NAVFAC Criteria Office Carbon Monoxide 20 OCT 1999
White Paper

Carbon Monoxide

A potentid hazard in Naval Shore Fecilities

This paper isto dert and remind designers, congtruction ingpectors, ROICC's, housing administrators,
maintenance personnel, and occupants of the hazards, causes, and precautions necessary to avoid
further injury and loss of life due to carbon monoxide poisoning.

Enclosure 1) is COMNAV SAFECEN msg R301830Z OCT 98.

Enclosure 2) is COMNAVFACENGCOM msg R191412Z NOV 98.

Enclosure 3) is CNO//N05100// msg R101307Z MAY 99.

Enclosure 4) is Nava Facilities Engineering Command Guide Specification, NFGS-13856, CARBON
MONOXIDE DETECTORS, dated 24 May 1999.

Enclosure 5) isareprint of an article in Plumbing Engineering magazine, edition July 1999.

Enclosure 1 describes the symptoms and effects of carbon monoxide poisoning, the known death and
injury toll within the Navy in the last 10 years, and some steps the home owner/occupant may take to
improve safety.

Enclosure 2 directed the ingdlation of carbon monoxide monitorsin Navy Family Housing.

Enclosure 3 directed areview of maintenance operations in regard to Navy Family Housing to insure
proper inspection, and repair procedures are utilized, and inspection of combustion air inlet ductsfor fire
dampers. Reporting is required.

Enclosure 4 isthe latest revision of Navd Facilities Engineering Command Guide Specification (NFGS)
from NAVFAC 15G/SLC 46, at 4111 San Pedro Street, Port Hueneme, CA 93043-4410, Phone
(805) 985-5661 or 6087 or DSN 551. Use battery unitsin retrofit in CONUS, unlesswalls are
opened for new eectrical work, then use hard-wired or plug-in detectors. OCONUS aress, use hard-
wired or plug-in units for new congruction if 120 VAC is available, otherwise use battery units..

Enclosure 5 discusses Combustion Air and Venting from the Building Inspector’s point of view.

These five enclosures are provided to reduce the designer’ s effort to obtain them from command files,
snce designers are not usualy the message addressees.

DETECTION.

Carbon Monoxide Detector Installation. Instal carbon monoxide detectors in accordance with the
manufacturer’ singructions. Ingdl at least one CO detector per floor for multi-floor units. Loceate a
carbon monoxide detector immediately outside of the bedrooms, to wake all deepers. Ingal the CO
detectors severd feet away from any wal to wall, wall to ceiling, or wall to floor corner; out of the
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supply-air discharge path; not in the return-air path; nor in the path of any fan suction or discharge.
Carbon monoxide is only dightly less dense than air, but Snceit is usudly heated, the mogt suitable
location is near the ceiling. This dso serves to keep the detector away from children’s exploring fingers.
In facilities with cathedrd cellings, ingal the CO detector on the wall, about 5 to 8 feet above the floor.
If you must put one in the kitchen-breskfast nook-family room area, keep it a least 15 feet away from
the range and oven. Do not ingtd| detectors in the same room as the combustion equipment (garages,
laundry rooms, closets). Keep the detector away from fireplaces and wood stoves. Keep the detector
away from areas of high humidity, such as showers, baths, washers, dryers, and dishwashers; the
humidity may cause fse darms.

SOURCES OF CARBON MONOXIDE.

Thereisthe potentia for crestion of carbon monoxide, and for carbon monoxide poisoning, when any
combustion source is not properly vented, installed, operated, and maintained.

Typical CO Sources. Thefollowing lists some typica sources of CO:

Hot Air Furnace — ail or gasfired

Hot Water Boiler —oil or gasfired.

Hot Water Heater — oil or gasfired.

Clothes Dryer — gasfired.

Kitchen Ranges and Ovens — gasfired.

Fireplaces and Wood Stoves — including gas logs, coa, cord wood, and wood-pellet fueled.
K erosene Space Heaters — radiant or convection type, home or shop usage.

Engines - gasoline and diesd, including yard equipment, eectric generators, sports equipment.
Outside Air Intakes - located near operating gasoline or diesel engines, stationary or mobile.
Smoking — cigarette, cigar, or pipe.

Typical Flue Gases. FHue gases may contain as much as 400 PPM of carbon monoxide for well
adjusted gas burners. Improperly operating burners may produce many times that concentration. Thus,
al flue gases should be considered hazardous. The emissions from gas range and oven pilot lights and
burners are ordinarily safe, due to the clean burning characteristics of the fuel and the rdlatively smal
amount of fuel consumed. Attempting to hesat the resdence with the gas range and oven burnersis
dangerous because this attempt greetly increases the amount of fuel consumed within the unit, thereby
gregtly increasing the emissons.

Hot Air Furnace Heat Exchanger Leakage. A typicd resdentid hot air hegting system burnsa
liquid (heating il or kerosene) or gas (natura gas or LPG) fuel in aforced ar or naturd draft burner.
The hot gases pass through a heat exchanger where the hedt is transferred to the air returning through
the air filter from the resdence, prior to being sent back heated to warm the house. The metd in the
heat exchanger isthin, to maximize heat trandfer and energy efficiency. Each time the furnaceis
energized in the heating mode, the heat exchanger expands and contracts. The norma design life for this
component is 15 years, and 20 years for premium quality corrosion resistant construction. Corrosion
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may thin and pit the heat exchanger metd; this corroson may be accderated by laundry bleach chlorine
mists from nearby clothes washing machines; or by leaking chlorinated refrigerant from ar conditioning
equipment.

Dirty Furnace Air Filter and Blockages. Blockagesin the supply and return air passages may
reduce the room air flow to the heat exchanger, increasing the temperature of the heat exchanger by
failing to take away the heet asit was designed. Blockagesin the flue gas passages and in the
combustion air flow to the burner may reduce the flow of flue gases and dter the temperature
digtribution in the heat exchanger, increasing the temperature of the first part of the heat exchanger.
These temperature increases will increase the amount of expansion and contraction of the heat
exchanger. This additional expansion and contraction increases the potentid for crack formation.
These cracks and any corrosion pits may alow the carbon monoxide from the flue gases to be drawn
into the air supplied to the resdence.

Blockage of the combustion airflow to the burner may increase the production of carbon monoxide.
Blockagesin the flue gas passages may aso increase the flue gas pressure in the heat exchanger, which
can cause increased leakage through any existing heat exchanger cracks or pits.

Hot Water Boiler. Blockage of flue gas passages, leakage of flue gas piping, and blockage of
combustion air passages in hot water boilers create carbon monoxide problems smilar to those of hot
ar furnaces, except thereis no air leakage through the heat exchanger. Any heat exchanger leskage
reveds itsdf as a hot water puddle or flood. These water leaks should be investigated promptly to
avoid damage to persons or property.

Gas-fired Natural-draft Water Heatersand Hot Air Furnaces. These gppliances are equipped
with adraft hood (draft diverter), the upside-down cone just above the top of the water heater or
furnace. Blockage of the flue passages within the water heater or furnace, or the flue passagesto
outdoors may cause carbon monoxide to back up in the flue and spill into the closet or room housing the
water hegter or furnace. The return air for the furnace is often taken from this space. Unitsingaled in
CONUS since 1987 should have been equipped with aflame roll out safety switch, which shuts off the
appliance if spillage occurs for too long aperiod. Ensure this switch isingaled and in good working
order.

Attached Laundry Room or Garage Ingallation. Locating the gasor ail fired hot ar furnace, gas
or ail fired water heater, or gas dryer in the attached laundry room or garage, may alow carbon
monoxide from these gppliances to be drawn into the residence. The CO may be drawn through the
door, or through cracksin the partition wall, crawl space, attic space, or furnace return air ducts. Even
the ingdlation of the clothes washer in the attached garage or laundry room may increase the chance of
carbon monoxide being drawn into the residence from any nearby fud-fired gppliances. Thisisdueto
the increased traffic through the door, resulting in increased air and fume movement into the resdence
while doing the laundry.
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Do not start, warm up, tune up, or operate any automobile, motor cycle, snow mobile, boat, persona
water craft, lawn mower, generator, or other engine driven machine inside, or near the open door to, the
attached garage or laundry room. Carbon monoxide concentrations may build up quickly, especidly if
there are other fuel burning appliances operating in the laundry room or garage. If operating an engine
outdoors, make sure the exhaust is not entering the residence through open doors, windows, or outside
ar intakes, including window ar conditioners.

Fireplace or Wood Stove. Burning wood, wood pellets, cod, or gas logs with aclosed or broken
flue damper, blocked or cracked chimney or flue, or abird or other animal nest blockage all may cause
carbon monoxide intrusion into the room. In addition, the great quantity of draft up the chimney, early
and throughout most of the burning process, may cause other fuel burning appliances to back-draft,
particularly those equipped with draft hoods. Late in the fireplace or wood stove burnout process, the
emissons of carbon monoxide tend to increase; at about the same time, the natural draft decreases.
This condition may alow carbon monoxide from the fireplace or wood stove to now back-draft into the
room, if other fuel burning appliances, or exhaust fans are operating, or even if down-wind windows are
opened. Leave the flue damper open long after the fireis out and the ashes are cold. Closing the flue
damper too early may divert the carbon monoxide into the room.

Gasfired Clothes Dryers. These dryers have aflue/lexhaust duct that is vented outdoors. Blockage
may force carbon monoxide into the laundry room. Lint will tend to collect in the dryer flug/air exhaust
duct. Thiswill reduce the airflow, lengthen the time to dry the clothes, and increase the possibility of
damaging the clothes and dryer. Clean the dryer air filter before every load, and clean the dryer
fluefexhaust duct every month. Thisis also good practice for dectric-heat clothes dryers, in order to
reduce the chance of alint fire.

Additional Factors. The operation of exhaust fansin kitchens, laundry rooms, and bathrooms;
window fans, and clothes dryer fans may result in increasing the potentid for carbon monoxide in the
resdence. All may remove more air from the residence than can be readily replaced from outsde —
especidly from new, tightly constructed energy-efficient resdences. If these fans reduce the air pressure
insde the residence by aslittle as 0.02 to 0.05 inches of water below outside air pressure, the flow of
flue gasses can be reversed in draft-hood equipped appliances, such as water heaters, gasfired clothes
dryers, and natura draft furnaces. This may alow flue gasses to be admitted into the occupied space.

RECOMMENDED ACTIONS.

Suggested Actionsfor Engineersand Designers, on new construction and major renovations.
Sdlect equipment that does not generate carbon monoxide, if economicaly possible. Locate fuel
burning equipment outdoors, if possible; such as packaged dab mounted HVAC units. Select direct
venting units that use outside air for combustion and exhaust back to the outsde air.

Design dl connections for combustion air and exhaust in accordance with the International Mechanical
Code (IMC) requirements and the manufacturer’ singdlation ingructions. If any volume, smoke, or fire
damper is located in the combustion air path, the damper shal be eectrically interlocked to prevent
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burner operation of any device drawing combudtion air through that duct or room when any such
damper is closed, per IMC 710.2.

Carefully sze flues and chimneys for new congtruction. Ensure proper sizing of existing flues and
chimneys if retrofitting new, more efficient equipment to existing condruction. Over-sized fluesand
chimneys reduce the draft and over-cool the flue gasses, under-sized flues and chimneys prevent the
safe venting of the flue gasses, and both may lead to carbon monoxide accumulation. Provide adequate
height and horizonta clearances for vents and chimneys from windows, doors, and air intakes.

Provide easy access to supply and return air ducts, and outside air and exhaust flues for ingpection and
repair. Locate equipment with sufficient clearance for inspection and repair.

Specify the furnace return duct test and the basic depressurization test. Provide ample make up air
supply from outdoors. The make up ar quantity must equa the sum of al exhaugt fans that might run
during the heating season (such as the kitchen exhaudt, bathroom exhaust, and clothes dryer exhaust)
plus the combustion air, excess ar, and dilution air requirements of al fue burning appliances within the
enclosed space. See ASHRAE HVAC Systems and Equipment, Chapter 30, Table 2 and the section
on draft hoods and draft regulators for estimates of typica chimney design conditions.

ASHRAE STD. 62-1989, Ventilation for Acceptable Indoor Air Quality, Table C-1 setsthe,
acceptable indoor ar qudity limitsfor CO egual to the Nationd Primary Ambient-Air Quality Standards
for Outdoor Air as set by the U. S. Environmental Protection Agency. ASHRAE STD. 62, Table 1.,
indicates the acceptable value for CO indoorsis less than 9 parts per million (PPM) average for eight
hours, and less than 35 PPM for one hour, both not to be exceeded more than once per year.

Provide carbon monoxide detectors, indicate proper locations, and provide power.

Suggested Actions for Design-Build Procurement. Award points for corrosion resistant heat
exchangers, metd air ducts, and direct connections of combustion air.

Suggested Actionsfor Construction Inspection. Verify inddlations are in accordance with the
Congtruction Documents, IMC, and Manufacturer’ singtructions. Observe and verify air balance and
ar flowsin supply, return, makeup, and combustion air ducts or paths.

Insure tight construction of return air ducts and flues. Smoke-test the ducts and draft divertersto reved
leaks and back-drafts. Observe satisfactory completion of the furnace return duct test and the basic
depressurization test. Ensure dl foss|-fueled appliances are properly vented.

Test fud-fired furnace, bailer, and water hester flue gases, and measure the efficiency of the furnace or
boiler prior to acceptance. Record CO2, CO, and efficiency data at acceptance on sticker attached to
furnace or boiler, for future maintenance comparison purposes.

Verify CO detector operates, darms, resets, and tests correctly.
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Verify kitchen range and oven burners burn cleanly, sample the flue gases if necessary.

Suggested Actionsfor Property Management. Require written records be furnished by the
ingpector and maintain these records.

Provide the occupants with easy access to a supply of furnace filters, and batteries for CO detectors.

Suggested Actionsfor Occupants. Replace furnace air filters when dirty, or per ingtructions.
Maintain area around fuel fired appliances clean and open. Test the CO detector monthly by pressing
the test button and hearing the darm sound. Replace batteries in CO detector as necessary.

Never heat the resdence with the gas oven or range. Using a gas oven or range as a space heater
greatly increases the emission of carbon monoxide within the occupied space. Do not heat or cook in
the resdence with charcod, even in the firgplace. Open awindow dightly when using an unvented gas
oven. Do not operate engines insde the residence, attached garage, or near open windows or doors.

REFERENCES.

Designer’s References. All desgners should have avalable the following references in the American
Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) Handbook
Series:

1995 HVAC Applications, Chapter 3, COMMERCIAL AND PUBLIC BUILDINGS, Transportation
Centers, Specid Consderations, Enclosed Garages, and Carbon Monoxide Criteria

1995 HVAC Applications, Chapter 6, EDUCATIONAL FACILITIES, Design Considerations,
Middle and Secondary Schools; Auto Repair Shops.

1995 HVAC Applications, Chapter 12, ENCLOSED VEHICULAR FACILITIES, Parking Garages;
Contaminant Levd Criteria.

1995 HVAC Applications, Chapter 24, VENTILATION OF THE INDUSTRIAL
ENVIRONMENT; Table 4, Negative Pressures That May Cause Unsatisfactory Conditions Within
Buildings (ACGIH 1992).

1995 HVAC Applications, Chapter 41, CONTROL OF GASEOUS INDOOR AIR
CONTAMINANTS; Tables 2, 5, 8, and 9, dong with Harmful Effects of Gaseous Contaminants.

1996 HVAC SYSTEMS AND EQUIPMENT, Chapter 26, Automatic Fuel-Burning Equipment,
Engineering Consderations, Combustion Process and Adjustments.
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1996 HVAC SYSTEMS AND EQUIPMENT, Chapter 28, Furnaces, The entire chapter is must

reeding.

1996 HVAC SYSTEMS AND EQUIPMENT, Chapter 29, Residentia In-Space Heating Equi pment;
Gas In-Space Hesters, Oil and Kerosene In-Space Heaters, and Solid-Fuel In-Space Hesters.

1996 HVAC SYSTEMS AND EQUIPMENT, Chapter 30, Chimney, Gas Vent, and Fireplace
Systems, Chimney Functions, Table 2; Vent and Chimney Accessories, Draft Hoods.

General References. Information readily available for download from the Internet includes the
following:

ASHRAE: Indoor Air Quality Position Paper, 11 August 1987, at
http://www.ashrae.org/About/iag papr.htm, Indoor Combustion.

Consumer Product Safety Commission Documents. #4464, THE “SENSELESS’ KILLER, CAN
YOU TELL WHAT IT 1S?, #4466, CARBON MONOXIDE FACT SHEET; #5008, CPSC Warns
of Carbon Monoxide Poisoning with Camping Equipment; #5010, Carbon Monoxide Detectors Can
Save Lives, #5012, Burning Charcoal in Homes, Vehicles, and Tents Causes 25 Desaths from Carbon
Monoxide Each Y ear; and #5052, CPSC and NKHA Stress Kerosene Heater Safety, at
http://Www.CpsC.gov.

Environmental Protection Agency Publications: Protect Y our Family and Y oursdf from Carbon
Monoxide Poisoning; Preventing Carbon Monoxide Poisoning from Smal Gasoline-Powered Engines
and Tools, and Building Air Qudlity, A Guide for Building Owners and Facility Managers, at
http://www.epa.gov/iedweb00/pubs. The BAQ publication has a good discussion on carbon monoxide
sources, effects, tests, and solutions for larger buildings and facilities.

Wayne State University: Carbon Monoxide Headquarters, Allowable (Legd) Limits for CO; History of
Carbon Monoxide; and CO Danger in the Garage; at http://www.phypc.med.wayne.edu, Carbon
Monoxide Headquarters button. This Site has links to many more Sites.

Charleston Air Force Base, S. C. describes two recent incidents at that location including afirst person
account by aL T. COL. Air Force Nurse, available at

http://www.af.mil/news/Dec1998/n19981210 981914.html and at
http://www.charleston.af.mil/chas/437aw/staff/paldi spatch/jan29/head2.htm.
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RATUZYUW RUCOMCC3237 3031908- UUUU- - RUCOBRR.
ZNR UUUUU ZUI RUCOPAVB045 3031830
R 301830Z OCT 98 PSN 6600711 20
FM COWNAVSAFECEN NORFOLK VA//00//
TO ALSAFE
BT
UNCLAS // NCG5100//
ALSAFE 035/98
MSGl D/ GENADM N/ COVNAVSAFECEN 40- 105/ OCT/ /
SUBJ/ HAZARD ALERT ( CARBON MONOXI DE- 1 NVI S| BLE AND DEADLY)//
RWKS/ 1. AS LEAVES CHANGE COLOR, DAYS CROW SHORTER AND THE NI GHTS
GET COLDER, WE SW TCH OUR THERMOSTATS FROM AC TO HEAT. FOR THOSE OF
US WHO DON' T HEAT W TH ELECTRICI TY, THIS SW TCH CAN BE DEADLY. VHY?
FURNACES THAT USE FOSSI L FUEL-- NATURAL GAS, PROPANE, BUTANE, COAL,
KEROSENE, WOOD OR O L-- DEPEND UPON EFFI Cl ENT M XTURES OF Al R AND FUEL
TO PROVI DE COVPLETE COMBUSTI ON. FURNACES THAT DON T BURN CLEANLY, OR
IN WHI CH THE EXHAUST GASES ARE BLOCKED, OR THAT DON T GET ENOUGH
OXYGEN, CAN KI LL UNSUSPECTI NG RESI DENTS. THE CULPRIT IS CARBON
MONOXI DE, A COLORLESS, | NvISIBLE, ODORLESS GAS PRODUCED WHEN FUELS
DON' T BURN COWVPLETELY.
2. CARBON MONOXI DE ACTUALLY STARVES THE BRAI N AND BODY OF OXYGEN
BECAUSE | T REPLACES OXYGEN | N THE BLOODSTREAM EVENTUALLY SUFFOCATI NG
THE VICTIM  SYMPTOMS RANGE FROM M LD HEADACHE W TH LOW LEVEL
EXPOSURES TO NAUSEA, DI ZZI NESS, LOSS OF CONSClI QUSNESS AND DEATH AS
EXPOSURE TI ME AND CONCENTRATI ON | NCREASES. JUDGEMENT AND THOUGHT
PROCESSES BECOME | MPAI RED AND VI CTI MS ARE OFTEN UNABLE TO REACT IN
TIME TO SAVE THEMSELVES. LI TERALLY, YOU CAN DIE WTHI N M NUTES OF
EXPOSURE. CHI LDREN, PEOPLE W TH HEART PROBLEMS OR RESPI RATORY
| LLNESS, AND THE AGED ARE PARTI CULARLY SENSI TI VE TO I TS EFFECTS.
3. HEALTHY, STRONG ADULTS ARE VULNERABLE AS WELL. RECENTLY A NAVY
MAN AND HI S FOUR CHI LDREN WERE FOUND DEAD I N THEI R HOVE, SUSPECTED
VI CTI M5 OF CARBON MONOXI DE PO SONI NG. I N ALL, SEVEN OFF-DUTY SAlI LORS
AND THREE MARI NES DI ED AS A RESULT OF CO PO SONI NG I N FYS 89-98.
FI VE OF THE TEN DEATHS WERE CAUSED BY DEFECTI VE HEATERS; FOUR BECAUSE
THEY RAN THEI R CARS | N ENCLOSED AREAS; AND ONE FROM CO EXPOSURE I N A
MOBI LE HOVE FI RE. | NJURI ES HAVE ALSO BEEN REPORTED, W TH FI VE
CATEGORI ZED AS MAJOR. ESTI MATES FOR CO PO SONI NGS | N THE GENERAL
POPULATI ON RANGE FROM ABOUT 560 DEATHS PER YEAR BY THE CONSUMER
PRODUCTS SAFETY COWM SSI ON TO 700 PER YEAR ACCORDI NG TO THE NATI ONAL
SAFETY COUNCI L.
4. TAKE THE FOLLOW NG STEPS TO ENSURE THE SAFETY OF YOUR HOME:

A.  HAVE A QUALI FI ED TECHNI Cl AN | NSPECT YOUR HEATI NG SYSTEM AND
HOT WATER HEATER BEFORE THE HEATI NG SEASON BEGINS. | F YOU BUY AN
OLDER HOUSE OR RENT AN APARTMENT OR HOME, HAVE THE SYSTEM CHECKED.

B. BUY HEATI NG AND COCKI NG EQUI PMENT APPROVED BY AN | NDEPENDENT
TESTI NG LABORATORY.

C. |IF YOU LIVE I N BASE HOUSI NG AND USE SUPPLEMENTAL HEATERS,
MAKE SURE THEY ARE PERM TTED. READ THE MANUFACTURER S WARNI NG ABOUT
VENTI LATI ON. HAVE THEM | NSPECTED BY A QUALI FI ED TECHNI Cl AN EVERY
YEAR

D. NEVER USE A HI BACHI OR BARBEQUE GRILL I NSIDE A HOVE OR
GARAGE.

E. ENSURE THE FLUE IS UNOBSTRUCTED BEFORE LI GHTI NG YOUR
FI REPLACE.
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F.  NEVER LEAVE YOUR CAR OR TRUCK RUNNI NG I N THE GARAGE. DO NOT
ASSUME OPENI NG THE GARAGE DOOR | S SUFFI CI ENT PROTECTI ON. WHEN YQU
START I T, DRIVE | T OQUTSI DE | MMEDI ATELY. WHEN YOU RETURN, TURN THE
MOTOR OFF WHEN YOU STOP. | F YOU SUSPECT THERE | S AN EXHAUST LEAK,
HAVE | T REPAI RED | MVEDI ATELY.

G INSTALL A CARBON MONOXI DE DETECTOR | NSI DE YOUR HOME TO
PROVI DE EARLY WARNI NG. THESE DEVI CES ARE DESI GNED TO SOUND AN ALARM
VHEN THE CONCENTRATION OF CO IN THE Al R CORRESPONDS TO A LEVEL OF
PO SONI NG STILL SO LOW THAT PECPLE DO NOT BECOME SI CK.  FOLLOW
MANUFACTURER S RECOMVENDATI ONS FOR CORRECT PLACEMENT. TEST THE
DEVI CE EVERY MONTH AND REPLACE THE DETECTOR OR BATTERY AS
RECOMVENDED, GENERALLY EVERY TWO YEARS.

H | F YOU EVER THI NK YOU ARE EXPERI ENCI NG CO PO SONI NG, GET
I NTO FRESH Al R | MMEDI ATELY. OPEN DOORS AND W NDOWS.  CALL FOR HELP
OR GO TO AN EMERGENCY ROOM DON T WAIT.

5. ACT NOW TO PROTECT YOURSELF AND YOUR LOVED ONES. HELP KEEP OUR
NAVY AND MARI NE CORPS FAM LY SAFE.//

BT

#3237

NNNN

RTD: 000- 000/ COPI ES:
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RATUZYUW RUCOMCB1834 3271806- UUUU- - RUCOBRR.

ZNR UUUUU ZUI RULSADKO0221 3231412

R 191412Z NOV 98 ZYB PSN 8626001 22

FM COWNAVFACENGCOM WASHI NGTON DC/ / 09/ /

TO RUCOBRR/ LANTNAVFACENGCOM NORFOLK VA// 00/ 08/ /

RUHEMCW PACNAVFACENGCOM PEARL HARBOR HI // 00/ 08//

RHFJIFMC/ SOUTHNAVFACENGCOM CHARLESTON SC// 00/ 08/ /

RUVDHLN SOUTHWESTNAVFACENGCOM SAN DI EGO CA/ / 063/ /

| NFO RUCBCLF/ Cl NCLANTFLT NORFOLK VA// N46//

RHHVHAH Cl NCPACFLT PEARL HARBOR HI//09BH/ /

RHDLCNE/ CI NCUSNAVEUR LONDON UK/ / N7/ /

RULSSEA/ COMNAVSEASYSCOM WASHI NGTON DC/ / 01K/ 04Xl [/

RULSFAN COWNAVAI RSYSCOM PATUXENT RI VER MD/ /8. 0B/ /

RUCCNOM COVWNAVRESFOR NEW ORLEANS LA/ / 463/ /

RUCTPOA/ CNET PENSACOLA FL// N44//

RUENAAA/ CNO WASHI NGTON DC/ / N44/ N45/ 09B/ /

RUEACMC/ CMC WASHI NGTON DC/ / LFF-3//

RUCOPAW COWNAVSAFECEN NORFOLK VA// 00/ /

RUENAAA/ ASSTSECNAV | E WASHI NGTON DC/ /

BT

UNCLAS //N11101//

MSG D/ GENADM N/ NAVFACENGCOM 19NOV98/ /

SUBJ/ REDUCI NG CARBON MONOXI DE RI SKS | N NAVY FAM LY HOUSI NG /

RMKS/ 1. UNTIL RECENTLY, THERE HAVE BEEN NO FEDERAL OR DOD

REQUI REMENTS TO | NSTALL CARBON MONOXI DE (CO DETECTORS | N NAVY

FAM LY HOUSI NG. NAVY HAS RE- EXAM NED | TS POLI CY ON | NSTALLATI ON OF
DETECTORS. TO PROTECT NAVY FAM LI ES, AND RECOGNI ZI NG THE RECENT

| MPROVEMENTS | N RELI ABI LI TY AND COST OF COMMERCI AL CO DETECTORS,
DETECTORS SHALL BE | NSTALLED I N ALL NAVY FAM LY HOUSI NG UNI TS WHI CH
ARE SERVED BY CARBON- BASED FUEL BURNI NG SYSTEMS.

2. EFDS ARE DI RECTED TO ASSI ST LOCAL HOUSI NG AUTHORI TI ES TO PURCHASE
AND | NSTALL CO DETECTORS. THE FOLLOW NG GUI DANCE | S PROVI DED:

A. DETECTORS SHOULD BE | NSTALLED I N ALL NAVY OWNED OR LEASED HOUSI NG
UNITS, CONUS AND OVERSEAS, WHI CH UTI LI ZE CARBON- BASED FUEL

(NG LPG, CHARCOAL, COAL, WOOD, KEROSENE, HEATI NG O L) BURNI NG
SYSTEMS ( RANGES, WATER HEATERS, SPACE HEATI NG, CLOTHES DRYERS,

FI REPLACES) .

B. AT LEAST ONE DETECTOR SHOULD BE PROVI DED ON EACH FLOOR OF

MULTI - FLOOR HOUSES.

C. DETECTORS SHOULD MEET THE FOLLOW NG SPECI FI CATI ONS: DI Gl TAL

DI SPLAY, PEAK LEVEL MEMORY, BATTERY BACK-UP, MULTI PLE | NSTALLATI ON
OPTI ONS, AC POWERED (BATTERY OVERSEAS), M NI MUM FI VE YEAR WARRANTY,
| AS 6-96/ AGA BLUE STAR CERTI FI CATI ON.

D. DETECTORS SHALL BE PURCHASED USI NG AVAI LABLE BP-20 FUNDS.

E. COORDI NATI ON W TH LOCAL FI RE PROTECTI ON/ PREVENTI ON ORGANI ZATI ON

I S RECOMVENDED. SUCH ORGANI ZATI ONS W LL OFTEN ASSI ST I N

| NSTALLATI ON, TRAINING I N USE, AND PERI ODI C OPERATI ONAL TESTI NG OF
CO DETECTOR UNI TS.

F. ENSURE THAT SUlI TABLE MAI NTENANCE AND SUPPORT ARRANGEMENTS ARE PUT
IN PLACE TO ENSURE THE CONTI NU NG SERVI CABI LI TY OF CO DETECTORS ONCE
| NSTALLED, | NCLUDI NG (1) ESTABLI SHI NG AN APPROPRI ATE MAI NTENANCE
REG MEN (2) | NCORPORATI NG MAI NTENANCE EXPENSES | N BUDGET PLANS, AND
(3) VERI FYI NG DETECTOR OPERATI ON DURI NG OCCUPANCY CHECK- | N/ CHECK- QUT
PROCEDURES.
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G EFDS ARE REQUESTED TO DEVELOP PLANS TO PURCHASE AND | NSTALL CO
DETECTORS, AND TO PROVI DE NAVFAC HSG THE FOLLOW NG | NFORMATI ON FOR
EACH ACTIVITY BY 1 DEC 98. (1) NUMBER OF HOUSI NG UNI TS W TH

CARBON- BASED FUEL BURNI NG SYSTEMS, (2) NUMBER OF HOUSI NG UNI TS W TH
DETECTORS ALREADY | NSTALLED THAT MEET SPECI FI CATIONS (C) ABOVE, (3)
NUMBER OF HOUSI NG UNI TS REQUI RI NG DETECTORS TO BE | NSTALLED, (4)
NUMBER OF DETECTORS REQUI RED, (5) ESTI MATED COST TO PROCURE AND

| NSTALL DETECTORS, (6) ESTI MATED DATE TO COVWPLETE DETECTOR

| NSTALLATI ON, AND (7) ACTIVITY AND EFD POC NAME, PHONE NUMBER AND

E- MAI L ADDRESS.

3. I N ADDI TI ON TO | NSTALLATI ON OF CO DETECTORS, EFDS ARE REQUESTED
TO ASSI ST HOUSI NG ACTI VI TI ES TAKE THE FOLLOW NG ACTIONS TO M NI M ZE
RI SKS FROM CO PO SONI NG

(A) PERFORM | NSPECTI ON OF EXI STI NG CARBON- BASED FUEL BURNI NG SYSTEMS
TO ENSURE PROPER OPERATI ON AND TAKE ACTI ON TO CORRECT DEFI Cl ENCI ES
FOUND, (B) ALERT HOUSI NG OCCUPANTS TO THE DANGERS OF CARBON MONOXI DE
PO SONI NG. | N PARTI CULAR, EMPHASI ZE THE | MPORTANCE OF MAI NTAI NI NG
PROPER Al R FLOW TO HEATI NG UNI TS AND AVA DI NG THE BLOCKAGE OF RETURN
Al R GRILLES OR MAKE- UP Al R | NTAKES.

4. NAVFACENGCOM POC | S DI CK HI BBERT, 202 685-9381 OR DAN WONDERLY,
202 685-9352.//

BT

#1834

NNNN

RTD: 000- 000/ COPI ES:
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RTAUZYUW RUENAAAQ534 1301457- UUUU- - RUCOBRR.
ZNR UUUWU

RHDLCNE T Cl NCUSNAVEUR LONDON UK

R 101307Z MAY 99 ZYB PSN 4316691 29

FM CNO WASHI NGTON DC/ / N44/ /

TO RULSABC/ USNA ANNAPCLI S MDD/ / 00/ /

RUYNANS/ COVFLEACT CHI NHAE KOR/ / 00/ /

RUYNJYI / COVFLEACT SASEBO JA//00//

RHDLCNA/ COMNAVACTLONDON UK //00//

RUVDMCK/ COMNAVAI RWARCENWPNDI V' CHI NA LAKE CA// 00/ /

RULSADC/ COWNAVDI ST WASHI NGTON DC/ / 00/ /
RUYNJ DK/ COMNAVFORIAPAN YOKOSUKA JA/ / 00/ /
RUNGFAA/ COWNAVMARI ANAS GU/ / 00/ /

RUCOGAB/ COWNAVREG M DLANT NORFOLK VA//00//
RUHEMCQ COMNAVREG PEARL HARBOR HI//00//
RHW DI R/ COWAVREG NW SEATTLE WA/ / 00/ /
RHFJJAH COWAVREG SE JACKSONVI LLE FL//00//
RUWDHL P/ COWNAVREG SW SAN DI EGO CA// 00/ /
RHRMABN ADM NSUPU SWA BAHRAI N/ / 00/ /

RUCOWAL/ AEG S COVBATSYSCEN WALLOPS | SLAND VA// 00/ /

RUCCBI D/ CBC GULFPORT Ms//00//

RUWFPCR/ CBC PORT HUENEME CA//00//
RUVDXGM ENGFLDACT WEST SAN BRUNO CA// 00/ /
PAGE 02 RUENAAA0534 UNCLAS

RUAYAAX/ NAF ATSUG JA//00//

RUWFDFB/ NAF EL CENTRO CA//00//

RHFJISLD/ NAS ATLANTA GA//00//

RUEGBBH NAS BRUNSW CK M/ / 00/ /

RHFJSLE/ NAS CECI L FI ELD FL//00//
RUWHTXS/ NAS CORPUS CHRI STI TX//00//
RUWFAEB/ NAS FALLON NV//00//

RHFJJCN NAS JACKSONVI LLE FL//00//
RUWHDCC/ NAS JRB FORT WORTH TX//00//
RUCCAJC/ NAS JRB NEW ORLEANS LA/ /00//
RUEDFLA/ NAS JRB W LLOW GROVE PA//00//
RUCOPLF/ NAS KEFLAVI K | C//00//

RHFIKXF/ NAS KEY WEST FL//00//

RUVHKI F/ NAS KI NGSVI LLE TX//00//
RUWFLBR/ NAS LEMOORE CA//00//

RUCTPRF/ NAS MERI DI AN Ms//00//

RUCTPOB/ NAS PENSACOLA FL//00//

RUWFPDE/ NAS PT MJUGU CA//00//

RUFEPSS/ NAS S| GONELLA | T//00//

RHW DI P/ NAS WHI DBEY | SLAND WA/ / 00/ /
PAGE 03 RUENAAA0534 UNCLAS

RUCTPTB/ NAS WHI TI NG FI ELD M LTON FL//00//
RUEHRO/ NATODEFCOL ROME | T// 00/ /
RUDJAKA/ NAVADM NU SCOTI A NY//00//
RULSEMB/ NAVAI RENGSTA LAKEHURST NJ//00//

RULSABU/ NAVAI RWARCENACDI V PATUXENT RI VER MO/ / 00/ /

RUEGUAA/ NAVCOMTELSTA CUTLER ME/ / 00/ /
RUEHHK/ NAVCONTDEP HONG KONG HK// 00/ /
RUCKMCI / NAVHOSP BEAUFORT SC//00//
RULSAMS/ NAVI CP MECHANI CSBURG PA/ / 00/ /

12 of 28

20 OCT 1999

Enclosure 3



NAVFAC Criteria Office Carbon Monoxide
White Paper

RUEHJ A/ NAVMEDRSCHU TWO JAKARTA | D/ / 00/ /

RUEHEG/ NAVMEDRSCHU THREE CAI RO EG/ / 00/ /

RUVDXGO NAVPGSCOL MONTEREY CA// 00/ /

RHW VLF/ NAVRADSTA T JI M CREEK OSO WA/ / 00/ /
RUERGAG NAVSCSCOL ATHENS GA// 00/ /

RUSKSDE/ NAVSECGRUACT NORTHWEST VA/ / 00/ /

RUQI SDE/ NAVSECGRUACT SABANA SECA PR/ /00//

RUET! DA/ NAVSECGRUACT SUGAR CGROVE W/ /00//

RUQOSDE/ NAVSECGRUACT W NTER HARBOR ME// 00/ /

RUEGJAI / NAVSHI PYD PORTSMOUTH NH/ / 00/ /

RHW PXG NAVSTA BREMERTON WA/ / 00/ /

PAGE 04 RUENAAA0534 UNCLAS

RHW DI S/ NAVSTA EVERETT WA/ / 00/ /

RUCOGCA/ NAVSTA GUANTANAMO BAY CU/ / 00/ /

RHFIFFF/ NAVSTA MAYPORT FL//00//

RHFJJXP/ NAVSTA PANAMA CANAL RODMVAN PM /00//
RULGPRQ NAVSTA ROOSEVELT ROADS PR/ /00//

RUFAPUV/ NAVSTA ROTA SP//00//

RUFNGSC/ NAVSUPPACT GAETA | T//00//

RUFNDFA/ NAVSUPPACT LA MADDALENA | T//00//

RUCCFMA NAVSUPPACT M D SOUTH M LLI NGTON TN/ / 00/ /
RUFNPHB/ NAVSUPPACT NAPLES | T//00//

RUCCRAQ NAVSUPPACT NEW ORLEANS LA/ /00//

RUFBPYG NAVSUPPACT SOUDA BAY GR//00//

RHEHAAA/ NAVSUPPFAC THURMONT MDY/ / 00/ /

RUCTMGB/ NAVSURFWARCEN COASTSYSTA PANAMA CI TY FL//00//
RUERNWC/ NAVSURFWARCENDI V' CRANE | N/ / 00/ /

RUL SACW NAVSURFWARCENDI V DAHLGREN VA/ / 00/ /

RUL SAAH NAVSURFWARCENDI V | NDI AN HEAD MO/ / 00/ /
RUDJABH NETC NEWPORT RI//00//

RULSGVY NTC GREAT LAKES 1 L//00//

RUHEMAK/ PACM SRANFAC HAWAREA BARKI NG SANDS HI //00//
PAGE 05 RUENAAA0534 UNCLAS

RHW DI H SUBASE BANGOR WA/ / 00/ /

RHFIKCM SUBASE Kl NGS BAY GA//00//

RUEGARA/ SUBASE NEW LONDON CT//00//

RUWFBOP/ WPNSUPPFAC SEAL BEACH CA//00//

RUWFBOP/ WPNSUPPFAC SEAL BEACH DET CONCORD CA//00//
RHFJIFNF/ WPNSTA CHARLESTON SC/ / 00/ /

RUDJAMC/ WPNSTA EARLE COLTS NECK NJ//00//

RUCOYAQ WPNSTA YORKTOWN VA/ / 00/ /

| NFO RUCBCLF/ Cl NCLANTFLT NORFOLK VA// N46//
RHHVHAH Cl NCPACFLT PEARL HARBOR HI// N46//

RHDLCNE/ CI NCUSNAVEUR LONDON UK/ / N7/ /

RULSFAN COWNAVAI RSYSCOM PATUXENT RI VER MD/ / Al R-4.0//
RULSSEA/ COMNAVSEASYSCOM WASHI NGTON DC/ / 04/ /
RUCTPOA/ CNET PENSACOLA FL//01/0S4//

RUENMED/ BUMED WASHI NGTON DC/ / 033/ /

RUCCNOM COVWNAVRESFOR NEW ORLEANS LA/ / N46//
RULSADO NAVY JAG WASHI NGTON DC/ / 35/ /

RUCOPAW COWNAVSAFECEN NORFOLK VA/ / 40/ /

RUL SADK/ COMNAVFACENGCOM WASHI NGTON DC/ / 09/ OPS/ PC/ /
RUHEMCW PACNAVFACENGCOM PEARL HARBOR HI / / OPS/ HSG BOS/ /
PAGE 06 RUENAAA0534 UNCLAS
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RUCOBRR/ LANTNAVFACENGCOM NORFOLK VA/ [ 93/ 08/ 16/ /

RHFJIFMC/ SOUTHNAVFACENGCOM CHARLESTON SC// 09/ 08/ 16/ /

RUVDHL N/ SOUTHWESTNAVFACENGCOM SAN DI EGO CA/ / 09/ 03/ 05/ /

BT

UNCLAS //N05100//

MSG D/ GENADM N/ /

SUBJ/ PROCEDURES TO M NI M ZE POTENTI AL CARBON MONOXI DE HAZARDS | N
NAVY FAM LY HOUSI NG /

REF/ A/ DOC/ OPNAVI NST 5100. 23E/ 15 JAN 99//

REF/ B/ DOC/ COVNAVSAFECEN MSG R301830Z OCT 98//

REF/ C/ DOC/ COVNAVFACENGCOM MSG R191412Z NOV 98//

NARR/ REF A REQUI RES | DENTI FI CATI ON, REPORTI NG, | NVESTI GATI ON AND
CONTROL OF HAZARDS | N NAVAL FACILITIES. REF B ALERTED COVVANDERS
NAVY- W DE OF CARBON MONOXI DE HAZARDS | N HOVES. REF C DI RECTED THE

| NSTALLATI ON OF CARBON MONOXI DE DETECTORS I N ALL NAVY OANED OR LEASED
FAM LY HOUSI NG UNI TS. //

RMKS/ 1. | NVESTI GATI ONS PER REF A | NDI CATE A NEED FOR ADDI TI ONAL
EMPHASI S TO ENSURE CARBON MONOXI DE (CO) PO SONI NG HAZARDS | N NAVY
FAM LY HOUSI NG ARE UNDERSTOOD, | DENTI FI ED, AND CONTROLLED.

2. REF B | DENTI FI ED HEALTH EFFECTS AND COVMON SOURCES OF CO. SOURCES
PAGE 07 RUENAAA0534 UNCLAS

OF CO IN FAM LY HOUSI NG | NCLUDE NATURAL GAS/ O L FUEL BURNI NG SYSTEMS
SUCH AS HOT Al R FURNACES, HEATI NG BA LERS, KI TCHEN OVENS AND RANGES,
WATER- HEATERS, CLOTHES DRYERS, FI RE PLACES, VEHI CLES, AND PORTABLE
HEATERS.

3. REF C DI RECTED THE | NSTALLATI ON OF CARBON MONOXI DE

ALARMS/ DETECTORS | N ALL NAVY OANED OR LEASED FAM LY HOUSI NG UNI TS

W TH NATURAL GAS/ O L FUEL BURNI NG SYSTEMS.

4. TO FURTHER M NI M ZE RI SKS DUE TO POTENTI AL CARBON MONOXI DE
HAZARDS | N NAVY FAM LY HOUSI NG, COMMANDS W TH HOUSI NG ASSETS SHALL

| DENTI FY ALL NAVY FAM LY HOUSI NG UNI TS W TH NATURAL GAS/ O L FUEL
BURNI NG SYSTEMS AND | MPLEMENT THE FOLLOW NG PROCEDURES:

A. I NSPECT NAVY FAM LY HOUSI NG UNI TS W TH GAS FURNACE | NSTALLED W TH
MAKE- UP Al R DAMPER | N THE HEATI NG CLOSET TO ENSURE FUSI BLE LINK IS I'N
GOOD CONDI TI ON ( NOT SEPARATED) AND MAKE- UP Al R DAMPER REMAI NS OPEN
VH LE I N OPERATI ON. REPLACE FUSI BLE LI NK, AS APPROPRI ATE.

B. CONDUCT REVI EW OF ALL NAVY FAM LY HOUSI NG MAI NTENANCE CONTRACTS
TO DETERM NE | F NATURAL GAS/ O L SYSTEM MANUFACTURER SPECI FI C

MAI NTENANCE REQUI REMENTS HAVE BEEN | DENTI FI ED, E. G PERI ODI CI TY OF
MAI NTENANCE AND SPECI FI C PROCEDURES, AND ARE BEI NG | MPLEMENTED.

C. CONDUCT REVI EW OF ALL NATURAL GAS/ O L SYSTEM PREVENTI VE AND

PAGE 08 RUENAAA0534 UNCLAS

PLANNED MAI NTENANCE (PM SCHEDULES PRI OR TO EACH HEATI NG SEASON.

REVI EW THE FREQUENCY AND SCHEDULI NG FOR PM AND DETERM NE IF IT IS
CONSI STENT W TH EARLI EST POSSI BLE SEASONAL USE BY THE RESI DENT.

REVI EW AND DETERM NE | F THE SCOPE OF PM | S CONSI STENT W TH ACCEPTABLE
| NDUSTRY PRACTI CES.

D. |IF PM FORMS FOR NATURAL GAS/ O L SYSTEMS ARE REQUI RED, REVI EW
CONTRACTOR SUBM TTALS TO ENSURE THE CONTRACT REQUI RED PM FORMS ARE
BEI NG USED. ENSURE THAT PERSONNEL PERFORM NG PM | DENTI FY ANY REPAI R
WORK THAT WAS ACCOWPLI SHED DURI NG PM

E. EVALUATE QUALITY CONTROL PROCEDURES TO DETERM NE | F PROCEDURE
CHANGES ARE NECESSARY | N ORDER TO ENSURE THAT PROPER MAI NTENANCE
PROCEDURES AND FORMS ARE BEI NG USED FOR NAVY FAM LY HOUSI NG UNI TS.
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5. | MPLEMENTATI ON OF THESE PROCEDURES |'S TO BE COVPLETED AND
| NFORMATI ON ON THE STATUS OF EACH OF THE ABOVE | TEMS REPORTED TO THE
SUPPORTI NG NAVFAC ENGI NEERI NG FI ELD DI VI SI ON BY 16 JULY 1999. THE
NAVAL FACI LI TI ES ENG NEERI NG COMMAND W LL USE THE | NFORMATI ON

RECEI VED TO DEVELOP A SUMVARY REPORT FOR SUBM SSI ON TO CNO N44 BY 13
AUGUST 1999. THI'S TIMELINE WLL ALLOW ANY FOLLOW ON ACTI ONS THAT MAY
BE REQUI RED TO BE | MPLEMENTED PRI OR TO THE NEXT HEATI NG SEASON

6. POC IS LCDR MKE LI PSKI, CNO N443, AT DSN 664- 9998 OR

PAGE 09 RUENAAAO534 UNCLAS

COWMERCI AL (703) 604-9998. //

BT

#0534

NNNN

RTD: 000- 000/ COP| ES:
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DEPARTMENT OF THE NAVY NFGS- 13856
NAVAL FACI LI TI ES 24 May 1999

ENG NEERI NG COMVAND
GUI DE SPECI FI CATI ON

EE IR R S I I S S I R R Rk I R Ik I R R Rk I I R S

SECTI ON 13856

CARBON MONOXI DE DETECTCORS
01/ 99

EE IR R S O I S R R Rk I R Ik I R Rk S R S

NOTE: This guide specification covers the

requi renents for carbon nmonoxi de alarm detectors for
protection in indoor |ocations of |iving quarters
where fuel -burning appliances/ equi pnment are used.

EE IR R S I I S I R R Rk I R Ik I I Rk I I R S

PART 1 GENERAL
1.1 REFERENCES

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

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1999) National Electrical Code
UNDERWRI TERS LABORATORY | NC. (UL)

UL 2034 (1996; R 1997) Single and Multiple Station
Car bon Monoxi de Al arns

1.2 SUBM TTALS

EEEEEEEEEREEEEREEEREEEEEEEREEEEREEEEEEEEEEREEEEREEEEEEREEEEREEEEEEEEEEEEEEEEEERE SRR

NOTE: The "G' in subnmittal tags followi ng a submttal
itemindi cates Governnent approval and should be
retained. Add "G' in submittal tags follow ng any
added submittals. Submittal itenms not designated with
a "G wll be approved by the CQC organi zati on.

EREEEEEEEEREEEEREEEREEEEEEEREEEEREEEEEEEEEEREEEREEEEEEREEEEREEEEEEEEEEEEEEEEEEREE SRR

Subnmit the following in accordance with Section 01330, "Subnittal
Procedures. "

SD- 03 Product Data
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Car bon nonoxi de detect or

SD- 06 Test Reports

Car bon nonoxi de detector test

[ SD-10 Operations and Mai ntenance Data
Car bon nonoxi de detector; Data Package 1

Subnmit operation and nmi ntenance data in accordance with Section 01781,
"Operation and Mai ntenance Data".

]JPART 2 PRODUCTS
2.1 CARBON MONOXI DE DECTECTOR

UL 2034, [Single station] [Multiple station] detector [surface] [flush]
mount ed. Operational requirements shall be as foll ows:

a. Electrical: [120 Volt ACwith 9 volt battery backup] [ vol t
DA
b. Environnental: mnus 40 degrees to 150 degrees F and 15 to 93%

relative hunmidity.

c. Response tinme: [12 minutes] | ] at [400] | ] ppm of carbon
nonoxi de det ect ed.

EE IR R S I I S I R R Rk I R Ik I I Rk I I R S

NOTE: Corps of Engineers EM 385-1-1, Safety and
Heal t h Requi rements Manual has specified that air

shall not contain a |evel of carbon nonoxide greater
than 20 ppm

EE IR R S I I S I R R Rk I R Ik I I Rk I I R S

d. Alarm Trigger: Audible and visual signal to indicate a gas
concentration in excess of 70 ppm carbon nonoxide for one hour.

e. Alarmand Indicator: Red LED for visual and 85 db at [10]] ]
ft for audible alarm Ml function indicator |ight shall be yellow
LED.

2.2 CONDUI T, BOXES, AND FI TTI NGS

EE IR R S I I S I R R Rk I R Ik I I Rk I I R S
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NOTE: The second bracketed option is the short form
version of the interior electrical and its use is at
the discretion of the Engineer/Architect in charge.

EE IR R S I I S R R Rk I R Ik I Rk I I R S I

Specified in Section [16402, "Interior Distribution Systenf] [16110,
"Interior Electrical Wrk"].

2.3 W RES AND CABLES

EEEEEEEEEEEEEEEEREEEEEEEREEEEREEEEEEEEEEREEEREEEEEEREEEEREEEEEEEEEEEEEEEEEERE SRR

NOTE: The second bracketed option is the short form
version of the interior electrical and its use is at
the discretion of the Engineer/Architect in charge.

EEEEEEEEEEEEEEEEREEEEEEEREEEEREEEEEEEEEEREEEEREEEEEEREEEEREEEEEEEEEEEEEEEEEEREE SRR

Specified in Section [16402, "Interior Distribution System"] [16110,
"Interior Electrical Wrk"].

PART 3 EXECUTION
3.1 | NSTALLATI ON
3.1.1 El ectrical work

El ectrical installation shall conformto the requirenments of Section [16402
“Interior Distribution Systenf] [16110, "Interior Electrical Wrk"], and
NFPA 70

3.1.2 Car bon Mbonoxi de Det ect or

Install detector[s] in accordance with the manufacturer's instructions.
Provi de detector in hallway outside bedroonis], [ ], and in |l ocation[s]
as indicated.

3.1.3 Groundi ng and Bondi ng

Equi pnment groundi ng and bondi ng shall be in accordance with UL 2034and NFPA
70

3.2 FI ELD QUALI TY CONTROL

Provi de test equi pnment and personnel and subnmit witten copies of the test
results. Notify Contracting Oficer [15] [ ] working days prior to the
test.
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2.1 Car bon Monoxi de Det ector Test

Contractor shall show by denonstration in service that the detector[s]
[is][are] in good condition and properly performng the intended function.
Test shall be in accordance with UL 2034 requirenents specified in paragraph
entitled "Normal Operation Test" [and the manufacturer's test procedure].

EE IR R S I I S R R Rk I R Ik I R Rk S I R S

NOTE: Suggestions for inmprovenent of this
specification will be wel comed using the "Agency
Response Form' | ocated in SPECSI NTACT under "System
Directory" or DD Form 1426. Suggestions should be
forwarded to:

Commandi ng O ficer

Seabee Logistics Center
NAVFAC 15@ SLC 15E

4111 San Pedro Street

Port Huenenme, CA 93043-4410

FAX: (805) 985-6465/982-5196 or DSN 551-5196

EE IR R S I I S I R R Rk I R Ik I I Rk I I R S
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Reprinted with permission from the July 1999 edition of Plumbing Engineering magazine.
Combustion Air and Venting -- No Trivial Mtter
By Lyle H Grant, CIPE, DES

Often plunbing contractors get involved with conbustion air requirenents
such as when installing a gas or oil fired water heater. Wen the installation
for such an appliance is part of an architectural plan and specification, the
conmbustion air provisions are usually included in the sheet netal work. This
tends to mnimze the plunbing contractor's involvenent in this very inportant
aspect of the work and, consequently, tends to decrease the awareness plunbers
nmust have regarding the inportance of sufficient conbustion air provisions.
Coupled with this is the general tendency to overl ook conmbustion air
requi renents in comon everyday water heater change-outs on the prenise that
"it's worked OK for twenty years; why make a problemof it!" The fact is, such
a "trouble free" installation may have been only marginally safe for all the
years it was in service and any small change as a result of the new
installation could be enough to create a serious venting problem The bal ance
between a marginally safe venting system and a dangerously ineffective system
can be tipped disfavorably by the slightest of changes. Venting problens are
nothing to trifle with. Neglecting to correct a venting problemcan result in
asphyxi ation or, at best, a very unhealthy environnent.

Safe venting has its fundanentals in two things: sufficient combustion
air provisions and the adherence to proper venting principles. These two
entities are so closely related that one cannot be thought of w thout the
other. A safe venting system cannot be attained w thout sufficient conbustion
air. But, nobst assuredly, neither can it be attained if proper venting
principles are not applied. Conbustion air is a fairly straightforward
subject, at least as it applies to the small appliances treated in this
article. Venting, on the other hand, is a very involved subject whether
dealing with a single appliance or a conplex system of nultiple appliances.
Any in-depth analysis into the conplexities of venting is beyond the scope of
this article. Instead, we will try to blend a little venting theory with a
little of the practical to come up with sone insights to help keep our venting
systens safe. Any and all references to the subject of venting throughout this
article shall pertain to natural draft venting of conventional "80% efficient
wat er heaters or small appliances.

Conmbusti on and conmbustion air

When a fossil fuel such as a manufactured (LP) gas, natural gas or oi
is mxed with the proper anpunt of air and the m xture is raised to a certain
ignition tenperature, an exotherm c (heat releasing) chemical reaction takes
pl ace between the carbon and hydrogen nolecules in the fuel and the oxygen
nol ecul es in the supplied air. This supplied air is necessary for the chenica
reaction to take place and is only one of the three things provided by
conbustion air. The other two constituents of combustion air are dilution air
(treated later in the article) and ventilation air, which is needed for the
di ssipation of heat froma confined appliance room The exotherm c reaction is
call ed the process of conbustion and the chemical exchange that takes place is
different for each chemical that is burned. When wood is burned, the by-
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products of conbustion are different than when oil is burned; and when oil is
burned, the by-products are different fromthat of natural gas, and so it goes
for each conmpound and el enent in existence when they undergo the process of
conmbustion. Sonme materials give off toxic funmes when they are burned and have
restrictions on their usage in buildings. For our purposes in this article,
however, it is only inportant to know that the by-products conmon to al
efficient fossil fuel conbustion reactions are heat, light, water (in a vapor
state) and carbon di oxi de (CQ2).

If sufficient conmbustion air is not supplied, there will be a deficiency
of avail abl e oxygen and the |ethal gas carbon nonoxide (CO instead of carbon
dioxide will be formed during the conmbustion process. Now here is the "Catch-
22" -- because conbustion air is also a major factor in the evacuation of flue
gas to the outside atnosphere, as we will see later, the shortage of it, which
caused the build up of COin the first place, now restricts the safe
evacuation of the CO laden flue gas up the chimey. The inability of the flue
gases to rise up the chimey causes themto accunul ate and, hence, to further
di spl ace any conbustion air that may be avail able thus causing an even further
build up of CO And so the cycle is repeated until the CO builds up to a
| ethal concentration.

Normal |y, when we breath air into our lungs, oxygen nolecules are
transferred to our blood and are carried by the red blood cells to all the
vital tissues of our body, including the brain and heart which are especially
dependent on a continuous supply of oxygen. The red cells are able to do this
because they contain mllions of npolecules of a substance called henopgl obin
which has a strong affinity, or attraction, for the oxygen nol ecule. The
problemis, this very same henpgl obin has an even stronger affinity for the
carbon nonoxi de nolecule -- in fact, over 200 tinmes as strong. When COis
i nhal ed, the henpgl obin binds the CO nol ecul es instead of the oxygen nol ecul es
and carries the COto the body's tissues. The result is a conplex chenica
breakdown of the body with the brain and heart being especially vul nerable.
The bi ochem stry of this breakdown is beyond the scope of this article. Al we
have to know is that the effects are swift and deadly -- all because of
i nsufficient conbustion air

Conmbustion air sources

I deal Iy, combustion air should be obtained fromoutside air sources via
ductwork or exterior wall openings. If the space in which the water heater or
appliance is located has sufficient infiltration of outside air by virtue of
| eakage around wi ndows, doors and unseal ed cracks and, in addition, has
adequate volunme of space, then and only then conbustion air may be taken from
the surroundi ng space unless instructed otherw se by the manufacturer's
installation book. If it is determined there is adequate infiltration of
exterior air, then it nust be determ ned that there is adequate vol une of
space fromwhich to draw the conmbustion air. Mst building codes require a
m ni mum of 50 cubic feet of volune for every 1000 btuh input of all appliances
i nvolved that are gas- or oil-fired. The key words to remenber when using
interior spaces for a conbustion air source are "sufficient infiltration" and
"adequat e vol unme of space." Both properties nmust exist before any notion of
drawi ng combustion air fromthe interior space in question is entertained. |f
the appliance is located in a closet or enclosure in which wall openings or
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grilles are used to draw conbustion air froma space havi ng adequate vol une,

it is vitally inportant that one such opening is located in the upper part of
the closet and the other opening |ocated near the floor. This high/low
arrangenent of conmbustion air openings provides the necessary circulation to
prevent carbon nonoxide build-up in the closet or enclosure should the venting
system becone bl ocked and is required whether the conbustion air is taken from
interior spaces or directly fromoutside. Local code authorities should be
consul ted regarding the size of openings required for each application.

Havi ng a space volune that mathematically neets the 50 cu.ft./ 1000 btuh
i nput rul e does not necessarily nean such surroundi ng space can be used as a
source of conmbustion air. If the construction of the building falls into an
"exceptionally tight" category (as defined in the various buil ding codes),
infiltration cannot be relied upon to provide sufficient conbustion air even
t hough the "volune rule" may be satisfied. Under these conditions, combustion
air nmust be obtained fromthe outdoors or from spaces freely comuni cating
wi th the outdoors.

The quality of the air used for conmbustion air purposes nust al so be
consi dered. Neither areas in which flammble or volatile solvents are used or
stored nor areas where dusts, funmes or particul ates are generated can be used
as sources of conbustion air. Drawi ng conbustion air from such hazardous areas
can result in an explosion or, at best, rapid heat exchanger deterioration of
the appliance and associ ated vent piping. Laundry roons cannot be used for a
combustion air source because of the fumes from detergents, bl eaches,
softeners and other chemicals used for |aundering, which are all very
corrosive and detrinmental to the heat exchanger and vent piping.

Venti ng

A venting systemis a series of connected pipes and passageways for
conveyi ng combustion flue gas to the outside atnosphere. This does not occur
automatically nmerely by connecting a series of pipes together which term nate
somewhere through a roof. Quite the contrary. There are many scientific
principles involved in proper vent system design, not the |least of which is
the use of certain materials installed in a certain way. Fortunately, there
are listed (laboratory tested and certified) vent system piping and conponents
manuf actured and available for virtually every type of fuel and application

Acconpanyi ng these listed systens should be manufacturer's installation
i nstructions and sizing tables. Be sure to get these tables and directions
when you purchase the vent piping. A safe venting system sinmply cannot be
installed without followi ng these tables. Were it not for this supplied
i nformati on, the system designer or installer would have to | aboriously
cal cul ate piping pressure drops, heat transfer coefficients of various
materials, flue gas tenperatures and flue gas densities, all in order to
attain a properly operating system All of these factors are built into the
vent sizing tables of a listed system

The only reason flue gases rise in any gravity venting systemis because
they are hot and, thus, lighter than the surrounding air. This density
(weight) difference gives them a buoyant property much |ike a floating cork in
the much nore dense water. The surroundi ng cool er (heavier) air dropping
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downward around the appliance "pushes" the hot flue gas upward i nside the vent
stack or chimey. The difference in weight between a given volunme of hot flue
gas inside the stack and an equal volume of the heavier surrounding air is the
"power" afforded to force the flue gases upward.

This power -- called draft -- is of such a small degree it is neasured
i n hundredths of inches water columm pressure -- a very snall force
considering that 1" WC. = 0.036 pounds per square inch (psi). In ternms of
psi, draft power would have to be neasured in the ten thousandths of a psi
Fl ue gas anal ysis and research has shown that for a conventional gravity
vented 100, 000 btuh input gas-burning furnace, nore than 200 pounds of flue
gas must be conveyed (pushed) up the vent stack or chimey, along with nore
than a gallon of water in a vapor state, every hour -- a |lot of work expected
froma force nmeasured in ten thousandths of a psi

The heavi er surrounding air, which is a major factor in the evacuation
of the flue gas up the stack, is provided in the formof sufficient conbustion
air. Fromthis we see how very inportant conbustion air is. Not only does it
keep COto a mininum it also is necessary for safe venting.

Connect or pi pi ng

The pipe that connects an appliance draft hood to a chi mey or vent
stack is called a connector pipe or, sinply, a connector. Single wal
gal vani zed steel is comonly used for connector pipe for both gas- and oil -
fired appliances though it is not recormended for gas-burning appliances.
Li sted double wall B-vent should be used for gas burning appliance connector
piping to reduce the risk of cooling the flue gases and, thus, losing the
buoyancy which causes themto rise.

Because vent connector piping gets nearly as hot as the flue gas it is
conveyi ng, maintaining safe clearances to conbustible material is very
important. If single wall gal vani zed steel pipe is being used as a connector
for a gas-burning appliance with a draft hood (which | owers flue gas
tenperature sonewhat), the absolute mninmum cl earance to conbustibles is 6
i nches. For an oil-fired appliance, which has much hi gher flue gas
tenperatures, a mninumclearance of 18 inches is required. This clearance can
be reduced sonewhat if a heat shield of at |east 28 gauge sheet netal is
incorporate with a mininmum 1-inch air space between the conbustible and the
sheet metal shield. Local codes should be consulted for reduced cl earance
requi renents when incorporating a heat shield. If listed piping is used for a
connector, then the clearances as stanped or nmarked on the piping nust be
foll owed. Using listed B-vent for a gas appliance connector pipe is
recommended for any installation, but it is nandatory to use it if the
connector is running through a cold crawl space or if there is a problemwth
keepi ng the flue gases hot enough to nmaintain their buoyant properties. Under
no circunstances can B-vent be used for an oil-fired appliance. The nmuch
hi gher flue gas tenperatures of an oil-fired appliance will destroy the inner
al umi numwal | of a B-vent.

Connector piping is a very inportant part of a venting systemand, if
not installed correctly, can cancel out everything that has been done
correctly. For exanple, not providing enough vertical rise off the appliance
draft hood before incorporating an offset fitting puts too much restriction on
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the flow of flue gases causing themto build up and spill back out of the
draft hood (see Fig. 1). The nore vertical connector pipe rise before an
of fset the better, but certainly not less than 12 to 14 inches.

Even with sufficient vertical rise and sufficient conbustion air, poor
venting can still occur if the lateral portion of a connector is too |ong or
if it does not have sufficient slope upward toward the vent stack or chi mey.

Excessively long single wall connectors |ose too nmuch heat, allow ng the
flue gases to cool and |ose their buoyancy. Likewise, if there isn't
sufficient upward sl ope toward the vent stack or chimey, the flue gas is
trapped by the flatly installed pipe -- just |ike holding your hand over a
subnerged cork preventing it fromrising to the surface. The nore slope, the
better; but certainly not less than 1/4 inch per foot slope upward toward the
chimey or vent stack is required or draft hood spillage will nbst assuredly
occur (see Fig. 1).

Vent manufacturers' sizing tables nust be consulted for proper connector
pi pe sizing, especially when long lateral runs are involved. Long latera
connectors significantly reduce the carrying capacity of a vent systemand it
is inmperative to nake use of these tables or get manufacturers' input
directly. The risk and liability is too great to rely on guesswork when sizing
any kind of vent system piping.

Vent stacks and chi meys

A vent stack, generally, is a |listed manufactured double walled or
i nsul ated pipe to which one or nmore connectors are tied into for the
conveyance of flue gas to the outside atnosphere. Listed vent stacks are
usual ly found in newer buildings while brick and masonry bl ock chi meys wil |l
be found in ol der buildings. Vent stacks should run in a vertical plane with
no offsets. Lateral offsets of any length in a vent stack significantly reduce
the btuh carrying capacity of the system Where offsets are unavoi dable, vent
manuf acturers' sizing tables nmust be carefully followed. If the offset is
exceptionally | ong and beyond the allowable length Iisted in the sizing

tables, do not rely on luck in thinking that it will work. Again, don't take
risks when it involves venting -- the liability and consequences are too great
to rely on guesswork or false hopes that the systemw ||l somehow work

properly. As nuch sl ope as possible should be given to any |ateral section of
vent piping but, in no case, should the slope upward (toward the roof
term nation) be less than 1/4 inch per foot.

Li sted vent stack systens work well when installed in accordance with
the terms of listing, i.e., the manufacturer's directions. In those |isted
systens where problens occur, it is nost often because of one of the
fol | owi ng:

* I nsufficient combustion air

* | mproper si zi ng.

* I nsufficient slope.

* Firepl aces or exhaust fans causi ng negative pressure.
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Manuf acturers thoroughly cover all of the above inproprieties in their
acconpanyi ng installation nanual s except, perhaps, for the fourth item This
very dangerous condition is often overl ooked. One of the worst nmultiple
asphyxi ati on cases |'ve seen involved a fireplace chi nmney whose natural draft
was so great that it literally pulled flue gases back down the vent stacks
servi ng various other appliances throughout the building. The toxic gas
m grated through occupi ed areas, including the |Iounge and bedroons,
asphyxi ati ng ei ght peopl e.

Attic fans and exhaust fans can do the sanme thing. Any equi pnent that
can put a building or house under negative pressure nmust be considered in
combustion air and venting system design. Along those sanme lines is the very
dangerous condition of having a return air register of a forced warm air
systemtoo close to an appliance vent. This |ethal arrangenment is often found
i n basenent return duct systenms next to vented appliances. Wen the furnace
blower fan is in operation, it will pull flue gas down the vent and into the
furnace return air streamthus distributing flue gases throughout the
occupancy. A separation of 10 feet between any return air opening and a flue
gas vent is considered an absolute mnimumdistance. Ill-fitting or open
return air duct joints can also pull flue gas into the air distribution system
in a simlar manner as a return register, so care nmust be exercised to nake
sure all such joints are seal ed properly.

Not hi ng one can say regardi ng conbustion air or venting is nore
i mportant than another; it is all very much Iinked together. Although
manuf acturers give very explicit directions in their installation booklets,
these very inportant directions, unfortunately, are often not read or
foll owed. This total lack of responsibility is not nmerely asking for serious
trouble, it is begging for it.

Dealing with heavy nass

When deal ing with heavy mass brick or masonry bl ock chi meys, the
installer must rely upon the appliance manufacturer's recommendati ons and
jurisdictional code requirenments for venting into such unlisted systens.

Chi meys of this type are prone to condensation and spillage problens,
especially in colder climtes. A commonly found situation is one where a
conventional gas furnace and gas water heater are both tied into a brick (or
heavy mass) chi nmmey and the owner wishes to switch to a new high efficiency
furnace. This being done, the PVC flue pipe fromthe new furnace is vented
through an outside wall |eaving only the nom nal 3-inch or 4-inch dianeter
connector fromthe water heater tied back into the chimey. This is
specifically warned against in water heater manufacturer's installation
directions; but, nevertheless, it is done all too often and usually with
serious consequences. The heavy mass of the chi nmey absorbs heat fromthe

wat er heater's flue gas on the way up the chimey. |If the chimmey is high
enough and/or cold enough, the flue gases will cool and |ose their buoyancy
only to drop back down the chimmey and spill at the draft hood. In addition
the entrai ned water vapor in the flue gas, having been cooled to dewpoint
tenperature, now condenses on the inner walls of the chimmey causing serious
deterioration. Chimey walls do not have to be exceptionally cold for this to
happen, nmerely at the dewpoint tenperature of the saturated flue gas which
for a conventional gas appliance or water heater, averages around 127 degrees
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Fahrenheit. This neans the chimey nmss tenperature has to be at |east 127 F
or nore to prevent condensation. Further, if sufficient combustion air is not
provided in the formof dilution air at the draft hood, the flue gas dewpoi nt
will be even higher -- upwards to 140 F. In this case, unless the entire

chi nmmey mass tenperature is nmaintained at 140 F or nore, condensation will
occur.

If the chimmey has a clay tile or stainless steel |iner, condensation
can still occur if the outside tenperature is |ow enough or if the chimey has
its wall surfaces exposed to the exterior. Many ol der buil di ngs have chi meys
running up an outside wall with three or nore exposed surfaces. These are the
types nost vul nerable to condensation problems. A clay tile or stainless stee

liner will offer little protection against condensati on because such |iner
material has little insulative value and will allow the flue gases to cool
The solution is to provide an insulated or double-wall liner that is listed

for the application and for the type of fuel used.

Venting probl ens associated with heavy nmass chi meys are nmuch nore
preval ent with gas-fired appliances. Ol-fired appliances are a little nore
forgiving in this respect because their flue gases are hotter and are able to
expend nore heat to the cold chimey walls before reaching their dewpoints.
But, again, if the chimey has enough nass and/or the outside tenperature is
| ow enough, condensati on problens can occur with oil-fired appliances as well

Many ol d masonry chi meys have built-in offsets making it inpossible to
drop a conventional |iner or B-vent. There are listed flexible liners for
these probl em applications, but they cannot be sized using conventional vent
sizing tables because flexible liners have | ess btuh carrying capacity. Listed
flex liners have their own sizing tables that are derated to allow for the
added resistance of their corrugated walls, the added surface area of the
corrugations, and the inability to keep the flue gas as hot for a given length
due to their single wall construction. The appropriate derated sizing tables
acconpanying the flex liner nust be followed. Mst flex liners are made of
al umi num and are listed for gas appliances only, but there are sone
constructed of heavy gauge stainless steel and listed for oil-burning
applications. Be sure to use the correct one.

Concl usi ons

1) The inportance of adequate conbustion air cannot be overenphasi zed; w thout
it, the best designed and installed venting systemw |l not work properly.

2) The tightness of the building nmust be determined to know if interior spaces
can be used as a source of conmbustion air or if it nust be obtained directly
fromthe outdoors. Don't be too quick to assune a buil ding has adequate
infiltration to pernmit usage of interior spaces as a conbustion air source.
New and renodel ed buil di ngs nowadays are constructed to such a degree of
tightness that infiltration cannot be relied upon for conbustion air purposes.

3) It is extrenely inportant that attic fans, exhaust fans, fireplaces, and
ot her equi pnment tending to put the building under negative pressure be taken
into consideration in combustion air and vent system design. Al so nmake sure
there are no return air registers, grilles or openings nearby which could pul
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flue gas down a vent into an air distribution systemor forced warmair
system

4) Make sure all vent connectors and vent stacks are sized correctly and have
adequat e upward sl ope.

5) Avoid offsets and long lateral runs in vent stacks and/or connector piping.
If offsets are unavoidable, follow the manufacturer's appropriate sizing
tables for laterals.

6) Do not vent into heavy nass masonry chi meys without a proper liner
especially with gas-burning appliances and in colder clinmates.

7) Never leave a jobsite installation w thout doing a draft check on al
appliances as shown in Fig. 2. If multiple appliances are involved, check each
one individually (with the burner on), then put all the appliances in
operation with all their burners on and proceed to check each one individually
again. This is a good test to showif there is any backspillage (where one
drafts but spills back through another instead of going up the vent) anbng any
of the appliances.

It is ny hope that none of us will ever be involved in an asphyxiation
case resulting fromsonething we installed; but, at the same tinme, we nust be
aware of the possibility and that we nust always be vigilant. Do not rely on
chance when it comes to conbustion air or venting. If this article, in sone
small way, conpels us to this realization, it will have served its purpose
[ END]
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Figure 1 — Connector piping s & very important part of 2
wanting systerm. If not instaed cormectly, it can cancef out
evendtiing thal has been done comectiy.

Splllage can ba detected

by a simple draft check

with a lighted match |
arournd the bottom
perimeter adge of the

draft hood

The match

will flicker or
axtinguish If
there is spillage

Figurs 2 — Naver leave a jobsite installation without
doing & draft check on all applances, bath singly and
togethar, with the bumar(s) on.
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