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PREFACE 

The study which led to the recomnendations made in this report was 
performed by Operations Research, Inc. (ORI), and General Physics Corporation. 
General Physics, with special expertise in nuclear power technology and train¬ 
ing performed the analysis, using information from experience in the utilities 
industry, the NS SAVANNAH prototype nuclear commercial ship, and the U. b. 
Navy nuclear program. Representatives of the U. S. Maritime Administration 
and the Merchant Marine Academy assisted by providing information from the 
Preliminary Safety Analysis for the proposed new nuclear shjPs- 
The Academy and other maritime training organizations provided feedback on 
analysis results. Contributing organizations and individuals outside of the 
study team are specifically acknowledged in Appendix B. ORI provided admin¬ 
istrative support, assisted with review and refinement of the task data devel¬ 
oped in the analysis, and prepared the final report. 

The method of task analysis used was Functional Job Analysis (FJA), 
developed by Dr. Sidney A. Fine, industrial psychologist. Dr Fine acted as 
a consultant to the study team on the application of the method. His exper¬ 
tise, practical advice, and personal interest in the progress of the analysis 
are acknowledged with appreciation. 
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EXECUTIVE SUMMARY 

This report presents the results of a demonstration of the applica¬ 
tion of Functional Job Analysis (FJA) techniques to engine department activi¬ 
ties on nuclear commercial ships. The demonstration study was based on the 
use of the Draft Handbook for the Development of Qualifications for Personnel 
in New Technology Systems, which was submitted as an interim report in September 

Based on the experience gained in the nuclear ship engineering study, 
and one other (to develop recommendations concerning qualification requirements 
for liquefied natural gas cargo vessel personnel), the draft handbook was re¬ 
vised and submitted in final form for U.S. Coast Guard use in future projects. 
The final handbook (ORI Technical Report No. 1012, February 1976), is a com¬ 
panion report to both demonstration study reports. It describes the method¬ 
ology in detail. The entire research effort was performed for the Department 
of Transportation, U.S. Coast Guard, under contract D0T-CG-41903-A. 

Although nuclear power generation is not new, its use for commercial 
ship propulsion is a relatively new development. The one operating example 
under U.S. flag registry was the prototype NS SAVANNAH. The SAVANNAH experi¬ 
ment ended more than five years ago. The experience of the nuclear utilities 
and the U.S. Navy is relevant, but different. Access to and use of informa¬ 
tion about the Navy's program is restricted. 

Thus the nuclear power task analysis provided a case in the inter¬ 
mediate range of data availability, between virtually no operating experience 
to go by (as in the LNG demonstration study), and operating organizations 
which can be surveyed and observed as a basis for task analysis. 

PURPOSE OF THE ANALYSIS 

The purpose of the nuclear ship engineering task analysis was to 
provide a basis for developing qualifications requirements for engineering 
personnel to serve on nuclear commercial ships in the event they operate under 
U.S. flsg registry, as has been proposed. 

iii 



LIMITATIONS 

The task analysis was limited to functions that have a direct rela¬ 
tionship to the technical aspects, operation, or maintenance of a nuclear 
power plant. Ship control functions were considered only as they interface 
with the power plant -- i.e., change in power requirements or exposure to 
radiation hazard. The reference system for this analysis would not allow 
power changes to be made directly from the bridge. Given the prospective 
design features, ship control personnel could not directly affect the status 
of the nuclear power plant. Thus no tasks of these personnel were described. 
The requirement for them is to understand the capabilities, limitations, 
hazards and emergency conditions of the power system so that effective inter¬ 
action can be maintained and emergencies responded to appropriately. The 
introduction of centralized automated control from the bridge would make it 
necessary for conning officers to receive substantially more nuclear propul¬ 
sion training than is required with the presently anticipated system. 

SCOPE OF THE REPORT AND ITS PLACE IN THE PROCESS OF QUALIFICATIONS 
DEVELOPMENT 

This report presents conclusions and recommendations for summary 
qualifications based on the analysis, as well as the task data bank that was 
developed. The summary qualifications reflect the requirements of American 
National Standards Institute (ANSI) Standard N.18-1, and experience with land 
plants, naval vessels, and the SAVANNAH. The next step in the process, recom¬ 
mended in the report, should be development of a Regulatory Guide specifically 
for nuclear merchant ships, followed by development of more detailed qualifi¬ 
cations. The extent to which responsibility for the licensing of ship person¬ 
nel in this case would be shared by the Nuclear Regulatory Commission is not 
defined. The third step would be for training activities to develop detailed 
curricula for evaluation and approval by the appropriate agency or agencies. 
The recommendations concerning training that are presented in this report, 
including training content associated with each task, provide a foundation 
for the more detailed curricula. 

CONCLUSIONS 

• Distinct clusters of operating tasks can be defined, 
based on the operational characteristics, locations, 
and functions of the constituent systems (or sub¬ 
systems) of the ship nuclear power plant. 

• Maintenance and radiation protection tasks are not 
subsystem specific. 

• Some tasks in the engine department are not directly 
affected by the fact of nuclear power generation 
and therefore no special technical training or other 
qualification requirement is needed. 

• All ship personnel, however, in and out of the engine 
department, need training in at least the hazards of 
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nuclear power, measures for protection against radia¬ 
tion, and emergency procedures. 

• The Master and bridge officers require additional train¬ 
ing concerning the nature and limitations of the system 
and certain administrative procedures. 

• Some ship functions, including some related to the 
nuclear aspects o* the system, are not adequately 
covered by existing regulations and standards for per¬ 
sonnel qualifications. (In fact, only the nuclear re¬ 
actor operations and supervision functions are adequately 
covered.) The cognizant organizations should develop 
comprehensive regulations and standards for nuclear com¬ 
mercial ships qualification requirements. 

• The hazards of nuclear ship operations, and the rela¬ 
tive isolation of a ship at sea indicate that the 
personnel must be particularly capable and conscien¬ 
tious in their work, and able to accept the requirements 
and conditions of this type of work. 

• Procedures manuals are of critical importance, both 
in work and in training; it may be desirable that 
they be mandated and subject to approval by the cog¬ 
nizant regulatory agency, or agencies. 

• Existing training programs and materials can provide 
at least a strong foundation for training of nuclear 
commercial ship personnel. 

TRAINING RECOMMENDATIONS 

e Twelve categories of training are recommended. They 
involve overlapping content. Thus a comprehensive, 
integrated common core module approach is recommended 
that could facilitate and reduce the cost of the total 
program. (See Section IV, especially Table 4.1.) 

• The training format is recommended to allow for maximum 
flexibility in the program. Some modules permit self- 
paced, individualized instruction using programmed ma¬ 
terials, whereas others require uniform classroom instruc¬ 
tion using lectures and practical demonstrations. These 
features are recommended to accommodate differing train¬ 
ing requirements and learning characteristics and to 
make it possible to use training materials on the ship 
as well as in a school setting. 

• The type of training suitable for each training topic 
is recommended. Three general types are specified: 
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— presailing shoreside in a school/classroom 

setting 

-- presailing practical application/experience 
(which will involve use of simulators in some 

instances) 

onboard indoctrination to assure adequate 
knowledge of ship-specific features. 

System drawings or diagrams, parts of procedures man¬ 
uals, and certain other training materials should be 
prepared during ship construction in order to illus¬ 
trate equipment and processes that might not be acces¬ 
sible when the ship is in operation. 

QUALIFICATION RECOMMENDATIONS 

Qualification of all personnel directly involved in the system opera¬ 

tions is recommended to be based primarily on 

Satisfactory completion of training 

Demonstration of specific performance capabilities 

by simulation 

Demonstration of specific performance capabilities 

on the actual ship systems. 

Personnel responsible for nuclear reactor operations must of course be licensed 
by NRC. The proposed qualifications would enable the personnel to obtain the 
necessary license (RO in the case of operators; SRO in the case of supervisors). 

Similar qualification requirements are recommended for 
the other categories directly involved with nuclear 
aspects of the work. No NRC license is required in 
these cases, which include maintenance/repair and 
plant chemistry control/radiation protection. 

All other personnel would be qualified on the basis 
of satisfactory completion of the training designed 

for them. 

A two-year period for renewal of the nuclear qualifica¬ 
tion is recommended. This is the period of renewal for 
NRC licenses. Change in the other marine license renewal 
requirements is not considered necessary. 

Renewal is recommended to depend on documented com¬ 
pletion of approved refresher/update training plus 
documented performance proficiency in specific opera¬ 
tions. This approach is compatible with requirements 
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for the NRC-1icensed personnel and desirable to main¬ 
tain crews with up-to-date skills. Others could renew 
on the basis of completion of refresher training only. 

Renewal requirements could be met while sailing or at 
training centers ashore. 
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This report presents recommendations concerning qualification require¬ 
ments for engineering personnel to serve on nuclear-powered merchant ships. 
In addition, qualification requirements are recommended for other ship person¬ 
nel, because of the nuclear hazard, although their work would not involve 
them directly in nuclear operations. 

The recommendations address training and other requirements for in¬ 
itial qualification and renewal, including time frame of renewal. The rec¬ 
ommendations were developed in a study for the U.S. Coast Guard, which has the 
responsibility to license, certify, and endorse personnel for Merchant Marine 
service, so as to avoid unsafe performance at sea, on U.S. navigable waters, 
and at waterfront facilities. 

No U.S. nuclear merchant ship has operated since the 10-year pilot ef¬ 
fort of the NS SAVANNAH ended in 1970, and no construction is underway. However, 
the U.S. Maritime Administration (MarAd) has proposed the construction of at 
least three. It was proposed that the first be delivered in mid-1980, with 
the others to follow at one-year intervals. A Preliminary Safety Analysis 
Report (PSAR) for this proposal was issued in April 1974.1 Analysis of the 
plans for and merits of nuclear merchant ship operations has continued, involv¬ 
ing the Coast Guard and the Nuclear Regulatory Commission (NRC), as well as 
MarAd. Thus the Coast Guard called for the study reported herein to examine 
personnel qualification requirements associated with nuclear ship operations. 

The study used task analysis to establish the basis for recommending 
personnel qualification requirements. The detailed task data provide informa- 

1 Babcock and Wilcox, Competitive Nuclear Merchant Ship Program Preliminary, 
Safety Analysis Report, prepared for the U.S. Maritime Administration. 
Lynchburg, Virginia: Babcock and Wilcox, April 1974, 5 vols. 
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matlon that can be used for development of training programs and measures of 
performance as well. 

The method of task analysis used was Sidney A. Fine's Functional Job 
Analysis (FJA). The nuclear power qualifications study, and another, addres¬ 
sing qualifications of cargo handling personnel on liquefied natural gas car¬ 
riers, served to demonstrate how FJA might be applied to the problem of estab¬ 
lishing qualification requirements for new technology ship occupations with 
limited or no operating examples upon which to base the task analysis and con¬ 
clusions about the qualifications. From the experience gained in the develop¬ 
ment and application of the method in these two studies, ORI has prepared a 
Handbook for the Development of Qualifications for Personnel in New Technology 
Systems (ORI Technical Report 1012), for use by the Coast 6uard in future ^ 
projects. The Handbook, which explains the methodology in detail, is a com¬ 
panion volume to this report. A summary of the methodology is provided as 
an appendix hereto, with the task data, for reading convenience. 

ORGANIZATION OF THE REPORT 

An effort has been made to present the results of this study as clearly 
and succinctly as possible so that they may be easily evaluated and applied. 
Sections II-IV comprise the main body of the report. Section II provides a 
framework for the conclusions and recommendations. It Includes a description 
of the reference ship, an overview of the nuclear power plant system, a sum¬ 
mary of the associated hazards, and an overview of the analysis structure. 
The limits of the analysis are also stated. General conclusions are presented 
in Section III. The specific recommendations for personnel qualification are 
presented in Section IV. Description of the methodology, analysis documenta¬ 
tion, and other supporting information are referenced or summarized as neces¬ 
sary to make clear the reasons for various conclusions and recommendations. 
We have tried to avoid diffusing those study results into a large body of 
supporting materials. The latter are presented in appendices (and, as (pre¬ 
viously stated, the methodology is treated in a separate report as well). 

Appendix A contains the summary of the information along with the 
task analysis documentation. Sources of information for the analysis and par¬ 
ticipants in its review are credited in Appendix B. Appendix C contains a 
detailed description of the hazards associated with nuclear power. Appendix 
D presents excerpts from the previously cited PSAR, describing the probable 
nature of future nuclear ships. Appendix E covers standards and legal require¬ 
ments pertinent to nuclear ship personnel qualifications. Appendix F contains 
reviews of nuclear power plant operations on the NS SAVANNAH, on the U.S. Navy 
ships, and in the utilities. 



II. FRAME OF REFERENCE 

DESCRIPTION OF THE REFERENCE NUCLEAR SHIP 

It was assumed for this analysis that any future nuclear merchant 
ship will be similar to that proposed by the Maritime Administration (MarAd), 
U.S. Department of Commerce, and described in the Competitive Nuclear Merchant 
Ship Program Preliminary Safety Analysis Report (P$Ar), (Babcock and Wilcox, 
April 19/4). A very brief description of the power plant and ship follows, 
excerpted from the PSAR. 

The Maritime Administration has proposed the construction of at least 
three similar nuclear power plants to supply propulsion power for three mer¬ 
chant ships. The nuclear ships will be operated from the United States to 
ports of call identified by the owner/operator. 

The reference nuclear ship is a 600,000 dead-weight-ton (DWT) tanker, de¬ 
noted as the Very Large Crude Carrier (VLCC), designed for long-distance oil trans¬ 
port. It is designed and arranged to carry approximately 4,701,000 barrels of cargo oil. 

The ship is fitted with navigation and collision/grounding avoidance 
systems to direct the movement of the ship in response to manual bridge com¬ 
mands and to data accumulated automatically from the various electronic systems. 
The systems provide data on ship position, heading, speed, sea depth, heel and 
trim. In addition, the systems provide the position and track of other vessels 
in the area and warn of necessary course changes. 

The reference ship power plant has a pressurized water reactor nuclear 
steam system utilizing the steel-shell, pressure-suppression containment con¬ 
cept (hereafter referred to as Consolidated Steam Generator or CNSG). The 
reactor unit operates at a rated core power level of 312.0 Mwt, resulting in 
a new power output of 120,000 shp and an average ship speed of 18.8 knots. 

As required by the U.S. Coast Guard and the American Bureau of Ship¬ 
ping, the two-compartment stand;-, of subdivision has been incorporated in the 
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ship design. The reactor compartment is aft of amidship and above and aft of 
the machinery space. The auxiliary propulsion boilers are located forward of 
the reactor compartment. The reactor compartment houses the reactor vessel, 
the containment features, and the reactor-associated auxiliaries. The compart¬ 
ment is bounded on either side by longitidinal structural bulkheads; the spaces 
outboard of the bulkheads are designated as collision resistance areas. Pro¬ 
pulsion is provided by twin screws, each having a rating of 60,000 shp. The 
screws are driven by cross-compound steam turbines through locked-train, double 
helical reduction gearing. The propulsion machinery is located below the reactor 
compartment. 

The automatic control system for the reactor/propulsion plant com¬ 
prises two redundant channels. Each channel contains a digital "minicomputer," 
which calculates coordinated control signals for the plant using modern control 
techniques. Although both channels receive information from the plant and 
calculate control signals, only one is closed with the plant at any given 
time. The controllers are self-checking and control is transferred automati¬ 
cally to the alternate channel when a fault is detected. In addition, the 
control channels are monitored by a digital-based operator information system. 
Semiautomatic control is also provided; it consists of reactor-following (tur¬ 
bine control on manual) and turbine-following (reactor control on manual) modes. 
Finally, manual controls are provided for all control devices. 

The auxiliary service requirements and engineered safety features of the 
CNSG plant have been evaluated and combined for maximum system reduction and sim¬ 
plification consistent with reliability, operability, safety, and function. All 
auxiliary systems are based on current pressurized water reactor technology cou¬ 
pled with consideration of shipboard duty and environment. All systems and com¬ 
ponents are designed and fabricated in accordance with nuclear service codes and 
standards, or their equivalent, in combination with appropriate consideration of 
the functional importance of said system and/or component. Components are se¬ 
lected and systems are arranged so as to afford high operational safety assur¬ 
ance and the appropriate degree of functional combination. 

SUMMARY OF NUCLEAR HAZARDS 

The hazards of nuclear power production may be divided into four cate¬ 
gories: 

• Chronic exposure by ship's personnel to low- 
level radiation 

• Acute exposure to radiation associated with 
maintenance and repair activities 

• Improper disposal of radioactive wastes 

• Release of radioactivity to the environment due 
to a breach of the containment systems. 

A detailed description of the hazards is provided in Appendix C. 

4 

¡-IS T* 
tULáiiUi 

Tvyrr:—7“ 
iILkïULi',, ,, I: ,, 



It is noted that system/reactor accidents are generally considered 
improbable, based on operating experience with nuclear power production to 
date. However, the probability is judged greater for ship nuclear power pro¬ 
duction than for land-based operations because the ship is mobile. Avoidance 
of collisions, rammings, and groundings becomes even more critical than on 
conventionally-powered ships, despite the fact that the proposed ship design 
includes features to protect the nuclear power plant system in the event of 
such a casualty. For this reason, attention was given to special qualifica¬ 
tion requirements for deck personnel to serve aboard nuclear ships, although 
to do so was beyond the requirements of this study. 

SCHEMATIC VIEW OF A SHIP NUCLEAR POWER SYSTEM 

Figure 2.1 represents the major nuclear power plant hardware config¬ 
urations—the reactor-steam generator and auxiliaries, and the steam propul¬ 
sion plant and auxiliaries. The figure also indicates the general work func¬ 
tions of the nuclear power plant system: reactor operations and maintenance, 
steam propulsion plant operations and maintenance, and plant chemistry control 
and radiation protection. The connection to ship operations and control (most 
significantly, to the bridge) is represented, as is the role of health and 
safety standards and legal requirements. 

The structuring of the analysis began with the system perspective 
illustrated in Figure 2.1. As the analysis progressed, the major hardware 
configurations were defined more specifically, as follows. 

SYSTEM DEFINITIONS USED IN THE ANALYSIS 

Nuclear Power Plant Systems includes all systems (actually subsystems 
within the framework of1 this analysis) in the ship's propulsion plant associ¬ 
ated with the generation of power in the nuclear reactor, the control of the 
reactor, and the supply of power to the ship's propulsion equipment. For 
purposes of this analysis, the nuclear power plant system is subdivided, 
specifically, into the nuclear reactor subsystem, the steam propulsion sub¬ 
system, and the reactor auxiliary subsystem. 

Nuclear Reactor Subsystem consists of mechanical, electrical, and 
electronic systems directly associated with the generation of power in the 
nuclear reactor and the transmission of that power to the steam generators. 
These systems are principally located within the radiation containment bound¬ 
ary and are normally controlled remotely from the reactor console in the con¬ 
trol room. Examples of these systems are the primary coolant system and the 
rod control system. 

Steam Propulsion Subsystem consists of systems (primarily mechani¬ 
cal) associated with the transmisTTon of steam from the steam generators to 
the ship's propulsion turbines, the condensation of the steam exhausted from 
these turbines, and the supply of feedwater to the steam generators. These 
systems are principally located in the engineroom and are controlled either 
locally, by manual or semiautomatic means, or remotely from a steam plant 
console in the control room. Examples of these systems are the main steam 
system, condensate system, and feedwater system. 
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Reactor Auxiliary Subsystem consists of mechanical, electrical, and 
electronic systems which support the operation of the reactor, but which are 
not involved directly with the generation of oower in the nuclear reactor. 
These systems are principally located in the auxiliary space and are controlled 
either locally, by manual or semiautomatic means, or remotely from the reactor 
console in the control room. Examples of these systems are the fresh water 
cooling system, which supplies cooling water to the main coolant pumps, and 
the waste disposal system. 

The steam propulsion auxiliaries are not defined. Their operations 
and maintenance are no different on a nuclear ship than on a conventionally- 
powered ship and thus those tasks were not delineated in the analysis. 

OVERVIEW OF THE TASK ANALYSIS STRUCTURE AND CONTENT 

As previously stated, the analysis began with the system view repre¬ 
sented in Figure 2.1; that view was made more detailed by the further defini¬ 
tion of the system hardware configurations--the three subsystems. Those three 
subsystems are the focus of the operations and maintenance activities that com¬ 
prise most of the work of this system, with health and safety assurance being 
a separate work area, or category of functioning, that spans the entire system. 
The three categories of functioning—operate, maintain, assure health and safety 
(or protect), although closely interrelated, invilve distinct clusters of tasks. 

Figure 2.2 illustrates how those functional categories were used to 
structure the analysis. The complete structure is presented in Appendix A, 
including the resulting task statements. Figure 2.2 is intended to provide 
an overview of the analysis that formed the basis for the conclusions and 
recommendations in the next two report sections. 

LIMITS OF THE ANALYSIS 

The analysis delineated tasks directly related to nuclear (as opposed 
to fossil) plant operations. Certain tasks that occur in the Engineering De¬ 
partment (the operations and maintenance of steam plant auxiliaries, for ex¬ 
ample) are not included because they do not represent requirements associated 
with nuclear power in particular. 

Merchant Marine rates were not considered in the analysis. The task 
requirements are presented and it is left to the appropriate government agen¬ 
cies, the unions, and the owners/operators to decide who shall perform the 
tasks. 
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the operate function. That was not done because it wat found to mult in a ver» large number of statements of tasks that 

do not differ from maintenance/repair tatks on conventionally-powered ships of similar sire and automation. The difference 

in maintenance/!épié on a nuclear ship will be in the special analysis of the system impact of repair activities and in pré¬ 
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III. GENERAL STUDY CONCLUSIONS 

The conclusions are divided into four parts. The first deals with 
the categories of work identified in the analysis. The second has to do with 
standards and legal requirements pertinent to nuclear ship personnel quali¬ 
fications. The third has to do with implications of the hazard for personnel 
attributes and for the written procedures that will guide nuclear power plant 
system operations. The last has to do with the applicability of existing 
training programs. 

CATEGORIES OF WORK 

The operating organization of the ship nuclear power plant system is the 
engine department. It will consist of personnel concerned with operations, 
with maintenance/repair, and with health and safety assurance (including 
radiation protection and plant chemistry control). 

The operations functional category may be subdivided by the types 
of hardware systems involved--!.e., nuclear reactor systems, reactor auxil¬ 
iary systems, and steam propulsion systems. Steam propulsion auxiliary op¬ 
erations are not included because they are the same as on a conventionally- 
powered ship. 

The maintenance functional category can be subdivided on the same 
basis as the operations category, but this was considered to be unnecessary 
in this study for the following reasons. The task analysis and experience in 
the utilities industry and the U.S. Navy indicates that the actual work of 
maintenance and repair of the nuclear power plant system is not different in 
kind from the usual electronic, mechanical, and hydraulic maintenance and re¬ 
pair work that goes on in the Engine Department of any large modern ship, al¬ 
though the reactor control instrumentation is more complex. The significant 
difference vis-a-vis the fact of nuclear power is in the analysis and pre¬ 
cautions required to assure that the work will not negatively affect the 
integrity of the system and in special radiation protection requirements that 
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might be associated with certain repairs. These types of special requirements 
may apply regardless of whether the work is performed on the nuclear reactor 
subsystem, the reactor auxiliary subsystem, of the steam propulsion subsystem. 
In addition, since all three are basically electromechanical systems, their 
maintenance and repair involve similar tasks. Major maintenanc ; and repair 
work that differs significantly from the normal (e.g., refueling, core replace¬ 
ment) can be expected to be performed at repair facilities because of require¬ 
ments for special equipment, safety precautions, and specially-trained tech¬ 
nicians. Ship personnel are not expected to perform such work. 

The functional category of health and safety assurance serves the 
entire system (indeed the entire ship, the public and the environment). Ex¬ 
cept for plant chemistry control tasks, this work goes on in all spaces. 

The training and qualification of personnel directly involved in the 
nuclear aspects of the ship power plant system operations can be conveniently 
organized on the basis of the foregoing functional categories and system sub¬ 
divisions. The task statements in Appendix A provide details about the work 
in each cluster and associated performance standards, general education re¬ 
quirements, and training requirements. 

The following is a summary of the general content of work in each 
functional category. 

Operation of Nuclear Reactor Systems 

This function is to work the control panel for the reactor and associ¬ 
ated systems during watches (generally for four hours, eight hours in port), in 
coordination with other watch operations (bridge, steam propulsion, reactor 
auxiliary) as required. The nuclear control function might also include per¬ 
formance of minor, routine, control system maintenance tasks during the watch. 

Operation of Steam Propulsion Systems 

This function involves monitoring and control of the steam propulsion 
equipment (including supervision of auxiliary operations), during watches, in 
coordination with other watch operations as required. The steam propulsion 
function might also involve performance of routine maintenance and repair tasks 
during watches. 

Operation of Reactor Auxiliary Systems 

This function involves operation of the reactor auxiliary equipment 
in the machinery spaces during watches. This involves interaction with the 
nuclear control operations. Checks and actions at equipment locations may be 
required when automated control panel indicators are ambiguous, indicate a 
problem in the equipment, or indicate a failure of automated control. The 
reactor auxiliary function might also include performance of routine maintenance 
and repair tasks during watches. 
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Supervision of Nuclear Power Plant System Operations 

A watch supervisory function is called for by the system hazard po¬ 
tential and the fact that the total system operation involves a number of 
personnel in different locations. This function is to take responsibility for 
all aspects of the total system operations—nuclear control systems operation; 
steam plant systems, and reactor auxiliary systems during watches, assuring 
that the ship's power requirements are safely provided. Personnel fulfilling 
this function would move throughout the engineering spaces—which Include the 
reactor control area, the engineroom, and the auxiliary machinery spaces— 
monitoring the systems and the performance of the other operator watchstanding 
personnel and providing assistance, direction, and coordination as needed. 
During normal operations, the supervision function would be mainly to double 
check and back up other watch personnel and to assure that alertness is main¬ 
tained. 

Watchstanding Requirements. As is evident from the descriptions of 
the f1rstnFôïïr^ëriôrinëT~riJrîHTôïïâT categories, above, the analysis indicated 
that four watchstanders would be needed. This conclusion was reached based 
on the spaces in which the various kinds of work are performed and on safety 
considerations. Four watchstanders were employed on the NS SAVANNAH; land- 
based facilities use five. The U.S. Navy uses a larger number, in part because 
of the need for additional personnel in combat situations. On the other hand, 
preliminary plans for the new merchant nuclear ship proposed by MarAd suggested 
the possibility of three watchstanders—one senior licensed (SRO) watch officer, 
one licensed (RO) control operator, and one operator in the engineroom and auxil¬ 
iary spaces. The arrangement could suffice for normal operations; however, in 
a critical situation or casualty, the additional person should be available. 

Instrumentation and Control Maintenance and Repair 

This function is to perform maintenance and repair on the instru¬ 
mentation and controls, electrical components, and mechanical components 
of the nuclear power plant systems. This work would normally be performed 
on a regular day basis, but the personnel for it would be on call 24 hours. 

Supervision of Maintenance and Repairs 

A maintenance and repair supervisory function is indicated by the 
complexity and quantity of equipment. The responsibility would span all systems 
of the nuclear power plant: electrical, electronic, mechanical, and hydraulic. 
This function would involve directing and checking on alj_ maintenance and re¬ 
pair activities and performance, or assistance in the performance of such ac¬ 
tivities as required. This function would normally involve day work, but per¬ 
sonnel in this category would be on call 24 hours. 
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Plant Chemistry Control and Radiation Protection 

The primary responsibility in this case is to provide protection from 
radiation hazard. The work would involve monitoring radiation levels in en¬ 
gineering spaces and amounts absorbed by personnel. It would also involve test¬ 
ing reactor water to assure that chemical balance remains within standards. It 
also appears reasonable to include in this function responsibility for training 
ship personnel in radiation protection and for checking on compliance with pro¬ 
cedures for radiation protection and emergency response. The latter activities 
are grouped with the monitoring and testing activities in the task data presented 
in Appendix A. 

Overall Supervision 

An overall supervisory function is indicated by the complexity of the 
total system, the number of personnel involved (including QMEDs, wipers, utili¬ 
ties, etc., whose work is not directly related to the nuclear aspects of the 
system), the hazard potential, the fact of 24-hour operations, and the adminis¬ 
trative requirements of the engine department of any large ship. All watchstand¬ 
ing and other engine department personnel would be under the ultimate authority 
of this supervisor. (No task statements were developed for this function be¬ 
cause, with regard to the technical aspects of the work, it would require the 
same capabilities as delineated for the watch supervisory function, and, with 
regard to leadership and administrative aspects, it would require the capabili¬ 
ties usually associated with the position of Chief Engineer. Recommendations 
concerning qualifications for this function are included in Section IV. 

Other Engine Department Activities 

Some of the work that goes on in the engine department of a nuclear 
ship (e.g., that associated with the steam plant auxiliaries) is no different 
that on a conventionally-powered ship. Thus some engine department personnel 
may have no tasks that call for qualifications beyond those already established 
for them by the Coast Guard. However, it is concluded that, because of the 
hazards associated with nuclear power and the necessity for engine department 
personnel to observe safety precautions and to know emergency procedures, they 
all should receive basic training in those areas. In addition, it is believed 
tha* all department personnel should have at least a general understanding of 
how the nuclear power plant system operates. A qualification requirement for 
training to meet these needs is recommended in Section IV, although no task state¬ 
ments were developed for the "other" personnel. 

Other Ship Personnel 

It is further concluded, based on the hazards and the fact that all per¬ 
sonnel will be required to observe certain precautions, that alj_ ship personnel 
need a basic understanding of the hazaros, protective measures, and emergency 
procedures. This is recommended as a qualification requirement in Section IV. 

In addition, it is concluded that Masters and bridge watch officers 
should be required to complete some special training beyond the minimum for all 
personnel to assure that they understand the capabilities and hazards of the 
power plant system. This conclusion is based on the communication between the 
engineering and ship control functions; on the special hazard of collision, 

12 



ramming, or grounding of a nuclear ship; and, in the case of the Master, on 
his ultimate responsibility for the safety of the ship. Such training is rec- 
ommended as a qualification requirement in Section IV. 

It is understood that some consideration is being given to a nuclear- 
powered Ultra-Large Crude Carrier (ULCC) with a centralized control system. 
The nuclear plant would respond automatically to throttle control without the 
intervention of engineering watch personnel. Conning officers would require 
substantial nuclear propulsion training in cases of automated marine nuclear 
propulsion plants. 

STANDARDS AND LEGAL REQUIREMENTS 

No existing law or standards specifically address qualifications for 
personnel on nuclear-powered ships. Two sets of existing requirements are 
applicable under existing law. They are the U.S. Coast Guard requirements for 
licensing/certification of merchant vessel personnel and the Nuclear Regula¬ 
tory Conmission (NRC) requirements for the licensing of reactor operators and 
senior reactor operators. 

The Coast Guard criteria cover all pertinent categories of personnel, 
but only with regard to their usual maritime functions. The NRC requirements 
pertain to nuclear power functions, but would only apply to ship personnel who 
were to be designated ROs or SROs. Supervisors and lower level personnel res¬ 
ponsible for reactor control operations on a nuclear ship would have to be so 
designated. The nuclear-related functions of ship personnel who do not need 
to be designated ROs or SROs are totally uncovered under the current regula¬ 
tions. Reactor auxiliary operators and steam propulsion system operators would 
be in this category, although their interfaces with reactor control would be 
critical. NRC does in fact review the qualifications of such non-licensed per¬ 
sonnel in the utilities, but specific criteria and training guidelines have 
not been set forth.2 

The task analysis suggests that the two sets of existing requirements 
could provide an adequate basis for qualifying personnel to perform reactor 
control functions on ships (i.e., the ship ROs and SROs). A comparison of 
Task Statements 1.1.1-1.1.7 with the summary training recommendations in Table 
4.1 of Section IV and with the NRC licensing requirements described in Appendix 
E supports this conclusion. In addition, the existing sets of requirements 
might provide some of the criteria needed for other personnel functions, par¬ 
ticularly reactor auxiliary operations. 

However, an integrated set of standards is needed, which would provide 
comprehensive guidelines tailored for the ship environment and covering an 
functional categories delineated in this task analysis. A cooperative effort 

2 The Code of Federal Regulations, Title 10, Part 55 (10CFR55) establishes NRC 
licensing applicability and requirements. In addition, NRC generally en¬ 
dorses the criteria of the American National Standards Institute (ANSI) Stand¬ 
ard N18.1-1971. See Appendix E for details. 
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is required to establish such standards, involving, as appropriate, the Coast 
Guard, NRC, the Maritime Administration, the maritime unions, operators, and 
other interested organizations. The task analysis results presented in this 
report were designed to facilitate such an effort. 

IMPLICATIONS OF THE HAZARD FOR PERSONNEL ATTRIBUTES AND WRITTEN PROCEDURES 

The conclusions about the need for special qualification requirements 
for aVl^ nuclear ship personnel (under the heading "Categories of Work," at the 
beginning of this section), resulted from consideration of the hazards. Other 
implications are addressed here. 

All personnel involved in nuclear power plant system operations and 
maintenance have to participate in assuring personnel and system safety, even 
if only by wearing their film badges and observing area access restrictions. 
Certainly all tasks associated with the nuclear aspects of system operations 
have safety implications. For analysis purposes, the tasks were clustered by 
goal and objective, and there is a separate goal to "Provide Protection from 
Nuclear Hazards," which encompasses plant chemistry control and radiation pro¬ 
tection. In practice, however, all tasks must serve the protection goal. 

The task analysis demonstrates that high-level functioning in rela¬ 
tion to technical data (e.g., analysis, synthesis), high-level reasoning skills, 
and a high degree of discretion, or decision-making capability, may be required 
in the tasks of the nuclear power plant system, in ship control, and indeed in 
all aspects of nuclear ship operations. This is the case despite the existence 
of detailed procedures in use in current plant operations and anticipated for 
use on any new nuclear merchant ship. Capacity for high-level functioning by 
key personnel is required because of (a! the complexity of the equipment, and 
(b) the potential hazards associated with abnormal events and the possibility 
that an emergency could occur which could not be handled adequately solely by 
following procedures. 

The task analysis also points up a potential problem area in the 
criticality of maintaining alertness and keeping task performance up to stand¬ 
ards in a situation of uneventful routine operation of an automated system. 
Such a situation requires mature, reliable, careful personnel, with thorough 
knowledge of the system as appropriate to their tasks. These attributes are 
perhaps most needed in supervisors, but they are suitable and reasonable re¬ 
quirements for all personnel whose work affects nuclear power system safety. 
The problem of maintaining alertness may be particularly acute for highly 
trained personnel with high level decision-making capabilities. Innovative 
practices may be needed to help personnel maintain vigilance. 

It is clear from the task statements that operations and maintenance 
procedures manuals will have a very important role in ship nuclear power plant 
work. In all past and current nuclear plant operations and maintenance, the 
work is done according to highly detailed procedures that are intended to cover 
all reasonable contingencies. The procedures for different operations vary in 
degree of detail, allowing more or less worker discretion; but the trend and 
goal is for the procedures to eliminate the need for discretion, thus hop'i*ully 
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to eliminate or minimize human error as a source of casualties. The technology 
is such that error can be tolerated only within narrowly-defined limits. Recom¬ 
mendations concerning procedures manuals are made in Section IV. 

RELEVANCE OF EXISTING TRAINING PROGRAMS 

Experience in working with the utilities and in the U.S. Navy indi¬ 
cates that existing training programs could provide a solid basis for the de¬ 
velopment of a program or programs suitable for nuclear ship personnel. The 
curriculum needs would have to be evaluated and modified based on further analy¬ 
sis of the task data developed in this study, in light of more certain knowledge 
of the specific ship systems and of the manning to be employed. 
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INTRODUCTION 

Recommendations are made concerning the qualifications for nuclear 
ship service needed by personnel in each of the functional categories defined 
in the General Study Conclusions (Section III). Although the purpose of the 
study was to recommend qualifications for engineering personnel, needs were 
identified for some special training for all ship personnel, as explained in 
the conclusions. The scope of the recommendations was expanded accordingly. 

The requirements recommendations reflect the degree to which the 
various functional categories are involved with the nuclear aspects of the 
system. Over'll, the recommendations call for the qualifications to include 
satisfactory completion of specified training, demonstration of performance 
capabilities, and experience—as appropriate to the responsibility and com¬ 
plexity of the particular work assignments. 

No recommendations are made concerning qualifications for the non¬ 
nuclear aspects of work. Those qualifications are provided for in the Coast 
Guard's established program for the licensing, certification, and endorsement 
of personnel to serve in the U.S. Merchant Marine. 

It is noted that the design proposalr for future commercial nuclear 
ships do not feature a fully automated bridge; nuclear power plant system con¬ 
trol would be retained in tie Engine Department. Thus no nuclear-specific 
tasks were delineated for ship control personnel. General qualifications were 
recommended for those personnel, however, reflecting their need to understand 
the capabilities, operating states, hazards and emergency states of the nu¬ 
clear system, and also reflecting their need to understand radiation protec¬ 
tion and emergency response requirements. In the event that a fully automated 
marine nuclear propulsion plant were implemented, ship control personnel would 
need to fulfill more extensive qualification requirements. 

IV. RECOMMENDED QUALIFICATIONS FOR 
NUCLEAR SHIP PERSONNEL 



The rules, regulations, and practices by which the Nuclear Regulatory 
Commission licenses nuclear power facilities and nuclear reactor operators and 
senior reactor operators were taken into account in developing the recommenda¬ 
tions for nuclear-related qualifications. Under existing law, personnel in two 
of the functional categories defined in this study would have to be licensed 
by the NRC: namely, those in the nuclear reactor systems operations category 
(RO license), and those in the total system operations supervisory category, 
including watch supervision and overall supervision (SRO license). The analy¬ 
sis indicated that the current NRC requirements for ROs and SROs are applicable 
to assure the adequacy of the nuclear-specific skills and knowledge of ROs and 
SROs in the particular case of ship nuclear power plant operations. In addi¬ 
tion, the analysis indicated that some of the RO and SRO licensing provisions 
(specifically, training content and license renewal processes) would have ap¬ 
plicability to other personnel functions for which an RO or SRO license is not 
required by law or by the nature of the work. 

FORMAT OF THE RECOMMENDATIONS 

Each task statement prepared in this anal'sis contains recommenda¬ 
tions concerning the training and general educational development (level of 
skills in reasoning, math, and language) requirements for each task. Thus, 
each task statement is in itself a detailed recommendation. The task state¬ 
ments are presented in Appendix A. 

In this section, the individual task statement recommendations are 
synthesized into an overall recommendation of qualification requirements for 
each category of work. Existing practice pertinent to these qualification re¬ 
quirements is brought into the synthesis. 

Training is discussed first. Then overall requirements for initial 
qualification are recommended for each category cf personnel, and distinctions 
necessary for personnel of the first ships are identified. Renewal of quali¬ 
fications is discussed next. The last recommenoation has to do with procedures 
manuals and their role in training and actual operations. 

TRAINING RECOMMENDATIONS 

It is assumed that all ship's personnel would come into nuclear power 
training having already met the requirements for the non-nuclear aspects of 
their work. 

Training Content 

The task analysis indicated that there is enough overlap in the nu¬ 
clear-related training requirements for the various categories of work that a 
"common core module approach" can be adopted, and that is recommended. 

As the name implies, the modules would contain information common to 
all categories of work. This recommendation is based on the overlap in train¬ 
ing content requirements identified in the task analysis. The integrated module 
approach also facilitates training program administration, including update and 
upgrade training, and allows more economical use of simulators, which are es¬ 
sential for the training in several categories. 
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Table 4.1 gives a comprehensive view of the training recommended for 
each personnel category, at the module level. It shows the personnel categor¬ 
ies that require training in each module, which represents a subject area or 
type of work procedure. It also shows the area of module application for the 
different categories of personnel, which is one way in which module lessons 
would be differentiated. For example, modules 14-18, 19-23, and 24-28 have 
the same titles. (They were separated and numbered this way for clarity in 
the table and in discussion.) They deal with types of system operations. 
The training involved would differ for people involved with different consti¬ 
tuent systems of the total system. Thus all operations personnel would learn 
about, say, Maneuvering Watch and Mooring (nos. 16, 21, and 26), but in rela¬ 
tion to particular application areas or constituent systems. 

A reference key is provided on the page following Table 4.1, giving 
the number of the task statements applicable to the personnel categories in 
the table. The task statements indicate the appropriateness of the modules 
for the categories. 

Obviously there would be various combinations of the depth of content 
and duration of training within a module for different categories of personnel, 
reflecting the degree of involvement with and responsibility for the system 
which their particular work assignments require. The task statements indicate 
the appropriate levels of training in the worker function and instructional 
level ratings, and performance standards. Trainees would be required to com¬ 
plete the lessons in each module applicable to their particular job assignments. 
The curricula can be developed from further analysis of the task data in rela¬ 
tion to the particular power plant system designs that will be built. 

Types of Training 

Different experience, background knowledge, and learning skills can 
be expected among the trainees. Thus it is further recornmended that the lessons 
be developed to accommodate self-paced, individualized training insofar as prac¬ 
tical. A self-paced approach will facilitate the qualifications renewal process, 
which, as discussed later, is recommended to include upoate/refresher training. 
Of course there must be classroom training also. 

Preliminary screening is advisable to maximize timely, successful com¬ 
pletions. The task analysis data, particularly the functional and GED ratings 
associated with each task, in conjunction with the functional training and con¬ 
tent, could be used to maximize timely, successful completions of training. 

The following combination of types of training is proposed: 

• School/classroom training (including lectures, demon¬ 
strations, practical exercises, and programmed materials 
for individual study) 

• Practical experience through the use of simulators 

• Onboard indoctrination. 

Table 4.2 shows the types of training recommended as generally appropriate for 
each module. 
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O Application Area Module No. 

Module Title 
(Topic/Type of Procedure) 

General System Knowledge 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Principles of Reactor Operation 

System Design (the specific 
system to be installed aboard 
the ship) 

General and Specific Plant Op¬ 
erating Characteristics 

Nuclear Power Plant System 
Operation 

Nuclear Instrumentation S Controls 

Safety and Emergency Systems 

Normal, Abnormal and Emergency 
Operating Procedures 

Radiation Control and Safety 

Nuclear Theory 

Radioactive Material Handling 

Administrative Procedures, Con¬ 
ditions and limitations 

Health Physics and Radiation 
Protection 

Power Plant Chemistry 

• 

• 

a 

• 

• • 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Nuclear Reactor Subsystem 

Mechanical, electrical, and 
electronic systems directly 
associated with generation of 
power in the nuclear reactor 
and transmission of power to 
the steam generators. Systems 
principally located within the 
radiation containment boundary 
and are normally controlled 
remotely from the reactor con¬ 
sole in the control room. 

14 

15 

16 

17 

18 

Nuclear Plant Startup from Sub- 
critical to Escalating Power 
to Normal Steaming Mode 

Making Major Power Changes of 
Greater than 10t 

Maneuvering Watch end Mooring 
Nuclear Plant Shutdown from 
At-Sea Mode to Reactor Subcritical 
Mode with the Plant Operating on 
the Auxiliary Power Source 

Simulation of Emergency or Ab¬ 
normal Conditions 

• 

• 

t 

• 

a 

Steam Propulsion Subsystem 

Systems (primarily mechani¬ 
cal) associated wich the trans¬ 
mission of steam from generat¬ 
ors to propulsion turbines, 
condensation of the steam ex¬ 
hausted from the turbines, 
and supply of feedwater to 
generators. Systems prin¬ 
cipally located in engine- 
room and controlled either 
locally, by manual or semi¬ 
automatic means, or remotely. 

19 

20 

21 

22 

23 

Nuclear Plant Startup from Sub- 
critical to Escalating Power to 
Normal Steaming Mode 

Making Major Power Changes of 
Greater than 10¾ 

Maneuvering Watch and Moonng 

Nuclear Plant Shutdown from At- 
Sea Mode to Reactor Subcritical 
Mode with the Plant Operating on 
the Auxiliary Power Source 

Simulation of Emergency or Ab¬ 
normal Conditions 

• 

a 

a 

a 

a 

Reactor Auxiliary Subsystem 

Mechanical, electrical, and 
electronic systems which sup¬ 
port the operation of the 
reactor but are not Involved 
directly with the generation 
of power in the reactor. Sys¬ 
tems principally located in 
auxiliary space and controlled 
either locally, by manual or 
semi-automatic means, or re¬ 
motely from the control room. 

24 

25 

26 

27 

28 

Nuclear Plant Startup from Sub- 
critical to Escalating Power to 
Normal Steaming Mode 

Making Major Power Changes of 
Greater than 10" 

Maneuvering Watch and Mooring 

Nuclear Plant Shutdown from At- 
Sea Mode to Reactor Subcritical 
Mode with the Plant Operating 
on the Auxiliary Power Source 

Simulation of Emergency or Ab¬ 
normal Conditions 

a 

a 

a 

a 

All Subsystems of Nuclear 
Power Plant 

29 

30 

31 

32 

33 

Maintenance Manuals and Operating 
Procedures Manuals 

Preventive Maintenance Checklists 

Fault-finding Techniques and Al¬ 
lowable Repairs 

Systems Specifications A Drawings 

Maintenance Radiation Protection 

• 

t 

• 

• 

a 

a 

a 

a 

J_ 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 
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TABLE 4.1. (Cont) 

wm 

REFERENCE TO TASK ANALYSIS RESULTS: 

Functional Category 

Operation, Nuclear Reactor 
Systems 

Operation, Steam Propulsion 
Systems 

Operation, Reactor Auxiliary 
Systems 

Supervision, Total System 
Operations 

Electronics Maintenance and 
Repair 

Mechanical Maintenance and 
Repair 

Electrical Maintenance and 
Repair 

Supervision, Maintenance 
and Repair 

Plant Chemistry Control, 
Radiation Protection 

Other Engineering 

Ship Control 

Other Non-Engineering 

Task Statement 
No. (Appendix A) 

1.1.1- 1.1.7 

1.2.1- 1.2.5 

1.3.1- 1.3.5 

1.4.1- 1.4.5 

2.1.1 

2.1.2 

2.1.3 

2.2.1- 2.2.3 

3.1.1- 3.2.3 

Task statements not 
developed. Functions 
not specific to nuclear 
power. 
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TABLE 4.2 

PROPOSED TRAINING SCHEDULE FOR 
NUCLEAR ENGINEERING FUNCTIONS 

v-4 

Module No. Module Title 
Pre-Sal ling 

Shores 1de/School 
Classroom 

Pre-Sailing Shoreside 
Practical Application/ 

Experience Through 
Simulators 

Onboard 
Indoctrination3 

1 Principles of Reactor Operation e 1 

2 System Design a 1 • 

3 General and Specific Plant Op¬ 
erating Characteristics 

e 3 • 

4 Nuclear Power Plant System Op- • 1 • 

5 Nuclear Instrumentation & Controls e 3 • 

6 Safety and Emergency Situations • 3-2 • 

7 Normal, Abnormal and Emergency 
Ooeratino Procedures 

U2 
• t 

8 Radiation Control and Safety e i • 

9 Nuclear Theory e i 

10 Radioactive Material Handling • 3 

11 Administrative Procedures, Con¬ 
ditions and Limitations 

a 3 *2 

12 Health Physics and Radiation Pro¬ 
tection 

a w • 

13 Power Plant Chemistry a 3,2 • 

14, 19, 24 Nuclear Plant Startup from Sub- 
critical to Escalating Power to 

( Normal Steaming Mode 

• • 

15. 20. 25 Making Major Power Changes of 
Greater than 10 Percent 

• • 

16, 21, 26 Maneuvering Watch and Mooring • • 

17. 22. 27 ¡ Nuclear Reactor Plant Shutdown 
I from At-Sea Mode to Reactor Sub- 
1 critical Mode with the Plant 
i Operating on the Auxiliary Power 
I Source 

• • 

18. 23, 28 Simulation of Emergency or 
Abnormal Conditions 

• 

29 j Maintenance Manuals and Operat- 
! inq Procedures Manuals 

a 3*2 • • 

30 1 Preventive Maintenance Checklists a 3*2 • • 

31 ! Fault-finding Techniques and 
1 Allowable Repairs 

a 3l2 • 

32 Systems Specifications and 
Drawl nos 

a 3’2 • 

33 Maintenance Radiation Protection a 3>2 • 

1 Instructor p 

2 Should Invol 
ment/msteria 

3 In the cor*' 
experienced 

resentation/demonstration; text/other individual study. 
ve student participation in exercises/drills using models/nockups, actual demonstration units of equip- 

nuing4system, onboard indoctrination can include actual performance of tasks under the supervision of 

personne «. 1 



REQUIREMENT FOR INITIAL QUALIFICATION, BY PERSONNEL FUNCTIONAL CATEGORY 

'¡he following paragraphs discuss the recommendations for the initial 
qualification of the nuclear ship personnel in each of the twelve functional 
categories delineated by the analysis. As previously stated, the qualifica¬ 
tions address only the nuclear aspects of ship operations. The qualifications 
reflect existing legal requirements that would apply, as well as the task data. 

By "initial qualification" is meant the first issue of a license, 
certificate or document endorsement to an individual. Requirements for renewal 
of the license, certificate, or endorsement are recommended in the following 
subsection. Special conditions exist for initial qualifications of personnel 
to serve on the first of any new commercial nuclear ships. It is recognized 
that experience requirements may be inapplicable until there has been sufficient 
time for the personnel pool to become established. First crew exceptions are 
suggested in the discussion of recommended initial qualifications. 

Training recommendations, treated separately in the preceding sub¬ 
section, are incorporated into the total qualification recommendations by 
reference. 

Operation of Nuclear Reactor Systems 

The following recommendations refect NRC requirements and practice: 

• Education - a minimum of high school diploma or 
equivalent (current practice in the utilities, 
shown to be appropriate in the analysis) 

Experience - two years of power plant experience; 
minimum of one year in nuclear (current practice 
in the utilities, shown to be appropriate by the 
complexity and hazards of the work; also desirable 
to facilitate training) 

Additional training - must meet the necessary re¬ 
quirements to qualify as a licensed reactor operator, 
through the NRC's Operator Licensing Program, as de¬ 
fined in 10CFR55. 

It will not be possible for ship personnel to meet the existing re¬ 
quirement for one year of nuclear power plant e>perience, unless they are re¬ 
cruited from former Navy nuclear personnel, former NS SAVANNAH personnel, or 
utilities operators. (Such personnel would of course have to be able to meet 
the Coast Guard requirements for licensing/certification in their ratings.) 
Most likely, it will be necessary to waive the nuclear experience requirement 
until there is time for personnel to develop the experience. It is recommended, 
however, that the experience requirement should apply as soon as it is feasible; 
personnel should have to have served in the engine department of a nuclear- 
powered ship for at least 12 months in order to be eligible for training for 
the function of nuclear reactor systems operator. This overall recommendation 
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is based on safety considerations and compliance with existing law and practice. 
In addition, it should facilitate training success. Furthermore, it is recom¬ 
mended that a limit be set on time that may elapse between last nuclear service 
and application. This probably should not exceed one year, if the experience 
is to be of value. 

The training modules recommended for these personnel categories in 
Tables 4.1 and 4.2 would satisfy the NRC requirement for "Additional training" 
necessary to qualify through the NRC's Operator Licensing Program, provided 
that the modules are properly developed and administered for the particular 
type of nuclear power plant. 

After completion of training, candidates can be given a provisional 
qualification based on their knowledge of the nuclear reactor system character¬ 
istics and operation. They should be required to 

• Describe system operation and operating parameters, 
with emphasis on system limitations and precautions 

• Locate and identify all instrumentation and controls 
in the control room 

• Demonstrate on a simulator their ability to operate 
the reactor under normal and abnormal conditions. 

For conversion of a provisional qualification to a standard qualifi¬ 
cation, it is recommended that the operators be required to demonstrate the 
following capabilities with an actual ship nuclear reactor: 

• Nuclear plant startup from subcritical and escalating 
power to the normal steaming condition 

• Making major power changes 

• Maneuvering watch and answering engine order tele¬ 
graph bells for mooring 

• Shutdown from at-sea condition to subcritical to 
plant operating on the auxiliary power source. 

The foregoing are the normal operations through which the nuclear reactor will 
be taken. Obviously, no actual demonstration of operations under abnormal or 
emergency operations can be included as a requirement. 

In addition, to convert a provisional qualification to a standard for 
nuclear reactor operations, personnel should complete a written comprehensive 
examination on the overall nuclear power plant. This recommendation is based 
on existing NRC requirements, on the interface that occurs with other consti¬ 
tuent systems (i.e., reactor auxiliary and steam propulsion), and on the amount 
and technicality of the information that these operators must be able to apply 
(see task statements 1.1.1-1.1.7 in Appendix A, particularly the training 
content and data, reasoning and language level ratings). 
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The final step to standard qualification is an interview with key 
personnel in the qualification program. This requirement is based on the 
hazards, the amount of discretion the operators would be called upon to apply 
(see task statements 1.1.1-1.1.7, worker instructions ratings), and the need 
for personnel who can and will maintain vigilance during uneventful, routine 
operations. 

Successful candidates are now ready for licensing by the NRC. (See 
Appendix E.) 

Operation of Steam Propulsion Systems 

The requirements for personnel to serve in this category almost 
exactly parallel the requirements for the nuclear reactor operations category. 
The following is a summary indicating the distinctions: 

• It is not necessary for the training to be designed to 
enable candidates to qualify as NRC licensed reactor 
operators. Training needs are as defined for this 
functional category in Tables 4.1 and 4.2. 

• The steps to provisional qualification, after success¬ 
ful completion of training, are the same but the content 
of the tests is as appropriate to the system (e.g., 
should be required to locate and identify all steam 
propulsion equipment and controls and to demonstrate 
steam propulsion operations in coordination with 
reactor control under normal and abnormal conditions). 

• The steps for conversion from provisional to standard 
qualification also involve demonstration of the pre¬ 
viously listed, specific normal cycles in actual op¬ 
erations, but of the steam proouls'on systems. 

• A written test and interview are recommended for con¬ 
version from provisional to standard qualifi :ation, 
but, again, as appropriate to steam propulsion opera¬ 
tions. 

• An NRC license is not required. 

The rationales for the recommended requirements for the function of 
steam propulsion system operations is similar to those for the nuclear reactor 
operations function. Tse recommendations were derived from task statements 
1.2.1-1.2.5 (in Appendix A) and reflect consideration of the hazards of nu¬ 
clear power, the complexity of the reference system, current practice in the 
utilities industry and the U.S. Navy, and the desirability of an integrated 
approach for the training and licensing of nuclear ship engineering personnel. 
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Operation of Reactor Auxiliary Sy^ems 

The requirements for personnel to serve in this category parallel 
the requirements for the steam propulsion category. Training content, demon¬ 
strations of knowledge including simulator demonstrations, written test and 
interview, should of course be based on the particular requirements of this 
function. 

The rationales for these recommendations are as described for the 
preceding categories. The relevant task statements are 1.3.1-1.3.5 in Ap¬ 
pendix A. 

Supervision of Nuclear Power Plant System Operations: Watch Supervision 
and Overall Supervision C 

Personnel in these supervisory categories must be NRC-licensed senior 
reactor operators. The following is required by law or practice for that license. 

• Education - minimum of high school diploma or equivalent. 

• Experience - four years of power plant experience; minimum 
of one nuclear. 

t Tv,r> years experience may be fulfilled by academic or related 
technical training. Related technical training is formal 
training beyond the high school level in technical subjects 
associated with steam propulsion plants. The training can 
be acquired in training schools conducted by the military, 
utilities, plant vendors, merchant marine associations or 
unions, or others. 

t Additional training - must meet the necessary requirements 
to qualify as a licensed senior operator through the NRC's 
Operator Licensing Program, as defined in 10CFR55. 

Basically to get an SRO license, candidates must meet the RO requirements but 
must pass a more demanding written test, which includes (in summary) reactor 
theory; radioactive material handling; disposal and hazards; specific operat¬ 
ing characteristics of the nuclear power plant; fuel handling and core param¬ 
eters; and administrative procedures, conditions, and limitations. 

The recommended requirements for provisional qualification of personnel 
to serve in a supervisory capacity over ship nuclear power plant system opera¬ 
tions include: 

• The foregoing general education and experience prerequisites 
to eligibility for training (except that the prerequisite 
one year of nuclear power plant experience could be waived 
for first-crew personnel). 

• Training as defined in Tables 4.1 and 4.2 for the operations 
supervisory category. 
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Demonstration of ability to locate and identify all instru¬ 
mentation and controls for all three constituent systems of 
the total nuclear power plant system. 

Demonstration of ability to describe the total system opera¬ 
tion, including operating parameters, limitations, and pre- 
cautions. 

Demonstration on a simulator of the ability to operate all 
three constituent systems in the normal cycles listed in 
the recommendations for nuclear reactor operations person¬ 
nel (demonstration of proficiency in modules 14-28 of Table 
4.1). 

For conversion from provisional to standard qualification, the foV 
lowing is recommended: 

Demonstration of ability to operate all three constituent 
systems in the foregoing normal cycles on the actual ship 
equipment. 

A written test as previously described. 

An interview as previously described. 

The candidates for supervisory functions would then be prepared for licensing 
by the NRC. 

The rationales for these recommendations are as stated for preceding 
categories. The supervisory function requires personnel capable of performing 
as operators of all constituent systems. They must have thorough understanding 
of the total, integrated workings of the system. They have particular respon¬ 
sibility for response to abnormal and emerrancy situations. Each ship will 
have emergency plans to protect the health and safety of the crew and the ci¬ 
vilian populace in the event of an accident involving the ship and/or the nu¬ 
clear power plant. The spectrum of accidents ranges from minor accidental 
releases of radioactive material within the confines of the nuclear power 
unit, to the design basis accident such as loss of coolant, to non-nuclear 
emergencies such as collision, fire, etc., which could threaten the nuclear 
power plant. Effective implementation of emergency procedures is the main 
responsiblity of the watch supervisor. Thus he must be extremely knowledge¬ 
able and proficient in task performance. The supervisory task statements (in 
Appendix A) are nos. 1.4.1-1.4.5. All other task statements under Goal 1 are 
relevant as well. 

Maintenance and Repair Functions 

As previously discussed, the maintenance and repair of ship nuclear 
power plant systems are like those functions for conventional systems except 
for the following: 
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• The nuclear reactor instrumentation and controls 
(electronic maintenance and repair) are more complex 
than the engineering instrumentation and controls on 
a conventionally powered ship. 

• Certain repair activities of all three kinds (elec¬ 
tronic, mechanical, and electrical) would require 
precautions beyond the usual for radiation protec¬ 
tion. 

• Analysis to determine whether, when, and how to per¬ 
form maintenance and repair actions (which may require 
isolation of system elements or shutdown, for example) 
may be more critical and more complex than with a non¬ 
nuclear propulsion system. 

The program is largely aimed at preventive maintenance, but it allows 
for corrective repairs when within the capabilities of the ship's personnel. 
Special or major repairs would not be done by ship personnel; they would be 
accomplished at shore-based repair facilities by personnel with specialized 
craft skills. Nevertheless, the isolation of a ship at sea requires that 
nuclear engineering maintenance and repair personnel be highly proficient in 
their tasks, and the supervisor at least must know all constituent systems and 
be able to exercise a high degree of discretion as well. Persons fulfilling 
the maintenance supervisory function on a merchant nuclear ship would have 
heavier responsibility than their counterparts in a land-based plant because 
the ship supervisors would not have the option of calling in other specialists 
for advice. 

Despite their importance, the maintenance and repair tasks were not 
delineated in great detail because they correspond to those tasks in large, 
modern non-nuclear ship power plants. Moreover, they could not be delineated 
in detail, even if that were desirab'e, until more is known about specific 
hardware that will be used. The task statements (nos. 2.1.1-2.2.3) were de¬ 
veloped to reflect the unique aspects of the functions aboard ship. 

The recommended qualification requirements for the maintainance/repair 
function are as follows: 

• Satisfactory completion of training as defined in Tables 4.1 
and 4.2, with "satisfactory completion" involving diagnosis 
and maintenancc/repair actions on mock-ups or prototypes as 
feasible, and also involving "walk-through" exams in which 
the trainee responds to questions about hypothetical condi¬ 
tions, demonstrating knowledge of how to use schematics, 
manuals and checklists. 

Mairtenance/repair training for first crews should be provided by the 
equipment manufacturers at their facilities and continuing while the ship is 
fitted. Training in the continuing system can be based on the manufacturers' 
training. 
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an^ stry Control and Radiation Protection 

This function requires specialized training emphasizing the basic as¬ 
pects of atomic and nuclear physics, interaction of radiation with matter, 
radiation detection and measurements, radiation hazards, calibration and sur¬ 
veillance, waste disposal, laws and regulations, i*nd personnel monitoring and 
recordkeeping. The initial training should also include a water chemistry 
course which covers nuclear power water requirements, radiochemistry, and cold 
water chemistry. Practical water chemistry laboratory training and experience 
are also required for the ship's laboratory to be operated effectively. These 
requirements must be covered in the modules identified for this function in 
Tables 4.1 and 4.2. 

It is recommended that personnel be qualified for this function based 
on satisfactory completion of the training defined in Tables 4.1 and 4.2. 
Satisfactory completion" must involve walk-through examinations and practical 

tests to assure that candidates thoroughly know the equipment and procedures 
they must use on the specific ship and that they can in fact assure that the 
radiation standards are ¡net. 

The task of providing onü./i •’ if jctrination/training in health and 
safety measures was included in thr K>. hemistry/radiation protection cate¬ 
gory in the task analysis (task statement 3.2.3). (It might be allocated to 
some other category.) This task involves skills in interaction with people, 
and organization and presentation of materials, as shown in the task state¬ 
ment. Thus it is recommended that demonstration of such ski Ms be required 
as a qualification for the task. 

All Other Functions 

The study defined three other functional areas not directly involved 
with the nuclear aspects of the system. These are "Other Engineering," "Ship 
Control (Master and deck officers) and "Other Non-engineering" (categories 
10-12 in Table 4.1). “ y v y .c- 

It is recommended that personnel in each of these categories be re¬ 
quired to complete training as defined for them in Tables 4.1 and 4.2 in order 
to qualify for nuclear service. The rationale for these requirements was 
stated earlier in this section and in Section III. 

RENEWAL OF QUALIFICATIONS 

The Code of Federal Regulations, Title 10, requires license renewal 
by reactor operators and senior reactor operators every two years. The re¬ 
newal requirements as currently implemented by NRC include completion of re¬ 
fresher and update training and documentation of proficiency in the performance 
of specified operations. The power plant operating facility is required to 
provide a continuing requalification program (as well as the initial training) 
that enables its personnel to meet the requirements for NRC license renewal 
The facility must maintain records documenting the fulfillment of program re¬ 
quirements by ROs and SROs. License renewal is granted on the basis of program 
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inspection and review of the records of participation of applicants for re¬ 
newal. The outcome of such a program, with its two-year time limit for com¬ 
pletion of training units and performance demonstrations, is to create per¬ 
sonnel whose qualifications are maintained and continuously updated. This 
requirement will also apply for nuclear merchant ships. 

While it is certainly desirable to expand the two-year renewal re¬ 
quirement to include the personnel in all operations/maintenance categories 
and in the plant chemistry control/radiation protection categories (1-9 1n 
Table 4.1), such a regulation would cause an unjustified increase for the 
marine engineering license renewal system. It is therefore recommended that 
such personnel renew their qualifications for nuclear merchant ships in the 
same time frame now required for marine licensing. 

It is also recommended that all other personnel (categories 10-12 
in Table 4.1) be required to renew their nuclear qualifications within the 
same time frame now required for marine licensing. 

The training modules required for initial qualification provide a 
basis for the training aspects of the requalification program. This training 
could be conducted either on the ship or ashore at approved training centers. 
Various instructional media could be used to develop the modules as on-board 
training packages enabling the personnel to participate in the requalification 
training program at sea. Types of instructional media that could be used in- 
elude1 (1) narratives — in-depth written presentations in text book format; 
(2) programmed instruction - step-by-step written presentations in discrete 
limits or frames followed by test frames; (3) summaries - quick written 
overview or reviews; (4) progress checks — self-administered tests consisting 
of matching, true-false, work fill-in or multiple-choice questions and exer¬ 
cises; (5) job programs — workshop or laboratory projects; and (6) video¬ 
tapes on closed circuit television using recorded lectures. 

Requirement for demonstrated task proficiency could normally be met 
in the course of actual work. The requirements for operators would be like 
those listed as simulation and actual demonstration requirements for initial 
qualification. Maintenance/repair requirements for demonstration of on-the- 
job proficiency should involve implementation of preventive maintenance check¬ 
lists and certain types of diagnosis and repair tasks as feasible. Personnel 
working in the plant chemistry/radiation protection area should be required to 
have proven satisfactory performance of ship laboratory tasks, radiation rad¬ 
iation exposure recordkeeping (and personnel indoctrination activities, if 
responsibility for them, is allocated to that functional category). 

Compliance with existing law would require the owner/operator of the 
ship to establish the requalification program. This could be done within the 
operating framework of the company by the establishment of a training manager 
with the responsibility to requalify all personnel. A department member on 
each ship would have to be designated ship's training coordinator. 

It might also be practical to send off-duty crews to a training 
center where they could complete their refresher training (and possibly their 
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practical requirements, by means of simulation). Such an approach would cen¬ 
tralize the training activities and facilitate the access to records. It would 
also alleviate the requirement for each ship to have a training coordinator. 

The operating company might also meet the requalification requirements 
by using an alternate program established and maintained by an organization or 
company that is approved by NRC. 

If personnel fail to meet the requirements for renewal of their qual¬ 
ifications, it is recommended that they be required to make special application 
for renewal. Such applications should be evaluated by the examining agency on 
an individual basis; some applicants might be issued provisional qualifications 
and have to go through written and/or proficiency testing to regain their qual¬ 
ifications, while others might need to repeat parts of the initial qualification 
training, and others might need only to complete some units of refresher training. 

REQUIREMENTS FOR OPERATIONS AND MAINTENANCE MANUALS 

As stated in the General Study Conclusions (Section III), the task 
analysis pointed up the very great importance of the operations and maintenance/ 
repair manuals. The manuals provide a standard code of practice, and they are 
the foundation for training and shipboard indoctrination. 

Basically, these manuals fall into two categories: 

• Operating and maintenance instructions provided by 
equipment vendors 

• Ship operating manuals, compiled by the shipbuilder 
or ship owner and related to the particular ship, 
its specific systems and flexibility. 

The first category, manufacturers' technical manuals, are generally 
provided to the ship. In most cases they are written for the particular marine 
application of the equipment; in some cases, however, this type of document may 
not be particularly relevant to the situation at hand. Thus the second cate- 
gory, the ship's operating manuals, must not only provide operatino instructions 
that consolidate all of the various aspects of each system, they must also com¬ 
plement the manufacturers' technical manuals. 

In general, ship manuals for nuclear power plant operations and 
maintenance will need to cover the topics listed in Table 4.1 of Section IV. 

In view of the detail of nuclear power plant system procedures, and 
their importance to the safety of the ship, its personnel, and the environment 
and general population, it would seem that their presence aboard should be 
mandated and their content reviewed by the appropriate regulatory agency or 
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APPENDIX A 

DESCRIPTION OF THE TASK ANALYSIS BY WHICH RECOMMENDATIONS 
CONCERNING NUCLEAR SHIP PERSONNEL QUALIFICATIONS WERE DEVELOPED 

INTRODUCTION 

Task analysis is a process of defining the duties, requirements, and 
conditions of a given work system in a systematic way. Such analysis seeks to 
state the tasks that must be performed and the skills and knowledge required 
to perform them. Materials, equiprr°nt, and information used in doing the work 
are commonly cited. Other information about the work may be included, depend¬ 
ing on the purpose of the analysis. 

The task analysis in this case was performed to develop recommenda¬ 
tions for qualifications, including training requirements, of nuclear ship 
personnel. It was a prototype effort in two respects. No U.S. flag nuclear 
merchant ship has operated since an experimental ship, the NS SAVANNAH, ceased 
operation more than 5 years ago. Thus there were no actual work situations 
upon which to base the analysis. The task of nuclear ship engineering had 
not been delineated. Even for the SAVANNAH, no detailed task analysis had 
been performed. 

The analysis of nuclear ship engineering operations was a prototype 
in another sense as well. It was intended to demonstrate a method of task 
analysis appropriate for determination of the qualifications needed by merchant 
marine personnel in new technology occupations. Another demonstration project, 
to develop qualifications for liquefied natural gas cargo handling personnel 
was conducted simultaneously. The method selected was Functional Job Analysis 
(FJA). Its application is described in a companion report to this recommenda¬ 
tions report. 

1 Operations Research, Inc., Handbook for the Development of Qualifications 
for Personnel in New Technology Systems (Review Draft), Technical Report No, 
1012. STlver Spring, Maryland: Operations Research, Inc., February 1976. 
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Thus the methodology is not treated in detail here. Basic concepts of FJA 
are stated, and the main steps of the analytic procedure are shown in flow 
diagram form, to indicate how the recommendations in the main body of the report, 
and the detailed task data (which are presented at the end of this section) 
were developed. The FJA scales for assessing the functional and instructional 
levels of the tasks and the general educational development required by them 
are provided at the end of this appendix. 

OVERVIEW OF THE FJA APPROACH TO TASK ANALYSIS 

Conceptual Framework 

FJA takes a systems approach to task analysis. The term "systems 
approach" refers to systems analysis theory, not just to being systematic, or 
orderly and thorough, in performing the work. 

• In FJA, task analysis begins with delineation of the 
requirements of the system, or "work organization" 
(in this case, nuclear power plant system of a VLCC). 
Those requirements are termed the purpose, goals, and 
objectives of the operation. “ 

• It requires identification of the resources and con¬ 
straints (such as equipment and material), operating 
conditions, hazards and regulations) that affect how 
the system requirements can be fulfilled. 

• It then describes the actions (tasks) through which 
requirements are fulfilled in light of the resources 
and constraints. Performance standards are estab¬ 
lished for each task that reflect the criticality of 
its contribution to the system objective. 

The worker action, or task, is the fundamental unit of work to which the analy¬ 
sis is directed. The task arises from and must be examined in relation to sys¬ 
tem requirements, resources, and constraints. This system view of each in¬ 
dividual task is represented in the FJA task statement, which is the basic out¬ 
put format for FJA projects. 

The capacities, skills, and knowledge needed by the worker are deduced 
from and expressed in relation to the requirements and characteristics of the 
system and the behavioral demands of the tasks. Thus worker qualifications 
are securely tied to what actually must go on inthe work situation when it 
operrtes effectively. 

Figure A.l is an example of an FJA task statement prepared in the 
analysis of nuclear ship engineering operations. As the figure shows, the 
statement includes the goal and objective to which the task contributes and a 
description of the task which specified the action, the expected result of the 
action, the eouipment, materials, and/or information used, and an indication 
of the source(s) of prescription and/or the degree of discretion in the task. 
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Written on the figure is the FJA paradigm, which points up the relationship 
of the descriptive parts of the task statement. 

It should be noted that the systems view tends to be obscured when 
the job becomes either the framework for analysis (i.e., the tasks in a specific 
job are studied) or the unit of analysis (i.e., an attempt is made to determine 
personnel qualifications or to accomplish some other purpose based on a summary 
of outies, requirements, conditions at the job level). It is preferable for 
purposes of this task analysis to consider "job" in its older meaning as a 
piece of work to be done. In that sense, a job is something equivalent to a 
work system objective rather than a title or a position in an organizational 
structure or a fixed allocation of duties that may contribute to a number of 
"jobs." This approach is more than appropriate in the case of the analysis of 
nuclear power operations on merchant ships; it is essential. The jobs do not 
exist, and manning requirements and task allocations remain to be determined. 
Task analysis as performed in this study provides the needed bases for sound 
decisions, considering the dictates of safety, on such matters. 

Tools Provided by FJA 

FJA is a way of looking at work that provides a structure for task 
analysis, as described in the foregoing subsection. In addition, FJA provides 
the following tools: 

• Definition of the elements of information needed for 
complete delineation of a task. 

• Scaled definitions of worker functions in task per¬ 
formance, task instructional levels, and levels of 
reasoning, language, and math skills required for 
task performance. Use of scales results in task de¬ 
lineation reliability and contributes to a consistency 
of analysis from task to task. In addition, the 
scales provide measures of task complexity. 

• A format for organization and presentation of task 
data. 

Figure A.l showed the task statement format. Figure A.2 describes the elements 
of information needed for each task. Figure A.3 provides an overview of the 
worker function scales—the taxonomy of what people do in relation to data, to 
people, and to things, which helps the analyst separate tasks and see the essence 
of the actions. A copy of the complete scales is provided at the end of this 
appendix. 

FJA Approach to Validation of the Data That Result from the Analysis 

FJA calls for personnel in the field to validate the task statements 
by editing them. This procedure was devised for an organization conducting an 
in-house analysis of its own operations. The editing involves several re¬ 
viewers, preferably the workers whose tasks are being studied and/or their 
supervisors, who read the task statements, evaluate levels of task complexity 
in terms of the FJA scales, and apply other FJA criteria. The editing takes 
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1. Who? (Subject) 

The subject of a task description is understood to be 
simply "worker". The description contains no subject 
since it is always assumed to be "worker". 

2. Performs what action? (Action Verb and Object) 

A task description requires a concrete, explicit action 
verb. Verbs which point to a process (such as develops, 
prepares, interviews, counsels, evaluates and assesses) 
should be avoided or used only to designate broad pro¬ 
cesses, methods, or techniques which are then broken 
down into explicit, discrete action verbs. 

3. To accomplish what immediate results? 

The purpose of the action performed must be explicit 
so that (1) its relation to a system objective is 
clear and (2) performance standards for the worker 
can be set. 

4. With what tools, equipment, or work aids? 

A task description should identify the tangible 
instruments a worker uses as he performs a task; 
for example, telephone, pencil/pater, checklists, 
written guides, wrench, etc. 

5. Upon what instructions? 

A task desct^ption should reflect the nature and 
source of instructions the worker receives. It 
should indicate what in the task is prescribed by 
a superior and what is left to the worker's dis¬ 
cretion or choice. 

FIGURE A.2. INFORMATION NEEDED TO DESCRIBE A TASK 
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considerable time, and the editors must be trained in FJA. Modification to 
the FJA approach was made for this study. Task editing was performed by study 
team members to take advantage of their combination of nuclear power expertise, 
sea experience, and knowledge of FJA. Other General Pnysics Corporation per¬ 
sonnel (the company which performed the task analysis) with expertise in nuclear 
power operations and training, and reviewers in the field were asked to assess 
the tasks for accuracy and completeness, without having to consider the workings 
of the analytic method. 

OVERVIEW OF THE STEPS IN THE ANALYSIS 

Figure A.4 provides an overview of the analysis in diagram form. The 
steps are shown in their general sequence, but, as the dashed lines indicate, 
the process involves a good deal of looping back for revision and refinement of 
the task data as their development proceeds. 

Information Sources 

Study team members already possessed expertise in ship operations and 
in nuclear power. Other information sources are listed in Appendix B. 

One of the prerequisites for analysis of a hazardous work system is 
to understand the hazards involved. A detailed review of nuclear power is pre¬ 
sented in Appendix C. 

System Configuration 

The work system must also be understood in terms of its equipment. 
This is particularly important with a high technology system such as nuclear 
power operations. Figure A.5 provides a generalized overview of the equipment 
components, their functions, and relationships. 

Specification of the Work System for Task Analysis 

As previously stated, specification of the work system for task analy¬ 
sis using FJA requires that its functional requirements be broken out as a 
taxonomy of purpose, goals, and objectives; then the tasks required to accom¬ 
plish each objective are designated for analysis. Figure A.6 illustrates the 
system specification results. The complete breakout developed in this analysis 
appears on page A-23, where each functional goal is listed with the objectives 
it involves, followed by designators of the associated tasks; statements follow. 

Reviewers checked the purpose, goals, objectives, and tasks designated 
in this study, as well as the completed task statements. 

Development of Task Statements 

This is a detailed, painstaking process in which (1) the elements of 
information described in Figure A.2 are obtained from available information 
sources, if not already known to the analyst, (2) the FJA scales are applied, 
and (3) performance standards and training content appropriate for the task 
are stated. These processes are described in the previously cited Handbook. 



FIGURE A.4. PROCESS FLOW CHART 
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FIGURE A.6. SPECIFICATION OF SYSTEM PURPOSE, GOALS, 
AND OBJECTIVES, WITH EXAMPLE TASK DESIGNATORS 
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Review of Task Statements 

Review of the task statements by people knowledgeable in the field was 
given high priority in this study. The review provides validation of the an¬ 
alysis. Appendix B describes the participation in the review process. 

Recommendations 

The recommendations took into account task requirements, safety, es¬ 
tablished regulatory practice, the nature of the merchant vessel personnel 
population, the problem of vessel-specific conditions, and the likelihood of 
changing technology. An effort was made to achieve a good balance of training 
and experience in the qualification requirements and to define a program that 
would be compatible with existing legal requirements, and as easy and economical 
to implement as possible. 
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TASK ANALYSIS DATA 

A list showing the complete task analysis structure is provided on 
the next page. The tasks statements follow. They are coded in accordance 
with the list. The pertinent goal and objective are recorded on each task 

statement form. 
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GOAL 1. 

GOAL 2 

GOAL 3 

OVERVIEW OF TASK ANALYSIS STRUCTURE 

OPERATE THE NUCLEAR POWER PLANT 

Objective 1.1 
Task 1.1.1 

1.1.2 
1.1.3 
1.1.4 
1.1.5 
1.1.6 
1.1.7 

Objective 1.2 
Task 1.2.1 

1.2.2 
1.2.3 
1.2.4 
1.2.5 

Objective 1.3 
Task 1.3.1 

1.3.2 
1.3.3 
1.3.4 
1.3.5 

Objective 1.4 

Task 1.4.1 
1.4.2 
1.4.3 

1.4.4 
1.4.5 

Operates the Nuclear Reactor Systems 
fteHeves the katch ¿ 
Normal Routine Action 
Discretionary Action 
Evaluates Situations 
Abnormal Routine Action 
Emergency Action 
Responds to Orders 

Operates the Steam Propulsion Systems 
Relieves the Watch 
Normal Routine Action 
Discretionary Action 
Abnormal Routine Action 
Emergency Action 

Operates Reactor Auxiliary Systems 
ReTTiVes” tFe' liãich'- - 
Normal Routine Action 
Discretionary Action 
Abnormal Routine Action 
Emergency Action 

Supervises and Coordinates Nuclear Power Plant 
Operations 
Relieves the Watch 
Supervises Operator Actions in Normal Routine 
Coordinates and Directs Operator Actions in 
Abnormal Routine 
Directs Operators Actions in Emergency Situations 
Informs Higher Authority of Plant Conditions 

MAINTAIN THE POWER PLANT 

Objective 2.1 
Task 2.1.1 

2.1.2 
2.1.3 

Objective 2.2 
Task 2.2.1 

2.2.2 
2.2.3 

Performs Maintenance and/or Corrective Repairs 
Instrumentation and Controls 
Mechanical Components 
Electrical Components 

Supervises and Coordinates Maintenance and Repairs 
Routine Maintenance 
Evaluates Failures 
Directs Corrective Repairs 

PROVIDE PROTECTION FROM NUCLEAR HAZARDS 

Objective 3.1 
Task 3.1.1 

3.1.2 

3.1.3 
3.1.4 

Objective 3.2 
Task 3.2.1 

3.2.2 
3.2.3 

Monitors Level of Shipboard Radiation 
Performs Airborne Particulate and Smear Surveys 
Analyzes Samples to Determine Level of Airborne and 
Surface Radiation 
Draws Samples of Radioactive Liquid Effluent 
Analyzes Samples to Determine Effluent Radioactivity 
Concentration 

Monitors Level of Personnel Exposure 
Checks Personnel Exposure Rate 
Issues Monitoring Equipment to Crew 
Conducts Training in Radiation Protection 
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APPENDIX B 

SOURCES OF INFORMATION AND REVIEW IN THE ANALYSIS 

SOURCES OF INFORMATION 

Information on vhe operation of nuclear power plants, including ship- 
borne, was obtained from a number of sources. Captain Maurice A. Gross, with 
the U.S. Merchant Marine Academy, Kings Point, New York, provided information 
on the qualifications and training of the engineering personnel of the NS 
SAVANNAH and arranged for the use of the Final Safeguards Report and Reactor 
Plant Operating Manual of the NS SAVANNAHT1 Mr. Jerry Holman, who had been 
a Second Assistant Engineer onboard NS SAVANNAH, also provided information con¬ 
cerning the operations of this ship. 

The data concerning the proposed new nuclear ships was obtained from 
Dr. Zelvin Levine of the Office of Advanced Development, Maritime Administra¬ 
tion. He provided access to the Preliminary Safety Analysis Report (PSAR) on 
the Competitive Nuclear Merchant 5fiTp ProgramT2 

Information concerning the qualifications of personnel operating sta¬ 
tionary nuclear power plants was selected from a number of sources. The prin¬ 
cipal documents used were an NRC (AEC) publication, Utility Staffing and Train¬ 
ing for Nuclear Power,3 and an American National Standards Institute standard, 

1 Babcock and Wilcox, Final Safeguards Report, Nuclear Merchant* Ship Reactor, 
States Marine Lines, Inc. Lynchburg, Virginia: Babcock and Wilcox, January 
196'ÖVT v"oTs: 

2 Babcock and Wilcox, Competitive Nuclear Merchant Ship Program Preliminary 
Safety Analysis Report. U.$. Maritime Administration, Lynchburg, Virginia : 
Babcock and WÍ1cox, Apri1 1974, 5 vols. 

3 Atomic Energy Commission, Utility Staffing and Training for Nuclear Power, 
Washington, D.C., June 197T! 
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Selection and Training of Nuclear Power Plant Personnel.4 Experienced General 
Physics personnel provided information on the operation of utility plants pre¬ 
sently generating electrical power. 

The data on Navy nuclear power operations was gained exclusively from 
the experience of General Physics' personnel since the Navy documents could not 
be made available. The persons contacted are listed below and brief resumes 
of their qualifications are provided. 

John H. Beakes, Senior Engineer. Mr. Beakes was the Engineering Of¬ 
ficer of a fleet ballistic submarine during the period 1972-1974. He super¬ 
vised the operation, testing, and maintenance of the nuclear power plant and 
was responsible for the training of the engineering personnel. 

Raymond C. Francis, Training Specialist. Mr. Francis is responsible 
for the development of training mate Hals and implementation of training pro¬ 
grams for both licensed operators ana unlicensed personnel at commercial nu¬ 
clear power plants. He has eight years of Navy experience, including duty on 
a nuclear-powered surface ship as a qualified electrical operator, and was 
responsible for the training and certification of nuclear power plant operators. 

Albert M. Mangin, Senior Engineer. Mr. Mangin is responsible for de¬ 
veloping and coordinating training programs for NRC operator license applicants. 
He has four years experience in the U.S. Navy in the nuclear power program, in¬ 
cluding duty on a nuclear-powered surface ship as Reactor Controls Division 
Officer, Engineering Officer of the Watch, and Engineering Duty Officer. He 
was also responsible for the requalification training program for all the ship's 
nuclear power plant operators. 

David R. Roth, Senior Engineer. Mr. Roth is in charge of programs 
to determine the qualifications of prospective applicants for NRC operator 
licenses and is responsible for developing operator and technician training 
programs. He has five years experience in the U.S. Navy, including duty on a 
fleet ballistic submarine in the Reactor Control, Electrical, Mechanical, and 
Auxiliary Divisions. He also worked as a reactor operator examiner in the 
Division of Operator Licensing of the Atomic Energy Commission and was respon¬ 
sible for the preparation, administration and evaluation of examinations ad¬ 
ministered to personnel at civilian nuclear power generating stations. 

Robert J. Howarth, Training Specialist. Mr. Howarth is a training 
specialist conducting classroom instruction in electrical and electronic in¬ 
strumentation. His eight years of experience in the U.S. Navy includes suc¬ 
cessful completion of nuclear power school and two and one-half years fleet 
experience as a qualified reactor operator on a fleet ballistic missile nu¬ 
clear submarine. During this period, he served as leading reactor operator, 
assistant training coordinator, and reactor operator instructor. He also was 
employed by Virginia Electric and Power Company as a senior nuclear controls 
technician at the North Anna Power Station. 

4 American National Standards Institute, Inc., Selection and Training of 
Nuclear Power Plant Personnel, New York, New York, March 19/1. 
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Albert R. Shawver, Training Specialist. Mr. Shawver is a training 
specialist conducting operational training on pressurized water reactor utility 
power plants. His eight years of experience in the U.S. Navy includes success¬ 
ful completion of nuclear power school and fleet experience as an engineroom 
supervisor on a fleet ballistic missile nuclear submarine. He operated and 
maintained all reactor plant and-steam plant mechanical systems and was respon¬ 
sible for performing welding repairs. He also was a senior instructor at the 
Knolls Atomic Power Laboratory conducting training sessions in both mechanical 
and reactor operations. 

Frederick B. Lobbin, Senior Engineer. Mr. Lobbin is manager of a 
group that provides consulting services to the nuclear utility industry in the 
areas of plant operation, quality assurance, licensing, startup test programs, 
records management, scheduling, and in other areas related to the operation 
phase of nuclear power plants. In addition to his knowledge of stationary 
nuclear power plant systems, he is familiar with nuclear merchant ship opera¬ 
tion. He was a major contributor to the revisions of the NS SAVANNAH technical 
specifications. Mr. Lobbin is a graduate of the New York Station Maritime 
College and holds a U.S. Coast Guard license as a Third Assistant Engineer 
(steam or diesel, horsepower unlimited) in the Merchant Marine, and has had 
engineroom responsibility aboard a 20,000 shp turbo-electric ship. 

REVIEWERS 

The following representatives of the Merchant Marine were asked to 
review: 

1. Captain M.J. Gross, USMS 
United States Merchant Marine Academy 
Kings Point, New York 
(Nuclear Merchant Ship Officer Training 
Programs) 

2. Mr. Frank Boland 
Director of National Maritime Union 
Upgrading and Retraining School 
(Maritime Union) 

3. Mr. Fred Schamann 
Director of Research 
Marine Engineers Benevolent Association 
(Maritime Union) 

4. Mr. Eugene P. Spector 
Research Director 
National Maritime Union 
(Maritime Union) 

5. Mr. Gilbert La Dona 
Calhoun-MEBA Engineering School 
(Maritime Union) 
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General Physics personnel not involved in the performance of the an¬ 
alysis also reviewed the task data for accuracy of content. They include 
Messrs. Roth, Howarth, Beakes, and Shawver, whose qualifications were previously 
summarized. 

ORI study team members and Dr. Sidney A. Fine, developer of FJA, re¬ 
viewed the task analysis data from the standpoint of methodology. 
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APPENDIX C 

THE HAZARDS ASSOCIATED WITH NUCLEAR-POWERED MERCHANT SHIPS 

INTRODUCTION 

The purpose of this appendix is to identify the hazards associated 
with the use of pressurized water reactors onboard merchant ships as a result 
of normal operations ard reactor accidents. Radioactive materials onboard 
merchant ships do not pose a threat to man unless they are released to the 
biosphere aid granted access to a critical pathway to man in significant con¬ 
centrations. Considerable research has been conducted in determination of 
what these concentrations are for each radionuclide. Title 10 of the Code 
of Federal Regulations Part 20 (10CFR20) Appendix B provides standards for 
Isotope concentrations in air and water above the natural background for re¬ 
stricted and unrestricted areas. These standards are applicable to those 
activities under licenses issued by the Nuclear Regulatory Commission. In 
order to operate well within these limits, the Nuclear Power Directorate of 
the Naval Ship Systems Command has promulgated standards for all U.S. Naval 
nuclear-powered ships which are more stringent than those established in 
10CFR20. 

Detailed discussions of the following topics will be presented in 
this appendix: 

• Sources of radiation in a nuclear power plant 

• Safety measures used to protect personnel and 
the environment from radiation hazards 

• The collection, processing, and disposal of 
radioactive wastes which are produced during 
the normal operation of a nuclear power plant 

• Reactor accidents. 
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RADIATION SOURCES 

There are four general sources of radiation encountered in a nuclear 
power plant: (1) the reactor core, (2) the reactor shield and structural 
materials, (3) the reactor coolant, and (4) miscellaneous liquid, gaseous, 
and solid wastes. 

During reactor operation, large quantities of both neutrons and gamma 
rays are produced in the reactor core by the fission process. The neutrons 
produced Interact with the reactor coolant and the structural materials with¬ 
in the core to produce gamma rays. In addition to those produced directly by 
the fission process, large quantities of gamma rays are produced in the reactor 
core as a result of fission product decay, activation product decay, neutron 
inelastic scattering and neutron absorption reactions. Some of the neutrons 
escape from the core and interact with materials in the surrounding regions, 
creating additional sources of gamma rays. The radioactive nuclei in the 
reactor coolant are also carried outside the core, providing more sources of 
gamma rays. Table C.l summarizes the sources of radiation during reactor 
operation. 

TABLE C.l 

PRINCIPAL RADIATION SOURCES DURING REACTOR OPERATION 

Location Neutron Sources Gamma Ray Sources 

Reactor Core Fission Process 

Reactor Coolant 

Shield and Structural 

Materials 

None 

None 

Fission Process 

Fission Product Decay 
Activation Product Decay 

Neutron Inelastic 

Scattering 

(n,y) Reactions 

Fission Product Decay 

Activation Product Decay 

Activation Product Decay 

Neutron Inelastic 

Scattering 

(n,y) Reactions 

When the reactor is shut down, the source of neutrons and gamma rays 
due to the fission process is eliminated, but some of the gamma ray sources 
produced prior to shutdown are still present. Table C.2 summarizes the sources 
of radiation after reactor shutdown. 
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TABLE C.2 

PRINCIPAL RADIATION SOURCES AFTER REACTOR SHUTDOWN 

Location Neutron Sources Gamma Ray Sources 

Reactor Core None Fission Product Decay 
Activation Product Decay 

Reactor Coolant None Fission Product Decay 
Activation Product Decay 

Shield and Structural 
Materials 

None Activation Product Decay 

The reactor coolant is a particularly important source of radiation 
in a nuclear power plant. The buildup of radioactivity in tne reactor coolant 
governs, to a large degree, the radiation levels in which nuclear power plant 
operators must perform their jobs. The radiation level also dictates the 
amount of treatment for liquid wastes before they can be discharged to the 
environment. As shown in Tables C.l and C.2, the reactor coolant contains a 
gamma ray source resulting from fission product decay and activation product 
decay. 

Fission products reach the reactor coolant in two general ways. The 
first is by direct recoil, where fission product nuclei, born inside or on the 
surface of the cladding, rebound directly into the coolant. Although the av¬ 
erage path length of fission product nuclei is very short, there is a small 
but finite probability that they will penetrate the cladding. The second way 
in which fission products reach the reactor coolant is through defects which 
can occur in the cladding. The amount of fission products which reach the 
reactor coolant in this way can vary widely, depending on the reactor power 
level and the number and size of the defects. 

There are two general classes of fission products, volatile fission 
oroducts called fission product gases, which tend to separate from the reactor 
coolant, and non-volatile fission products whicn tend to go into solution or 
suspension in the reactor coolant. The principal volatile fission products 
are isotopes of the noble gases xenon and krypton, and small quantities of 
iodine. Xenon and krypton decay to the non-volatile elements cesium and 
rubidium, respectively. Rubidium decays to strontium and is the source of 
the biologically important isotope 90Sr. Though classified as volatile, a 
significant portion of the iodine remains in solution. 
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In a pressurized water reactor, the fission product gases remain in the 
reactor coolant system and tend to collect in the gas space of the volume control 
tank. Most of the noble gases are relatively short-lived. Those which are not 
removed decay to their non-volatile daughter products which reenter the coolant. 

The principal volatile fission products in the coolant are the longer- 
lived isotopes of iodine which remain in solution. The non-volatile daughter 
products of fission product gas'?s, such as cesium, rubidium, and strontium, 
together with lesser amounts of non-volatile isotopes, such as 95Zr, 95Nb, 
"Mo, "Tc, 140Ba, 132l_a, i32Te and 144Ce, are also commonly found in the re¬ 
actor coolant. Non-volatile fission products are removed in the reactor cool¬ 
ant purification system by the dtiiiineralizer. However, a large percentage 
adhere to surfaces in the reactor coolant system and are difficult to elimin¬ 
ate. Decay is the principal removal mechanism for short-lived isotopes. Dur¬ 
ing reactor operation, the contribution of fission product decay to the radia¬ 
tion levels around the reactor coolant system is small compared to that of 
activation product decay. However, many of the fission products are relatively 
long-lived and remain a source of radiation after reactor shutdown. This radia¬ 
tion source complicates refueling and maintenance. 

Activation products arise in the reactor coolant as a result of the 
activation of corrosion products suspended or dissolved in the reactor coolant 
and activation of the reactor coolant itself. The materials in the construction 
of the reactor coolant system and components include stainless steel (consisting 
primarily of iron, chromium, nickel and manganese); inconel (consisting primarily 
of chromium and nickel, with lesser amounts of iron, manganese and copper); 
zircaloy (consisting primarily of zirconium) and carbon steel (consisting pri¬ 
marily of iron, with small amounts of manganese). In addition, nickel is in¬ 
variably found with cobalt. Table C.3 lists the wide variety of activation 
products which can be formed from these constituents of the reactor coolant 
system and components. These activation products are commonly referred to as 
activated corrosion products because they are released to the reactor coolant 
as the structural materials corrode or erode. Some of these activated corrosion 
products remain in solution and are continuously circulated throughout the re¬ 
actor system. Large amounts of these products, however, are converted to various 
insoluble oxide forms which are commonly called crud. Some of the crud is fil¬ 
tered out in the reactor coolant purification system, and some if it remains 
suspended in the reactor coolant to be continuously circulated. Much of the 
crud is deposited on the surfaces of the reactor coolant system. The high tem¬ 
perature heat transfer surfaces of the reactor fuel rods and any relevant stag¬ 
nant areas such as crevices are particularly susceptible to crud deposition. 

The largest source of activation products in the reactor coolant dur¬ 
ing high power operation results from activation of the reactor coolant. For¬ 
tunately, most of these activation products are very short-lived so that this 
source of radiation disappears rapidly after shutdown. Table C.4 lists some 
of the activation products which can be formed in the reactor coolant. From 
a radiological standpoint during normal full power operation, 1FN is by far the 
most important of the activation products formed in the reactor coolant because 
of its relatively large formation rate and the high energy gamma rays which are 
emitted when it decays. 
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TABLE C.4 

ACTIVATION PRODUCTS PRODUCED IN REACTOR COOLANT 

Gamma Gammas Cross 

Activation Energy Per Production Section 

Product (Mev) Disintegration Half-Life Reaction (barns) Source 

None 

17N 2.19 0.005 

0.87 0.03 

16N 7.12 0.20 

6.13 0.55 

9.97 min 160(p,a)13N 

17 17 
4.16 sec 0(n,p) N 

7.11 sec 160(n,p)16N 

Oxygen in water 

Oxygen in water 

2x10 3 Oxygen in water 

None 12.33 yr Fission 

^H(n,Y)^H 

lOu, ,7,. 
B(n,a) Li 

Ternary fission 

Deuterium in 

water 

Boron in chemical 

shim 

6Li(n,a)3H Lithium for pH 

control 

7 
Li(n,na) H Lithium for pH 

control 

Tritium, 3H, is an isotope of hydrogen which is produced in reactors 
in significant amounts. It decays by beta emission to 3He. No gamma radiation 
accompanies this decay. For this reason, tritium is not a significant contrib¬ 
utor to radiation levels during power operations or shutdown. Because of its 
relatively long half-life and chemical characteristics, however, it is of great 
concern with respect to waste disposal. Other liquid, gaseous, and solid wastes 
generated during the operation of nuclear power plants are important sources of 
radiation while they are being processed by the waste treatment facilities or 
being stored. In this respect they constitute a radiation protection problem 
as well as a waste treatment problem.1 

RADIATION PROTECTION 

Reactor shielding is designed to reduce the exposure of individuals 
and equipment to ionizing radiation. The Preliminary Safety Analysis Report 
(PSAR) for the Competitive Nuclear Merchant Ship Program sets the following 
major shielding design objectives: 

1 R.W. Deutsch, F.B. Lobbin, and W.R. Scott, Jr., Practical Nuclear Power PI ant 
Technology, 3rd ed., Columbia Maryland: General Physics Corporation, 1974. 
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1. Normal Operation and Anticipated Operation Occurrences - to 
ensure that radiation dosages to crew members and to the 
general public are within the exposure limits set forth in 
10CRF20 and 10CFR50, and that they are as low as practicable. 

2. Emergency Conditions - to ensure that crew members are 
adequately protected and to preclude undue hazards to the 
general public. 

3. Shield Optimization - to provide an efficient design that 
will afford maximum protection with minimum shield weight. 

Radiation zones are assigned to all regions throughout the plant and 
ship indicating the radiation environment. In order for an area to have un¬ 
limited access for unlimited periods, tie radiation levels must be low enough 
so that an individual cannot receive a dose of 2.5 mrem in any hour or 100 mrem 
in five consecutive days. Any area in which the radiation levels are in excess 
of those prescribed for an uncontrolled area, must be designated as a controlled 
area. If the radiation level in a controlled area is greater than 5 mrem per 
hour but less than 100 mrem per hour, the area is designated as a "Radiation 
Area." Any area within a controlled area in which the radiation level is greater 
than 100 mrem per hour is designated as a "High Radiation Area."2 

Controlled ind limited access areas are identified by warning signs. 
Access to all controlled areas must be through controlled check points. Limited 
access areas can be entered only after the radiation levels are determined and 
working time limits established. If the radiation is too high, the radiation 
level may be reduced by shutting down the reactor or using temporary shielding. 

Adequate shielding must be provided so that access is permitted to 
the reactor controls, gauges, meters and manually-operated valves as well as 
access to equipment in need of inspection, preventive maintenance or repair. 
Also, it is necessary to have access for the processing and disposal of radio¬ 
active waste. In addition to biological protection, the shield design involves 
limiting radiation damage to equipment and materials and reducing neutron acti¬ 
vation of equipment and piping. Other shield design considerations involve 
penetration location, determination of supplementary shielding requirements, 
residual radiation and abnormal conditions. 

Radiation zone designations are based on permissible doses, levels, 
and concentrations contained in 10 CFR20. Recommended maximum allowable whole 
body doses are: 5 rem in any year, 1-1/4 rem in any quarter of a year (this 
can be raised to 3 rem under certain circumstances), and accumulated lifetime 
dose of 5 (N-18) rem where N is the age of the individual. A weekly guideline 
of 100 mrem per week during normal operations is sometimes observed. If an 

2 Competitive Nuclear Merchant Ship Program Preliminary Safety Analysis Report, 
U.S. Maritime Administration. Lynchburg, Virginia: Babcock and Wilcox, 
April 1974, 5 volumes. 
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individual's exposure reaches the 10CFR20 limit, the person must not be ex¬ 
posed further. In addition to these limits, Regulatory Guides 8.8 and 8.10 
require that exposures be kept "as low as practicable" under all conditions. 
What is "practicable" is determined by the state of technology and by the 
economic costs and benefits of reducing exposure.3 

In conjunction with shielding, zoning, signs, signals, and controls, 
a comprehensive program of crew health physics lectures, visitors' briefings, 
area surveillance and contamination control surveys will contribute to the effort 
of keeping shipboard exposures as low as practicable during all evolutions. In 
addition to receiving health physics lectures, those persons using protective 
clothing should be instructed in their proper use. Dosimeters will be used by 
all personnel with appropriate daily exposure readings taken and records main¬ 
tained. Protective clothing and respiratory equipment will be readily avail¬ 
able for use in areas of significant contamination or airborne radioactivity. 
Airborne monitors will operate continuously to detect alpha, beta, or gamma 
activity in the work atmosphere and Smear surveys will be conducted to detect 
surface contamination. Those areas not normally monitored will be routinely 
surveyed by health physics personnel for possible contamination. An active 
program combining all of these safeguards will result in the early detection 
and containment of contamination.4 

RADIOACTIVE EFFLUENTS 

During its normal operation, a nuclear power plant produces gaseous, 
liquid, and solid radioactive by-products which are of no use in the plant, 
much like the ash or slag which forms in a coal- or oil-fired power plant. 
Due to the radioactive nature of these wastes, special radioactive waste treat¬ 
ment systems are required to collect and process these wastes. 

Three basic techniques are broadly applied in radioactive waste man¬ 
agement systems: (1) delay and decay, (2) dilute and disperse, and (3) con¬ 
centrate and contain. The disposal technique used is a function of the waste's 
degree of radioactivity, half-life and form. The delay and decay technique 
applies to radioactive materials with reasonably short half-lives, which are 
retained at the site where they are generated until their natural decay rate 
has caused the radioactivity to dissipate (generally a period equal to about 
ten half-lives of the particular radioisotope). The dilute and disperse tech¬ 
nique is appropriate for wastes of low radioactivity which can be reduced to 
permissible levels for release into the environment by dilution. Concentrate 
and contain applies to solid waste materials which have been separated, com¬ 
pressed and packaged for transfer ashore.5 

3 Deutsch, op. cit. 

4 Babcock and Wilcox, op. cit. 

5 The Environmental Impact of Electrical Power Generation: Nuclear and Fossil, 
ÑASH 1261. Washington, D.C.: Government Printing Office, 1973 
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The radioactive fission products gases of prime interest and concern 
are the noble gases xenon and krypton. Other gases are produced, but they are 
of less concern due to their small quantities and short lives. Iodine may be 
released in small amounts as gas, depending upon the release path and the sol¬ 
ubility of the iodine containing medium. Table C.l lists the major fission 
gases which are processed by the gaseous radioactive waste system of a typical 
pressurized water reactor with the estimated specific activity of each isotope.6 

TABLE C.l 

RADIOACTIVE FISSION GAS WASTES 

Isotope Half-Life Max. Activity (pCi/ml) 

83 

85 

85 

87 

88 

Kr m 

Kr in 

Kr 

Kr 

Kr 

131 
Xe m 

133 
Xe in 

133 
Xe 

135 
Xe m 

135 
Xe 

138 
Xe 

NOTE : m 

1.86 hr 

4.4 hr 

10.74 yr 

76 min. 

2.79 hr 

11.96 day 

2.26 day 

5.27 day 

15.7 min 

9.16 hr 

14.2 min 

indicates metastable state. 

0.288 

1.53 

3.15 

0.837 

2.68 

2.25 

2.84 

249.00 

0.926 

5.08 

0.511 

The relatively small amounts of fission gases produced in a pressur¬ 
ized water reactor are periodically stripped from the reactor coolant and 
stored in tanks to permit the shorter-lived isotopes to decay. The bulk of 
the radioactivity ultimately released to the atmosphere consists of the rela¬ 
tively long-lived isotopes of krypton and xenon, such as 85Kr and 133Xe. 

The Competitive Nucleur Merchant Ship PSAR states that the release 
from the gaseous radioactive waste system will be to the main stack, having 

6 Duetsch, op. cit. 



a minimum elevation of approximately 41 meters above sea level. Controlled 
releases will normally be made in the open sea at least 20 miles from the 
" re?Vh°rel ne w the sh-ip at a speed of at least 4 knots The PSAR 
stipulates that the consequences of predicted gaseous releases’are in con¬ 
formance with the guidelines of 10CFR50, Appendix I. re'eases are 1n con' 

Jhe wajor sources of solid wastes in a pressurized water reactor arp 
a^filter Z?d reJ1ns.anJ miscellaneous contaminated and activated solids such 
asprif1l^: ®lements* too s containers, rags and maintenance parts. Demineral- 

with Concrete SMpÎHlrtyra ïy ated’ drp?d 1nt0 55 salloh ¿rum, and mixed 
Ü + *4??Cret?' Shielded casks are required to store and transport the worn- 
out filter elements from filter-demineralizers. The paper, rags and other 
compressible materials are compacted and baled for handling and storage The 
PSAR stipulates that the system that fills, seals and stores tanks orVums 
contaTning solid waste is designed to protect operating personnel and contain 
™ <Hradl2aCtiy? for offsite disposal/ The transie? and dïsoosSÎ o? 
solid radioactive waste is governed by 10CFR20, 71, and 73, and Department 
?nilHanS5° Î °n re9ulat1o"$ 49CFR173 and 178. The nuclear merchant ship 
pnJirnnmpItaHt1r '‘aSte 1 not Present a radiation hazard to the marineP environment during normal operations. 

+T!îe rî,aJor sources of liquid wastes are reactor coolant blowdown 
d2minpr!,1ii7rainS’Tleaky Va1ves and fittin9s’ and solutions used to regenerate 
demineralizers. The sources of radiation in these liquids are non-volatile 
fission products, activated corrosion products and activated products formed 

wastes rincî2d1nS0hnlHi'in V^atment methods are common?y used for liquid 
tlnl lf Ííf!?d 2 h Í flîtrat10n» demineralization and evaporation. The 
fe°7i;tment US®d depends on the condition of the waste. PIf the water 

tL lll + ]y Pire’ 1t may be econonil'cal to demineralize it and return it to 

íentrn^rmaTÍríh^bS-meí^^ haS 3 high C°ntent °f Solids* c- 

pr1?cipal fusion products which are produced by liquid radio- 
presentrrîi^rî^f-3^ iodinS’ ce;ium* rubidium, and strontium. Table C.2 
presents a list o fission product isotopes normally processed bv a orpssur 

ties of eIche8Ct°r ÍqUÍd radl’oact1ve waste system along with typical activi- 

ao* The bulk of liquid releases from shipboard reactors occurs when re- 
actor coolant water expands as a result of being heated to operating tmo^ra- 
ture. Before release the coolant is passed through a purification cvctpm inn 
exchange resin bed. The radionuclides' present in the c'oo a t Í ? h íep^slnt 
the principie source of radioactivity are reactor plant corrosion and Sear 
products including tungsten 187, chronium 51, hafnium 181, iron 59, zirconium 95 



TABLE C.2 

FISSION PRODUCT ISOTOPES 
IN PRESSURIZED WATER REACTOR LIQUID WASTES 

Isotope Typical Activity 

(WCi/ral) 

Rb-88 

Sr-89 

Sr-90 

Sr-91 

Sr-92 

Y-90 

Y-91 

Mo-99 

1-131 

1-132 

1-133 

1-134 

1-135 

Cs-134 

Cs-136 

Cs-137 

Cs-139 

Ba-137m 

Ba-139 

Ba-140 

La-140 

Ce-144 

2.70 X 

4.51 X 

1.46 X 

2.85 X 

8.72 X 

1.01 X 

5.66 X 

4.12 

3.23 X 

2.25 X 

3.78 X 

4.58 X 

1.90 X 

4.09 

0.740 

12.7 

0.734 

11.7 

7.60 X 

5.63 X 

2.25 X 

5.18 X 

10 

10 

10 

10 

10 

10 

10 

-2 

-5 

-6 

-4 

-5 

-2 

-2 

10 

10 

10 

10 

10 

-2 

-2 

-2 

-3 

-2 

10 

10 

10 

10 

-4 

-5 

-5 

-6 

tantalum 182, manganese 54, cobalt 58, and cobalt 60. Cobalt 60 with a 5.3 
year half-life is the predominant radionuclide present and also has the most 
restrictive concentration limit in water.9 

9 M.E. Miles, G.L. Sjoblom and R.D. Burke, "Environmental Monitoring and Dis¬ 
posal of Radioactive Wastes from U.S. Naval Nuclear-Powered Ships and Their 
Support Facilities, 1973," Radiological Health Data and Reports, Vol. 15, 
No. 9 (Oct. 1974), pp. 625-PSr; 
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A major problem in liquid waste disposal is tritium, 3H, an isotope 
of hydrogen which is produced in reactors in significant amounts. Being an 
isotope of hydrogen, tritium will form tritiated water and cannot be removed 
from liquid waste by normal filtration and distillation processes. It decays 
by beta emission to 3He. There are no gamma rays which accompany this decay. 
Tritium is formed in a variety of ways in a nuclear reactor, the two most im¬ 
portant being ternary fissions and boron activation. About one of every 
12,500 fissions is a ternary fission, in which a tritium atom and two other 
fission products are formed. In a typical nuclear power plant, this reaction 
leads to the production of about 10,000 curies of tritium per year of full 
power operation. Most of this tritium is contained within the fuel rods; how¬ 
ever, about 1% diffuses through the cladding to the reactor coolant. There¬ 
fore, approximately 100 curies of tritium per year of full power operation are 
released to the reactor coolant from ternary fission.10 

Tritium is also formed when fast neutrons interact with the boron iso¬ 
tope 10B, found in control rods, burnable poison and the chemical shim. The 
chemical shim is an important contributor to tritium activity in a pressurized 
water reactor. In a large pressurized water reactor about 1,000 curies of 
tritium per year of full power operation are formed from the chemical shim. 
The boron in control rods and burnable poison is generally encased in stain¬ 
less steel. Thus, the fraction of the total tritium produced which is released 
to the reactor coolant is comparable to that released from stainless steel clad 
fuel rods due to fission. In a typical nuclear power plant, about 2,000 curies 
of tritium per year of full power operation are formed from control rods and 
burnable poison. Some reduction in tritium production can be obtained by re¬ 
placing the boron carbide control rods with more expensive silver-cadmiurn- 
indium control rods. Table C.3 presents tritium release data for several op¬ 
erating reactors.11 

Table C.4 is a comparison of radioactive effluent releases from pres¬ 
surized water reactors used in the commercial utility industry, onboard U.S. 
Navy ships, the N.S. SAVANNAH and Competitive Nuclear Merchant Ships. The dif¬ 
ference in amounts of tritium released between first and second generation com¬ 
mercial plants is due to the use of zircaloy as the fuel cladding material. 
The zircaloy cladding retains tritium in the fuel more effectively than stain¬ 
less steel. For a 1,000 MWe pressurized water reactor, 30 percent of the tritium 
produced by fission will diffuse through a stainless steel clad as opposed to 
one percent for zircaloy clad. In addition, smaller quantities of corrosion 
and wear products are released to the reactor coolant from zircaloy than from 
stainless steel cladding.12 

10 Deutsch, op. cit. 

11 Ibid. 

12 T.J. Kirk, ed.. Radiation Protection and Management, Columbia, Maryland: 
General Physics Corporation, 1975. 
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The estimated values of effluents for the CNMS are relatively higher 
because of (1) the anticipated use of stainless steel cladding, and (2) safety 
analysis reports use very conservative assumptions in deriving these estimates. 
Operating experience has shown that actual releases are on the order of one 
percent of those estimated in the Safety Analysis Report. 

It is the policy of the U.S. Navy to reduce to the minimum practicable 
the amounts of radioactivity released to the environment, but particularly with¬ 
in 12 miles from shore including into harbors. In support of this policy, the 
U.S. Navy analyzes harbor water and sediment samples for radioactivity associated 
with naval reactors in all harbors frequented by its nuclear ships. In 1973, 
the cumulative discharge from all U.S. Naval nuclear-powered ships within 12 
miles of shore was less than .002 curies. Although of less significance than 
the amount of radioactivity, the volume of waste has also been reduced. The 
average volume released into all harbors in the middle 1960s was 5 million 
gallons per year. In 1973, the volume released was less than 25,000 gallons. 
The Nuclear Power Directorate of the Naval Sea Systems Command reports that this 
was achieved by the reduction of waste generation and by processing and reusing 
waste water. As indicated in Table C.4, the total quantity of radioactivity 
released by the U.S. Navy to the open ocean in 1973 was 0.4 curies.13 

The comprehensive Navy environmental monitoring program consists of 
analyzing samples of harbor water and sediment, supplemented by shoreline 
surveys, posted dosimeters and effluent monitoring. Effluent monitoring logs 
maintained by individual ships are audited annually by the Nuclear Power Direc¬ 
torate. Harbor water samples taken quarterly are analyzed for gross gamma 
radioactivity and for cobalt-60 content. These analyses consider direct ex¬ 
posure, such as to sediment along shorelines and by drinking harbor water, and 
indirect pathways such as consumption of bottom feeding fish or shellfish. 
Analyses to date have indicated that personal exposure from this radioactivity 
is far too low to measure and that based on the radioactivity released, the 
maximum radiation exposure in a year to any member of the general public would 
be less than 0.01 mrem. This figure is less than one ten-thousandth of the 
average annual exposure of 125 mrem to members of the general public from 
natural radioactivity or from exposure to medical diagnostic X-rays.14 

Navy procedures have prohibited the sea disposal of solid radioactive 
materials since 1969. These materials are packaged in strong, tight containers, 
shielded as necessary and shipped to burial sites licensed by the NRC or a 
state under agreement with the NRC. The effort to minimize the generation of 
radioactive waste has been applied to solid wastes as well as liquid wastes. 
It is reported that the average annual volume of solid waste for the entire 
Naval nuclear propulsion program could be contained in a cube measuring 15 
yards on a side.1^ 

13 Miles, op. cit. 

14 Ibid. 

15 Ibid. 
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Comparative data for the NS SAVANNAH is not readily available. The 
National Academy of Sciences study, "Nuclear Merchant Ships," states: 

Although the savannah was designed to contain all liquid 
radioactive wastes, more wastes were generated than could 
be held in her 38 m3 storage tank. The liquid wastes are 
primarily from leakage at the buffer-seal charge pumps, 
pressurized relief valve, and sampling relief valve. 
During the first six months of experimental commercial 
operation by the Savannah in 1965-66, 0.006 Ci or radio¬ 
activity, mostly 54Mn and 60Co., were discharged into 
the sea in accordance with the recommendations outlined 
in NAS-NRC Publication 658. Solid wastes and demineral¬ 
izer resins were disposed of on land. Off-gases from 
the containment vessel were passed through a series of 
filters prior to release to the atmosphere. 

As a final note on the subject of radioactive effluents, the "Nuclear 
Merchant Ships" report coments that: 

If national or international law prohibits the disposal 
of wastes at sea from nuclear-powered ships, the environ¬ 
mental problem of radioactivity from the normal operation 
of nuclear-powered ships disappears and becomes a ship¬ 
building problem of constructing ships that can contain 
all the radioactive wastes that they produce. 

REACTOR ACCIDENTS 

With the advent of nuclear plants in merchant ships, the greatest 
potential hazard is a reactor accident occurring while the ship is in port or 
in the process of entry or departure. This accident could be the result of 
an internal engineering malfunction or an external source such as a collision 
or grounding. 

The impact of a nuclear-powered ship accident is difficult to predict 
because of the many variables involved. Of greatest concern are those that 
could result in the release of large fractions of the more volatile fission 
products into densely populated port areas. The public health risk from 
nuclear accidents at stationary nuclear power plants has been estimated to 
be very small. This is the basic contusion reached by a two-year study of 
nuclear power plant safety, known as the Rasmussen Report. The risks had to 
be estimated rather than measured because, although there are more than 50 
such plants now operating, there have been no nuclear accidents to date. 

16 N.C. Rasmussen, et. al., "Reactor Safety Study - An Assessment of Accidental 
Risks in U.S. Commercial Nuclear Power Plants, Summary Report, Draft," 
Washington, D.C.: U.S. Atomic Energy Commission, August 1974. 
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Future nuclear merchant ships will be constructed to the same strict 
criteria imposed upon stationary nuclear power plants. Based on the experience 
of date of operating these plants. Navy ship nuclear plants, and the NS SAVANNAH 
plant, it can be stated that the risk from accidents resulting from abnormal 
situations or failures other than ship-related accidents is relatively small. 
Potential hazards can be terminated automatically by the operation of the re¬ 
actor protection systems which maintain the integrity of the fuel and the reactor 
coolant system, or terminated by the operation of engineering safety features if 
one or more of the protective barriers are not effective. This automatic oper¬ 
ation, complemented with manual overrides, maintains the integrity of the core 
and reactor containment and contains the radiation hazard. 

Obviously, the mobility of a nuclear merchant ship increases the risk 
of ship-related normally accepted credible marine accidents such as collisions, 
rammings, groundings, effects of heavy weather, fires, explosions, flooding 
and sinking. Collisions are the most frequent type of accident, and with the 
increasingly higher speeds and displacements of planned ships, it appears that 
in the future collisions will be, on the average, more serious than in the past. 
A serious collision to an unprotected nuclear power plant could cause the re¬ 
lease of radioactive material to the outside environment. Again, determining 
the environmental impact of such a collision is difficult to predict because of 
the many variables involved. 

The probability density of a proposed nuclear merchant ship colliding 
with other ships of various types, sizes, and speeds could be defined. Such 
a definition was carried out for the NS SAVANNAH using a statistical approach 
applied to the various trade routes considered for the ship, listing the ships 
of sufficient size and speed to constitute a hazard. In estimating the proba¬ 
bility of collisions involving damage to the reactor compartment, the "Minorsky 
method" was fo-lowed. This method predicts the condition under which the re¬ 
actor space of a nuclear ship will remain intact and, consequently, what struc¬ 
tural strength should be built into the hull of a nuclear ship outboard of the 
reactor plant to safely absorb a given amount of kinetic energy in a collision. 

Since high percentages of collisions occur in harbor channels and 
territorial waters, it would be expected that any future nuclear ship would 
be designed to prevent damage to the reactor when a collision occurs in the 
expected speed ranges for navigating these waters. Since most collisions are 
attributable to human error and poor visibility, it would be expected that 
suitable detection and warning system would be installed in order to reduce the 
risk. Another factor that should be considered in reducing the potential radio¬ 
active hazard due to accidents in harbors is related to the predicted size of 
future ships. The draft of these vessels will require offshore loading and dis¬ 
charge facilities and therefore eliminate the necessity for operating these 
vessels in densely populated port areas. 
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APPENDIX C 

FUTURE NUCLEAR MERCHANT SHIPS1 

GENERAL DESCRIPTION 

The Maritime Administration (MarAd) has proposed the construction of 
at least three similar nuclear power plants to supply propulsion power for 
three merchant ships. The nuclear ships will be operated from the United 
States of America to ports of call identified by the owner/operator. Each 
ship has a pressurized water reactor nuclear steam system utilizing the 
steel-shell, pressure-suppression containment concept (hereafter referred to 
as Consolidated Nuclear Steam Generator or CNSG). The reactor unit operates 
at a rated core power level of 312.9 MWt resulting in a net power output of 
120,000 shp and an average ship speed of 18.8 knots. The first ship is 
expected to be delivered by mid-1980; the remaining ships are to follow at 
approximately one-year intervals. 

The consolidated nuclear steam generator (CNSG) is an integral pres¬ 
surized water n?acto- with the core and steam generator inside the reactor 
vessel and an electrkilly heated pressurizer connected to the vessel extern¬ 
ally. Four horizontal!mounted reactor coolant pumps are located alternately 
with the steam nozzles at the reactor vessel nozzle belt. Feedwater nozzles 
are located in a nozzle belt below the steam generator. The reactor core 
consists of stainless steel tubes containing enriched uranium dioxide pellets 
enclosed by welded end plugs. The tubes are supported in assemblies by a 
spring-clip grid structure. The mechanical control rods are clusters of 
absorber rods that move in guide tubes within the fuel assembly. The steam 

^his appendix has been excerpted from Babcock and Wilcox, Competitive Nuclear 
Merchant Ship Program Preliminary Safety Analysis Report, prepared for the 
U.S. Maritime Administration. Lynchburg, Virginia: Babcock and Wilcox, 
April 1974, 5 vols. 
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generator is a helically coiled, once-through unit located in the annulus 
above the top level of the core. The operation of the ^ceam generator uti¬ 
lizes four sets of feedwater inlet and steam outlet nozzles. The stean, gen¬ 
erator counterflows heat transfer with tubeside boiling to produce steam at a 
constant pressure. The reactor coolant system (RCS) operates at a constant 
average temperature over the normal load range. 

The reference nuclear ship is a 600,000 dead-weight-ton (DWT) tanker 
denoted as a VLCC, designed for long-distance oil transport. It is designed 
and arranged to carry approximately 4,701,000 barrels of cargo oil. As 
required by the U.S. Coast Guard and the American Bureau of Shipping, the two- 
compartment standard of subdivision has been incorporated in the ship design. 
The reactor compartment is aft of amidship and above and aft of the machinery 
space. The auxiliary propulsion boilers are located forward of the reactor 
compartment. The reactor compartment houses the reactor vessel, the contain¬ 
ment, and the reactor-associated auxiliaries. The compartment is bounded on 
either side by longitudinal structural bulkheads; the spaces outboard of the 
bulkheads are designated as collision resistance areas. Propulsion is pro¬ 
vided by twin screws, each having a rating of 60,000 shp. The screws are 
driven by cross-compound steam turbines through locked-train, double helical 
reduction gearing. The propulsion machinery is located below the reactor 
compartment. The ship is fitted with navigation and collision/grounding 
avoidance systems to direct the movement of the ship in response to manual 
bridge commands and to data accumulated automatically from the various elec¬ 
tronic systems. The systems provide data on ship position, heading, speed, sea 
depth, heel and trim. In addition, the systems provide the position and track 
of other vessels in the area and warn of necessary course changes. 

The automatic control system for the reactor/propulsion plant com¬ 
prises two redundant channels. Each channel contains a digital "minicomputer" 
which calculates coordinated control signals for the plant using modern control 
techniques. Although both channels receive information from the plant and 
calculate control signals, only one is closed with the plant at any given 
time. The controllers are self-checking and control is transferred automatic¬ 
ally to the alternate channel when a fault is detected. In addition, the con¬ 
trol channels are monitored by a digital-based operator information system. 
Semiautomatic control is also provided; it consists of reactor-following 
(turbine control on manual) and turbine-following (reactor control on manual) 
modes. Finally, manual controls are provided for all control devices. 

The CNSG reactor core consists of 57 fuel assemblies having an active 
fuel length of 65 inches. Each fuel assembly is a 15 by 15 array of 184 type 
304 SS clad, helium prepressurized fuel rods, 20 control rod guide tubes, 20 
lumped burnable poison (LBP) rods, and one spacer-grid-positioning tube at the 
dioxide pellets. Rated core thermal power output is 312.9 MW with an average 
linear heat rate of 5.36 kW/foot. Excess reactivity is controlled by a 
combination of fixed LBP rods and 37 movable control rod clusters. A four- 
year, one-batch fuel cycle is utilized for fuel management. 

A compact pressure-suppression containment system, similar to those 
used for land-based power plants, provides the secondary containment for the 
CNSG. The system comprises two compartments - the dry well and the wet well 
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or suppression pool. All penetrations into the primary coolant system are 
made through the dry well; thus, the dry well acceots the discharge from any 
loss-of-coolant accident (LOCA) and as it pressurizes, the mixture is forced 
into the wet well. These pipes are submerged in the wet well water which 
condenses the effluent. The wa.er in the pool also serves as a radiation 
shield. The containment shell is a free-standing steel cylinder supported at 
the bottom withthe main operating floor approximately half-way up the con¬ 
tainment. The upper head of the containment is elliptical. The center sec¬ 
tion of the upper head is removable for servicing and installation of majc-4 
components and for refueling; it is fitted with a double seal. The pers'^nel 
hatch, which is also a double-barrier design, is located near the main operat¬ 
ing floor, providing access for routine maintenance and inspection. In¬ 
flooding valves prevent collapse of the containment vessel in the event that 
the ship sinks. The vapor suppression pool is formed by a second cylindrical 
shell below the operating floor; the pool is located as close to the reactor 
vessel as feasible. The annular wet well is divided into separate compart¬ 
ments with one vent discharging into each compartment. Low-pressure rupture 
discs in the vent pipes normally separate the dry and wet well, preventing 
water from entering the dry well at extreme ship attitudes. The atmosphere 
within the containment is maintained at subatmospheric pressure to improve the 
performance of the pressure suppression system. The containment dry well 
cooling system aids in controlling containment pressure during a LOCA. 

The auxiliary service requirements and engineered safety features of 
the CNSG plant have been evaluated and combined for maximum system reduction 
and simplification consistent with reliability, operability, safety, and 
function. All auxiliary systems are based on current pressurized water reac¬ 
tor technology coupled with consideration of shipboard duty and environment. 
All systems and components are designed and fabricated in accordance with 
nuclear s2>-vice codes and standards, or their equivalent, in combination with 
appropriate consideration of the functional importance of said system and/or 
component. Components are selected and systems are arranged so as to afford 
high operational safety requirements and the degree of functional combination. 

The makeup and purification system is a closed loop that includes 
letdown paths, coolers, a makeup tank, chemical dosing facilities, filters, 
demineralizers, and makeup pumps. The system controls reactor coolant inven¬ 
tory purifies the coolant, and provides the means to maintain water chemistry 
during normal plant operation. The makeup capability of the system is suffi¬ 
cient under normal operating conditions to maintain the primary coolant 
inventory and pressure during planned normal power changes from 100 to 0% power 
level (hot). 

SHIP'S MANNING - ENGINE DEPARTMENT 

The following indicates the typical duties of engineering personnel of 
the nuclear merchant ship. The crew comprises the minimum number of personnel 
required for safe and efficient operation of tne vessel. 

The engine department is responsible for all of the machineryon the 
ship. It is headed by the chief engineer who is assisted by eight assistant 
engineers and seven unlicensed ratings. The chief, the first-assistant 
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engineer, and the four second-assistant engineers shall be certfied as seniot 
reactor operators (SROs). The three watchstanding third engineers shall be 
certified as reactor operators (ROs). The water chemistry and health physics 
functions will be performed by one of the second-assistant engineers, who will 
normally be assigned to day work. The first-assistant engineer will be 
trained and assigned collateral duty as instrumentation and electronics offi¬ 
cer, and the electronics technician reports to him. Figure D.l. details the 
organizational arrangement of the engine department which will be manned as 
fol1ows : 

Rate 

Chief engineers, SRO (nonwatchstander) 

First-asst engineer, SRO (nonwatchstander) 

Second-asst engineer, SRO (watchstander) 

Second-asst engineer, SRO (nonwatchstander, 
staff health physicist/chemist) 

Third-asst engineer, RO (watchstander) 

Electronics technician (nonwatchstander) 

Electrician (nonwatchstander) 

Qualified member engine department 

Pumpman (nonwatchstander) 

Wiper (nonwatchstander) 

Number 

1 

1 

3 

1 

3 

1 

1 

3 

1 

1 

16 

The chart below shows the proposed shift assignments for day workers 
and watchstanders. 

AM Noon PM 

12 - 4 8 8 - 12 

2nd (SRO) 2nd (SRO) 2nd (SRO) 

3rd (RO) 3rd (RO) 3rd (RO) 

QMED QMED QMED 

12 - 4 8 8 - 12 

2nd (SRO) 2nd (SRO) 2nd (SRO) 

3rd (RO) 3rd (RO) 3rd (RO) 

QMED QMED QMED 
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_Day Workers_ 

Chief (SRO) 

1st (SRO) 

2nd (Staff HP/chem) 

Electronics tech 

Electrician 

Wiper 

Pumpman 

Notes: 1. All day workers are available for off hour work 
as required. 

This schedule is for at-sea watches with 4 hours on 
and 8 hours off, except day workers. When the ship 
is in po^t for extended time, the watches revert 
back to 8 hours on and 16 hours off. 

Engine Department Duties 

• Chief Engineer. The chief engineer is in charge of, 
supervises, and has the command function over the 
engine department. He is responsible for the opera¬ 
tion, maintenance and repair of all machinery onboard 
the ship. He is responsible to the master and the 
ship owner for the performance of his duties. He must 
possess an unlimited Chief Engineer's license issued 
by the USCG and must be licensed by the NRC as a 
senior reactor operator. 

• First-Assistant Engineer. The first-assistant engi¬ 
neer assists the chief engineer in the performance of 
his duties. Normally, he does not stand a watch and 
is in charge of the dayworking personnel, including 
engineers, QMEDs, the electronics technician, and the 
electrician. One of his collateral duties, in port 
and at sea, is the close supervision of all mainte¬ 
nance and repair on the NSS. He is available for 
relieving the engineer in charge of the watch when 
required. He must hold an unlimited First-Assistant 
Engineer's Steam license for any horsepower and is 
licensed by the NRC as a senior reactor operator. 

• Second-Assistant Engineers. The second-assistant 
engineers are in charge of the engine room during 
their respective watches. Their collateral duties, 
in port and at sea, include the close monitoring of 
operation, maintenance, and repairs of the main pro¬ 
pulsion system. They must hold USCG unlimited 
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Second-Assistant Engineer's Steam licenses (any 
horsepower) and must be licensed by the NRC as 
SROs. The fourth second-assistant engineer is 
the staff health physicist/chemist. His quali¬ 
fications are the same as those for the other 
second-assistant engineers, with the exception 
of specialized training in health physics and 
chemistry. For the health physics function, he 
reports administratively to the chief engineer 
and functionally to the master. 

Third-Assistant Engineers. Three wa" ^standing 
tMrd-assistant engineers assist t1 .¿cond- 
assistant engineers on their respective watches. 
Their collateral duties, in port and at sea, 
consist of close monitoring of maintenance oper¬ 
ations and repairs. They must hold unlimited 
Third-Assistant Engineer's Steam licenses for 
any horsepower and be licensed by the NRC as 
reactor operators. 

Electronic Technician. The electronic techni- 
cian is a day worker "whose duties consist of 
maintenance and repairs of all instrumentation 
associated with the nuclear steam generating 
plant, the electrical distribution system, all 
motors and controls, and all propulsion plant 
instruments that are not hydraulic or mechanical 
which are associated with the nuclear steam gen¬ 
erating plant. He reports directly to the first- 
assistant engineer and must hold a qualification 
certificate issued by the USC6. 

Electrician. The electrician, a nonwatchstander. 
is responsible for electrical maintenance and 
repairs on ship's service electrical equipment. 
He is responsible to the chief engineer but 
reports directly to the first-assistant engineer. 
The electrician must hold a qualification certi¬ 
ficate issued by the USCG. 

ualified Member Engine Department. Three quali- 
ied members of the engine department (QMEDs) 

perform the mechanical maintenance and repair 
of the entire machinery plant during their 
watches. They may also assist the electrician/ 
electronic technician. The QMEDs shall hold 
USCG certificates for their rating. 

•..- 



• Pumpman. The pumpman Is a nonwatchstander whose 
duties consist of operation of the cargo oil and 
ballast systems during loading and discharge of 
the vessel. The pumpman is also responsible for 
maintenance and repair of the cargo oil and bal¬ 
last systems, as well as cargo tank hatches, fit¬ 
tings, etc. In cargo and ballast operations he 
works for the deck department under the direc¬ 
tion of the chief officer. In performing main¬ 
tenance and repairs, he is responsible to the 
engine department, reporting to the chief engi¬ 
neer or the first-assistant engineer. The pump¬ 
man must hold a qualification certificate issued 
by the USCG. 

• Wiper. The wiper is assigned to day work; he 
performs janitorial services or may be assigned 
to help the other day workers or watchstanders 
during the workday. He holds a U5CG certificate 
for his rate. 

QUALIFICATION REQUIREMENTS FOR NUCLEAR FACILITY PERSONNEL 

Figure D.2. summarizes the qualifications of the members of the 
engine department of the proposed nuclear merchant ship. All members of the 
nuclear merchant crew will hold USCG ratings commensurate with their position. 
Engine department personnel will hold NRC reactor operator (RO) or senior 
reactor operator (SRO) licenses as indicated in the^r duties and responsibili¬ 
ties. The ship's master will not be required to hold an SRO license but will 
have the background required to sit for examination for such license. The 
educational and experience qualifications for reactor plant personnel will 
meet or exceed those specifisd in ANSI N18.1. 

TRAINING PROGRAM FOR A LICENSED PERSONNE! 

The personnel to whom propulsion plant operation will be entrusted 
are engineers duly licensed as marine engineers by the USCG and licensed as 
necessary by the NRC. Qualification for a USCG operating license is gained 
either by successfully completing the scholastic requirements of an ac¬ 
credited maritime academy, such as one of the state academies or the U.S. 
Maritime Academy at King's Point, or by advancing through the unlicensed 
grades of engine and fireroom personnel. Upon attaining the prescribed 
proficiency, the applicants in either case are given a comprehensive writ¬ 
ten examination by the USCG; the examination lasts for several days and 
covers such subjects as safety rules and regulations, mathematics, steam 
generation equipment, propulsion engines, auxiliary equipment (pumps, heat 
exchangers, etc.), electrical power generation equipment, etc. 

For the personnel who have received their training via the practical 
route as unlicensed members of a ship's engine department, the usual practice 
is their taking instruction to aid in successfully completing the USCG 
examination. This instruction is usually taken at privately operated schools 

D-8 

IW».«'-«.,« 
"T*r, 

UMiifel 
-T- 

MUÈÊL 
w 



.. 

• ■* 

»n 
Í ! 

f 1 
Y X- 

4 

c 
o 

cfl 
M 
(U 
D. 
O 

C 
te 

K 
<u 
» 
O 

(X 

U 
tfl 
0) 

O 
3 
Z 

O 
o¿ 
z| 

§ 
en 

<D 
<U 
C 

U 

TJ 
OJ 

<u 
0) 
a 

a 
o 

te 
u 
ai 
a 
o 

a, 
i- 
0J 
S 
o 
a, 
>4 
CO 
OJ 

o 
3 
Z 

§ 
Crt 

h 
OJ 
0) 
G 

Ù0 
3 
w 

60 
c 
U 

ai 
u 

•a 
OJ 

5 

u 
OJ 
OJ 
G 

U 
CO 

00 
G 
U 

CO 
CO 
< 

£ 
o 

U 
CO 

kEMMuMMtfNMAi 

— 

C 
o 

CO 
U 
0J 
cx 
o 

c 
eO 

O 
œ 
en 

n 
0J 
OJ 
G 

00 
G 
U 
•a 
c 
o 
o 
0J 

en 

XJ 
eu 

G 
G> 

U 
0J 
0J 
C 

00 
C 
w 

G 
eO 

co 
« 
< 
XJ 
G 
O 
U 
OJ 
en 

G 
O >% 
•H J-i 
JJ JJ 
ri eo 
U rl 

ë. ! 
o 
jj 

c 
o 

>■. 
jj 
OJ 

t0 
Jj 
OJ 
a 
o 

eO 
en 

G 
O 

G eo 
c0 O 

eu Pu en 

Jj Jj Æ 
01 0J pu 
3 * 
O O J3 

Pu (J. JJ 

e0 
tJ 
•a 
<2 

Jj 
0J 
S 
O 

PU 

Jj Jj eo 
CO ta OJ 
OJ OJ Z 

Jj 
eO 
0J 

O ej X) 
3 3 3 
Z Z 3 

CJ 
3 
Z 

O 
pfi 
en 

O 
OÄ 

Jj 
0J 
0) 
3 

00 
3 
W 

Jj 
0) 
0J 
3 

03 
3 
O 
U 
0J 

en 

oo 
3 
W 

X) 
Jj 

H 

•a 
0J 

XJ 
0J 

•S 

Jj 
0J /-V 
0J jj 
3 eo 

00 
B 
W 

00 CJ 
B -H 
U eo 

JJ rS 
8 Pu 
eO 
JJ J3 
eo jj 

Jj 
OJ 
OJ 
B 

00 
3 
W 

B 
8 

eo 3 
eo 0J 
< X 

XJ <JJ 
3 *jj 
O 3 
O JJ 
8 en 

en '-j 

3 

XJ 
Jj 

x: 
H 

U 
3 
a 

en 

3 
B 
O 
z 

3 
U 

Jj 
3 
U 

B 
O 

3 
O 

8 
3 

O 
•H 
B 

JO 
CJ 
8 
H 

3 
O 

B 
O 
Jj 

U 
3 

W 

jj 
3 

8 
en 

B 
O 

X) 
8 

PO 

X3 X) 
B B 
8 8 

U 
3 
P. 

en 

3 
B 
O 
Z 

8 
O 

JJ 
Jj 
3 
U 

B 
O 

8 
3 

B 
8 

Jj 
JJ 
O 
3 

W 

>> 
JJ 
8 

8 
en 

B 
O 

XJ 
B 
8 

O 
3 
a 

en 

3 
B 
O 
Z 

8 
O 

■rl 

JJ 
3 

CJ 

B 
O 

8 
U 

8 
3 
O' 

8 
3 
O' 

3 
B 

Jj 
8 

XI 

I 
xi 
3 

JJ 
8 

JJ 
3 

8 
en 

8 
en 

B 
o 

B 
O 

XJ XJ 

<2 «2 
XJ 
8 
0Í 

XJ 
c 
8 

XJ 
B 
8 

a 
3 
a 

oo 
B 
w 

D-9 

CJ 
3 
ci¬ 

en 

o 
3 
G. 

en 

3 
B 

3 
B 
O 
Z 

8 
U 

8 
O 

Mu 
■H 
JJ 
Jj 
3 

CJ 

Jj 
3 
O 

B 
O 

B 
O 

JJ 
8 
O 

8 
O 

8 
3 
O' 

8 
3 
O' 

8 

£ 

Jj 
3 
PU 

X 
30 

ë 
C 

eo 
DP 

PP 
C 

30 
O 
a. 
o 
pp 
eu 

O 
30 
PP 

o 
3) 
Z 
o 

«c 
o 

«£ 
x 
Cr 

CM 

O 

CP 
ZD 
13 

.—. 

ÉkuiMâflh .. 



whose teaching staffs hold marine licenses. The licensed personnel may also 
attend these schools preparatory to upgraciing. 

Personnel, qualifying through formal education, must graduate from a 
college or academy which specializes in the marine field and has as its basic 
purpose the furnishing of qualified engineering personnel to the U.S. Navy 
and the U.S. Merchant Marine. The college courses last a period of four or 
five years and include a period of practical shipboard operation as a cadet, 
either aboard a training ship or a merchant ship, during which time first¬ 
hand knowledge of practical applications is gained. The training ship duty 
gives the trainee a chance to actually perform the duties of a watchstanding 
and repair engineer. His practical experience will include assisting the 
ship's crew in repairs and overhauls but will not normally include handling 
of the throttle, which is a licensed engineer's responsibility. 

TRAINING PROGRAMS FOR NON-LICENSED PERSONNEL/SPECIALIST TRAINING 

As a minimum, there will be training for individuals to carry out 
particular functions for which specific instruction and capabilities are 
necessary. Instruction will be provided in the areas described below. (A 
single individual may be qualified in more than one specialty.) 

Instrument and Control Electronics Technician (Electronics Technician) 

The instrument and control technician will receive a program that 
provides him with a detailed understanding of electronic components, instal¬ 
lation, and maintenance procedures. This program includes training by the 
equipment supplier and covers both background material and specific details 
of the installed equipment. 

Chemistry 

Each crew will have a staff health physicist/chemist (licensed second- 
assistant engineer) who has completed a water chemistry course so that he can 
operate a water chemistry laboratory to process routine samples and to inter¬ 
pret accurately the significance of unusual results. This course will cover 
nuclear power water requirements, radiochemistry, and cold water chemistry 
and will include sufficient laboratory time so that the individual will de¬ 
velop the proficiency to perform these tasks at sea without assistance. 

Health Physics 

Each crew will have a qualified staff health physicist/chemist who 
has completed a prescribed course of study and has demonstrated his profi¬ 
ciency. 

Other Training Programs 

All operatiig and maintenance personnel assigned to the engine 
department will be trained in radiation safety and procedures. Electrical, 
mechanical, and instrument and control maintenance personnel will receive 
specialized training relative to their job requirements and, where applicable, 
will be certified by the USCG. 
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TRAINING FOR GENERAL SHIPBOARD PERSONNEL 

The crew of the nuclear-powered merchant ship requires some additional 
training to support their work and personnel safety aboard ship. Instruction 
will be conducted in modules, and each crew member not in the engine department 
will attend the appropriate module. 

Module 1 - General Orientation for Nuclear Power Service 

This course will present the basic concept of the nuclear propulsion 
plant, hazards associated with nuclear power, and the protection systems 
provided. It provides practical training in the conduct of radiation monitor 
ing, utilization of protective clothing, and dosimetric monitoring. 

Module 2 - Nuclear Propulsion Plant Orientation 

This course provides deck officers with sufficient knowledge of the 
nuclear propulsion plant to exercise their responsibilities in ship control. 
A more detailed presentation of the plant construction and operation is 
included, over and above that provided in Module 1. In addition, the course 
covers the overall limiting conditions, power transient responses, and partió 
ular limitations that can result from plant startup, trip, degraded modes of 
operation, and major casualty conditions. 
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APPENDIX E 

STANDARDS AND LEGAL REQUIREMENTS 
RELATED TO QUALIFICATIONS 

ANSI N18.1-1971 

In 1971, Standards Committee N18 of the American National Standards 
Institute approved the standard known as ANSI N18.1-1971, on the "Selection 
ard Training of Nuclear Power Plant Personnel." This standard was prepared 
by the Reactor Operations Subcommittee of the American Nuclear Society Stand¬ 
ards Committee. In developing this standard, substantial assistance and par¬ 
ticipation was obtained from utilities with much experience in both nuclear 
and fossil-fueled power plants. 

The standard recognizes that individual utilities have their own job 
titles and job descriptions, but defines positions in terms of "Functional 
Levels and Assignment of Responsibility." These include: 

1. Managers--those persons with overall responsibility 
of the nuclear power plant, its technical aspects, its 
operations and its maintenance. 

2. Supervisors--those persons principally responsible 
for directing the actions of operators, technicians, 
and repairmen. 

3. Professional/Technical—those persons responsible 
for supervising and in certain cases pefrorming tech¬ 
nical services in support of overall plant operations. 

4. Operators, Technicians, Repairmen--those persons 
principally involved in the manipulation of plant 
controls, monitoring or instrumentation, or the op¬ 
eration of equipment, and persons who principally cal¬ 
ibrate, repair, maintain or perform other craft and 
technical activities in the plant. 
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5. Support personnel--those persons. Including members of 
the organization (e.g., the headquarters engineer-in¬ 
charge or consultants) whose technical expertise is 
available to the operating staff. 

Furthermore, the standard specifies minimum general qualifications and 
specific educational, training, and experience qualifications for all functional 
levels within in operating organization that have a direct relationship to tech¬ 
nical, operations, and maintenance aspects of a nuclear power plant. It also 
specifies minimum general and specific characteristics of training programs for 
personnel requiring NRC licenses (and for those who do not) at both supervisory 
and non-supervisory levels. Provisions for retraining and replacement train¬ 
ing are included to assure that qualification levels are maintained. Figure E.l 
summarizes the minimum requirements. The Nuclear Regulatory Commission generally 
endorses the requirements of ANSI N18.1-1971. Accordingly, reactor operators 
typical1> have a high school education, possess an aptitude for physics and 
electricity, and undergo specialized reactor operator training and education 
on pertinent subjects. Senior reactor operators typically have a year or two 
of college, considerable conventional power plant experience, and undergo spe¬ 
cialized senior operator training and education on pertinent subjects. 

NRC REQUIREMENTS FOR LICENSING UNDER 10CFR55 

The Code of Federal Regulations (CFk), Title 10, refers to codes deal¬ 
ing with atomic energy. Part 55 of Title 10, preferably written as 10CFR55, 
deals with operators' licenses. Specifically, it sets forth the provisions 
under which operators (those who manipulate reactor controls) and senior op¬ 
erators (those who direct the licensed activities of licensed operators) aro 
Individually licensed to operate a particular reactor. Unlike most other li¬ 
censes, reactor operator and senior operator licenses are issued for a specific 
facility rather than for a class of facilities. One license can cover more 
than one unit in a multi-unit facility, but only when the applicant has need 
for a license on each unit and has been examined accordingly. Requirements for 
personnel to qualify as licensed operators and 1 icensej senior operators are 
set forth through the NRC's Operator Licensing Program. 

Regulatory requirements under 10CFR55 have resulted in the conduct 
of "hot" and "cold" operator examinations. At new reactor facilities, li¬ 
censed operators are needed to begin fuel loading and startup. Obviously, an 
actual startup demonstration as part of an operator or senior operator licen¬ 
sing examination cannot be given at a facility which has not yet loaded fuel, 
thus, these activities must be simulated by discussion between the applicant 
and the examiner. These operating tests are known as "cold" examinations, as 
opposed to the term "hot" examinations which refers to the tests that require 
actual startup demonstrations. 

Operator and senior operator examinations are divided into three major 
parts: (1) a written test, usually lasting one day, (2) an oral test usually 
lasting half a day, in which the operator demonstrates his understanding of the 
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of the specific reactor hardware, procedures, and operational behavior, and 
(3) an actual demonstration that the applicant can bring the reactor critical 
and adjust power level. The senior operator written test (see Table E.l) in¬ 
cludes the operator written test plus a senior test of about equal duration. 
The senior oral and operating tests cover much the same ground as the operator 
test, except that the applicant must demonstrate a higher degree of competence 
and knowledge than that required for the operator; must display wider and more 
thorough knowledge of administrativ*» controls and provisions of applicable 
regulations; and must demonstrate more breadth of knowledge of the facility 

The applicant must also show that he has been properly trained by 
the facility management, (usually by certification that lists subjects taught, 
number of subject hours, extent of experience) and states that he has demon¬ 
strated, to the satisfaction of the facility licensee, the ability to operate 
the controls in a competent and safe manner, and that there is a need for his 
services. 

Licenses are issued for a period of two years and may be renewed, 
subject to confirmation of continued competence, need, and medical qualifica¬ 
tions. Recently, the NRC issued a rule change to 10CFR55 which will require 
that licensed individuals participate in requalification programs in order to 
establish continued competence for license renewal without reexamination. In 
essence, the program consists of lectures, required control manipulation, and 
study of normal and emergency procedures. Facility management is required to 
maintain appropriate records including examination results to indicate an 
individual's competence. 

TABLE E.l 

SECTION HEADINGS OF THE WRITTEN TEST 
FOR LICENSED OPERATOR AND SENIOR OPERATORS 

Senior Operator 
Operator (Taken in Addition to 

Operator Test) 

A. Principles of Reactor Operation 

B. Features of Facility Design 

C. General Operating Characteristics 

D. Instruments and Controls 

E. Safety and Emergency Systems 

F. Standard and Emergency Operat¬ 
ing Procedures 

G. Radiation Control and Safety 

H. Reactor Theory 

I. Radioactive Material Handling, 
Disposal, and Hazards 

J. Specific Operating Characteristics 

K. Fuel Handling and Core Parameters 

L. Administrative Procedures, Condi¬ 
tions, and Limitations 
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Scope of Operator and Senior Operator Examinations 

The operating tests administered to applicants for operator and senior 
operator licenses are generally similar in scope. The operating test, to tne 
extent applicable to the facility, requires the applicant to demonstrate an 
understanding of: 

1. Pre-startup procedures for the facility, including 
associated plant equipment which could affect 
reactivity. 

2. Required manipulation of console controls to bring 
the facility from shutdown to designated power levels. 

3. The source and significance of annunciator signals and 
condition-indicating signals and remedial action re¬ 
sponsive thereto. 

4. The instrumentation system and the source and sig¬ 
nificance of reactor instrument readings. 

5. The behavior characteristics of the facility. 

6. The control manipulation required to obtain desired 
operating results during normal, abnormal and emergency 
situations. 

7. The operation of the facility's heat removal systems, 
including primary coolant, emergency coolant, and decay 
heat removal systems, and the relation of the proper 
operation of these systems to the operation of the 
facility. 

8. The operation of the facility's auxiliary systems which 
could affect reactivity. 

9. The use and function of the facility's radiation mon¬ 
itoring systems, including fixed radiation monitor and 
alarms, portable survey instruments, and personnel 
monitoring equipment. 

10. The significance of radiation hazards, including per¬ 
missible levels of radiation, levels in excess of those 
authorized and procedures to reduce excessive levels of 
radiation and to guard against personnel exposure. 

11. The emergency plan for the facility, including the op¬ 
erator's or senior operator's responsibility to decide 
whether the plan should be executed and the duties 
assigned under the plan. 

12. The necessity for a careful approach to the responsibility 
associated with the safe operation of the facility. 
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Requalification Program Requirements 

1. Schedule. The requalification program shall be conducted for a 
continuous period not to exceed 2 years, and upon conclusion shall be promptly 
followed, pursuant to a continuous schedule, by successive requalification 
programs. 

2. Lectures. The requalification program shall include preplanned 
lectures on a regular and continuing basis throughout the license period in 
those areas where annual operator and senior operator written examinations 
indicate that emphasis in scope and depth of coverage is needed in the follow¬ 
ing subjects: 

a. 

b. 

c. 
d. 

e. 

f. 

g- 
h. 

i. 

Theory and principles of operation 

General and specific plant operating characteristics 

Plant instrumentation and control systems. 
Plant protection systems. 

Engineered safety systems. 

Normal, abnormal, and emergency operating procedures. 
Radiation control and safety. 

Technical specifications. 

Applicable portions of Title 10, Code of Federal 
Regulations. 

Other training techniques including films, videotapes and other effective 
training aids may also be used. Individual study on the part of each operator 
shall be encouraged. However, a requalification program based solely upon the 
use of films, videotapes and/or individual study is not an acceptable substi¬ 
tute for a lecture series. 

3, On-the-.iob training, 
on-the-job training so that: 

The requalification program shall include 

a. Each licensed operator of a production or utilization 
facility manipulates the plant controls and each licensed 
senior operator either manipulates the controls or directs 
the activities of individuals during plant control manipu¬ 
lations during the term of their licenses. For reactor 
operators and senior operators, these manipulations shall 
consist of at least 10 reactivity control manipulations in 
any combination of reactor startups, reactor shutdowns or 
other control manipulations which demonstrate skill and/or 
familiarity with reactivity control systems. 

b. Each licensed operator and senior operator has demon¬ 
strated satisfactory understanding of the operation of 
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all apparatus and mechanisms and knows the operating pro¬ 
cedures in each area for which he is licensed. 

c. Each licensed operator and senior operator is cognizant 
of the facility design changes, procedure cnanges, and facility 
license changes. 

d. Each licensed operator and senior operator reviews the 
contents of all abnormal and emergency procedures on a regu¬ 
larly scheduled basis. 

e. A simulator may be used in meeting the requirements of 
paragraphs 3a and 3b if the simulator reproduces the general 
operating characteristics of the facility involved, and the 
arrangement of the instrumentation and controls of the simu¬ 
lator is similar to that of the facility involved. 

4. Evaluation. The requalification program shall include: 

a. Annual written examinations which determine areas in which 
retraining is needed to upgrade licensed operator and senior 
operator knowledge. 

b. Written examinations which determine licensed operator's 
and senior operator's knowledge of subjects covered in the 
requalification program and provide a basis for evaluating 
their knowledge of abnormal and emergency procedures. 

c. Systematic observation and evaluation of the performance 
and competency of licensed operators and senior operators by 
supervisors and/or training staff members including evaluation 
of actions taken or to be taken during actual or simulated ab¬ 
normal and emergency conditions. 

d. Simulation of emergency or abnormal conditions that may 
be accomplished by using the control panel of the facility 
involved or by using a simulator. If the control panel of 
the facility is used for simulation, the actions taken or to 
be taken for the emergency or abnormal condition shall be dis¬ 
cussed; actual manipulation of the plant controls is not re¬ 
quired. If a simulator is used in meeting the requirements 
of paragraph 4c, the simulator shall accurately reproduce the 
operating characteristics of the facility involved and the 
arrangements of the instrumentation and controls of the sim¬ 
ulator shall closely parallel that of the facility involved. 

e. Provisions for each licensed operator and senior operator 
to participate in an accelerated requalification program where 
performance evaluations conducted pursuant to paragraphs 4a 
through 4 d clearly indicate the need. 
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5. Records. Records of the requalification program shall be main¬ 
tained to document each licensed operator's and senior operator's participa¬ 
tion in the requalification program. The records shall contain copies of 
written examinations administered, the answers given by the licensee, results 
of evaluations and documentation of any additional training administered in 
areas in which an operator or senior operator has exhibited deficiencies. 

6. Alternative training programs. The requirements of this appendix 
may be met by requalification programs conducted by persons other than the fa¬ 
cility licensee if such requalification programs are similar to the program 
described in paragraphs 1 through 5, and the alternative program has been ap¬ 
proved by the Commission. 
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APPENDIX F 

SURVEY OF NUCLEAR POWER PLANT OPERATION 

NS SAVANNAH 

Like a conventional ship, the crew of the NS SAVANNAH was built around 
members of the deck department, responsible for navigation and overall opera¬ 
tion of the vessel, and of the engine department, responsible for the operation 
of the ship's propulsion and other machinery. In each department there were 
officers, licensed by the U.S. Coast Guard as possessing the technical compe¬ 
tence required for their jobs, and certified or unlicensed personnel, skilled 
in the performance of shipboard duties but at a lesser technical level. Each 
person who served as an officer or crew member of the NS SAVANNAH was licensed 
or certified in accordance with "Rules and Regulations for Licensing and Cer¬ 
tification of Merchant Marine Personnel," Publication C.G. 191, of the U.S. 
Coast Guard. 

Officers Qualifications 

All engine officers had to meet the following C.G. 191 requirements 
before obtaining an original license: 

1. Must be at least 21 years of age. (Third assistant 
engineer can be 19, but cannot raise grade prior to 
21st birthday.) 

2. Must be a citizen of the United States (native born 
or naturalized). 

3. Must present satisfactory documentary evidence of 
eligibility in respect to educational and service 
requirements. 

4. Must pass a physical examination given by a medical 
officer of the U.S. Public Health Service. 
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5. Must hold a First Aid Certificate, obtained by suc¬ 
cessfully completing an examination based on the 
contents of "The Ship's Medicine Chest and First Aid 
at Sea," a standard text published by the U.S. Govern¬ 
ment Printing Office. This certificate is issued by 
the U.S. Public Health Service. 

In addition to points 1 through 5, an applicant for an original un¬ 
limited third assistant engineer's license must have served three years in 
the engine department of steam vessels (or motor vessels in the case of diesel 
licenses) of over 4,000 horsepower. Two and one-half years of the three must 
have been as fireman, oiler, watertender or other qualified member of the en¬ 
gine department, or have served three years as an apprentice to the machinists 
trade together with one year of service in the engine department of steam 
vessels as oiler, watertender, or junior engineer. The applicant could also 
qualify if he were a graduate of the U.S. Merchant Marine Academy, or of a 
duly recognized college of marine engineering, together with three months 
service in the engine department of steam vessels. Graduates in electrical 
or mechanical engineering from duly recognized schools of technology with six 
months service in the engine department of steam vessels could also qualify. 

Each applicant, after fulfilling the above requirements, must then 
successfully complete a written examination given by the U.S. Coast Guard. 
For engine officers, the examinations covers such subjects as electricity, 
basic thermodynamics, fluid flow, boiler water chemistry, combustion, lubri¬ 
cation, principles of operation of reciprocating, turbine and diesel engines, 
and associated subjects. These examinations are carefully prepared and regu¬ 
lated by the U.S. Coast Guard. The examinations usually require 3 to 5 days 
to complete. 

Merchant marine officers must take additional examinations in order 
to raise their grade of license. The examinations are taken after the officer 
has sailed one year in charge of a watch in a position equal to the grade of 
license held, or for two years in a lower officer's position. The successive 
grades for engineers licenses are third assistant engineer, second assistant 
engineer, first assistant engineer and chief engineer. The examinations be¬ 
come more comprehensive and difficult at each grade and are designed to assure 
that the applicant is prepared to assume increased responsibilities. 

Unlicensed Engine Force 

All members of the unlicensed engine force, except the wipers, had 
to have certificates as "Qualified Member of the Engine Department." To 
qualify for such certificates, the men must meet requirements specified in 
C.G. 191, and then successfully complete a written or oral (at the discretion 
of the examiner) test to obtain the desired ratings of: 

a. Oiler 

b. Deck engineer 

c. Refrigerating engineer 
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d. Junior engineer 

e. Electrician 

f. Machinist. 

Engine Department Organization 

The engine department was headed by a chief engineer, responsible to 
the captain of the ship. The chief engineer was in charge of all reactor oper¬ 
ation, as well as of the propulsion and other machinery and equipment aboard 
ship. Reporting to him were the second assistant engineers and two third 
assistant engineers, each of whom was in charge of a watch, and the first 
engineer (to whom the day workers reported) who was responsible for specified 
maintenance and other activities. 

By way of marine experience, the chief engineer was required to be an 
individual who had served at sea for at least 15 years on large vessels, and a 
total of 20 years in the shipping business. The first assistant engineer was 
required to be a person of at least 12 years experience at sea, 7 of these in 
the capacity of chief or first assistant engineer on large vessels. The exper¬ 
ience of theother assistant engineers varied from one to 20 years with the 
majority having over 10 years at sea. All of those engineers with the lesser 
seagoing experience had degrees from engineering or nautical schools. 

Duties and Responsibilities - Watches 

The engine department was divided into three watches as shown in 
Figure F.l. Each watch group consisted of two licensed marine engineers who 
had been trained and qualified as reactor operators on the SAVANNAH reactor, 
and one oiler. Each group stood watches of four hours on duty and eight hours 
off while at sea. In port, the watches were eight hours on duty and sixteen 
off. 

One engineer on each watch was designated as the senior watch officer. 
While on duty he was responsible for the operation of the reactor and all 
associated equipment, as well as all of the equipment in the engineroom. He 
was assisted by another assistant engineer who was a qualified reactor opera¬ 
tor. The senior watch engineer or his assistant remained in the control room 
at all times while the other worked in both the control room and the engine- 
room. The engineer stationed in the control room monitors and logs the 
operation of all equipment, both nuclear and conventional. It was the respon¬ 
sibility of the senior watch engineer to notify immediately the chief engineer 
and the officer in charge on the bridge of any unusual happenings in the engine 
department. He took any remedial steps necessary to protect the vessel, pas¬ 
sengers, crew and cargo. For reactor startup, maneuvering, or other non¬ 
routine work in the control room, the watch crew was augmented by members of 
the engine crew normally assigned to other watches and by the chief engineer 
and the first assistant engineer. 
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The oiler was stationed in the engineroom where he observed the oper¬ 
ations of all equipment and took and logged readings periodically. He examined 
line shaft bearings and stern tube packing and checked the operation of the 
steering engine and associated equipment. 

The operation of the evaporators, the transferring of liquids in the 
ship and the pumping of cargo hold and engine space bilges was handled by the 
men on watch in the engineroom as directed by the chief engineers, the senior 
watch engineers, and/or the officer in charge of the watch on the bridge. 
Speed changes under normal conditions were made as directed by the master, 
either by use of the engine order telegraph or verbally through the chief 
engineer. In emergencies, such order came directly from the officer in charge 
of the bridge by use of the engine order telegraph. 

Duties and Responsibilities - Day Workers 

There were the following day workers aboard the SAVANNAH in the 
engine department: 

1 First Assistant Engineer 

2 Electricians 

1 Plumber Machinist 

2 Wipers 

3 Engine Utilitymen 

1 Refrigerating Engineer 

1 Engine Cadet 

The first assistant engineer was in charge of the day workers in the 
engine department and, subject to the chief engineer's instructions, laid out 
and directed the housekeeping and maintenance work which this group accom¬ 
plished. The day workers were ordinarily on duty eight hours a day from 
8:00 a.m. to 5:00 p.m., while the vessel was at sea or in port, but could be 
called on to work at any other time. Inventory control and the requisition¬ 
ing of consumable and expendable stores were handled under the personal super¬ 
vision of the first assistant engineer. 

The electricians maintained operating records on all electrical 
equipment and carried out periodic routine maintenance as directed. They 
maintained stocks of electrical spare parts, wire, switch gear, lamps and 
associated equipment and prepared requisitions periodically in order to 
replenish these stocks. The plumber machinist operated the machine tools to 
assist with repairs and handled any plumbing jobs which occurred. The wipers 
were responsible for keeping the engineroom clean and shipshape, including 
painting and scaling when necessary. They handled stores and assisted with 
the handling of equipment and tools when repairs were made. The engine 
utilitvmen assisted the first assistant engineer and others in the handling 
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of routine maintenance and repair work. The refrigerating engineer was 
responsible for operation and maintenance of refrigeration and other cooling 
equipment. The engine cadet was a trainee and was called on to assist with 
various jobs while on day work and he occasionally was assigned to watches so 
that he could become familiar with the routine operation of the vessel. 

ENGINEER OFFICERS TRAINING PROGRAM 

Purpose and Scope of Program 

The engineer officers training program was designed to provide well 
trained, competent and qualified reactor operators for the NS SAVANNAH nuclear 
propulsion plant. All personnel picked for this training were licensed marine 
engineers. Upon satisfactory completion of the program the trainee understood 
the design and operating characteristics of all the systems that make up the 
plant and the normal and emergency operating procedures covering these various 
systems. 

Training Program Description 

The engineer officers training program was divided into three 
phases : 

Phase I: Lynchburg, Virginia 

1. Academic Training 

2. Practical Training 

Phase II: Field Training 

1. Hanford Facilities 

2. Army Package Power Reactor - Fort Bel voir, 
Virginia 

3. Vallecitos Boiling Water Reactor 

4. NMSR Control Rod Drive Test Facility at 
San Jose, California 

5. Naval Damage Control School, Philadelphia, 
Pennsylvania 

6. Naval Reactors Branch at Idaho Falls, 
Idaho 

7. Army Reactor Branch at Idaho Falls, Idaho 

Phase III: On-The-Job Training 

1. Shipyard Maintenance Training Program 

2. SAVANNAH Nuclear Plant Qualification 
Program 
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3. Specialized Qualification Program 

e . Simulator Training 

ENGINEER OFFICERS QUALIFICATION PROGRAM 

Organization and Responsibility 

V L ci,- J11® Ç^ineering Officer’s Qualification Program conducted by the New 
York Shipbuilding Corporation, was designed to certify the comoetence of the 
ca55[!S?u States Manne Lines operating engineers in the operation of the NS 
SAVANNAH reactor and steam plant systems. 

Within the New York Shipbuilding Corporation, the qualification pro- 
gram was the responsibility of the Manager, SAVANNAH Nuclear Power. This res- 
ponsibimy was delegated to the Superintendent of SAVANNAH Nuclear Operations 
who directed the program with the assistance of the Qualification Program 

Student proficiency was tested by the qualification examiners who 
were Babcock and Wilcox design and service engineers with extensive knowledge 
of the ship's systems and components. 

■fnv.mai *■ Tl?e.en9ineer'in9 officers supplemented the information received in the 
Innïïl-trainin9-Pi?9l^am !:hrou9h lectures by design engineers and vendor repre- 

tatl s specializing in the power systems, by simulator training, and by 
observation of construction and testing of the ship and its power plant at 

DeSi?n field Changes in the P°wer Plant were pressed 
design, as i^talled eXaminerS t0 keep officeirs appraised of the power plant 

The qualification program was dividied into two major steps - ore- 
operational or provisional qualification and final qualification. Provisional 

2fathr^AVANNAi3aS 9rantid Io ?ffíc®rs who have demonstrated thorough knowledge 
nf îîmnnî!îïcAHaP2Weï P1ant’ 1ncludln9 the design, location and identification 
thP Sanmam c- ? 0Perat]ng Procedures for the equipment, and had completed 
the SAVANNAH simulator training. Provisional qualification was completed 

at10rii,0fufl!el e1ements in the ship. Final qualification was 
qavawmai/? °^icers wh? had demonstrated proficiency during testing of the 
SAVANNAH in the operation of the overall ship's propulsion system. 

M c!w«!j"a,lifÍcation was certified by the New York Ship Corporation's Manager, SAVANNAH Nuclear Power. ^yuraLiun 5 

Provisional Qualification 

Provisional qualification was based on an oral examination of each 
oIri!,C!rc5y the 9ua1'Iflcation examiner. These examinations were conducted on 
each system, using Qualification Check Sheets as a guide. The check sheets 
were divided into the four parts described in the following paragraphs. 
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1. Central Control Room - The officer was required to 
locate and identify all instrumentation and controls 
for the system in the control room and to demonstrate 
his ability to operate the system under startup, shut¬ 
down, normal and casualty conditions. For provisional 
qualification, the operations were demonstrated by 
oral examination and operation of the SAVANNAH simula¬ 
tor. 

2. Outside Central Control Room - The officer was requir¬ 
ed to locate, identify and describe the function of 
each component in the system and to operate any equip¬ 
ment with local controls under startup, shutdown, nor¬ 
mal and casualty conditions. The operating require¬ 
ments for provisional qualification was accomplished 
through an oral examination at the equipment control 
center on the ship. 

3. General Knowledge - The officer was required to des¬ 
cribe both orally and graphically the basic system 
and component design and to demonstrate a knowledge 
of the operating parameters, emphasizing system 
limitations and operating precautions. 

A. Functional Design Theory Knowledge - The officer 
was required to prove his knowledge of the basic 
design theory involved with system operation. 

Upon satisfactory completion of all system examinations, the officers 
were granted Provisional Qualification, which certified their competence to 
participate as operators in the test program. 

Final Qualification 

As the power plant construction and testing progressed and the com¬ 
pleted systems became operational, the officers performed the operational 
portions of the Qualification Check Sheets on the actual equipment. While 
provisional qualification was based on oral examinations and simulator opera¬ 
tion, final qualification was based on demonstrated proficiency in the opera¬ 
tion of the installed power plant. Upon completion of all the Qualification 
Check Sheets, each officer completed a written comprehensive examination on 
the over-all plant. The written examination was followed by a terminal inter¬ 
view with the Superintendent of SAVANNAH Nuclear Operations and other key 
personnel in the qualification program. Final certification of the officer's 
qualification to operate the SAVANNAH power plant was endorsed by the New 
York Shipbuilding Corporation's Manager, SAVANNAH Nuclear Power. Once certi¬ 
fied to operate the power plant, the personnel were licensed by the AEC in 
accordance with the Code of Federal Regulations, 10CFR55. 
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Nuclear Staff. As previously indicated, the crew of the SAVANNAH, 
specifically those in the deck and engine departments, had extensive training 
and indoctrination in the fundamentals, theory and practical aspects of re¬ 
actor design, ooeration and maintenance. It was difficult to determine t'1® 
specific judgment and understanding of leactor performance and operation which 
results from long experience. Accordingly for an initié 1 period of the ship s 
operation, certain personnel were assigned aboard the snip in a sta f capacity. 
Included in their functions were conducting training and developmeni programs 
for crew personnel. These programs were coordinated with systems and proce¬ 
dural development. 

Reactor Physicist. He collects and analyzes reactor operating data. 
A schedule of routine phÿlics tests was established to indicate trends in 
reactor physics characteristics. Data from the tests and from routine opera¬ 
tions were used to evaluate the efficiency and safety of the plant and proce¬ 
dures. Procedures and procedural modifications were reviewed with e 'd/or 
developed in cooperation with the crew to assure workability, complr'eness 
and a mutual appreciation of the safety considerations involved. In coopera¬ 
tion with other members of the nuclear staff, a comprehensive list of Tech¬ 
nical operating limits was prepared to provide mandatory guide-posts that 
define the conditions and actions required to minimize the hazards associated 
with nuclear plant operations. 

Reactor Systems Engineer. During the routine operation of the 
ship following the startup program, he provides technical and engineering 
services to the crew and company management with regard to the reactor plant. 
Emphasis was on developing routine and special operating and maintenance pro¬ 
cedures and on training the crew in their use. This phase of activities was 
directed toward the objective of raising the technical competence and operat¬ 
ing capabilities of the ship's crew to a level which would not require contin¬ 
ual engineering coverage during reactor operation. 

Health Physicist. Serving in a staff capacity, he ensured that the 
radiological safety programs on the SAVANNAH were properly integrated in the 
Ship's Bill, and that they were carefully and definitely followed in all 
phases and procedures, and that an adequate onboard training program was 
carried out for replacement personnel. In addition, he ensured that all re¬ 
ports and records were promptly and properly submitted, and that all pertinent 
information and data were properly logged and recorded. 

Maintenance Engineer. An engineer with experience in the problems 
associated with maintenance and equipment in nuclear plants was assigned in 
a staff capacity with responsibility for refueling and maintenance activities 
of the vessel. Specifically he originated and reviewed nuclear maintenance 
procedures for use both aboard ship and at dockside, ensured that the re¬ 
quired material, tools and other equipment were available and, working with 
the Health Physicist, ensured that the work was performed safely and ade¬ 
quately from an engineering standpoint. He also planned from a maintenance 
standpoint the execution of equipment changes which were to be made from an 
improvement standpoint. 
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U.S. NUCLEAR NAVY 

In 1972, the United States had in operation 104 nuclear-powered 
submarines, which had a combined operating experience of 900 ship-years and 
an estimated cumulative steaming distance (through 1970) of over 16 million 
miles. Comparable figures for the seven U.S. nuclear-powered surface comba¬ 
tants are 48 ship-years through 1972 and 1.5 million miles through 1970. One 
ship year is equivalent to the operation (including in-port and ship-yard 
time) of one ship for one year, calculated from the date of the launching. 

Qualification for operating these nuclear powered vessels is con¬ 
trolled through the Nuclear Powered Directorate of the Naval Sea Systems 
Command. The Directorate is also a branch of the Energy Research and 
Development Administration. 

Each ship or submarine is required to have a qualification program 
that is periodically reviewed by members of the Directorate as well as mem¬ 
bers of a Nuclear Power Engineering Board which inspects each vessel every 
year and conducts an Operational Reactor Safeguard Examination (0RSE). 

Figure F.2 depicts a representative organization of a U.S. Navy 
nuclear vessel. The chief engineer is a graduate of the Officer Nuclear 
Power Training Program and is qualified to perform his duties by the Nuclear 
Power Directorate. He generally attends a 2½ month refresher course and 
there is examined by the staff of the Directorate. If he passes the written 
and oral examinations, he is designated qualified. 

The Division Officers are also graduates of the Officer Nuclear 
Power Training Program. The Officer Nuclear Power Training Program consists 
of 6 months academic training and 6 months practical training on one of the 
Navy's prototype nuclear reactors. 

The academic course covers the vital technical areas of reactor 
theory, radiation protection, plant chemistry, instrumentation and controls, 
and review of thermodynamics, electricity, mathematics and physics. The 
training on the nuclear reactor prototype consisted of 8 weeks classroom 
study on systems followed by actual watch standing on all watch stations. 

The majority of the enlisted men assigned to the Engineering Depart- 
ment were trained in the Navy's nuclear power program. This training program 
consisted of 6 months of school and 6 months of watch standing on one of the 
Navy's prototype nuclear reactors. 

Upon completion of training each officer and man is assigned to a 
nuclear powered ship. The officers are usually assigned as Division Officers 
and the men, depending on their designator, i.e.. Machinists Mate, Electri¬ 
cian, Electronic Technician, are assigned to one of the divisions. Each must 
qualify to stand watches both underway at sea and in-port and in addition 
perform maintenance tasks. The following is a typical watch while underway: 
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Engineering Officer of the 
Watch 

Engineering Watch Supervisor 

Watch Manned by 

An Engineering Officer 

Throttleman 

Machinery Two Upper Level 

Reactor Operator 

Machinery Two Lower Level 

Engine Room Supervisor 

Engine Room Upper Level 

Electrical Operator 

Engine Room Lower Level 

Auxiliary Electrician Aft 

Chief Petty Officer, Engineering 
Type 

Electronic Technician 1st or 
2nd Class 

Electrician's Mate 1st or 2nd 
Class 

Electrician's Mate 3rd Class 

Electronics Technician 3rd 
Class 

Machinist's Mate 3rd Class 

Machinist's Mate 1st Class 

Machinist's Mate 2nd or 3rd 
Class 

Machinist's Mate 3rd Class 

Electrician's Mate 3rd Class 

All of the above watchstanders are qualified by the Commanding Officer 
after a period of training and certification by the Chief Engineer. These 
qualifications are similar to those of licensed Senior Reactor Operator and 
Reactor Operator in the utility nuclear power plants. 

UTILITY STAFFING AND TRAINING FOR NUCLEAR POWER 

The NRC report, "Utility Staffing and Training for Nuclear Power, 
June 1973," presents qualification standards and guidance for staffing the 
individual utility. Although plant staff organizations can reflect varia¬ 
tions in company policies and practices, particularly in the mode of using 
first line supervisors, the representative organization shown in Figure F.3 
is an arrangement which can be satisfactorily employed to operate a current 
generation single unit station. 

Each operating shift crew consists of a senior licensed shift super¬ 
visor, two licensed control operators., and two auxiliary or equipment oper¬ 
ators. Five such crews should be well trained to handle all normal and ab¬ 
normal operating procedures. 

Direct, day-to-day technical support for plant operations is a neces¬ 
sity. The vital technical areas are radiation protection, plant chemistry, 
instrumentation and control, reactor, turbine-generator, and balance of plant 
equipment. Functions include routine monitoring, surveys, sampling, analysis 
instrument checking and maintenance, performance analysis, test preparations 
and evaluation of results. 
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Electrical and mechanical maintenance requirements noted are largely 
aimed at the preventive maintenance program but will allow for some repair 
and corrective maintenance. Certain specialized craft skills not routinely 
needed at the plant site may come from a more centralized system-wide mainte¬ 
nance staff or from outside organizations. 




