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INTRODUCTION

Scope

This Manual provides basic information and requirements for operation and maintenance of
the BIRNS KELVIN Underwater Nuclear Light.

Applicability

This Manual is applicable to the following Models:

Model 5801 BIRNS KELVIN 1,000-watt Underwater Light

Model 2501 BIRNS Dual Kelvin
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SAFETY PRECAUTIONS

> The BIRNS KELVIN is designed specifically to operate underwater, and
therefore IT SHOULD ONLY BE ENERGIZED WHILE SUBMERGED. Ifthe
unit is energized in air for more than 15 seconds serious damage to
various components will result.

> The lamp in the BIRNS KELVIN is a vacuum jacketed lamp and may
implode if broken. Do not scratch the lamp glass or subject glass to undue
pressure; either may cause breakage or shattering.

> If the outer bulb of the lamp is broken, shut off power immediately.

> Ensure that the power source is properly grounded (earthed).

> Operate the system only on a power circuit with ground-fault circuit
interrupter (GFCIl or GFI) or earth leakage circuit breaker (ELCB)
protection.

> Always de-energize the power and disconnect the power cable when
relamping or performing any maintenance on the unit. Do not perform

any maintenance on the KELVIN when the power is “ON”.

> Read and understand all instructions prior to performing any operation or
maintenance work on the unit.
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GENERAL INFORMATION

General

The BIRNS KELVIN is the world’s most advanced nuclear-grade fuel pool light. It is a long-
term underwater tungsten-halogen area light. The BIRNS KELVIN is based on proven BIRNS
nuclear underwater lighting technology, in concert with the illuminance and excellent color
rendition of tungsten-halogen lamps.

Purpose

The purpose of the BIRNS KELVIN System is:

. To provide illumination of new and spent fuel pools, and fuel transfer canals.
. To provide brilliant short-term illumination of reactor cavities during fuel handling.
. To provide general-purpose illumination in any applications where low levels of

maintenance and good color rendition are required.

Features/Benefits

The BIRNS KELVIN provides:

Brilliant illumination, with 3200K (“white” light) for excellent color rendition
Long-life lamps (life rated at 4000 hours'), with no start-up delay

Choice of three beam angles

60-second tool-free relamping

Safe, easy maintenance

True underwater connectors

Safe, reliable operation

Compatible with all commercial-grade Type A GFCI’s (Ground Fault Circuit Interrupters)
Sturdy, rugged construction

Ballast-free system

Seismically qualified for earthquake resistance

vV vV v v v v v v v v Y

"The lamp manufacturers rate this lamp at 4,000 hours; this means that 50% of a large number of lamps
are expected to have failed after 4,000 hours. However, please note that this rating is determined by the lamp
manufacturer for lamps operating in air, under laboratory conditions. Your own field results may vary.
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Theory of Operation

General

Tungsten-halogen lamps are a type of incandescent lamps, which are based on a filament (a
thin electrically-conductive wire) contained within a glass bulb. The tungsten filament of the
lamp provides electrical resistance in an electrical circuit; this resistance generates heat in the
filament when the circuit is energized. This heat is sufficient to cause the filament to become
“‘white-hot” and emit visible light, i.e. to incandesce. This incandescence produces luminous
flux which is emitted by the underwater lighting fixture, travels to the target, and reflects to the
viewer, thereby illuminating the target.

Tungsten is the primary material of choice for the flament in most incandescent lamps, due
to its high melting point (3655 K) and the high strength and ductility of tungsten wire. Only a
portion of the total radiation from an incandescent source is in the visible region of the
spectrum; most of the rest is radiated as waste heat. As the temperature of the filament
increases, the source’s radiation in the visible region increases faster than that in the infrared;
hence, the efficacy of an incandescent lamp is directly related to the temperature of its
filament. Maximum lighting efficacy (approximately 53 lumens/watt) would be achieved by
operating a tungsten filament at its melting point (3655 K), but lamp lifetime considerations
necessitate operation at lower filament temperatures (usually between 2950 K and 3450 K),
at the expense of lighting efficacy.

The tungsten-halogen cycle operating within the lamp is a closed-loop regenerative one. Hot
tungsten evaporates from the filament during incandescent operation. Rather than deposit on
the inner surface of the bulb (as in pre-halogen technology lamps), the tungsten gas
chemically combines with the halide gas fill and circulates inside the bulb, transported by
convection currents. Thereafter it redeposits onto the filament and separates again into its
tungsten and halide components, maintaining a clean bulb wall.

Operating Position

These lamps exhibit very little change in efficacy or electrical characteristics when operated
in a horizontal (rather than vertical) position. They can consequently be operated in any
position, with no significant effect on light output.
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PRODUCT DESCRIPTION

Introduction

The complete BIRNS KELVIN System includes everything necessary to provide brilliant
general-purpose underwater illumination inside nuclear containment. The system includes the
KELVIN Light; optional support poles, and Power cables with molded underwater connectors.

The Dual Kelvin models (Models 2501 and 2504) are underwater lighting fixture assemblies,
consisting of two BIRNS Kelvin lights, each individually adjustable vertically and horizontally,
mounted onto the base of a stainless-steel T-bar, powered by a single power cable assembly.

The KELVIN Light

The BIRNS KELVIN Underwater Fuel Pool Light is based on a water-cooled 120VAC/1000-
watt PARG64 lamp. The lamp is enclosed in a light weight fee-flowing water-cooled spun heavy-
gauge electropolished Type 304 Stainless steel housing which is supported by a panftilt
stainless steel mounting yoke. A silicone gasket cushions and secures the lamp. A
polycarbonate lamp protector protects the lamp from mechanical impact damage; this
protector is positively locked and cannot be knocked off during use. The BIRNS KELVIN
incorporates an underwater electrical connector and may be relamped and completely
serviced without tools, in 60 seconds. Not only does the BIRNS KELVIN feature all captivated
parts, it also has locking yoke nuts that cannot loosen during use.

While the BIRNS KELVIN is typically mounting on a pole or other fixture, it can also be
suspended from its power cable by using its optional Suspension Assembly.

Mounting Poles

The BIRNS KELVIN system is available with a variety of standard, custom and/or semi-custom
support poles. All are made entirely of heavy-gauge electropolished Type 304 Stainless steel,
and offer your choice of support options, including: T-bar, Lift-Bail, Hook, or any combination
of these. Various lengths to suit your application are also available, as are extension poles.

A typical arrangement is a support pole with a Lift-Bail and T-bar, say, supporting the Wet/Dry
Ballast which in turn supports the KELVIN Light. (Please see BIRNS Drawing 5801-TA.)
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Power Cables

The Power Cables provide electrical continuity between the power source and the KELVIN
Light. These cable assemblies are terminated in molded waterproof connectors with
permanently embedded power sockets, secured by a rugged hexagonal electropolished 304
stainless steel locking sleeve.

The cable stock is fabricated either of BIRNS Super-Vutron or BIRNS Aquaprene cable.

BIRNS Super-Vutron cable (color-coded yellow) is jacketed with smooth chlorinated
polyethylene (CPE) and insulated with ethylene propylene diene monomer (EPDM).
This cable is often used in the nuclear industry, as its insulation is radiation-tolerant, its
jacket is easy to decontaminate, and it meets the requirements of IEEE-383. It
experiences “mild to moderate” radiation damage at 8 x 10° R (8 x 10° Gy), and
“moderate to severe” damage at 4 x 10° R (4 x 10* Gy).2

BIRNS Aquaprene cable (color-coded black) is jacketed with neoprene
(polychloroprene) and insulated with styrene rubber (STR ). This cable is a popular
cost-effective choice for use in the nuclear environment, as it has good resistance to
most general environmental and chemical conditions, and has found wide acceptance.
It experiences “mild to moderate” radiation damage at 2 x 10° R (2 x 10* Gy), and
“moderate to severe” damage at 5 x 10° R (5 x 10* Gy).?

2CERN does not recommend use of the materials in Super-Vutron jacket above 10% R (10° Gy).

3CERN does not recommend use of the materials in Aquaprene cable above 10 R (106 Gy).
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UNPACKING YOUR SYSTEM
Step 1 - Unpack

1. Openthe BIRNS KELVIN cardboard carton and remove the polystyrene cover. Remove
the KELVIN unit(s) from the polystyrene insert and polyethylene bag.

a. Note the Instruction Manual. Remove the Manual; read and understand it
thoroughly prior to putting the KELVIN into service.

2. Open the carton containing the Power Cables. Remove the Cables from the carton and
polyethylene bag(s).

3. Open the packaging containing the Mounting Poles (if any). Remove the Poles from the
packaging.

Step 2 - Verify Receipt

Your KELVIN System includes some or all of the following components. Please verify that you
have received all items specified in your purchase order.

1. BIRNS KELVIN Light, Model 5801
2. Mounting Poles per your order

3. Power Cables per your order

Step 3 - Inspect for Damage

Carefully inspect all items for damage. Obvious damage to shipping or packing materials may
signal potential damage to the goods themselves.

Signs of actual or potential damage include:

> Items broken, bent, chipped or cut
> Items scraped or burnt
> Loose parts, clinking or rattling sounds

Should any of these signs be evident, save all packing materials and immediately file a claim
with the carrier. Notify your distributor and/or BIRNS directly, in writing, describing the damage.
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How to contact BIRNS

Voice

You can contact BIRNS by telephone on:

. +1-805-487-5393 (International)

. 1-888-BIRNS-88 (Nationwide toll-free)

We have customer service personnel available to take calls Monday through Friday, 08:00-
16:30 PST. We also have 24-hour voice mail service to take calls at other times.

Data

You can contact BIRNS in writing by:

Mail:

24-hour Fax:

Email:

Physical

BIRNS, Inc.

P.O. Box 909

Oxnard CA 93032-0909 USA
+1-805-487-0427

service@birns.com (or through our Internet address: www.birns.com)

You can ship goods to our receiving department at:

BIRNS, Inc.

Attention: (Name of your BIRNS customer service representative)
1720 Fiske Place

Oxnard CA 93033-1863 USA

Note: please always contact us prior to shipping items to us, and label the
goods as for the attention of your customer service representative.
Include the RMA (Return Material Authorization) number on the label; the
RMA number is available from your customer service representative.
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BASIC SET-UP AND OPERATION

The BIRNS KELVIN System is designed to be “plug and play”. After unpacking the system and
inspecting for damage, follow these steps:

1.  Affix the KELVIN Light to the Support Pole. (For detailed instructions, see
“Affixing the”.)

2. Plug in the Cables. (For detailed instructions, see “Mating and Unmating the
Connectors”.)

a. Plug the ‘underwater’ end of the cable onto the Kelvin connector, and engage
the locking sleeve.

b. Plug the other end of the cable into a mains power outlet with ground-fault
circuit interrupter (GFCI or GFl) or earth leakage circuit breaker (ELCB)
protection.’

3. Submerge the BIRNS KELVIN and energize the circuit.

4. Your BIRNS KELVIN System is operating!

Note: Although the BIRNS Kelvin may be energized for a short time (i.e., less than 5
seconds), it is not designed to operate in air and requires the cooling effects of
submergence for operation. The BIRNS Kelvin will sustain damage if energized
in air for more than approximately 30 seconds.

“BIRNS installs plugs onto cables for USA use only; for international use, please affix the appropriate plug
on the “dry” end of the power cable.
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GENERAL INSTRUCTIONS

Mating and Unmating the Connectors

Note: The BIRNS Kelvin connector has three pins: one large and two small (the large pin is
visibly larger than the two small ones). The cable connector has two corresponding
sockets -- one large and two small; the large socket is aligned with the raised ‘BIRNS’
name tab on the outside of the cable connector.

Note: These connectors are true underwater connectors and, when properly mated, will seal
to depths of 20,000 FSW (6,000M). However, they are not underwater mateable! Do
not attempt to mate or unmate these connectors underwater!

Note: Mate and unmate these connectors only while the circuit is de-energized. This is a
much safer practice, and will avoid unnecessary wear and tear on the connectors.

To mate the connectors, follow these steps:

1. Verify that the Kelvin connector and the cable connector have the same number of
sockets and pins. Ensure that both connectors are clean and dry.

2. Align the large pin of the Kelvin connector with the raised flat ‘BIRNS’ tab on the side
of the cable connector.

3. Gently push the cable connector straight onto the Kelvin connector until it bottoms.
(You may hear a ‘pop’ sound as air escapes the cable connector — this is normal.)

4. Screw the locking sleeve® clockwise onto the Kelvin connector. Do not over-tighten!
Note: These connectors fully seal when “hand-tight”. Do not use a tool; higher applied
torque will not improve the seal, but might cause damage. If a tool is needed,
something is wrong! Do not force the connectors together!
To unmate the connectors:

5. Turn the locking sleeve counter-clockwise until itis free of the Kelvin connector threads.

6. Pull the cable connector straight back until it ‘pops’ off of the Kelvin connector.

*These instructions describe use of lamps with a Type Il (‘Extended”) connector, which accepts the 63A-
003 stainless steel hexagonal female locking sleeve. Instructions for Type | (“Armored”) connector are identical,
except that Type | connectors accept a 63A-001 black Delrin cylindrical male locking sleeve.
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Affixing the Support Poles

Note: the BIRNS Kelvin may be attached to Support Poles at any time. The Dual Kelvin

Model 2501 is already designed for pole attachment.

To affix BIRNS Kelvin to the Support Pole:

1.

2.

Bring together the BIRNS Kelvin(s), the Power Cable, and the Pole.
Remove the plug (if any), from the ‘dry’ end of the Power Cable.

Insert the ‘dry’ end of the Power Cable (from which you removed the plug) into the
bottom of the Pole. (The bottom of the Pole is the end with the smaller cross-bar.)

Push or draw the Power Cable all the way through the Pole, until it comes out of the
top. Then continue to draw the power Cable through the Pole until only one (1) or two
(2) feet (30 - 40 cm) remain through the bottom.

Check that the end of the Power Cable (protruding from the bottom of the Pole) has a
molded cable connector with a locking sleeve installed.

Install a heavy-duty ‘dry’ plug onto the ‘bare’ end of the cable assembly, using this color
code:

Black: Live
White: Neutral
Green: Ground/Earth

Unscrew the 23A-011 Yoke Base Bolt counterclockwise, remove it, and set it aside.
Also set aside the 23E-001 Lockwasher.

Remove the 05A-001 Yoke Support Base from the Kelvin yoke frame, and put it into
storage.

Place the Kelvin yoke frame onto the mounting pole base. Affix the yoke frame to the
mounting pole with 23A-011 Yoke Base Bolt and 23E-001 Lockwasher in this
sequence:

23A-011 Yoke Base Bolt
23E-001 Lockwasher
44A-009 Yoke Frame
Mounting Pole
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Removing/Replacing the Lexan Shield

To remove the 62A-004 Lexan Shield:

1. Turn the Locking Screw 23A-023 counter-clockwise until it is clear of the Lexan Shield.
(Note: the Locking Screw is captivated — it cannot be removed.)

2. Grasp the Lexan Shield by inserting two fingers and a thumb into the three holes in the
Shield. Rotate the shield approximately 60 degrees until the three slots on the outer
circumference are aligned with the three housing studs.

3. Remove the Lexan Shield by pulling it straight out of the fixture.
To replace the Lexan Shield:

1. Grasp the Lexan Shield by inserting two fingers and a thumb into the three holes in the
Shield. Align the three slots in the outer circumference of the Shield with the three
housing studs, and insert the Shield into the Kelvin housing.

2. Rotate the Shield approximately 60 degrees until any one of the three slots in the outer
circumference of the Shield is aligned with the Locking Screw 23A-023.

3. Turn the Locking Screw clockwise, such that it enters the slot in the outer
circumference of the Shield, until the Shield can not rotate.

Note: The purpose of the Locking Screw is simply to prevent the Shield from rotating.
It does not need to firmly clamp against the Shield, nor to sit above it.

Adjusting the Yoke

Note: The Yoke may be adjusted such that the KELVIN Light can be tilted in various angles,
and locked into position.

To adjust the Yoke:

1. Use a 3/8" hex wrench to loosen the two 3/8" yoke locking bolts (23A-003).
2. Adjust the KELVIN Light until its angle meets your needs.
3. Use a 3/8" hex wrench to tighten the 3/8" yoke locking bolts (23A-003) to lock

the KELVIN in position. (Note: it is possible to adjust the tension on the yoke
locking bolts such that the KELVIN can be positioned by hand. To do this,
tighten the bolts until they’re firm but not very tight, i.e. such that the unit can be
tilted by hand, but it cannot move by itself.)

Rev.: August 23, 2005 Page 12 of 23



BIRNS, Inc. Instruction Manual - BIRNS KELVIN MAN-5801-101

PREVENTATIVE MAINTENANCE

The BIRNS KELVIN requires very little preventative maintenance. The only preventative
maintenance required is to periodically inspect and/or replace elastomeric and polymeric
items, specifically the Lexan Shield, the Power Cable, the Lamp Cushion/Backing Ring, and
the Grommet (for Type | lamps).

Introduction

The cable jackets (and primary cable insulation) used in the BIRNS KELVIN Power Cables,
like all elastomers, are affected by prolonged exposure to ionizing radiation. The effects of
radiation on elastomeric materials are to change the properties of the elastomer; ultimately,
those property changes are detrimental to the performance of the Power Cables. (For further
information on this subject, please request a copy of our technical paper, “General Effects of
Radiation on Elastomeric Materials”.)

Briefly stated, the effect of radiation on these elastomeric materials is primarily scission of
their intermolecular bonds which will make them abnormally soft and/or “gooey” or “sticky”.
However, sometimes a secondary effect is present— the abnormal cross-linking of
intermolecular bonds— which causes embrittlement and makes the materials “hard”, “dry”, or
“prittle”. (This is also the effect often caused by prolonged exposure to elevated temperatures
or IR radiation.) Unfortunately, it is nearly impossible to accurately predict the expected
lifetime of elastomeric materials in the field, and it is not feasible to determine the extent of
radiation damage by electrical or other “remote” tests. Therefore, we rely on periodic visual

and/or tactile inspection to determine if materials require replacement.
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Checking Cables for Radiation Damage

The Power Cables’ jackets should be periodically inspected for radiation damage. The length
of time between inspections depends on the expected level of radiation in the application (that
is, the cables should be inspected more frequently when used in high-radiation fields), but
does not need to be done as a separate function — while doing other work on the lights, while
changing lamps for example, the cables can be inspected; in this way, it's possible to minimize
labor costs and radiation exposure time. However, no more than five (5) years should pass
between cable inspections, and we recommend that the cables be replaced not less than once
every 10 years of use.

To inspect the cables, simply run them through your (gloved) hands while visually inspecting
them, and:

> Look for signs of being “sticky” or “gooey” or abnormally soft, especially if those
symptoms are present in only a small portion of the cable. These are classic symptoms
of severe radiation damage, and require immediate cable replacement.

> Look for signs of the cable being “brittle”, cracked or split, or the cable jacket being
abnormally hard, especially if present in only a small portion of the cable. This is a sign
that the cable has suffered elevated temperature (or, possibly, radiation) damage, and
requires immediate cable replacement.

> Look for signs of mechanical damage: abrasion, cuts, kinks, etc. Damage such is this
does not always require cable replacement, but cable replacement is always required
if the damage is severe. (We define “severe” mechanical damage as damage which
causes a decrease in the functionality of the cable.) For example, if the cable had
showed reduced electrical resistance between conductors after sustaining the damage,
we would strongly recommend that it be immediately replaced.

Silicone Backing Ring Replacement

We recommend that the 25A-002 Silicone Backing Ring be inspected during normal lamp
replacement operation.

Visually and manually inspect the Silicone Backing Ring (25A-002). If it is abnormally
soft/spongy or hard/brittle, replace it.

Grommet Replacement

We recommend that the 25A-001 Grommet be inspected during normal lamp replacement
operation. (Note: this item is only used with Type | lamps.)

Visually and manually inspect the 25A-001 Grommet. If it is abnormally soft/spongy or
hard/brittle, replace it.
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Lexan Shield Replacement

Visually inspect the 62A-004 Lexan Shield. If it is broken or cracked, replace it immediately.

Note: certain chemicals will cause “crazing” (thin web-like cracks) in the Lexan. If you see
this, replace the Lexan immediately, and investigate the source of these chemicals. If
this is a normal condition of your operations, you may wish to consider using the 62B-
001 Stainless Steel Shield in place of the 62A-004 Lexan Shield.

Note: Lexan, like most transparent and translucent thermoplastic copolymers, is particularly
susceptible to radiation-induced discoloration (“radiation browning”) and will discolor
under certain levels of radiation. When this happens, the 62A-004 Lexan Shield will still
adequately perform its function of mechanical protection of the Lamp. However, should
the Lexan discolor such that it attenuates a significant amount (>15%) of the light
output, it is no longer economically viable and should be replaced.

The nature of the changes of the Lexan’s optical properties under irradiation is varied but
usually consists of coloration in the visible-light region and the formation of absorption bands
in the infrared and/or ultraviolet regions. Like glass, the optical density of Lexan is almost
always increased by irradiation and reaches saturation at exposure of about 10° Gray (10"
Rad).

The “browning” is not stable, but fades with elevated temperature, time, and exposure
to light. The rate of fading of induced color increases as the temperature and/or
exposure to light is increased.

For more information please see http://www.birns.com/gis/gisbrowning.htm.

Earth Wire Assembly Replacement

Prior to 1995, the 17A-001 Earth Wire Assembly used wire insulated with green Teflon
(PTFE). In June 1995, this material was replaced by a 300-series stainless steel uninsulated
wire. If your Earth Wire Assembly is green, replace it immediately.

1. Loosen the 23F-002 Nut and remove the 23B-009 Pan Head Screw.

2. Remove the green 17A-001 Earth Wire Assembly and replace it with a Stainless Steel
assembly.

3. Replace the 23F-002 Nut and 23B-009 Pan Head Screw, and tighten them securely.
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CORRECTIVE MAINTENANCE

Replacing the Lamp

To replace the lamp:

1.

De-energize the circuit. Remove the KELVIN from service, and decontaminate as
necessary.

Caution: Do not perform any maintenance on the KELVIN when the power is
“ON”.

Wait for the unit to cool down, until it is cool to the touch.

Caution: The Kelvin lamp normally operates at high temperatures! Wait until
unit is completely cool before removing or handling the lamp!

Disconnect the Power Cable from the KELVIN Light.

Remove the Lexan Shield (62A-004).

Remove the Silicone Backing Ring (25A-002), by pulling it straight out of the housing.
Remove the lamp:

a. Place your (gloved) palm on the face of the lamp.

a. Tilt the KELVIN Light such that the lamp starts to come out of the housing.

a. When the lamp is about halfway out of the housing, disconnect the Ground
(Earth) wire by pulling it directly away from the lamp.

a. Set the old lamp aside.
Caution: Excessive installation force may break the outer glass bulb!
Carefully insert the Lamp (32D-0XX) straight into the KELVIN housing.

Caution: Although the Lamp Assembly is reasonably sturdy, it can be cracked
or broken by careless handling.

Caution: Do not use a lamp if its outer glass bulb is cracked or broken!
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7. Connect the Power Cable.
8. Put the KELVIN Light into service, and energize the circuit.
Note: BIRNS permanently discontinued the production and supply of Silicone-molded lamps

as of Dec. 31, 2004. Replacement polyurethane-molded lamps are identical in fit, form,
and function. This is a cross-reference list of Silicone to Polyurethane part numbers:

Silicone P/N | Changed to: Lamp Description Beam
Polyurethane P/N
32D-053 32D-008 Type | Armored Narrow
32D-054 32D-009 Type | Armored Medium
32D-055 32D-010 Type | Armored Wide
32D-057 32D-028 Type Il Extended Narrow
32D-058 32D-029 Type Il Extended Medium
32D-059 32D-030 Type Il Extended Wide
This is a complete listing of all replacement lamps presently available:
Part Number Lamp Description Beam
32D-008 Type | Armored Narrow
32D-009 Type | Armored Medium
32D-010 Type | Armored Wide
32D-028 Type Il Extended Narrow
32D-029 Type Il Extended Medium
32D-030 Type Il Extended Wide
32D-031 Type lll | Extension cable Narrow
32D-032 Type Il | Extension cable Medium
32D-033 Type lll | Extension cable
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