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11 Addressing Human and Organizational Factors in Nuclear Industry

12 Modernization: A Sociotechnically-Based Strategic Framework

13 The modernization of nuclear power plants will require an advanced concept of

14 operations, involving an integrated set of tightly coupled systems in which all

15 stakeholders act in a coordinated manner. For this modernization effort to be

16 enabled, we developed a human and organizational factors approach, based on a

17 broad sociotechnical framework. Starting from core human factors principles, we

18 conducted a literature review of the methods and approaches relevant to the

19 modernization problem. These included core disciplines such as cognitive

20 systems engineering, systems theoretic accident modeling and processes, human

21 systems integration, resilience engineering, and macroergonomics but also related

22 topics of safety culture and organizational change. From this literature, we

23 developed a conceptual framework centered around the work system with its four

24 interacting components: people, technology, process, and governance. In an

25 effective work system, these four components are jointly optimized according to

26 three systems criteria: efficiency, effectiveness, and safety. System failure may

27 result from excessive emphasis on any one criterion. The actual work of

28 attaining joint optimization in a given work system can be accomplished by

29 utilizing three high level functions: knowledge elicitation, knowledge

30 representation, and cross-functional integration. We illustrated the utility of this

31 approach by applying it to practical problems and case studies.

32 Keywords: Modernization, human factors, sociotechnical, organizational

33 I. PATHWAY FOR DIGITAL TRANSFORMATION

34 The Plant Modernization Pathway of the U.S. Department of Energy Light

35 Water Reactor Sustainability (LWRS) Program contains a strategic action plan1 that

36 lays the groundwork for a digital transformation of the nuclear industry, embodying an

37 advanced concept of operations with an end point vision as follows: “…the digital

38 infrastructure for a nuclear plant must be designed as an integrated set of systems that

39 together enable a technology centric operating model” (see Figure 1). Designing and

40 operating such integrated systems will, of course, require new, automated, technologies.

41 In addition, a new way of working, both in the design and operational phases, will be



42 required. A sustained commitment from top management in terms of visible priorities

43 and goals must percolate downward to the level of systems engineering in design and

44 operations. For this effort to succeed, a strict discipline is required for the integration of

45 multiple tightly coupled functions to ensure that all stakeholders in the systems

46 engineering process are participating in a coordinated manner.

47

48 Figure 1. Technology Centric Plant Operations Model.1

49

50 More recent work by Hunton and his colleagues2 has provided a compelling

51 business case against the like-for-like replacement strategy of individual

52 instrumentation and control (I&C) systems. They found that the cost to maintain

53 systems in their current form is economically unsustainable. This seems to be primarily

54 due to the cost of maintaining obsolescent components which continues to increase over

55 time at an exponential rate.

56 Joe and colleagues3 have extended the model in Figure 1 by providing a

57 framework for a synthesized approach to research and development supporting the Plant

58 Modernization Pathway.



59

60 Figure 2. Conceptual Overview of the LWRS Plant Modernization Pathway, with its

61 Objectives and Goals Highlighted.3

62

63 As indicated in Figure 2, the high-level objectives focus on modernization

64 solutions within a sustainable business model which will achieve the high-level goals of

65 extending life and improving performance of the existing fleet through modernization

66 techniques and improved processes. Within the Pathway, four distinct research areas

67 are identified: I&C (Digital) Architecture, Data Architecture and Analysis, Human and

68 Technology Integration, and Integrated Operation for Nuclear. The third of these

69 areas – Human and Technology Integration – has the responsibility integral to a systems

70 engineering approach, for the synthesis of all of these areas into a more integrated and

71 organized set of solutions. This is the primary focus of the current paper.

72 Figure 3 (Ref. 4) depicts a more detailed and refined set of potential strategies

73 for plant modernization. Two separate but related aspects of the strategy are indicated.

74 Capability development (top half of Figure 3) consists of a planning process that

75 focuses the transformation on those core capabilities that truly define value in the eyes

76 of the ultimate customer. Capability involves the synthesis of four dimensions (people,

77 technology, process, governance [PTPG]) with respect to resources needed, resources

78 on hand, and resources that need to be developed. From an analytic perspective,



79 capability starts at the individual function level, with functions becoming successively

80 more integrated at higher levels. From a concept of operations perspective, however, the

81 starting point is the highest level (stack model) one can achieve, applying a set of basic

82 principles that reflect the end-state vision and effectively propagate downward. The

83 bottom of Figure 3 reflects components of the work reduction focus, which will be

84 systematically applied.

85 To enable the coordination required by the models depicted in Figures 1, 2 and

86 3, we developed the human and organizational factors approach to nuclear

87 modernization described in detail in Ref. 5. The remainder of this paper discusses

88 findings from that report. We must emphasize that there are many excellent sources of

89 human factors engineering (HFE) guidance in the nuclear energy domain. These include

90 Refs. 6, 7, 8, and 9. We do not attempt to replace or modify these sources. Rather, the

91 goal is to supplement this guidance by identifying methods to achieve the integration,

92 consensus, and coordination called for in these publications.

93

94 Figure 3. A Model of Integrated Operations Merging Capability Development and

95 Work Reduction Strategies.2

96 II. LITERATURE REVIEW

97 Building on a traditional HFE foundation, we employed a human and

98 organizational factors approach to the broad area of sociotechnical systems relevant to



99 nuclear modernization. This approach is based on a literature review focused on the

100 tools and methods that might be applicable. This review was constrained by limiting

101 consideration to those methods for which there was evidence of active communities of

102 practice in active engagement solving real world problems.

103 Historically, the concept of the sociotechnical system was established to stress

104 the reciprocal interrelationship between humans and machines and to foster the program

105 of shaping both the technical and social conditions of work in such a way that efficiency

106 and humanity would not contradict each other any longer.10

107 The goal of the sociotechnical systems theory, as applied to systems design, is

108 the joint optimization of social-organizational and technical subsystems. Additionally,

109 an argument from the domain of resilience engineering describes the interdependence of

110 three system performance criteria: effectiveness (accomplishment of mission),

111 efficiency (optimization of resources), and safety (avoidance of injury or damage).

112 Excessive emphasis on any one criterion at the expense of the others is likely, in the

113 long run, to result in overall system failure.11,12

114 Sociotechnical systems theory provides a pathway to these goals and is

115 foundational for several core disciplines within the HFE community, including

116 macroergonomics, cognitive systems engineering (CSE), macrocognition/cognitive task

117 analysis, and human systems integration.13 Out of these core disciplines has emerged

118 the “toolkit” of methods and techniques described in the next section of this paper.

119 [Methods and techniques associated with these disciplines that will be referred to later

120 are included in brackets.]

121 II.A. The Core Sociotechnical Disciplines

122 Macroergonomics, as its name suggests, was an expansion of traditional human

123 factors and ergonomics to include social and organizational issues. The



124 macroergonomic concept of a work system14 including the interaction of the social,

125 technical, and organizational components has, as modified by the PTPG framework

126 above, become our basic unit of analysis.

127 CSE is a form of systems engineering and, as such, requires understanding and

128 description at multiple levels of analysis. Several subdisciplines of CSE are considered.

129 They include: cognitive work analysis, [Work Domain Analysis] which had its origins

130 in nuclear engineering,15 resilience engineering, which emerged from the post-accident

131 analysis of the Columbia shuttle disaster,9 and system theoretical accident model and

132 process (STAMP),16 which has its origins in each of the previous developments.

133 System Theoretic Process and Analysis (STPA) is a practical hazard analysis

134 methodology based on STAMP.

135 Macrocognition/Cognitive Task Analysis is described as the collection of

136 cognitive processes and functions that characterize how people think in natural

137 settings.17,18 It is derived from the seminal work of Gary Klein on naturalistic decision-

138 making.19 A particular focus of this approach is the deep respect for the expertise of the

139 subjects of their analysis as well as the recognition that this expertise is often distributed

140 across multiple actors [Concept Maps, Structured Interviews, Consensus].

141 Human systems integration emerged within the context of the acquisition of

142 large military and transportation systems and is simultaneously a high-level conceptual

143 model for systems design and a formal U.S. Department of Defense requirement.20

144 Although systems engineering and management theory have usually considered the

145 interaction among people, technology, and organization to describe the top level of any

146 complex system, it is through human systems integration that the most dramatic

147 organizational benefits (in terms of increased performance and reduced costs and risk)

148 can be achieved. These insights are reflected in the USS Zumwalt case study presented

149 in Ref. 5.



150 II.B. Safety Culture and Organizational Change

151 The separate topics of safety culture and organizational change are not

152 specifically included in the sociotechnical systems disciplines but provide important

153 context. They were, therefore, included in Ref. 5.

154 Safety culture is specifically identified as a focal point for attention by the U.S.

155 Nuclear Regulatory Commission (NRC) (Ref. 21) as well as Institute of Electrical and

156 Electronics Engineers (IEEE) 1023-2020 (Ref. 9), U.S. Nuclear Regulatory

157 Commission Regulation (NUREG) 0711 (Ref. 8) and International Atomic Energy

158 Agency (IAEA) (Ref. 22). However, the scientific validity of safety culture as a concept

159 has recently been called into question.23 At issue is the extent to which the factors

160 included by the above references can be included within the integrated systems

161 engineering framework specified in, for example, the Electric Power Research Institute

162 (EPRI) Digital Engineering Guide.6 Specifically, the challenge is to develop a set of top

163 management core values upon which the modernization program is based, and which

164 can integrate safety culture concepts into the systems engineering framework.

165 It is a truism that the modernization of the nuclear industry will require major

166 changes. Therefore, it would be prudent to pay some attention to the literature on

167 organizational readiness for change.24 A practical benefit is the identification of a

168 method25 for accomplishing a change that combines user participation with an

169 organizational goal alignment [Intervention Design and Analysis Scorecard (IDEAS)].

170 III. CONCEPTUAL FRAMEWORK

171 Based on the sociotechnical systems literature, we developed a strategic

172 framework for the effective integration of human and organizational expertise within

173 nuclear industry modernization efforts (See Figure 4).



174 The basic unit of sociotechnical systems analysis is a work system. According to

175 macroergonomic theory, a work system contains three components, personnel,

176 technical, and organization and management. However, the four PTPG dimensions

177 identified in the capability building framework of the Plant Modernization Pathway1 can

178 be mapped into the three components of the work system. An effective work system

179 will jointly optimize these components. Joint optimization can be operationally defined,

180 in the language of resilience engineering,9 in terms of the interdependence among the

181 three major systems performance criteria: effectiveness (accomplishment of mission),

182 efficiency (optimization of resources), and safety (avoidance of injury, damage). As

183 previously stated, excessive emphasis on any one criterion to the exclusion of others

184 will, in the long run, likely lead to system failure. Case studies presented in Ref. 5

185 relating to the Boeing 737 MAX, Deepwater Horizon, and USS McCain provide

186 evidence of examples where an excessive emphasis on efficiency (particularly time

187 pressures) over safety had catastrophic effects.

188 The practical work of actually bringing about joint optimization in the daily

189 interactions within the work system can be described in terms of three problems:

190 knowledge representation (how information about the work system is presented to those

191 who need to operate on it), knowledge elicitation (how represented information is

192 obtained from those who have the required expertise), and cross-functional integration

193 (how information can flow freely between groups and help support collaboration and

194 prevent silos).

195 Knowledge representation, knowledge elicitation, and cross-functional

196 integration can be considered high-level human and organizational factors functions.

197 These functions were applied to a set of practical problems described below. The

198 intention was to elucidate how these functions could be used to enhance the practical

199 work of stakeholders in the modernization design and operation in the same way that



200 traditional HFE enhances the practical work of control room operators.

201

202 Figure 4. Strategic integration framework presented as a concept map. This figure was

203 created using Cmap tools (cmap.ihmc.us).

204

205 As shown in Figure 4, the specific methodologies supporting the basic three

206 functions above include: Work Domain Analysis, STPA, Concept Mapping, Interviews,

207 Nominal Group Technique, IDEAS, Consensus. Note that Figure 4 itself is an example

208 of a Concept Map application.



209 IV. EXAMPLES OF APPLICATIONS

210 The practical problems identified in Ref. 5 included: top management consensus

211 and the need for core values; HFE program management; obtaining tacit

212 (undocumented) knowledge. new skills and capabilities of current employee; PTPG

213 integration; the silo problem. For each of these problems, proposed solutions involved a

214 combination of at least two and usually three of the high-level human and

215 organizational functions.

216 In the following sections, we will briefly describe two of these problems and

217 associated solutions.

218 IV.A. Problem 1: HFE Program Management

219 The centrality of the cross-functional integration issue for HFE within the

220 systems engineering process has been clearly stated. Section 4 of the EPRI Digital

221 Engineering Guide6 emphasizes that systems engineering is a collaborative enterprise in

222 which no single perspective or discipline may be allowed to dominate. Accordingly, it is

223 essential that HFE is a part of the system engineering process, and, as such, should be

224 well-integrated into the modification process from the beginning and not treated as a

225 stand-alone process. In addition, HFE should be involved in gathering user input to

226 design, for performing required design verification, and providing a structured process

227 for accomplishing these functions. The solutions discussed below are intended to enable

228 that structured process.

229 IV.A.1. Solution 1 to Problem 1. Systematic Approach to Identification of

230 Stakeholders Needs—the IDEAS Tool (Knowledge Elicitation, Cross Functional

231 Integration)

232 EPRI Digital Engineering Guide6 requires that, as a starting point it is necessary to

233 identify potential HFE impacts, and stakeholder needs. If there are any HFE impacts,



234 identify the stakeholders that may be affected by the change, and solicit participation

235 from affected stakeholders.

236 The IDEAS tool, originally created for the development of health and safety

237 interventions, represents a methodology for accomplishing these requirements.25 As

238 slightly modified for use in nuclear power plants (NPPs), the tool represents a

239 framework for developing an overall end point vision, concept of operations, and

240 migration plan while considering HFE impacts and stakeholder needs.

241 The methodological framework assumes two levels of participation:

242 1. A design team, which identifies a focus area, evaluates needs and impacts,

243 and, based on needs assessment, develops a set of alternative solutions.

244 2. A steering committee, to which the alternatives are submitted and who

245 provides guidance and support throughout the process.

246 To summarize the process, the steering committee develops the overall general

247 problem statement. The design team, through iterative and participative steps involving

248 multiple stakeholders, defines the problem and conducts a systems analysis identifying

249 needs, impacts, and contributing factors. From this input, a set of functional objectives

250 are developed which address the needs and impacts developed in the previous step.

251 Next, a set of selection criteria are developed to assess potential alternative solutions.

252 Once the selection criteria are defined, the design team develops sets of proposed

253 alternatives. The design team then assesses and/or combines proposed alternative with

254 respect to selection criteria. The outcome is a rating of each of the three alternatives on

255 each of the selection criteria. This becomes the set of prioritized business cases for each

256 of the alternatives. These are, in turn, submitted to the steering committee.

257 The steering committee reviews the alternatives, provides feedback to the design

258 team, and makes a decision. This step includes the possibility of continued dialogue



259 with the design team, resulting in possible modifications. The steering committee then

260 implements the decision. Having done so, it then monitors and evaluates the impact of

261 the decision. Modifications are made, if necessary, typically with further involvement of

262 design team.

263 The IDEAS tool provides a structured process by which the individual

264 stakeholders can communicate their impacts and needs to the HFE team, and other

265 stakeholders. When appropriate, Nominal Group Technique,26 a structured method

266 allowing each member of a group to have an equal opportunity to contribute, could be

267 used at specific steps in the process. In addition, the tool can be easily adapted to the

268 increased complexity of the NPP modification process. For example, identification of

269 possible alternative solutions would likely need to be expanded to include input from

270 vendors or other outside experts. Nevertheless, this tool provides a framework by which

271 knowledge elicitation from stakeholders can be accomplished in a collaborative

272 coordinated manner. At the same time, this information must be mapped into a form

273 which affords efficient problem solving.

274 IV.A.2. Solution 2 to Problem 1. Representing the HFE Program Management

275 Problem Space (Knowledge Representation)

276 This solution can be considered an extension of the previous solution in which

277 the knowledge representation of the HFE program management problem space is

278 characterized. Assume that the IDEAS tool discussed in Solution 1 has been utilized in

279 this situation. The raw materials comprising the discussions and documentation utilized

280 in would be represented in the upper left box of Figure 5—Actual Goals and Task

281 Content of Domain. The initial process of summarizing and integrating this material,

282 typically by different stakeholders, would be represented by the lower left box of

283 Figure 5 – CSE Approximation of Domain. As alternative automation possibilities

284 become conceptualized, more formal representations, equivalent to the Display in



285 Figure 5 are created. Effectively, the aim of these representations is to enable formation

286 of mental models of proposed alternatives by participants. This would be the

287 expectation initially for members of Design Group, and ultimately for the members of

288 Steering Committee.

289 In the original report,5 Work Domain Analysis27 was used as an example of an

290 effective formal knowledge representation for this problem. However, Work Domain

291 Analysis, as a component of Cognitive Work Analysis, has been widely used in the

292 nuclear industry and elsewhere, and it is, therefore, not necessary to describe it further

293 in this paper.

294

295 Figure 5. The Mapping Principle. (Adapted from Elm et al.;28 originally in Woods29).

296 IV.B. Problem 2: Obtain Tacit Knowledge from Experts (Knowledge

297 Elicitation

298 The issue of tacit (undocumented) knowledge of the personnel within any

299 complex sociotechnical work system presents many problems. The very complexity of

300 the systems implies that it difficult if not impossible to document completely the details

301 of every procedure. Should any of these personnel leave without their knowledge being



302 documented, critical gaps in organizational performance are likely to occur. In the

303 Deep Water Horizon disaster, for example, only one senior employee had accurate

304 (tacit) knowledge of how a critical test should be interpreted and he was away on

305 training the day of the explosion.30 Understanding the tacit components of current

306 processes would be particularly important in NPP modernization.

307 IV.B.1. Solution 1 to Problem 2. Using the EPRI Knowledge Elicitation Methods

308 (Knowledge Elicitation)

309 EPRI performed a project to capture undocumented (tacit) task knowledge.31

310 The process began by asking several levels of management at a facility which worker

311 had the most valuable tacit knowledge. Next, a similar question would be asked of peers

312 in an organization, and finally, when an individual had been identified, he or she was

313 asked what tacit knowledge they held that was believed by them as most valuable. For

314 these knowledge elicitation exercises, a list of questions was developed for each expert.

315 The knowledge elicitation team discussed the questions with the expert and followed up

316 on answers that provided valuable information.

317 Interestingly, several times the experts said did not believe they had valuable

318 tacit knowledge but came to realize after the knowledge elicitation process that they did.

319 For example, at an old fossil plant, two tacit knowledge experts were identified. One

320 knew where buried pipes were located on the plant site, and no map of such pipe

321 locations could be found. The second expert knew where all of the equipment drawings

322 were located because they were more or less randomly stored. This was a very old plant

323 and when equipment needed to be replaced, the plant would need to provide the

324 drawings for the part to be custom built by an outside vendor because replacement parts

325 or the entire unit were no longer available. Similarly, at a fuel fabrication plant, the

326 identified expert was the only one who could quickly calculate future radiation levels.

327 Others were able to perform calculations that would provide similar results, but the



328 difference was he could provide the results in 2 hours and others might require at least a

329 day.

330

331 IV.B.2. Solution 2 to Problem 2. Using the EPRI Knowledge Elicitation Methods

332 (Knowledge Representation)

333 Typically, the interviewer would meet for 2 days with each expert. Between

334 days, he would prepare a document that outlined the expertise provided. This was

335 modified by the expert, and follow-up questions were discussed. Finally, the team

336 would finalize an outline of the tacit knowledge that was elicited. This constituted the

337 knowledge representation component of the solution and typically included the use of

338 concept maps.

339 IV.C. Comment on Problems and Solutions

340 The tools and methods presented in this report are not meant to be used rigidly;

341 they are a means to practical solutions. In many circumstances, a “mix and match”

342 among parts of different tools and methods may be appropriate given the circumstances.

343 In any case, the application of any of the approaches described herein should be subject

344 to the following usability criteria.32 Usability is defined as a combination of usefulness

345 and feasibility. Usefulness, in turn, is a combination of impact (the effect on the

346 outcome) and uniqueness (compared with alternative available methods). Feasibility

347 relates to available time and resources. It can be argued that the above solutions are both

348 useful and feasible.

349 The interaction of the PTPG components in the work system must be attended to

350 in the application of this approach. In each of the above examples, it is possible to parse

351 out the relative contribution of people, technology, process, and governance to the

352 overall function of the system. In the case of Problem 2, Tacit Knowledge, an



353 individual person was the only one who had knowledge of where equipment drawings

354 were located (technology). According to the current governance, if equipment needed

355 to be repaired, the process was to contact this individual. However, this revealed an in-

356 balance in the relationship between the criteria: effectiveness, efficiency, and safety.

357 The current system was efficient (quite cost effective) but only if the key employee was

358 available. If he or she were absent, or had left the company, the outcome would likely

359 result in serious consequences for effectiveness (accomplishment of mission) and

360 possibly safety. As mentioned above, this is exactly what happened at Deep Water

361 Horizon.30

362 However, there were particular challenges in the solution to the Tacit

363 Knowledge Problem. Some expert respondents did not want to provide their expertise

364 because they wanted to come back as consultants following retirement. Others were

365 afraid of being forced to retire after their knowledge was elicited; they were viewed as

366 the expert on a topic by peers and management and they did not want to lose that status,

367 or they were mad at the organization because they did not receive a promotion or the

368 raise they thought they deserved.

369 Nevertheless, the organizational consequences of this kind of tacit knowledge

370 being lost are so great that this effort is well worth the cost. This is particularly the case

371 for plant modernization.

372 IV.D. Extended Application

373 An extended application of the socio-technical approach described above is

374 presented in Kovesdi, et al.33 These were conducted in partnership with a utility

375 concerned about modernization. This approach was applied to the analysis and design

376 of two separate modernization use cases within the utility partner’s operations.



377 The first, the Radiation Protection (RP) use case, was focused on identifying

378 potential design approaches for improving efficiency and performance of maintenance-

379 related RP tasks without loss of safety. The second, the Information Support use case

380 focused on analysis and design of methods and tools to enhance efficiencies in

381 managerial decision making and issue resolution, specifically regarding support of

382 forcing function meetings such as management review meetings. While each case used

383 different analytic and design tools to accomplish its objectives, they both shared a

384 fundamental emphasis on the core socio-technical principles presented above.

385 V. SUMMARY, CONCLUSIONS, AND RECOMENDATIONS

386 V.A. Summary

387 It is assumed that the modernization of nuclear power plants will require an

388 advanced concept of operations, involving an integrated set of tightly coupled systems

389 in which all stakeholders act in a coordinated manner. For this modernization effort to

390 be enabled, we developed a human and organizational factors approach, based on a

391 broad sociotechnical framework. Starting from core human factors principles, we

392 conducted a literature review of the methods and approaches relevant to the

393 modernization problem. These included core disciplines such as CSE, STAMP, human

394 systems integration, resilience engineering, and macroergonomics but also related topics

395 of safety culture and organizational change. From this literature, we developed a

396 conceptual framework centered around the work system with its four interacting

397 components: people, technology, process, and governance. In an effective work system,

398 these four components are jointly optimized according to three systems criteria:

399 efficiency, effectiveness, and safety. System failure may result from excessive emphasis

400 on any one criterion. The actual work of attaining joint optimization in a given work

401 system can be accomplished by utilizing three high-level functions: knowledge



402 elicitation, knowledge representation, and cross-functional integration. We illustrated

403 the utility of this approach by applying it to practical problems and case studies

404 V.B. Conclusions

405 Utilities are and will be modernizing their nuclear power plants. Many are

406 pursuing a digital transformation instead of doing like-for-like replacements. A digital

407 transformation process includes developing an advanced concept of operations

408 applicable to plant design and operations, and the process needs to involve technology

409 considerations, systems engineering, and human and organizational expertise.

410 In particular, the set of capabilities required for integrated operations, as seen in

411 Figure 3, necessarily involves the combined operation of four components: (1) people,

412 (2) technology, (3) process, and (4) governance. We have developed a human and

413 organizational factors approach based on sociotechnical systems theory (see Figure 4) in

414 which these four components are conceptualized as the elements of a work system; such

415 elements are jointly optimized with respect to maintaining a balance among

416 effectiveness, efficiency, and safety. Operationally, joint-optimization can be

417 accomplished by applying three high-level human and organizational functions--

418 knowledge acquisition, knowledge representation, and cross-functional

419 integration—and their associated tools. (See Figure 4.) Examples of the successful

420 application of this approach have been presented. (See above and Kovesdi, et al.33).

421 V.C. Recommendations

422 It is recommended that the human and organizational strategic framework

423 described above be considered in developing a Human Factors Engineering Plan at

424 nuclear power plants that are planning a technology-centric modernization effort. This

425 application could serve as a test case for the human and organizational strategic

426 framework and will provide results that can be used to update and validate the



427 framework.

428 It is further recommended that the human and organizational strategic

429 framework should be integrated into the Plant Modernization Pathway from the

430 Department of Energy LWRS Program Strategic Action Plan and Technology Centric

431 Plant Operations Model.
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