MEMORANDUM FOR: Those on Attached List

FROM: C. J. Heltemes, Jr., Director
Office for Analysis and Evaluation
of Operational Data

SUBJECT: CASE STUDY REPORT "SAFETY IMPLICATIONS ASSOCIATED WITH
IN-PLANT PRESSURIZED GAS STORAGE AND DISTRIBUTION SYSTEMS
IN NUCLEAR POWER PLANTS" (AEOD C501/NUREG/CR-3551,
ORNL/NOAC 214)

Under separate cover, the U.S. Government Printing Office is sending you a copy
of an AEOD study which was performed by our contractor (ORNL). This study
evaluates the safety implications associated with the use of pressurized gases
in nuclear power plants. This study considered the storage, handling and use
of ten gases which are commonly used in nuclear power plants. The study
identified potential safety hazards, and it provided recommendations to
alleviate those hazards.

In performing the study, the contractor made site visits to several nuclear
power plants to observe actual plant practices. The case study presents many
observations that were made on those trips and highlights the fact that the
handling storage, distribution and use of pressurized gases at nuclear power
plants are not necessarily carried out in a manner that meets commonly accepted
industrial practices. The report presents instances in which NRC inspectors
found the use of pressurized gases differed from that which was discussed in
plants' FSARs or SERs.

The case study presents three major recommendations for improving the handling
and use of pressurized gases in nuclear power plants. The recommendations
address:

1. protection of safety related equipment from portable gas cylinders,
(Section 10.1)

minimization of the potential for hydrogen explosions and/or fires
affecting safety-related equipment, (Section 10.2)

identification of pressurized gas lines and tanks. (Section 10.3)
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As an update to the case study report, we have also enclosed excerpts from a
recent IE inspection report. It provides the details of a violation which
involved the improper storage of nitrogen bottles inside containment, which
created a potential missile hazard. A nitrogen bottle was secured to the scram
discharge instrument volume piping, thereby creating an unreviewed safety
question.

AEOD recommends that NRR and IE review the three recommendations which are
presented in Sections 10.1, 10.2 and 10.3 of the case study report, and that
NRR and IE consider the application of the suggested methods presented in those
sections of the report in implementing these recommendations.

AEOD will track these three recommendations in its recommendation tracking
system,

If you have any questions regarding this study, please feel free to contact Dr.
Hal Ornstein at 492-4439.
14/

C. J. Heltemes, Jr., Director
Office for Analysis and Evaluation
of Operational Data
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As stated
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ATLANTA, GEGRGIA 30303

Report No.: 50-416/85-03 g
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Jackson, MS 38205 4 ! 3
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SUMMARY

Scope: This inspection involved 175 inspector-hours om site im the- areas of
Operational Safety Verification, Maintenance Observation, Surveillance Test
Observation, Engineered Safety Feature (ESF) System Walkdown, Reportable i
Occurrences, Operating Reactor Events and Independent Inspection.

Results: Of the seven areas inspected, no violations or deviations were identi-
fied in five areas; two apparent violations were found in two areas (failure to
perform a safety analysis for storage of nitrogen bottles inside containment,

Paragraph 5; inadequate procecure that permitted unreviewed and unapproved ‘
changes to procedures regquired by Technical Specification (TS) 6.8, Paragraph |
10)- !
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ENCLOSURE 1
NOTICE OF VIOLATION

Mississippi Power and Light Company Docket No. 50-416
CGrand Gulf License No. NPF-29

The following violations were identified during an inspection conducted on
January 16 - February 15, 1%85. The Severity Levels were assigned in accordance
with the NRC Enforcement Policy (10 CFR Part 2, Appendix C).

' 10 CFR 50, Appendix A, Criterion 4 requires that structures, systems, and
components be appropriately protected against dynamic effects, including the
effects of missiles. 10 CFR 50.59(a)(2) states that a proposed change,
test, or experiment shall be deemed to involve an unreviewed safety question
if a possibility for an accident or malfunction of a different type than any
evaluated previously in the safety analysis report may be created.

Contrary to the above, the licenses failed to perform a safety anzlysis for
the storage of nitrogen bottles inside containment creating a potential
missile hazard in that the bottles were not properly restrained.

This is a Severity Level IV Violation (Supplement I).

2. Technical Specification (TS) 6.8.1 requires written procedures be
2stablished, implemented and maintained as recommended by Regulatory Guide
(RG) 1.33. RG 1.33 requires procedures for operating the feedwater system.
TS 6.5.3.1.a states procedures required by TS 6.8 and changes thereto shall
be prepared, reviewed and approved.

Contrary to the above, Administrative Procedure 01-S-06-2 permitted the
shift supervisor or control room operator to provide written instructions,
without the proper review and approval, for placing the heater drain oumps
in the pump forward mode, resulting in a reactor scram.

This is a Severity Level IV Violation (Supplement I).

Pursusnt to 10 CFR 2.201, you are required to submit to this office within 30
days of the date of this Notice, a written statement or explanation in reply,
including: (1) admission or denial of the 21leged violations; (2) the reasons
for the violations if admitted; (3) the corrective steps which have been tzken
* and the results achieved; (4) corrective steps which will be taken to avoid
further violations; and (5) the date when full compliance will be achieved.

Security or safeguards information should be submitted as an enclosure to
facilitate withholding it from public disclosure as required by 10 CFR 2.790(d)
or 10 CFR 73.21.

—
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= .J The inspectors made frequent visits to the control rcom such that it was
f Yisited at least daily when an inspector was on site. Observations included
- instrument readings, setpoints and recordings; status of operating systems;
tags and clearances on eguipment controls and switches; annunciator alarms;
adherence to procedures; adherence to limiting conditions for operation;
temporary alterations in effect; daily journals and data sheet entries;
control room manning; and access contrels. This inspection activity
included numerous informal discussions with operators and their supervisors.

Weekly, when onsite, a selected ESF system is confirmed cperable. The
confirmation is made by verifying the following: accessible valve flow path
alignment; power supply brezker and fuse status; ma2jor component leakage,
lubrication, cooling and general condition; and instrumentation.

General plant tours were conducted on at least a biweekly basis. Portions
of the control building, turbine building, auxiliary building and outside
areas were visited. Observations included safety-related tagout verifica-
tions; shift turnover; sampling program; housekeeping and general plant
conditions; fire protection equipment; control of activities in progress;
radiation protection control; physical security; problem identification
systems; and containment isolation.

The following comments were noted:

Several minor discrepancies were noted during the inspectors tours, such as
the High Pressure Core Spray (HPCS) pump suction pressure gage E22R001 on
elevation 93 of the auxiliary building was off scale, and Maintenance Work
Order (MWO) 43288 and MWO 43289 for valves C11F002A and C11F002B had been
cancelled, but the MWO tags wzre still on the panel. The licensee was

notified and identified discrepancies were promptly corrected. Housekeeing
has been very good for a plant in the startup testing phase of operation.
One discrepancy noted on February 12, 1985, involved the storage of several
ritrogen pressure bottles used inside containment for recharging the nitro-

carts and (Secured to the scram discharge instrument volume piping. The
reactor was at low power during startup operations. Ine licensee was
notified of the inspector's concern regarding the potential missile hazard
inside containment and immediately took corrective action to remove excess
nitrogen bottles and to provide restraint for those bottles remaining in
contzinment. 10 CFR 50, Appendix A, Criterion 4 requires that structures,
systems‘énd components be appropriately protected against dynamic effects
including the effects of missiles. 10 CFR 50.59 (a)(2) states that a
proposed change, test, or experiment shall be deemed to involve an
unreviewed safety question if a possibility for an accident or malfunction
of a different type than any evaluated previously in the safety analysis

report may be created. Failure to perform a safety analysis for the storage

7

gen accumulators on the control rod drive system. The T DLL IS were
““-:;y)> free standing in corners, laying in the aisles, fixedin bottle transport

of nitrpgen bottles inside containment is a Violation of 10 CFR 50.53\\/)

(50-416/85-03-03).
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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or impled, or assuines any legal liability of re-
sponsibility for any third party’s use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE
Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, NW.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, Post Office Box 37082,
Washington, DC 20013.7982

3. The National Technical Information Service, Springfieid, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
itis not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement builetins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are ave:lable for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, NY 10018.
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FOREWORD

The work reported here was undertaken by the Nuclear Operations
Analysis Center (NOAC) at Oak Ridge National Laboratory on behalf of the
Office for Analysis and Evaluation of Operational Data (AEOD) of the
Nuclear Regulatory Commission (NRC). The technical monitor for the proj-
ect was H. L. Ornstein of the AEOD Reactor Operations Analysis staff.

NOAC performs analysis tasks, as well as information gathering ac-
tivities, for the NRC. NOAC's activities involve many aspects of nuclear
power reactor operations and safety.

NOAC was established in 1981 to reflect the broadening and refocus-
ing of the scope and activities of its predecessor, the Nuclear Safety
Information Center. It conducts a number of tasks related to the analy-
sis of nuclear power experience, including summaries of operation for
U.S. power reactors, generic case studies, plant operating assessments,
and risk assessments.

NOAC has designed and developed a number of major data bases that
it operates and maintains for the NRC. These data bases collect diverse
types of information on nuclear power reactors from the construction
phase through routine and off-normal operation. These data bases make
extensive use of reactor-operator-submitted reports, such as the Licensee
Event Reports.

NOAC also publishes staff studies and bibliographies, disseminates
monthly nuclear power plant operating event reports, and prepares the
Nuclear Safety Jourmal. Direct all inquiries to Joel R. Buchanan, Di-
rector, Nuclear Operations Analysis Center, P.0O. Box Y, Oak Ridge Na-

tional Laboratory, Oak Ridge, TN 37831, Telephone 615-574-0303 (FTS:
624~0393).
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EXECUTIVE SUMMARY

The hazards associated with the use of compressed gases in nuclear
plants are similar to those asscciated with the same gases used .n indus-
trial plants, However, in nuclear plants the concern is that gas hazards
do not create secondary nuclear hazards. Ten gases commonly used in nu-
clear power plants were selected for study to determine the safety impli-
cations associated with their storage and handling. The gases were air,
acetylene, carbon dioxide, chlorine, Halon, hydrogen, nitrogen, oxygen,
propane, and sulfur hexafluoride. The study was limited to the potential
hazards from the time the gases were brought into the plant until they
entered into the process, with special attention to the potential for
subsequent events leading to secondary plant hazards.

All compressed gases are hazardous because of their stored energy,
which could be released in case of equipment failures. Many of the gases
have other unique hazards as well. The descriptions of each gas and the
tabulation of physical properties in Chap. 2 give indications of other
possible hazards. Hydrogen, acetylene and propane are flammable, and re-
leases could lead to explosions. All except air and oxygen are either
toxic or can cause asphyxiation. Sulfur hexafluoride, Halon, and chlo-
rine are considerably heavier than air, which increases the hazards of
toxicity or asphyxiation due to layering.

Gases can be shipped or stored in the compressed, dissolved, or lig-
uified state as cryogenic liquids. Shipping and storage containers are
built to comply with detailed specifications of the U.S. Department of
Transportation and the ASME Boiler and Pressure Vessel Code, particularly
Section VIII on unfired pressure vessels. Other regulations as listed in
the references cover all other aspects of design, fabrication, operation,
and maintenance of gas systems.

From a review of the methods used for the general containment and
handling of each of the gases, it was found that the shipping containers
vary from small portable cylinders to large tank trailers or tank cars.
Gases are sometimes used directly from the shipping container or may be
transferred to permanent on-site storage.

Available literature indicates that adequate rules and regulations
are available for safe handling of portable gas cylinders, but these
regulations are difficult to control administratively. Thus cylinders
are susceptible to being overturned, dropped, or hit by other equipment
such as cranes and motorized vehicles. If rupture occurs, the energy
released from a 200-scf cylinder of gas pressurized to 2200 psig would be
equivalent to a stick of standard dynamite. If the gas were hydrogen and
an explosion occurred, the energy released would be equivalent to four
sticks of standard dynamite. Portable cylinders can also become missiles
and can travel long distances, causing considerable damage. The larger
the gas container (for a given gas and pressure), the greater the energy
released from a rupture or explosion.

Sources of safety-related information were reviewed to determine
what type of accidents have occurred in industry or at nuclear power
plants that were related to handling pressurized gases. A number of
incidents which had serious consequences are described.
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From a brief review of the safety analysis reports of several nu-
clear plants, it was concluded that pressurized gas storage, transfer,
and control systems were designed using industry codes and practices as
well as Nuclear Regulatory Commission (NRC) requirements. Descriptions
and typical flowsheets of these systems are included in the report.
Visits made to three nuclear power plants indicated that, in general,
safe practices were being followed.

Based on the reviews, studies, and plant visits, several areas of
concern were identified. These are discussed in Chaps. 8 and 9; recom—
mendations are given in Chap. 10.

0f particular concern is the use of portable cylinders because they
are used throughout the nuclear industry and serious accidents involving
the cylinders have occurred. These accidents could result in a gas cyl-
inder becoming a missile and causing unacceptable damage to safety-related
equipment. Recommendations are presented to prevent such occurrences.

Another concern is the possibility of a hydrogen explosion which
could damage safety equipment. One of the three plants visited did not
have an excess flow device in the hydrogen supply line to prevent empty-
ing of an entire trailer of hydrogen into the auxiliary building. Changes
in applicable NRC regulations are recommended.

It is recommended that NRC regulations be issued requiring identifi-
cation of high-pressure gas lines to prevent mix-ups during emergencies
as well as during routine operation or maintenance.

Other areas were identified that could cause safety incidents. In
some caser, adherence to existing policies seemed adequate. In others,

a review of existing design or practices is recommended.



SAFETY IMPLICATIONS ASSOCIATED WITH IN-PLANT PRESSURIZED
GAS STORAGE AND DISTRIBUTION SYSTEMS
IN NUCLEAR POWER PLANTS

R. H. Guymon
W. R. Casto E. L. Compere

ABSTRACT

Storage and handling of compressed gases at nuclear power
plants were studied to identify any potential safety hazards.
Gases investigated were air, acetylene, carbon dioxide, chlo-
rine, Halon, hydrogen, nitrogen, oxygen, propane, and sulfur
hexafluoride, Physical properties of the gases were reviewed
as were applicable industrial codes and standards. Incidents
involving pressurized gases in general industry and in the nu-
clear industry were studied. In this report general hazards
such as missiles from ruptures, rocketing of cylinders, pipe
whipping, asphyxiation, and toxicity are discussed. Even
though some serious injuries and deaths over the years have
occurred in industries handling and using pressurized gases,
the industrial codes, standards, practices, and procedures are
very comprehensive., The most important step one can take to
ensure the safe handling of gases is to enforce these well-
known and established methods. The following recommendations
are made for further improving the safe handling of pressur-
ized gases.

l. Provide protection to prevent damage to safety-related
equipment from gas cylinder missiles.

2. Provide protection to prevent explosions from rapid
releases of hydrogen in areas containing safety-related
equipment.

3. Provide easily recognizable identification of lines and
tanks containing hazardous gases.

l. INT«ODUCTION

Many compressed gases are employed in a typical nuclear power

plant. All compressed gases are potentially hazardous because of the
stored energy in the compressed fluid. In addition many of the gases
have other hazard potentials: fire, explosion, toxicity, and asphyxia-
tion are the more common. None of these hazards are unique to nuclear
power plants, and all have been addressed by codes and standards, the ap-
plication of which is reviewed as part of the licensing process. Nuclear
plants have broadly based safety programs, and personnel are well trained.
Information relevant to the safety of handling pressurized gases is given



in the operating procedures, safety manuals, and emergency planning docu-
ments for each plant. These documents are implemented by operator train-
ing, safety meetings, and emergency drills. However, no systematic review
of hazard potentials of gases as applied to nuclear power plants had been
undertaken. Accordingly, the Nuclear Regulatory Commission (NRC) Office
for Analysis and Evaluation of Operational Data funded this study which
was undertaken by the Nuclear Operations Analysis Center at Oak Ridge
National Laboratory.

The intent of the study was to review the type, location, and poten-
tial failure modes associated with pressurized gas systems to identify
and characterize potential concerns that might pose unrecognized safety
problems should one of these failures occur in a nuclear power plant.
Thie etudy doee not imvolve plant conditione or operatione under accident
eonditions nor doee it inelude evaluatiome of failures or performance of
plant syeteme that uee pressurized gae in performing their functions. It
does assess the potential for failures of pressurized gas systems to in-
duce other failures in a nuclear plant. Specifically, objectives of the
study were

l. to cobtain data on past failures and hazards experienced in nuclear
and fossil power plants and in other industrial activities that re-
sulted from the on-site transportation, handling, storage, and dis-
tribution of pressurized gas;

2. to evaluate the adequacy of typical nuclear plant designs, proce-
dures, and practices regarding the transportation, handling, storage,
piping, monitoring, and inspection of pressurized gas systems in
light of real and potential failure modes; and

3. to recommend improvements that would reduce the hazards to nuclear
plant personnel and equipment associated with pressurized gas sys-
tems .

Ten gases used at nuclear power installations were selected: air, acety-
lene, carbon dloxide, chlorine, Halon, hydrogen, nitrogen, oxygen, pro-
pane, and sulfur hexafluoride.

Compressed air is used extensively for instrumentation, pneumatic
valve operation, and leak detection, It is also used in self-contained
breathing apparatuses where particular purity specifications are neces-
sary. Special cylinders are normally used. These are often refilled
using small on-site dedicated air compressors. Acetylene is used in
nuclear plants in metal cutting and welding equipment. Carbon dioxide
and Halon 1301 are used in fire extinguishers because they are nonflam
mable and heavier than air. Carbon dioxide is also used in power plants
to purge hydrogen from generators and other equipment because it does not
react with hydrogen. Chlorine is used in power stations as an additive
to raw water to kill organisms in the water and thus inhibit fouling of
heat transfer surfaces. However, because of the hazards involved in
handling chlorine, many plants now use sodium hypochlorite. Hydrogen is
used in large electrical generators to reduce windage losses and as a
heat transfer agent. In some plants it is also used as a cover gas for
the volume control tank to reduce corrosion in the primary water system.
Because it 1s inert and relatively inexpensive, nitrogen is used in pres-
surlzed-water-reactor (PWR) pressurizers and accumulators and for filling



bolling-water-reactor (BWR) containments, charging control rod accumuli-
tors, and purging equipment to establish an inert atmosphere. It is also
used as a backup for instrument air for some critical applications. The
main use for oxygen in nuclear plants is in oxy-acetylene welding and
cutting equipment; however, it is also used in hydrogen recombiners.
Propane is occasionally used in nuclear plants as an auxiliary boiler fuel
and as a fuel for forklifts and other vehicles. Because of its high di-
electric strength, sulfur hexafluoride is used as an insulating atmo-
sphere in electrical equipment such as switchyard circuit breakers.

Argon and helium are also used at nuclear plants mainly for welding
and purging. However, these two gases are not specifically addressed in
this report because they are inert gases and have a safety significance
similar to that of nitrogen (i.e., stored energy at high pressure and a
potential asphyxiant if released). Freon gases are also used in air con-
ditioners but are not included because of their similarity to the Halons.
Note also that propane was selected as being representative of all liqui-
fied petroleum gases (primarily propane and butane).

In this study the physical properties of the gases and their asso-
clated industrial codes and practices were first reviewed; then the gen-
eral hazards of handling gases with respect to safety at a nuclear power
plant were evaluated. Consideration was glven to the various failure
modes that can be encountered in handling pressurized gases, such as
ruptures, explosions, missiles, pipe whip, asphyxiation, and toxicity.

So that the general failure modes could be better understood, a study was
made of incidents involving pressurized gases in industry as well as at
nuclear power plants.

Several nuclear installations were examined for possible deficien-
cles of selected systems. For example, attention was directed to the
various types of pressurized stored gas systems to evaluate such items as
the on-site transportation routes, the location and type of storage, lo~-
cation and type of distribution and handling, ventilation capability with
and without normal power, and available monitoring and warning systems.
Three nuclear power plants were then visited so that specific systems
could be traced and plant design observed first hand. During the visits
the installations were considered with the standard codes and practices,
history of incidents, and nuclear plant designs in mind. The results of
these evaluations can be found in Chaps. 9 and 10.



2. PHYSICAL PROPERTIES AND HAZARDS OF THE GASES

Selected physical properties of the ten gases included in this
study are tabulated in Table 1, including chemical formula, molecular
weight, boiling point, density, vapor pressure, ratio of specific heat,
and heat of vaporization. Where applicable their combustion and detona-
tion limits as well as their auto ignition temperature and net heat of
combustion are listed. Reference | provided a basis for the information
in the table and for the following sections, which give a brief descrip-
tion of each gas along with some specific hazards assoclated with the
use of each. None of the selected gases are very corrosive if they are
kept dry. However, a corrosive atmosphere could be created if a release
occurs and moisture is present.

2.1 Compressed Air

Compressed air is about 78% nitrogen and 21% oxygen. It is, of
course, nontoxic and nonflammable, and dry air is noncorrosive. The
main hazards are those associated with elevated pressure. Compressed
air can accelerate burning of combustible material, which elevates tem-
peratures.

2.2 Acetylene

Acetylene is a colorless gas that is somewhat lighter than air.
The garlic-like odor of commercial acetylene provides warning of its
presence. It has a very wide range of flammability and detonation and a
low ignition temperature. It produces a high-temperature flame and will
decompose and explode at pressures greater than about 15 psig. Unstable,
exothermic solid compounds are formed with silver or copper. It is not
toxic but does act as an asphyxiator. Fortunately, because the gas den-
sity is close to that of air, it mixes well with air and does not concen-
trate in isolated cavities such as casements and tanks.

2.3 Carbon Dioxide

Carbon dioxide is a colorless, odorless gas that is relatively non-
reactive and nontoxic. About 1.5 times heavier than air, it tends to
accumulate in lower elevations and can cause asphyxiation.

2.4 Chlorine

Chlorine is a greenish yellow gas with a distinctive, pungent odor
that painfully attacks nasal and lung tissues (see Sect. 4.7.1). The
acceptable breathing cuncentrations established by the American National



Table |. Physical properties of selected gases

Liquid density

Vapor
Sotltng (1b/fed) Gas density Ratio et of Combustion Detonation Mt: Sox aut o
e Cheaical Molecular ok (pata) at | atm of veporizstion limits in limits in ignition galein” o0
formila  weight (’:" Ar and 70°F  specific “UPLLUH air air TORPREOSIES (maliv)
botling At 70°F O - (1b/fe?) heat? () (2) on
At 70°F Ar 130°F
point
ate? " o+ 0y 9.0 -8 54.9 e . - 0.0750 1.40 #8.2
Acetylene CaHy 26.0 -0 38.6 24.0 650 e 0.0730 1.26 o 2.8-80 4.2-50 581 18,410
Carbon dioxide CO; s —09f 9% .4 7.8 853 940 0.1140 1.% 100.8
Chlorine c1; 70.9 -30 B 87.7 85 214 0.2000 1.3 123.7
Halon 1301* CBrFy 148.9 -72 e 97.8 214 449 0.39iC 1.16 S1.1
Hydrogen L 2.0 423 4.4 e B e 0.0050 1.41 192.7 75 1859 1085 51,500
Nitrogen N, 8.0 -320 50.5 - - e 0.0720 1.40 85.6
Oxygen Gy 32.0 -297 71.3 e e e 0.0828 1.40 91.7
Propane Cykg sl By 31.2 e 109.7 258.4 0.1160 1.13 183.1 2.2-9.5 - 9201120 18,810
Sulfur hexa-  SFPg 146.1 a8 . 86.1 128 765 0.4000 1.28 37.3
f luoride

ARatio of specific heat at constant pressure per specific heat at constant volume.
b»'tul-uly 782 nitrogen and 211 oxygen.

“Not found fn abbreviated literature search,

dsubl1matton potnt.

“Bromotrifluoromethane.



Standards Institute? are an 8-h time-weighted average concentration of

1 ppm, a ceiling concentration of 2 ppm, and an acceptable maximum for
peaks above the acceptable ceiling concentration of 3 ppm for periods of
5 min. It is heavier than air and can accumulate at lower elevations.
Its penetrating odor at low concentrations warns of its presence. Al-
though nonflammable, its reactions are similiar to those of oxygen.

Many organic chemicals react with it, {1 some cases with explosive vio-
lence.

2.5 Halon 1301 (Bromotrifluoromethane)

Halon 1301 is a stable nonflammable gas that is odorless at concen-
trations less than 20% in air. At higher concentrations it has a slight
ether-like odor. It is relatively nontoxic (see Sect. 4.7.2) but is an
asphyxiator. Because it is much heavier than air, it can accumulate in
lower elevations, increasing the hazard of asphyxiation. However, this
high density enhances its value for fire extinguishing -— its main use
in nuclear power plants. Its low boiling point can cause severe frost-
bite if contact is made with the liquid.

2.6 Hydrogen

Hydrogen is a colorless, odorless, tasteless, flammable, nontoxic
gas about seven-hundredths as heavy as air. It diffuses rapidly through
porous materials and through some metals at red heat, and it may leak
out of systems that are leak tight to air. When it burns, the flame is
pale blue and almost invisible. Because of the danger of explosive re-
ignition, hydrogen fires should not be extinguished until the supply of
hydrogen has been shut off.?

2.7 Nitrogen

Nitrogen makes up the major portion of the atmosphere. It is -
colorless, tasteless, nontoxic, nonflammable, and an almost totally
inert gas. It has no odor to warn of possible asphyxiation.

2.8 Oxygen

Oxygen is a colorless, odorless, tasteless gas. Most chemical ele-
ments except the inert gases combine directly with oxygen. Some, such as
phosphorus and magnesium, ignite spontaneously at ambient temperatures.
Fire hazards are usually increased in oxygen-enriched atmospheres. The
degree of hazard varies with the concentration of oxygen present, the
concentration of any nonflammable gas present, and the total pressure.*
Precautions should be taken to ensure that no oill or grease is present in
oxygen distribution systems because organics burn with nearly explosive
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yleld factor, rate of combustion, and other factors may be quite dif-
ferent from those of hydrogen, leakage and subsequent explosion of a
cylinder of acetylene could cause considerable damage.

Instances where flammable liquified gas containers fail and break
into two or more pieces are common enough to be considered separately.
These are called boiling liquid—expanding vapor explosions (BLEVEs).!l
Most BLEVEs have been caused by container failures resulting from fire
exposur2, A few BLEVEs hase occurred from corrosion or impact-type con-
tainer failures. When the break occurs, the pressure is reduced to atmo-
spheric pressure. Part of the liquid is vaporized very rapidly, and the
heat of vaporization cools the remaining liquid. The large expansion due
to vaporization can create missiles from pleces of the container. The
explosion rapidly mixes the vapor in air and when ignited results in a
fireball., The remaining cold liquid may be atomized and ignite as it
flies through the air. The size of a BLEVE depends basically on how much
liquid vaporizes when the container fails and what the container pieces
weigh, This is analogous in many respects to the performance of rockets
as far as propulsion of container parts is conc-rned. Most liquefied gas
BLEVEs occur when containers are from slightly less than one-half to
about three-fourths full of liquid. The ratio of 1liquid vaporization ex-
pansion energy to container piece weight is such that pleces are propel-
led for distances up to ~0.5 mile. Fireballs several hundred feet in
diameter are not uncommon, and deaths from burns have occurred to persons
as much as 250 ft from larger containers (e.g., 30,000-gal liquid propane
gas tank car).

4.4 Missiles

Missiles can be generated from the energy released from ruptured
containers and/or explosions. Some calculations of missiles are given
in Refs. 12 and 13; examples of incidents are given in Chap. 5. The most
common cause of missiles is unrestrained portable cylinders from which the
valve assembly has been broken off,” frequently caused by a fall with the
valve cover not in place. Missiles can also be produced when instruments
fail. The weakest parts of a compressed gas system are usually its gages.
Bourdon tubes on pressure gages often fail, usually due to fatigue caused
by constant pulsing of the pressure. To prevent injury of personnel,
high-pressure gages should have full-sized blowout backs with either
multi-ply plastic or double-~laminated safety-glass-gage face covers.

4.5 Pipe Whip

Pipe whip is a hazard related to inadequate fastening of pressurized
gas lines — either flexible or rigid. The force of fluid escaping from a
broken pipe can cause the pipe section to move, but the elastic stiffness
of the pipe tends to return it to {ts original position. Additionally,
long unsecured runs of piping can create a plastic hinge at some distance
from the break. In either case, pipe whipping at high pressure can cause
extensive damage to equipment and/or injuries to personnel, Generally gas
distribution systems are operated at low pressure (i.e., <200 psig) to
avold this problem; some applications, however, require higher pressures.
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4.6 Asphyxiation

Asphyxiants are substances that deprive body tissues of oxygen,
causing hypoxia (i.e., oxygen starvation). Often there is no warning,
loss of mental faculties begins within a few seconds, and unconsciousness
occurs shortly thereafter. The normal oxygen content of air is 20.9%.
Below about 16%, flames are extinguished and individuals breathing such
alr suffer loss of coordination and judgment masked by euphoria, giving
the victim a sense of well-being and security. Exposure to atmospheres
containing less than 12% oxygen can rapidly result in unconsciousness,
brain damage, and death by asphyxiation. The minimum oxygen concentration
in air required for short-term survival is 6-8%.

Except for alr and oxygen, all of the selected gases can cause as-
phyxiation. Gases with different densities than air present the greatest
hazards due to their potential for stratification. The heavier gases
usually are more hazardous because they accumulate at lower elevations
where personnel are more likely to be. Sulfur hexaflueride and Halon
gases are about five times mouve dense than air.

Mitigation or prevention of asphyxiation includes Limiting where
possible the amounts of gas avallable to enter an enclosure, providing
suitable ventilation, providing instrumentation that indicates low oxygen
content of enclosure atmosphere, having portable and/or extended air sup-
plies available to personnel entering enclosures that could have low
oxygen concentrations, and using the buddy system (where two people work

together but only one enters suspect areas while the other observes from
a safe place),

4.7 Toxicitz

In addition to asphyxiation, some gases have a toxic effect on the
human system, either through inhalation, through high vapor concentra-
tions, or by contact of liquified gas with the skin or eyes. Adequate
ventilation and monitoring of susceptible areas as well as training of
personnel serve as the chief precautions. Only two of the ten gases
selected, chlorine and Halon 1301, are considered toxic.

4.7.1 Chlorine

Chlorine i{s the most toxic of the ten gases covered. The dose that
will cause a 50% death rate for chlorine, LDsg is about 1000 ppm-min at
concentrations of 3060 ppm.!* The effects of various concentrations of
chlorine gas are given in Table 6.

Chlorine has a characteristic sharply penetrating odor above 3-5 ppm.
At higher concentrations, the severely irritating and painful effects
make it unlikely that any person would remain in the locale. Low concen=-
trations irritate the mucous membranes, the respiratory system, and the

skin. Large concentrations cause {rritation of the eyes, coughing, and
labored breathing.
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Table 6. Physiological response to various
concentrations of chlorine gas

Parts chlorine gas
Effect per million parts
air by volume

Least amount required to produce slight symptoms 1
after several hours of exposure

Least amount necessary to detect odor 3.5

Maximum amount that can be inhaled for 1 h 4
without serious disturbances

Amount considered noxious, making breathing 3
impossible for several minutes

Least amount required to cause irritation of throat 15.1

Least amount required to cause coughing 30.2

Amount dangerous in 30 min to 1 h 40—60

Amount that «ills most animals in very short time 1000

Source: Adapted with permission from J. S. Sconce, ed., Chlorine,
I'te Manufacture, Properties, and Uses, American Chemical Society, Mono-
graph Series, Reinhold Publishing Corporation, New York, 1962,

4,7.2 Halon 1301 (Bromotrifluoromethane)

Halon 1301 is mildly toxic.!5 Most concentrations required for fire
extinguishing range from 4 to 6Z by volume. Tests indicate minimal, 1if
any, effect on the central nervous system with concentrations up to 7%.
Between 7 and 10%, lightheadedness and reduced dexterity have been noted.
High concentrations lead to dizziness, impaired coordination, and reduced
mental acuity. There is no residual poisoning effect.

The decomposition products of Halon 1301 used on a fire are much
more toxic. However, tests indicate that the amounts produced are small
enough not to be a safety hazard. The odors from decomposition products
in concent-ations of only a few parts per million provide adequate warn-
ing.
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5. INCIDENTS INVOLVING PRESSURIZED GASES

So that information could be obtained from incidents that have oc-
curred during on-site transportation, handling, storage, and distribution
of » essurized gases, a search of the literature was made for records of
such incidents. Sources of information were National Safety Council Re-
search and Development Newsletters;!®~18 Nuclear Safety Information Cen-
ter (NSIC) RECON data base;!% The Rigk of Catastrophie Spille of Toxie
Chcmicala;zo Nuclear Regulatory Commission Inspection and Enforcement
Circular 80-03, Protection from Toxic Gas Hazards;?! a presentation by
H. L. Howe;22 an investigation report from the Compressed Gas Facility at
Los Alamos National Laboratory;?? and a National Aeronautics and Space
Administration report,2“ Following are descriptions of some of the more
significant and/or relevant incidents that have occurred at nuclear and
nonnuclear installations.

5.1 Missiles

Pressurized gas is a form of sto.:d energy inherently seeking re-
lease. A particular hazard is the rocket effect of unrestrained portable
gas cylinders when the valve has been broken, which frequently happens
if the cylinder falls with the valve cover not in place. The literature
contains many descriptions of such incidents. Some of the more illus-
trative ones have been chosen and are presented below.

= The Nati al Safety Council Construction Section Newsletterl®
reported in Mar. (959 that a standard-sized cylinder traveled about 30 ft,
struck the luggase compartment of an automobile and went through the roof
just above the windshield. It then rocketed 1500 ft over the tops of two
houses and made a hole in the foundation of a third building as it landed.

= The National Safety Council Power Press and Forging Section
Newsletterl? reported in March 1959 that one person was killed and two
were injured by a standard heavy oxygen cylinder that ricocheted through
a street, The cylinder fell from a truck and the valve broke off. The
initial blast knocked a boy and girl through a shop window, inflicting
serious Injuries on both, The rocketing cylinder then hit a stone em-
bankment, shot 100 ft into the air, killed a woman when it came down,
then thundered down the street battering automobiles and parked bicycles
until its gas supply was exhausted.

= An unsecured and uncapped standard-sized carbon dioxide cyl-
inder fell from a jeep that was turning inside a hangar. After the
valve smashed against the floor, the jet-propelled cylinder tore through
several plane wings and fuselages, struck and broke the sprinkler sys-
tem, which started a flood. The cylinder finally broke through a con-
crete block wall before ltogginq. Over a half-million dollars of damage
resulted from the incident,

= Standard-sized oxygen and acetylene cylinders being used in
welding were not secured, and a pull on the hose caused the oxygen cyl-
inder to fall, breaking off the valve. The rocketing cylinder tore out
process lines and released flammable solvents, starting a raging fire,
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The cylinder then tore through two brick walls and was airborne for some
distance before it stopped.26

— This flying-cylinder incident!® involved a cylinder filled with
65 1b of Halon 1211 liquid (bromochlorodifluoromethane), pressurized by
nitrogen gas to 600 psig, which was being removed by a technician from
an outdoor cylinder storage rack during the decommissioning phase of a
project. The lever of the manual actuation cylinder valve had not been
removed, and a safety pull-pin designed to prevent inadvertent manual
actuation was not in place when the technician, holding the cylinder in
a vertical position, rolled it on its base.

The technician stated that either his loosely rolled up shirt
sleeve caught the lever or his forearm depressed it, causing a sudden
discharge of the gas from the downward-turned discharge tube attached to
the valve.

As the gas was being expelled, it created a cloud of Halon and
dust. The technician's glasses were knocked off, and the unstable cyl-
inder fell over and bounced around in the corner of the cylinder rack,
where the brass valve broke off the cylinder. The cylinder then became
airborne and rocketed upward. It struck the roof access platform at
about 21 ft above grade and then ricocheted through a sheet metal wall
{nto a nearby building. It continued upward smashing through the roof
near the peak, ~48 ft above the floor. Three people working inside the
building did not see tne cylinder but reported hearing a rapid succes-
sion of notses, which were probably made by the cylinder as it crashed
through the wall and then the roof.

The cylinder continued skyward until its contents were expelled,
and then fell back through the roof to an unoccupiled area about 140 ft
from where it started. Fortunately, no one was injured and only minimal
property damage occurred.

According to the manufacturer, there is no protective valve cap de-
signed to fit over the valve head. To prevent similar occurrences,
knowledgeable personnel should remove any electrical or mechanical actua-
tion device prior to moving a cylinder, and then the nonoperable cylinder
should be restrained within a wheeled cylinder cart before the cylinder
is moved.

5.2 Gage Failures

Practically every system using pressurized gas has one or more
gages in service, and workers frequently must read gages to determine or
adjust pressure. For this reason proper concern must be expressed in
the selection, use, and maintenance of gages. Two examples of gage
fallures follow.

— A technician at Los Alamos National Laboratory recelved first-
and second-degree burns on the arms and face when a new gage ruptured at
half its rated pressure and the hydrogen gas ignited. Damage was 1lim-
{ted because the equipment was in a remote cell. The blowout feature of
the gage back, which directed flames away from the operacor, also pre~
vented more serious injury.?’

— Also at Los Alamos National Laboratory, the Bourdon tube of a
5000~1b gage failed at 4000 psi. An employee was injured by flying
cover glass ejected from the dial of the unvented gage.zs
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5.3 Pipe Whip

When flexible piping breaks loose under pressure, danger exists for
personnel or equipment within the range of the flailing pipe. The fol-
lowing two incidents are examples of pipe whip.

= A group at the Nevada Test Site was preparing to check a high-
pressure actuator air line for leaks. The gage being used was connected
to the pressure source by two l0-ft sections of 3/16-in. flexible line.
The unsecured flexible line failed at the coupling and whipped. Fortu-
nately, no one was injured and no essential equipment was damaged.?®

In another incident reported by the Department of Energy, six gas-
transport trailers had been positioned for discharging their cargoes,
each connected to a common receiving manifold at the compressor station.
The distance between the traller end and the station manifold was 7 ft.
The 20-ft high-pressure copper tubing connectors were for 0.840-1in.-0D
tubing, but fittings on the distribution system to which it was to be
connected were for 0.875-in.-0D tubing., The contractor directed that the
0.840-in.~0D tubing ends be spread to fit the ferrule. Leaks occurred
when the retaining nuts were tightened. While gas was being transferred
from a trailer, the leak was noted. Valve operation then caused the
tubing to blow out of the coupling. The tubing whipped, striking two
men; one received skull and eye injuries and the other sustained a con-
cussion and head laceration.?®

54 Exglostons

The following descriptions involve hydrogen explosions. Three
incidents occurred at National Aeronautics and Space Administration
(NASA) installations and were chosen for their similarity to problems
that could occur at nuclear power plants. An explosion at Los Alamos
National Laboratory involved a tube trailer similar to those used at
nuclear power plants. Another incident occurred at a nuclear power
plant and points up a very important problem with interfaces between
hydrogen, nitrogen, and compressed air. The final three incidents
describe explosions at nuclear plants,

= At a test faclility a hydrogen vent line exploded and destroyed
about 150 ft of line because the line had not been properly purged.
Ignition occurred either from the flare stack (effluent point for burn-
ing waste hydrogen) or from a static charge.29

— Fire erupted from a 3000-psi hydrogen line in the vicinity of
an electrical junction box. The fire extinguishing system, Firex, came
on, and attendants closed hand valves in the hydrogen bottle bank.
About 15 min was required to bleed the line and header to ambient pres-
sure and therefore to extinguish the flame, This incident was probably
caused by a short in the electrical box, which caused svfficient heat to
rupture a Bourdon tube in a nearby gage. Someone noticed black smoke
coming from the junction “ox prior to the fire,30

= While a hydrogen header vent system was being welded, some hy-
drogen outside the header ignited. After the adjacent vessels and lines
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had been inerted with helium and checked for hydrogen, work on the
header was resumed. When the arc was struck for welding, hydrogen again
ignited. The hydrogen was found to be coming from a hole in the header.
In this installation a common hydrogen venting system was used. There
was an upstream hand-operated shutoff valve, but it was leaking.2“

— On June 3, 1981, at Los Alamos National Laboratory, an explo-
sion occurred after a hydrogen tube trailer and an oxygen tube trailer
had been simultaneously connected to the same manifold. Insufficient
barriers (only one shutoff valve) and incorrect purging procedures led
to the damaging of the shutoff valve and a subsequent flow of higher
pressure oxygen into one tube of the hydrogen trailer. Ignition was
probably caused by contamination (sand) traveling through a valve at
high velocity. The resulting explosion ruptured one of the tubes, pro-
pelled tube fragments as far as 1250 ft away from the trailer, created a
fireball of short duration that caused first- and second-degree burns
over about 30%Z of the bodies of two employees and a small area of third-
degree burns on one of them, caused major damage to the hydrogen tube
trailer, and caused minor damage to a portion of the facility. The in-
cident was caused by the inadvertent mixing of the hydrogen and oxygen
due to insufficient technical and safety training of the personnel in-
volved, lack of management control of the operation, lack of standard
operating procedures for the task being attempted, and inadequate and
poorly maintained equipment.?23

— On July 17, 1981, the radioactive-waste-gas decay tank was being
vented through the cryogenic waste-gas treatment system at San Onofre Nu-
clear Generating Station Unit 1 (Ref. 31). Just before processing began
on the north decay tank, the south decay tank was processed without inci-
dent. As processing began on the decay tank, difficulty was experienced
in adjusting the flow rate through the system. A reducing valve that
controls downstream gas pressure into the gas treatment system was cy-~
cling. While attempting to alleviate this problem, an operator noted
“popping” noises, apparently originating in the piping downstream of the
reducing valve. Sometime thereafter an ignition of the gas mixture in
the decay tank occurred. Fire alarms were received in the control room,
and operating personnel within the gas treatment system area were noti-
fied. They reported a loud noise, apparently from the gas-decay-tank
area. Operating personnel reported the presence of smoke in the reactor
auxiliary building. Local pressure indication on the decay tank read
zero. Operating personnel entered the area in Scott Air Packs and in-
gpected the north waste-gas decay tank. The area was clear of smoke and
no fire was present. However, the tank manway cover bolts were found to
be loose, and minor damage around the tank manway was noted. Investiga-
tion after this event revealed that damage to the tank was apparently
limited to the manway area and the manway bolting.

The source of the ignition apparently was the oxygen recombiner lo-
cated in the cryogenic waste-gas treatment system. At oxygen concentra-
tions greater than 3%, the chemical reaction in the recombiner can gen=
erate temperatures above the ignition temperature for an oxygen-hydrogen
combination. The manufacturer provides an oxygen analyzer with this
system to detect oxygen levels exceeding this value. However, when this
event occurred, this meter was inoperable, and its use was not required
by the operating procedure. Local ignition of the hydrogen-oxygen at-
mosphere evidently created pressure spikes that caused the control valve
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to cycle, resulting in the popping noise heard by the operators. During
one of the local ignitions the flame front flashed upstream and ignited
the gas mixture in the tank.

Subsequent investigation into the cause of high oxygen concentra-
tions within the waste-gas system revealed high oxygen concentrations in
the station's nitrogen system. This had been discovered the day before
the event and had led to sampling of the flash tank gas space (completed
just prior to the ignition). This sample showed the presence of oxygen
in the tank. Instrument air (maintained 10—20 psig above the nitrogen
system pressure) was entering the nitrogen system at locations where ni-
trogen serves as a backup to instrument air. The backup function is for
the following safety-related valves: pressurizer relief and pressurizer
relief block valves, isolation valve on the nitrogen supply to the pres-
surizer, auxiliary feedwater system control valves and auxiliary feed-
water turbine-driven pump, and steam control valve., The primary source
of leakage was confined to those valves assoclated with the auxiliary
feedwater system (insignificant leakage was found at the other locations).

The check valves isolating the instrument air and nitrogen systems
had not been installed in accordance with manufacturer's recommendations
during the recent Three Mile Island backfit modifications. As a result
of this installation the valves failed to seat properly, providing a di-
rect and rather large communication path between the two systems. This
contaminated N2 was subsequently used as a purge and cover gas in the
waste gas system.

The following action was taken in regard to this incident:

l. The instrument air system and the station's nitrogen system have
been physically separated. Bottled gas is now used in lieu of the
station nitrogen system,

2. The procedure used to operate the waste-gas treatment system was re-
vised to prohibit system use if oxygen concentrations above 3% are
present (manufacturer's upper limit on oxygen concentration), Sam-
pling the oxygen prior to release is now required.

3. The decay tank was examined with liquid penetrant, repaired, and
pressure tested in accordance with the ASME Boiler and Pressure Ves-
sel Code, Section VIII (Ref. 6).

4. The pressure boundary components in the immediate vicinity of the
decay tank were examined for indications of damage and repaired as
needed.

5. In the cryogenic waste-gas treatment system, the oxygen recombiner and
system fllter were replaced, and the oxygen analyzer was repaired.

~ In February 1974, a hydrogen explosion3? occurred at the Three
Mile Island Nuclear Station Unit 1 bulk hydrogen supply, which consists
of twelve 12,000~scf cylinders arranged horizontally in a 3 x 4 array.
The cylinders were being initially filled for subsequent main generator
gas system testing by a commercial bulk hydrogen gas truck., One cylinder
group (six cylinders) was at approximately 1500 psig when an explosion
and a large fireball occurred about 100 ft above the cylinder bank, ac~
companied by the sound of gas rapidly escaping a tank rupture disk vent.

After several minutes, it was determined that no immediate risk of
further explosion was present, so the other five cylinders were isolated
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from the leaking one and the gas was allowed to burn itself out. As the
cylinder pressure dropped, the velocity of the escaping gas decreased to
the point where combustion ceased and the remaining hydrogen gas dissi-
pated into the air.

The hydrogen cylinder bank was installed at the Three Mile Island
site approximately 2 years prior to the incident. During that time the
vertically oriented rupture disk vent pipes apparently collected rain
water because they were not capped. The ice plug formed by the freezing
of the water in the pipes apparently weakened the rupture disk to the
extent that its design burst pressure point (2500 psig) was affected.

Later investigation of the other 11 cylinder rupture disks indi-
cated that all were subject to varying degrees of mechanical deformation
inward, most likely due to ice, because water was found in the fittings
and vent pipes.

— A similar event occurred at LaSalle County Nuclear Station on
July 20, 1984.3% Reserve hydrogen tanks were being filled from a tank
truck when a rupture disk in one reserve tank failed and a hydrogen fire
ensued.

~ On March 20, 1984, a hydrogen explosion occurred in the main
generator at Rancho Seco Nuclear Station.3* The force of the explosion
blew the doors off the generator enclosure. This was caused by the loss
of the hydrogen seal oil pump that resulted in hydrogen leakage.

5.5 Incidents Involv1g17Chlor1ne

Chlorine has long been used in water purification systems to kill
living organisms. Initially the nuclear power industry adopted this
standard method of treating condenser circulating water to kill organ-
isms. As a result liquid chlorine was always on hand to be used as
needed. As the nuclear industry matured, using elemental chlorine be-
came recognized as tedious and time consuming because of the hazards in-
volved in handling it. Now the trend is to use sodium hypochlorite,
thereby avoiding the hazards of elemental chlorine. However, the fol-
lowing descriptions of typical incidents involving 2lemental chlorine
are considered generally applicable.

In the past, the Chlorine Institute, a nonprofit trade association
organized in 1924, has been the only group to maintain a comprehensive
record of all accidents involving chlorine. More recently, the Depart-
ment of Transportation also has begun to maintain both records and sta-
tistics of accidents involving transportation of chlorine.

Table 7 lists the more significant accidents, those involving loss
of life or the release of large quantities of chlorine, as compiled by
the Chlorine Institute as of May 1972 (Ref, 20). An interesting point
{s that in the United States more deaths have resulted from accidents
with the smaller vessels, cylinders, and ton containers than with the
larger ones. One may hypothesize that this {s because of the smaller
number of safety devices and the tendency to use such vessels indoors or
in enclosures.

Catastrophic spills of chlorine must arise from accidents involving
large vessels. Small vessels such as the l-ton container and 150=1b
cylinder simply contain too little chlorine to cover a large unconf ined
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Significant chlorine accidents

Location

Date

Comments

St. Auban, France

Near Baton Rouge, l.ouisiana
Zarnesti, Romania

Rauma, Finland

Walsum, Germany

Near Baton Rouge, Louisiana

Near Louisville, Kentucky

Niagara Falls, New York
Griffith, Indiana
Chicago, Illinois

La Barre, Louisiana

Cornwall, Ontario

Brandtsville, Pennsylvania

Philadelphia, Pennsylvania

Newton, Alabama

Stoggge tanks

12-13-26  Tank burst, 25 tons lost, 19
deaths
05-10-29 Tank burst, hydrogen-chlorine ex-
plosion, 25 tons lost, 1 death
12-24-39 Tank burst, 25 tons lost,
60 deaths
11-05-47 Tank burst from overfilling,
30 tons lost, 19 deaths
04-04-52 Tank failed (a converted old
boiler), 15 tons lost, 7 deaths
Barges
04-13-60 Loading hose ruptured, 1 death
02-23-61  Wychem 112 sinking, no leak
09-12-65 Sunk during hurricane Betsy, no
leak
07-28-70  Pump break during unloading,
1 death
03-19-72 Broke from tow and rested on dam,

no leak

Railroad tank cars

02-28-34
03-13-35
02-04-47

01-31-61

11-30-62

04-28-63

08-09-63

11-08-67

Anchor fallure, 16 tons lost
Anchor failure, 30 tons lost
Release caused by heat from a
fire, 18 tons lost
Train wreck, tank punctured,
30 tons lost, 1 death, 114 per-
sons exposed to chlorine gas
Anchor failure, 30 tons lost,
89 persons exposed to chlorine
gas
Valve sheared off in wreck,
9 tons lost
Loading line broken when tank was
rammed, >430 persons exposed to
chlorine gas
Tank punctured In wreck, 55 tons
lost

Truck tanks

No significant accidents



Table 7 (continued)

Location Date Comments

One-ton containers

Asbokan, New York 07-07-28 Explosion, contamination with NC1

Asbokan, New York 07-13~-28 Explosion, contamination with NC1

Cleveland, Ohio 05-08-69 Two deaths

Pipelines

Johnsonburg, Pennsylvania 11-12-36  Transfer line broken by housing,
3 tons lost, | death

Freeport, Texas 09-01-49  8~in. line bLurned in attempted
welding, 5 tons lost

Mobile, Alabama 07-12-64  One death

Dominquez, California 09-12-66 Pipe accidently cut by welder,
500 1b lost

Dominquez, California 02-21-67 Pipe dug up accidently, 500 1b
lost

Dominquez, California 02-22-67 Pipe dug up accidently, 500 1b
lost

Source: J. A. Simmons, R. C. Erdman, and B. N. Naft, The Risk of
Catastrophic Spilles of Toxie Chemicals, UCLA-ENG-7415, May 1974.

area with a lethal dose. Because of the flow-limiting devices in the
eduction lines of the larger containers, catastrophic spills will occur
(under most circumstances) only by rupture or breaching of the vessel.
Breakage of an attached transfer line or of one of the angle valves may
result in a substantial release of chlorine, but the rate of the release
1s restricted so that a relatively small area is affected.

In addition to the events in Table 7, two incidents involving chlo-
rine occurred at U.S. nuclear power plants., They were found by searching
incidents contained in the NSIC data base of abstracted Licensee Event
Reports. At Millstone Nuclear Power Station in March 1978, a leak of
about 100 scf of chlorine, equal to about 1| gal of liquid, occurred dur-
ing a 10-min period.?! Fifteen people were hospitalized as a result of
injury. 1In June 1979, a small leak from a diaphragm on a reducing valve
caused injury serious enough to hospitalize five people including a con~
trol room operator.?! This incident occurred at Browns Ferry Nuclear
Power Station,

5.6 Asphyxiation

Various purge gases can cause asphyxiation. Nitrogen typifies the
asphyxiant gases and {s used extensively at nuclear power plants, For
this reason the following incident was selected as a typical example of
the hazards involved with using nitrogen.
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The incident occurred in England some time ago.?? Two construction
workers were killed when exposed to an oxygen-deficient atmosphere as
they worked on a vessel that was being purged with nitrogen. The first
worker entered the vessel and when he passed out his fellow worker fol-
lowed to rescue him. He lost consciousness and both men died. This
type of accident has occurred repeatedly with various inert gases. The
causes and cures are obvious.

Two people were killed at D. C. Cook Nuclear Plant in September 1976
as a result of asphyxiation from argon.35 A purge of an 18-in.-diam
stainless steel pipe had been established using a soft flexible rubber
cover and duct tape. After several days, the welds were completed but the
purge was not shut off. A pipefitter descended into the pit, with-
out using the "buddy systzm,” to remove the purge connections and was
asphyxiated. Two other employees tried to rescue him; one of them was
killed. Available oxygen analyzers were not used.
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6. NUCLEAR PLANT DESIGN FOR HANDLING
PRESSURIZED GASES

Pressurized gas storage, transfer, and control systems for nuclear
power plants are designed and constructed to meet standard codes and
practices as reviewed in Chap. 3 of this report. In addition, because of
the potential for increased consequences of failures of equipment at
nuclear power plants, the rcguiro-cnt- given in Title 10 Part 50 of the
Code of Pederal Regulatione®® must be met. Although gas systems are not
considered primary safety systems, the following parts of the Code are
implemented in nuclear plant applications.

Title 10 Part 50 states that structures, systems, and components
important to safety (1) shall be designed to withstand the effects of
natural phenomena such as earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiche without loss of capability to perform their safety
functions; (2) shall be designed and located to minimize the probability
and effects of fires and explosions; and (3) shall be protected from the
effe~ts of missiles, pipe whipping, and discharging fluids.

Before granting an operating license for a nuclear power plant, the
NRC is responsible for determining that all safety requirements have been
met. Guidance for this is given in the Standard Review Plan for the Re-
view of Safety Analyeie Reporte for Nuclear Power Plants (NUREG-0800)
(Ref, 37). Several requirements from this report relative to pressurized
gases follow:

l. A review of possible effects of internally generated missiles
(inside and outside containment) that could prevent safe shutdown of the
plant or result in significant release of rndionctivlty."

2. A review of high- and moderate-energy piping systems located
outside containment to ensure that postulated piping fallures are ac-
ceptable.?? (All pressurized gas systems are considered moderate-energy
piping systems.)

3. Review of the control room to ensure that it can be occupled at
all times even if a toxic gas (such as chlorine) is released."? If com-
pressed air bottles are used in emergencies to maintain the control room
at a positive pressure, they should be protected from tornado missiles
or internally generated missiles and should be placed where damage to
vital equipment or interference with operation {f they fail will not oc-
cur., Storage location of CO2 or other fire fighting materials should be
| chosen to eliminate the possibility of significant quantities of gases
entering the emergency zone.

4., Review of the systems that are important to safety or are re-
quired for safe shutdown to ensure that they will survive the effects of
earthquakes, other natural phenomena, and missiles.”' (The only gas
system specifically mentioned is the compressed air system.) One nuclear
power plant architect-engineer who was contacted advised that gas systems
{nside critical areas such as the reactor building, auxiliary bullding,
dlesel generator building, and control building are designed to seismic
Class | L. Another architect-engineer advised that gas lines are de-
signed for seilsmic events when they interface with safety systems,

5., Review bulk gas storage to ensure that {t i{s not inside struc-
tures housing safety-related equipment,
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6. Review storage of flammable gases such as hydrogen to ensure
that containers are stored outdoors or in separate detached buildings.
Two nuclear power plant architect-engineers who were contacted advised
that hydrogen storage is located away from the building., The site was
chesen so that hydrogen containers could not become missiles that would
damage the plant. The other advised that the tanks are tied down but
the structure is not tornado proof.

7. Review hydrogen lines to ensure that they are either designed
to seismic Class I requirements, sleeved, or equipped with excess flow
valves so that the hydrogen concentration in the affected areas will not
exceed 2% in case of a line break.*? As discussed in Chap. 7, one of
the plants visited did not have excess flow valves, but the others did.
Also, two nuclear plant architect-engineers, contacted by phone, advised
that excess flow valves are used in their plants. One of these architect-
engineers sald that ventilation would probably prevent accumulation in
case of a small leak, The other advised that no special precautions were
taken in the turbine building but piping to the makeup tank in the auxil-
fary bullding is encased in a guardpipe and has an auto isolation system.
In addition hydrogen analyzers are installed in various locations to
warn of hydrogen accumulation. Other plants contacted advised that ab-
normal changes in supply pressures alert them of a leak. Portable hy-
drogen detertors are then used to locate the leak.

In addition to following standard codes and practices as well as
NRC requirements in design and construction, special attention is paid
to the hazards of gas sysiems during the NRC review of designs before a
license is granted. An insight into some of the details of the design
for mitigating the hazards assoclated with pressurized gases can be ob-
tained by reviewing the licensee responses to some of the questions asked
during the reviews. Between 1969 and 1981, most of these responses were
abstracted by the NSIC and stored for retrieval in the computer, A
search of these keyworded abstracts showed that over 600 responses per=
talned to gases used at nuclear power plants. The distribution of re-
sponses among the ten gases covered in this report is given in Table 8.
From the number of questions asked about each gas, the gas considered the
most hazardous by the reviewers can be deduced. No questions were asked
about acetylene, which is understandable because acetylene {s not used in
the operation but only in maintenance, Some of these responses are in-
cluded in the following descriptions of system design.

The following descriptions of designs cover only fixed systems.
Portable cylinders will not be discussed nor will design of chlorine
systems since most nuclear power plants now use sodium hypochlorite for
water treatment. Guidance for handling chlorine gas in nuclear plants
is given In Regulatory Guide 1.95 (Ref. 43),

The following examples of a system for handling compressed alr, car-
bon dioxide, hydrogen, nitrogen, oxygen, and Halon were found in final
safety analysis reports (FSARs), which were selected mainly because of
avallability., The descriptions are examples and are not presented as
typical but can be considered similar to others in the ludustry. The
plants are of new designs that fall under the purview of NRC's standard
review procedures. Consequently the plants discussed here have probably
been reviewed more stringently by NRC than have most other existing
plants,
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Table 8. Number of questions and
responses concerning gases used
at nuclear power plants

Number of questions

Gos and responses
Hydrogen 418
Chlorine 75
Nitrogen 41
Carbon dioxide 36
Oxygen 28
Alr 26
Propane 9
Acetylene 0
Sulfur hexafluoride 0
Halon 1301 0

6.1 Compressed Air

The compressed air system for Sequoyah Nuclear Plant Unit 1 is
shown in Fig., | and is described as follows.*“ Sequoyah's compressed
air system is not typical of most plants because it has more redundancy
of compressors and receivers; however, it can {llustrate the compressed
air system.

Figure | shows that building air is filtered, compressed, cooled,
dried, and refiltered before it is used in the plant. The compressed
air system is common to both units and is divided into three subsystems,
the station control and service air system and two auxiliary control air
systems for emergency use. The station control and service air system
is designed to supply adequate compressed air capacity for general plant
service, instrumentation, testing, and control. The auxiliary systems
ensure that all vital equipment will have a continuous air ~upply to
guarantee operation under all conditions, including safe shutdown, earth-
quake, and maximum possible flood conditions.

Station control and service air is supplied by three motor-driven,
nonlubricated, two-stage, reciprocating compressors. Each of the three
compressors is designed to handle control air requirements for the total
plant under normal conditions with sufficient additional capacity to
handle minimal service air requirements. The compressed air system in-
cludes normal accessory equipment such as cylinder cooling equipment,
aftercoolers, and sa ety relief valves.

The station compressors discharge into two redundant headers that
are provided with manual isolation valves. These headers feed the two
control alr receivers, which in turn supply air through redundant headers
to the control air station. The control air station contains two com=
plete trains of prefilters, dryers, and afte “ilters. FEach dryer train
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is sized to handle plant control air requirements. Manual bypasses are
provided around each element for emergency operation. The control air
is then piped through two independent headers to various valves, con-
trollers, and instruments throughout the plant.

Service air, supplied to the service air receiver by a single header
irom the control air receivers, is supplied through a back-pressure valve
that closes if control air pressure drops below 80 psig, thus ensuring
that contro! air requirements take precedence over service air require-
ments. Service air is piped from the receiver to service outlets and
miscellaneous equipment throughout the plant.

Auxiliary centrol air is supplied by two motor-driven, nonlubricated,
two-stage, reciprocating compressors. Each compressor is sized to supply
the total control air requirements in the event of an accident, flood,
or loss of the station control air system. The auxiliary control air
system {s separated into two independent trains, each containing its own
compressor, receiver, dryer, and filter. The auxiliary control air piping
is arranged so that the auxiliary receivers are charged from the station
control air system during normal operation. Electric power for the aux-
iliary systems is provided from both normal and emergency sources. The
auxiliary control air system and all the station control air system com-
ponents located in Class I structures are designed to seismic Class I
requirements. The auxiliary air system is automatically isolated from the
station air system upon loss of air from the station system.

The dryer and filter trains for both the station and auxiliary air
systems are designed to give compressed air of high quality for instru-
ments. The prefilters are designed to remove liquid water entrainment and
other foreign matter from the compressed airstream down to 3-um size.

The air dryers dry the air to a dew point of —=40°F. The discharge of
the dryers is routed through an afterfilter which removes particles of
desiccant and other foreign matter down to S5=-um size.

Additional information on compressed air and nitrogen backup sys-
tems and their performance in commercial nuclear power plants is given
in Ref. 45.

6.2 Carbon Dioxide

Carbon dioxide is used in fire protection systems and for purging
hydrogen lines and systems before they are opened for maintenance. The
aystem design can vary from plant to plant. In the FSAR for North Anna
Power Station, prepared by Stone and Webster,“® a carbon dioxide system
for fire protection is described as follows.

The low-pressure carbon dioxide system is shown in Fig. 2 and is
used as the primary fire suppression agent in the following safety-
related areas: cable spreading rooms, emergency switchgear rooms (in-
cluding battery charger inverter room, control rod drive equipment room,
motor generator room), and electrical tunnels. Total flooding carbon
dioxide is also provided for the nonsafety-related cable spreading areas
and normal switchgear rooms.

In these areas where greater combustible material concentrations
may occur, physical separation prevents the spread of a potential fire

DAy YD
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continues to rise beyond the capacity of the bleeder valve, a safety
valve (one of two) will open at 357 psi. The storage tanks are designed
and constructed in accordance with the ASME code on unfired pressure
vessels.®

6.3 Hydrogen

A description of the hydrogen system for Sequoyah as contained in
the FSAR for that plant follows.““ The flow sheets for other plants are
similar but can differ in some details.

Hydrogen provides a cover gas in the volume control tank to control
the hydrogen concentration in the reactor coolant at 25 to 35 co® /kg of
water (STP). Also it is used in the main electrical generator.

dydrozen is supplied from the hydrogen trailer port through a sec-
ondary control cabinet outside the auxiliary building. The hydrogen
pressure is reduced to 100 psig and fed through a shared header to the
hydrogen control station at the volume control tanks at both Units 1 and
2. These control stations reduce the pressure to 15 to 20 psig and feed
into the volume control tank as needed.

The safety of this system depends on two control valves, one of
which is in the secondary control cabinet outside the auxiliary building
and the other is just inside the auxiliary building. These control
valves work in conjunction with a flowmeter and will close with a sudden
increase in flow of hydrogen into the auxiliary building. The vent sys-
tem is designed to pull an airflow of 7500 cfm through the volume con-
trol tank rooms and 28,400 cfm through the passsgeways where the header
runs. With a major leak the maximum concentration of hydrogen would not
exceed 1%, which is far below the 4% safe concentration in air.

The Standand Review Plan (NUREG-0800) states the following:

Hydrogen lines in safety-related areas should be either de-
signed to seismic Class I requirements, or sleeved such that
the outer pipe is directly vented to the outside, or should be
equipped with excess flow valves so that in case of a line
break the hydrogen concentration in the affected areas will
not exceed 2%.“

Periodical pressure tests and inspection ensure that there are no
minor leaks. A major leak would automatically close down the hydrogen
system.

The main instruments in this system are the control valves, which
control the pressure and flow, and the pressure gages.

The flow diagram for this system is shown in Fig. 3.

Some of the responses given by utilities during the design review
by the NRC follow.

= Hydrogen 1is supplied to the volume control tank for the purpose
of maintaining the reactor coolant hydrogen concentration at 15 to
35 cm3/kg at STP. Normal consumption is estimated to be 100 scf/d;
startup from cold conditions will require 600 to 800 scf. The source of
hydrogen for the volume control tank is the hydrogen supply manifold.
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A pressure-reducing valve at the manifold reduces the hydrogen pressure
to 100 psig in the supply header. The supply header to the volume con-
trol tank is also equipped with a pressure regulator to control down-
stream pressure at 15 psig.“?

— Eight hydrogen cylinders, each containing 325.6 x 10® ft-1b of
energy, have been relocated in an open-top concrete pit, below grade and
~500 ft from the transformers for engineered safety features. None of
these transformers will be in line of sight of the hydrogen storage cyl-
inder bank. Because of this change, the Class IE ac power system compo-
nents will function following any potential fire or explosion involving
the hydrogen in these eight storage cylinders.>?

— The hydrogen bulk storage facility is located on the approximate
centerline between Units 1 and 2 on the north side of the east-west road
north of the station. The nearest safety-related structure, system, or
component is more than 500 ft away. The hydrogen system is equipped
with an automatic excess flow valve that prevents discharging hydrogen
due to a leak or rupture in the distribution system. This valve must be
manually reset if it is tripped.5!

— Hydrogen for use as a generator cooling media is stored outdoors
in commercial bottles.®? The bulk hydrogen storage facility is located
at grade level next to the access road off the northwest wall of the
turbine generator building. The facility is ~]00 ft from the condensate
storage tank. Design and construction are in accordance with the spe-
cific requirements and design considerations of National Fire Protection
Associ;cion No. 50A, Standards for Gaseous Hydrogen Systems at Consumer
Sites.

6.4 Nitrogen

The nitrogen system at Watts Bar Muclear Plant, as found in the
FSAR for that plant,33 provides nitrogen for the spent resin storage
tank, reactor coolant drain tank, pressurizer relief tank, volume con-
trol tank, gas stripper, boric acid evaporator and waste evaporator
packages, and the BWR control rod accumulators. Nitrogen at 15 psig is
furnished for the gas decay tanks and the holdup tanks. In addition,
the nitrogen supply header has a truck fill connection for the direct
filling of the safety injection system and upper head injection system
accumulators.

Two headers are provided, one for operation and one for backup.
The pressure regulator in the backup header is set slightly lower than
that in the operating header. When the operating header is exhausted,
its discharge pressure falls below the set pressure of the backup header,
which comes into service automatically to ensure a continuous supply of
gas. An alarm alerts the operator when one header is exhausted.

Figure 4 is a piping and instrumentation diagram for the nitrogen
system. Diagrams for other plants are similar but can differ in some
details.
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Although the gas 8\ ems usel nuclear power plants are not gen-

considered safety systems, some backup equipment may be provided,

as compressed air for critical instrumentation. The consequences of
falilures discussed here are related to the possible effect that a con-

veivable gas system failure would have on nearby plant equipment or sys-
tems . Al though the review of plant histori did not reveal any major

gas system failures in nuclear plants, suc lures cannot be ruled out.

Assessments of the possible consequen al riven below.

Missiles

Under certain conditiong vessels containing compressed gases have
the potential to become missiles. Such pressurized vessels used in or
around nuclear power plants include portable gas cylinders; shipping cyl-
inders mounted on trucks, trailers, or railcars; and fixed storage tanks

(listed in decreasing order of accident likelihood).

Of the potential missiles arising from the use of compressed gases,
those caused by failure or misuse of portable gas cvlinders are the most
prevalent, both because of the large number of cylinders used in a typi-
a

1

] plant and because of the relative ease with which a failure can be
induced. Such accidents were discussed earlier (Sect. 5.1) and can con-

ceivably occur at any place in the plant where these cylinders are used.

As a result of the plant visits and telephone discussic with per-

sonnel at two other operating plants, the following items were determined:

Compressed gases, including cutting and welding gases, can be used
anywhere in the plant. Carts are used for these; however, personnel
are allowed to replace empty cylinders in any area.

A work plan is generally required for cutting or welding in most
areas. These activities are reviewed by safety, quality assurance,

and engineering personnel, but no specific procedures were available

4
for this review.
Welding and cutting permits, designed to ensure absence of combusti-
bles and provide protection from sparks, are required.

Emergency breathing-air cylinders can be used in the control room or
yther safetyv-related areas if needed.

Given the above items, it i le for portable compressed-gas-
cvlinder missiles to be created t any ] in the plant. Depending on

the loc: mn of the postul d acciden 3af y instrumentation or

trical 1 ould be damaged; small pipe lines could be broken;
yperators and other appendages of larger lines could be damaged;
pumps, val > other equipment yuld be made inoperable.
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Undetected small leaks of flammable gases can accumulate in confined
and cause explosions and/or fires Small leaks from outside storage
ybably be dispersed wit it problem. However, a rupture of
ping trailer (Sect could result in a serious
explosive accident. This could pos bly cause damage ) nearby switchyard
equipment.,
At two of the plants visited, the hydrogen line from the supply
iiler was routed in a concrete trough through the electrical switch-
vard. Ml from failed switchyard equipment could ignite in the trough and
he hydrogen line. Any hydrogen leak would add the fire and
ncrease the damage to other switchyard equipment. OSHA requires that
gaseous huir»%vu systems be located above ground but not beneath electric
principal hazard from the use of propane-powered vehicles is
This 1is minimized by the size of the fuel tanks, which are nor-
limited to less than 45 1b of gas.?” In addition, contacts with
several authorities did not locate any plants that used propane-powere
es in areas containing safety equipment. However, no NRC require-
were found that prohibited their use.

Toxicity and Asphyxiation

———————

Except for air and oxygen, all of the selected gases are either
toxic or can cause asphyxiation. The gases can be released by leaks from
)r ruptures of storage vessels or gas lines. Carbon dioxide and Halon

in also be released automatically upon indication of a fire in areas
vided with this type fire extinguishing system. Release of either
r asphyxiating gases could cause personnel to be incapacitated,
vent entrance to important areas. In one plant the emergency gen-
oom, computer room, and auxiliary instrument room have a carbon
fire protection system that requires prompt evacuation if the
ctivates. Because lines for many of the gases are routed through-
plant and gas cylinders are used in many locations, leaks or rup-
uld cause other areas to be inaccessible.
yrine is still used for water treatment in some plants, and chlo-
leases have occurred in these plants that caused personnel, in-

room operator, to be hos

pitalized (Sect. 5.5). As in-
m

6, NRC requires the control room to be operable at all
To ensure this, redundant chlorine detectors are used to warn the
the control room emergency ventilation system.
ydically tested and are sometimes four to be in-

chlorine release was found when t} detectors

Pipe
——_

iuse damage in case . of inadequately sup-~
gas lines. However, pij hip should not occur in

) gas lines generally at relatively low
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The storage and handling of anvy « ympressed gas 1s hazardous because

{ 4

And ]

»f the high pressures stored energy) involved. >0 M f the gases
considered are also flammable, which could cause explosions, and others
are toxic or can cause asphyxiation. Although industry has developed
codes and standards to reduce or eliminate these hazards, serious acci-
dents do occur (Chap. 5). NMNuclear plants are also designed and operated
In accordance with these accepted codes and regulations as well as wit!
NRC-imposed regulations. Lines and equipment located in the reac
building, auxiliary building, or areas where they interface with

systems must meet seismic design criteria. Reported incidents relating
to compressed gases are rare in nuclear power plants, indicating that the
nuclear industry 1s generally using safe practices and following recom-
mended safety rules. Continued good design and careful maintenance and
operation will help to limit compressed gas incident rates to general in-
dustrial levels. On the other hand, compressed gas system-related acci-
dents are possible which would have serious consequences on nuclear power
plants. This chapter summarizes findings relative to the safe (or un-
safe) use of compressed gases in nuclear power plants. Recommendations
regarding those that could have potentially serivus safety significance
are given in Chap. 10.

9.1 Qilinlﬂr Handling and Storage

Portable gas cylinders are subject to damage that could cause the
cylinders to become missiles and in some cases cause the release of flam—-
mable or toxic gases. Therefore, approved codes and standards for the
design and handling of compressed gas cylinders (inc luding the practice
L. Securing cylinders, especially those in use without caps) must be en-
forced.

Portable gas cylinder missiles represent the most serious potential
for damage from the use of compressed gases in nuclear power plants.

From the plant visits and subsequent telephone contacts with personnel at
additional plants, it was determined that gas cylinders can be taken into
any area of the plant if needed. Gases used for cutt ing and welding are
often needed by maintenance personnel. Although carts are used, person-
nel are allowed to replace empty cylinders anywhere in the plant, and no
specific procedures are provided for their use. Serious damage to cylin-
der valves could create missiles in sensitive areas. This could result
in damage to critical equipment, safety instrumentat lon, or electrical
lines and equipment. Prevention failures of redundant safety channels
is provided by locating components in separate control cabinets and pro-
viding spatial separation between cable trays. However, compressed-gas-

cylinder missiles have sufficie: orc ) damage these as well as redun-
lant safety channels an her { ] juipment. NRC inspectors at two
plant ' ive reported finding inadequately secured

L
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problem. In areas where stratification of gases is possible, the oxygen

neentratien should be checked before entering the area. T'he buddy sys-
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9.¢ Indentification

At all plants visited, color coding an identification of piping,
cylinders, and storage tanks were considered inadequate. Adequate label-

ing is important to prevent confuslion among plant personnel during

startup, maintenance, or operation.
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Recommendation
Provide protection to prevent an explosion and/or fire from the
rapid release of hydrogen in areas containing safety-related equipment

r in other areas if unacceptable damage to safety equipment could occur.

Basis for Recommendation

Hydrogen lines are routed through the auxiliary building and some are
susceptible to damage from heavy equipment (Sects. 7.2 and 8.3).

At one plant, no means have been provided to prevent a rapid release
of large amounts of hydrogen in case of a line bhreak (Sect. 8.3).
Numerous hydrogen explosions have occurred at industrial and nuclear

plants causing extensive damage (Sect. 5.4).

Suggested Method of Implementation

Install excess flow valves in all hydrogen lines that enter areas
containing or close to safety-related equipment. Standard Review Plan
9.5.1 should be revis to require this addition where not already

}'r‘r';ltit"i s "

10.3 [dentification of Lines and Tanks

Recommendation

Provide easily recognizable identification of all high-pressure gas
lines and tanks as well as those containing especially hazardous gases

such as hydrogen or chlorine, even at low pressures.

Basis for Recommendation

l. A misidentification could cause a hazardous condition.

2. Some plants have inadequately identified pipes and tanks. Whereas
some nuclear plants have voluntarily provided identification (Sect.
7.6) and this is often done in nonnuclear pl

plants.
Although not a justification, the cost of identification should be
{ 1

relatively small.

Suggested Method of Isplementation

Utilities should » required to follow an identificati
that meets or excee the one developed by American

1

[nstitute.’
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Appendix

EXCERPTS FROM US NRC INSPECTION REPORTS

US NRC Inspection KL'puI’Y No. 50-2

On February 4, 1983, the inspcctor observed, in Fan Room No. 5
(located on the 74' elevation of the reactor building), a high
pressure nitrogen cylinder with a regulator attached (this pre-
cludes the use of a protective cylinder cap). The cylinder was
contained in 3 transport cart. When questioned about the
status and use of the cylinder, the licensee informed the in-
spector that the bottle was not being used fo. any current
activities and was probably last used during the refueling out-
age that ended in March, 198

On February 16, 1983, the inspector observed, at the west bank
Hydraulic Control Units (HCU) on the 23' elevation of the re-
actor building, a high pressure nitrogen bottle in a vertical
position on a concrete pedestal (about 6" off the floor) with-
out it's safety chain being used. The cylinder, which is used
to routinely pressurize accumulators for the control rod HCU's,
was connected by a small metalic hose between its regulator and
the charging station piping. If this nitrogen bottle had be-
come a missle, its close proximity to the HCU insert and with-

drawal lines could possibly have caused a reactor coolant sys-
tem boundary break outside primary containment.

Station Procedure 1.4.8, Section III.A, requires that "when
cylinders are not in use, they will be valved off and the pro-
tective cylinder caps will be installed. Cylinders containing
jaseous elements shall be contained in approved carts or cyl-
inders shall be securely held by safety chains when in the up-
right position.” The licensee initiated corrective actions
following each observation by the inspector.

[he inspector also held discussions with the licensee pertain-
ing to an apparent lack of guidance available to plant person-
nel concerning the quantity, approved location within process
buildings and storage conditions for high pressure gas cylin-
ders. Additionally, the procedural requirements appeared to
need clarification for use, transport and storage conditions.
The licensee acknowledged the inspector's concerns and indi-
cated that a review of this area will be performed and Proce-
dure 1.4.8 will be revised to include clear guidance for the
control of gas cylinders.

IThe failure to control hazardous material in accordance with
station Procedure 1.4.8 is considered a violation (83-03-04).
NRC Inspection Report 81-38, dated February 4, 1982, described
a similar violation relating to the contrsl of high pressure
gas cvlinders,




US NRC Inspection Report Nos. 50-338/84-01
and 50-339/84-01

The resident inspectors have identified a concern with the con-
trol of high pressure gas cylinders in areas that contain
safety related equipment. Specifically, the concern involved
the potential for damage of safety related equipment from a
missile generated by a high pressure gas cylinder that has been
damaged, 1.e., nozzle valve brcken off as a result of the bot-
tle falling. At the North Anua Station there is no present
program to control non-flammable high pressure gas bottles and
the prevalent practice is to loosely secure the cylinder with a
rope.

General Design Criterion 4 of 10 CFR requires equipment impor-
tant to safety be protectec against all dynamic effects of mis-
siles that could cause damage to the equipment. Standarc Re-
view Plan (SRP) 3.5.1.1 and 3.5.1.2 specify the criteria used
by NRR to evaluate an applicant's design or administrative con-
trols to combat the affects of internally generated missiles.
These SRP's do not specifically address a high pressure gas
cvlinder as a credible missile, however, a conversation between
the inspector and the NRR reviewer in the Auxiliary Support
Branch (ASB) confirmed the inspector's concern that temporary
or transient high pressure gas cylinders were not analyzed.
Additionally, the ASB reviewer indicated that had he known that
high pressure gas cylinders would remain unattended for ex~-
tended periods in areas that contained safety related equip-
ment, his conclusion on the adequacy of the applicant's design
or controls may have “een altered.
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