626
14. Specific gravity:
At 60°F/60°F (15.5°C/15.5°C), 1.38] to
1.392
15. Density: 11.5 pounds per gallon

16. Viscosity:
At 100°F (37.8°C), 82-92 seconds

17. Moisture: (Maximum) 35 ppm

W

ENVIRONMENTAL CONSIDERATIONS

Inerteen is a synthetic insulating fluid made by
the chlorination of a relatively common chemical,
biphenyl. The chlorination is necessary to impart
nonflammable properties to the Inerteen. The
resulting polychlorinated biphenyls (PCB's) are
relatively insoluble in water but soluble in fat,
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and extremely persistent in the environment. It
has been shown by several laboratories that
measurable amounts of the PCB's, particularly
those with more than 50% chlorination, are
present in our general environment and are a
threat to certain species of wildlife. While Iner-
teen is generally regarded as being non-toxic to
humans, very high standards of control in the
overall program against pollution must be exer-
cised.

Electrica! apparatus (such as transformers and
capacitors) using Inerteen are normally sealed to
prevent escape of lnerteen into the environment.
However, a carefully planned program of waste
disposal must be followed at every step of the
equipment life. This includes manufacture, repair
and final disposition of the fluid and the Inerteen
contaminated parts. To date the only acceptable
destruction of the PCB's is by incineration at
2250°C or higher under carefully controlled
conditions. At this’ temperature Inerteen will
breakdown into HC1, CO2 and water vapor. An
alkaline scrubber is necessary to neutralize the
HCl and the final products released to the
atmosphere are CO2 and steam. To be sure that
the Inerteen and Inerteen contaminated materials
do not contaminate the environment they must
be incinerated in approved equipment.

HANDLING

1. Safety Precautions

Breathing. The odor of Inerteen is noticeable
at concentrations below the Maximum Ac-
ceptable  Concentration.  Concentrations
which exceed this may cause irritation of the
eyes, nose, throat and upper respiratory tract.
Much higher concentrations ¢ould csuse in-
ternal reactions.

Swallowing. Inerteen is highly toxic if taken
internally. Swallowing of an ounce or two
could cause severe irritation of the digestive
tract and serious internal reactions.

Skin Irritation. Although Inerteen is only a
moderate skin irritant when contact is for

t.l. -,

short duration, it can be absorbed through the
skin. Repeated contact over prolonged peri-
ods may result in severe dermatitis which may
persist for many months after removal from
exposure.

Protective Equipment. When necessary, und-
er emergency conditions, to enter a space
containing very high concentrations of Iner-

teen fumes or vapor, either an approved gas-

mask or self-contained breathing equipment,
should be worn. For lower, but still signifi-
cant concentrations, cartridge type chemical
respirator should be wom. If the odor of
Inerteen is noticed while wearing respiratory
equipment, the wearer should go immediately
into fresh air,

Neoprene coated aprons and neoprene
coated gioves may be used where necessary to
protect the skin. Hand cream designed to
protect against oils and petroleum solvents,
(such as Ply 9 Gel made by Milbum Co. of
Detroit) may be of some value where the use
of gloves is not practical.

When handling Inerteen, wash hands often
with warm scapy water and in case of spillage
onto clothing, remove the clothing as soon as
possible. The clothing must then be laundered
prior 1o use.

. Storage

Inerteen is shipped in tank cars, drums or
cans. Inerteen in drums or cans should be
stored in a covered area and when stored
out-of-doors the bungs should be down to
prevent collection of water around the bung.
A storage tank should be mounted on piers
above the ground and accessible to all points
for inspection for leakage. There should be a
curb on the ground around the tank to
contain any spillage or leakage.

It is desirable, if possible, to keep Inerteen
in storage at a temperature slightly above
ambient to prevent moisture condensation.
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SAMPLING AND INSPECTION

Sampling. Each container of Inerteen must
be sampled and tested prior to being added to
a transformer and then should be added only
if the dielectric strength is 30KV or above.

It is desirable that periodic inspection of
Inerteen apparatus be made and that samples
of Inerteen be taken from each compartment
and tested. Initially 2 sample should be taken
after about 3 months of operation and then,
where operating conditions permit, at inter-
vals of 6 months to 1 year. Accurate records
should be maintained and if dielectric
strength drops below 22KV it should be
reconditioned.

If facilities are not available for testing
Inerteen, see “Westinghouse Inerteen Testing
Service” below.

Westinghouse Inerteen Testing Service. Many
users of Inertesn do not have the necessary
facilities for testing. In order that these users
may be able to make the periodic tests
recommended, Westinghouse Electric Corp-
oration has established an Inerteen testing
service to provide careful tests by experienced
engineer, and provide a prompt report on the
test results.

Two special 16 oz. sample bottles per
mailing container Westinghouse
S#24B1743602, as well as necessary packing
and printed matter, may be obtained by con-
tacting the nearest Westinghouse Office. (The
bottle and the container will not be returned
to the customer.)

After drawing the sample of Inerteen, the
customes should seal the bottle and mail it to
the Westinghouse Electric Corporation, Ma-
terials Engineering Laboratory, Sharon, Pa.
16146. To simplify these detajls, an instruc-
tion and order sheet and & printed return label
have been included in the carton container.
The instructions cover the taking of the
sample and its proper preparation for mailing.
The order sheet must be sent to the nearest
Westinghouse office.
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In addition to dielectric tests, Westing-
house is also prepared to make a physicai and
chemical examination if so requested. (The
customer should plainly indicate the type of
service desired.)

The physical and chemical examination
consists of an examination of the Inerteen by
a competent chemist. Recommendations will
be made as to the sujtability of the Inerteen
for continued use, whether it would be
desirable and economical to clean it, and in a
general way, the preferred method of clean-
ing. In submitting samples for this service, the

history of the Inerteen represented should be -

given as completely as possible. (For details
refer to the nearest Westinghouse Office).

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the most mimite traces of certain impurities,
particularly water. [t is important that the great-
est care be taken in obtaining the samples and in
handling them to avoid contamination. There
have been low dielectric test results reported from
the field which, upon investigation, have been
found to be largely a matter of poor sampling. All
sampling and testing equipment used for handling
Inerteen and servicing Inerteen should be used for
no other purpose. Care must be used in taking
samples of Inerteen and sealing them. prior to
testing. It is desirable that samples of Inerteen be
removed from any container on clear days only,
and when the temperature of the Inerteen is at
least as high as the temperature of the sur-
rounding air.

Use only tin containers with screwed metal
caps or glass bottles with Inerteen resistant lids to
hold Inerteen samples. If it becomes necessary to
use other than factory sampling containers, they
should be rinsed with clean naptha, washed with
detergent and water, and rinsed thoroughly in hot
water, and then dried at approximately 110°C for
four hours with neck down in circulating air oven.
If the containers are not used immediately after
cleaning, they should be sealed tightly and stored
in a dry, clean pluce. An aluminum foil liner
should be put in the lid. '
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Provision is made on all Inerteen transformers
to obtain a top sample of the Inerteen, however
on a transformer that is in operation, a sample
may be taken from either the top or bottom since
any moisture present will be mixed in, due to
circulation of Inerteen. In sampling, allow at least
one quart of Inerteen to run out to flush the
sampling connection before collecting the sample.
This flush material must be collected in a suitable
container for disposition as per the section on
“Inerteen Disposal” page 6. The Inerteen should
be put into the sample containers immediately
and the caps screwed on tightly. The label for
each container should be marked clearly with the
serial number of the transformer or compartment

from which the Inerteen was taken.

Before taking samples from a storage tank,
the Inerteen should be allowed to settle for
approximately twelve hours so that if there is any
moisture present, it, having a lower specific
gravity, will rise to the top where the sample is to
be taken. A clean sncak-thief should be used to
obtain the samples. Essentially, the same precau-
tions to prevent moisture and dirt contamination
should be used as outlined above.

It is recommended that one 16 0z. bottle of
Inerteen be taken as a sample for testing. At least
one sample should be taken from a tank car of
Inerteen, One sample may be taken from each
drum, or if desired, 3 composite sample may be
made from Inerteen from five drums, provided all
of the drums are airtight. When the bung is first
loosened, a hissing sound should be heard, which
indicates that the drum has been airtight. When
the composite type of testing is used and a sample
is found to be unsatisfactory, a sample from each
of the drums represented must be tested.

When drums have been stored exposed to the
weather, a sample from each drum must be tested
to determine if it is suitable for use.

DISPOSITION OF SAMPLE & CON-
TAINER. All samples must be collected in sealed,
labelied containers for disposition as described in
section on “Inerteen Disposal™ page 9. All sol-
vent rinscs of test containers must be handled in a
likc manner, ‘

All containers, rags, and other solid materials
involved in testing must be collected for proper
disposition.

TESTING METHODS

Instruction for all tests listed correspond in
general to the recommendations of the American
Society for Testing Materials.

1.  Dielectric Strength Test

The testing transformer and the source of supply
of energy shall not be less than 1/2 KVA, and the
frequency shall not exceed 100 Hertz per second.
Regulation shall be so controlled that the high
tension testing voltage taken from the secondary
of the testing transformer can be raised gradually
without opening ecither primary or secondary
circuit. The rate of rise shall approximate 3000
volts per second. The voltage may be measured by
an approved method which gives root-mean-
square values.

Some protection is desirable to prevent ex-
cessive flow of current when breakdown of the
Inerteen takes place. This protection preferably
should be in the primary or low voltage side of
the testing transformer. It is not especially im- -
portant for transformers of 5 KVA or less, as the
current is limited by the impedance of the
transformer.

The standard test cup for holding the sample
of Inerteen shall be made of a material having a
suitable dielectric strength. It must be insoluble in
and unattacked by Inerteen or benzine and non-
absorbent as far as moisture, Inerteen, or gasoline
are concerned.

The electrodes in the test cup between which
the sample is tested 3hall be circular discs of
polished brass or copper, 1 in. in diameter, with
square (90°) edges. The electrodes shall be
mounted in the test cup with their axes horni-
zontal and coincident, with a gap of 0.100 in.
between their adjacent faces, and with tops of
electrodes about 1-1/4 in. below the top of the
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cup. (A suitable test cup is shown in Fig. 1, and Voltages shall be applied and increased

portable testing outfits in Fig. 2.) uniformly at a rate of approximately 3000
volts (fms) per second until breakdown occurs
a. Procedure as indicated by a continuous discharge across

e S wtema.

The spacing of electrodes shall be checked
with a standard round gauge having a diam-
eter of 0.100 in., and the electrodes then
locked in position.

The electrodes and the test cup shal! be
wiped clean with dry, calendered tissue paper
or with a clean, dry chamois skin and thor-
oughly rinsed with Inerteen-free, dry benzine
until they are entirely free from fibers.

The test cup shall be filled with dry
benzine, and voltage applied with uniform
increase at the rate of approximately 3000
volts (rms) per second until breakdown oc-
curs. If the dielectric strength is not less than
25KV, the cup shall be considered in suitable
¢ondition for testing the Incrteen. If a lower
test value is obtained the cup shall be cleaned
with benzine and the test repeated.

The temperature of the test cup and of
the Inerteen when tested shall be the same as
that of the room, which shouid be between )
68°F and 86°F. (20°C and 30°C) Testing at : . '
lower temperatures is likely to give variable w—
results which may be misleading.

The sample in the container shall be
agitated with a swirling motion (to avoid
introducing 2ir) so as to mix the Inerteen
thoroughly before filling the test cup. This is
even more important with used Inerteen than
with new Inerteen as the impurities may be
precipitated and the test may be misleading.

The cup shall be filled with Inerteen to a
height of no less than 0.79 in. (20 rnm) above
the top of the electrodes.

The Inerteen shall be gently agitated by
rocking the cup and allowing it to stand in the
cup for three minutes before the first and one

minute before each succeeding puncture. This
will allow air bubbles to escape. Fig. 2 Portable Oil Testing Set, 1/2 KVA, 35,000 Voits
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the gap. (Occasional momentary discharges
which do not result in a permanent arc may
occur; these should be disregarded).

b. Number of Tests

I. Except as specified in (II) one break-
down test shall be made on each of five

fillings of the test cup. If the average *

deviation from the mean exceeds 10
percent or if any individual test deviates
more than 25 percent from the average,
additional tests shall be made. The dielec-
tric strength shall be determined by aver-
aging the first five tests that conform to
the allowable variations.

II. When Inerteen is tested in consider-
able quantity, so that the time required

for testing is excessive and when it is -

merely desired to determine whether the
breakdown safely exceeds the limit speci-
fied, or in those cases wher: the amount
of Inerteen available for test may be very
limited, one breakdown test shall be made
on each of two fillings of the test cup. If
neither breakdown is below this value, the
Inerteen may be considered satisfactory
and no further tests shall be required. If
either of the breakdowns is less than the
specified value a breakdown shall be made
on each of three additional fillings and
test results analyzed in accordance with (I).

¢. Report

The report shall include the volts (rms value)
at each breakdown and the average of the two
or five breakdowns and the temperature of
the Inerteen at the time of the test.

"2. Neutralization Test

The Neutralization number is the number of
milligrams of potassium hydroxide required to
neutralize the acid in one gram of Inerteen.

Solutions Required

x. Standard Potassivm Hydroxide Solution
(alcoholic, 0.1N) — add 6 g. of c.p. solid KOH

¢ 0

to 1 liter of c.p. anhydrous isopropy! alcohol.
Boil, add 2 . of c.p. Ba (OH)2 and boil again.
Cool, filter and store in a chemically resistant
bottle protected by a guard tube containing
soda lime and soda asbestos (Ascarite). Stand-
ardize against pure potassium acid phthalate
using phenolphthalein as an indicator.

b. Titration Solvent — Add 500 ml. of c.p.
benzene and S ml. of water to 495 ml of ¢.p.
anhydrous isopropy! alcohol.

Procedure, Into a 250 mLErlenmeyer flask intro-
duce 40 g. of Inerteen weighed accurately. Add
100 ml. of the titration solvent and 3 ml.of the
indicator solution. Titrate immediately at a
temperature below 30°C. Consider the end point
definite if the color change to green persists for
lSlvseconds. A biank shall be determined on the
solvent.

Calculations, The ﬁeutnlization number or
mg. ‘

KOH per g. of Inerteen = .(___W_A'B (N) x 56.1

A = ml.KOH solution required for sample.
B = mLKOH solution required for blank.
N = normality of KOH solution.

W = grams of sample used.

RECONDITIONING

Reconditioning will be necessary to remove
water, foreign material and hydrogen chloride
which may be present and contaminating Iner-
teen. The blotter filter press, cartridge filter and
the Inerteen conditioner will remove water and
dirt which may be present. Various models of
each of these types of apparatus are available. The
Inerteen conditioner is the most effective for
removing moisture, dirt, and other contaminating
materials. It basically consists of a clay container,
a clay filter, pump, attendant valves, gauges and
fittings.

Water cannot be effectively removed from
either clay or filter material once they have
become saturated with Inerteen therefore care
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should be taken to see that these materials are

thoroughly dry prior to use. Any equipment used
for conditioning Inerteen should first be thor-
oughly cleaned with benzine or naphtha to
remove all traces of material foreign to Inerteen.
If at all possible, separate equipment should be
used for filtering Inerteen only.

Hydrogen chloride, caused by arcing, may be
eliminated by vigorously bubbling dry nitrogen
through Inerteen, This should be done as quickly
as possible following the failure to prevent the
attack of HC1 on the cellulose insulation. The
nitrogen should be passed in through the drain
valve at the bottom and allowed to escape
through a vent at the top. The nitrogen should be
discharged through a pressure regulator attached
to a stand pipe above the level of the Inerteen in
the transformer to prevent the Inerteen from
flowing into the regulator. The nitrogen should be
bubbled through the Inerteen at a rate of one to
three cubic feet per minute for a period of 4 to 6
hours. This may require two to eight cylinders
(220 cu. ft. each) depending on the size of the
apparatus.

DISPOSAL

Inerteen Liquid. Collect all scrap Inerteen liquid
in a suitable metal container which can be
satisfactorily sealed. Once the Inerteen is cob
lected it may be retumed in sealed drums or tank
cars to Monsanto or other certified disposal
companies as listed below, Ship prepaid to:

Monsanto Industriai Chemizals Company | Nuclasr Engineering Comgany
$00 North Lindbergh Bowlevard Dispesal Division
81, Louis, Missouri 63166 Shetfield, lllincis 61361
Chem-Trol Pollution Servicss. lac. Wes Con. lac.
1550 Dalmar Read 409 Shoshone Strest. South
Nodsl City, New York 14107 P. 0. Box 564

: Twia Falty, Idaho $3301

Relling Envirenmentsl Services. Inc.

P.0. B0z 22} PO bz 809 11351 Seenic Nighwmay
Bridgeport, M), Deet Port, Texat faton Rouge. o
04014 ™% n0

A charge will be made for all setumned
Inerteen.

Solvent-Rinses Contaminated with Inerteen. Sol-
vent rinses or other liquids contaminated with
[nerteen should also be collected in sealed drums
or tank cars and sent either to Monsanto or other

RN T 3

' certified disposal company.

Solids Contamingted with Inerteen. All solids
materials contaminated with Inerteen must be
stored in impervious containers until disposal
This includes all glass, metals, papers, insulation,
clay rags, filter cartridges, ete.

These materials may be incinerated if suitable
arrangements can be made for it to be done at a
temperature sufficient to breakdown the Iner-
teen. Or they may be purged by cleaning with a
proper fluid and the resultant fluid then may be
incinerated using an approved procedure and
temperature.

The following disposition is recommended for
various matetials.

Material Disposition

Absorbing clay, filter paper, cartridges

sawdust and rags Incinerate

Coils Solvent clean or incinerate
Cores Solvent clean
Tanks & Frames Solvent clean
Copper or Aluminum Solvent clean
Insulation Incinerate

Incineration. Incineration, whether of liquids or
contaminated solid materials, must be done at a
temperature of at least 2250°C and the stack
must be equipped with 2 suitable scrubber to
remove HC1.

Qleaning Contaminated Drums. The cleaning of
drums which have contained used Inerteen re-

" quires great care in order to insure a thoroughly

clean drum

It is preferable to return such drums to the
supplier where adequate cleaning facilities are
available, rather than to attempt to clean them.

If it is necessary to clean such drums, the
following procedure is recommended:

Rinse the drum thoroughly with gasoline or
petroleum distillate, using about one gallon
each time, until the solvent shows no discolor-
ation after using. Allow it to drain, then
pump out the last traces of solvent with a
vacuum pump, using 8 brass pipe flattened at
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the lower end to explore the comers of the
drum. Collect all solvent rinse material for
disposition as described above. '

CAUTION: Do not uss a stoe! pipe becauss
of the danger of a spark igniting the gasoline
or petrofsum distillate vapor.

Next, heat the drum with bunghole down in
s ventilated oven at a temperature of at Jeast
88°C. (190°F) for sixteen hours. (A simple
oven for this purpose may be made from sheet
metal and heated with steam or an electric
heater.) Blow out the drum with dry nitrogen or

dry air to remove any lingering explosive vapors.
Screw the bung on tightly before removing the
drum from the oven. Use 2 new washer with the
bung to insure a tight seal.

CAUTION: Open flames must always be
kept sway from the oven to prevent igniting
inflammabls gases which might bs remaining
in drum whan placed in the oven.

The practice of refilling drums with Inerteen
is undesirable and should be avoided whenever
possible, for unless the utmost precautions are
taken, the Inerteen is likely to become con-
tamingted. '

Part Il — Installation and Maintenance

of Inerteen Transformers

INSTALLATION

For convenience in handling, all transformers are
equipped with lugs or eyes for lifting and mov-
ing the compiete assembly filled with Inerteen

" by use of a crane. Additional means are pro-

vided for the heavier parts such as covers, core
and coils, radiators and terminal chambers. Jack-
ing lugs are also supplied on either the base or
comners of the tank. A transformer should only
be lifted or moved by jacks placed against these
lugs and not against the cooling tubes, radiator
valves, or other fittings.

An indoor instaflation requires that the room
in which the transformers are placed must be well
ventilated so that the heated air can readily
escape and be replaced by cooler air from the
outside, If the room is poorly ventilated, this.
exchange of air takes place too slowly and the
temperature of the air in the room may become
excessively high. At any given load the tempena-
ture rise of s self-cooled transformer will be a
fixed number of degrees above the temperature of

the surrounding air. The temperature of the
transformer is the sum of this rise and the air
temperature; therefore, care must be taken to
provide a room sufficiently ventilated to permit
operation of transformers at 2 reasonable temp-
erature, Area of the air inlets should be such that
the ambient temperature never exceeds 40°C
(104°F) with an average over twenty-four hours
not exceeding 30°C (86°F); 50 to 60 square feet
per 1000 kva of transformer capacity has been
satisfactory. Outlet openings with the same total
area should be provided.

Self-cooled transformers should always be
well separated from one another and from ad-
jacent walls, partitions, etc., in order to permit
free air circulation about the cases. This separa-
tion should not be less than 24 to 36 inches
depending on the size of the units.

INSPECTION

All Inerteen transformers are carefully inspected
and tested at the factory and they are in good
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condition when shipped; but it is desirable to
inspect each transformer thoroughly before plac-
ing it in service,

When a transformer is shipped complete and
filed with Inerteen, this ifispectiod should in-
clude a check of the Inerteen level, the tightening
or adjustment of any parts that may have become
loose or out of place, and determining the extent
to which moisture may have entered the trans-
former. The latter can best be determined ffom
the dielectric strength of the Inerteen. Inerteen
used for filling transformers should have a diclec-
tric strength of 30KV or higher. When it tests less
than this the Inerteen should be filtered. If the
dielectric strength is very low or if there is any
other evidence of moisture, it is necessary to dry
the transformer.

Inerteen transformers should be dried by the
short circuit method with the transformer im-
mersed in the Inerteen and with the tank sealed
tightly. During the drying out operation, the
Inerteen should be circulated ‘through a filter
press or preferably through an Inerteen condi-
tioner. A filter press will remove dirt and most of
the moisture, but the conditioner will remove
these and other contaminating materials as well.

The desired load current should be obtained
by short circuiting one winding and impressing
the proper impedance voltage on the other
winding. The full load impedance may usually be
found on the instruction plate for the trans-
formers; if the impedance of the transformer is
not known, it should be requested from the
Westinghouse Electric Corporation, Sharon, Penn-
sylvania, by identifying the transformer with its
serial number.

If the transformer is at or lower than room
temperature at the start of the drying process,
circulation of 125 to 150% of full load turrent

‘will hasten the heating, and a higher top Inerteen

temperature can be obtained more quickly by
blanketing the coolers when tubular coolers are
used or by shutting off the radiator valves when
radjators are used. The cover should be lagged to
prevent condensation.
ferad

v

1

The loading should be carefully watched and
when the top Inerteen reaches a temperature of
60°C, the load should be reduced ‘to obtain an
approximately constant top Inerteen temperature
based on the following table:

Short Circuit Amperes {Maximum Tem'imanne
in Percent of Load of the Top Inerteen
50% 85°C
75% 80°C
85% 75°C

While the windings of the transformer heat
up, do not permit the temperature of the top
Inerteen to exceed the value specu‘ed for 2 given
percentage of load. This precaution is necessary
because the windings will heat up more quickly
and operate at a higher temperature than the
Inerteen. If the windings are allowed to reach too
high & temperature, the insulation will be dam-
aged. The drying of a transformer should be
continued until the dielectric strength of samples
of Inerteen taken from the transformer test at
30KV or higher.

The cover should be kept tightly sealed during
the temperature run, and unti] the transformer
has cooled down to room temperature to prevent
condensation. This also prevents the release of
hot Inerteen vapors which are quite objection-
able, particularly if the ventilation is poor.

CAUTION: It is not safe to attempt the
drying out of transformers unless constant
attantion is given to the job.

ACCESSORIES AND FITTINGS

Bushings, fittings, and accessories when boxed
and shipped separately should be mounted as
shown on the outline drawing. Proper installation
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instructions when necessary are included in the
instruction leaflets for component parts. Care
must be exercised when these components are
fitted to eliminate the accidental introduction of
moisture in any form inside the transformer.
Where blind flanges are removed before fittings
are mounted, the level of the Inerteen must be
lowered below the openings that will be made.

FINISH

Any portion of the paint film damaged during
shipment or installation must be repaired as
quickly as possible.

To do this, clean the damaged portion by
means of a scraper or sandpaper, wipe thoroughly
with a solvent dampened cloth, apply Westing-
house primer paint and allow it to dry for at least
24 hours, then apply a coat of Westinghouse
finish paint.

FILLING
When putting new apparatus into service, see that

the apparatus tank is free from moisture and
foreign matesial.

IMPORTANT: Extreme precsutions must
be taken to insure the absoluts dryness and
clsanliness of the apparatus before filling it
with inertsen, snd to prevent the entrance
of water and dirt during the transfer of the
inerteen to tha spparstus.

The preparation and filling of outdoor apps-
ratus should preferably be done on a clear, dry
day; if this is not possible, protection against
moisture must be provided, \

All vessels used for transferring the Inerteen
should be carefully inspected to see that they are
absolutely dry and free from contamination. Use
only all-metal hose or pipe when filling, since the
lining of most other types of hose may be soluble

S

in Inerteen and will contaminate it in a shorn
time. All joints should be tight; where practical,
fill through the drain valve to keep aeration o a
minimum and vent the top of the tank to allow
the air to escape. Be sure that vaives and pipe
connections between the main tank and any
Inerteen filled compartments are open for free
circulation of gas and liquid. Otherwise, trapped
air or gas may cause the Inerteen level in some
parts of the transformer to be beiow the safe
operating level.

If it is necessary to fill a transformer out-of-
doors, particularly on a damp day, care should be
taken to prevent the entrance of moisture. In
order to avoid condensation the temperature
inside the unit should be kept several degrees
above the outside air temperature.

The tank and compartments, if any, should be
filled at ambient temperature to the point on the
gavges marked “28° — Liquid Level.” If the
ambient varies greatly from 25°C (77°F) when
filled, the Inerteen level should be checked when
the average fluid temperature is 25°C; sufficient
Inerteen should be added to or drained from the
tank to bring the level to the proper height. The
transformer should never be operated or left
standing, even out of service without the Inerteen
level being indicated on the gauge.

Filling Under Vacuum. Entrapped air is a po-
tential source of trouble in all liquid filled
transformers. Therefore, it is desirable to fill all

Inerteen transformers under 2 full vacuum. Thisis

done for the transformers shipped from the
factory and should be done where practicable
when transformers are filled in the field, provid-
ing the transformer cases have been so designed.
If the cases have not been designed for full
vacuum and it is imperative to get the maximum
winding impulse strength immediately, the trans-
formers should be filled with Inerteen under full
vacuum by placing them in an auxiliary vacuum
tank.

Where purchaser does not ‘have an established
technique for vacuum filling, the following pro-
cedures may be used whethetr vacuum is applied
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directly to the transformer or the complete
transformer is placed in an auxiliary vacuum tank,

t. Apply and maintain continuously a vac-
uum of at least 28 inches of mercury for at
least one-half hour to units rated 25KV and
below, or for four hours to units above 25KV.

2. While retaining the vacuum, slowly fill
with Inerteen to the normal 25°C level or
with approximately 50% of the required
amount where it is impossible to gauge

properly.

3. Maintain the specified vacuum for at least
one-half hour after filling.

4. Adjust Inerteen to normal level and seal
the transformer tank. Do not reopen until the
temperature at the top of the fluid is equal to
or higher than the ambient temperature in
order to avoid condensation on the surface of
the Inerteen.

In those cases where the transformers are not
filled under vacuum, full voltage should not be
applied to the windings for at least 24 hours after
the Inerteen has been put into the case. This time
is necessary to a2llow the air bubbles to escape.

PLACING IN SERVICE

Pressure Testing. All Inerteen transformers are
pressure-tested at the factory and shipped free of
leaks. After installations and before voltage is
applied, it is desirable to pressure-test each
transformes, especially if any fittings or covers
hive been removed and replaced during installa-
tion. Compressed dry nitrogen or dry 2ir may be
used for the purpose. It is recommended that the
space above the Inerteen be blown out with dry
nitrogen, then close all vents and apply a pressure-
test of five pounds per square inch for a period of
tix to eight hours. The test pressure can best be
limited by the use of a pressure regulator attached
to the nitrogen cylinder. A check for leaks of
joints above the Inerteen level may be made by
painting them with a solution of soap and
glycerin and watching for gas bubbles. At the
conclusion of the test the internal pressure should

13

be returned to normal by momentarily venting
the gas space.

Righ Altitude. Where transformers are to be used
at 2 high altitude (more than 3000 feet above a2
level) a fitting above the liquid level should be
opened to equalize the intermal and external
pressures at a temperature of approximately 25°C
before placing the transformer in service.

Grounding Transformer Tank. Regardless of the
type of foundation or floor on which a trans
former is to rest, the tank should be definjtely
and permanently grounded to eliminate the possi-
bility of obtaining static shocks or being injured
by accidental grounding of & winding to the case.
A ground pad or lug is always provided near the
bottom of the tank for the purpose of connecting
the grounded Jead. '

CAUTION: A good low-resistance ground is
necessary for adequats protection — a poor
ground may be worss than none at all.

Grounding Low Voltage Winding. Every effortis
made in insulating transformers to guard against
any chance of breakdown between high voltage
and low voltage windings; however, in order to be
absolutely safe, it is advisable that low voltage
circuits with which persons may come in contact
be grounded. The maximum voltage that can be
obtained to ground is then limited to the normal
voltage that exists between the grounded point
and the line; this is true even though the high
voltage and low voltage windings become con-
nected electrically.

In grounding the winding, the neutral point
should be used if it is available. When trans
formers operate on single phase circuits with the
middle point of the low voltage, the maximum
voltage that can exist between any part of the low
voltage circuit and ground is one-half of the low
voltages.

MAKING CONNECTIONS

A diagram, usually on the metal instruction platé
attached to the side of the case, shows the proper
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power terminal connections to be made for
various voltages. Care should be taken to see that
all connections and only those shown are prop-
erly made, for a wrong connection may cause
severe damage. :

Some installations require an auxiliary source
of power or control leads to be wired to
terminals at the transformer; a wiring diagram,
either a separate drawing or included as part
of the ocutline drawing, shows the connections
to be made.

Yoltage Application. When voltage is first
applied to the transformer, it should, # possi-
ble, be brought up slowly to its full value so
that any wrong connection or other trouble
may be disclosed before damage can result.
After full voltage has been applied successfully,
the transformer should be operated without
load for a few hours. It should be kept under

close observation during this time and also dur-

ing the first few hours while loaded.

INSPECTION

It is desirable that periodic inspections of In-
erteen apparatus be made and that samples of
Inerteen be taken from each and from all comr
partments of sny apparatus and tested after a
short period of service. See section on Sampling
and Inspection.

Any increase in operating temperature at
normal load should be investigated and if the
csuse cannot be determined, the transformer

should be taken out of service and given s
thorough inspection.

Any symptoms, such as unusual noises,
high or low Inerteen levels, operation of re-
lief device, etc, should be investigated at
once.

Transformers which have been subjected to
unusually severe opersting conditions, such as
overloads, frequent short circuits, or special units
should be inspected at least once a year, This can
usually be done adequately by lowering the
Inerteen level and inspecting with s light through
the manhole. Before this inspection is made,
the Inerteen should be allowed to cool to
reduce the amount of Inerteen fumes given off
which are quite objectionsble and should not
be inhaled.

During periodic inspection, all sccessories
should be inspected to ¢ee if they are operating
properly.

CAUTION: Never enter a vault or any other
confined arsa in which a transformer relisf
devics has been known to operate or in
which a transformer has failed, until the area
has besn thoroughly ventilatad. Then entar
cautiously, with another person in attend-
ancs. The pungsnt, somewhst irritating
fumes of hydrogen chioride are easily de-
tected and can serve 8s a guide in entering
the snclosure.
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The Epidemiology of PCBs
by William R. Gaffey

AL L L]

. Monsanto Company

September 15, 1981

I. Summary

Twenty four published and unpublished reports covering 21
epidemiologic studies of human exposure to PCBs were reviewed and
evaluated. Thé studies showed that high occupational expésures_to
PCBs have resulted in chloracne and dermatitis. Alterations in
liver and fat metabolism were found in most studies that examined
these functions, but there was no clinical illness associated with
these alterations or with level and duration df exposure to PCBs.
Studies of mortality rates in exposed populations have shown_noA

pattern of cancer deaths related to PCB exposure.




II. Introduction

This is a review and evaluation of the epidemiologic evidence
con?erning the health effects of exposure to PCBs, particularly at
levéls that do not cause acute toxic effects. A study is
considered "epidemiologic evidence" if it measurés, directly or
indirectly, the differences in the risk of ill health among
populations with different exposures to PCBs.

In the past several decades there have been many clinical
studies of the effects of heavy exposures to PCBs (e.g. Von Wedel
et al [1], Schwartz [2]). Such studies are extremely useful in
identifying the kinds of effects that should be investigated.
However, they do not address the question of the risk of incurring
such effects, and are therefore not included in this review,

The studies reviewed here fall into three categories. First,
there are studies of accidental heavy exposures and the resulting
acute_and chronic effects. In each case the study was prompted by
an outbreak.of illness or the occurrence of a death in an exposed
population,;after which the population was studied.

Second, there are studies of the relationship between

. exposure to PCBs and the resulting body burden of PCBs in serum or

adipose tissue. Strictly speaking 'E.hese are not epidemiologic
studies since they do not deal with health effects. However, if a
relationghip between level of exposure and body burden cannot be
verified, the interpretatibn of epidemiologic studies becomes

difficult if not impossible.
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The third category is studies that were done because the
populations in question were known or suspected to be exposed to
PCBs," feather than because some untoward health outcome had been
observed Tirst.

Many published reports combine some or all of these types of
inv;stigations- In the sections that follow, we consider first
the studies of accidental overexposure, second the studies of PCB
exposure versus body burden, and third the epidemiologic studies
of exposed populations. In the latter section the discussion will
be organized with respect to the health effects that were
investigated. These are (@) dermatologic symptoms, (b)

biochemical alterations, (c¢) other symptoms and illnesses, (d)

carcinogenicity.
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I1I1. Accidental Heavy Exposures

T?o epidemio;ogic studies of accidenﬁal exposure have been
reported. The first, by Meigs et al (3] in 1954, described an
outpreak of chloracne in a plant in which a process change had
int}oduced an unspecified PCB compound into the work environment.
Breathing zone levels of PCB were stated to be 0.1 mg/cum. Seven
of 14 exposed workers developed chloracne, but liver function
tests were normal in six of these, with some borderline
abnormalities in the seventh? The chloracne disappeared after
treatment, and the single borderline liver function abnormality
improved, but did not disappear after 13 months. Improved process
control prevented any recurrence.

Although the estimated PCE level must be accepted with
reservation because of the state of the art at that time, it-is
clear that the chloracne resulted from the PCB exposure. Given
the lack of controls and the small rate of abnormal liver
function, it is.unlikely that the PCB exposure had any connection
with the liver function findings.

The second incident is the now famous Yusho incident in' 1968
which has been documented in many reports {(Kuratsune et al [4],
~ Urabe ot al [5]), in which some thousand Japanese became ill after
eating cooking oil which had been contaminated with Kanechlor 400,
a PCB compound of Japanese manufaéture.

The most common acute symptoms observed were hyperpigmenta-
tion and acne-like lesion;} discharge from the eyes, central

nervous gystem symptoms, and vomiting and diarrhea. There wac a
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dose-resbonsg relationship between the amount of BiI,ingested and
the pgoportion of persons reporting symptoms. Three years later |
gbout half the patients had improved, but stfll had symptoms. Six
years later many patients still reported such symptoms as
hea?ache, stomach pain, numbness of the extremities, joint paih
and;respiratorf'symptoms (5].

Out of ten live births to women affected bf Yusho, nine
showed hyperpigméntation and most had increased eye discharges.
These symptoms later disappeared. Although there have been
reports of premature eruption of teeth (two children out of a
series of 13) and unusually wide fontanelles and sagittal sutures
(three out of 13) it is not at all clear that these findings
represent any more than the normal variation to be expected, since
no contr§1 observations were made (Funatsu et al [61). ‘ )

In general, laboratory tests of the Yusho victims showed
elevated serum triglyceride levels, low serum chlolesterol in
serious cases, and elevated SGOT and SGPT levels in serious cases
(Biguchi [7]).

As of the end of 1977, 51 deaths among Yusho patients had
been identified [5]. The percentage of cancer deaths (35.4)
exceeded that of the prefecture in which the deaths éécurred
(21.1). However, the figures do not appear to be very useful for
several reasons. Pirst, after the original incident, the criteria
for diagnosis of fusho had been changed, so that it is impossible
to determine the denominatng which produced this number. The
completeness of ascertainment of the deaths is unknown. In

addition, no adjustment for age appeared to have been made in the
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above comparison. Finally, the average elapsed time from exposure
to death was less than ten years, and cannot be calculated

precisely because the dates of death are not provided. This may

well be too short a period for cancers resulting from the exposure

to show up.

q g Py

Although the Yusho incident represented a2 massive ingestion
of PCBg, recent reanalysis of the cooking oil and of the estimated
intake by the patients shows that the expoéure to polychlorinated
dibenzofurans (PCDFs) and polychlorinated quater-phenyls (PCQs)
was about equal to the exposure to PCBs, aﬁd current
determinations of PCQs in blood and other tiséues of Yusho
patients have shown levels similar to that of PCBs [8]. It is
therefore doubtful whether any generalization can be made from
this incident to lower level envirommental or occupational

exposures to PCBS.
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1V. Environmental Levelé and Body Burdens

Tgp studies of'the relationéhip between ingestion of PCBs and
blood levels of PCBs have been reported (Michigan Dept. of Public
Hea%}h [9) and Kreiss et al (10]). In each case the study was
conderned with ingestion of fish known to contain relatively high
levels of PCBs. Ih the first, an association was found between
blood PCBs and exposure lével as estimated by the amount of Lake
Michigan sport fish consumed. In the second the relationship
between blood PCBs and a complex of factors was examined in a
population in an area with- high 1levels of environmental
contamination. Age, sex and fish consumption, in that order of
importance, were associated with blood levels of PCBs. To the
extent that fish consumption measures ingestion of PCBs{ these
studies confirm that blood PCBs are a function of ingestion of
PCBs as well as of age and sex. Other associated variables were
examined in [10] but will be discussed in the following section.

A number of studies of blood PCBs and exposure to atmospheric
PCBs have been made, mqst of them in conjunction with studies of
health effects. The portions of the studies relevant to this
. section are reviewed here.

There are three types of studies. The first compares groups
: wﬁich-have had different exposure levels as estimated from process
considerations or environmental measurements. For convenience

such a study design will be called Type A. The second, which we
will deiignate Type B, measures the change over time in a single

group after PCBs have been removed from the environment (or after
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the group has left the ehvironmenﬁ). The third, Type C, compares.
groups that have had different Aurations of exposuré; Often the
same report will contain more than one type of study. For
example, an exposed group may be compared with an unexposed group
(Type A) and within the exposed group long term exposed workers
may%be compared with short term workers (Type C). .

. The measure of body burden has in most cases been a single

number representing, depending on the study, blood PCBs, plasma

"PCBs, serum PCBs (all of which are called "blood" PCBRs in this

review), or level of PCBs in adipose tissue. Analytic methods
have varied over time and among investigators. More recently
measures of body burden have sought to determine separately the
levels of higher chlorinated biphenyls (5 or more chlorine atoms
per molecule) and lower chlorinated biphenyls.

Table 1 lists the studies considered in this section, with
the type of design and whether or not separate determinations of
higher and lower chlorinated biphenyls'were made. All of the
studies except Baker et al are occupational.

All of the Type A studies agree in showing a higher body
burden of PCBs in populations with higher environmental exposure,
except for one anomaly in Baker et al. There, persons exposed to

sludge containing PCBs had slightly lower blood levels than the

. controls, on the average. However, the sludge éxposed persons and

the controls were not matched for age, which Kreiss et al showed
to be the most important factor associated with blood PCB level.
It therefore appears unequivocal that higher exposﬁre to PCBs
means a higher body burden, all other things being equal.
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The Tgpe B studies. appear at first glance to be more
equivocal (Table 2). Two studies show a decrease Qhen exposure
ceased or decreased and two do not. However, the studies showing
no decrease remeasured their study groups within a month or two
af@ez exposure changed. The ones showing a decrease remeasured
afégr three months and one year.

The fact that Ouw et al found no decrease after two months
while Kitamura et al found over a 50 percent decrease after three
months gives'rise to some uneasiness. However, in the former
study exposure was decreased but still present, while in the
latter study PCB use had ceased., Ouw et al also suggest that

after exposures in their study plant had decreased, workers did

‘not wear gloves as recommended, so that the blocod PCB levels may

have resulted from skin contact.

Table 3 shows_the findings for the Type C studies other than
Maroni et al and Smith et al that is, for those that compared
duration of exposure with a single measurement of blood PCB level.
The results are not consistent. The study of Baumgarner et al
found very low levels (average.4 pPPP) in exposéd workers, which
may have accounted for their failure to find a relationship with
duration. On the other hand the exposed workers in Hasegawa et al
had an average level of 370 ppb and still showed no relationship
with duration. .

The studies of Maroni et al and Smith et al suggest a
possible explanation. Maigni et al made separate comparisons of
high chlorinated PCBs and iow chlorinated PCBs between workers

with present and past exposures. They found differences in the
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low chlorinated PCBs but not in the high chlorinated compounds. -
Even though'their_analysis did not adjust for age, it nggests
that the relationship between blood PCB levels and duration and

recency of exposure ma} be a function of the level of chlofination

of ;the PCBs. Smith et al however, in an elaborate analysis of

high and low chlorinated blood PCBs versus present and past

exposure, .found no "evidence either to support or refute different
accumulation kinetics in humans for the lower and higiher
chlorinated biphenyls". Nevertheless, they found a significant
correlation between current personal air PCB levels and low
ghlorinatéd blood PCBs, but no significant correlation with high
chiorinated blood:PCBs. | |

In summéry,-body_bufdens of PCBs are clearly related}to the
level of exposure to environmental PCBs. Observations. %f a
decrease in the burden of PCBs after exposure is elimina?ed or
decreased are not consistent. The lack of consistency ma§ be due
to the shorﬁ periods of observation of some of the studiLs, or
possibly to differences in the average chlorination of tﬁe PCBs
involved. Studies of the relationship of PCB burden to dLration
of exposure again are ﬁot.consistent. There is a suggestion that
this may be due to the confounding effects of age and sex} or to
differences in the metabolism of high and low chlorinateé PCBs,
with the higher PCBs being more likely to accumulate in ;dipose

tissue.




V. Epidemiclogic Studies of PCBs and. Health

| Excluding mortality studies, there are 17 epidemiologic
studies of health effects related to PCB exposure. The accident
rep?rt of Meigs et al is included since it did not differ in
design from many of the studies that were not motivated by
accident reports.

These studies are listed in Table 4 with a summary of the
findings by major category. Five of the reports are in Japanese
[13,14,15,16,18]. The details of those studies are taken from the
NIOSE criteria document for PCBs [34].

Two of the studies, Kappanen and Kolhol and South Carolina
Department of Health and Environmental Control are not specific as
to health effects. The first of these is a comparison of gfoups
with different work exposures and different blood PCB levels
(74-1900 ppb in the 12 persons with the greatest exposure) in
which the authors simply state that all persons studied were in
good health. The second is a study of 32 workers in 2 capacitor
plant, 10 of whom were exposed'regularly to PCBs. The authors
state that there is "no evidence of physical harm resulting from
working with PCBs",

The remaining 15 studies in Table 4 are reviewed below Qith
relpe&t to their findings in each major category of health
effects. The studies are considered in the order of their
publication. |

Deémafologic effects. ‘The;e are 11 studies of dermatologic

A

effects associated with PCB exposure. The first is Meigs et al

11
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described in Séétion Il above, who found that 7 of 14 exposed
workers got chloracne where the PCB concentration in their
breathing zones averaged 0.1 mg/cum. Hasegawa et al reported an
unstated number of cases of hyperpigmentation of the hands, and

acng-like lesions of the jaw, back and thighs in exposed workers.

‘Thegaverage blocd PCBs in the workers was 370 ppb. EHowever, the

authors state that skin complaints were unrelated to bloed PCB
levels and appeared to be due to skin contact. Kitamura et al
reported a range of skin disorders in 10 of 13 exposed workers
with an average blood level of 820 ppb. The disorders occurred on
parts of the body not normally in direct contact with PCBs. BHara
et al reported that about 45 percent of 118 capacitor workers
complained of blackheads and other gcne-like symptoms while
working witﬁ PCBs. The complaints were not related fo.blood
levels of PCBs, and virtually disappeared within a year after
exposure had ceased.

Inoue et al reported one case of chloracne in an exposed
worker whose blood PCBs were in the 190-210 pPpb range, but no
symptoms in the rest of a small work force whose blood PCBs ranged
from 130 to 520 ppb. The Michigan Department of Public Health

reported no relationship of any Yusho symptoms to consumption of

. fish with high levels of PCBs. Ouw et al reported 14 cases of

dermatitis, eye irritation or burning sensations on the skin out
of 34 exposed workers, where air levels of PCBs ranged from 0.32
to 2.22'ng/cun. The compleints appeared to occur more often in
those with higher blood PCB levels. Fischbein et al reported that

about 50 percent of 326 capacitor manufacturing workers reported a

12
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history of dérmatological symptoms, the most common symptom being’
a rash. Those wigh symptoms had higher blood levels of high
chloripated PCBs. Baker et al reported no chloracne in 18 exposed
workers (average blood PCBs 75.1 ppb) or 19 members of their
famxlies (average blood PCBs 33.6 ppb). Maroni et al reported 10
cases of dermatitis (5 diagnosed as active or past chloracne) out
of 80 exposed workers. The average blood PCB level in the study
was 342 ppb. Smith et al found no chloracne in a study population
of 324 exposed ﬁorkers in capacitor manufacturing and transformer
repair, whose average blood.PCBs ranged from 38 to 546 ppb.
However, there was a significant association of skin rash or
dermatitis with blood levels of high chlorinated PCBs.
Interpretation of thi; mass of data is complicated b§ the
difficulty of diagnosing chloracne, the uncertainties of blocod PCB
determinations, and the changing technolegy for making such
determinations. Nevertheless, the data suggest strongly that when
PCB blood levels exceed about 150=-200 ppb chloracne can occur,
However, most studies have shown that the occurrence of chloracne
is not further associated with blood PCB levels. This suggésts
that (a) peisonal idiosyncratic factors may be involved and/or (b)

that the high blood levels are an indicator of the existence of

_ environmental contamination which actually produces chloracne by

skin ‘contact.

The reports of dermatitis other than chloracne suffer from an
additional complication. According to the National Health Survey,
about oﬂe-third of all Ameficané of working age have at least one

current skin condition serious enough to warrant evaluation by a

- 13
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physician [25). Clearly, substantially more than one-third must
have either a current condition or a history of such a condition
in the past. The prevalence figures reported by Maroni et al and
Fischbein et al are therefore not in themselves remarkable, but
1:h=f agreement of Fischbein et al and Smith et al on the
relationship between dermatitis and high chlorinated blood PCBs
suggests that this association may be real.

Liver Function. Nine studies examined liver function. Meigs

et al found one borderline abnormal liver function in 14 exposed
workers. Hasegawa et al found mild disturbances in exposed
workers (increased SGOT, SGPT, SAP, decreased serum cholinester-
ase) which they did not consider to be clinically significant.
Ouw et al, Kitamura et al, Fischbein et al and Baker et al (a
non-occupational study) found no abnormalities associatéd ﬁith
exposure, except that Ouw et al found a high BSP retention in 4
out of 7 workers with blood levels above 500 ppb.

Maroni et al found 16 out of 80 workers with abnormalities in
GGT, OCT and transaminases. Their blood PCB levels were higher
than those in the workers with normal liver.function. Kreiss
et al (non;occupational study) found no relation between liver

function and blood PCBs when age and alcohol consumption were

. taken into account. Smith et al found elevated SGOT and GGT

levels in persons with higher blood PCB levels.
'In summary, 5 studies of the 9 found some mild liver function
abnormalities, none of which were associated with any measurable
. \

adverse health effects. The two non-occupational studies, Baker

et al and Kreiss et al, found no abnormalities associated with

14
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blood PCB level. Fischbein et al, in their study of capacitor
manufacturing workers, noted that "there was a paucity of abnormal

results in the biochemical studies®,

Fat Metabolism. six studies considered fat metabolism. One,

Bumgarner et al, found no relationship between blood cholesterol

am'!E blood éca's. One of the remaining 5, Hasegawa et al, found a

decrease in cholesterol, glycerides, phospholipids and
beta-lipoprotein in exposed workers. Of the remaining 4, Hara
et al, Baker et al (non-occupational study), and Smith et al found
increased triglyeride levels with increased blood PCBs. Kreiss
et al found no association of trig;ycerides and blood. PCBs when
cholesterol level was taken into account. Smith et al and Kreiss
et al also present contradictory findings with respect to HDL
cholesterol levels; the former found an inverse relationship of
HDL to blood PCBs; the latter found no relationship, but found a
positive association between total cholesterol and blood PCBs.
Most studies, including one non-occupational study (Baker
et al) have associated increased tryglycerides with PCB exposure.
The data on cholesterol are not consistent; an increase, a
decrease and no change wers found (one study each). HDL
cholesterol either decreased or was unchanged (one study each).

Even if PCB exposure has some effect on fat metabolism, it appears

" _to be without any apparent clinical significance.

Blood and Blood Pressure. There are five studies of blood

chemistry; Bumgarner et al, Kitamura et al, Fischbein et al, Baker

et al,,and'naroni et al, None of them report any relationship of

blood chemistry to PCBE levels.

5
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Bumgarner et al and Kreiss et al measured blood pressure in
exposed persbns. Bumgarner et al found no association with PCBs,
but Kr_eiu et al found a statistically significant association
between diastolic blood pressure and blood PCBS. Since there was
no ?ontxol. group and since Kreiss et al are the only investigators
to Teport this finding, its significance is not clear at this
time.

Symptoms, Iliness and Other Conditions. Six studies investi-

ga;:.ed reported symptoms in ;;ersons exposed to PCBs.. Two of them
reported allegedly increased symptoms of various kinds. Fischbein
et al reported a history of gastrointestinal symptoms ‘in 18
percent of 3_26 capacitor manufacturing workers, a prevalence of
from 3.0 to 15.2 percent of various musculoskeletal symptoms, and
a prevalence of froin 4.8 to 27.8 of various heurolo‘gical symptoms.
These were, however, unrelated to duration of employment or to
level of blood PCBs. Maroni et al reported 8 cases of
gastrointestinal complaints in 80 exposed workers, with no
indication of whether there was a relationship to duration‘ of
employment. They also reported two bleeding haemangiomas and one
case of chronic myelocytic leukemia. These findings do not appear
to have any significance, since they apparently are unrelated to
the circumstances of exposure, and since the following 4 studies
rel;orted no symptoms related to PCBs.

The Michigan Department of Public Health compared a group of
perﬁ‘om who consumed sport\fish contaminated with PCBs to a group

of unexp'osed controls. The incidence of 18 conditions, many of

them the ones reported for Yusho disease, was measured in the two

y ' 16
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groups. There were no health conditions that could be correlated;
with ylood PCB levels or fish consumption. Baker et al reported
that none of the gbllowinq conditions were qssociated with blood
PCB ‘levels in a community study; fever, weight loss, anorexia,
fatigue, headache, eye irritation, cough, shortness of breath,
naugea. vomiting, diarrhea, abdominal pain, arthralgia, and
persistent skin rash. The community study of Kreiss et al
reported the same thing for prevalence of illness or weight loss
in the preceding year, use of medication, use of medical care,
history of heart disease, and percentage of pregnancies ending in
miscarriage, stillbirth or infant death. Finallj, Smith et al
reported an increased prevélence of general malaise aﬂd possibly
altered peripheral sensation with increased blood PCB levels among
occupationally exposed workers, but found no clinical
abnormalities on physical examination.

The weight of evidence, as Smith et al conclude, is that no
studies to date "ﬁave shown that occupaticnal éxposure to PCBs is
associated with any adverse health outcome, to be distinguished
from demonstrable subclinical biochemical alterations".

Two studies considered other conditions in persons exposed to'
PCBs. wgrshaw et al reported decreased vital capacity in
capacitor mahufacturing workers. However, the pulmonary function
values in the study population, most of whom were current or
ex-suokers,. wefg evaluated in comparison with -a standard
population of non-smokers, so that the effect of smoking as a

\

confounder was not allowed for.
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Alvares et al reported that in S workers occupationally
exposed to ?CBB,.the rate of drug metabolism was significantly
higher‘than in a éroup of controls matched for age, sex, and’
smoking and drinking habits.

There appear to be no significant clinical éffects associated

wiﬁh the. occupational or environmental exposures studied in these

reports.

Carcinogenicity. It is generally agreed that epidemiologic

evidence for carcinogenicity should fulfill certain requirements

in order to be acceptable. These requirements deal with the study
design, ghe logic of the observed pattern, and the repeatibility

of the results. Table 5 lists these requirements as given by Doll
[28].

There are four studies directed éolely or primarily to the |
question of the carcinogenicity of PCBs. 'fable 6 lists the
studies and their findings. They are reviewed here keeping in
mind Doll's requirements.

The most ;bvious feature- of Table 6 is that no study agrees
with aﬁy other. That is.‘the requirement of repeatibility is not
het. _

The first study, by Bahn et al, observed three melanomas in a
group of 92 research and development and refinery workers. These
uoékerl had an unknown exposure to other possible carcinogens, so
that there could have been confounding. 1In any case the study was
vitﬁdrawn. for revision iQ the definition of the exposed

population; and has not yet been released [34].
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Zack and Musch studied 89 workers exposed for -at least six.-
months between 1945 and 1965 inclusive. There were no deaths from
gancer.of the liver or cirrhosis. The excess in respiratory’
cancer was based on four deaths and was not statistically
sigpificant. As with Bahn et al there was confoﬁnding because of
otﬁér chemicai exposure at the plant and, in this case, possibly
Cigarette smoking.

Brown and Jones studied 2,567 workers in a capacitor plant.
About half the cohort had a latency period of 20 years or more.
Although there was an excess of liver cancer deaths, it was
inversely related to duration and latency of exposure, which does
not support an occupational explanation. There was also an excess
of rectal cancer. Eowever, the two plants studied are located in
an area whbse moftality from rectal cancer is greater than the
U.S. average [35S]. Since U.S. population rates were used as a
basis for comparison, the rectal cancer excess is at least partly
an artifact.

Bertazzi et al studied 1,310 workers with at least six months

employment in capacitor manufacturing between 1946 and 1970.

_Although excess digestive cancer was observed, there were no liver

cancer deaths. The total number of deaths was small (27) and the
excess cancer observed was based on two or three deaths for each
of.thé two major sites involved. There is no indication of the

duration or latency of exposure for the cancer deaths. The

authors state that there were no other major exposures at. the

plant, ind propose to continue the study with a larger cohort. In

spite of the statistical significance of the excesses from all
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cancers, this study must be considered a preliminary report,

particularly since it shares with the other studies a failure to

'agree on any particular pattern of mortality.

The existing mortality studies of occupational exposure do
not?show the agreement that would lead one to infer an excess risk
of cancer. Much of the conflicting findings can be attributed to
the possible effect of confounding exposures, and to the “noise
level" of sporadic excesses which would be expected in the absence

of any occupational hazard.
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vI. Summary and Conclusions

 The epidemiologic studies of exposure to PCBs show that the
body burden in exﬁosed persons, whether the exposure is by
indestion, inhalation or skin contact, is related to the
enéironmental levels and distribution of PCB. The relation of
body burden to duration of exposure is less clear, and appears to

différ depending' on the degree of chlorination of the PCBs.

' Nevertheless, the evidence is clear that higher exposures mean

higher blood PCB 1levels, and that persons with occupational
exposures have blood PCB levels that may be an order of magnitude
greater than that-of environmentally (that is, non-occupationally)
exposedApersgns.

» Occupational exposure to PCBs at high levels has been
associated with the occurrence of chloracne, but the relationship
is not st:aightforwgrd, suggesting that the actual risk of
chloracne is als$ a function of individual susceptibility and
personal work habits, as well as possible exposure to other
contaminants.

Dermatologic problems other than chloracne are associated
with occupational exposure, and may be related to exposure tqQ high
chlorinated PCBs.

Alterations of liver function and fat metabolism associated

- with PCB exposure have been observed in several studies, but are

characterized by investigators as mild and of no clinical

significance.
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The one fact on which all occupational studies of health
effects agrée is that there has been no clinical illness-
associated with PCB exposure other than dermatitis. sStudies of
non;occupationally exposed populations have fphnd neither
degpatitis nor other clinical evidence of exposure-related
effects, with the exception of a gingle study which suggests that
diastolic blood pressure may be related to blood level of PCBs.

Mortality studies concerned primarily with cancer present
problems of interpretation due to the small sample size of some of
the studies, and to the confounding effect of other exposures.
However, they do exhibit a pattern, which is that none of the
studies agree on the cancer sites at which an excess mortality was
found, and the excesses that were found are in general not
statisticaily sigﬁificﬁnt. One hust conclude that the findings of
the mortality studies reflect a sporadic pattern of excess
ﬁortality at different sites which is not consistent with a
carcinogenic effect of PCBS. 1In addition, where an examination of
duration and 1atenc§ of exposure was possible, no association with
these variables was’ found [32].

Taken as a whole, the epidemiologic studies flnd that high
occupational exposures to PCBs may cause dermatitis of various
kigds. but that there are no other clinically observable effects,

including the occurrence of cancer.
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Table 1

Studies of Environmental Levels and Body Burden

of PCBs by Type of Body Burden Measureé

f study Study Type* High & Low Adipose PCBs
H , Chlorinated
- PCBs

Baker, E et al [11] ' A No No
Bumgarner, JE et al [12] c Né No
Hara, I et al [13,14) B,C No No
Basegawa, H et al [15] A,B,C No No
Inoue, Y et al [16] A,C . No : No
Karppanen, E, Kolho, L [17] A No Yes
Kitamura, M et al [18] B No - No
Maroni, M et al [19] ' A,C Yes No
Ouw, HK et al [20] A,B Yes No
Smith, AB et al (21} - A,C fes No

comparisons of groups with different exposure levels
B = evaluation of results of decreasing or removing exposure

C = comparisons of groups with different durations of exposure.
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Table 2

Studies of Blood PCB Levels Before and After Exposure

Levels Changed, and Interval from Exposure

- Change to Remeasurement

v

study Exposure Interval to Decrease in Blox

: Change Remeasurement PCB Level
Bara et al [13,14) Ceased : 1 year ~75%
Hasegawa et al [15) Ceased 1 month ) None
Kitamura et al [18] . Ceased _ 3 months >50%
Ouw et al ([20] Decreased 2 months None
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Table.s

Studies of PCB Levels by Duration of Exposure

study

-y v

Bumgarner et al [12]

' Hara et al [13,14)

Hasegawa et al [15]

Inoue et al [16]

Duration of
Exposure

No

Yes

No

Yes

Age

Relationship of Blood PCB to

Race

No

ACM

Cocceasg



Wav

120000

tre = a4 e — - e

Table 4

PCB Epidemiology Studies (other than mortality) and Summary-of~Findings*

Alvares et al [27]

Baker et al [11)

Bungarner et al [12]}

Fischbein et al [23]

Hara et al [13,14])

Hasegawa et al [15])

Inoue et al (16)

Karppanen, Kolho [17]

Kitamura et al [18])

Kreiss et al [10)

Maroni et al [24]

Meigs et al [3]

Michigan Dept of Public Health [9]

Ouw et al [20]

Smith et al [21)

South Carolina Dept. of Health and
Environmental Control [22]

Warshaw et al [26]

Y
N

AP~ PN SO - -e .. -

Dermatologic
Findings

- g KK =

Z < T < 9

Findings associated with exposure
No findings associated with exposure ’

Physiological
Parametere

©N o o

< 4 X

< =

Symptons
and Illness

Other



. ) Table S

REQUIREMENTS FOR ESTABLISHING CARCINOGENICITY
- " FROM EPIDEMIOLOGICAL EVIDENCE

Positive associations in groups of individuals with known

-uq,wl

exposure (case-control or cohort studies).
e That are not explained by bias in recording or d;tection.
e That are not explained by confounding.
e That are not ;xplained by chance.
e That vary appropriately with dose.
¢ That vary appropriately with period of exposure.

e That are observed-repeatédly in different circumstances.
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Table 6

Inconsistencies ih Studies of Cancer in

PCB Exposed Populations, with Findings

Study SR No. Studied
Bahn et al [29,30) 92
2ack, Musch [31] 89
Brown, Jones [32] 2,567
Bertazzi et al {33] 1,310

% Significant at 5 percent level

*%* Significant at 1 percent level

Findings

Melanoma**
Lung

Liver
Rectum

Digestivex
Lymphatic and
hematopoietic
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TABLE 1
PCB MANUFACTURING AND SALES
DATA FROM MONSANTO INDUSTRIAL CHEMICALS CO.
1957 THROUGH 1971
{Thousands of Pounds)

TOTAL PRODUCTION . 37919 36515 38353
(For Domestic Sales){1)
DOMESTIC SALES 32299 26061 31210 3521 , 37538 . 38043
DOMESTIC SALES BY CATBEGORY
Heat Transfer - - - - - 157
Hydraulics/Lubricants 1612 15hL9 2685 2523 K110 3915
Misc. Industrial 704 755 1569 1559 2114 1681
Transformer 12955 5719. 598l 7921 6281 ?QUh
Capacitur 17020 1L099 16499 16967 15935 - 15382
Plasticizer Appllcatlons(z) 3939 L573 62LL 9098 B9zl
Petroleum Additives - - - - - -
Total 32299 26081 31310 3521L 37538 38013
DOMESTIC SALES BY P B GHRADE
Aroclor 1221 2] 16 25, 103 i 9l 140
Aroclor 1232 196 113 : 24,0 155 241 . 224
Araclor 1202 . 18222 10LhLk4 13598 18196 19627 2065)
Aroclor 1248 1779 2559 338) 2827 Lo23 3463
Aroclor 125) LL61 6691 675 6088 629 6325
Aroclor' 1250 7587 5982 6619 7330 6540 659%
Aroclor 1262 31 184 359 326 361 432
Arcolor 1268 - 72 102 189 158 210
Total 32299 26061 31310 35214 37538 360)3

NOTE: (1) Production amounts prior to 1960 are not available.
(2) Amounts for plasticizer applications prior to 1958 are not avallable.
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estimated that one-third of the PCBs released to the air and one-half of

those released to water have now besn degraded. The PCBs in dumps probably
have undergore less degradation.

Given the diversity of uses of PCBs and their chemical stability
(greater stability in the higher chlorine species), it is not surprisirg
that residues are now widespread. While satisfying quantitative estimates
of the contributlon of various pathways into the envirorment are not possibls
with existing data, there are enough data to be certain that they do reach
the enviromment at least from the following sources:

-- Open burning or incomplete incireration (at usual temperatures) -
of solid wastes, municipal anrnd indusirial. Incineration at 2000 F
or above for two seconds will destroy PCBs, but poorly operated
incinerators or open burning may result in PCBs being released to
the atmosphere urchanged.

-- Vaporization from pairts, coatings, plastics, ete. (Nisbet and
Sarofim, 3) estimate that as much as 20 percent may be vaporized.

-- Muricipal and some industrial sewers (present in treated as well
as untreated wastes). Tables 2 ard 3.

-- Accidental spills or improper waste disposal practices.

-~ Formerly, direct application to the envirerment as irngredients
of pesticides or as carriers for pesticides (such uses are now
prohibited).

-- Dumping of sewage sludge, municipal and indus=r-ial solid waste,
and dredge spoil at sea.

-- Jewage sludges dispcsed of on lard,

-- Migration from surface coatings (paints, etc.) and packaging
materials into foods and feeds. -

Probably the largest amounts of PCBs circulating in the enviromment
reach it through industrial and municipal discharges to inland and coastal
waters, Tables 2, 3, and L present data on such discharges. Based on Tebla
L, we can estimate 6,000 tons per yesar may reach these envirorments.

In addition, PCB residues occur in sludge from municipal sewage systems.
Table § presents results of analyses from several such sludges. Sewage sludge
is disposed of by incineration, landfill, spreadirg on the lard, and dumpirng

at sea. Four million tons per year reach the Atlantic Ocean and Gulf of Maxico,
which would include only 10 or so tons of PCBs (L). Analysis of the waste watar

from the effluent scrubbers of three sludge incinerators showed no detectabls
residues of PCBs (level of sensitivity 0.1 part per billion), suggesting that
most PCBs had been destroyed by incineration. The total amourt of PCBs con-
tained in the sludges would rot be'‘more than #”70 tons per year.
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TABLE 3. PCB CONCENTRATIONS IN INDUSTRIAL EFFLUENTS

Aroclor Concentration
Kind of Compound in Efflueat
Location Industry Date Detected (ppb) Source of Data
Saukville, Wisc. Chemical Plant 3/70 1242 2.50 Vieth and Lee, 1970
Ohio- Great Paper Coating Co. /71 1242 & 1248 27 EPA data- Analytical
» Quality Control Lab.
Miami River Paper Treatment 1/71 1242 430, 470% "
Appliance 1/71 1254 5 "
.7 " 1/71 1254 18 "
Florida- Escambia Chemical Plant 4/69-10/69 1254 2.5-275

River

*Samples from treatment lagoon

Duke, et al., 1970
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TABLE 5. COUICENTRATLO OF I'CisS IN SEWAGE SLULGES

Sludpe Esc. I'Ch
Aroclor Concentration per day Counlent
Colloction Site Date Detected (ppb) tons/day Day (lbs.) Source
lyperion (Los Angeles) 12/70 1254 85 (78.5-92.1) 20,000 3.2 Schwide, et. al., (13)
Barstoy 281t 124 1400 : 1.4 .004 YA Unpublishéd davs
Ohio
baytor (Miami River) 1254 10%,000 41.9 10.1 EPA Unpubliished data
Livtle Yiani (Cincinnatdi) 1254 32,000 20.2 1.3 " " "
Mill Creeck (Cincinnati) 1254 12,700 83.3 2.2 " n n
Lebanon (Turtle Crecek) 12%4 2,500 1.0 005 " " "
Shay ler Run 1254 3,201 - - " " "
‘/
Virpinia
Lortou 1254 1,200 ‘ - - n " "
Indinna
Indianagelis 1254 3,500 126.1 1.03 " o "

1/ This number {s based on ocutfall discharge and repronents a relatively dilute sludge. The estimated P7j
contant in lbe,fday is the important figure herce. .

Ausniptions: Each million gallons ol sewase contains about 1 ton of sludge., The daily output of sludse, then
ig 150,000,000 sewered population x 130 pal. sevage ner day = 19,500,000,000 gallons ner day and 19,500

tong of sludge per day. :

AL VO ppm of PCBs (highest level found), the daily output would be 19,500 tons x 2000 lbs, = 39 pilljon lbs.

X o ppe = 390 1bs. per day, at 1 ppm, 39 lbs./day. These usuld be cespectively 70 and 7 tons/year,

wav
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TABLE 6, A S5AMPLING OF .MEASURED OCCURRENCES OF PCBS IN THE ENVIRONMENT
Aroclor
No. Compound Concentration
f.ocat ion Satples fiate Datected {ppb) Source of Data Remarks
United 1968 N.S. Detected but Tarrant and
Kingdom ’ not quantified Tatton, 1968
Florida 1971 N.S. Below level of USGS- Unpbl. .
quantification
Sweden 1970 N.S. Present in snow Smithsonfan Inst.
CFsSLP- 1970
4 U. S. 1968-1970 N.S. ~s+27-230 ppm on EPA- Unpbl. Quantification
citles suspended solids questionable
Great MHiami 19 “11/70 1242 ND to 15.8 EPA- Unpbl. 3 samples above
River, Ohio x = 5.7 Dayton below
) level of detec-
tion. Mean of
16 samples 5.7
Ohio River 2 11770 ND "
Big Suamico - <0.01 Veith, 1972 )
River, Wisc,
PesLigo River, 11770 1254 0.31 "
Wisc. 4/71 " 0.38 "
Summer '71 " €0.01 "
Oconto River L1770 1254 0.45 "
Wisc. 4/11 » 0.16 "
Sunmer *'71 v <0.0t i
Miluavkee 10 1970 1242 0.03-2.07, x 0.29 veith and Lee ,
River 1260 0.02-0.13, x 0.08 10
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Biota

Harine Plankton
Zoop lankton

Invertebrates
Mussels

Oysters

Blue Crab
Crabs

Shrimp

Norway Lobster

TABLE 6 {(Continued)

Aroclor
No. . Compowund Concentration
Location Samples Date Netected (ppb) Source of Data HRemarks
North Attantic 1971 N.S. x 200 Harvey in Nesbit
& Sarofim, 1972
Irish Sea ? 10/69 N.S. " 10-30 Holdgate in Nesbirt
& Sarofim, 1972
trish Sea (about 200) 10/69 N.S. 50-500 "
Baltic Sea 40 1965-1968 N.S. 4300 (1900-8600) Jenson, et al., '69
Stockholm 15 " 5200 {3400-7000) "
Archipelago
Escambia Bay, 18 1971 1254 650 (100-1400) EPA- Gulf Breeze,
Fla. Unpbl. ’
" 1970 " 840 (710-970) L
" 1969 " 1050 (1000-1100) " ‘
Florida 1964-1970 e 1400-2700 n
Georgia 12 1967-1970 n 2000 "
S. Co 3 1965-1969 Present but not "
quantified
Florida 10 2-3/70 " "
5. C. 1969 N.S. <100 Duke, et al., *70
*Escambia Bay, 1969 1254 - 1000-7000 "
Fla.
L 1969 1254 1500-2500 "
Irish Sea 73 10-100 Holdgate 1970 in
Nesbit & Sarofim,
1972
]

.(ﬁ )
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Birds - Water

Suillemot Eggs Baltic Sea

White-tailed Stockholm
Cagle Archipelago
lleron "

Nouble-crested Bay of Fundy
comorant (epas)

Abdominal lat

Herring Gull Bay of Fundy
Fat

Location Samples
Biota (continued)
Birds - Land
Starlings Continental 124
u. S.

Woodcock N.S. - Noth-
ern Y. S,

bald Eagle 25 states 69
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TABLE 6 (Continued)
Aroclor
Compound Corcentratlion
Date Detected (pnh) Source vf Data Renarks

11-12/70 N.5.

Fall 1971 H.5.

1966-68 °  M.S.
5/68
3/65-6/66
4/67

19717 1254
" 1254
" 1254

x 660 (50-24,300)

4000-9000

Not quantified

250,000

14,000,000,
8,400, 000-
17,000, ¢00

9,400,900

17,200

52,000

75,000

Bureau of Sport
“Fishzries &
I'ildl., Unpubl.

Jensen, et al,,
1970 (22)

Junsen, et al,,

iy (19)

Zitlo, et al.,
1072 (20)



miliion in some fish and birds near the top of the food chain (1/8 of ar
inch is about one trillionth of the distance to the moon; and a part per
million is about S steps on a walk from Washirgton to Sar Francisco). Man,
who is alsc at the top of a food chain, carries residues ranging up o 2
parts per milllon or occasionally more.

II. BEHAVIOR IN THE ENVIROMMENT

A. Air - The relative importance of the atmosphere as a transport mechanism
is not known. Vhile PCBs have been ldentified in air, the residence time,
trarnsformations, and movement from air to land or water surfaces through fall-
out or rainout, or return to the atmosphere are virtually unknown. There are
at least two observations that suggest substantial aerial transport; data on
residues in fish in Lake Minto in a remote part of rorthern Quebec (7), and

‘regidues in woodcock which feed almost exclusively on earthworms, which in

turn pick up residues from the soil. Only by invoking aerial transpoert can we
account for residues in arctic lakes or in more or less wilderness areas of the
North where woodcock summer. Nisbet and Sarofim (3) suggest airborne PCBs will
have been adsorbed on particles and have a relatively short residence time--
thus most will have been redeposited on the U, S. continent, but some will have
reached the oceans.

B. Water and Sediment - The water envirorment is probably the principal sink
and transport mechanism for PCEg. Calculations based on measured occurrerces

in rmunicipal and industrial outfalls, in the receiving waters, and the down-
stream reaches of the waterways demonstrate transport through the aquatic sys-
tem. Measured residues in fishes from various envirorments suggest accumulations
at the downstream ends of the drairnageways.

There are few data on removal, disappearance, and sequestering of the sub-
stances in so0ils or bottom sediments of rivers, lakes, estuaries, or the ocean.
Table € includes some data that indicate presence in boitom sediments, and sug-
gest that sediments may be a major reservoir of PCB residues. Work by lNimmo
ard his colleagues at Culf Breeze (8) has shown that at least pirk shrimp and
fiddler crabs are able to take up PCB residues from this source. Fiddler crabs
and pirk shrimp exposed to clean flowing sea water in aquaria contairing sandy
silt with initial residues of ‘€1 parts per million (dry weight basis) of Aroclor
125L accumulated an average of 80 +# 25 parts per milliorn in the whole crab and
20 parts per million (ore pooled sample) ir the hepatcpancreas of the shrirwp.
Accumulation was much less, 17 2z 9 parts per million and €.1 parts per million,
respectively, with silt initially containing 30 parts per milliorn. 3ome accumu-
lation took place 3.2 + 0.9 parts per million (in crabs) and 1.1 parts per mil-
lion (shrimp hepatopancreas) from silt initially contairirg 2.5 paris per mil-
lion. The same irvestigators have shown transfer of rasidues from sedimenss to
overlying water., Effluent water from the aquarium with €1 parts per million
Aroclor in sandy silt contained 3.5 parts per billion; from the aquarium with
30.0 parts per million in silt, effluent water corntaired 0.5 parts per billion,

IIT. EXPOSJRE AND BICLOGICAL ACCUMULATION

\ .

Experimental work on biological accumlation by individual species of
vertebrates and invertebrates has been conducted by a number of laboratories
in the United States and elsewhere. Table 7 presents selected data that dsmon-
strate accumulation factors of up to 75,000 in whole organisms, and in the
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hepatopancreas of pink shrimp. The data reported in the preceding section
demonstrate that pink shrimp are able to accumulate PCB residues—from'énmiron.
mental levels as low as 0.5 parts per billion; and Table 7 shows accumulation
by fish from levels as low as 1 part per billion.

Fvidence from envirormental samples (Table 6) suggests uptake of PCB
residues from exceedingly low envirommental concentrations. Thus the plankton
samples from the North Atlantic contain something like 200 parts per billion,
yet PCB levels in marine waters are believed to be exceedingly low-<certainly
less than 0.0l parts per billion. '

PCBs, like many of the organic insecticides, are fat soluble, and are
stored in the lipids of animals. Like the insecticides, they resist metabolic
changes, and tend to be concentrated (at least to some extent) at succeedingly
higher levels as they pass through various steps in the food chain.

The data presented in Table 6 suggest that there are two comporents of
movement through the biota. One is the familiar pattern of food chain accumu-
lations. The other involves direct uptake from the enviromment by various
trophic levels; e.g., soil to earthworms; water to phytoplankton, zooplankton,
larger invertebrates, and fish. The fish and plankton data from the North
Atlantic reported by Nisbet and Sarofim (3) are consistent with the hypothesis,
in that plankton residue levels are higher than fish levels, suggesting direct
accumulation rather than foed chain transfers. So, too, is the evidence from
feeding studies reported by Stalling and Mayer (9) that suggest accumulations
of no more than a factor ‘of 2 over dietary intake levels in fish. It seems
reasonable that food chain transfers are the principal route of accumulation
in warm blooded vertebrates, and possibly in the highest levels of carnivorous
fish. Conversely, direct enviromental uptake is probably the most important
for aquatic invertebrates and fish. ’

That humans are exposed to PCBs is evident from the data in Table 6.
There are a mumber of possible routes: air, water, food. Fish and shellfish
through uptake from water would be expected to provide the prinecipal continuing
source in the diet. Sampling of fish to keep those containing more than the
FDA interim action level from the market is carried out by FDA and the various
States where fish are kmown to have substantial PCB contamination. Other foods
have been found to contain PCB residues, but these residues are for the most
part traceabls to accidents; e.g., residues in eggs and poultry whose diet in-
cluded fishmeal contaminated by leakage of PCBs from processing equipment
(Monsanto reports they no longer sell PCBs for this purpose); residués in milk
traceable to silage stored in silos painted with PCB-containing paints; residues
in dry food packaged in PCB-contaminated packaging materials. Aside from the
ocecurrences traceable to incidents such as the above, residues have been found
in only 479 of 15,000 food samples by FDA during November 1969-June 1971 (200 of
the 479 were followups on samples found to contain PCBs). In the FDA diet studies
during FY 70 and 71, only 22 of 720 composite samples contained PCB residues.
It 4s clear that only a small fraction of the U. 5. food supply contains detect-
able levels of PCBs,
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The effluents from such installations should be regulated and closely moni-
tored to assure that no more than 0.0l parts per billion results in the re-
ceiving water. {So, too, should the manufacturing and disposal facilitiag

-

of Monsanto.) Good housekeeping should permit this level to be achiesved

-----

An educational campaign aimed at users to assure proper disposal will als-
be necessary--so long as the materials are referred to as transformer oils,
cutting 0ils, hydraulic oils or fluids, etc., care in disposal will be hard
to assure. After all, oils in moderate quantities aren't regarded as &troubls-

some substances.

V. RESEARCH NZZDS AND OPPORTUNITIZS

1. Data provided by Kuratsune and Masuda (11) suggest that PCB-cortajn-
ing carbonless copy paper may have been an important source of PCB residues
. in man. An epidemiological study, involving a group of regular users of sush
copy paper (airline ticket salesmen;j clerical workers; etc.), would shed much
light on this question.

2. The detection of high levels of PCBs in house dust by Price (10)
suggests that inhalation may be an important source of PCB levels in man. Both
the question of occurrence in dust and of respiratory uptake from such dust
should be explored.

3. BResidues of PCBs have not been determined in soils, though by infer-
ence they must be present. A set of samples from the program of pesticides
moritoring in soils should be aralyzed for PCBs; the set should be drawn with
care to illuminate distribution patterns in, near, and remote from industrial
areas, ’

L. Data on pesticides in air are unsatisfactory. A few samples, irn-
cludinz both vapor and particulates, should be collected from industrial areas
ard analyzed. If the methodology proves satisfactory, a small-scale survey
should be undertaken to determine the importance of *h= atmosphere as a trans-
port mechanism.

5. The presumption that PCBs do not move to ground water should be
tested. The volume of water in this reservoir, coupled with its relatively
long residence time, suggests that even very low levels of cortamination may
be significant.

é. Dumps and lardfills are thought to be the principal reservoir of PCBs,
but there are virtually no data on behavior of PCBs in thase locations. Small-
scale sampling should be undertaken to determire the concentrations brought to
dumps, the fate of PCBs from open burninz, and into leachate and gasas from
sanitary landfills. Degradatior in place should also be investigated.

7. The presumption that submerged sediments contain a large amount of
PCBs should be examined. Such questions as vertical distributisn, degradation,
movement, transfer of water, should be explored as well as the current distri-
bution of residues beneath inland and inshore marine waters.

\
8. The reported finding of PCB residues on the order of 0.2 parts per
million in marine plankton of the mid-North Atlantic requires elaboratien.
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APPENDIX B

Use and 3Ieplaceability of PCBs

I. DIELECTRIC FLUIDS

Dielectric (electrically insulating) liquids are important to the
electrical industry for filling agents or impregnants in transformers,
capacitors, and other devices. Besldes their electrical functions, the
liquids may alse be used for cooling and arc quenching functions. De-
tailed discussions of dielectric fluid applications are available (1-L).

A. CAPACITORS

Generally, industrially important capacitors use liquid impregnated
cellulose paper as a dielectric. The required properties of the liquid
are:

1. Non-flammability (important for preventing fires, particularly
in indoor use).

2. Dielectric constant matching that of paper. A good mateh reduces
electric field inhomogeneities, increases dielectric strength and lifetime,
and allews decrease in capacitor size.

3. Low dissipation factor (reduces energy loss and destructzve heat-
ing in a ecapaciter).

L. High dielectric strength (prevents breakdown and allows decrease
in capacitor size).

5. High chemical stability (increases capacitor lifetime and stabili-
zes its performance).

6. Low vapor pressure (increases physical stability).

7. Inert decamposition products in an electric arc (prevents explosion
or corrosion following breakdown).

8. Low toxicity of. the material and its decomposition products.

9. Low cost.

1. Advantag. es_and Disadvantages rof PCB in Capacitors

The PCB capacitor liquids, commonly called askarels, are mixtures of
chlorinated biphenyls and chlorinated benzenes. Several standard mixtures
are specified by AS™M (5). The askarel capacitor liquids and their de-
composition products are non-flammable. Thus their use in capacitors
greatly reduces fire and explosion hazards. This characteristic permits
economieg where safety codes require fireproof enclosures for capacitors
contaiming flammable liquids.

The dielectric constamt ot the askarels is high campared to other
common dielectric liquids. Doubling the dielectric constant of the dielec-
tric allows a reduction by half in the area of the capacitor electrodes,
and a significant saving in the cost of construction and installation.’

The dielectric constant of aska¥els closely matches that of the capacitor

paper.
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Table 2

Piycical and Otlier Properties of Lubricating Oils,, Engine 0Oils, and Hydraulic Fluids
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exercized through companies which insure against fire, utilities which
supply electrical power, and building codes.

3. Extent of Capacitor Use

Almost all industrial capacitors contain PCBs. 1In 1968 95 percent
of the U. S. production of capacitor liquids (2.L6 million gallons) were
PCBs (9). Two important types of capacitors are phase correction capaci-
tors on power lines and ballast capacitors for fluorescent lighting. Non-
ballast industrial capacitors produced in 1967 had a value of $112 million
(10), and fluorescent lamp ballast capacitors produced that year numbered
21.7 million units with a value of $15.5 million (10). In 1970 there were
50.9 million ballast units produced with a value of $163 million (11).
These ballast units are in extensive use inside buildings where non-
flaymability is important. : .

Phase correction capacitors are necessary on power circuits to correct
for the inductive loading of much electrical power equipment. The amount of
phase correction capacitance is ordinarily specified in kilovolt amperes of
reactive current or kvars. Most power capacitors are rated at from 1/2 to
25 kvars so that the rumber of capacitors is very roughly the kvar value
divided by 10 (12). As examples of the extent of power capacitor use, TVA
has 2-1/L million kvars (13), and a power company serving suburban New Jer=
sey has 3.6 million kvars on their power lines with 1/2 million kvars on
order (1L). The value of these capacitors is roughly $5 per kvar (1L).
More than 20 million kvars of power capacitors were produced in 1970 (14).

The procurement lag for these capacitors is 1-1/2 to 3 years, and esti-
mates for redesigning new systems range from 3 to 10 years, according to
power company representatives to AS™M Committee D-27 (14,15). Extensive
re-designing is anticipated if distribution capacitors were required to use
presently available non-PCB liquids. Askarel capacitors have been developed
to the point that failures are considered negligible (13, 15).

Several private socurces reported extensive efforts to find replacements
for PCB capacitor fluids, but none reported having a good substitute.

B. TRANSFORMEES

Most power transformers contain a liquid to electrically insulate and
remove heat from the core and windings. The properties required of these
liquids are:

1. Non-flammability (required for indoor use and desirable in remote

location use).
2., High dielectric strength (prevents breakdown and allows transformer

size reduction).

3. Low viscosity (promotes convective heat transfer).

L. High chemical stability (allows higher temperature operation and
reduces degradation of the transformer).

\
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flammable liquid. An anrual report on such fajlures is compiled by the
Edison Electric Institute (19).

II. INDUSTRIAL FLUIDS FOR HYDRAULIC, GAS TURBINE, AND VACUUM PUMP USES
A. HYDRAULIC

Hydraulic fluids are liquids used as force transmitters (20, 21).
The characteristics of a good hydraulic fluid are (20):

1. High lubricity (lowers heating and increases lifetime of moving
componants).

2. Stability (increases lifetime of use).

3. Appropriate viscosity and high viscosity index (2L).
(25) L. Low pour point (necessary for materlal to flow at low temperatures
25).

S. Compatibility (prevents interactions with other components, for
example, rubber seals).

6. Good heat transfer (reduces local heating and large temperature
gradients).

7. High bulk-modulus (important for extreme pressure applications).

8. Low volatility (necessary to prevent malfunctioning due to "vapor
lock™). -

9. Low foaming.

10. Low thermal expansion. Aside from the implication of a more con-
stant volume over a wide temperature range, a low thermal expansion implies
a high viscosity index and the constancy of certain other properties with
respect to temperature. ’

11. Good demulsibility.

12, Inhibitor (necessary to prevent oxidation of metals or rusting).

13. Good fire resistance (very important in high temperature envirormernts).

14. Low density (desirable in transportation, particularly airborne,
applications).

15. Good dielectric properties (reduces arcing or short circuiting should
the fluids come in direct contact with electrical components).

1é. Non-toxicity (reduces the danger to human beings from rupture of
hydraulic equipment or improper disposal and to maintenance personnel during
transfer of these fluids).

Since most commercial hydraulic fluid mixtures are proprietary, it is
difficult to obtain information with respect to their composition. The results
from inquiries with respect to PCB content have been somewhat contradictory.

No defirite knowledge is available that PCBs are present in commercial hydrau-
lic fluids, Since camposition specifications of these flulds are usually rot
available to the public, PCB content should be established by chemical analysis.

PCBs are useful in hydraulic fluids as lubricating additives in extreme
pressure applications (26) and as pour point depressants. Although it is true
that the pour point of oils may be lowered by extensive dewaxing, the use of
additives is much cheaper. There are other inexpensive additives which are
often used for these applications\and which appear to be adequate. For
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viscogity index, low pour point, and oxidation and foaming resisiance,
Sample U, S. and U. K. military specifications are given in Table 3 (34).
Usually, dibasic acid esters containing appropriate additives maet the
above requirements. In the case of the turboprops, the same lubricant is
ugually wed for both the turbine and prop-drive gear.

PCBs would seem to be useful as additives in gas turbine lubricanes,
but there 1s no evidence that PCBs are currently used for this purpose.
Research along these lines has been done, and there is some indication
that some PCBs have on occasion been added to gas turbine lubricants.

The objection to PCBs and other chlorinated hydrocarbons is that they
tend to be corrosive at the high temperatures reached in gas turbires,
This corrosion is accelerated by decamposition of the PCBs and the forma-
tion of hydrochloric acid at high temperatures. The corrosiveness of Pr3s
is a major deterrent against their use in these lubricants. TCP also has
the desirable property of reacting with metallic surfaces at high tempera-
tures to form a protective coating,

Jet englines are run for approximately 18,000 hours (37) between over-
hauls. The lubricants are not usually changed during this period; however,
the appropriate "oil level” is maintaired at frequent intervals. Immediately
before engine overhaul the lubricant is draired and discarded. Unlike the
situation with respect to hydraulic fluids used in commercial aircraft, there
appears to be no general recycling facility for gas turbine lubricants (37).
As 3 result of their increase in acidity and viscosity during use, recycling
of gas turbine fluids would demand expensive redistillation and reblending.

C. VACJUM PUMP APPLICATIONS (22, 23)

Both mechanical and & ffusion pump applications require fluids of one
highly fractionated component. Accordingly, additives generally are not used.
However, PCBs are used in pure form as a diffusion pump oil in commercial
applications.

The characteristics (38) of a good diffusion pump fluid are:

1. Relatively high vapor pressure at operating temperatures.

2. Low vapor pressure at room and lower temperatures. (The vapor pres-
sure imposes a lower limit on the ultimate vacusxg.

3. Heat resistance (prevents cracking or molecular ‘degradation at
operating temperatures),

L. Narrow vapor pressure range and freedom from contaminants such as
absorbed gases and liquids with higher vapor pressures. (This requirement
often implies the necessity of a narrow fraction),

5. Oxidation resistance (important because air may enter a diffusion
pump during operation either accidentally or through slow leakage).

6. Nonhydroscepic (absorbed water increases pump maintenance and may
contaminate the vacuum system).

7. Campatibility (must be compatible with pump and vacuum system
components).

8. Stability in the presence of the vapor beirg pumped.

Same of the pertinent properties of many diffusion pump fluids are given
in Table L (39). The stability, oxidation resistance, appropriate vapor pres-

sures, ard, in particular, the relatively low cost of PCBs make them a desirable
choice for many industrial applications. Although the ultimate vacuum using
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toxieity, a tendency to decompose to form highly corrosive HCl, a lower

decomposition temperature than some alternate liquids (L3) and relatively
poor radiation resistance (LL).

B, REPLACEABILITY OF 'PCBs AS HEAT TRANSFER FLUIDS

Increased risk from fire and explosion is a major disadvantage with
mogt PCB replacement filuids. Other non-flammable fluids are: l. fluoro-
carbons, which have low toxicity, high thermal stability, and in spite of
high cost are used as convective or evavorative coolants (1), 2. water,
which {s quite corrosive, has a high t.iperature limit of 37L°C and requires
extremely expensive high pressure systems for its use above the atmospheric
boiling temperatures and 3. molten salts and metals which, because of thelr
resistance to radiation damage, are useful in reactor applicatiocns.

Several liquids are more stable at high temperatures than the PCBs,
Table 5 (L2) shows the decomposition point range of liquids in a variety of
chemical classes, Few of these liquids are non-flammable, however, as can
be seen from Table 2. The phosphate esters, silanes, and aromatic ethers
have high fire points (around 80Q°F), but they are flammable and it is not
clear how high the fire point must be for a fluld to be safe in a high tem-
perature system, especlally in the event of leakage luto a furnace. The
details of specific heat transfer applications are necéssary to evaluate the
suitability of PCB replacement fluids.

IV. PLASTICIZER AND MISCELLANEOUS USES *

A plasticizer is a material incorporated in a plastic to increase its
workability and flexibility (LS,45). The addition of a plasticizer may
lower the melt viscosity and flow temperature (increasing the ease with
which the plastic can be made to flow),or lower the elastic modulus (making
the plastic softer) (L6). Plasticizers are generally nom-volatile liquids
or low-melting solids. A major requirement of a plasticizer is that it have
high compatibility® (mixes will to form a homogenous composition with useful
properties) {L2) with the material being plasticized. Figures are given in
Table & for the compatibility of some common plasticizers with some common
synthetic thermosetting or thermoplastic resins {LS). Other properties which
are important when considering plasticizers are specific gravity, refractive
index, color, oder, moisture sensitivity, vapor pressure‘%volatility),
boiling range, stability (to light and heat) toxicity and cost (L7). Of
course, the properties of the final plasticized material are of prime impor<ance.
Certain plasticizers provide formulations with specific properties such as:

1. phthalate esters - general purpose.

2. adipates and ozelates - low temperature flexibility.

3. highly arcmatic esters - fast processing, strain and extraction

resistance.

L. epoxies - heat stabilization during processing.

5. phosphate esters and PCBs - fire retardant materials.
+ The information in this section about specific uses was obtained from Chemical
Abstracts (1928-1969) and patent claims. The Task Force has no knowledge whether
or not specific applications are in current production or use.
+ Note that the term "compatibility", used here, has a meaning very different
from its use earlier in this appendix. In the earlier case, compatibility meant
that two materials could coexist without either being affected by the other.

‘The present meaning is quite the opposite. .
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Table 6. Approximate Maximum Compatibility, phx"'., of Plasticizers with Various Resins
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Material Form and color

Table 7.

Specific
gravity

r—

Arclor 1221°  calorless, viobi'e oil

Aroclor 1262 alinost eatorlesa,
mobils oil

Aruclur 142 almost culorliess,
mohile oil

Aroctor 1248 yelluw-green tinted,
mohife oil

Aroclur 1258 light yellaw, visrous
oil

Arnetor 1260 light yellaw, seft,

- aticky, resin

Arovlur 1262 Bight yollow, sticky,
clear redin

Aroctor 18 white to off-white
poniler

Arvelr 1270 white ersstalline
powder

Aruclur 4463 tramsperend, vellow,
brittle resin

Aroclor SH2  yellow, inasparent,
slica)y tesin

Asoclor 51680 clear, yrihav-ti-am-
beer, brittle resin

Aroctor 2365 black, s
hritth: resin

11s2-1 192

{23:15.3°C)

E.250-1.250

(25/15.5°C)

1.3951-1 302
(23/15.5°C)
1 1051 413
(83/15.3°C)
1 145-1.505
{63/13.3°C)
1.535-1.566
(90/15.5°C)
L3721 383
(90,15 5°C)
1.801-1 81
(23/25°C)

1.911-) u60
(23,725°%()

1 G
(23/23°C)
T
(25/23°0)

1 ¢70
{23725°C)

17
(237230

S ASTM 1220 (neelifionl). ® Chevelane) apen

*ASTM 23, S balt Univernal)

2 Mold point on soliditic:tion.
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General Properties of Some Aroclors (PCB)
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D, SEALANTS

Sealing and caulking campositions include a wide range of compourds
which can be used to seal joints or volds againgt water and water vapor,
air and other gases, dust, sound, vermin, heat and cold (88). Specialized
applications require resistance to certain chemicals or atmospheric emviron-
ments. PCBS can be used as..plasticizers in the formulation of putties from
copolymers or ethylene-vinyl acetate or styrene (89). The products are non-
hardening, and reslstant to moisture snd frost and show good weatherability
A nop-sticky, non-harderming putty was also prepared from polysulfide mix-
tures which employs PCB as the plasticizer. This putty gave good bonding
to building materials and had good extrudability and shape retention (%0).
Elastic pavement or concrete sealing compositions, used for traffic markings,
were prepared from coal-tar-polysulfide mixtures which are plasticized with
PCB (51). A sealant, effective for concrete and asphalt applicationms, can be
formulated from a mixture of polysulfide, chlorinated rubber, and polyiso-
cyanate, and plasticized with PCB (%2), '

E. PRINTING

Chlorinated biphenyls have been employed as part 6f the formulations
used to prepare pressure-sensitive record (93, 915 and colored copying papers
(95, 96, 102, 103)s They have been used to coat papers used in thermographic
duplicating processes (97-101) as well as in xerographic transfer processes
(10k, 105). Solvent-free printing on polyolefin plastics can be accomplished
by heating a mixture of low meolecular weight material, chlorinated biphenyl or
terpene resin, and sultable pigments and dyes. Durable prints can be made on
the surface of the polyolefin at the time of their thermoplastic shaping (106).
Printing plates, hard enough for high quality letterpress printing, and suf-
ficiently flexible for use as flexographic plates, can be prepared from com-
positions containing a liquid resin such as epoxy, polyester, urethan, acrylic
or vinyl with an excess of curing agent and PCB as the plasticizer (107). The
extent, if any, of current uses of PCBs in printing application is unknoewn.

F. FIRE RETARDANT AND MLPROOHNG COMPOSI TIONS

When PCBs are used as plasticizers, they impart a certaln degree of non-
flammability to the objects as described previously. However, for increased-
effectiveness in flame retardant applicationg, the PCBs can be admixed with
various metal oxides, Some flame retardant compositions based upon these
mixtures are: polyolefin yarns (108); organopolysiloxane sealants (109);

.thermoplastic poly (hydroxylethers) (110); fireproof panels made from starch

which can be used for doors, floors, ceilings, and partitions (111); poly-

amides (112); and in fireproof fiberboards %113). Rigid polyurethane foams
(11L-116) and hardboard compositions (117), when treated only with PCBs do

not show any significant increase in flame retardance.

G. MISCELLANEOUS APPLICATIONS
The wide range of chemical ani physical properties exhibited by the PCBs

(see Tables 6 and 7) make them desirable for an assortment of miscellaneous
uses., . Some of the more interesting and non-conventional uses are as follows:
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transformers would require considerable time and money for reengineering,
mamufacture, and application of substitute equipment.

PCBs are useful in hydraulic systems where leakage onto hot metal sur-
faces could cause a dangerous fire. Hydraulic fluids can also be made with
phosphate esters which are toxic and which will burn at high temperatures,
Replacement of PCBg in some hydraulic systems could increase loss of life .
due to fire, Gas turbines require lubrication at high temperatures, PC3s
can be used but tend to be corrosive. Phosphate ester lubricants seem '
better in this respect. Chemical stabillty is more important for high
temperature lubricants than is non-flammability., PCB fluids are useful in
diffusion booster pumps to produce moderately high vacuums with relatively
poor fore vacuums, Non-flammability is not especlally important for diffus-
ion pump liquids, and with a few possible exceptions alternative liquids are
available,

Flammable heat transfer fluids present a fire hazard if they leak irto
a furnace or onto hot surfaces. The use of PCBs can prevent this danger,
In some cases water is a suitable substitute at moderately high temperatures,
Other heat transfer fluids are commercially available and in use. Replace-
ment of PCBs 15 satisfactory in some, but may be dangerous in other heat
transfer uses,

The PCBs are good plasticizers for use with adhesives, textiles, surface
coatings, sealants, and copy paper. In some cases the PCBs act as fire retar-
dants. There are no particularly unique properties of PCBs for plasticizer
uses, and equally effective alternatives are generally available (e.g. phos-
phate esters are often used as fire retardants), The extent of current use,
if any, in such applications has not been determired.
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30, National Bureau of Standards Report of Tests No., TG 10210-2158: FR 3695,
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35, Ref, 21, Chapter S.
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APPENDIX C

The Need For Contimed Use of PCBs As Electrical insulating;Liquids
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TABLE 2

Composition of Different Liquid Chlorinated Biphenyls

Components _Monsanto Aroclors

- given as ¥ - 1221 = 1232 MCS 10k3 1242 MCS 1016 1248 125, 1260
Chlorine 21 32 32 L2 L2 L8 . sl 60 -
Biphenyl 14.8 .0l .02 .02

Monoc-chlorobiphenyl £6.5 | 22.2 .72 93

Di-chlorobiphenyl 26.9 ~ S5 7h. 15.6 19.4

Tri-chlorobiphenyl 1.42 3.3 5h.5 6h.5

Tetra-chlorobiphenyl .06 22.5 15.0 255
Penta-chlorobiphenyl . 6.7% 16w 60
Hexa-chlorobiphenyl 70

*Includes higher than penta-chlorinated isomers.




III. THE NEED FOR PCBs IN CAPACITORS

PCBs are used in more than 90 percent of the eleciric utility |
(large power) type and smaller industrial type capacitors made today,
They are needed for safety, reliability and long life, and to achieve
gizes compatible with equipment and installation requirements.

The principal types of PCB-impregnated capacitors and their
applications are high voltage power capacitors used primarily for power
factor correctlon in the distribution of electric power; low voltage
power capacitors installed in industrial plants at the load (typically
large motors); ballast capacitors to improve the efficiency of lighting
systems; and small industrial capacitors for power factor improvement
in such equipment as air conditioning units, pumps, fans, ete. Almost
80 million such capacitors are manufactured annually, most of them for
first-time use.

|
i
|
1
|
\

Capacitors used in lighting and air conditioning applications
contain 0.005 to 0,09 gallons of PCB per unit. The largest power I
capacitors contain about 6.7 gallons of askarel, The most popular size
contains about 3.1 gallons. The National Electrical Code requires that
any installation of capacitors in which any single unit contains more
than 3 gallons of combustible liquid shall be in a vault like that re-
quired for transformers. During 1968, the last camplete ™"normali®
year for the electrical industry, the total amount of PCBs used in capaciters
was approximately 1lL.4 thousand tons.

. Possible alternatives to PCB-impregnated capacitors are capacitprs
impregnated with mineral oil, or certain other liquids. I

A. MINERAL OIL |

l. Size
The single most important property of a liquid to be used

in a capacitor is its dielectric constant (the ratio of its ability to
store electrostatic energy relative to air). The dielectric constant of
the capacitor-grade PCB (Aroclor 1242) is 5.85 while that of mineral oil
is 2.25. (See Table 3) Reverting to an oil-paper dielectric system would
increase the average capacitor velumm(size) by approximately 600 percent |
the weight by 500 percent,and the cost by approximately LOO percent. At
the present levels of demand for capacitor KVAR, therz would be a shortage
of electrical grade paper and a shortage of capacitor factory facilities:
further tending to increase the cost to the utility, and wltimately to the
COnsSumer.,

2. Reliability and Life

. POBs are thermally and oxidatively more stable than mineral
oils, and discharges, which can ocecur in capacitors, are less likely to
generate gases from askarels than from mineral oils. The chemical
stability of PCBs in the presence of capacitor tissue and plastic films and
the favorable stress distributions betweesn solid and liquid have made it
possible to design lowecost capacitors with a life expectancy of more than
10 years life in lighting applications and more than 20 years in electric
utility applications. In each dpplication the first-year failure rates
are less than 0,2 percent. This level of 1life and reliability had not
been achieved prior to the introduction of PCBs.
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3. Safety
The relative non-flammability of PCBs significantly reduces i
the fire hazard that might otherwise accompany those failures that result
in rupture of the case.

B. OTHER LIQUIDS

1. Castor 0il. The dielectric constant of castor oil is 4.5, ang
this material is useful as an impregnant in D.C. energy storage capacitors.
However, A.C. capacitors filled with this liquid have relatively short
lives and are not very stable under A.C. discharges and in the presence
of water derivable from the cellulosic paper.

2. Dibutyl sebacate. This ester is especially useful in high
frequency parallel plate capacitors because of its low, flat loss charac-
teristics over a broad frequency range. In this type of construction the
liguid is the sole dielectric material., When used in conjunction with
paper,this ester is also unstable.

3. Silicone Fluids, These materials have a dielectric constant of
2.7 and would generally be subject to the same disadvantages as mineral
oil.

In the interest of achieving a higher degree of envirommental
compatibility the capacitor industry switched during 1971 from Aroclor
1242 to Aroclor MCS 1016, fram which the higher-chlerinated persistent
fractions have been substantially removed.

IV. ENVIRONMMENTAL FROTECTION

The advantages to the public in terms of safe, reliable, and efficient
electrical equipment made possible by the use of PCBs have been documented
in the body of, and especially Appendix B to, this report. It is alse
clear that there are no present or prospective substitutes for these
materials, and that the functions they perform are essential. Thus the
continuing need for PCBs in clesed electrical system applications is con-
clusive, The electrical industry well understands, however, that continued’
use of these materials requires unusual protective measures. These
measures were the subject of recommendations made by a previous NIPCC Sub-
Council report (The Use and Disposal of Electrical Insulating Liquids,

June 1971) and are judged to be well on their way toward implementation:
witness the introduction of the new capacitor dielectric, the provision

of facilities for the incineration of liquid and solid wastes,, and the
instructions to operating personnel and users regarding the need for care

in waste disposal, an activity now being further formalized and strengthened
by ANSI's committee Cl07. The annual residual leakage to the enviromment
from the continued use in transformers and capacitors has been estimated
between one part in a thousand and one in ten thousand of the existing
environmmental PCB burden.

1. The above paper was prepared by the Electrie and Nuclear Sub-Council,
National Industrial Pollution Control Council: Chairman, D. C. Burnham,
Westinghouse Electric Corporation; .Vice Chairman, Fred J.Borch, Chairman

and Chief Executive Officer, General Electric Company; Members: A. P.
Fontaine, President and Chairman, The Bendix Corporation; Raymond H. Giesecke,
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Repulatory Action on PCBs
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Shrimp are very sensitive to PCBs and most will die as a resuls of
20-day exposure to a concentration of 5 parts per billion., PC2s also irhibit
shell growth of oysters. Crabs are less sensitive; all accwmlate resicues
to many times the concentrations in the water, and a test with crabs showed

that they lost the residues very slowly.

Growth of certain species of marine diatoms wad experimentally irBibiteg
by PCBs, but algae were not affected.

The small marine crustacean, Gammarus, is sensitive to PCBs in concentra.
tions of thousandths to tenths of a part per billion.

Exposure to 5 parts per billion of Aroclor 1254 caused mortality of two
species of fish in 1L-LS days. Onset of death was delayed and was accompaniad
by fungus-like lesions. :

Rainbow trout were quickly killed by polychlorinated terpheryls at 10
parts per billion under normal oxygen conditions and at 2 parts per billien
with reduced oxygen.

Metabolic changes of PCBs have been suggested by envirormental observa-
tions of different isomeric patterns in animals of different trophic levels.
Quantitative differences also are pronounced, with magnifications of hundreds
to thousands of times.

Laboratory studies have shown no metabolic changes of PCBs by crabs and
shrimps, minimal changes by fish, and pronounced chaﬂges by birds. '
!
PCBs induce microsomal enzyme activity in birds. Exposure to PCBs in-
creased the susceptibility of mallard ducklings to duck hepatitis virus.

Offsprinrg of pheasants whose parents received high dosages of PCEs made
poor choices in visual cliff tests. Egg productiz=n and hatchirg after pipping
also were affected, Migratory restlessness was increased in English robins ex-
posed to PCBs.

Long-term studies of the reproductive effects of Aroclor 125L on mallards
and bobwhite quail and of Aroclor 1254 plus DDE on quail showed no significant
differences from controls. In studies of chickens, however, egg productzon and
hatchability were impaired by high doses of Aroclor 125L and by low doses of
Aroclor 1l2l2.

Statistical evaluatlions of the role that different chemicals may play in
thinning eggshells of brown pelicans showed that DDE residues correlate better
with shell thinning than do residues of dieldrin or PCBs, confirming observa-
tions with cormorants and white pelicans.

IV. CONCLUSIONS
PCBs are man-made bilologically active substances that are dispersed

throughout the enviromment and stored in the tissues of animals. They are
lethally toxic to fish and aquatic invertebrates ir concentrations measured
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Mallard ducklings demonstrated the possibility of interaciing sffects
between PCBs and disease organisms (Friend and Trainer, 28). Thirty-five
to LL percent of the 10-day-old ducklings exposed for 10 days to'a dissary
dosage of 25, 50, or 100 parts per million of Aroclor 125L died uporn sub-
sequent exposure to duck hepatitis virus in contrast to only 1L percernt o
the birds exposed only to the virus.

Swedish robins (Erithacus rubecula) given 5 micrograms of Clopher 450,
for 11-13 days showed a greater migratory restlessness than controls (Ulfs<rars
and SBdergren, 2%).

Pheasant hens absorbed 9L percent of the Aroclor.125L given as -a singls
capsule dose, a very efficient entry of this chemical into the system (Dahlgren,
et al,, 30), fesidues in muscle declined 82 percent in 28 days after dosage.
Residue were excreted in both eggs and feces.

Residues in the milk of cattle inadvertently exposed to PCBs declired at
the rate of 1.3 percent per day when uncontaminated feed was restored (Fries,
et al., 31), The rate of loss of [DE residues was identical. PCBs in milk fat
decreased from 12.6 parts per million to 5.8 parts per million in about 3 weeks
and to 2.1 parts per million in about L months.

A cow given 10 mg/kg of Aroelor 1254 in a single dose released an average
of 3.9 parts per million into the whole milk during the next L days' milking.
A dosage of 100 mg/kg produced 36 parts per million in the milk of ancther cow
(Platonow, et al., 32). The gas chromatographic pattern of the Aroclors in
the milk was very similar to that of the fed compound.

B, REPRODUCTION

Pheasants given a capsule dose of 50 mg of Aroclor 1254 weekly for 17
weeks produced fewer eggs than controls, and a higher percentage &f chicks
pipped the shell but did not hatch (Dahlgren and Linder, 33), Chicks that
hatched weighed less and survived more poorly than controls. Eggshell thick-
ness was not affected. In behavioral tests of the offspring on a visual cliff,
more of the chicks from the dosed parents made the undesirable choice of jumping
to thz deep side, or made no choice, in the 5-mimute test period. None of these
effects occurred among the groups whose female parents were dosed with 12.5 mg.

Mallards fed a dietary dosage of 25 parts per million of PCBs from about
11 weeks before their first breeding season and through their second year laid
eggs with shells of normal thickness (Heath, et al,, 1). The mmber of eggs
laid, hatchability, and survival of young did not differ significantly from the
untreated controls. In another test, mallard ducks fed 10 orESOO parts per'
million of Aroclor 125k in the diet for about 5 weeks laid eggs with normally
thick shells. Bobwhite quail fed diets containing 50 parts per million of PCBs,
or 30 parts per million of DDE, or a combination of 25 parts per million of
PCBs plus 15 parts per million of DDE for about 11 weeks before their first
breeding season reproduced as well as controls.

Ring doves (Streptopelia riscriz) fed 10 parts per million of Aroclor 125k
for & months laid eggs no lighter than those laid by control birds. (Peakall,
34). Fourteen birds fed 10 parts per million of PCBs before and after dosage
and nine birds injected intraperitoneally with 160 mg/kg 1-L days before egg
laying confirmed the lack of effect of PCBs on shell weight. '
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faster than those with more chlorines, so that the latter were subject to -
greater increase in the food chain (Jensen, et al., 19). ‘

In two simple food chains, fish to eagles (Haliaeetus albicilla) and
fish and mussels (Mytilus edulis) to seals (Phoca vitulira and Pusa hispida),
concentrations increased hundreds to thousands of times from prey %o predats:
(Jensen, et al., 19), Fish contained hundredths to tenths of parts per millior;
fresh mussels contained hundredths of parts per million; seal blubber contaired
5-21 parts per million; and the muscle of the white-tailed eagle contaired 150-
240 parts per million. '

In Great Britain, birds that feed on birds or mammals contained the highest
concentrations of PCBs, those that have a mixed diet contained the rext highest,
and those that feed on insects had the lowest (Prestt, et al., 3}, The fish-
eating herons from the southeast of Englard contained higher residues of PCBs
than birds of any other area.

Many species of California birds contained hundredths to tenths of parts
per million of PCBs; peregrines (Falco peregrinus) contained greater amounts,
one as high as 98 parts per million in muscle (Risebrough, et al,, 20), while
fish in the same area contained only thousandths of parts per million.

Residues of PCBs in the industrially polluted Escambia Bay increased in
the expected order. Water contained a maximum of 275 parts per billion, and
sediment a maximum of L8€ parts per million. Oysters (Crassostrea virginica)
contained 2-3 parts per million, shrimp (Penaeus duorarum) l:§:§.5 parts per
million, blue crabs (Callinectes saEidug) 1-7 parts per million, and pinfish
6-12 parts per miilion (Duke, et al., 15).

Subsequent samplings from three stations in the Zay showed little change
in concentrations of PCBs in sediments even after 9 months (Nimmo, et al,, 21).
Experiments were then undertaken that showed that shrimps (Penaeus duorarum)
and fiddler crabs (Uca minax) could accumulate Aroclor 1254 from the sedimerts.
Relationships between concentration of PCBs in sediment and concentration in
crabs and-shrimps were variable. The maximum accumlation was from sandy silt
containing €1 parts per million (dry weight) of Aroclor 125kL; fiddler crabs
accumulated 80 parts per million (wet weight) in their bodies; shrimp accumla-
ted 2L0 parts per million (wet weight) in the hepatopancreas. Some PCBs '
were present in the water and a portion of the accumulation could have been
from that source. The ratio of individual PCB isomers maintained integrity in
the sediments and tissues of test animals throughout the investigation, indica-
ting no pronounced metabolic changes of the PCBs.

Spot (Leiostomus xanthurus)exposed to 1 part per billion of Aroclor 125k
for 56 days attained maximum concentrations in 1u-28 days, although absclute
amounts contimed to increase as the fish grew (Hansen, et al,, 17). Maximum
concentration in whole spot was 37,000 times that in the test water. These
results were very similar to those for DDT reported earlier from the same
laboratory. The PCBs were lost slowly from the tissues of spot after they were
placed in clean flowing water. After 8L days of flushing, the concertration had
dropped 73 percent and the absolutd amount had dropped 61 percent. Isomers of
Aroclor 1254, with the exception of one peak, maintained their integrity in spot.

1€3 '
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1. Residues in Birds Killed by PCBs, Chickens killed by PCB dosage in
the studies of(Vos and Koeman, 8) generally contained fram 120 to L20 parts
per million in the brains, but the overall range was from LO to 700 parts pe-r
million. HResidues in livers were 120 to 2,900 parts per millior, .

Coturnix quail poisoned ty PCBs (Phenoclor DPE) contained residuss

of 342-1710 (av. 1158) parts per million in the brain and 1079-8350 (av. 3283).
parts per million in the liver (Koeman, 11).. Bangales finches killed by PCBs
had residues of 70 to 697 parts per million in the livers; those sacrificed at
the end of the experiment contained 3 to 3L parts per million (Prestt,et al.,
8). Residues in brains were somewhat lower; the proportional amount irn the
brain in comparison with the amount in the liver averaged higher in the birds
that died than in those that were sacrificed.

A bald eagle found sick in the field contained high residues of both

" DDE and PCBs in its brain, suggesting that PCBs may have contributed to its

death, Residues of DDE in the brain were 38% parts per million, which is wi*h-
in the lethal range for DDE (Stickel et al., 12). However, the brain also cor-
tained 230 parts per million of PCBs, € parts per million of DDD, 2.2 parts per
million of dieldrin, and O.L parts per million of heptachlor epoxide.

B. INSECTS

The toxicity of PCBs to imsects also is related to the chlorine content,
but in the reverse order to the result with birds. PCBs with lower amounts of
chlorine were more toxic to flies than PCBz with higher chlorine content, and
the toxicity of mixtures with more than L8 percent chlorine was very low
(Lichtenstein et al:, 11), Toxicity of dieldrin and DDT was enhanced beyond
an additive effect by the addition of the lower chlorinated PCBs.

Topical applications of Aroelor 125L to a grasshopper (Clorthippus brunneus)

produced delayed mortality that occurred at the time oI molt (Moriarty, 1L).

C. FISH AND AQUATIC INVERTEDRATES

Shrimp (Panaeus duorarum) are sensitive to low concentratiors of PCBs
(Duke,et al,, 15). A1l individuals died as a result of a LB-hour exposure to
flowing seawater containing 100 parts per billion of Aroclor 125k; 80 percent
died in 2L hours. These shrimp accumulated 3.9 parts per million in their tis-
sues, Shrimp exposed to 10 parts per billion did not die, but accumulated 1.3
parts per million of PCBs in their tissues.

Seventy-two percent of the juvenile shrimp died from a 20-day exposure to
S parts per billicn of Aroclor 1254 and the tissues accumulated 16 parts per
million. Crabs (Callinectes sapidus) were less sensitive, but accumulated an
average of 23 parts per million in a L-week exposure at S parts per billion and
still contained 22 parts per million after a week in clean water and 11 parts per
million after L weeks in clean water.

3
"’ 1

The small crustacean,(Gammarus ocsanicus) had a lsthal threshold in 30-day
tests between 0.001 and 0.0l partsper billion in colloidal solution and between
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APPENDIX G

Biological Data On PCBs In Animals Other Than Man

Polychlorinated biphenyls have become ubiquitous in the world ecosys<enm

in quantities similar to those of DDE. Their presence has caused concerr and
stimulated research to evaluate their role in the biosphere.

The significance of PCBs to wild animals depends upon both their lethal
toxicity and their sublethal physiological effects. These are the subjects of
the present paper. Coordinate knowledge of level of exposure, as shown by
frequency and levels of occurrence of PCBs in the enviromment, is essential to
complete the understanding. These are summarized elsewhere in this report.

I. TOXICITY

Cutright mortality of wild animals can affect populations, particularly
those of long-lived species. Measurements of direct toxicity are therefore
important first steps in evaluation of a chemical. Other laboratery studies
also are needed for proper interpretation of field observations. These in-
clude studies to diagnose cause of death by behavior of poisoned animals,
tissue changes, and concentrations of chemical in critical tissues.

A. BIZDS

The toxicities of different PCBs to pheasants (Phasianus colchicus),
mallards (Anas platyrhynchos), bobwhite quail (Colimus virginiarus), and
coturnix quail (Coturrnix coturnix) were compared with the toxicities of DDT,
dieldrin, and other insecticides (Heath,et al., 1), Tests of six PCB mix-
tures, containing 32 to 62 percent chlorine, showed that the toxicity in-
creased with the percentage of chlorire. In gener:2l, toxicities were similar
to those of DDE. There were some differences in sazsitivity of the speeies.
Bobwhite weres most sensitive, followed in turn by pheasants, mallards, and
coturnix quail. Bobwhite were 3-L times as semsitive as coturnmix. Special
tests with coturnix quail showed that the toxic effects of DDE and Aroclor
1254k were additive but not synergistic. '

In other studies, Aroclor 1254 was approximately as toxic as DDE %o
four species of blackbirds: grackles (Quiscalus guiscula), cowbirds
(Molothrus ater), starlings (Sturmus vulgaris), and redwings (Azelaius
Ehoeniceus) (Dustman, et al., 2). Redwings were somewhat more suscsptible
to DDE than to PCBs. Signs ot poisoring were sluggishness with slight tre-
mors of moderate amplitude, much as with chemicals of the DDT group. Inter-
nally, livers frequently had hemorrhagic streaks or spots, and the gastro-
intestinal tract commonly contained blackish fluid, but these signs were not
sufficiently consistent for distinctive diagnosis.

Aroclor 125L was approximately 1/13 as toxic as DDT to Bengalese finches
(Lonchura striata) (Prestt, et al., 3)., Tremoring and other signs were simi-
lar to those observed among blackbirds; the finches had enlarged kidneys and
same had hydropericardium. :
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br. G. J. Love (61) of ZPA has reported that 72 3ets of speconens (blood, urire,
and hair) collected from 36 workers occupationally exposad Lo burning automobilas
or refuse dumps and from an equal rumber of controls aré to be collected ard
analyzed for PCB levels. -

I+ is of interest to note the analysis of PCB in human adipose tissue. 3irzg
and co-workers (L8) examined two human adipose tissue samples by combined GLC-mass
spectrametry and found substantial quantitiss of PCBs rangirg from pentachlsra-
biphenyl to decachlorobiphenyl and including at least 1k isomers and chlorine nome-
logs. The samples were estimated to contain 200 parts per million ard 60Q parts
per million total PCB, respectively, as determined by electron-capture gas chroma-

tography.
Iv. STUDIES IN PROGRESS

Curley and co-workers (37) have described results in a study with Aroclor
125) to determire placental transfer, rates of excretion ir milk and corsequent
tissue distribution and storage levels in fe+tuses and weanling rats following

. oral dosage to the mother daily on the 7th through the 1Sth day of gestation at

10 mg/Kg, respectively, by stomach tube. Table 11 lists the experimental prolocsl
for the above studies. This is summarized as follows:

Fetus Analysis: Samples were taken by Caesarian section or the 20th day of preg-
nancy. [he mean concentrations of Aroclor are given for the respective dosages as
parts per million.

Controls 120 mg/Kg c0 mg/Ke

Mother 1 0 1.42 2..2
Mother 2 0 1.2L . 2.50
Mother 3 . 0 1.1k 2.93

10 me/Kz

uw, at onset {zms) Age (days)

Mother 1 25k . 90
Mother 2 265 &
Mother 3 258 . . 90

50 mz/Kg
Mother 1 2L2 a
Mother 2 2Lk 50
Mother 3 261 ] %0

N1k
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TABLE L - OBJECTIVE SAMPLES - CY 1971
, for PCB's

SUMMARY
PPM - £at Basis :

ANIMAL AND POULTRY TISSUE CY 1971

Class N.D. .01-,1 .1l1l..,50 .51-1.5 1.51-3.0 3.01-5.0 5.01-7.01 7.01-15 Over I5

Animals | 2379 1 -9 11 4

Poultry | 1664 4 25 53 - 23 4 5 L5 11

PCB RESIDUES IN ANIMAL AND POULTRY
TISSUES COLLECTED IN OBJECTIVE PHASE
DURING CY 1971

Animal | Number of Number of Percent of Number of T T Percent of
or Samples Samples with Samples with Samples Exceed- Samples Exceed-
Poultry| Analyzed A Residue A Residue ing Guidelines ing Guidelines
* Cattle { 722 ) 9 1.2 . 0 . 0.0
Calves 66 4 6.1 0 0.0
Swine 1436 7 0.5 0 0.0
Sheep 180 5 2.8 0 0.0
Young
Chicken% 1637 127 7.8 2 0.1
Mature
Chickens 69 S 7.2 0 0.0
Turkeys 88 T8 9.0 0 0.0
Ducks 10 0 0.0 0 0.0
4208 165 3.9 2 0.04
\
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packaging material was identified as the source of PCB in the food, The
manufacturer of the packaging material used about 95 percent recycled zanar
to manufacture paperboard containers. FDA analysis of different types'ok
the firm's paperboard showed PCB levels ranging from about 2 to L33 parss
per million. Various types of packaged food products, some of which used
this firm's paperboard, were also analyzed as part of FDA's investigatinn
Nine samples of the 28 packaged foods examined contained PCBs in the food
portion.

.

As a result of this limited investigation, FDA inttiated a nationwide
survey in September 1971, to determine the extent of the PCB food packaging
problem. The survey included analysis for PCBs in all paper packaging
components and the packaged food portions of 15 different representative
food categories. This survey was completed in late December 1971. A
detailed statistical analysis of the results of the survey is currently
being compiled. Sixty-seven percent of the packaging portion of the
samples contained PCB residues as high as 338 parts per millioh; 19 percent
of the food portions of the samples contained PCB residues, with an average
PCB concentration of 0.1 parts per million. The maximum PCB level found
in food was 5 parts per millien.

The FDA survey, as well as other studies by the paper and food industries,
show a significant correlation between the presence of PCB residues in the
food component and the packaging component. The mechanism of PCB migration
fram the packaging to the food probably occurs through both the vapor phase
and abrasion or physical contact. The level of PCB contamination is
dependent upon many factors =~ levels of PCBs in the packaging materials,
type of food, length and conditions of storage, and others. The extent of
migration of PCB from paperboard packaging to the food contents 1s being
investigated (Trout. 5). There is also significant correlation between
the mresence of PCB residues in packaging and the presence of recycled paper
components in the packaging. The occurrence of PC3s in recycled paper materials
is attributed primarily to the recycling of the so-called "carbonless" carbon
paper {contains 3-5 percent PCB -- use of PCBs for this purpsse has been
discontinugd) and to a lesser degree, the use of certain printing inks. PC3B
residues also were found in some packaging components that appeared to be
composed entirely of virgin paper material. This source of PCBs probably
occurs in the packaging manufacturing processes. - ’

Industry has taken steps to reduce the levels of PCBs in food packaging
materials by aveciding the recyecling of carbonless carbon paper. Although
it is not know if this practice has been instituted industry wide, data
provided by the Grocery Manufacturers of America, Inc., does reflect a
change. For example: recycled board manufactured during the period June 1970 -
Jamiary 1972 shows that only 18 percent of the samples contained less than
S parts per million PCB; the same type of recycled board manufactured from
November 1971 through January 1972 shows that 95 percent of the samples to
be below 5 parts per million PCB.

IX. SPECIAL SURVEYS

FDA is currently conducting 2 national survey to determine the extant
and levels to which complete animal feeds are contaminated with PCBa.
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million. Approximately 1 million turkeys approaching market weight were
withheld from market until residue levels were reduced to less than §
parts per million.

5. QOklahoma Incident. On August 20, 1971, USDA informed FDA of
excessive PCB findings in chickens in Mississippi during routine sampling.
Investigation revealed that the birds came from a grower in Oklahoma and
the feed from a mill also in Oklahoma. FDA analysis of eggs and feeds
from thegse firms showed no PCBs.

6. California Incident. USDA examined turkeys after slaughter in
warchouse storage in California. PCBs were found in the amount of 1l.41 to
28.0 parts per million in the fat tissue. There were 100,000 pounds of
turkeys detained until testing was completed. The turkeys had originated
from flocks raised in four counties in California. The source of the
PCBs could not be determined.

B, MEAT BY-FRODUCTS

National By-Products, Inc., Mason City, Illinois Incident - On
July 28, 1971, FDA inspection of this firm revealed that PCBs were used in
heat treatment equipment. Sampling showed the pasteurized meat meal to
contain PCBs. The firm initiated recall of the contaminated product.

C. MILK

1. West Virginia Incident. In July 1969, FDA's Baltimore District
found PCBs in milk samples collected in the routine food surveillance
program. Baltimore District investigated possible routes of contamination,
and by February 1970, the investigation pointed to spent transformer fluid
used a8 a vehicle for herbicide sprayed along power right-of-ways in the '
Martinsburg, West Virginia area. Through this route, PCBs contaminated dairy
cattle grazing areas. The dairy farms involved were taken off production by
State officials.

2. Ohio Incident. In April 1970, the State of Ohio notified FDA's
Cincinnati District of unidentifiable residues in milk., FDA identified
the residues ag PCBs and advised the State of a guideline of 0.2 parts
per million (whole milk)., The State of Chio and FDA investigated the
problem and determined that the dairy farms were using a PCB-containing
sealant in silos that migrated to the silage. The State of Chio banned
milk from some producers and destroyed an undetermined amount of milk.

3. Florida-Georgia Incidents. The States of Florida and Georgia
reported findings of PCBs in milk to FDA's Atlanta District in August 1970.
A PCB-containing sealant in silos was found to be the source of contamination
in this incident. FDA found approximately 11 percent PCB in the silo
coating.

VIII.PAPER FOOD PACKAGING _
FDA first learned of the PCB food packaging problem in July 1971. The

total diet market basket samples showed low level PCB residue in a grain
and cereal composite (Table 3). The PCB was traced to the Shredded Wheat

116

ADM  0GG155



distribution of poultry containing less than 5 parts per million. This
level was applicable to the edible tissue on a whole tissue basis or

to the separate fat removed during slaughter or processing and 1ntended
for use as a foocd or feed ingredient.

The regulatory control action extended from December 1970 until
August 1971, when dll samples submitted for testing prior to slaughter
were found to be below the 5 parts per million guideline. To support
this control activity and determine disposition of the fowl scheduled
for slaughter the following samples were analyzed for PCBs: 1,566 dozen
eggs, 198 feed, and 5,790 chicken samples. Most of the analytical
work was done in the New York State chemical laboratory. On the results
of these samples, 140,450 chickens were killed opn the farm and buried,
75,740 chickens were passed for restricted slaughter, and 409,000 zhickens
were released for normal slaughter.

The alleged source of the PCBs in this incident is believed by
State officials to be plastic bakery wrappers. Bakery goods were used
as a feed ingredient for the poultry and the plastic wrappers which may
have contained high PCB levels were ground with the bakery goods.

2. East Coast Terminal Incident (FDA Actions). The Monsanto
Chemical Company informed FDA in July 1971 that large amounts of fish meal
might have been contaminated with Aroclor 12L2 leaking from a heating system
during pasteurization of fish meal at East Coast Terminal, Wilmington,
North Carolina. Aroclor 12L2 was used as the heat exohange fluid. FDA
inspection revealed PCB contamination of processed fish meal on hand at
the firm. Investigation indicated the leak began in April 1971 and continued
through July.

. The fish meal on the premises was embargoed and the firm initiated
a voluntary recall of fish meal processed since April 1971. An estimated

12,000 tons were distributed. Over 2,000 tons were recalled. Individual

fish meal samples examined contained from 1L to 30 parts per million PCB.

FDA algso initiated follow-up sampling of fish feeds, catfish
from fish farms, and eggs when the contaminated fish meal was implicated.
USDA was informed when investigation indicated eggs were being distributed
to commercial egg breakers. As of September 1971, 224 samples of eggs had
been analyzed with 71 containing residues in excess of 0.5 parts per million.

FDA seized 3 lots of eggs. The samples representing these lots
contained from 0.7 to 1.9 parts per million PCB.

FDA. seized 5 shipments of fish feeds that were manufactured from
contaminated fish meal. These seizures were in the States of Louisiana,
Georgia, and Mississippi, and were on feeds that contained from 0.6 to
L.5 parts per million PCB. In addition, a shipment of the contaminated
fish meal from East Coast Terminal that had not been recalled was seized.
The analysis of this seized product showed levels in excess of 350 parts
per million PCB. Catfish sampled from commercial fish farms zontained less
than 3.0 parts per million PCB.
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Based on available monitoring :l. aud reparts, one roule of Siman
gexposure to PCBs currently in the enviromment is through food. The PC3
contribution made by other routes of exposure has not been sufficisntiy

measured.

The FDA has issued a proposal which will prohibit the use of PC3s
in and around food processing plants and will establish limitations on
the use of salvaged paper containing industrial chemicals for focd packag-
ing. These proposed actiong should prevent occurrences such as the Wilming-
ton incident and the problem of PCBs in food packaging materials. However,
there will still be problems, as evidenced by the Coho Salmon contaminaticm,
the mysterious Minnesota turkeys, and the discovery of high levels of
PCBs in cardboard food containers. The solution to these probls=ms seems to
lie in a better understanding of the path which PCBs follow through the
environment and om full use of existing regulatory authorities. Even with
better understanding we can probably expect future isclated incidents of
PCB contamination.

Existing regulatory authority is generally inadequate to prevent more
PCBs from entering the environment. The Monsanto Company has reported volun-
tarily limiting the distribution of PCBs to "closed systems" but this limit
has no force of law behind it. The government has no power to restrict
imports of PCBs by foreign manufac-urers, and if it disagreed with Monsanto's
judgment on allowable uses it cou.. not impose more stringent limitations
on Monsanto or on any other potential manufacturer.

This regulatory gap would be filled by the Administration's propcsed
Toxic Substances Control Act. The proposed Act, sent to the Congress in
February 1971, would authorize the Administrator of EPA to restrict or
prohibit the use or distribution of a chemical substance if such restriction
were necessary to protect health and the enviromment, and it would also
authorize him to issue standards for tests to be performed and for rasulis
to be achieved from such tests for various classes and uses of new substances.
Thus, in addition to providing the regulatory authority needed to deal with
the PCB problem, it would also establish a system for preventing new chemicals
from becoming similar problems. Action by the Congress to approve the Taxic
Substances Control Act is the most important step which can be taken to
deal with PCBs and similar problems.
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materials be established permitting unavoidable PCB residues in such
materials for a period of one year. This will provide an opportunity for
the orderly elimination of PCB-containing raw materials used-in the
manufacture -of food packaging materials. :

EPA recently has proposed regulations which would prchibit all
intentional discharges of PCB into the water, and would limit PCB levels

in the water to .0l parts per billion. These regulations probably wsuid
be enforced through use of the Refuse Act.

III. APPLICATION OF REGULATORY AUTHORITIES

Within thé past two years there have been several incidents involving
PCB contamination. These include the following:

In September 1969 FDA detectéd PCBs in West Virginia milk. The source
of PCBs was suspected to be the use of spent transformer fluid as a solvent

for herbiecide spray. Grade & milk shippers involved were taken off production
by the State.

In April 1970 FDA identified the presence of PCB residues in milk
sampled by the Ohio State Department of Agriculture. The Department removed
a large quantity of milk from the market. The chemical was traced to a
material used as a sealant in the silos where dairy feed was stored.

Similar occurrences of PCB contaminationm of dairy herds have been reported
in several Southeastern States.

Since June 1971, the Meat and Poultry Inspection Program (MPIP) and
the Poultry Division, Consumer and Marketing Service, USDA, have been survey-
ing specifically for PCBs. Prior to that time, the MPIP's ongoing survey of
chlorinated hydrocarbons should have detected any PCBs present in animal or
poultry fat at a level of 1 parts per million or zbove. None was detected
in the fat of poultry, swine, cattle, or sheep prior to December 1970. Since
that time, there have been five separate incidents of contamination of poultry
with PCBs. Each appears to be a single-source, one-time occurrence. The
Boultry Division's egg sampling program in the Southeastern U.5. and in
Minnesota has not detected levels of PCBs which are significant--most
values falling below the sensitivity of the method.

Contamination of hens slaughtered on December 2, 1970, led to placing
all laying hens in Orange, Sullivan, and Ulster Counties, New York, under
quarantine through August 30, 1971, requiring pretesting for PCBs prior to
slaughter. Levels up to 26.8 parts per million PCBs were found in the fat.
Approximately 137,100 hens were condemned and buried on the farms. Flocks
containing less than 5 parts per million PCBs were sold in commercial
channels, frequently at drastically reduced prices. Eggs from contaminated
flocks were destroyed. The source of contamination was feed containing
returned bakery product wrappings.

Frozen turkeys produced on farms from Modesto, Fresno, Stockton, and
Santa Rosa, Califoruia, were found to contain up to 28 parts per million of
of PCBs in the fat. The source of contamination is unknown. All turkeys
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II. STANDARDS, TOLERANCZS, OR GUIDZLINES ESTABLISHED

The most important limits whiech have been established for PCBs have
been those established by FDA to deal with particular instandes of food
or feed contamination.

Standards or, more accurately, tolerances for products such as for
PCBs may be established under Section LO6 or Section LOP of the Food,
Drug, and Cosmetic Act, which require a finding that the substance is
required in the production of the food or cannot be avoided by good
manufacturing practices or 2 showing of safety and a need for use. No
permanent tolerances for PCBs have been established, since all the safety
data necessary and the need for use to support such tolerances are not
available at this time. In the absence of tolerances, the Food and Drug
Administration, in order to respend to accidental contamination, has set
interim guidelines for levels of PCB in some foods at which it will take
action under the Food, Drug, and Cosmetic Act. It is now proposing to
establish temporary tolerances for permitting unavoidable PCBs in several
categories of food.

FDA has taken action to remove from the market shell eggs containing
mor e than 0.05 arts per million PCBs and feeds containing more than
0.5 parts per million PCB where the PCBs present appears to be fram
accidental contamination of feed. The U.S. Department of Agriculture has
also t.ken action to remove poultry from the market containing 5.0 parts
per million PCBs where such contamination was the result of accidental
contamina%ion of fa2d fed to poultry. The action level of S parts per
million (whole tissue basis) was establiszhed in 1971 by FDA. This level
431 reduced t. 5 parts per millinn oa a fat basis in 1972.

Tae Food and Drig Administratisn has taken no action agalnst any
sther prodicts for PC3 contamination but has infornzd the Statzs and
pthars that it would consider action on ailk if PC3s ex-eed Js2 parts
per nillion {whoale basis) and on fish if PCBu excseds 5 pasts u=r million.
Sore Suiies have tak.n action to remove milk from tha market thas zomtained
Adre than 9.2 parts par-million PCBs.

The temporary tolerances recently proposed by FDA are listed in Table 1.

The guidelines and the temporary tolerances taken into account avail-
able toxicological data, the estimated amount and type of intake of PCB
from food, and also the sensitivity of the methods used for detecting PCB.
Thus more PCB is allowed in poultry than in eggs because children are fed
egg yolk, and children are not considered to have as efficient detoxication
mechanism for handling PCBs ag adults. It should be noted that these limits
were established to deal with particular incidents, and thus may be changed
as new knowledge develops or as circumstances change.

Same food has been discovered to be contaminated because of migration
from food packaging materials containing PCBs. Thus FDA also has proposed
that a temporary tolerance of S parts per million im paper packaging ;

\
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shipped in interstate commerce must be registered with the EPA, E=pPa
can refuse to register a product if it will cause injury to man or the
environment if used according to the label. The registration.of a pro--
duct can be suspended or cancelled if it is found to no longer mest the
criteria for registration.

On October 29, 1970, the Pesticides Regulation Division (then in
the Department of Agriculture; now in EPA) issued a notice (PR Notice
70-25) to all pesticide manufacturers, formulators, and distributors,
The notice stated that, "Formulators and manufacturers of economic poisons
containing polychlorinated biphenyls and polychlorinated terphenyls
should change their formulations to eliminate such chemicails either as
active or inactive ingredients. It is believed that a period of six
months i3 a reasonable period of time within which to affect such formula
changes." Assuming that the notice has been camplied with, there should
be no pesticides which currently contain PCBs.

B. FEDERAL WATER POLLUTION CONTROL ACT (33 U.S.C. L66 et.seq.)

The Federal Water Pollution Control Act (FWPC Act) authorizes the
Administrator of EPA to enforce State water quality standards established
by the States and approved by the Federal Government if the State is not
adequately enforcing the standards. No States have established water
quality standards relating specifically to PCBs. Thus the water quality
standards part of the FWPC Act is not a useful tool for dealing with the
PCB problem,

Section 12 of the FWPC Act applies primarily to accidential discharges
of hazardous polluting substances. It requires the immediate reporting
to EPA or the Coast Guard of any discharge of a hazardous substance from
a vessel or an onshore or off-shore facility. The discharger is responsible
for making the report and for clean-up, but EPA is authorized to remove or
arrange for the removal of the hazardous substance if the discharger is
unable or unwilling to do so. PCBs are being designated as hazardous sub-
stances under section 12, and the authority contained in the section could
be used if an accidental spill of PCBs into water should occur.

C. THE REFUSE ACT OF 1899 (33 U.S.C. LO7)

Another legal authority for controlling water pollution is seection 13
of the 1899 Refuse Act which forbids discharge of any wastes (other than
municipal wastes) into navigable waters without a permit, issued by the
Army Corps of Engineers, which can limit the discharge of substances into
water. EPA and the Justice Department are prepared to use the Refuse Act
to prevent PCB discharges.

D. THE CIEAN AIR ACT (L2 U.S.C. 1857 et. seq.)

The general authorities contained in the Clean Air Act are not, for the
most part, applicable to PCBs because PCBs are not generally emitted into
the air in the normal operations of a municipal or industrial facility.
PCBs may become air contaminants . through the burning of refuse, but such
emissions usually could be controlled only by preventing the substance
from initially getting into the refuse.
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II. Problems in Analytical Chemistry - Comparison of Methods

II. 1 Separation

Ons of the primary.and early problems in the identification of the
polychlorinated biphenyls (PCBs) was that of possible interference in the
GLC datermination of organochlorine pesticides, whare the PCB occurred along
with the pesticide residue. During 1969 and 1970, variocus investigators
worked on methods for separating PCB fram pesticides (7-1L). An excellent
treatment of the subject of PCB as a contaminant in the enviromment, as
related to its detection in the presence of other compounds, is covered by
Jensen (15). '

Jensen (15), in his review, has shown that some of the earlier studies
of DDT and DDE in human fat by GLC must have been inordinately high. He

first identified some GLC peaks in wildlife in 196L-66 that were not recon-

cilable but later identified chramatograph peaks from human fat that were
not attributable to DDT or metabolites of DDT, which were more nearly com-
parable to peaks ascribed to PCB. The possibility that these peaks could be
attributed to naturally occurring constituents in fish eaten by man was dis-
carded when it was suggested that these same peaks could come from environ-
mental pollutants.

To further egtablish the then uncertain composition of the chemicals
causing the false DDT peaks, Jensen (15) separated out one of the chemicals
by GLC and subjected this fraction to mass spectrometry. The mass spectro-
metry data showed sompounds with molecular weights of 32L, 358, 392, and L26.
The molecular weight differences or differences of 3L mass unita suggested on2
less chlorine atom per position on a carbon atom. In essence, through calcula-
tion, he deduced that these unknown chemicals could only be polychlorinated
hydrocarbons, in this case having S, 6, 7, and 8 chlorine atoms in the molecule.
He verified his conclusion by introducing a synthetie or known PCB into the mass
gpectrometer, He also found that PCB standard chromatogram matched those with
the same retention times as observed in various samples he analyzed, 1. e.,
eagles, fish, or other wildlife.

It ig interesting to point out that failure to recognize such inter-
ferences led to spurious results and data and obviocusly led to the over-
estimation of DDT in our envirorment, in man, in wildlife, and aquatic
organisms. Jensen (15) referred to PCB as a new pollutant, but, as stated
earlier, PCB was with ug in the environment since 1930 and thus it would be
an old pollutant only recently correctly identified by appropriate analytical
chemistry.

In earlier work in the identification of some organcchlorine pesticides
such as p,p'-DDT; o,p-TDE (DDD), lindane, dieldrin, aldrin, heptachlor, and
lindane, some unidentified spots and peaks in TLC and GLC interfered with the
detection of these pesticidal chemicals. Jensen (15) in his work extracted
the compounds from biological samples and, by appropriate cleamup of some con-
taminants, identified the pesticides and PCBs by thin layer and .gas liquid
chramatography followed by mass spectrometry. In 196L, Jensen used TLC to
separate the fat soluble chlorimated hydrocarbons frqm the rest of the sample.
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Some biological samples require more extensive pretreatment than for
water or effluents from industrial plants. The measurement of PCB concen-
tration of effluents is a simple procedure involving chromatogram of sample
and then chromatograms of standard samples developed from known PCBs. For
more accurate analysis, calibration graphs can be developed from known speci-
fic peaks in the standard samples (15).

In the following charts (Figures 1-6) some chromatograms of the various
representative chlorobipheryl Aroclors are presented according to Armour (18),

Some additional points might be made relevant to separation and quartita-
tion of PCBs. First of all, in separation, the methods used prior to cuanti-
tation of residues in samples containing PCBs and chlorirated hydrocarbons
fall essentially into two categories: (a) those which necessitate destruction
or alteration of one or more of the compounds and (b) those which do rot.
Peakall and Lincer (1%) have described in detail the procedures used for
separation.

Briefly, the first group requires nitration (HNOy 4 HpSOy) treatment at
O C for 5 mimutes, which destroys or alters many of the organochlorine pesti-
cides; thus PCB is left unaffected along with lindane and BHC. Scme workers
such as Armour and Burke (1) reported that complex chromatograms resulted
after nitration, which could not be related to the unreacted DDT-PCB mixture.

Thus, nitration was not pursued as a practical means of separating DDT
PCB for further analyses. °P g and

Saponification with alecoholic NaOH or KOH will dehydrochlorinate some
pesticides such as Perthane, Toxaphene, DDD and DDT to their respective ole- -
finic compounds (20).

Perhaps the more desirable technique allows for special separation cof
many chlorinated hydrocarbon pesticides from PCB, This involves using various
columns and solvents. Another procedure is to use a sa2rieg of differing
polarity columns in the gas chromatograph at the time of determination (21).

IT.2 Quantitation

Koeman, et al (2) measured residues in Japarese quail ‘by using one of
the peaks in a phenachlor DP6 mixture as standard. Risebrough (22) quanti-
tated relative levels of PCBs by assuming that each PCB compound produced
the same peak height with the electron capture detector as the same amount
of weight by p,p'-DDE. After addirg the heights of the individual peaks,
the total was multiplied by a factor derived from measurements of standard
solutions with EC and MC detectors. Jensen and co-workers (23) reported
conecentrations of PCB as the sum of all PCB components and based the esti-
mation on several detection systems such as mass spectrometry and EC and MC
detectors. In spits of all these techniques, these investigators consider
the method approximate and correct only within a factor of 2.

There are other modificatiorns of techriques, but with all Ehe quantita-
tion methodology available, relative estimates of concentrations of PCB are

\
\
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K =,

only approximata. At such time, whsn ons is able to synthesize the
individnal PCB components coemonly found in ths enviromment and identify
them in terms of individual peaks, then the estimation remains, as stated
a relative concentration. ’ ’

However, for most bioclogical gayessment work, the correct order of
magritude and accurate relative amounts of PCB provide the requisite in-
foermation for tanls purpose. :

III. Coptaminants, Impurities, or Other Chemical Moicties in PCBs

In the analysis of the polychlorinated biphenyls, one enzcunters a
problem aimilar to tha% of the polychlorophenols ana 2,4,5-T in that certain
contaminants or impurities prevail, These impurities arise from the basic
starting materials or compounds used in the synthesis and also fram the pro-
cessing conditions usad in the chlorimtion procedures. In this respact,
the seriss of compounds identified through GLC and mass spectrametry are
samewhat similar in nature to the spactrum of dioxins found in working with
chlorinated phenols, hexachlorcphene, 2,L,5-T and related synthetic.organic
chemicals.

It has been roted in the bilcassay of various Aroclors for toxleity,
usually testing on chickens, that there was a 7arianze in toxicity of cer-
tain PCB preparations. Since the occurremce of lesions resembled those of
chick edema in bvirds fed PCB, this prampted a camparative study betwaen
three campounds, Phenoclor DP6, Clophen A6D, and Araclor 1260 by Vos et al
in 1970 (24). In this study, the specific PCBs were fractiomated, analyzed,
and biocassayed using the chick embrys assay.

These studias ravegled the presente of certain polar compounas which
are present as impurities in the various PCBs and thus explain *hy variance
in *oxicity of certain comnercial PJB preparatisni. In Table 2 some of the
retentions and mass spectramatric data of some of the peaks ldentlfying the
presence of some dibenzofurans, chlorinated napthalenes, and associated
chlorimated biphenyls are indicated, proving tha presense of impurities.

Table 2
Relative Retontins, Mass Spectrometric Data on PCB Fractionasted Sample
Peak No. Relative Mags Nos.and Identity of Carpouna
Retention No. of Cl atoms
per mcl
1 1.L0 30u (L C1) Tetrachlorodibenzofuran
2 1.58 332 (6 C1) Hecachloronapthalene
3 1.7 353 (6 C1) Hexachlorobiphenyl
392 (7 C1) Heptachlorobiphenyl
L 2.h2 338 (5 a) Pentachlorodibenzofuran
392 (7 cL) Haptashlorsbipheryl
5 3.8 66 (7 @) Heptashlaromapthalen:
\r
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II, FDA TOTAL DIET STUDIES

The total diet program 1s designed to determine the levels of pesticides
PCBs, and trace heavy metals in the dietary intake on a geographical and ’
seasonal basls, Market basket samples, representing the two-week diet
of a 15-20 year old male -- which is approximately twice that of the normal

‘diet -~ are collected at retail stores, bimonthly, in five regions of the

United States. Food items are cooked or prepared for table-ready use by
dieticians and are divided into 12 food class composites, Such as dairy
products; meat, fish and poultry; and leafy vegetables. Each composite

is analyzed for a variety of chemical contaminants, including PCBs. The
limit of detectability as applied to total diet composites is approximately
0.05 parts per million PCBa, When abnormally high residues are detected

in any composite, follow-up analysig is made of the individual food com-
modities of the composite to determine which food i3 contributing the ex-
cesgive residues and to determine whether compliance action is warranted.

ITT. USDA SAMPLING FROGRAMS

The Consumer and Marketing Service, USDA; has primary responsibility
for sampling and analyzing meats, poultry, and broken egg products for
pesticide, envirormmental ?PCB), and other chemical or biclogiecal con-
taminants. The USDA program involves all federally inspected slaughtering
plants (about 1,200) and egg breaking establishments (about 1LO}, The
instructions for sampling request that the agricultural producer of .
the animal, bird, or eggs, be named so that the State of origin will
be known. This facilitates follow-up if a vioclative sample is found
and identifies those samples which originate from the same farm. Inspectors
are instructed to collect objective samples from different agricultural
producers. The time of sampling and the plant location are determined
on a random basis, by camputer, for this program.

IV. OTHER REGULATORY PROGRAMS

In addition to these routine sampling activities, FDA and USDA learn
6f PCB contamination of foods in other ways. As part of their enforcement
responsibilities, they conduct in-plant establishment inspections; con-
duct special investigations and surveys to determine the cause and extent
of specific PCB problems; and maintain close contact with State officials
and industry who also monitor the occurrence of chemical contaminants in
food.

When required, there is also a selective phase to these sampling
programs and investigations. Selective sampling is used to determine the
extent of vioclations when a violative sample is encountered or a report
of possible harmful residues is received by the responsible agency. An '’
increased number of samples is taken in the suspected area to determine

b
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Polychlorinated bipheryls (PCBs) have been used in the Undted States
and elsewhere over the past LO years, for many industrial and consumer
applications. During the past three years evidence has accumulated to
indicate that PCBs are wildely dispersed throughout the enviromment and
that they can have adverse ecclogical and toxicological effects.

FINDINGS, CONCLUSIONS, AND RECCMMENDATIONS

The principal uses for PCB flulds are in the electrical industry.
PCBs have superior cooling, insulating, and dielectric properties and
hence are widely used in various electrical devices. Transformers and
capacitors filled with PCBs can be used in inside locations where fajl-
ures of oil-insulated equipment would present a potential danger to life
and property. Because PCBs are relatively nonflammable, apparatus con-
taining them is essentlally free fram the fire and explosion hazards
associated with oill-insulated and oll-cooled electric devices. Stability
at high temperatures is another major factor in the attractiveness of
these compounds. The principal advantage of PCBs over substitutes is the
relative freedom from flammability in some applications that previocusly had
been plagued by serious fires. PCBs also give electrical equipment the
critical advantages of reliability, long life, and compactness. PCB
impregnated capacitors, for example, are markedly more reliable and long-
lived, and 1/6 the size, 1/5 the weight, and /L the cost of comparable
oil impregnated capacitors. Small capacitors with PCBs have a use-life
expectancy of 10 to 15 years, and large capacitors 20 to 25 years. Pch
in transformers are replaced only every 25 to 30 years.

PCBs have been digcovered to have a widespread distribution in the
enviromment, and same envirommental occurrences have been agsociated
with adverse effects on certain forms of animal life. Beginming in 1571,
the Monsanto Campany, the sole U. S. producer, has reported taking volun-
tary actions to reduce the volume of PCB production and to limit its
distribution to industries concerned with the mamfacture of electrical
apparatus. Similar restrictions have been put into effect by statute in
Sweden and voluntarily in Great Britain.

A large use of PCBs had been in carbonless duplicating paper. This
use has been discontimued. The Food and Drug Administration and the food
industry have increased their surveillance to assure that PCBs are not
used in food plants, products, or packaging.

The task force has reviewed all of the available scientific informa-
tion on various aspects of the PCB problem. It has found much data that
it regards as inadequate and many questions that remain unanswered. But
on the basis of available information, the task force concurs con the
following findings, conclusions, and recormendationsi

ﬁg.AlN'nFFfs‘—»

CGCG40



5. Housekeeping is particularl ortant in the manufacture, use
and disposal of PCBs., Under a program of limitaticn on the sale of PCE;
the electrical indusiry will continue to be the principal user -of PCBs; ’
it, as well as industries now holding inventories of PCBs, have a special
respongibility for monitorirg and controlling their wastes. In this cor-
nection, the Envirommental Protection Agency will restrict industrial
liquid discharges of PCBs from PCB users. To keep levels in fish as 1oy
as possible, and in any case below FDA's interim action level of § parts
per million, concentrations in rivers or lakes from all sources should

not exceed 0.01 parts per billion.

6. The use of PCBs should not be banned entirely. Their contimed
use for transformers and capacitors in the near future is considered
necessary because of the significantly increased risk of fire and explos-
ion and the disruption of electrical service which would result from a
ban on PCB use. Also, continued use of PCBs in transformers and capaci-
tors presents a minimal risk of envirommental contamination. The Monsanto
Company, the sole domestic producer, has reported voluntarily eliminating
its distribution of PCBs to all except mamufacturers of electrical trans-
formers and capacitors.

Pending passage of the Toxic Substances Control Act, the Federal
Govermment does not have the legal authority to impose restrictions
corresponding to the actions reported by Monsanto. Although some Federal
enforcement authority is available, the Federal Goverrment does not have
the authority to control PCBs at their source. :

7. Most capacitors presumably have been disposed of in landfills.
PCB containing material buried in soil is not expec<ted to migrate but
should remain in place. In the past, many fluids containing PCBs have
been disposed of in sewers. More appropriate means of disposal such as
high-temperature (at least 970°C) incineration must be used instead.

8. PCBs are manufactured in courntries other than the Urited States.
Importation of PCBs as a chemical or as a component in products remains
legally possible because the Toxic Substances Control Act has not yet
become law. Electrical products imported from abroad may contain PCBs.
The task force looks to international agreements to bring about some
multi-national understanding on the sale and use of PCBs globally. Im-
portation of PCBs for uses other than these singled out in the present
pattern of voluntary limitations should be avoided by users.

As an additional measure, the United States has asked the Organization
for Economic Cooperation and Development (OECD) through its Envirommert Com-
mittee to make a special review of member states! national policies concern-
ing PCBs and also to identify products moving in international trade which
contain-PCBs. OECD, whose membership includes all major Western industriali-
zed states plus Japan and Australia, has been giving priority attention to
the problem of PCBs over the past year.

9. More scientific information about PCBs is needed, and several

Covermment agencies are seekirg it through research. “The task force
recognizes that the scientific basis of much of ocur knowledge must be

L

ADM 000C42



production and sales figures for 1571 were roughly half of those for 1970
when these volumes were at their peak (Table 1 and Figures 1 and 2). Pro.’-
Jections for 1972 indicate an even lower volume. ) )
Prior to 1971, about LO percent of the PCB material in the United
States was used in applications where contaimment was difficult and losses
into the enviromment were probable. These uses included plasticizers, h:;_
draulic fluids and lubricants, surface coatings, inks, adhesives, pesticide
‘extenders, and microencapsulation of dyes for carbonless duplicating paper.
The remaining 60 percent of domestic sales was used mainly in eleectrical
applications (transformers and capacitors). In 1971, this fraction is ex-
pected to have reached approximately 90 percent of the total use, only about
half of the total use in 1970

In terms of the grade or family of PCB manufactured, the lower chlori-
nated species have generally made up the majority of the products produced.
From the figures in Table 1 it can be seen that Aroclor 12L2 and grades with
lower percentages of chlorination characteristically composed one half or
more of the total production between 1963 and 1970.

The largest categories of use of PCBs have been in capacitors and
transformers and in certain "plasticizer" applications including carbonless
duplicating paper. A large percentage of the production of Aroclor 1242
went into these three categories of products. (2) The major uses for PCBs
prior to 1970 (in the order of importance as a reflection of the volume of
material used) were:

Capacitors .

Plasticizer applicatiocns
Transformer fluids

Hydraulic fluids and lubricants
Heat transfer fluids

II. CHEMICAL AND PHYSICAL PROPZRTIES AND DMPURITIES

Chemical and Physical Properties of PCBs

Theoretically, there are 210 possible PCB compounds, but anly about-
100 are likely to occur in commerecial products. The degree of chlorination
determines the chemical and physical properties of the Aroclors; the first
two digits of the numbered Aroclor represent the molecular type, the last
two digits the average weight percent of chlorine. Their physical state
thus varies from colorless, oily liquids to more viscous and increasingly
darker liquids to, in the higher series, yellow and then black resirns.
The PCBs are not readily bilodegradable. They regist breakdown by water,
acids, and alkalis and have boiling points ranging from 278 to L75°C.

Analytical Tecl’migges

Whersas in the past it was difficult to identify PCBs in the presence -
of other organochlorine campounds such as DDT and DDE, they can now be
separated from interfering compounds and identified and measured by means
of thin layer and gas liquid chr@matography at levels less than 1 part

10
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Electrical Uses

PCBs are used in fluids.(known as askarels) for electrically imsulating
and cooling transformers when the transformers are used in or near buildings.
Being virtually free of fire and explosion hazards, PCBs can be used where
failures of cil-insulated transformers would present a potential danger to
life and property. PCBs also are superior to oils ih reliability, in making
small equipment possible, and in assuring long life and reliability to equin-
ment. Table 1 shows the flammability ratings of two FCBs campared to five
other common materials.

Table 1

Underwriters' Laboratories Flammability Ratingg

Fluid Flammability Rating
Ether 100

Gasolinz 90-100

Ethyl Aleochol, 60-70
Kerosene (100 F.P.) 30-40
Mineral 0il 10-20

Aroclor 12L2 and MCS 1016 2-3

PCBs are used in transformers wherever fire protection is particularly
important--for about S percent of all transformers.

Most of these transformers are located inside public, commercial, or
industrial buildings--or on the roof tops of, or in close proximity te, such
buildings--and require no speclal enclosures other than those necessary to
prevent accidental hazardous mechanical or electrical contact of persons with
the equipment.

The amoumt of Aroclor used in various types of transformers ranges from
LO to 500 gallons (516 to 6,L50 pounds) with an average of about 235 gallons
(3,032 pounds). During 1968, the last complete "normal" year for the electri-
‘cal industry, the total amount of PCBs used in new transformers or as replace-
ment fluid was approximately 1.3 million gallons (8.kh thousand tons).

The only present alternatives to Aroclor-insulated transformers are
mineral oil-insulated transformers or dry-type transformers (either those
open to the atmosphare or those that are gas-filled and sealed).  Mineral
oils are the preferred fluids when fire does not create a hazard. Dry
transformers also can be used when space is available to install them.
Fluorocarbon liquids require a special transformer design.

PCBs are used in more than $0 percent of thé electric utility (large
power) type ard smaller industrial type capacitors made today. They are
needed for safety, reliability, and long 1ife, and to achieve sizes compati-
ble with equipment and installation requirements.

\

\
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IV, OCCURRENCE, TRANSFER, AND CYCLING IN THE ENVIRONMENT

Given the diversity of uses of PCBs and their chemical characteristics
(greater stability in the higher chlorine species), it is not surprisirg
that the residues are widespread. While satisfactory quantitative estimates
of the contribution of various pathways into the envirorment are rot possible
with exigting data, there are endugh data to be certain that PCBs do reach
the enviroment at least from the following sourcas:

Open burning or incomplete incineration (at usual temperatures)
of solid wastes, municipal and industrial. Ineineration at
2000°F or above for two seconds will destroy PCBs, but poorly
operated incinerators or open burning may result in PCBs being
released to the atmosphere unchanged. :

== Vaporization from paints, coatings, plastics, ete., (Nisbet and
Sarofim, 1) estimate that as much as 20 percent may be vaporized.

-- Municipal and some industrial sewers (PCBs present ir treated
as well as untreated wastes).

== Accidental spills or improper wastes disposal practices, -

~- Formerly, direct application to the envirorment as ingredients
of pesticides or as carriers for pesticides (such uses of PCBs
are now Prohibit.ed).

-- Dumping of sewage sludge, municipal and industrial solid waste,
and dredge spoll at sea.

-= Sewage sludges disposed of on land.

-- Migration from surface coatings (paints, etc.) and packaging
materials into foods and feeds.

Probably the largest amounts of PCBs circulating in the enviromment
reach it through industrial and municipal discharges to inland and ceastal
waters.

The recémmendation by the task force that "more scientific information
about PC3s is needed" 1is illustrated by the sparsity of knowledge about PCBs
in the enviromment. Only general statements can be made about how PCBs reach
the enviromment, how they reach target organisms, and how much is present.

"Wisbet and Sarofim (1) estimate that the total loss of PCBs into the U, S.
enviromment over the last LO years would approach 30,000 tons to the atmosphere,
60,000 tons to water and 300,000 tons to dumps. Of this total, remaining resi-
dues might be 20,000 tons from the air (which would be distributed on land or
water), 30,000 tons in water, and perhaps 250,000 tons in dumps.

\
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-- PCB residues in milk have resulted from the use of PCB in certain
coatings on the inside walls of silos, which, in turn, cortamira<ad
the dairy feed silage.

-- The use of gspent PCB transformer fluid as a herbicide spray vehizle
allegedly contaminated dairy cattle grazing areas thereby causi-s
residues in milk. -

-- The grinding of bakery products along with their PCB-containirg
wrappers for use ag poultry feed is suspected to have caused
contamination of fowl.

These incidents, as well as others during the past several years, rapreser:
localized sources of contamination. Federal, State, and industry actions pre-
vented most of the contaminated foods from being marketed.

Food Packaging

A significant percentage of food paper packaging materials contains PCBs
and has resulted in the migration of low levels to the packazed food. This
source of food contamination was identified in 1971. The origin of PCBs in
packaging materials is not fully understood. Recycled waste paper containing
PCB carbonless "carbon" papes. is the prime source of PCE in paperboard pro-
duct. Virgin paper proaucts, however, have also been shown to contain PCB
residues, probably as a result of the paper manufacturing processes. Data on
current production of food packaging materials indieate that the levels are
decreasing and are controllable so that the potential for PCB contamiration of
packaged foods can be minimized.

Dietary Intake

National monitoring data, and in particular FDA's total diet studies,
indicate that the human dietary intake of PCBs is of a low order. For
example: the dietary intake expressed as mg/kg body weight/day, and based
on food consumption approximately twice as high as the normal diet, was less
than 0.0C001 in FY 1971 and 0.0001 in the first-half of FY 1972. As a point
of reference, from 1965 to 1970 dietary intake of DDT was 0.0007 mg/kg body
weight/day. Other investigations further disclose that except for unavoid-
able background levels in certain foods, the PCB contamination of food can
be significantly reduced or eliminated through appropriate controls.

Man and the Ecosystem

In air ard water away from immediate sources of waste discharge, levels
of PCBs are low -- a few micrograms per cubic meter (parts per trillion; ppt)
in air and less than a part per billion (ppb) in fresh water; soil or botzam
sediments contain a few parts per billion, up to several hundred parts per
million (ppm) near some industrial outfalls; from tenths of a ppm to tens of
ppm in fish and up to hundreds of ppm in some fish and birds near the top of
the food chain,. To illustrate these relationships, 1/8 of an inch is about

\

\
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POLYCHLORINATED BIPHENYL PRODUCTS -

TYPICAL % COMPOSITION OF:
AROCLOR

HOMOL 06 AROCLOR AROCLOR
#_C1/BIPHENYL 1221 1016 1242
0 n - <0.1 <0.1 <0.1
1 51 1 1 <0.1
2 32 20 16 <0.5
3 4 57 . 49 1
4 2 2 25 . 21
5 <0.5 1 8 A8
6 ND <0.1 1 23
7 ND ND <0.1 6
8 ND ND ND ND
*PER CENT {M/M) BY GC/MASS USZNG AREA CORRECTION FACTORS
BY HOMOLOG RESPONSE
NONE DETECTED, <0.01% = ND
g
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Electron Capture Gas Chromatograms

Aroclor lé2l

_5 | | ~ Aroclor 1242

| ﬁ | Aroclor 1254
S o —

Aroclor 1260

; e
. | ] | 1 1 i
0 S 10 (5 20 25 30

Elution Time (minufes)

ACM (COC236



Eleciron Caplure Gas Chromatogram
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O PCB PRODUCTS ARE NOT A SINGLE
ENTITY, BUT COMPLEX MULTI-
COMPOMENT MIXTURES

O PCB RESIDUES FQUND INM WILD
LIFE ARE DOMINANTLY PENTA-,
HEXA-, HEPTA-, AND OCTA-
CHLORO BIPHEWYLS

© PCB RESIDUE ARE MOST SIMILAR
TO AROCLOR 1254 AND ARQCLOR
1260 PRODUCTS
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PRIMARY BACTERIAL DEGRADATION STUDIES

© . SEMI-CONTINUOUS ACTIVATED -
SLUDGE DEGRADATION

RESIDUE ACCUMULATION STUDIES

© FISH - CATFISH AND BLUEGILLS
O BIRDS - WHITE LEGHORN CHICKENS

© MAMMALS - ALBINO RATS AND BEAGLE
DOGS
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Semi-Continuous Activated
Sludge Test Unit
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MECHANICAL CYCLE *

SYNTHETIC SEWAGE
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AROCLOR (1mg) ADDED

AERATE
AERATION
RESUMED 1 HR.
SAMPLE WITHDRAWN
_AND ANALYZED (Co)
23 ST % DEGRADATION _Co=Cn .
TAP WATER ADDED RATE T TG
A

\

SLUDGE VOLUME
, AND
i pH MEASURED

AERATE
48 HRS.

AERATION
STOPPED

Sd—

SAMPLE WITHDRAWN
AND ANALYZED (Cp)
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Semi~Conlinuous Activated Sludge
Degradation of Polychlorinated Biphenyls
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N _ Electron Capture Gas Chromatogram -
: Residue = | hr. After Addition
3 ’ of Aroclor 1242 .

Electron Capture Gas Chromotogrcm?
| ~ Residue —72hr. After Addition
\ of Aroclor 1242 '
V\‘ \/\/\/\/\ ' :
J J N '
L L ! 1 ) I ]
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Elution Time (minutes) .
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STUDIES -

CONCLUSIONS

@ RATE OF PRIMARY DEGRADATION
INCREASES AS THE DEGREE OF
CHLORINATION OF THE AROCLOR
PRODUCT DECREASES

BIPHENYL>ARQCLOR 1221>MCS 1043
>AROCLOR 1016>AR0OCLOR 1242>AROCLOR 1254

© BIPHEMNYL, MONO-, DI-, TRI-, AND
TETRACHLORO BIPHEMYL HOMOLOGS
UNDERGO PRIMARY BACTERIAL
DEGRADATION
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.90 DAY ORAL

AROCLGR 1242

PRODUCTS STUDIED ARQCLOR 1254
. - AROCLOR 1260 ARCCLOR 1242

NUMBER ; FEMALE 200 80
cHICKENS] MALE 40 16
MUSCLE 40 .8

NUMBER) LIVER 40 8

0F ) FAT . 40 8

SAMPLES) EGGS n250 : nE0

CHICKS 30 10

NUMBER) f¥3§§5 }; i

_ OF )} FaT 18 5
’ ANALYZED) cyreks 1 10
TOTAL SAMPLES COLLECTED 400 121

TOTAL ANALYZED 80 32

ORAL EXPOSURE CARRIED QUT BY
INDUSTRIAL BIO-TEST LABORATORIES, INC.
NORTHBROOK, ILLINGIS
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RESIDUE STUDY OF AROCLOR 1242

IN WHITE LEGHORN CHICKENS

90 DAY ORAL

HOMOLOG DISTRIBUTION

PPN PCBs 1 2 3 4 5 6 7 8

ORAL EXPOSURE 1 10 100

LEVEL
+THEORETICAL 126 1260 12602 - (2) (3) (4) (5) 6 - -
THEORET (2) (3) (4) (5)
*RESIDUE, 12 WEEK 14 136 1312 - - (3) (4) (5) 6 - -

EXPOSURE -

*RESIDUE, 30 DAY . 9 77 749 - - (3) (4) (5) (6) - -

RECOVERY

+1F TOTAL PCB CONSUMED WERE RETAINED

*AVERAGE PPM IN LIPID - ALL TISSUES
( )ELECTRON CAPTURE PEAKS GREATER THAN $% OF TOTAL




352000 wWav

RESIDUE STUDY OF AROCLOR I254
IN WHITE LEGHORN CHICKENS

90 DAY ORAlL
HOMOLOG DISTRIBUTION

PPM PCBs 1 2 3 4 5 6 7 8 9 10
ORAL EXPOSURE 1 - 10 100 ‘
LEVEL
+THEORETICAL 126 1260 12602 - - 3 (4) (5) (6) 7 - =~ -
RESTIOUE
*RESIDUE, 12 WEEK 38 362 356 - - - 4 (5)(6) 7 - - -
EXPOSURE
*RESIDUE, 30 DAY 17 164 1580 - « - - § (6) 7 - = -
RECOVERY _

+IF TOTAL PCB CONSUMED WERE RETAINED
“AVERAGE PPM IN LIPID - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL




162030 wWav

'RESIDUE STUDY OF AROCLOR 1260

IN WHITE LEGHORN CHICKENS

90 DAY ORAL
HOMOLOG DISTRIBUTION

PPM PCBs 1 2 3 4 5 .6 7 8 9 10
ORAL EXPOSURE 1 10 100
LEVEL
tTHEORETICAL 126 1260 12602 - -~ - - (5) (6) (7)) 8 - -
RESIDUE - (5) 16) (7) .
*RESIDUE, 12 WEEK 65 607 5909 - - - - 5 (6) (7) 8 - -
EXPOSURE .
*RESIDUE, 30 DAY 26 232 2363 - - - - 5 (6) (7) 8 - -
RECOVERY -

tIF TOTAL PCB CONSUMED WERE RETAINED
"*AVERAGE PPM IN LIPID - ALL TISSUES"
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL
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RESIDUE STUDY OF AROCLOR 242 IN ALBINO RATS

TWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION
PPM PCBs 1 2 3.4 5 6 1 8 9 10
ORAL EXPOSURE 10 100 T " :
LEVEL
+THEORETICAL 803 8037 80373 - (2) (3) (4) () 6 - - - -
RESIDUE
*RESIDUE, 3 MONTH 6 23 90 - - (3) (4)(5) 6 - - - =
EXPOSURE
*RESIDUE, 12 MONTH 9 37 155 - - (3) (4)(5) 6 - - - = i
EXPOSURE L
+RESIDUE, 24 MONTH 12 53 240 - - (3) (4) (5) & - Cada)
EXPOSURE : : o

+1F TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPM IN LIPID - ALL TISSUES

( )ELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL




RESIDUE STUDY OF ARUCLUK I£24 1IN ALDINU KA 1S

TWO YEAR CHRONIC ORAL EXPOSURE
HOMOLOG DISTRIBUTION

ill,

5‘.:
l:!
. PPM PCBs 1. 2 3 4 5 6 7 8 9 10
ORAL EXPOSURE 1 10 100
LEVEL . '
+THEQRETICAL 803 8037 80373 - - 3 (4) (5) (6) 7 - - -
RESIDUE
- 4 (5)(6) 7 - - -

*RESIDUE, 3 MONTH 13 924 679 -
EXPOSURE
- 4 (5) (6) 7 <~ - -

*RESIDUE, 12 MONTH 24 189 1471

EXPOSURE
42 355 3038 - - 4 (s) () 7 -~

*RESIDUE, 24 MONTH
EXPOSURE

+1F TOTAL PCB CONSUMED WERE RETAINED

*AVERAGE PPM IN LIPID - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

000254
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RESIDUE STUDY OF AROCLOR 1260 IN ALBINO RATS

TVWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION

PPM PCBs 1 2 3 4 5 6 7 8 9 10
ORAL EXPOSURE 1 10 100
LEVEL -
$+THEORETICAL 803 8037 80373 - - - - (5)(6)(7) 8 - .
RESIDUE :
*RESIDUE, 3 MONTH 18 134 970 - - - - (5)(6)(7) 8 - -
EXPOSURE .
*RESIDUE, 12 MONTH 35 270 2099 - - - - (5)(6)(7) 8 - -
EXPOSURE .
*RESIDUE, 24 MONTH 59 507 4338 - - - - (5)(6) (7) 8 - -
EXPOSURE

tIF TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPM IN LIPID - ALL TISSUES
( JELECTRON CAPTURE-PEAKS GREATER THAN 5% OF TOTAL
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90 Day Subacute Oral Exposure

Study of -Aroclor 1221, Aroclor
[242, Aroclor 1254, and Aroclor

1260 in Albino Rats at the
I00ppm Exposure Level
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BEAGLE DOG 'STUDIES

2 YEAR 90 DAY
CHRONIC ORAL SUBACUTE ORAL

AROCLOR 1242
PRODUCTS STUDIED  AROCLOR 1254

. AROCLOR 12§0 . AROCLOR 1221
NUMBER ) FEMALE 40 14
OF DOGS) MALE 40 14
NUMBER ) MUSCLE 54 7
0F ) LIVER 54 7
SAMPLES) FAT . 54 .7
. TOTAL SAMPLES .
COLLECTED 242 21
R ;
SAMPLES) ' ‘
AKALYZED) FAT 43 | 7
TOTAL ANALYZED 125 T 21

|

O0RAL EXPOSURE CARRIED OUT BY|
INDUSTRIAL BIO-TEST LABORATOPIES INC.
NOR!HBROOK, ILLINOIS I
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RESIDUE STUDY OF AROCLOR 1242 IN BEAGLE DOGS

TWO YEAR CHRONIC ORAL EXPOSURE

HOMOLOG DISTRIBUTION

PPM PCBs 1 2 3 4 5 6 7 8 9 10
ORAL EXPOSURE 1 10 100

LEVEL

+ THEORETICAL 519 5186 51865 - (2)(3) (4) (5) 6 - - - -
RES IDUE

*RESIDUE, 2 YEAR 2 6 12 - « (3)(4) 5 6 (7) (8) - -
EXPOSURE o .

*RESIDUE, 30 DAY 1 4 10 - - - = 5 (6)(7) (8) - -
RECOVERY

*RESIDUE, 60 DAY 0.8 3 6 - =« =~ = 5 6 (7)(8) - -

RECOVERY

+1F TOTAL PCB CCNSUMED WERE RETAINED
*AVERAGE PPM IN LIPID - ALL TISSUES
( )JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

wWov
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RESIDUE STUDY OF AROCLOR 1254 IN BEAGLE DOGS

TVIO YEAR CHRONIC ORAL EXPOSURE
HOMOLOG DISTRIBUTION

PPM PCBs 1- 2 3 4 5 .6 7 8 9 10
ORAL EXPOSURE 1- 10 100
LEVEL
+THEORETICAL 519 5186 51865 - - 3 (4) (5) (6) 7 - =~ -
RESIDUE ,
*RESIDUE, 2 YEAR 7 36 132 - - - - (5) (6) (7) 8 - -
EXPOSURE ‘ .
5 24 109 - - - - &5 (6)(7) 8 - -

*RESIDUE, 30 DAY
RECOVERY

*RESIDUE, 60 DAY 4 20 88 - - - - &5 (6) (7) (8) -
RECOVERY '

+1F TOTAL PCB CONSUMED WERE RETAINED

*AVERAGE PPM IN LIPID - ALL TISSUES
( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL

W3y
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RESIDUE STUDY OF AROCLOR 1260 IN BEAGLE DOGS

T TTTTTTWO YEAR CHRONIC ORAL EXPOSURE -

_ HOMOLOG DISTRIBUTION

PPM PCBs 1 2 3 4 .5 6 1 8 9 10
ORAL EXPOSURE 1" 10 100
LEVEL :
+THEORETICAL 519 5186 51865 - - - - (5) (6) (7) 8 - -
RESIDUE
*RESIDUE, 2 YEAR 8 63 38 - - - - - (6) 7 (8) -~ -
EXPOSURE ~ ~
*RESIDUE, 30 DAY 7 60 363 - - < - < (6)(7) (8) - -
RECOVERY ,
*RESIDUE, 60 DAY 7 56 337 - - - <« - 6 (7) (8) - -
RECOVERY

tIF TOTAL PCB CONSUMED WERE RETAINED
*AVERAGE PPM IN LIPID -~ ALL TISSUES -

( JELECTRON CAPTURE PEAKS GREATER THAN 5% OF TOTAL




Average ppm PCB

Two Year Chronic Oral Exposure
in Baagle Dogs
(at The Ippm Feading Leval)

70r -0 Aroclor
1260
"
Q
2
— 3.0
=
2 Arocl
& - rocior
= 1254
=
= 30
=
=
1or -0 Aroclor
1242
| { é
24 |
Months Months Month
Exposure Reccyery Raceovary

192000 wav
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EXPOSURE EXPOSURE CONCENTRATION
LEVEL (PPH) PERIOD . FACTOR*
WHITE ,
LEGHORN 1.0 {FEED) 12 WEEKS - 20
CHICKENS
ALBING RATS 1.0 (FEED) 2 YEARS 9
BEAGLE DOGS 1.0 (FEED) 2 YEARS 2

*CONCENTRATION FACTORS DO NOT TAKE INTO
ACCOUNT EXPOSURE PERIODS

AOM Q00262
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/ RESIDUE ‘BUILDUP STUDIES

O FOR ALL PRODUCTS THE PCB RESIDUE LEVEL IN- .
CREASED AS THE EXPOSURE LEVEL AND PERIOD
INCREASED

© RELATIVE TO AROCLOR 1260, THE HIGHEST
CHLORINATED PRODUCT STUDIED, THE PC3
_ RESIDUE LEVEL DECREASED EXPOMEMTIALLY AS
~AS THE MWEIGHT % CHLORINE OF THE PRODUCT
DECREASED

O RELATIVE LEVELS OF PCB RESIDUES FOUND WERE -
FISH>>>>>CHICKENS>RATS>D0GS

©O RELATIVE PCB RESIDUE LEVELS IN TISSUES WERE -

Pt CHICKENS FAT = MUSCLE>LIVER
A RATS LIVER>FAT = MUSCLE>KIDNEY
DOGS LIVER>FAT = MUSCLE

O FOR ALL PRODUCTS THE DOGS AND RATS EXCRETED
AND/CR METABCLIZED 93 TO 997 OF THE TOTAL
AROCLOR ORALLY INGESTED

O CHICKENS EXCRETED AND/OR METASOLIZED
PRODUCTS INJESTED ORALLY AS FOLLOWS -

90% OF AROCLOR 1242
70% OF AROCLOR 1254
50% OF AROCLOR 1260

AN
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CONCLUSIONS

RESIDUE FALL-OFF

© DOGS AND CHICKENS COMTINUZD TO :
EXCRETE AND/OR METABOLIZE PCB !
RESIDUES, INCLUDING PENTA AND HEXA
HOMOLOGS, RETAINED WHEN PLACED ON i
PCB FREE RECOVERY DIETS il

DOGS > CHICKENS

.
AL SO odr gk o
. -

| S i
O RELATIVE RESIDUE FALL-OFF RATES | it
SHOWED - . K
DOGS: AROCLOR 1242>AROCLOR 1254 ~éfi :
>AROCLOR 1260 1
CHICKENS: AROCLOR 1242>AROCLOR S ﬂ; o
1254>AR0CLOR 1250 .
. i
i f
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CONCLUSIONS -

RESIDUE STUDIES

ALTERATIONS OF
AROCLOR HOMOLOG DISTRIBUTION

ALTERATION OF THE HOMOLOG DISTRIBUTION OF

ALL PRODUCTS WAS OBSERVED IN ALL STUDIES

EXCEPT FISH

LOYER CHLORINATED HOMOLOGS PRESENT IN ALL
PRODUCTS WERE PREFERENTIALLY EXCRETED
ANC/OR METABOLIZED

ALTERATION OF THE HOMOLOG DISTRIBUTION
INCREASED AS THE WEIGHT % CHLORINE OF THE
PRODUCTS DECREASED (INCLUDING PENTA AND
HEXA HCHOLOGS) '

AROCLOR 1221>>AROCLOR 1242>AROCLOR 1254
>AROCLOR 1260 -

DCGS>RATS>CHICKENS>>>>>FISH
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WHAT HAPPENS TO PCBs IN THE ENVIRONMENT? i

By
Dr. R. H. Munch |

Because they can be detected by the same analytical methods, and
because some suspect that they may have similar bilological effects
to DDT, polychlorinated biphenyls in the environment (PCBs) '
have become a cause of concern. It 1s, therefore, important to
present data to show that FCEs do dlsappear from the environment.

1
Protably the most eflfective way to do this 1s to compare what has
been put into “the environment with what is found there now. Thisl
can be done in the followlng way: ' .
The commercial PC3 products are mixture of chlorinated biphenyl
homologs contalning from one to ten atoms of chlorine per bighenyl’
molecule, I there were no degradation in the environment, or if'
all homologs degraded at the same rate, the ratio of homologs in
"aged environmental samplés" (samples taken at a distance from
a known source) should be the same as that in the products intro-
duced into the environment, On the other hand, if the homolog |
ratio in "aged environment samples" differs from that of material'
produced, some process must be operatinz in the environment to
remove different homolezs at different rates. lionsanto, the
sole U, S. producer, recently released data on its sales of the
various commerclal grades of PC3 for the years 1957-72, Rest- |
of-world sales by otner producers and production before 1957 S
probably repressent a similar rroduct mix, Using the Monsanto
data and known homolog analyses of each of the commercilal grades,
the percentage of each hcomeolog in the total U, S, producticn can
be calculated,. i

The other required datum 1s an estimate of the homolog distribution
in "enviranmentally 2ged samples." Analysts experienced in this
‘field gererally agree that mzterial recovered from such samrles

_is similar to Aroclor 1284 or 1220, the Monsanto trade name for
nixtures of PCBs with chlorine ccntents correspondinzg to an average
of five and six chlorine atoms per biphenyl molecule respectiively
(1-8). 1In ordsr ts present a conservative comparison and because
most analysts cite Aroclor 125h, we shall use the homolog content
of that raterial in our comparison,

¢ "PLAINTIFF'S :.:
“s, EXHIBIT ¥

ADM 000266
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The homolog contents of the material produced in the U, 8. -
from 1957 to 1971 and that of Aroclor 1254 are tabulated bvelow:

Homolog
0 1 2 3 i 5 6 7 8

U. S. Sales 1557 - 1971

0.1 1.3 14.8 29.9 21.9 .16.1 10.5 4.2 1.1

|

|

. ) _ o
Aroclor 1254 : - : l
| ' I

.

<1 2. .5 1 21 48 23 6 ND ' .

It 1s apparent that the homolog ratio of the material sold is
quite different from that of Aroclor 1254, There must, therefsre,
be one or more processes in the environment which remove the
lower homologs at much greater rates than the higher ones, Tahe
precision of the data is too low to permit accurate calculatlons
of the relative rates of loss. However, 1t would appear that the
homologzs containing less than four chlorine atcms may be degracded
at rates approximately thirty times those for the five and six
chlorine homologs. Laboratory data which we hope to publish later
snow that the rate of bacterial degradation is an inverse functlon
ol the chlorine content for PCBs and might, therefore, be one 2af
the degradative processes responsivle for the relative decrease

in the lower homologs.

.t . _ ACM  (QCo0267
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WHAT HAPPENS TO PCOs Il THE ENVIROMMENTY?

i

PCBs ARE MAN MADE.
l .
WE CAMNOT DETERMINE IF THEY DEGRADE IN

THE ENVIRGHRMENT FROM THE TOTAL CONCENTRA-
TFONS FOUND THERE.

1

THE PCBs ARE MIXTURES OF HOMOLOGS.

THEREFORE, COMPARISON OF HOMOLOG RATIQS
IN "ENVIRGIHMENTALLY AGED SAMPLES" WITH
HOMOLOG RATIOS IM MATERIAL PRODUCED CAN
BE USED TO GAIN INSIGHT AS TO WHAT IS
HAPPERING IN THE ENVIRONMENT.

3
|

|
ADM 00G269
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HOW DO WE GET THE DATA REEDED?

PRODUCTION FIGURES FOR ALL MONSAMTO

-PCB PRODUCTS AND HOMOLOG CONTENT OF

EACH PRODUCT ARE AVAILABLE FOR 1957-
71. ME USE THESE DATA TO CALCULATE
HOMOLOG RATIOS FOR 1957-71 PROODUCTION.

EUROPEAN PRODUCERS MAKE SIMILAR
PRODUCTS IN ABOUT THE SAME RATIQS
AS MONSANTO.

PRODUCTION BEFORE *'S7 WQULD NOT

AFFECT THE FIGURES GREATLY SIKCE
PRODUCT RATIOS WERE SIMILAR AND

PRODUCTION SHMALLER.

ANALYSTS GENERALLY AGREE THAT
MATERIAL FQUND IN "AGED ENVIRONHMENT-
AL SAMPLES" IS STMILAR TO AROCLOR
1254 OR IN RARE CASES EVEN TO

.AROCLOR 1260.



AROCLOR 1254
[
| M
IU

PLANKTON
K-19-4-STA. 10

I\ J\N\/"\/\'\/\/\/\,\_
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A COMPARISON OF THE HOMOLOG RATIOS FOR PCBs SOLD
HITH THOSE FOUND IN AGED ENVIRONMENTAL SAMPLES

U.S. SALES
'57 - '

”~

AROCLOR
1254

HOMOLOG
0 1 2 3 4 5 6 7
0.1 1.3 4.8 29.9 21.9 16.1 10.5 4.2
<1 <. <.5 1 21 48 23 6




CONCLUSIONS

THERE ARE MARKED DIFFEREMCES.
BETWEEN THE RATIOS OF HOMOLOGS .
IN PCBs FOUND IN "AGED ENVIRON-
MENTAL SAMPLES" AND THE RATIOQ
0F HOMOLOGS FOR MATERIAL
PRODUCED.

THESE DIFFERENCES CAN BEST BE
EXPLAIHED BY ASSUIMING THAT THE
PCBs WITH 3 OR LESS CHLORIRE
ATOMS PER MOLECULE DEGRADE MUCH
MORE RAPIDLY THAN THE KIGHER
HOMOLOGS.

THE HOMOLOG RATIO DATA DO HOT

GIVE IHFORMATIOH Oil THE RATE OF
DEGRADATION OF HIGHER HOMULOGS.
SEMI-CONTINUOUS ACTIVATED
SLUDGE TEST DATA SHOW THAT THESE
TOO DEGRADE BUT AT A SLO

ROWEVER,

ADM




Dr, C. Paton

In Lhis section I would like to present the voluntary changes
that Monsanto. has made in FCB sales with particular emphasls
on Lhe PCB product changes made in dielectric¢s. I also wich
to show the significance of the data presented by Drs. Tucker
and Munch, )

lonsanto's sales actlions can be divided Into two categoriles
(S1ide 1: Monsanto's FCB Actions).

The first category 1s further descrihed in:
Slide 2: IMonsanto's PCB sales in U. S. A. and
Slide 3: Effect of phase-out policy

I respectfully submit we have achleved a signiflcant reduction
in PCB output by our actions, Turning to the second phase of
our actions, viz, the product changes in PCBs for dielectric use.
I will first take a moment to explain the variation in blode-
izradabllity of PC3s.

Slide 4: Dezree of Biodegradation of PCBs.

Tnhe product changes made dielectrics are shown on Slicde S:
PCB Product Changes in Dielectrics,
Dealing first with capacitors:

Slide 6: PCBs used in Capacitors

Note: - (a) Penta-chlorobiphenyl percentages include hexa-
. and higher homologs. DO not add both percentages
tozether.

(b) This slide chows a substantial decrease in pro-
duction of homQlozs of penta-chloro and higher
over the years,:

ADM 000274



Slide 7: Why Convert to Aroclor 10167

Reasons were:

(a) 9-fold reduction in penta-chloro and higher homologs.
(b) 10-fold reduction in hexa-chlere and higher homoloés.

(e¢) Aroclor 1016 was the BC3 producf that could:be intro-
duced into the capacitor industry while still meeting
Underwriter's Laboratory requirement on flammability,

(d) Aroclor 1016 was selected because its electrical
propertlies and in-plant processing performsnce most
closely met the capacitor industry's requirements.

Notes: Our choice of Aroclor 1018 has since been borne-out
by industry experience which to date has shown no
proslems,

Slide 8: Czpacitor Fluids: What is Effect of Aroclor 10167

we have trizd to show amounts of penta-chloro and higher and
heza-chlero and hizher hemologs which would have been produced
(Not enterinz the environment) for each of three possible
capacitor Sluids in 1972. Aroclor 1016 (used at 97% level in
U.S.A. in 1372) 1s obviously the PCB involving lesast penta and
higher c¢hlors biphenyl production.

Of obvious interest 1s the possible amount of PC3s entering the
environmant {rom capacltor failures.

Slide Q: .
Using the worst case (0.2% per year fallure) we see that no
rore than 40 pounds of hexa-chloro &nd higher homolozs of EC3

zre likely to cnter the environment if Aroclor 1016 is used
at a rate of 2Ci 1b,/year. '

Ay
\

Turning now Lo Transformers.,

ADM
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Note

Slide 11l:

Higher chlorinated PCBs are needed in transformers than

in capacitors because the correct Hydrogen/Chlorine ratio -

1s vital 1n preventing formation of flammable, explosive
arc~form gases,

Slida 12:

Sllde 13:

In summary, Slide li4:

We will continue our voluntary policy of no mere sales
world-wida except to dielectric users. This means a
459 reduction in total PCB sales in the U.S.A. We will
restrict over 978 capacitor fluid sales to Aroclor 1016
only. This means penta-chloro and hizgher production
will be no more than 1.1 or 220 M 1bs. in 1972. Hexa-
chloro bipnenyl and higher will be even lowar 0.1% or
20,0C0 1lbs, in 1972. We will eliminate Aroclor 1260
from transformer flulds and continue incineration
facilitles for scrap PCBs. We will encourage the
dielectric industry through ANSI C-107, which repreasents
both capacitor and transformer manufacturers and users,
to enforce strict environmental control over PCBs.

This is a committea on which saveral of the agencles
represented here today are ma2mbers.,

; S ADM



'MONSANTO PCB ACTIONS

|
AOM  GpO277

© PHASE-OUT OF PCB SALES WORLDWIDE IN ALL
APPLICATIONS EXCEPT DIELECTRICS

© CONVERSION OF DIELECTRIC FLUIDS TO MORE
BIODEGRADABLE PCB‘S




MONSANTO PCB SALES IN US.A.

(MILLION POUNDS)

DIELECTRICS ALL OTHERS TOTAL

" 1969 - 37.0 30.0 67.0
1970 40.5 33.5 74.0

1972 (est.) 32,0 - 32,0

ACM 000278
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- .PCB PRODUCT
CHANGES IN DIELECTRICS

CAPACITORS
97% CONVERSION TO AROCLOR 1016

TRANSFORMERS
ELIMINATION OF AROCLOR 1260
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DEGREE OF
BIODEGRADATION OF PCB'S

BASED ON DATA PRESENTEL

© TRANSITION IN BIODEGRADATION OCCURS
AROUND PENTA-~/HEXA-CHLOROBIPHENYL

~ © DISAPPEARANCE OF ALL HOMOLOGS BELOH
HEXA-CHLOROBIPHENYL OBSERVED

© PENTA- AND HIGHER PCB DETERMINED BY
SPECIFIC GLC/MS TEST METHOD

.
- et by A m—t g e A4 OO
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PCB'S USED IN

MAJOR

PCB USE_PERIOD
ARDCLOR 1254 1930-1952

AROCLOR 1242  1952-SEPT. 1971
AROCLOR 1016 0CT. 1971




CAPACITORS

7 PCB (PENTA-

CHLORO- AND

4 PCB (HEXA-
CHLORO- AND

ADM 0i00282

HIGHER HIGHER
77-0 29'0
9.0 1.0

1.1 0.1



CAPACITOR FLUIDS

. WHY CONVERT
TO AROCLOR 1016

© 9-FOLD REDUCTION IN PCB’S OF PENTACHLORO- AND
HIGHER '

® 10-FOLD REDUCTION IN PCB’S OF HEXACHLORO- AND
HIGHER ' .

© MINIMUM INDUSTRY TESTING REQUIRED

;ﬂ} :i ' 7 o o i _ )
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WHAT

CAPACITOR FLUIDS
IS THE EFFECT OF AROCLOR [0I6 &

U.S. CAPACITOR FLUID SALES (1972):~20 W LBS.

IF % PENTACHLORG- %7 HEXA CHLORO-
AROCLOR AND HIGHER PCBs AND HIGHER PCBs
WAS " WOULD BE* WOULD BE*
1254 15.400,000 pounos 5,800,000 pounps
1242 1.800.000 200,000
1016 220,000 .-' 20,000

“THIS DOES NOT MEAN AMOUNTS OF PCB ENTERING THE
ENVIRONMENT -
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WHAT IS CAPACITOR
FAILURE RATE 2

INDUSTRY SOURCES CITE : 0.02-0.2% PER YEAR
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IF CAPACITOR FAILURE RATE
IS 0.2% PER YEAR (WORST CASE)
| PCB ESCAPE TO THE ENVIRONMENT®* IS --

AROCLOR 1242

ALL PCB HOMOLOGS

40,000 pounps 40,000 pounbs
PENTA CHLORO- AND HIGHER '

3.600 440
HEXA CHLORO- AND HIGHER 400 l

40
*ASSUMES U.S. FLUID SALES OF 20 M LB./YEAR

AROCLOR 1016
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PCB CHANGES I
\NSFORMER FLUID APPLICAT I" 5

O AROCLOR 1260 BEING PHASED-OUT MOW
O INCIHERATION OF SCRAP PCB'S - 1971

NOTE: ASKAREL (PCB) TRANSFORIERS ARE -
HERMETICALLY SEALED URITS
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" WHAT IS FAILURE RATE
IN LIQUID TRANSFORMERS &

INDUSTRY SOURCES CITE: UNDER 0.2% PER YEAR*

_ “ALL LIQUID TYPES - MINERAL OIL AND PCB.




IF ASKAREL (PCD)
o owd i L7 FAIL AT 0.27/YFAR
buw "7 Ll 16 airitCsiD €

ALL PCB HOIiiOLOGS 24,000 1bs.

(ESTIMATED PCB TRANSFORMR FLUID SALES IN U.S. 12 H LBS./YEAR)

“1ffl 1;jjCIHERATIOil FACILITIES AVAILABLE. NOT ALL THESE AMOUNTS
".'ILL ETHER ENVIRONMENT.



MONSANTO'S 'PRESENT PROGRAM TO PREVENT
IENVIRONMENTAL POLLUTION BY PCB'S

O NO MORE SALES WORLD-WIDE EXCEPT
DIELECTRIC USERS

O RESTRICT OVER 97% CAPACITOR FLUID SALES TO
AROCLOR 1016 ONLY

O ‘ELIMINATE AROCLOR 1266 FROM TRANSFORMER
FLUIDS

(@)

CONTINUE INCINERATION FACILITIES FOR SCRAP PCB'S
O ENCOURAGE DIELECTRIC INDUSTRY THROUGH ANSI

C-107 TO ENFORCE STRICT ENVIRONMENTAL CONTROL
OVER PCB'S

't **Uj*. ~ UuJ-
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St semaRy e
By

W. B. Papageorge

In summary, our observatlons, admittedly limited, both from our
laboratory data and from reports of other investigators lead us
to believe with considerable confidence that PCBS do dezrade in
the environment. The complexlty of the commercial mixtures has,
however, hampered the determination of the varying rates of de-
gradation of all the possible isomers,

Monsanta's sales actions have definitely reduced the amount af
PCBs that could bg introduced into the environment.

In those applications in which the use of PCBs 1s considered
essential, namely transformers and capacitors, further actions
will assure strict envirocamental contrel on PCBES.

In trancformers the use of the lower chlorinated biphenyls along
with proper handling during manufacture, use and repair and
proper dispocal of waste fluld by high temperature incineratlion
should result in acceptable control.

For the capacltor application the develorment of Aroclor 1016,
which satisfled all of the industry's requirements relating to
dlelectric characteristics and handling properties as well as -
having Underwriter Laboratory fire-resistance approval, permits
the COﬁtinu°d use of PCBs in this important hermetically sealed
applicat on but with a fluld that has a significantly lower -
content 97 the slower degrading isomers. The use of this material
accomparied by proper handling and disposal of the scrap fluid
by hirh temperature incineration represents in our considered
opinion a si*nificant step {forward in our efforts to control- the
impact of Pcss on the environment,

., PLAINTIFF'S .
7 EXHIBIT. =
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