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1. PURPCSE

To establish the safety guidelines for any operation that has
been determ ned to be hazardous in accordance with MAN 8715. 15,
“MSFC Saf ety Assessnent Program”

2. APPLICABILITY

These safety requirenments and instructions apply to al
facilities, equipnent, jobs, tasks, operations, and processes
controll ed by Marshall Space Flight Center (MsSFC)

3. APPLI CABLE DOCUMENTS

3.1 29 CFR 1910, “Cccupational Safety and Heal th Standards”

3.2 29 CFR 1926, “Safety and Health Regul ati ons for
Construction”

3.3 MPG 1440. 2, “MSFC Records Managenent Progranf
3.4 MPG 1840. 2, “MSFC Hazard Conmuni cation Progrant
3.5 MW 3410.1, “Personnel Certification Prograni

3.6 MW 8621.1, “Close Call and M shap Reporting and
I nvesti gati on Progrant

3.7 MW 8715.8, “QOperational Readi ness Progrant
3.8 MW 8715.15, “MSFC Safety Assessnent Progrant
3.9 NASA-STD-8719.7, “Facility System Safety Gui debook”

3.10 National Fire Protection Association (NFPA), NFPA 1,
“National Fire Codes”

4. REFERENCES
4.1 MPG 1840.1, “Confined Space Entries”

4.2 MG 8715.1, “Marshall Safety, Health, and Environnenta
(SHE) Progrant

4.3 MN 8715.4, *“Personal Protective Equi pnent (PPE)”

4.4 NASA-STD 8719. 11, “Safety Standard for Fire Protection”
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4.5 NASA-STD 8719. 12, “Safety Standard for Expl osives,
Propel | ants and Pyrotechnics”

4.6 NASA-STD 8719. 13, “Software Safety Standard”

4.7 NASA-STD 8719. 15, “Safety Standard for Oxygen and Oxygen
Syst ens”

4.8 NASA-STD 8719. 16, “Safety Standard for Hydrogen and Hydrogen
Systens”

4.9 NPG 8715.1, “NASA Safety and Heal th Handbook Occupati onal
Safety and Heal th Prograns”

4.10 NPG 8715.3, “NASA Safety Manual”

4.11 NSS 8719.9, “Safety Standard for Lifting Devices and
Equi pment”

5. DEFI NI TI ONS

5.1 Baseline Assessnent. The initial safety assessnent
performed for the work area including facilities, equipnent,
and/ or jobs/tasks/operations/processes to identify all potential
hazar ds.

5.2 Facility Risk Indicator (FRI). An indicator used to help
determ ne the | evel of systemsafety effort required to neet NASA
safety requirenents (reference NASA-STD 8719.7).

5.2.1 FRI 1 (HGH RISK). There is a high probability that the
hazards can cause loss of life. Hazards may result in |oss of
life, permanent disability, or serious occupational illnesses to
one or nore persons, three or nore lost-tinme injuries, |oss of
facility operational capability for 1 nonth or greater, or damage
to equi pnent or property in excess of $500, 000.

5.2.2 FRI 2 (MEDDUM RISK). There is a nmedium probability that
t he hazards can cause loss of |ife. Hazards may result in

per manent disability to one or nore persons, hospitalization
(associated with illness or injury) of three or nore persons, up
to two lost tinme injuries, loss of facility operational
capability from2 to 4 weeks, or damage to equi pnment or property
from $250, 000 to $500, 000.

5.2.3 FRI 3 (LOWRISK). There is a |low probability that the
hazards can cause loss of life. Hazards may result in
hospitalization to one or two persons, occupational injury or

CHECK THE MASTER LI ST at https:// msfcnr03. msfc. nasa. gov/directives/directives. htm
VERI FY THAT THIS | S THE CORRECT VERSI ON BEFORE USE




Marshal | Work Instruction
Q01

Hazar dous Operati ons MAN 8715. 6 Revi sion: A

Date: June 25, 2001 Page 5 of 15

i1l ness resulting in a |lost workday or restricted duty case, |oss
of facility operational capability from1l day to 2 weeks, or
damage to equi pnent or property from $25,000 to $250, 000.

5.2.4 FR 4 (ACCEPTABLE RISK). Loss of life as a result of the
hazards is unlikely. Hazards may result in no | ost workday
injuries or no restricted duty cases, loss of facility
operational capability of less than 1 day, or damage to equi pnent
or property |less than $25, 000.

5.3 Hazard. A potential condition that can result in or
contribute to a mshap (injury, illness, death, or danmage to
systens, equi pnent, or facilities).

5.4 Hazard Analysis. A nethod of identification and eval uation
of existing and potential hazards and the recommended mtigation
for the hazard sources found.

5.5 Hazardous Operation. Any operation involving material or
equi pnent that has a high potential to result in loss of life,
serious injury to personnel, or danage to systens, equipnent, or
facilities.

Exanpl es are operations that involve expl osives, propellants,

hi gh pressure, oxidizers, corrosives, high elevations, cryogens,
hostil e at nosphere, flamrabl es, high electrical energy,

radi ati on, noise, hyperbaric or hypobaric environnent, toxic
material, and critical hardware.

5.6 Operating Procedures (OP). A detailed plan |isting step-by-
step instructions to ensure safe and efficient operations.

5.7 Inventory of Hazardous Operations (IHOP). A listing of al
i dentified hazardous operations on property controlled by MSFC.

5.8 Operational Readiness Inspection Conmttee (ORIC). An ORIC
I's established to review new or significantly altered equi pment,
facilities, or test activities/operations where there is a
significant degree of risk of an accident which m ght cause
personal injury or death, or where there is a high risk of
serious damage to equi pnent, test articles, buildings, or
adjoining areas. An ORIC may al so be established to review high
visibility or value projects, facilities, or operations.

5.9 Risk Assessnent Cassification (RAC). The RAC indicates the
ri sk associated with each individual hazard. It is derived by
considering both the severity and probability of a hazard.
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5.9.1 Hazard Severity. An assessnent of the worst-case
potential injury or systemdamage if an identified hazard were to
result in an accident. Severity categories are |isted bel ow

HAZARD SEVERI TY

Cl ass | Hazard Category Definition

I Cat astropic May cause a permanent disabling or fatal
injury to personnel, and/or |oss of
facilities, mpjor systenms, or associated
har dwar e.

Il Critical May cause severe injury or occupational
i1l ness, and/or major danmage to
facilities, systens, or hardware.

11 Mar gi nal May cause m nor injury or occupational
i1l ness, and/or m nor danmage to
facilities, systens, or hardware.

IV Negl i gi bl e May cause first aid injuries or
occupational illness, an/or m ni nal
damage to facilities, systens, or
equi pnent .

5.9.2 Hazard Probability. The |ikelihood that an identified
hazard will result in a m shap

HAZARD PROBABI LI TY

Level Frequency of Definition
Cccurrence
A Fr equent Likely to occur imedi ately
B Pr obabl e Probably will occur in tine
C Cccasi onal May occur in time
D Unli kel 'y Unlikely to occur
E | mpr obabl e Extrenely unlikely

Ri sk Assessnent C assification

Hazard Categori es

Probability [ Il [ Y,
Catastrophic | Critical Mar gi nal Negligi bl e

A- Frequent

B- Pr obabl e

C- Cccasi onal

D- Renot e

E- | npr obabl e
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Severity-Probability Criteria

1A, 1B, 1C, 2A, 2B, Unaccept abl e
3A

1D, 2C, 2D, 3B, 3C Undesi rabl e, docunented acceptance
fromDirector of responsible
organi zati on required

1E, 2E, 3D, 3E, 4A Acceptabl e with docunent ed approva

4B fromresponsible
departnment/program project/facility
manager

4C, 4D, 4E Accept abl e wi t hout review

5.10 Safety Review Team (SRT). An SRT is established to review
and inspect equipnent, facilities, or test activities/operations
of a | ess hazardous nature, to review and inspect facility
additions or nodifications that result in a change in existing
hazard | evels, or to ensure that all hazards are identified and
either elimnated, controlled, or the risk has been accepted.

5.11 Test/Operational Readiness Review (TRRFORR). A pre-
operation review of all risks associated with a specific
hazardous test/operation to ensure test/operational objectives
are nmet without property danage or personnel injury and to
determ ne test/operation systemand test article readiness. A
TRR/ ORR does not take the place of an ORI/ SRT but is used in
conjunction wth these reviews, if they are required.

6. | NSTRUCTI ONS

6.1 Baseline Assessnent

6.1.1 Supervisors shall ensure a baseline assessnent is
perfornmed for all new or existing/nodified equipnment, facilities,
or operations/processes under their control or jurisdiction and
establish an FRI

6.1.2 The supervisor wll use the baseline assessnent and the
FRI to help determne the | evel of systemsafety effort required
to meet NASA, OSHA, and national consensus standards throughout
the life of the facility, equipnment, or operation/process.
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6.1.3 Conpliance with this docunent is required for any
facility, equipnent, job, task, operation, and process with an
FRI 1 or 2.

6.1.4 Supervisors shall ensure that any facility, equipnent, job,
task, operation or process determned to be an FRI 1, FRI 2, or
FRI 3, is listed in the |IHOPS data base | ocated on “Inside

Mar shal | .”

NOTE: No entries into IHOPS is required until THOPS is fully
operational, estimted date is Septenber 2001

6.2 Safety Analysis and Revi ews

6.2.1 Responsible organizati ons and program project nanagers
assisted by S&VA identify safety requirenments for a hazardous
operation for each stage of study, design, construction, and
test/ operation.

6.2.2 Supervisors shall ensure an HA is perfornmed for al

hazar dous operations with an FRI 1 or 2. The HA is conducted in
coordination with the responsi bl e organi zati on or technician,
progrant proj ect manager, facility user, and S&VA. HAs shall be
approved by the responsi bl e manager, in accordance with the Ri sk
Assessnent Cl assification chart section 5.9 and S&VA prior to
perform ng the hazardous operation.

6.2.3 Supervisors shall ensure OPs are devel oped and utilized
during the conduct of hazardous operations. Operating procedures
for hazardous operations will be reviewed and approved by the
responsi bl e manager and S&VA prior to perfornmance of the
operation.

6.2.4 Managers/supervisors, wth assistance from S&VA, shal
ensure appropriate readi ness reviews are perforned for hazardous
operations. MAN 8715.8, “Operational Readi ness Program”

provi des guidelines to assist in determ ning the appropriate

| evel of review

6.3 Hazard Anal ysis

6.3.1 Gather Data. Identify information and data resources
pertinent to the system design, configuration, operation, and
safety requirenments. This activity includes identifying

cogni zant personnel through whom data and i nfornmation may be
obtained, as well as collecting the actual docunentation that
details the design, configuration, and operations. Information
may be contained in design docunents, performance specifications,
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operati on docunents, engineering draw ngs, schematics, and
presentation nmaterial s.

6.3.2 Learn the System Read and study the data gathered. Ask
questions of key technical personnel to aid in understanding the
system In addition, the safety requirenents of the system need
to be understood.

6.3.3 Define the Scope of the Analysis. Defining the scope of
the anal ysis includes: (a) deciding what needs to be anal yzed,
(b) determning the | evel of analysis detail, and (c) ensuring

the analysis is focused at a manageabl e | evel .

6.3.4 Performthe Analysis. The analysis should be perforned
utilizing hazard identification guideline listings (e.g., Energy
Source Checklist, NASA-STD-8719.7, “Facility System Safety

Qui debook,” Appendi x A) to provide a nethodol ogy for recognizing
hazar ds, reconmendi ng controls, specifying technica
requirenents, and good safety design practices. This is the
application of the analytical technique to nethodically review
the system

6.3.5 Docunent the Analysis. |Itens to be docunented include
(Appendi x A provides a sanple hazard anal ysis worksheet):

a. System Subsystem Identify the equi pnent being anal yzed.

b. Operation: Define the operation being perfornmed when the
hazard is identified.

c. Hazard Nunber: An assigned designator used to reference each
i dentified hazard.

d. Hazard Description: Defines the potential hazard associ ated
Wi th a particular hazard category and descri bes tasks and
procedures that may cause hazards or hazardous conditions.

e. Initial R sk Assessnment Cl assification (RAC): Defines the
hazards severity and probability prior to performng mtigation
actions to elimnate or control the hazard.

f. Recommendati ons/ Existing Controls: Identify recomrended
controls to elimnate the hazard or reduce the hazard severity
and probability of occurrence to an acceptable |evel.

g. Residual RAC. Indicate the hazard severity and probability
after all the recommendati ons are incorporated.
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h. Resolution: Docunent the controls that have been inpl enented
to control the hazard severity and probability.

i. Status: Indicates whether the identified hazard is “Qpen” or
“Cl osed.”

J. Revise Analysis: The analysis should be revised as changes
occur in the equipnent, operation, or environnent.

6.3.6 Hazard Reduction. Hazard reduction strategies shall be in
the order of precedence listed in Table 1.

TABLE 1

Design to Eliminate Hazards

Design to Control Hazards

Provide Safety Devices

Provide Warning Devices

Provide Special Procedures or Training
Hazard Acceptance or System Disposal
Reference NASA-STD-8719.7, “Facility System
Safety Guidebook,” Chapter 5.

~ooo0ow

6.4 Operating Procedure

6.4.1 Operating procedures for hazardous operations will consist
of the follow ng:

a. A cover sheet identifying the operation as hazardous
b. Activity description
c. Reference docunents
d. Definitions and acronyns
e. Responsibilities
f. Safety section
- List of potential hazards and controls
- Pretest requirenents (i.e., weather restrictions)

- Enmergency tel ephone nunbers

g. Detailed operating sequences include:
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- Status of switches, valves, etc., before fluid flow or
energi zing circuit

- Activity sequences

- Secure sequences

- Safety mandatory inspection points

h. Hazardous area access control

I. List of required equi pnent

J. Provide WARNI NG CAUTI ON, and NOTE statenents prior to
sequences/ steps in which a mal function or error produces a

reaction that causes system degradation or property damage,
personnel injury, or death. See bel ow

VWARNI NG
Mai nt enance or operating procedures,
techni ques, restrictions, etc., may result
in severe personnel injury, loss of life,
or maj or equi pnment damage if not foll owed
exactly.

CAUTI ON
Mai nt enance or operating procedures,
techni ques, restrictions, etc., may result
in sone damage to equi pnent or system or
mnor injuries to personnel if not followed
exactly.

NOTE
Mai nt enance or operating procedures,
techni ques, restrictions, etc., require
enphasi s for safe operation

k. Enmergency procedures for securing facility and operati on when
an anomaly occurs (i.e., equipnent failure, personal injuries,
and fire/explosion).

| . Schematics, draw ngs, setup diagrans, etc., as necessary for
clarity.

m Signature sheet. As a mninmum the signature sheet shal

i nclude the nanme and title of the person subnitting the procedure
and date signed, and the approval nanes and date signed of
persons responsible for the test and appropriate functional areas
(as determ ned by the program project nmanager) and S&VA.
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6.5 Operations

6.5.1 The responsible organization wll maintain configuration
control for hazardous facilities, equipnent, operations, and
processes.

6.5.2 For each hazardous operation, a group |eader, team| eader,
techni cian, or other responsible authority will be in charge of
t he operation.

6.5.3 Wiere the risk of injury is high, personnel shall use the
buddy system whereby a person not directly exposed to the hazard
serves as an observer to render assistance. Wen in doubt about
when the buddy systemis appropriate, the responsible authority

shoul d contact S&VA for assistance.

6.5.4 Material Safety Data Sheets (MSDS) are provided for
hazardous materials in accordance with MPG 1840.2, “MSFC Hazard
Conmuni cation Program” For a listing of MSFC MSDS and ot her
MSDS | i nks, see http://eeno. nsfc. nasa. gov/ environnental / haz mat/.

6.5.5 Personnel perform ng a hazardous operation are trained and
certified for the job or task in accordance with MAV 3410. 1,
“Personnel Certification Program”

6.5.6 Supervisors will ensure that adequate personnel access
controls are in place to prevent unauthorized personnel from
entering hazardous areas.

6.5.7 Personnel requiring entry into a hazardous area w ||
coordinate with the responsi ble organization to request
perm ssion to enter the area prior to entry.

6.5.8 Dry runs are conducted for highly critical or extrenely
hazar dous operations if determ ned to be necessary by responsible
managenent or S&VA.

6.5.9 Preoperation briefings are conducted by responsible
authority before the start of a hazardous operation.

6.5.10 Personnel injury or equipnment danage will be reported in
accordance with MAN 8621.1, “M shap/Incident Reporting and

| nvestigation.”

7. NOTES

None
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8. SAFETY PRECAUTI ONS AND WARNI NG NOTES

None
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9. RECORDS

9.1 Operating procedures for hazardous operations will be

mai nt ai ned by the responsi bl e organi zati on or progran project
manager. This record will be maintained for the life of the
facility/operation, then destroyed or naintained for historical
pur poses.

9.2 HAs will be maintained by the responsible organi zation or
program project manager for the life of the facility/operation
t hen destroyed or maintained for historical purposes.

9.3 Configuration control for hazardous facilities will be
mai nt ai ned by the responsi ble organization for the facility.
This record will be maintained for the |ife of the facility then

destroyed or maintained for historical purposes.

9.4 Record of any recomrended supervisor or enpl oyee safety
training. This record will be maintained by the Enpl oyee &
Organi zati onal Devel opnent Departnment for the enployees’ |ength
of enploynment, then destroyed or maintained for historical

pur poses.

9.5 Personnel certification records will be maintained in
accordance with MAW 3410.1, “Personnel Certification Program”

9.6 Docunented approvals of risk will be naintained by the
responsi bl e organi zation for the life of the facility, then
destroyed or maintained for historical purposes.

10. PERSONNEL TRAI NI NG AND CERTI FI CATI ON

10.1 Training shall be conducted in accordance with MAN 3410. 1,
“Personnel Certification Program”

10.2 Training shall include supervisor approved on-the-job
training with experienced personnel.

10.3 Reconmended training for supervisors and enpl oyees:

10.3.1 NSTC 020, “Basic System Safety Practice,” or equival ent
course for finding hazards and for assessing their safety risk.

10.3.2 NSTC 021, “Advanced System Safety Practice,” or
equi val ent course ained at ensuring safety operating risks.

10. 3.3 NSTC 005, “Managers Safety,” or equival ent course that
provi des and introduction into workplace safety requirenents.
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10.3.4 NSTC 828, “Hazard and Operability Anal ysis (HAZOP)
Met hodol ogy, ” or equival ent course that provide and understandi ng
of the Hazard and Operability (HAZOP) nethod of safety anal ysis.

10.3.5 NSTC 048, “System Safety for Managers,” or equival ent
course that discusses typical analytical techniques.

10.3.6 NSTC 002, “System Safety Fundanental s,” or equival ent
course that teaches the fundanmental s of system safety nanagenent
and hazard anal ysis of hardware and operations.

10.3.7 NSTC 008, “System Safety Wbrkshop,” or equival ent course
that teaches hazard recognition and anal ysis for hardware and
oper ati ons.

11. FLOW DI AGRAM

None

12. CANCELLATI ON

MAI 8715.6 dated February 2, 2000

Original Signed by
Si dney P. Saucier for

A. G Stephenson
Director
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APPENDI X A
SAMPLE HAZARD ANALYSI S WORKSHEET
TITLE Date:
Control #:

System/Subsystem: Operation(s): Analyst(s):
Hazard #: Priority: Initial RAC: Key Words:

Hazard Description:

Recommendations

/ Existing Controls:

RAC After

Recommendations:

Resolution: Status:
Residual RAC: Status: Responsible Organization:
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