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Mr. Dennis L. Farrar · ' 
Director of Nuclear ticensing 
Commonwealth Edison Company 
Post Office Box 767 
Chicago, Illinois 60690 

Dear Mr. Farrar: 

. March 14, 1984 

SUBJECT: RESULTS OF IN-PROGRESS AUDIT OF DETAILED CONTROL ROOM DESIGN 
REVIEW . 

Re: Dresden Nuclear Power Station, Unit Nos. 2 and 3 

NRC staff members and their consultant, Science Applications, Inc. conducted 
an in-progress audit of the Detailed Control Room Design Review (DCRDR) of 
Dresden Units 2 and 3 during the period January 31 through February 2, 1984. 
The results of the NRC evaluation thus far indicate that Commonwealth Edison 

~·company (CECo) is pursuing a course of review which the staff believes will 
satisfy the requirements of Supplement 1 to NUREG-0737. 
·~~ ~.: ' : : ~.~.'-~;~',·: ~ 
The enclbsed report presents the results of our audit and is being 
transmitted to CECo for your use in completing your Detailed Control Room 
Design Review. 
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NUCLEAR REGULATORY COMMISSION 

IN-PROGRESS AUDIT 

OF THE· 

DETAILED CONTROL ROOM DESIGN REVIEW 

·FOR 

COMMONWEALTH EDISON COMPANY'S 

DRESDEN NUCLEAR POWER STATION, UNITS 2 AND 3 

i· 

This report documents the findings of the NRC staff and its consultant, 
Sci~nce Applications, Inc. during an in-progress audit of the Detailed 
Control Room Design ·Review (DCRDR) of Commonwealth Edison Company's (CECo) 
Dresden Nuclear Power Station, Units 2 and 3, conducted January 31 through 
February 2, 1984.The requirements set forth in NUREG-0737, Supplement 1, 
"Requirements for Emergency Response Capability," (Reference 2)·seryed as the 
basis for the in-progress audit. The purpose of the in-progress audit was 
twofold: (1) to assure that CECo was not proceeding with an inadequate 
program, and (2) to provide CECo with feedback on their approach. 

BACKGROUND 

Licensees and applicants for operating licenses are required to conduct a 
Detailed Control Room Design Review. The objective is to 11 

••• improve the 
ability of nuclear power plant control room operators to prevent accidents or 
cope ·with accidents if they occur by improving the information provided to 
them, 11 (NUREG-0660, Item I.D). The need to conduct a DCRDR was confirmed in 
NUREG-0737 ~nd in Supplement 1 to NUREG-0737. DCRDR requirements in 
Supplement 1 to NUREG-0737 require each applicant or licensee to conduct its 
DCRDR on a schedule negotiated with the NRC~ Guidelines for conducting a 
DCRDR are provided in NUREG-0700. Criteria for NRC's evaluation of a OCRDR 
are contained in NUREG~0801 (draft). (The NUREG documents cited are listed 
as References 2-7.) 

;t' 
~\ 

A DCRDR is to be conducted according to the licensee's Program Plan (which 
has been submitted to the NRC). NUREG-0700 recommends that the DCRDR include 
four phases; (1) planning, (2) review, (3) assessment, and (4) reporting. 
The product of the last phase is a summary .report which must include an 
outline of proposed control room changes, proposed schedules for 
implementation, and justification for leaving any Human Engineering 
Discrepancies (HEDs) with safety significance partially or completely 
uncorrected. Upon receipt of the summary report and prior to impleme.ntation 
of propos.ed changes, the NRC will prepare a Safety Evaluation Report (SER). 

CECo has submitted a Generic DCRDR Project Program Plan (Reference 1) to 
enco~pass all CECo Nuclear Stations. The first CECo Units to which the CECo 
DCRDR Team is applying the Program Plan are Dresden.Units 2 and 3. Dresden 
Unit 1 is shutdown and defueled with no firm date for a return to power 
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operation; it is not included in the Dresden DCRDR Program. The review is 
being conducted on Unit 2 and applied to Unit 3 where panels are identical. 
Differences between Units 2 and 3 will be identified and evaluated 
separately. The results from the Dresden DCRDR will be integrated with the 
Quad Cities DCRDR because of the similarities of the control rooms of these 
sister plants. · CECo intends to submit the Dresden and Quad Cities DCRDR 
Summary Reports to NRC in one package in May 1985. 

DISCUSSION 

. The in-progress audit began with an entrance briefing conducted by the NRC 
audit team and an overview of the Dresden DCRDR by CECo. These initial 
briefings were followed by in-depth discussions about specific DCRDR program 
elements, review of selected portions of DCRDR documentation, and 
.verification of some CECo findings in the Dresden control room. The audit 
was c6ncluded with an exit briefing. Participants tn the audit meetings are 
identified in Exhibit A. · 

During the course of the audit, CECo provided undpcketed material for NRC 
audit tea~ review describing the Dresden review team qualifications, the 
control room survey human engineering guidelines, differences between CECo 
guidelines and those in NUREG-0700, Section 6, and revised data collection 

·forms·. Although these materials are not docketed, the NRC audit team 
provided comments to CECo. Results of the in-progress audit are summarized· 
below. 

Qualifications and Structure of the DCRDR Team 

The staff reviewed the makeup of the CECo DCRDR team and descriptions of the 
individual team member qualifications. Team members from CECo and 
consultants from ARD Corporation were present during the audit. The Review 
Team members appeared to have appropriate qualifications, background and 
commitment to conduct the .review. It was indicated that a Human Factors 
Specialist would be involved throughout the review process and such 
participation was evident in the review process to date .. The formal review 

·team contains only one licensed BWR operator, whose qualifications are· on 
another BWR (Q~ad Cities). This individual is responsible for the entire 
m~nagement of the DCRDR as well as participating in specific review team 
activities. We recommend adding another BWR operational expert with 
experience on Dresden Station control panels to the review team. 
Alternatively, increased involvement of subject. matter experts and Senior 
Reactor Operators could serve to augment the review·team in areas where 
plant-specific technical expertise is required .. The close involvement of 
individuals with operational experience and knowledge of plant-specific 
operations is essential for technical accuracy which is needed in a 
multidisciplinary effort such as the function and task analysis. 
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A related concern is the level of management involvement in the DCRDR. CECo 
indicated that an effort to coordinate the DCRDR with other improvement 
programs such as.the upgraded EOPs and Reg. Guide 1.97 had not yet begun . 

. -Apparently the DCRDR is ahead of the other programs. The purpose of the 
integration of the initiatives is to enable each program to benefit from the 
results of the others, such as the use of the task analysis results for both 
the DCRDR and the upgrade of EOPs. For this reason we recommend that an. 
individual at CECo be assigned the responsibility to assure the integration 
of other improv~ments programs with the DCRDR. 

Function and Task Analysis 

CECo provided a description of its approach to function and task analysis in 
the Program Plan and provided additional clarification at a meeting held on 
June 14, 1983 with the NRC ~taff. Although a thorough review of the ~ethod 
and data collection forms was not possible at the meeting, the staff believed 
that CEC0 1 s approach was appropriate. The in-progress audit generally 
confirmed our initial conclusion. · · 

Findings from the audit were based on a review of the available 
documentation, discussion with review team members, and a walkthrough of the 
task analysis process used by CECo. CECo indicated that the task analysis is 
approximately 5-10 percent complete. They are taking a top-down approach 
using the General Electric emergency procedure guidelines as the basis. 
Plant-specific upgraded Emergency Operating Procedures will not be used as 
was indicated in the Program Plan. 

Although an effort clearly is being made to identify information and control 
requirements associated with each operator task independently from the 
existing coritrol room instrumentation, this process could be improved. Two 
ways of facilitating this are suggested~ First, to help ensure the gathering 
of data independently from the control roo~_and to ensure consistency ~nd 
technical accuracy, the task analysis process would be enhanced by . 
formalizing the involvement of additional operational expertise on the DCRDR 
Team. This would serve to better prepare the human factors specialist 
gathering data from subject matter experts. Second, observation of task 
analysis data collection in the control room suggests that increased emphasis 
should be placed on performing the initial data gathering from station 
subject matter experts outside the control room environment. Observation of 
the data gathering effort indicated a tendency to place too much emphasis on 
the information and instrumentation which is currently available in the 
control room as opposed to concentrating on the characteristics ·of 
information, displays and controls needed by operators to perform the 
identified tasks. By generating as much of the task analysis data as 
possible _away from the control room, this natural tendency could be lessened.· 

To ensure the completeness of the task analysis effort, a more rigorous 
approach to documenting the inclusion or exclusion of specific task steps 
should be adopted. For example, some steps may be deleted from the ana)ysis 

' . 
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of _a particular task sequence because they have already been analyzed in 
another sequence. Such instances should be clearly.documented. 

··The audit team observed an excellent working relationship between the Dresden 
DCRDR Team and the subject matter experts used as data. resources. We believe 
that the thorough and professional approach to the task analysis will result 
in meeting the task analysis requirements of Supplement 1 to NUREG-0737. The 
staff recommends, however, that serious consideration be given to the issues 
addressed here to strengthen the effort. 

Review of Operating Experience 

As part of the DCRDR, CECo is reviewing documentation from both 
plant-specific (Licensee Event Reports, Deviation Reports, Professional 
Corrrnittee Reports) and industry-wide (Significant Event Reports, Significant 
Operating Experience Reports) operating history. Following an initial 
screening of the reports to determine the applicability of a specific event 
to Dresden, _those reports meeting the criteria specified in the CECo Program 
Plan are further investigated to determine any human engineering 
impl i.cati ons, and, if appropriate, a human engineering discrepancy form is 
completed on the problem. We believe that this review is contributing 
valuable information to the DCRDR and have seen evidence 6f previously 

·
11 resolved 11 problems being reviev1ed in further depth from a human factors 
perspective; However, an audit of DCRDR document~tion revealed some 
omissions and inconsistencies in the review. For example, the Browns Ferry 
failure to.scram due to full scram discharge volume was judged not applicable 
to Dresden even though this event appears to meet criterion number 1 on page 
4-4 of the CECo Program Plan. Also, operating review documentation on 

·Deviation Report 12-16 was annotated as "corrected" when, in fact, the 
proposed correction has not yet been implemented. Although we were infonned 
by CECo that a work order for this particular modification is written and 
being processed, the DCRDR documentation is misleading. We believe a more 
rigorous approach to documentation and additional participation in the 
historical review by individuals with operating and system experience would 
significantly improve the value of this portion of the DC~DR. 

Control Room Inventory 

The audit team reviewed documentation and procedures for developing a control· 
room invento.ry and concluded that the process follows that described in the 
Program Plan. Data is .collected on a system-by~system basis with pertinent 
information collected about system, equipment name, -location, and identifier. 
Characteristics of each component such as control/di5play types, instrument 
range and switch positions are identified. Data collection is performed by 
operators with the assistance of a human factors engineer. 

Based on our review of inventory documentation, we find tAat the necessary 
information_ is being collected and accurately recorded. However, a spot 
check of location· codes for equipment showed that.one coordinate system used 
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by the review team was inaccurate. The review team indicated that the 
location code was being modified to provide greater accuracy. This is· 
particularly important as the entire inventory data will ·be transferred to a 

··computer data _base for comparison with operator information and control 
requirements derived from the task analysis. Another concern is with the 
inclusion of info_rmation in the inventory describing any operator conversion 
factors required to read a display. CECo may want to consider the necessity 
of providing this type of information on the inventory form and, . 
subsequently, if) the computerized data base system. 

Control Room Survey 

The control room survey is conducted using a checklist format.- The process 
follows closely that proposed in the Program Plan. Human factors specialists 
with the assistance ·of a subject matter expert and operations personn~l 
compare the existing control panels with human engineering guidelines. 
Survey activities were in progress during the audit and appeared to be 
accomplished without disruptio~ to control room operators. CECo iridicated · · 
that the survey was in progress with approximately 75 percent of control room 
workspace completed, 94 percent of the controls completed, and 99 percent of 
the labels and location aids· completed. 

CECo provided a listing of the human engineering guidelines that have!been 
changed or modified from those in NUREG-0700, Section 6 (Reference 3). Many 
guidelines with modifications to quantitative guidance were referenced with · 
human factors sources and-justifications were provided for the changes. 
However, some guidelines left unreferenced did not appear to have an adequate 
justification for having been changed. 

We are concerned that those changes that are not based on recognized human 
factors guidance documents may have been modified due to an a priori 
assessment of significance or a decision based on the existing features of 
the Dresden control room. Any such decisions would have the result of. 
removing potential HEDs from the HED assessment process .. An example of this 
is the criteria for Annunciator Alarm Matrix density. NUREG-0700, Section 6, 
Guideline 3.3.3~d(l) states that "the number of alarm tiles and the matrix 
density should be kept low (a maximum of 50 tiles per matrix is suggested)." 
CECo has modified this guideline to 11 .a maximum of 80 tiles per matrix. 11 A 
spot check of an annunciator matrix revealed at least one 32 tile matrix 
consisting entirely of split alarm messages_, i.e., a matrix density of 64 
individual annunciators. We are not addressing the merits of this particular 
guideline change. Our concern here i~ with the process of selectively 
screening out criteria that when evaluated in the control room would result 
in an HED. Th~se items should remain unchanged and enter the HED assessment 
process to be evaluated for significance and alternative design solutions. 
At that time a justification for not modifying the control room may result 
if, indeed, a design correction is found to be unnecessary. As it appears 
now, several checklist items have been exclud~d from that process. 
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Another modification CECo has made to the guidelines in NUREG-0700 is to 
defer certain items fro~ the control room survey until the t~sk analysis 
process is complete because they require task data to be evaluated. While 

·this approach may be acceptable, especially for items which require a dynamic 
evaluation, application _of those guidelines only to components employed in 
tasks which are documented in the task analysis may exclude from review 
certain controls and displays used in normal operations. We strongly 
recommend that any guidelines that have not been applied to all applicable 
components be included in the control room survey. 

NRC audit team members observed from a spot check of the CECo checklists that· 
· iertain items had been noted as not-applicabl~ and removed from the 

checklisting process. This approach to the guidelines may prevent 
checklisters from identifying potential HEDs. An example of this is CEC0 1 s 
use of the NUREG-0700 guidelines for coding of controls. CECo has applied 
the guidelines only when the referenced item (e.g., ·color coded controls) was. 
present in the control room. This prohibits the checklister from applying 
the guidelines in a manner to note instances where coding was not used when 
perhaps it should be used. The CECo practice would seem to bypass Guideline 
6.4.4.1.c(l), where, in terms of human suitability, "Each control should be 
recognizable in terms of its function. 11 Again, the issue is the elimination 
of potential findings before they enter the formal HED assessment process. 

In conclusion, we believe that the requirement to ~onduct a control room 
survey is being met; however, the process may be more complete if those 
guidelines .that have been modified or eliminated from the survey (without a 
human factors source document) were re-examined for application in the survey 
and if the checklisters were given greater flexibility to identify potential 
HEDs. 

The audit team notes that neither the control room survey nor the function 
and task analyses wi 11 include Dresden 1 s Remote Shutdown Capability. The 
CECo review team indicated that CECo believes such a review falls outside the· 
scope of the DCRDR . 

. HED Assessment arid Selection of Design Improvements 

CECo review team members provided a brief description of the HED assessment 
process during the DCRDR overview. A copy of a. revised HED_ form was also 
provided. As indicated'·on the HED form, a pre-assessment process is 
conducted by review team members who evaluate the safety significance of the 
HED, and the types of potential operator errors and-consequences, and provide 
recommendation~ for possible corrective action. This information will be 
made available to the HED assessment team for final assessment and selection 
of design improvements.· In addition, CECo plans to use a computer based data 
management system to assist the assessment team in evaluating possible 
cumulative and interactive effects across HEDs. 

'. ~ 
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Although a reviei of the results of the HED assessment process was n6t 
included in the in-progress audit (as it has not yet been conducted), the 
plans for the process appear thorough· and should lead to ·a successful 

-~ssessment phase. • 

Verification That, Selected Design Improvements Will Provide the Necessary 
Correction and Can Be Introduced in the Control Room Without Creating New 
HEDs 

The in-progress audit did not include a specific evaluation of the processes 
or techniques to meet this requirement as they have not yet been conducted. 
However, it was indicated that plans for this effort are indefinit~. We urge 
CECo to develop plans to test and evaluate modifi~ations on the Dresden 
simulator or on mockups in order to avoid the need to revise corrective 
designs during the implementation/installation phase. 

Coordination of Control Room Improvements With Changes Resulting From Other 
Improvement Programs 

The audit team found little evidence during the in-progress audit that an 
effort to integrate the DCRDR with other programs (e.g., SPDS, Regulatory 
Guide 1.97) is being pursued at this time. This is contrary to the 
excellent integration concepts provided in previously docketed CECo 
correspondence. it is recommended that CECo management re-evaluate their 
apparent current position that the DCRDR can be sticcessfully conducted 
separately from other programs. CECo would find it most productive to 
initiate a plan to meet this requirements during the DCRDR in order to 
perform those tasks with .application to other programs only once and to 
ensure that the overall emergency response capability improvements will 
comprise an integrated effort. 

CONCLUSIONS 

The findings of the in-progress audit of the Dresden Static~ DCRDR .l~ad to 
the conclusion that the program should prove to be successful. This is based 
on the provision of extensive documentation, a dedicated and well-qualified 
DCRDR team, plans for a company-wide program, development of a dedicated 
computer system and other excellent features .. The program could be· enhanced 
by the relatively minor upgrades to the program suggested in this report. 
Those suggestions can be .summarized as follows: 

o Increase attention to techni~al detail by providing additional 
operational expertise permanently assigned to the DCRDR 

o Provide better integration of the DCRDR with other NUREG-07j7 
·initiatives while the DCRDR is in progress 

o Reevaluate the CECo human engineering guidelines to obviate the 
apparent a priori elimination of potential .HED items from the 
formal assessment process by means of modifications to human 
engineering guidelines. 
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