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ABSTRACT

This report describes a checklist to be used by the United States
Nuclear Regulatory Commission (NRC) inspectors during their evaluation
of maintenance, test, and calibration procedures. The objective of
the checklist is to aid inspectors in identifying procedural charac-
teristics that can lead to human performance deficiencies. A companion
document, Development of a Checklist for Evaluating Maintenance, Test,
and Calibration Procedures Used in Nuclear Power Plants, NUREG/CR-1368,
SAND 80-7053, describes how the checklist was developed.

Revision 1 of the checklist, presented herein, is the result of a one-
year field test by NRC inspectors in all five NRC regions. It incor-
porates improvements that were suggested by inspectors based on their
experience with the checklist in performing evaluations of licensee
procedures.
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CHECKLIST FOR EVALUATING MAINTENANCE, TEST, AND

CALIBRATION PROCEDURES USED IN NUCLEAR POWER PLANTS

INTRODUCTION

This document describes the checklist to be used by United States
Nuclear Regulatory Commission (NRC) inspectors for evaluating mainten-
ance, test, and calibration procedures and provides guidelines for its
application. The checklist is intended to aid inspectors in identify-
ing procedural deficiencies that can lead to errors in performance.
The procedures evaluation checklist is the product of an extensive
study of nuclear power plant operations and procedures sponsored by
the Office of Inspection and Enforcement. A detailed description of
the study is provided in a companion document, Development of a Check-
list for Evaluating Maintenance, Test, and Calibration Procedures Used
in Nuclear Power Plants, NUREG/CR-1361, SAND 80-7053.

As part of the study, abstracts of licensee event reports (LERs) sub-
mitted by all plants during the four-year period 1975-1978 were re-
viewed. The purpose of the review was to identify the specific kinds
of procedures-related personnel error that have been associated with
the performance of maintenance, test, and calibration activities. A
total of 751 LERs was attributable to procedural deficiencies. An
analysis identified eight categories of performance errors resulting
from procedural deficiencies. They are summarized in Table 1. Each
of the procedures evaluation criteria contained in the checklist deals

with procedural characteristics related to one or more categories of
performance error. The use of a procedure that is deficient with
respect to these criteria can lead to errors in performance.

The checklist was distributed to the NRC regional offices for a field
test by NRC inspectors who used it in evaluating licensee maintenance,
test, and calibration procedures. As a result of inspector experiences
with the checklist in field situations, the regional offices suggested
that a number of chaqges be made in its content and method of appli-
cation. Most of their suggestions have been incorporated in Revision 1
of the checklist described herein, resulting in an improved checklist
and a more efficient procedure evaluation process. The checklist be-
gins on page 3. An explanation of the checklist items begins on page 8.
A suggested method of applying the checklist is described beginning on
page 18.

_ _. ._ _.
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Table 1. Performance Errors Associated with
Maintenance, Test, and Calibration Activities

Category Definition

Non-Compliance Unauthorized Action. A procedure was
available but not used or followed. An
action not in the procedure was performed
or a step was performed out of the sequence
specified in the procedure.

Omission. A procedure was used but steps
were not performed.

Incorrect Action. A procedure was used
but an error was connitted in the
performance of a step.

Misalignment Valves, switches, jumpers, relays, fuses,
breakers, or solenoids were incorrectly
positioned before, during, or after a
procedure.

Preparation of Inaccurate Personnel prepared inaccurate procedures.
Procedures As a consequence, users performed

incorrect actions.

Preparation of Incomplete Personnel prepared incomplete procedures.
Procedures Information needed by users was missing

from procedures. As a consequence, users
omitted important actions.

Failure to Revise Personnel were not informed of necessary
Procedures actions following completion of a pro-

cedure, e.g., a test following repair.

Communication An extra-procedural communication, e.g. ,
phcne, intercom, was misunderstood.

Comprehension The user misinterpreted the instructions
in a procedure.

2
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CHECKLIST FOR EVALUATING

MAINTENANCE, TEST, AND CALIBRATION PROCEDURES

.

Procedure Title /No.

Revision Reviewec by Date

Review the procedure for each of the following characteristics. If it

possesses the characteristic, check Yes; if it lacks the characteristic,
check N_o. Check N/A (Not ApplicableTTf the characteristic does noto
apply to the procedure.

The ratings ( A,B,C,D) indicate the relative impact of the characteristic
on the perfonnance of personnel using the procedures. If a procedure
lacks a characteristic rated A, performance error is most likely; if it
lacks a characteristic rated F, performance error is less likely.

Perform Document Review Evaluation for Items #1-#26.

Item Ratim Yes No N/A
Y1. Does the title describe the purpose of the pro- C

___

cedure? (Also, if the procedure is for scheduled
maintenance or tests, the title should state the -

frequency,e.g., weekly, monthly.) -

2. Does the procedure provide the following informa-
tion on a cover pace or first page? D

___

2.1 Procedure title and number
2.2 Revision number
2.3 Unit number (if applicable)
2.4 Approval signature and date

3. Does each page provide the following identifica- .-

tion information? D

3.1 Procedure number and/or title
3.2 Revision number
3.3 Unit number (if applicable)
3.4 Page number

4. If this is a temporary procedure, is it clearly
marked with the expiration date? D

___

5. Is the last page of the procedure clearly iden-
tifiable by marking, e.g. , Page of ; Final

Page? D
___

3
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Item Rating Yes No, N/A

6. Does the procedure provide a statement of purpose or
brief description which clearly specifies the function
it performs? The description should appear in an in-
troductory section preceding the instructions. D

___

7. Does the procedure provide the folicwing job planning
information in an introductory section preceding the
instructions?
7.1 Other actions or procedures which must be

completed prior to use. 8
___

7.2 Plant, system, or equipment conditions which
must exist prior to use. B

___

7.3 Precautions which must be observed in the perform-
ance of the procedure. For example, are applicable
radiological requirements and precautions specified? C

___

7.4 The specific equipment (by part number and/or unique
nomenclature) to which the procedure is applicable. D

___

7.5 Special tools and test equipment required to per-
form the procedure (by part number and/or unique
nomenclature). B

___

7.6 Other documents, e.g. , procedures, drawings,
schematics, required to perform procedure. C

___

8. If critical coordination of activities of two or more
persons is required to perform the procedure, does the
procedure provide a means for coordinating their activ-
ities? For example, is critical communication between
persons located remotely from each other specified? C

_ _ _ _

9. Does the procedure provide adequate quality control
hold points? C

___

10. Does the procedure provide for verification and
signoff of actions? B

___

11. If the answer to Item #10 is Yes, are the verifications
predominantly performed by persons other than those
performing the action? C

___

12. If the procedure refers to a skill of the craft task,
i.e., is general rather than specific, go directly to
Item #30 to evaluate the procedure.

13. Are the instructions written in short, concise, identi-
fiable steps as cpposed to multi-step paragraphs? B

__ _

4
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Item Rating Yes No N/A

14. Complexity Index (CI): Evaluate the complexity of the
instructions by determining the average number of
actions (verbs) called out per step. Base estimate on
a sample of 20% of the steps or, if the sample size is
less than 10, use all steps.
Is the average number of actions per step 1.5 or less? B

_ __

15. Specificity Index (SI): Evaluate ;he level of speci-
ficity of a procedure by determining the percent of
steps in a selected sample that meet all of the
following criteria.
15.1 The action to be taken is specifically identified

(open, close, torque, etc.).
15.2 Limits (if applicable) are expressed quantitative-

ly (2 turns, 100 inch lbs., etc.).
15.3 The equipment or parts are identified completely

(HPCI-M0-17,etc.).

Base the estimate on a sample of 20% of the steps in
a given procedure or a minimum of 10 steps.
Do at least 90% of the steps evaluated meet all
the above criteria? B

___

16. If precautions or explanations are applicable to the
performance of specific steps or series of steps, are
they placed immediately ahead of the step (s) to which
they apply? C

__ _

17. Are graphs, charts, and tables adequate for readability
and interpolation or extraction of values? C

___

18. Do worksheets provide enough space to record data and
perform necessary calculations? For example, in cali-
bration procedures are there provisions for an "as
found" column and an "as left" column? C

_ __

19. Does the procedure (or related data sheets or work-
sheets) provide for the independent verification and
signoff of computations? C

___

20. Are acceptance criteria and limits stated in quanti-
tative terms? C

___

21. Are units expressed as ranges rather than point values
whenever possible? C

___

22. Are the acceptance criteria and limits compatible with
limits specified in requirements documents? A

___

5



Item Rating Yes M N/A

23. If computations are required by the procedure, are
they based on technically accurate, complete, and
up-to-date formulas? A

_ __

24 If items (valves, breakers, relays, solenoids, jumpers,
fuses, switches) require alignment to perform the pro-
cedure, do the alignment instructions in the procedure
meet all of the following criteria? B

___

24.1 Each item requiring alignment is individually spec-
ified. (Note-It is not acceptable to refer per-
sonnel to previous steps).

24.2 Each item is identified with a unique number or
nomenclature.

24.3 The position in which the item is to be placed
is specified.

24.4 The position in which the item is placed is veri-
fied and checked off or signed off.

25. If any of the above alignment instructions are for
system restoration, is the verification performed by
someone other than the person perfonning the alignment? B

___

26. If any follow-on action, test, or procedure must be
performed upon the completion of this procedure, does
the procedure or a related document (e.g. , work order)
instruct the user regarding what follow-on action is
required and whom to notify? C

___

27. Does the procedure provide instructions for reasonable
contingencies? For example, if equipment is operating
outside the range specified by the procedure, is the
person instructed what action to take? C

_ __

Perform a Walk-Through of Procedure for Items #28 ar d #29

28. Are equipment numbers and/or nomenclaturc used in the
procedure the same as those which are displayed on the
equipment? B

___

29. Are the units of measurement used in the procedure the
same as those displayed on equipment? B

__ _

6
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Observe Licensee Simulate a Performance of Procedure or Observe Per-
'

formance of Procedure for Items #30 and #31

Item Rating Yes No N/A

30. Determine whether the amount and kind of information
(level of detail) provided by the procedure are ade-
quate for the intended users.
Are the following criteria met?: ,

30.1 Can the procedure be performed in the sequence
it is written? A

_ ___ _

30.2 Can the user locate and identify all equipment
referred to in the instructions? A

_ _ _ _ _ _ _ _

30.3 Where general rather than specific instructions
,,

are provided, can the user explain in detail how
to perform the general instructions? A

_ _ _ _ _ _ _ _

30.4 Can the user perform the procedure without ob-
taining additional information from persons or
documents not specified by the procedure? B

_ _ _ _ _ _ _ _

30.5 Can the user perform the procedure without ob-
taining direct assistance from persons not spec-
ified by the procedure? B

___ __ ___

31. Is the sensitivity of the test instruments and tools
being used adequate and are they in proper calibra- B

__ ___ ___

tion?

Action:

Disposition:

.

7
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DISCUSSION OF THE CHECKLIST

Item Fomat

The procedures evaluation criteria are expressed in question form so
that they can be answered by Yes or No. They are constructed so that
a Yes answer indicates that the procedure possesses a desirable char-
acteristic. A No answer indicates a procedural deficiency. In some
cases, it will ii6t be possible to evaluate a procedure on a charac-
teristic because it is not applicable to the procedure. For example,
a procedure cannot be evaluated regarding the adequacy of graphs,
charts, or tables if it does not contain any of these items.
In this case, check Not Applicable rather than leave the item unanswered.

Explanation of Checklist Items

The checklist items are listed below. In cases where the relation-
ship between a procedural characteristic and the quality of human per-
fomance might not be apparent, an explanation is provided

1. Does the title describe the purpose of the procedure? ( Also, if
the procedure is for scheduled maintenance or tests, the title
should state the frequency, e.g. , weekly, monthly.)

Explanation. The title is the first information read by the user and
therefore should be descriptive of the contents of the procedure. A
clear, unique title will make it easier to identify a given procedure
among other similar procedures. The use of titles that are descrip-
tive of the purpose of the procedure will reduce the probability of
incorrect procedure selection.

2. Does the procedure provide the following information on a cover
page or first page?

2.1 Procedure title and number
2.2 Revision number
2.3 Unit number (if applicable)
2.4 Approval signature and date

Explanation. Performance errors have occurred because users have se-
lected incorrect or out-of-date procedures. Descriptive titles and
revision information will aid in the selection of correct and current
procedures. If this is a multiple-unit site, separate, identifiable
procedures for each unit will reduce the probability of performing
procedures on the wrong unit.

8
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3. Does each page provide the following identification information?

3.1 Procedure number and/or title
3.2 Revision number
3.3 Unit number (if applicable)
3.4 Page number

Explanation. Page identification information facilitates effective
document control and allows users to check that their procedures are
complete and that the pages are in the correct order.

4. If this is a temporary procedure, is it clearly marked with
the expiration date?

Explanation. None. I

5. Is the last page of the procedure clearly identifiable by marking,
e.g. , F 39e of ; Final Page?

Explonatica. The last page of a procedure is most vulnerable to be-
coming detached and lost. It should be made obvious to the user if
the last page is missing.

6. Does the procedure provide a statement of purpose or brief de-
scription which clearly specifies the function it performs? The
description should appear in an introductory section preceding
the instructions.

Explanation. None.

7. Does the procedure provide the following job planning information
in an introductory section preceding the instructions?

7.1 Other actions or procedures which must be completed prior to
use.

7.2 Plant, system, or equipment conditions which must exist
prior to use.

7.3 Precautions which must be observed in the performance of the
procedure. For example, are applicable radiological re-
quirements and precautions specified?

7.4 The specific equipment (by part number and/or unique nomen-
clature) to which the procedure is applicable.

7.5 Special tools and test equipment required to perform the
procedure (by part number and/or unique nomenclature).

7.6 Other documents, e.g. , procedures, drawings, schematics,
required to perform procedure.

Explanation. The provision of job planning information will enable
personnel to make adequate preparaticos for performing the procedure

9
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and reduce the probability of taking on-the-job " shortcuts" or in-
novations due to incomplete job planning. ,

m
8. If critical coordination of activities of two or more persons is

-
-

required to perform the procedure, does the procedure provide a ,-
means for coordinating their activities? For example, is critical ;

communication between persons located remotely from each other
specified? g

4.Explanation. Many procedures require close coordination of actions
among several persons located remotely from each other. However, by f
reading the procedure, it is frequently not possible to determine

-

which person is being instructed by a particular step. Also, the y
Jprocedure might not specify critical communications to ensure that

the step has been initiated or completed. To the extent that complex, _e

multi-man activities are not specified, errors in communications and -_
omissions of actions can result. 9-

9. Does the procedure provide adequate quality control hold points? ,b
Expl anati on_. Maintenance procedures should provide for inspecting i
equipment at appropriate points during the repair or service process -

to verify that the procedure is being performed correctly. For ex- y
ample, an assembly procedure might specify that a physical check of 5-

bearing installation be performed before a cover or other parts are __

installed that would prevent access to the bearing. --?

10. Does the procedure provide for verification and signoff of actions? k
*

Explanation. See Item #11. _-
7

11. If the answer to Item #10 if Yes, are the verifications predomi-
-

nantly performed by persons other than those performing the
action? q

_-
Explanation. Verification is the primary method for ensuring compli- _

*
ance with procedures. Self-verification by checking, initialling or
signing steps serves as an aid or reminder to the procedure user to Z
perform the step. However, it is too easily subject to abuse to serve _ ' -.-

as a compliance control. If it is important to ensure compliance with <
an action because of the consequences of a performance error, veri- C"
fication by someone other than the person performing the action is in -

order. It is required if an error might otherwise remain undetected. -;
-

12. If the procedure refers to a skill of the craft task, i.e., is 4
general rather than specific, go directly to Item #30 to evaluate

-

the procedure. __

-

Explanation. Many procedures that are intended for use by skilled y
craftsmen lack detail. The perfonnance of Item #30 enables the ,=_

2
m

10
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procedure evaluator to check the adequacy of a procedure with respect
to the qualifications of the personnel permitted to use it.

13. Are the instructions written in short, concise, identifiable
steps as opposed to multi-step paragraphs?

Explanation. Studies have shown that the speed of reading and com-
prehension of written instructions are improved if the instructions
are presented in short, concise sentences. Ideally, an instruction
should consist of an action verb and the object of the action-plus
action limits and object identifiers, and, if necessary, object lo-
cators. Additional infonnation (such as that contained in explana-
tions and descriptions) that is intended to aid the user to accomplish
the action more effectively should ordinarily be presented in the
form of a note preceding the action instruction.

14. Complexity Index (CI): Evaluate the complexity of the instruc-
tions by determining the average number of actions (verbs)
called out per step. Base estimate on a sample of 20% of the
steps or, if the sample size is less than 10, use all steps.

Is the average number of actions per step 1.5 or less?

Explanation. The complexity index (CI) of a procedure is defined as
the average number of actions stated in the instructional steps or
paragraphs. The average is computed from a random sample of steps
or paragraphs in a procedure.

Number of Actions in a Sample of Steps or Paragraphs
CI =

Number of Steps or Paragraphs Samoled

The number of actions is simply the number of verbs in a step or para-
graph. For example, the instruction " Turn switch XXX to position No. 2,
observe value on pressure gauge XX, and record value" has three actions.
The more actions that are expressed, the less likely they will oe re-
called accurately, particularly if they are unrelated actions.
Ideally, a step should contain only one action unless the actions are
related, in which case up to three actions in a step are acceptable.
Related actions are a group of actions required to produce a single
resul t. The example illustrates three related actions. Their single
object is to obtain a value.

1E, Specificity Index (SI): Evaluate the level of specificity of a
procedure by determining the percent of steps in a selected sam-
ple that meet all of the following criteria.

15.1 The action to be taken is specifically identified (open,
close, torque,etc.).

11
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15.2 Limits (if applicable) are expressed quantitatively (2
turns, 100 inch lbs., etc.).

15.3 The equipment or parts are identified completely (HPCI-M0-17,
LPV-6,etc.).

Base the estimate o a samole of 20% of the steps in a given
procedure or a minimum of 10 steps.

Do at least 90% of the steps evaluated meet all the above criteria?

Explanation. The above criteria list the basic characteristics of a
specific (versus general) instruction. Fewer errors of interpretation
or omission result from instructions with high specificity.

16. If precautions or explanations are applicable to the performance
of specific steps or series of steps, are they placed immediately
ahead of the step (s) to which they apply?

Explanation. None.

17. Are graphs, charts, and tables adequate for readability and
interpolation or extraction of values?

Explanation. Misinterpretation of graphs, charts, and tables has
resulted in performance errors. It is (ften traceable to poor read-
ability of these materials-which, in tura, is attributable to 1) in-
adequate reproduction or 2) inadeauate original construction. The
following guidelines are provided to evaluate readability.

Reproduction-In some cases, copies are so many generations removed
from the original or master copy that lines in graphs, charts, and
tables have deteriorated or disappeared, making it difficult to
track or interpolate values. Letters and numbers can undergo similar
deterioration. Also, materials have sometimes been reduced in size
so that readability is impaired. Letters and numbers should be at
least 1/8 in. in height, unbroken, and unfilled. All lines in the
reproductions should be as visible as they are in the original or
master copies. First, compare the reproductions to the originals or
master copies. Then evaluate tt a readability of the reproductions
under the conditions of illumination in which personnel use them.

Original construction-Letters and numbers should be typed rather than
handwritten. Lines on graph paper should be reproducible on licensee
reproduction equipment. On graphs, units of measurement used in
plotted values should be compatible with divisions on graph paper.
That is, if plotted values progress in units of five (e.g., 5,10,
15, etc.) it is better to separate the values by five lines than by
four lines. To facilitate accuracy of locating values in charts and

12
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tables look for such aids as 1) partitioning tables with lines, 2)
arranging values in subgroups, e.g. , inserting spaces between subgroups
of five values,.and 3) placing connecting lines between values or between
nomenclature and values.

18. Do worksheets provide enough space to record data and perform
necessary calculations? For example, in calibration procedures
are there provisions for an "as found" column and an "as left"
column?

Explanation. None.

19. Does the procedure (or related data sheets or worksheets) pro-
vide for the independent verification and signoff of computations?

Explanation. None.

20. Are acceptance criteria and limits stated in quantitative terms?

Explanation. None.

21. Are units expressed as ranges rather than point values whenever
possible?

Explanation. When equipment does not permit the setting of point
values, or when a range of values is acceptable, the acceptance cri-
teria should be expressed in terms of ranges. However, they should
be expressed in a form to avoid errors of addition, subtraction, or
conversion. Example:

Preferable Not Preferable

119 to 131 125 1 6 gpm

(Best) 125 gpm ( 119 - 131 ) 125 I 4.8% gpm (Worst) *

22. Are the acceptance criteria and limits compatible with limits
specified in requirements documents?

Explanation. Acceptance criteria and limits can be found in Technical
Specifications as well as other documents, e.g., equipment technical
manuals.

23. If computations are required by the procedure, are they based on
technically accurate, complete, and up-to date forumulas?

Explanation. None.

13
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24. If items (valves, breakers, relays, solenoids, jumpers, fuses,
switches) require alignment to perfonn the procedure, do the
alignment instructions in the procedure meet all of the follow-
ing criteria?

24.1 Each item requiring alignment is individually
specified.
(Note-It is not acceptable to refer personnel to
previous steps).

24.2 Each item is identified with a unique number or
nomenclature.

24.3 The position in which the item is to be placed is
specified.

24.4 The position in which the item is placed is verified
and checked off or signed off.

Explanation. Two of the primary fcctors associated with misalignment
are lack of specificity of instructions and lack of physical verifi-
cation of position. The criteria listed above are aimed at improving
specificity and verification. In some procedures it was found that
instructions were adequate for initial alignment but shortchanged
realignment by simply directing personnel to " Reposition valves
listed in Step 5". In this instance, personnel were not provided a
means within the procedure for verifying valve positions. The in-
struction should have relisted the valves, specified their new posi-
tions, and provided for checkoff or signoff for each valve.

25. If any of the above alignment instructions are for system
restoration, is the verification performed by someone other than
the person performing the alignment?

Explanation. It was found that up to three-fourths of undetected
alignment errors occur during restoration. Independent physical veri-
fication of position is less likely to be performed during this pro-

The requirement for independent verification is aimed at re-cess.
ducing this error. The independent verification should involve
physically checking the positions-not be confined to simply checking
log entries and tags.

26. If any follow-on action, test, or procedure must be performed
upon the completion of this procedure, does the procedure or a
related document (e.g., work order) instruct the user regarding
what follow-on action is required and whom to notify?

Explanation. None.

27. Dues the procedure provide instructions for reasonable contingen-
cies? For example, if equipment is operating outside the range
specified by the procedure, is the person instructed what action
to take?

14
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Explanation. Many procedures are written as though all acceptance
criteria will be met. They do not address the exceptions. Personnel
should be instructed within the procedure what actions to take in
the event criteria are not met.

Perform a Walk-Through of Procedure for Items #28 and #29

28. Are equipment numbers and/or nomenclature used in the procedure
the same as those which are displayed on the equipment?

Explanation. None.

29. Are the units of measurement used in the procedure the same as
those displayed on equipment?

Explanation. None.

Observe Licensee Simulate a Performance of Procedure or Observe Per-
formance of Procedure for Items #30 and #31

30. Determine whether the amount and kind of information (level of
detail) provided by the procedure are adequate for the intended
users.

Are the following criteria met?

30.1 Can the procedure be performed in the sequence it is
written?

10.2 Can the user locate and identify all equipment referred to
in the instructions?

30.3 Where general rather than specific instructions are pro-
vided, can the user explain in detail how to perform the
general instructions?

30.4 Can the user perform the procedure without obtaining
additional information from persons or documents not spec-
ified by the procedure?

30.5 Can the user perform the procedure without obtaining direct
assistance from persons not specified by the procedure?

Explanation. NRC inspectors are reauired to evaluate whether or not
procedures are adequate for use by qualified personnel. Because of
lack of definitions of adequacy and personnel qualifications, this
assessment cannot be made definitively. There is considerable room
for different interpretations and disagreement between inspectors and
licensees. The above observations permit an objective assessment of
procedural adequacy.

15

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



-

31. Is the sensivity of the test instruments and tools being used ade-
quate and are they in proper calibration?

Explanation. Personnel may mistakenly use " equivalent" tools and in-
struments that do not meet sensitivity or calibration requirements.

Item Ratings

The ratings A, B, C, or D indicate the impact of an item on the quality
of human perTormance. IT a procedure is deficient with respect to the
characteristic referred to by the item, a performance deviation is
more likely to occur than if the procedure possesses the character-
istic. The absence of some procedural characteristics is more likely
to result in performance deviations than the absence of others. It

is therefore necessary to develop a method of rating the checklist
items to indicate to the evaluator the relative importance of the
characteristic stated in the item. The rating considerations are shown
in Table 2. These ratings, integrated with the inspector's own know-
ledge of the consequences of error associated with the performance of
a specific procedure or action, should enable the inspector to assess
the importance of correcting a particular procedural deficiency.
In general, it should be considered mandatory to correct a deficiency
rated A or B. Correction of a deficiency rated C may or may not be
considered mandatory, depending upon the inspector's judgment regarding
the consequences of error and situational stress factors associated
with use of the procedure. A rating of D would not ordinarily be
regarded as a mandatory change. Howev - correction is desirable if
the intent is to reduce the frequency y rformance error to the
minimum rate attainable by means of prctN ores. '

Table 2. Rating Scale for Procedural Deficiencies

Probability of Performance Deviation Under:

Rating Low Stress * Moderate Stress * High Stress *

A Moderate High High

B Moderate Moderate High

C Low Moderate Moderate

D Low Low Moderate

*These terms ara defined with descriptions and examples in Swain, A.D.
| and Guttmann, H.E., Handbook of Human Reliability Analysis with Emohasis

on Nuclear Power Plant Acolications, NUREG/CR-1278, SAND 80-0200, United
| States Nuclear Reg 11atory Commission, Washington, D.C. , May 1980.

16
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Description of Ratings

A-Errors are likely to occur during low stress (normal) conditions and
will be frequently made under moderate and high stress conditions.

B-Errors are likely to occur during low and moderate stress conditions
and will occur frequently under high stress.

C-Errors are not very likely under low stress but could occur readily
under moderate and high stress.

D-Errors are n)t very likely to occur under low and moderate stress
but could reidily occur during high stress.

Evaluation Methods

The checklist employs three methods for evaluating procedures. The
Document Review method is used to evaluate a procedure on Items #1
through #27. The Walkthrough Method is used for a procedure on Items
#28 and #29 and the Observation Method apolies to Items #30 and #31.
The methods are described below.

Document Review. This method consists of collecting a sample of the
procedures of interest and their related documents and then examining
their contents and interrelationships. Typically, related documents
will consist of 1) all drawings, procedures, schematics, etc. speci-
fically referred to by the procedure, 2) technical specifications
and other basic requirements documents which reasonably might affect
the content of the procedures, and 3) corporation policies and sta-
tion directives dealing with procedures contents, development, and
implementation. These documents together comprise the information
system affecting the performance of a maintenance, test, or cali-
bration activity. If an inspector cannot evaluate a characteristic
from the available documents alone when a document review has been
specified, it can be assumed that the infonnation system is deficient
with respect to completeness or with respect to organization. Either
deficiency will affect the quality of procedural content adversely.
At the least, an information system must be auditable.

Walk-through. Some evaluations such as determining the correspondence
between equipment nomenclature or identification numbers used in a
procedure and the nomenclature or numbers actually displayed on
equipment, can be performed only by walking through the facility with
the procedure in hand and comparing the two. During the walk-through
it might be desired to make selected human factors observations of
the work environment, the facility layout, and the equipment, all of
which bear upon the effectiveness and safety of personnel performance.
For example, the inspector might wish to assess the readability of

17
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legends and displays from the perspective of the person performing
the procedure.

Observation. Unlike the preceding methods, the performance of this
evaluation requires the direct support of licensee personnel. The
objective of this method is to judge whether the amount and kind of
information provided by the procedure is complete with respect to the
information needs of the user. That is, the inspector seeks to eval-
uate the adequacy of the " level of detail" of the procedure. This
attribute of a procedure is the most difficult of all procedural char-
acteristics to evaluate. Judgments of adequacy of level of detail
are based on assumptions about the qualifications of the personnel
for whom the procedure is provided. Such assumptions are often ten-
uous at best because, unlike operators, documentation detailing the
qualifications of personnel who perform these procedures-partic-
ularly maintenance procedures, is inadequate or non-existent.

To reduce the probability of human error in the performance of an
activity, a procedure must be designed to be usable for the least
qualified person permitted to use the procedure. This requirement
implies that the procedure must provide all of the information needed
by persons representative of that skill level and, furthermore, must
express the information in understandable language (vocabulary, sen-
tence structure). Partial evidence of the completeness of a pro-
cedure can be obtained by observing a person who is representative of
the minimum skill level perform a walk-through of the procedure,
simulating the actions specified in the instructions.

Typically, a procedure is composed of general and specific instruc-
tions. The user should be able to explain in detail how to perform
a general instruction. The user should be able to perform the entire

'procedure without seeking infcrmation from other personnel, unless
they are specified by the procedures, and without referring to docu-
ments that are not specified oy the procedures. If either of these
criteria is not tret, the procedure is incomplete.

APPLICATION 0F THE CHECKLIST .

,

The checklist can be applied to serve either or both of two distinctly
different purposes. They are:

1. To identify deficiencies in a sample of procedures with the objec-
tive of correcting the deficiencies in that specific sample of
procedures,and/or

2. To identify deficiencies in a sample of procedures with the objec-
tive of correcting the process that produced the deficient proce-
dures.

18
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In the first case, the inspector is basically performing the function of
an editor, and, as a result, the impact of the inspection process will
be confined for the most part to the procedures being evaluated. The
rate at which existing procedures are modified and new procedures
are prepared far outpaces the rate at which they can be evaluated by
NRC inspectors. Therefore, if only changes in identified deficiencies
are sought, the objective of improving the effectiveness and safety
efficiency of the inspection process will not be attained.

In the second case, the impact of the inspector on the quality of licen-
see procedures will be maximized. Here, the procedures are viewed
primarily as indicators of the quality of the procedures development
process. Although the inspector should also seek to have the specific
procedures corrected, the main objective of the innection is to deter-
mine the quality of the licensee's procedures. If the samples of pro-
cedures exhibit particular deficiencies in common with each other, a
change in the process used by the licensee to prepare (or revise) pro-
cedures, or a change in the licensee's specification governing the
format or content of the procedures is in order.

Based on inspector experience in evaluating procedures with the check-
list, the following method of application is suggested.

1. To determine deficiencies that are common to a set of procedures,
sample a small number of procedures that is representative of the
licensee's maintenance, test, or calibration procedures. Evaluate
the procedures in detail with the checklist to determine whether
they have deficiencies in common with each other. After they have
been identified, it may be unnecessary to review subsequent pro-
cedures on these generic characteristics.

2. To identify deficiencies specific to a particular procedure per -
form a review for the following characteristics in the order listed
below. Complete the review of a procedure on one characteristic
before proceding to the next characteristic.

a. Proper procedure and page identification information

b. Statement of purpose

c. Job planning information

d. Verification provisions (e.g. , auality control hold points,
independent verification)

e. Clarity and specificity of instructions

f. Adequacy of cautionary information

g. Quantitative acceptance criteria

h. Instructions for post-maintenance and system restoration

19
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PROGRAM DIRECTOR'S SUMMARYo

e Technical Highlights

The highlights of technical proBress for each division during the
past quarter are as follows:

Division of Engineering Technology

An analysis of risks associated with recycle of decom-
missioned materials from nuclear facilities was performed under
the project assessing the . Technology and Costs of Termination
Surveys Associated with Decommissioning of Nuclear Facilities.
-The conclusion of this study was that the fatalities associated
with use of recycled materials are more than balanced by the
avoided -fatalities associated with the savings in energy produc-
tion. The CONDOS computer code was used to estimate direct i

radiation exposure from soil on decommissioned nuclear fuel cycle '

sites. Soil on sites contaminated to 10 mrem /yr levels as
established in NUREG/CR-2241 gave the following direct exposure
levels: PWR, 0.67 pR/h; mixed oxide fuel fabrication facility,
0.07 pR/h; UO2 fuel fabrication facility, 0.3 R/h; UF6,

production, 0.3 R/h; reprocessing plant, 0.3 pR/h; and spent
fuel storage, 0.5 pR/h.

*

In the Additional Requirements for Materials project, further-
slow-bend testing of precracked Charpy specimens from
Intermediate Test Vessels 7B and 8 (from the HSST Program) has
begun to define the heat-affected zone fracture toughness beha-
vior below -100*C. Specimen testing was completed under Subtask
7 (Effect of Poor Practice During Half-Bead Weld Repair). A
report on this work was completed and is in review, entitled
" Effects of Off-Specification Procedures on the Mechanical
Properties of Half-Bead Weld Repairs." Under Subtask 8
(Underclad Cracking) initial metallographic examination of the.
clad A-508 class 2 section did not revec; underclad cracks.

However, a series of samples varying in depth around the overlap
region of two weld passes is in progress and will provide more

, definitive information.
!

Material studies for the Heavy Section Steel Technology
(HSST) project (Task 3, Thermal Shock) to evaluate the effects
of irradiation on thermal conductivity were completed on irra-.

diated samples machined from previously tested Charpy specimens
of HSST Plate 02.

, _

The results clearly show that neutron irra-
,

diation does not degrade the thermal conductivity of this steel.

under the conditions of interest. Fracture-mechanics design
calculations performed for TSE-7 and -8 indicate increases in the

I
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KI due to the cladding of 35% at the inner surface and 15% at a *

depth corresponding to the cladding thickness. The difference
between the.KI value at the inner surface of the unclad cylinder ,

and at the interface of the clad cylinder was only 2%. These
results mean that a difference in crack behavior between TSE-7
(no cladding) and TSE-8 (clad) will be a clear indication of the
effect of cladding on crack propagation.

In other tasks of the HSST project, major test parameters
were determined for the first two tests (PTSE-1 and -2) of the
Pressurized Thermal Shock (PTS) task. These parameters are (1)
initiation of a shallow f aw in 6-8 minutes at a stress intensity

level of about 110 MPa(m) with a projected arrest on the upper

shelf at a/w = 0.4 and (2) initiation of a shallow flaw (a/w
about 0.05) in two minutes and arrest at a/w = 0.15. Decreasing
thermal stresses then induce warm prestressing (WPS) from. about 3
to 6 minutes. WPS is overcome about 6 minutes into the transient
by the ' application of pressure. In the task on cladding eval-
uation, cne unciad plate, three plates clad with T308/JO9
stainless steel and one plate clad with T312 stainless steel have
been tested. TVo of the T308/309 clad plates and the T312
plate failed prematurely during the loading cycle, apparently due
to the remaiaing stainless steel in the flaw region, which was
intended to be completely removed prior to electron-baam welding.
One T308/309 clad plate which was loaded to yield and hydrogen '

charged fractured upon pop-in of the electron-beam weld. Results
to date suggest that stainless steel cladding has a limited capa-

,
city for arresting a running flaw on the surface.

Under the project on Improved Eddy Current In-Service
Inspection for Steam Generator Tubing, a sample 1.65-mm mean
radius pancake coil was constructed and trained on new fretting
standards that were recently machined. This coil was
demonstrated at the EPRI Steam Generator Workshop in Charlotte,
North Carolina.

Division of Accident Evaluation

Three tests (C-3, HI-1, C-4) were performed in the Fission
Product Release from Fuel project. Tests C-3 and C-4 were
control tests to ralibrate the system under known releases. Test
HI-1 was a release test ndth the fuel specimen held at 1400*C for
30 minutes. The dominant released materials were 85Kr, 134Cs,
137 125Sb. The fractional release values agreed, inCs, and some

,

general, with those previously reported. The laser-Kaman faci-
lity located at the Oak Ridge Caseous Diffusion Plant was used to
detect saturated vapor 'above Cs1 crystals in the temperature y
range 650-800*C (vapor pressure 4x10-4 to 5x10-3 atm). Good
spectra were obtained ai these concentrations which should typify
the released cer tum species in the high - temperature release

. .. . . .. .. . . _ . . . . . -. .-
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tests. A status report prepared on the studies to evaluate,

the feasibility of the laser-Raman technique for specie
identification in our release tests concluded that the feasibil-
ity could not yet be determined..

By inference from spectrophotometric data on HOCl and HOBr,
which have known absorption bands at 240 and 260 nm, respec-

"" tively, HOI would be expected to absorb in the 280 nm region. In
'T the Iodine and Tellurium Chemistry project, spectrophotometric

examinations were made in kinetic experiments at progressively
higher iodine concentrations (5x10-5 up to 10-4 M I ) over a pH2
range of 9 to 11. These have revealed a weak shoulder at ~270=-

nm. The net absorbance in this region follows second order decays

_ kinetics in support of expected HOI behavior.

In the LWR Core-Melt studies as part of the URR Aerosol
'

Release and Transport project, a series of experiments was
- started in which simulant fission product materials are added to

UO , sintered, and zircalay clad for heating inductively to2
various temperatures up to melting. The first experiment used a:-

sintered (1400*C) mixture of UO2 containing barium oxide (Ba0),
strontium oxide (Sr0), and cerium oxide (Ce02) . Preliminary

- results show low release fractions for barium and strontium (~4%)
__ with a much smaller value for cerium. The apparent enhanced

_ release of barium and strontium relative to cerium could be
--

explained as resulting from a partial chemical reduction of the"

oxides of barium and strontium by the presence of metallic zir-
(;- conium in the melt. Release would then be as metallic elements,

J with subsequent reoxidation. TVo additional tests were conducted
i in this series with mixtures containing appropriate amounts of
rr molybdenum, ruthenium, and tellurium as metal powders blended
-

with UO2 and steel powder all sintered at 1200-1400*C and loaded
into Zircaloy tubes. Almost none of the fission product addi-
tives were transported to the filters. Practically all of the

-

aerosol material that was found on the filters came from the
- steel additive and from the Zircaloy tube.

In the aerosol tasks of the same project, a trial test
- ; section (a 10-inch diameter SS pipe, 8-feet high) was assembled

-

with the plasma torch aerosol generator located at the bottom.-s

Four Fe2 3 aerosol / steam experiments have been completed in the0-

-7 NSPP (Nos. 501-504) at increasing concentration levels7
3

'

(1 to 10 g/M ) . Although analysis of the data is incomplete,
yh; the Fe2 3 aerosol (at comparable concentration levels) appeared0

to be removed faster than U 03 8 at early times and more slowly at
- later times. Two smaller scale aerosol generation tests were,

- also conducted using powdered concrete as the feed material to
the plasma torch. One concreta sample was made up of limestonet__

"--

aggregate and the other was basalt. The aerosols produced.

I were composed mainly of silicon dioxide and calcium silicate,,

E- in highly agglomerated crystalline forms.

_

-

,-

-

. - - - - - - - - eem
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The Severe Accident Sequence Analysis project has completed *

and issued for review the draf t report "SBLOCA Outside
Containment at Browns Ferry Unit One - Accident Sequence

*
Analysis." The report " Iodine and Noble Gas Distribution and
Release Following Station Blackout at Browns Ferry Unit One" was
also completed. The first volume recommends changes in opera-
tional procedures, operator training, and plant design. The
second volume develops methodology for fission transport studies,
and concludes that the pressure suppression pool is effective in
reducing fission product release, and predicts that about 0.5% of
the initial core iodine inventory would be released to the
atmosphere.

The Advanced Two-Phase Instru nentation project is developing
an ultrasonic sensor to measure simultaneously the level, tem-
perature, and density of the fluta in which it is immersed. The
use of a high voltage pulser for driving the magnetic-coil trans-
ducer has resultad in an order-of-magnitude increase in the
signal strength. A new electronic package under design will make
multiple zone measurement faster and more flexible.

Development of the ORECA code capability for HTGR severe
accident sequence analysis continued with the formation of
equations describing heat transfer between the upper core
(reflector) nodes and the upper plenum area of the PCRV and -

between the core side reflector block and the PCRV sidewall area.
A version of the ORECA (3-D Core model) for simulating the
dynamics of the 2240 MWt steam cycle / cogeneration HTGR plant "

design was also completed and checked out.

The final Multirod Burst Test (B-6) bundle was sectioned,
polished and photographed, and strain values were determined.
The bundle exhibited uniform strains in the 15-25% range with
localized burst strains in the 25-50% range. As expected for the
test temperature (930*C), rod-to-rod interaction was not a signi-
ficant factor. A draft of a topical report, entitled " Variations
in Zircaloy-4 Cladding Deformation in Replicate LOCA Simulation
Tests" was prepared and is undergoing internal peer review. The
report presents results of five single rod heated shroud repli-
cate tests that were conducted to study statistical variations in
cladding deformation parameters.

Division of Risk Analysis

In the Analysis of Reliability Data From Nuclear Power *

Plants project, an interim letter report titled "The Reliability
Characteristics of Selected Pumps in Four Nuclear Plants" was ,

'

submitted to NRC for comment. The report documanted failure rate
calculations and presented repair information.

I

t _ _ _ - _ _ - _ - _ _ _ _ _ _ _ - __ - ______
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/s In the project on Acceptable Level of Risk Criteria for
Nuclear Power Plants, a report was completed and submitted for
review entitled " Health and Safety Standards: Theoretical

* - Rationale and Application to Safety Goals for Nuclear Power."
'The report is in two parts. Part 1 is " Standard Setting
Standards: A General Theory of Standards." Part 2 is " Safety
Goals for. Nuclear Power: An Application of the General' Theory of
Standards."

The Evaluation of Pressurized Thermal Shock groject
completed a study to investigate the importance of counter-
current flow -limiting behavior in the steam generator when

~

injecting feedwater to the auxiliary header. The impact upon the I
cooling supplied by the auxiliary feedwater was determined to be
minimal regardless of the injection point. Event trees for the
more important classes of overcooling sequences cere pruned (on
the bases of engineering judgement and initial estima*es of prob-
ability associated with certain top-line events) to y sid a
reduced number of possible end-states and were replotted for
distribution to PTS program participants. Three spe 'ific over-
cooling scenarios were selected from~the pruned etens trees and
were completely specified - (initial conditions, timing of operator
actions, etc.) for thermal-hydraulic calculation using the large
systems codes, following approval by NRC.

.

Two major reports on common-cause risk analysis for ficods
were issued under the Flood Risk Analysis Methodology project,
NUREG/CR-2677, ORNL/TM-8313, " ESP and NOAH - Computer Programs

*

for Flood Risk Analysis of Nuclear Power Plants," and ,

!

NUREG/CR-2678, ORNL/TM-8314, " Flood Risk Analysis Methodology
Development Project Final Report."

The UWR Accident Sequence Precursor Study project isaued -
a major report on precursors to potential severe core damage
accidents for the period 1969-1979 (NUREG/CR-2497). An interim
report was draf ted on the study of precursors to pressure
vessel thermal shock.

Division of Facility Operations

In the project on Continuous On-Lite Keactor Surveillance
System Evaluations, the in-plant demonstration system performed
well except when removed from service briefly for sof tware modi-
fications. Data were also recorded during a loss-of-feedwater-
flow test at LOFT to assess the ability of noise analysis methods=

to detect and diagnose abnormal operating conditions in PWRs.~
.

i , i g i, ,,
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The Noise Diagnostic Methods for Safety Assessments project a

completed all flux adjoint calculations for the beginning and
end of fuel cycle core conditions to help complete the assessment

*of ex-core neutron detector sensitivity to fuel element vibra-
tions. At the midyear review on April 15, the RRG adviaed post-
ponement of the study of functional redundancy until a later
date. The funds allocated for this study are being used to per-
form additional analysis and interpretation of noise data from
LOFT and Sequoyah and to explore the use of expert system tech-
nology for automated anomaly diagnosis.

Three reports have been written for r% Maintenance Error
Model project. The report on the job antlysis of the
Maintenance Mechanic position (NUREG/CR-2670) has been completed,
reviewed, and is now being prepared for publication. The report
on the front-end analysis, literature review and overall. program
plan (NUREG/CR-2669) has been completed in draf t, and is now
ready for review. The report on the job analysis of the
Maintenance and I&C Supervisor positic,n (NUREG/CR-2668) has been
completed and is now being reviewed prior to publication. At'the
mid-year review meeting on April 5, a undified program plan was
presented concerning the development of a human reliability model
for NPP maintenance personnel. The modified program plan pro-
posed an initial model release (following debugging and sen-
sitivity testing) 20 months af ter the start of development. This -

is a reduction of approximately 10 months in the originally pro-
posed schedule. In addition, the modified program plan including
model validation and transfer to users was reduced in total by '

about 14 months. The development phase of this program will be
initiated as soon as funding is received.

As part of the project on Operational Aids for Nuclear Power
Plant Operators, during site visits the subcontractor secured
exclusive access and use of the simulator and experienced opera-
tors for a total of 24 operating hours. Still photographs and
video tape recordings were made of operating sequences, . including
one emergency sequence (low coolant leading to a scram.) A
report was issued entitled The Allocation of Functions in
Man-Machine Systems: A Perspective and Literature Review
( NUREG/CR-2623) . This report reviews the literature relevant to
allocation of functions -and presents a procedure for the alloca-
tion process applicable to nuclear power plant control rooms.

In the Safety Implications of Control Systems project, work
began on simulating the. ICS on the analog computer, with the
steam generator-feedwater control unit selected as the starting '"

point.. The model is .being implemented wherever suf ficient
approximate information exists. The Rod Control and the Unit. . <.

#Load Development sections of the Oconee Integrated Control System
were added to the analog simulation. ' The simulation provides the
capability of changing the rate at which the load demand is allowed

e
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to vary. Adaptation of the WIGGLE neutronics code was completed,.

and preparations were made to beg'n coupling the code to the
core thermalhydraulics subroutin.a. FORTRAN routines and
subroutines were written and debugged for thermodynamic and*

transport water properties, heat transfer logic and correlations,
and the computation of one- and two phase friction pressure loss
coefficients. Steam generator modeling was focused on the two-
phase phenomena in a single flow channel, with particular atten-
tion to transitions between single and two-phase regimes. Test
runs were made of realistic steam generator flow. Models of four
pumps - hotwell, booster, mainfeedwater, and the pump between
flash tank and main feedwater line - were added to ORTURB.

The Safety. Related Operator Actions project completed data
collection during " Week 1" of the PWR requalification program,
recording 83 data runs. BWR data collection "or " Week 2" of
requalification training was completed for five operator teams.
Selection of critical task elements (CTEs) to be used in analysis
of response times and error probability is nearly complete.
Demographic data on operators has been reduced for statistical
analysis. Data collection for the ten evente in the BWR task

analysis was also completed. Two reports were issued,
Specification and Verification of Nuclear Power Plant Training
Simulator Response Characteristics, Part II. Conclusions and
Recommendations (NUREG/CR-2353) and Nuclear Power Plant Control.

Room Task Analysis: Pilot Study for Pressurized Water Reactors .

( NUREG/CR-2598) .
.

Division of Health, Siting, and Waste Management

Camera-ready copy is being prepared for the report, " Nuclear
Power Plant Operating and Maintenance Costs and Estimating
Guidelines." This is part of Task 1 of the project
CONCEPT /0MCOST Code Development. As part of Task 2 of this pro-
ject, a draf t of a literature review on cost-size scaling for
nuclear and coal power generation units has been completed. The
review documents that the cost-size scaling exponent for nuclear
units is 0.4-0.6 and 0.7-0.9 for coal units.

The project, Forecasting Electricity Demand by State, has -
documented the Integrated Forecasting System in An Integrated
System for Forecasting Electric Energy and Load for States and
Utility Service Areas (ORNL/TM-7947) .

In the project studying Internal Dose for Specifico

Occupational Exposure Conditions, committed dose equivalent
(H50) Per unit uptake and the annual limit on intake (ALI) were
computed for inhalation of radioiodinee in the vapor form-

assuming an instantaneous uptake by the transfer compartment
of the total inhaled vapor activity (100%). The results show-
that for the shorter-lived radioiodines, the vapori form becomes
increasingly more restrictive due to the prompt uptake from the
lung.

.. .
.

. _ _ - _-_ - _____-_
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The project on Pathogenic Microorganisms in Closed Cycle,;
Cooling Systems compared air sampling devices to determine their
ef ficacy for detecting Legionnaires' Disease Bacteria (LDB) at ,

the point of discharge from cooling towers. No LDB could be
detected in either the impinger or high-volume air samplers

I- placed adjacent to the tower plume. Air samples with detectable
LDB did not produce infection on intraperitoneal inoculatio0 of
guinea pigs, whereas obvious lung disease did occur on intraaasal
injection. Histologic and cultural analysis of diseased lung
tissue did not indicate the presence of LDB but did show t'ae pres-

__

ence of a variety of other bacteria.
-

The draf t document prepared for the project on Uncertainties
in Assessment of Long-Term Collective Dose and Health Ef fects
f rom Geologic Disposal of High Level Waste entitled An Analysis

_

of Uncertainties in Long-Term Dose and Health Ef fects Resulting
from Geologic Disposal of High-Level Radioactive Waste,

" NUREG/CR-2506, ORNL-5838, has completed internal technical
review. The reviews have indicated the need for extensive revi-

,

sions. A letter repott was transmitted to NRC giving technical
__ responses to selected public comments on the proposed rule, 10

CFR Part 60. A set of notes on developmment of a system
.~ performance standard for high-level waste was sent to NRC to

serve as a basis for discussions on June 28. The notes discussed=

(1) the applicability of 10 CFR 61,10 CFR 40, and ICRP 26 to a
~

t_,

high-level waste standard, (2) comments on Draf t 20 of the EPA._

__ standard (40 CPR 191), (3) special features of high-level waste
,

disposal that could influence performance standards, and (4)
_

topics that must be dealt with in a standard and illustrations of
alternatives. Several papers were published in technical jour-=-

nals._
=-

. Problem Areas

- Seventy milestones were scheduled to be completed this

is quarter for the Office of Nuclear Regulatory Research. Of these,
S fif ty-one were completed on schedule for a completion rate of 73%.

-

Those that necessitated rescheduling were primarily due to decreased
" funding levels, delayed receipt of FY 1982 funds, or changes in work

_L_ scope. Minor problem areas are delineated below.

Ten out of twelve milestones scheduled for the NRC division of
?- Engineering Technology were achieved on schedule for a completion rate

of 83%. Two milestones in the project on Eddy-Current In-Service
, ,

,
Inspection for Steam Generators were delayed due to shortages in per-

-E sonnel and personnel commitments to other programs. In Task 4
-; (Intermediate Vessel Test) of the HSST project, the small Balseals, .

-

gg used in instrumentation penetrations, continue to be a minor problem.

JK A set survived 86 pressure cycles to 200 MPa at 150*C. A further

q35 modification of the instrumentation penetration fitting was made to

m- reduce the likelihood of failure.
=

=__

_ _ . _ . _ _m.________________.m_ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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For the Division of Accident Evaluation, on April 19, NRC.

informed us that analysis and correlation assessment ef forts were to
- be deleted from the Correlation and Evaluation of Bundle Heat Transfer

Models project in the areas of film boiling, forced convection to-.

steam, and void fraction distribution, and that three fourths of the

3 -. program's funding for FY 1983 would be withdrawn. Sixteen of nineteen
'# milestones were completed on schedule for a completion rate of 84% for

all projects. Milestones have haen delayed in two projects. In the
Post-Accident Iodine and Tellurium Chemistry project, the level of
work required along with unexpected technical dif ficulties has led to
; delay in two milestones. Problems in the Aerosol Release and_

Transport Program such as a decreased level of funding and dif-
ficulties in obtaining a suitable power supply have caused reached-_-
uling of several milestones. Efforts are being made to resolve these
difficulties.

:__

Seven out of fourteen milestones scheduled for the Division of
= Risk Analysis this quarter were completed on schedule for a completion

rate of 50%. Most of the delayed milestones were because of delays in
receipt of expected FY 1982 funding. In the project on Acceptable
Level of Risk Criteria for Nuclear Power Plants, reports pertaining to
the quantitative safety goal have been rescheduled because of late

--
arrival of FY 1982 funds. A potential problem area in the Common
Cause Failure Analysis Procedure project is the delivery of plant /PRA

', information necessary to initiate the required plant analys2s. In the.

L- project on Utilization of Risk Analysis and Risk Criteria, Rand's sub-

-

subcontractor, Kuljian Corp. , has failed to meet contractural
agreements by being at least three months overdue on delivery of a-

draft report. This problem is being confronted by Rand and will be
resolved shortly. This project also has had to reschedule four

~ milestones because of delays in FY 1982 funding. In the project on
Detinition of Scenarios and Controlling Parameters for Major Accidents
Involving UF6 at NRC-Licensed Fuel Cycle Facilities, relevant docu-
ments obtained so far do not provide sufficent accident scenario
descriptions. Development of scenario descriptions may be difficult
if suf ficient details are not obtained through planned site visits.

--

Four milestones were scheduled to be completed this quarter for
the NRC Division of Facility Operations and they were all completed as

T- scheduled for a completion rate of 100%. There are several potential
~

problem areas that may affect future milestones mainly due to a lack
'

of utility cooperation in providing plant design and operating data.
__ TVA has not agreed to extend the demonstration of the ORNL automated

-

noise surveillance system at Sequoyah-1 because the space is needed
for installation of the technical support center. NRC has sent a for-
mal request to TVA requesting extension of the demonstration beyond.

the first fuel cycle. Limited access to detailed design data is
_-- delaying the completion and testing of models to be used in the

-

program to study the Safety Implications of Control Systems. While-

'
continuing to pursue avenues for obtaining utility cooperation, ORNL

^

and NRC staf f are discussing alternative ways to perform this task if
,

|
.

m

b

-
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the desired data is not obtained. This same project also experienced -

subcontractor problems which slowed the failure modes portion, but the
problem has been resolved. The problem -of obtaining BWR operator par-

~
ticipation in assessing Safety-Related Operator Actions has also been
resolved and data collection during BWR requalification programs has
resumed.

There were twenty-one milestones scheduled for the Division of
Health, Siting, and Waste Management this quarter and sixteen were
completed on time for a completion rate of 63%. In the CONCEPT /0MCOST
Code Development project two subtasks were rescheduled by agreement
with NRC to allow incorporation of the results of the January 1982
cost study being performed by United Engineers & Constructors for DOE.

New Projects, Initiatives, and Proposals

In the Division of Engineering Technology, two projects are being
reported on for the first time, ASME Code Section III-Technical
Support and Containment Leak Rate Testing. A proposal was submitted
as an outgrowth of work in the first project on recommendations for
future research on the problem of preloading of bolted connections.

i

Several new projects, proposals, and extensions of present tasks
were begun or funded in the Division of Accident Evaluation. Reported -

for the first time this quarter is the project on Near-Term TRAP-MELT
Verification. Several cew proposals for FY 1983 were funded including
Fast Reactor Aerosol Release and Transport, Clsd Ballooning '

Evaluation, Fission Product Deposition Onto Aerosols, and Computerized
Research Information.

Two new projects were started this quarter in the Division of
Risk Analysis on Analysis of Proposed New IAEA Basis for
Transportation Regulatory System and Definition of Scenarios and
Controlling Parameters for Major Accidents Involving UF6 at
NRC-Licensed Fuel Cycle Facilities. One additional new project has
been funded for FY 1983, Accident Sequence Precursor Methodology. For
the project on Evaluation of Pressurized Thermal Shock, the task on
Probabilistic Risk Assessment was expanded to a level of ~4.5 man-
months beginning about June 1. A proposal was also submitted relative
to this project on the development of a method for incorporating the
uncertainties of calculated temperature-and pressure-va-time histories
into vessel failure prediction codes (Probabilistic Methodology for
Pressure Vessel Failure Prediction). One other new proposal was sub-
mitted for FY 1983 for a Modal Study - Structural Testing and
Technical Analysis. *

.
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New projects initiated during the third quarter in the Divisiono

of Facility Operations were: Pressure Sensor / Sensing Line System
Evaluation Research and Occupational Radiological Monitnring at
Uranium Mills. New proposals included Internal Dose for Specific-

Occupational Exposure Conditions and High Sensitivity Radionuclide
Analysis for Internal Dose Assessment. As part of the Human Factors
effort, new projects include Human Factors in Incident Alert
Notification and Organizational Interface in Reactor Emergency
Preparedness. As a partial outgrowth of the Safety Related Operator |

Actions Program, a proposal was submitted for FY 1983 to conduct
Training Simulator Experiments.

Financial Status

The ORNL projects supported by the Of fice of Nuclear Regulatory
Research are under satisfactory financial control as shown in the
attached figures for each NRC division (ET, AE, RA, FO, and HSWM).
The financial plan amounts are based on funds carried over from FY-81,
the funds received in FY-82, and funds expected to be carried over to
FY-83. The cumulative planned amounts include expected funds for
FY-82 in addition to financial plan amounts. The funds shown in the
Cost / Budget Reports reflect all authorizations through June 30, 1982.
Programs which are not properly funded are discussed below.

.

The overall summary Cost / Budget Report shows that $4765K was
carried over from FY-81, $17558K was received as of June 30, 1982, and
$2596K is planned carryover for FY-83. Therefore, the financial plan-

as of June 30,1982 was $19702K. With the expected funds of $577K,
the total funding allocation to ORNL in FY-82 from RES is expected to
be $20279K, which is lower than the $20403K authorized in FY-81.
This lower funding level and pressure to accelerate many tasks has
caused many programs to have insuf ficient funds available to use as
planned carryover for FY-83 to ensure program continuation if FY-83
funding authorizations are delayed. Immediate resolution of this

problem is required.

Funds were received this quarter for two new projects in the
Division of Engineering Technology: ASME Code Section III - Technical
Support and Containment Leak Rate Testing. Remaining funds in the
closed-out project on Evaluation of Performance of Greased
Prestressing Tendons are being used for preparation of the final
report.

The new project in the Division of Accident Evaluation on
Trap-Melt Verification tests received initial funding this quarter..

FY 1982 funds were received this quarter for two new projects in
the Division of Risk Analysis: Analysis of Proposed New IAEA Basis-

for Transportation Regulatory System and Definition of Scenarios and
Evaluation of Methodologies. In addition, expected funds for FY 1982
which had been delayed were received for the projects on Common Cause
Screening Failure ' Analysis Proceduree and Mathematical and Statistical

|
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Problems in Risk Analysis. The delayed receipt of expected FY 1982 .

funding is still causing problems in the project on Utilization of
Risk Analysis and Risk Criteria. While the project on INR Systems
Survey on PRA is not yet complete pending issuance of a revised -

repo rt , the spending target was achieved in February and no funds have
been expended for the last four months.

Two new projects in the Division of Facility Operations received
their FY 1982 funding this quarter: Occupational Radiological
Monitoring at Uranium Mills and Pressure Sensor / Sensing Line System
Evaluation Research. The project on Maintenance Error Model finally
was funded and is progressing.

!

In the Division of Health, Siting, and Waste Management, no new
funds were received this quarter for either new or existing projects.

.
Some additional FY 1982 funding is still expected for the projects on

| Evaluation of Atmospheric Dispersion Models and Forecasting
Electricity Demand by States. The Methods in Dosimetry for Nuclear
Regulations project was completed this quarter with no additional funds |

expected during FY 1982.

!

.
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Support S. E. Moore

| 0 N D J F M A M J J A S
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Piennee
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'*'am'y Pievee 0 0 0 0 0 27 18 18 24 23 23 24
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cwn.ieuw Aetvei 0 0 0 0 0 27 44 62 84

inenthey varianne 0 O! 0 0 0 0 -1 0 -2

twm.iese verlene. O' O! 0 0 0 0 -1 -1 -3

convasata variance: -3.4%rry Fv eerry
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MILESTONE BAR CHART .

ASME CODE SECTION III - TECIGIICAL SUPPORT
(80474)

rYEl ev 82 ev83 ev av rv ev av ecvono

i e si 4 e 3 4 , e a 4 84 85 86 87 88 av 88

TASK 1: DYNAMIC ALLOWABLE STRESSES |

a. Issue report on combined experimental / /\ !

analytical investigation of allowable I
stress criteria for dynmic loads (Unh.

'

of Akron /PVRC)
-

.

TASK 2: PIPING SUPPORT REACTIONS l/l2
a. Complete draft report that identifies the U O Delayed so tha : Tasl; 3 cipuld

,

i sources of uncertainties associated with be done f rst w
opiping support restraint loads and quar.ti-

fies them to the extent feasible (E. C.
I

Rodabaugh Associates Inc.) E/8,!

|~ b. Provide recommendations for future research _Jh
to NRC with cost and time schedule B/H2

c. Publish report that identifies the sources /\ (! >

of uncertainties associated with piping
! support restraint loads and quantifies

-them to the extent feasible'

TASK 3: FATIGUE EVALUATION FOR CLASS 2 AND 3
PIPING COMPONENTS 4H25

a. Complete draft report that describes the <j To be dono before Task 2
basis for the Code Class 2 and 3 fatigue
evaluation method, shows how it correlates
with Class I method, and recommends Code
changes that will bring the two methods
into better agreement (E. C. Rodabaugh
Associates Inc.)

e a es.n n e ees

' I, 4{ g

_ _ _ _ _ _ _ _ _ - . . . . .
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MILESTONE BAR CHART

ASME CODE SECTION III - TECHNICAL SUPPORT
(80474)

ev 81 av 82 av 83 av av av av av uvono
84 85 86 87 88 av 88s a . , a 3 e i a 3 .

_

| TASK 3: FATIGUE EVALUATION FOR CLASS 2 AND 3
PIPING COMPONENTS (cont'd) i

!
b. Publish report that describes the basis for _A

the Code Class 2 and 3 fatigue evaluation
method, shows how it correlates with Class 1 -

method, and recommends Code changes that
will bring the two methods into betteri

( agreement 8 '82

c. Present recommendations to appropriate Code D/\ g.
committee s

I

TASK 5: PRELOADING OF BOLTED CONNECTIONS

a. Provide reconnendations for future research _jf
and cost / time schedule

TASK 7: EVALUATION OF SECTION III ACCEPTANCE
STANDARDS AND FATIGUE CURVES USING A FRACTURE
MECHANICS APPROACH

a. Review Section III fatigue rules, fatigue jf |
crack growth literature, and component load-
ing histograms

i b. Submit Levosal to NRC to evaluate the con- J
servatism of Section ha fatigue criteria'

|

1 e

ve.. . . ., i s ....

.
. .. . . . . . . . . . . . . _ . . . . _ . . . . . . . . . . . . . . . _ . . . . _ . . . . . . . .. .. . .
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06-31-82 418955139 40 10 01 06 Lotts/Homan
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sac Diu ers/i ET D. A h
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Testing i R. Dou pn

| O N D J F M A M J J A S
- -t , r t.
e aseam este

'ee) E mo 0.3 Nroang

esm,oner (Other Okest)

Solaries (Se a Teen) 540 1540

ansteries a terviese

MIP hePert
am semenvate

Treves ett 064

3m oveases 687 700 _

Totes Costo 2840 2004

ses

,

as

** .

Ptense
..........

Aetuma at

*****,...*_,,,,

88eam'r Pie **e 0 0 0 0 0 0 0 0 3 3 3 4

heee. Pie os 0 0 0 0 0 0 0 0 3 6 9 13

r eeves o o o o o o o o 388eame n

h'*W=e astumi 0 0 0 0 0 0 0 0 3

noenus, versene. o o o o o o o o o
cmies,e versese o o o o o o o o o

Carmataeerry rv eerry variance: 0.0%
e.ee et ever rinenetes t=Peetae

cuarter e/ov/st runsias e/30/s2 Pie cheases

1 0 0 0 0| 0

2 0 0 0 0 0
3 0 15 0 t?? 13 0 .

4
o

w
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MILESTONE BAR CHART

ilTLE: Containment Leak Rate Testing
ACTIVITY NO.: 41 89 55 13 )

ev 82 Fv 83 Fv Fv Fv Fv Fv Fv SEv0ND'

)av
i a 3 4 i e a e i e a e

1. Task A: Review Existing Containment Leak
Rate Testing Requirements.

a. Complete review of relevant 8
reports.

Eb. Complete witnessing of typical F
tests.

c. Complete interviews with d g
interested parties. w

2. Task B: Review Proposed Appendix J
Revisions.

a. Complete review of proposed E
revision to Appendix J.

b. Complete comentary on proposed [
revision to Appendix J.

7c. Complete recomendations on s

specific aspects of the proposed
i revision to Appendix J.

3. Task C: Review ANSI /ANS 56.8-1981 for
compatability with Appendix J.

a. Complete review with respect to 8
potential conflicts with
Appendix J.

b. Complete determination of items h
in Appendix J which should be

G . . . . , n .- . ., included.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
.
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MILESTONE BAR CHAHI

TITLE: Heavy-Section Steel Technology Program
ACTIVITY NO.: ORNL #4189 55101; NRC #6019 0130

ev 81 av 82 ev 8)_ av ev ev 'v. av mvono

e : 3 e e a s e e a s e 64 85 86 87 88 '' 88

TASK 4: Intermediate Vessel Testing

a. Complete fabrication of ITV-8A -A

b. Complete ITV-8A --O |

TASK 5: Pressurized inermal Shock
ia. Complete feasibility study and !!
Isystem design .y.

I b. Complete facility construction ^

| c. Complete PTS-1 lP

| d. Complete PTS-2 V

TASK 6: Fracture Methodology
'

a. Issue draf t report on small specimen ^ '

fracture testing in cleavage regime

b. Complete testing and report on PCC' 2'

Round Robin

TASK 7: Crack Arrest

a. Complete Round Robin Testing A

TASK 8: Cladding Evaluations

a. Complete first test series a _n
I

uc= . se en e ees

5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ - - - - - - - - - -
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MILESTONE BAR CHART

TITLE: EDDY-CURRENT IN-SERVICE INSPECTION FOR STEAM CENERATORS
FIN No.: B0417
PROJECT MANAGERI R. W. McCLUNG
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SUBTASK B. INSTRUMENTED IRRADIATION CAPSUtIS
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|

end of irradiation.

SUBTASK C. TRANSPORT THEORY, DOSIMETRY, ASTM
STANDARDS, AND DAMACE CORRELATION

C-1. Transport Theory
Ua. Complete neutron transport calculations T

of PSF perturbation experiment for
Westinghouse /HEDL surveillance capsule,

b. Complete neutron transport theory cal- T

culations for PSF capsules.

c. Documentation of calculational and
experimental results for neutron exposure
parameters in PSF.

d. Coupled n utron-gamma calculations for 7
PCA.
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" core source benctensrk|'

f. Calculate source distribution and neutron 7
fluxes for twc-year metallurgical experi-
ment and "Bitnd Test," and B&W surve11-
lance capsule aockup experiment and four
vendors and two service laboratories cer-
tification test.

'_

WM 9443F (9 9 99$

. _ _ _ . _ _ _ _



- ||I]i |I ||.)

_

$

y

o
w
o 9v
as ve

v
a

r
e

y
r

av5
e8

v4 V g
a8

. 9

3 s
8

av
e ae

a
T aR 2

8A s
H v
C e s
R
A a

'

B I

7a
E 1

N 8
e T

O v
%T e

e TS
E - . -L s d i2 t

r n r- rd o - oI

M S or i eC en - . - t b t

Ut o l pS pa d5 ss o
Ncf B xS x A0 ses s I

E a " e ee t eid o d

Vf s d l r m0 st r t r
n A Fn P u o u1 sna a

edo C Sa S s p rE aid y d
d ai P P P p s t an r n .
i et 1 a n cM rt a a as
sl a f f - f c a e1 ort s , td

t l o oC o r pS f eS ss S r
ut u S V T SA c ed a
oac n nS nF t ne cr Vd
hl o o o n. no nuc ea I n

o ot e n nd - ast a i i - i -
euc t t t r5 r mf a n Rt

a a t0 t e uol sa RSt "t t "t u ud c l at 1xm a
uia t
l zn n ns ns e0 el oni S s
f au e ee ee N1 Nu d oe s Ma

a s m mT mT E C iv t s T
. f f f t r f a S eneg t u u u

on- s c cd cde oo os oau a Ac
rin y o on onl -t d gS re n
t mo l d . di di u s t t o t a d c ra
urr a s l l s d f e fh f pV n et
eet n dt dB dB p r ad at aoP , ea h p

5 vt t e

rrW0n n a a ri rea" a"nt u A nl d p op occ d d u dMee au b e ceon y s d d n G
t r se sn snx a e et edL0 ac oa
aod t i r i a i ao t t s t n t n 1 c t

lt e . e s s s b S ed ee ea7E wa n
y ys ys l o l m l 1 e ti .u lS m l "t l t l td M ph pt pt M in ua .

c e pU t .l ruN s as an ani T mt ms mnrT vi pt

aooE o ne ne neo S oe ou oeoS ea nb .

CccV D AT Am Amv A CM Cj CmfA Rt I o s
i

n.. . . . . . . . . . .

3 2 a b c 3 a b c d e
.

- - .

C C .
e
v

.

II|||||



j||1i J| | | 1

.

WN

,

o
w
o _, y

mvr

v
a

v
a

-
- v
. a

v5
a8

v4
e8

. a

3 s
8

a
v
e e

a
T aR 2

A 8
eH '

C ' i

_ R .

.

A e
R
E 1

N 8
aO ve T e

S e

E
L l y
I a g
M cyr

i ce -
gnn ,mo

ree a
ud er
l nf ra
l el up
ape t
t eh ar
ed s re
m - eh

sr pt
F ee mo
St p e
Pap td

mu n
fi na
otf o

so i ,
se t n
i t ao

n sdf ii
o yoi dt

_
. t lhh ai

t at s rs
e ne ro
l aMd ip
e n ,m.a or l

ecr a
o cay c
C i t p nl

t a y ea
e sdT uc ,
g i R li s 9

a t tA f mr 9
9m as ee

a t ef nht 9
D St o oce 9

(

7. . 4
4 a 0

- 4
9C

- ee
-

C
s
t

e

0
m_

. _
_

_
o.

_
_
_
_

_
_

-

_
_

u..
.

.

_
_

m
ji



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

38

.

.

.

COST / BUDGET REPORT
-_ _ ~ , . -

90724 E. O, woolridge

Assert ree Ported tasang CIDE act m nAC ask m Pfogeant Deesten

06-31-82 41 SS 54 30 S 10 19 C201 3 Lo tt e/Homan
P'80'em ensagenProgree in:e ameDi., usa ET R. K. Noneted

Revies of Waterials for Cooe Apptcotions em o% u&C 'd**'P**'""'4*"

R. K. None t od

| 0 N D J F M A M J J A S
2 ce,,e vee, .e
e innom au

E*='0 % =e -* of
~

.
sam,e ee (ow sesse)

sneeries (se a to.n) If794
m

eseudos a ser 6.se

asp tussert

# taeenareem See

trees

e o.eeeees 3eso

tones caete 1957S

es

.

es

"
a

' . ' * . * . * * . . . . . . . .... ..... ..... .... ..... ....<.....

.. ,

1. OII 7 8 0 O. 0 0 0 0 0essaine, Piemos D
I M! 14 2 H HI 8! 2 18 16I 1! Icw'edeen Piemos D

I 4 5. 0 O! OI I DI 78temaew, asemes O
I T7 17I 175 Icweedesw nee ' ! 0 I 1 8 12- 17

I 0. O! Oannatwr verieme ! O! O! 0 0 -4 +5
! +1! +1! +1.I ci 0 -4 +1cues.iese versene ! OI O

c"'"*'*
este rv e.,ry variecet +6.3%
e.e,r et ene ria==.es tweet e

(berte, 13 / 01/ 01 runsing t/30/e3 PW 04agne
,

1 16 0 01 16 0

3 % 0 0 5 0

3 4 0 0 4 0

* e

af

1

m_. _ _ ____ ._ . . _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ __ . _ _ _ _ _

)



- - - - - - - _ - _ _ _-

i

k
!

I

39
i-

..

.

COST / BUDGET REPORT
, -- - . t e.

A9042 C. Folenan
me <t se, ' wies t,eg est aet m nec =t. m Peeeren e*= tea

06-31-82 418854321 101902053 L o tt s/Homan
Preeren Too Pweim w

P 1 RobeerTecteology and Cest of Termination Surveys
Associated with Oecommissioning of NwClear m si,a NASR 'd'**************a
Foc Eties J. P. Witherspoon

|N D J F M A M J J A S| 0
. '* Coerent Year to
* asenta em

e, ts. a feest Z ee Nes (L2
anseemme toewe onset)

seier.as (se a tese 2Ses
menemee a seesseen 19 7 C642

meP soport 100

9 tesoureste

fresee

as om 83 9027
,

Totes Ceete 261 42380 ,',

80
.

*

*
s .*

*
*

'
e ' '

o'
e

' "

,, .

j'
*,o

O

as '9
Please '

,
.......... *

,

4

"w '*
r

ese msy Pieves 0 O! 0' 6 6 6 7 7. 7 7 7 7
Cwes* Pieves o' O! ") 6 12 18.' 25 32! 39 48 53 60
isaamer asines o' OI 0 s 0 23! 0 11! O

ICune.ieuw aetaus 0 0 0 _6 ' S 31 31. 42l 42
Iassami, wiese O O O +2 -6 +17! -7! +4 -7

Cwouw wooe O! 0 0 +2 -4 +13! +6! + 10. +3

h '*,ry FY eeery Vorl<rce: +7.7%
, at e.ee Flamoios tapsetee

me e/ot/s Fesias e/30/es P'e Camese

1 0 9 0 9 51

2 0 60 0 60 0
3 _ 0 60 0 60 0

e 4

,

b

. ..

.



>C

8

o.
.
o
v

'
m

s
e
i v
t e
i
l
i
c va a
F

r
a r je e
l
cu
N r

e
f
o
g vn a
i
n
o
i
s
s *
i

.n
1u

m ro e
1c 7e

D $ Uy7
T h
R t

i 2A w g
H pvC d qeeR t yA a

iB c
E o 1 V yN s 3 b

s *-O A v .

T a LS s 9

E y
L e
I v
M r

u e n
S s oo n i 4n d o t
o g i a
i n c t n
t i i a t ta n t n r u y rn o s t o r r o
t n i i u e o p
u) o s l r e t t e
r2 i t t s a e g e a r
e4 t r r t e t a r l
T0 a o o a r r p u es9 n p p s f o g u
fA i e e o f o t r e do( m r r c o s o r nr e n f es e t l D t o r r d
t T f a n i ot s os ds a n f e t f n e f e ao f r i o ms a e r n
C o s d f py t s sm u ti e

t t oa iy yb dy rl r
d n s e e n l w l e em ee oe a
n o o u u e eh iv vo cv pd p
a i c s s m e vt cr rt or pi e

t s s p c ea au un ru uu ry a y I I o n Dp Fs S e Ps S g P
g m e l a
o i v e d
l t r ) ) v i ) ) ) ) ) )
o s u 1 2 e u 1 2 3 4 5 6
n E S ( ( D G ( ( ( ( ( (
h

9
9
9c

e 9
T At B

9

k k
4

9: s s 8
E a a 9

L t t 4
9T b b

I u u M
T S S C

U

9
-

-

g

-

,



- - - - , - - - - - - - -

. ,. , _

'

,

41,

.

m

DIVISION OF ACCIDENT EVALUATION

.

D

e

1

e

m

- .
.

.

. .



- _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ .- __ ._ _. _ - . - ._ .

42

.

'

COST / BUDGET REPORT
.. _ _- _

Rupert Fee Peetes Emeieg COL ase am sett aet sem Peepese Deester

06-31-82
Peepen time Peeve's samusen

* Dm ESA 4Office of Nuclear
,#

h'"''''''""*"#'*"'Regulatory Research out piw

'| | 0 N D J F M A M J J A S
*

.

9

* ,o
*

*
'

asac ,

o'
'

o',

,o'
'

, .

.r
o

..''sce
Y

/ *

_
.

o'
,Y .

*m

'

Pienee
..........

>

aewa M

usamer Piense 851 464. 644 498. 459 450, 473 476. 559 589 577. SAS

casesseg,e Pieved 851 1315I 959. 2457! 2916 3368! 3839! 4315! 4874 3443 ao20I esos
insame, ase as 882 484I 644! 318 ! 453 481' 403I ! 379445

I T d M 2296I 2749! 3230I 3633! 407B 4457Icumusesse mee 839

amamer veviene +1[ +20! O! -182! -6! + 31 -70! -3f -180I I

coe es e variese +1! + 21! +21! ~561! -167! -136I -206! -237! -417
C'"""''eener Fw es er Voriance -8.6%

ovee as e se Flameses fasentes
essete, e/os/si resias e/30/es Pie chase.

1 1863 6t3 269 2222 3855
2 1920 - 4366 348_ 5938 99

3 1920 5049 348! 6576 33

i I*
.

er

1



, .__
. _

I

b
r
5-

i 43
i

!
1 .

I
!

'

COST / BUDGET REPORT
._ _ . _ _

90413 Y. Y. Neu
as ri r., sw.s t*w cm met m auc met. m e..r. e ei.a

06-31-82 418955118 60 19 10 01 Lotts/Kr ees
Proyen Tuse P'eFee temagert

sac ow ars/2 AE u. EL Herskovitz
Adv0nced Instrumentation for Reflood Studiet 0% DN l&C " ' ' ' ' * * * " " ' ' ' ' ' "

J. O. HyIt on

!| 0 N D J F M A M J J A S
-. v

* asmam amie
~

#

m (se a feen) E mo 3.2 "y.ne. 3,4

ese toen op.ei) 0.9 u
seeeries (se a fee 4 16154 210541

esemesi a servi.ee 27206 201277

aaP se,ent 326
" suneenweete 3226 23852

Trenes $178 3t$10

augs o.easeos 2 62S istlet

718700 |Teams ceste 4447S

e
anus

W.

, * * * '
,,.,

,.*"'
.-.......... ... i

....- s x
a.tme ses . _.

f'
_

/
t

Iuname, ps mos ?g? 110 . 12 7 14 2 80. 80 80 805 10 5 105 10 5 105

Cww8*** P'**ms 19d 3 01 428. 570 650I 73 SII 8 10 890! 995 110 0 1205 1310

unty asemos 19M 110
! 12 7! - 17 54| 29I 63 91! 68

Ceed.8ve astues 19h 3 01' 428I 4 11. 465! 494 I $57 648! 7 16 !
! I O! -159! - 26O I - 51! - 17 + t1! -37Iunamer ww5'see O

cwndeum ww.m. 0! O I 0! -159! -185! -238I -253 -242! -279!
c menes.e,ry tv es,,, varianer -28.0%

.we e2 , riaensies t.,ee t.e
eserte, lo/ol/si resias e/30/m2 Pies enanus. Variance due to delay in

" " * *

1 310 0 0 310 900

2 310 900 o 12e o
3 310 1000 0 1310 0
e

4

<

1.

|

|
u

1
l

I
1
!

!
!

- - - - - - - - .
- . _ _ _ _ _ _ _ _ _ _ |



1 4| |

-
S

'

o
n 'o
v
e Vs'

r
e

v 8
a 8

r 7
e 8

6v 8e

v 5e 8

a

a
4
g

a
r
e e

_e

R qs gT
3

A iaH vC e e

, R
_ a jA

B
_

L

g, ME yi
N 3
O v e1

T 4 e
S 0 e

B .E .

)L S dI EM e
I r eD i

U t u
T t s q
S s e e

e T rD T
O n s
O n w a
L w o (
F o d
E n d e t
R' o e k r

i k a o
R t a h p
W a e h S p
P t r S u

n a f S
R e w n o
O m t i d
F1 u f a l

0 r t o e t e
N t r S t a i
O0 s o a D F
I1 n p e p
T I p t i e e
A9 u e c s d
T1 1 S l i y i
N 1 p t l v
E0 - 1 m r a o
M6 L o a n r
U K I C P A P
R P
T k

NO.
1 s ) ) ) )

tS e
a a b c d s

-

IN. k t ( ( ( ( e
s b

DY a u s
ET T S i

CI r
eNV t

AI e
VT s
DC . e

sAA 1 c
v

,

g

!

: .



) i|||II
.

f

e

o
N
o
Y

, f
D ''

T
F

V 8
F 8

!|

T 7
F 8

6Y 8F

Y 5F 8 .'

_a 2'
<n n
;a ,L

4 s
g

a
T

^3 g .o : ,F e g g ,=
, j g 2=
a L

T /
sR )

A $ a
H T
C F ',I , .e

R j ; ,s
A a n
B j m

ei2 sE $N 3
,

aO Y1

T 4 F
e S 0 e

BE
tL S nI EM I

k e
c m

D o e
U l r
T B us

S s
t a

D n e) e MM mi
l e n y
F r o d
E u i n o
R s t o G B n Gn a a i R s o R
R o t e c t F g r s i FW i n M i a a o c t
P t e r c n r ) s i a n

a m P b i i D 2 n n c i e
R t e D a r e o i r
O n r F b d e & S r r d a
F1 e u n a e t L t b e w

0 m s g s F l a 1 N f c a l t
N u s i c l n l R o e F l f n
O0 r e s i m a o P e O l a o o
I1 t H e n n e t i p n E s t S i
T s D o o t s t e y t o c s t
A9 n P i r s n a i T a i f i n w a
T1 I D e t t y I t T ( t o n I o t
N t a c S n x a o l n
E0 F

l i l e e m 2 n o c n r m F ee c e m e1

M6 T g B i g t e m
U P 2 p r E g t u 2 i r i c t e u
R U m b r s c s d b s e s s c
T k o a P u y o k e n a e l y a o s

eS . 2 s C F D P S D s D E F D E S M D
NO a a - _e

eI N k t t _

s b ) ) ) ) ) ) b ) ) ) ) ) ) ) ) s
_DY a u a b c d e f u a b c d e f g h e

_ET T S ( ( ( ( ( ( S ( ( ( ( ( ( ( ( s
CI s
NV .

.AI
VT .

.

NDC 1
AA 1 c

u

*

*

i|! j, :1| i|



_ . _ _ _ _ ,

___ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ . _ _ _ _ . _ _ _ . _ _

46

.

.,

I>
b

>
s

> e
6 e

> >
h e

> e
6 e

^ -

gi '4

*4 A

r: ~ ..
. -,

. , e 4

,g 's 'u

s- *|E e
* a
>
b en

.eg
g gj '8

. :
__

-
p
ese a

1u i
-

. ,
_= .

d tn >
* W OE A

"B *
-

,- A
En 9

w
N

e e
b N
O

k w 0
W u w
K 6

** - C Q
b as a
G = b

e
.C & C

W es Q we e.O D w 6
b" 3 *t|I e

O w A e 3
E ec e == w
CO w h. == C me
M= .as e o o
>= 4 C e w we M
*C t|P t C & a w
$* ** he we we g g 3
Z $ w C se e Q
WO e O C ==
E@ M C 9 he E he
D * 90 we w e
M N we >s u
f* ** e & G ' w a

e U e
to e .at 9 e == h o e* T
EO e o ins W in Q fe e
=E e s

u
ON A A A A A A A -

#

WH 3 e A & 13 e es
gM w w w w w w

<- ;

Ab h<< y

.

O

. .)



] ii

. -

.

. -

.

.

-
.

.

.

pu
.
.

,
.

, .

e
.

.

.

O

0"
"_ e

P'8
-

|

'
'

Y 8,
. ' 8

7
_ ' 8'

' 6'8

Q
5

" 8

.

.o4

8_ s'
'

e
;

a ;
, ,

T j jaR 1
A 8 s_H ;

'
C ' e

R ;
jA 4, ;B

s_ j
2E 8N 3 aO 1 v

T 4 ae S 0 e

E 8
L
I S
A E n
I I n iD o

s U i nT t n oS n a o i
o t i tD i n t aO t e a t sO a m t n tL t t u n e aF r n r e m DE o e t m uR p m s t u r t f tp u n r r t r o rR u r I o t s o oW S s t p s n p s s pp i s 1 p n I p t i ps s n 1 u I I u e s uR n i y I I - S I I S I S y SO o I s l I F I I I I lF1 i - y a I - T d I - - d - e a d0 t F l n - F C l - F F l F e n lN a T a A F T S e F T T e T r A eO0

T 1
t C n T C i T C C i C h i

I n S A w C S e F C S S F C T w Fe o S t S I oA9 m e l a e lI e e l eT1 u I c d e 3 4N r .
d F e 2 lI d s F d
i v i i v a- i y iE0 t 3 v s o 3 r v o 3 t F v 3 l s vM6 s o s m b o m sT o a s oU n k r a e k a r e k nC r k n a rR I s P M R s F P R s I S P s A M PT: a a a aS . F t t t t

9
9NO T b ) ) ) b ) ) ) b ) ) b ) ) ) 9

I N C u a b c u a b c u a b u a b c 9 -
S S ( ( ( S ( ( ( S ( ( S ( ( (DY 5

ET
CI 3

(

7
NV 8
AI k e

eVT s tDC a
AA T et

C
U

e

_

9 _
_
_

_

_
.

_
.
.
.
.

_

_

_-.

'

.

fI| |, u



II 'I i| ,1

*

'

o
w
ov
a -s''

r

fe

_v 8
a 8

r 7
e 8

6v 8e

5
v 8e

e <*

a
;'

A
m

s
r
e 3e

_a_

T _aR i

A n :H v
C e _e

R d'

A _ a
B
E ga
N 3 sO v1

T 4 9a
S 0 e

BE
L S n
I E o
M I i

D t E
U a
T t
S ne
D m
0 u
h e r
l e v t
F c o s
E n s r n
R a m p I e

t t e m c
R r s l I Ln
W o i b M a
P p s o o R m

p s r t Or
R u A P o
O S s ff
F1 l e p or

0 l a c e e
N a c a t yP
O0 c i f S c
I 1 i n r aF
T n h e A uT
A9 h c t Qy qC
T1 c e n t eS
N e T I ti d
E0 T nl An
N6 e e ei o

d v mb sU 5
i l ea sdR

T: 3 v o l i ee l

S . o s pl ss 4

NO k r e me sa e
IN s P R I R AB t

a
9DY t

ET b ) ) ) )
$

TCI u a b c d B
NV S ( ( ( ( 6

AI 4
tVT

DC et
AA C

W

,

g

l l | |



_ _
. .. .. .

.
.

.

49

.

'

COST / BUDGET REPORT
-- --

80401 A. L. u. Hon
m ert For Penee casig ont ase m eac nee, em Peeerse omatenu

06-3k82 41 89 55 11 S 60 19 01 30 MreseAotte
Proyee ime Peeeren assagers

sac Diw usa AE a a Tm
Acwonced Two-Phase Flow instrumentation for ontoi ETD ' " * * * ' ' " ' * * * * ' * "
Pcuer Plant App Ecotion Hardy /Xress

| 0 N D J F M /. M J -J A S
= -t .
* ensam este

ause e, e.
De (se a Teen) samme 13 yeere 11

enmessee (Osw Deest) to 0.e

Sewise (se a t ee) 5859 57504

easteesee e teeeieme 8064 63009
nIF Suspert 1 79 #

,a
E Subsentreets ,

,
#teeset 2 70 J644 ,*

,
'

me oveewes 5207 38079 _-
fetue Caste 2SC 163203 *',

*/*y <

.-,,/.--
,

*

* "

;s
'.y

_ ,, ,...

. V.,,
. e.
..........

aenee as ~

insamer memes I 26 5 15. 24 24! 24 18 12. 19 19 lb. 19
cunwes Pisees 25' 31 46I 70 94 t'8$ 136 15 4 ! 17 3 192 2 11! 230
ism.ms, met me 26 $! 1SI f7 13 20' is 30! 22
cowesw memes 26 31! 46! 63 76. 96I 112 14 2! 164
esentney venee. 0 OI O! -7 - 11 I f -2 +12! +3-4
cunweg e versemee_ 0 O! O! -7 -18! -22! 24 -12! -9

ee,,, r, .e.,, c- '-'= varimee: -sa
]ew, e2 ever Flamelee tesetes

Omerter W/01/04 Fansiae 9/30/ 82 Pian Chegno |

O| C 113 14 2
1 113 |

2 tt3 14 2 35 220 10

3 ft3 14 2 35 220 10
* f

,

1
|

et

_ _ _ . _ _ _ . _ _ . _ _ . _ . _ _ _ . . _



j 1

$

9

a.
.
o

8y
c Y _o#

_
v
'

'
'

v
a

v
a

v _.
a

4

s 9
n
o

3i v
t ea 1

. e
- t e

i

T p
R p 3

A OA 3
8 3H t hv

C n ea 9

4 h SR l

A P 4 -

B r.
3 -

E e 2
N w 8

8o 3O P v

S r 5 -
! e 9

E o
L f

. I

n .M o e.
i b
t o .
a r
t p
n
e c ,

m i du n er o t
t f s s es o a e bn r t o
I s . t r

t s l , p
w s e u d,

o e . id r t i
- e c

l T n
F5 o u o a n

L . i t f c o
e1 E m t s i s

. s1 Ne a n r a
a It r C o b r
h5 s b T i a t
P5 ny i J t f l

os l H a u
,

o9 a c e
w8 tP C n i b n

_ T rD o f o o
_ 0 o r i r

d4 pe e t c p t .
e es t r e . rt
c ru e o p cd onn: o M p s i e pe g

ea . eh e nt em svo t g e r m oa rp e_ dN en n u sr o_ A li i l m ab ll
g
3

y pt b a i ri ae
.t ms r n t tl nv p

: f1 oe u i p l a ie p

e<0 CW T F O Uc Fd ,

e
l* 4 e
tt , s

ic0 . . . . . .
e
eTA8 1 2 3 4 5 6 w

9

_

4

h .

.

.

,.
: I



_ _ - _ _ _ _ _ _ . _ _ - _ _ _ _ _ _ -

51

.e

.

COST / BUDGET REPORT
L nn n= une Projesi immuyn |
'

90463 J. It Reyers,Jr

Report For panee (asing oSL aat h sa: ask h Progree Deesten

06-31-82 41 89 $5 13 6 60 19 01 10 L o tt s/K r ess
Progree assugart

Progree Tme selc em ars/; AE C. EL WEne
I

' ' ' * * ' " ' ' " ' ' ' ' ' ' * "Evolirtion of Bsidie Neot Transfer oint oiu ETD
Wodels and Correlations Arelom/W5 ne

| 0 N D J F M A M J J A S

I current , veer to
e essem este

Meen) Z oe 2.3 Neo47m ,

inspesos (0mee Skeet) 0.1 CL1
,#

,

,'*
Seiertee (Se a Teen) 12728 264S31

GAD 4 '
isetories a sere.es. 21846 225520 ,

,
#

acP tapart 7068 997S2 *
,

,'888 sesenersete 999 866 ,7
frames 1995 11SSS

<
,. - e.3. , , ,

_

,

,'Teene cents 58547 790983 ,

I ,#b
,,,

..t/ \-

.v=
.

"
,

_'* ,
,

,,

/
,,,

"1"*.......
,/muun

asenmy Piemme I g7 79 99! 99 101 91 88 88 88' 88 88 89.
II 1095I 830! 910' 1008w es. Pi.e e 97 176 275I 374! 475! 566! 654 742

I !! 94! 93 111 S9taawy metas ga 79. ggI 70! 88
ICw'ta e** ***ee8 98I 177! 276I 346I 434 529I 6 21 732 791s

innam8y vedene +1! O! O -29! -13 +3I +5 +23! -29!
We** varione +1! +1! +1 -28! -41I -38 -33 -10! -39!

8*'""'" Voriece -4.7%eerry tv entry
e.ee as euer Fiassion t eted

esorter 10/Ct/et tapslag t/30/s2 Pies Chegno

1 690 0 34 665 430I

2 756 403 64 1095 0
-|

3 756 403 64 1095 0
* 4

.

- - - _ _ _ _ _ . - _ _ _ _ _ .



|l!l

.!.

9N

'

*

n
e
e
n
v
es"
v
a

v
a

_v
a

r
e

v 0
a 8

*. '
\k

. 1
1 U U) d8
1 A Uv

a
1 V 9 U
L 9 -

T
R s 1 Wn 2A o 8
H 1i vC t

a 1e
R l

A e
r 1B r

1E o e
N C 1

8 1O d ) v
T n 1 e LS a 6
E 4

IL
s 0 el 8

M e (
d t
o a
M 0 e

1 H
r me 1 S a r s
f 0 N e e n gs D t f o nn 9 - S s i ia 1 t r n t tr s e s o a a rT 0 o f l t r l 2 3 o6 P s e T e 8 8 p
t n a d n a r 9 9 ea C w a t > o t t r 1 1 Re R o r a M i a a oH N l T D t e D C w w d/ F a n c H e e ne 6 t t r o e r t i i a
l e a a e i v a e n v vd 3 t D e f t n n n n f i n e e sn 1 a H s c o o o l s l o t R R iu i t s n a i C i l n i i n sB 5 d r s i w a r t t i a o t e r r y

5 e e e s o r F a d a o r B a m a a l
f m f T y l T u e u B T u e e e ao 9 r s l F d l c l m l s Y Y n8 e n F a t i a rs a m t l a a - - An t a T n w a o v on v l a i v n d do 1 n r H A o e V E F o E i e F E a, i i ei 4 I T T l H i F H M M M t
t t e t et t e t aa

a
e n e t n t a n e t n t t nu : z e : r a e al e : r a e : c c il . l y m 2 i u m ue m 3 i u m 4 u u d e.a O l u u l u l r u u l u d d r ev N k a c k q a c ar c k q a c k n n o eE s n o s c v o vo o s c v o s o o oY a A D a A E D EC D a A E D a C C C sT t t t t e

: I b b b b ,
E V u . u . . . . . u . . u . . . s
L I S a. b S a b c d e S a. b c S a b c .

e

T T .
I C =T A . . . . cl 2 3 4 w ,

,

r1 |||l1l1 ll|



_ _ _ _ -

i

]!

53
|

|

.
!

i

I

COST / BUDGET REPORT
._ _ P_4. , _

90127 R. R. Sherry
neeert re, an,ies casie, om ase m eac net. m Peeresi cession

| 06-31-82 4189 SS 10 8 60 19 13 03 Kr ees/Lo tt e
Progreni inna P'*#'*'' "N

nec cau assA AE R. P. Wichner
Fission Product Relecse from lwr Fuel ont ein CTD ' " * ' ' * * * * " ' ' ' ' * "

M. F. Oenorrie

| 0 N D J F M A M J J A S
i co , ve ..
e essam este

ease we
m (seaTW seenme 4.1 yeere 2 9

aseeeene (Ovee Dreet) tt 16

seeersen (se a Teen) 19291 428 0
as

ameeeees a seesi 9362 200000

asp Saoert
,

#W Smeenereste 5819 ,-,
Treet 8 19 ,a

em Overesse 91S 4 11310 0
,

-

#
totes Ceete 37809 4 912 81 ,",

"i 4, ,,

\,*

*

ag ,. -

I-
,

a

* un
Pienne
..........

metas ans 7

as mer Moses 83 62. 55 51 51. 51 51 51 69 69 88. 88
cwouw ****=8 83 14 5l 200 251I 302! 353 404 455 524 593 es1

i I 729
insam'r aetum f 83- 62! 55 56I 49I 54I 47 47 38
Cweta astues 83 145! 200 256' A5! 359' 406 453' 4 91

I

O! O I OI +5 -2! +3 ~4 -4 - 31Iassnmer vers ine

cwes vers 0| O! O! +5 +3! +6 I +2 -2 -33

C*""a'*es,ry rv es,,, Variance: -6.3%
e.e, a2 e.ee Fiannaies t e eies

Omerter E/04/st Funsing t/30/02 Pie Cnengen

1 29 14 3 0 172 487
2 29 599 0 628 31

3 29 700 0 729 0
*.

1

|
..

1

|
|

|
|

j

..

- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _



1
b..

.

u#
n

9

o
o8
v8

e. r .
r

v8
a8

A'

,7
,8 9

1&

v6
a8

v5
a8

r4
e8

2, ) '

1 ( i 1
w

a g
)7a .,

') '

t8 , 2
'

(
ev

. 1

2
a

R' 1 , h

-

- f'
e

f B ',

T !,i

R ' ,' -a
2A i 1

8 eH vC e s

R
A e
B i

a
d

E T1
N 8
O v
T e
S s

E 4

L e7

IM
l

, d n bl h ae g C sn a rcu u g a
1ea n e'0F o n i a t

r i 0 c , R f
.1

pR h r 1 es - arN t i 2 pi r a l
I u ss e a d s

1 q r y s f s n h
m c os rl a i o a t
o s a ft oa l p n
r ) t s f n s n o
f 7 s s r me an f a i o m

2 n e o et m i o t D i s
e 1 e t f t e a s g t t 3
s 0 m s sn t' r n 'r e e n ps (
a 5 i r st yw s t r o y T t i ie
e ( c o t n so y e id s s t rt s
l e f na d s l s t o e a r c t
e 0 p el l e .a y ah l s W o st r
R 4 S s mu lk esc l ut l a / p ep o

n em aa t ,i a l e a e n e d e p
t 1 l e gi th a t n am t l o R c e
c 0 e m ns ss cny A v s e i sn r
u u i a n i ol ee n R t d uo
d 9 F c rd ie ria s t i a n t c y
o 1 g e rn ,t bt n e ya t n a a r
r n f p aa e aaa i t n , c i rf a)
P 0 i o s el f c c i r e u m s ao nta6 t el t p ie e l e t d a i p m sn s n e t e n am ,fl p it a o x s ps ue
o e o r eu o co nip S bl c r E y at st
i T i a lf i ic gti i a i P l l
s . t p p t r i nt l s r t a t u ah ,

.s O t a e mR a bd sel a ad b n s n ss tc e
i N p r r oM c an ed u c en a o e A ee aa eF e a P CI i F a Dim i F a F i t Tr De

Y c p r m s t a ,
T n e b e s s t e

: I o r . . a . . i, o a . .h i. . v
E V C P 1 2 F 1 2 C 1 2 F P D 1 2 a.L I
T T
I C . . . . . . .

.T A A B C D E F C

.

e
w.

.

4

.

k



55

.

.

COST / BUDGET REPORT
Fi. _ _ P.e, _e_

90122 R. B. Foulde

Aspert Fee Peries Emeteg Cast act No. NBC Ae k fet Peegreat Dtetten

06-31-82 418955112 60 19 13 02 Lo tt e/K r ess
Preg,.m in,. Pe eeen unusen

unc piu arv, AE S. J. Se e

HTGR Safety Analysis and Reseoren m eiu l&C 'd*****'"""''''**
1

S. J. Sol
_ [

.

| O N D J F M A M J J A S
2 Cuores weer se
e ensein sie

Eees@ E mo 11 feare uan
eseoseen (ovee D&eet)

seierie ne a toeg sees 13s0ee ,e
essieeies a seMese 2368 21177 /
asp hopere 806 8700 /

,

E8 /Leeenweete p
Tremet 876 483 ,',

'
ese emeesees 7648 S2450

,

Tesea come 3991 225572 ,

.e

e *

ass

/
[- g

/ '

/.
Pesome # "i

,.*..........

is _menusa ,-
,

/
assamfr hemme 20 20 10 15 33 33 33 33 33 33 33 40
cwedesa mesee 20! 40 50 65 98. 131! 16 4 19 7 230 263 296 336

ase mir aseems 20I 401 10 4 23I 38 25 34 32I

Cwedes* Astees 20! 60 ! 70 74 97I 13 5I 16 0 19 4 226'

of +20! O -1* -10 ! +5I -8 +1 -1.taantner versease

credesa vedene OI +201 +20 + 9_ -1 I I+4 -4 -3 -4I
0*""**seery FY eerry Vari @Ce" -L7%

emer 42 ewe Flammiet t=Peeted
me e/on/sv F sia, s/30/s2 Pien chriese

1 290 0 220I 70 266

2 290 280 234 336 0
3 290 280 234 336 0
*

e

1

L

=

- . - -



,
| | ' ; ,1I|!1 ]

Le
e
t

.

O

0"
"
8 ' 8

'

-

'
'

'
'

Y
'

'
'

"
\ g h

/~ j C4

3A i
1

2 t
'
'

1 -

b 7 h
r' A-4 *

T
3 -R t k

A 2 a
H 2 3 -

j
7

1 v
C 0 e ,?

R 8 7 /- / 7
9

5 T gA _4 . _
B : _

N 73 _ k
.

_E I g
N F 2

-3O v
T e

- _ I -
.S 9

E .
a IL d s t m g

I n - t re e nM a a s ol - c is s t s e pb C n t
i tl n i t po Ry e n is ne e s ur Nt Vu o sty ed m y V sp e S q n 9

l no u l S ff Te k nd ea om c a F l g oa s rinmn p o r n an S l o ap
A ms D oR A e ci t at) wR ooc fC z i s rR inA calh y ci e T y y nn oC t eS ATR ec t m d sH t l h e pT idA SHP vr e R a o e e a cc eH niS A ea f Cn C d) f n ei r i c( S)fde a T y ot a a tl d c t os S Hd e C( S eeh eas e( ae V t W d eV t rc t e t WtiR d ems e yM d n dS eor ees eMrrn neF l f n a iF l sa l ry l oed a i t pn i0 a v pne pel p0 p tn f sr mo d4 n or mos mva m4 pia s s eyo oi o2 s u ro ope oen o2 ur
m d Rsf Ct M2 m R Pf CSR Csa C2 scs e o e

i t h t
s s t s
y y e . . . y . . . . .
l S M a b c S a b c d ea
n
A

.
y . 2
t 1

.e k .
f k s .
a s a .

S a TT .
R 1

C .
T . ,

.

.

H 1 2
.
.

.

.'

.

.

0



. - _ - _ _

. .. .
. . .. .. . .

..

57

.

.

COST / BUDGET REPORT
-_ _P.t-

90453 D. Hoatson

Aspert For Portes (neing m Act seh leC Ask fem Program Deesten

06-31-82 418955 0 5 60 19 01 10 Lotts/Kr ess
P'*G'*'s asenger:

Progree TReet
'ec ow arsA AE p, p, w;cnner

Post-Accioent todine and Teturium Chemistry est N CTD '"'"''d'*'*'''''*"

L u Toth

| O N D J F M A M J J A S
t .e.r te

e ensom ete

E'oe.o ||||".e u "||:. te.
(ovee Deest) 0.1 0,1

Seiersee % e Teen) tes? C3.%
e

sentestes a Seeslee. 3297 66256

asp tusenet 506
88 Seesaweets

Tremet 1364
#

un 0 mees aset S2336 ,-

Tenes Caste 17107 224436 ,
,

- ,e'
as _'

.'
.

,*

>ae / .-

| ''

j. - -. , ,.

.

-
.......... j,.i

EAstunt g

/
is mer Poemes 24 UI 18 24 27 29 28 30 30 30 30 30

ICuamatetive P's==8 24 41! 59 83 11 0' 138 16 6 19 6 226' 256 286 316

18 28 33_ 66I -3 24 Uamminey astues 24i UI
tw sos.e asteet 24 41! M9 87 12 0I 18 6! 183 207 224
emamir ve,seus o o! 0 +4 +6 I + 38! - 31 -6 -13 I

Cummeieifve verisme 0 O! 0 +4 +10! +48I +U +11 -2

C*""*'*es,c, rv encry Vori< rice: -0.9%
euee 82 over Finemalet tapested

heter s/ci/Si runsig e/30/s2 Pian cneasse

1 131 0 15 131 200
|

2 131 19 0 15 306 10

3 131 200 15 316 0

4.

e . _

- - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _



.

4 )I|I'

wC
D

.

o. 8e
o8 .
w
co v

a
t

k s a
. adv8 r ra 8 o we sa g tw -

I n nyo O o e
v7 d Hl n .

l o i da8 a yro
t

-

f ps i pe
i

v6 f td xe
f

e 8 f nn E n
a i 7 e a

u K d : tt
i y J os ov5 r . eni

a8 f v oas l
o e 7 t s t l :

s r e*Kr
k p k eo c0

v4 c rcf n5
e8 a n oef a1

J n e CL i

. _ .

3- 7 7
3
8

- 3 K
3- b
... [V

v
a ._ } 7

E K
T

3_R 2 . I f
$ qA 8

,7_ IH
,7_ ffR jIA .- 4

B
,

E 1

N 8 ,-
O ,
T , .

y .,S rE t
L s g
I i . n d n .
M m r o n i1

e S n r a z s
h s - o o .i ,l

.

C e . p ii b n Rd5 e
t u m dt g Wi v

m a R u nas; i P x0e
u R d s oreC s o l
t e f a ct m* s e n
r t n os d ) ni0 t d don- u r n n t i C d et5 s t nio
l o o a sc d * l c 1 e l sat r1

un0 t l e aol p i l eu o 5
e s r t p t d i 6 B go1 ,a e t grb
T ) n o a ao ( 1 c Cp d c nt

3 a t u f r r c n 1 d* p i sinf
d 5 r t l o p i e- i ; n5 u ) nceo
n 4 T a a t n r p0 a60 l C ouc
a 0 u v y rn a u s m1 0 f * id ne

8 d l e rh oo g t t u ,s5 0 t eog
e2 p 0 i rcne ( n a ac pi r a s s o 0. rn a v y ma ss o r e t m 3 d a

i 0 e r mo ns s e t r 1 uo u ( n;er
t s oCn- d 1 s t ur ai n t p o6 ,t_ o n y s sp rf o s m r f a e c* i;

I 1 o r i - p t s e e o e1 r0 n r 0dl
0 i t m ea r t e T t f sg e, n o u d5 oa

t i1i nt t a e d f e rt t n0 s
n 9 a t h il oh oa y w t sa mo t a u i

r qe;me 1 u n c d a t pr r os r er , ei r e"d l e ot no e t l t c t 1 t t o i rso
_ i 0 a h m t n o rn s s p t a p pI l unni 0. ; r e m* t o_ c 6 v c u e i s o i ee e ep

c E i cm t u yi m t t r t 0l t r e* yais
_ A e r ii al rt e e e; an t ' rrt e ,

y n u nr up aa h l d t l sene t aeim .- t. r i l ae l n m C pi f pngi c f h m pd i .t ns O t d l gp a , a r mu a monmn a g imnt
o N s o e r x vs uo e ol r oiaoo r i* reo .P i l T Oe EC Sf n Cf D Ct rnc D H* PTc2 .

Y m i
.

: T e d .
I h . . . . . o . . . . . .

E V C 1 2 3 4 5 I 1 2 3 4 5 6
L I

T T
I C . . .
T A A B

+

e

E ( l||l }



i . . . . .

MILESTONE BAR QHART

TITLE: Post-Accident fodine and Tellurium Chemistry

ACTIVITY NO.: 60 19 01 10
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e a a a e a a a e a : a 84 85 86 87 88 " 88

B. Iodine Chemistry Tests (Cont'd)

s. 6
,

7. Draft report for tests B.6
l

8. Primary liquid conditions test - BWR.
Temperature 286*C; todine concentration
0.01, 0.1, 1, 10 times nominal; range of K7
oxidizing conditions

A5
9. Draft report for tests B.9

10. Draft final report covering all tests l'n
Subtask 5 u

o
C. Ellurium Chemistry Tests

: 1. Tests for sump fluid conditions (see 5.3) --b?
b2. Draft report; tellurium tests C.1

3. High temperature (300*C) tellurium tests y
(a portion of test matrix B.7 and 5.9)

4. Draft final report; tests C.1, C.3 .d
D. Ormanic iodine Tests

1. Tests on formation by gas phase reaction
with methane and CO ; using 12 and K72
gaseous iodide

2. Draft summary report, tests D.1

3. Tests on formation by gas phase reaction
-

(12 and todide) with condensed organic --

oc . . . . , s i .-..
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A. Review Documents -
Ik

2kB. Detail Project Objectives

kC. Define Risk Criteria Performance k
Characteristics

1P1P JL Comrleted pric t.to completion date.
D. Evaluate Criteria '

1. Identify

2. Evaluate $
3. Interim Report (WD) on Tasks 1 and 2 s/l 2 9/ 12 w

/i/\()() Delt y in FY-8 fun ( ing.

E. Rank Proposed Criteria
1. Develop, weighting scheme
2. Apply weighting scheme 9' 8,<

Tr/urQ Deld Y in FY-8: fun < ing.

F. Approaches to Risk Management u ''

1. Identify alternatives

2. Evaluate alternatives
3. Interim Report (WD) on Tasks 1 and 2 9, 82

/@ Dela.y in FT-8 : fun < ling.

C. Prepare NUREC Report
' "E*

H. Identify Hierarchy of Objectives that an /(

Appropriate Risk Coal Should Serve
A

I. Develop Implementation Scheme for Managing
Risks within NRC Organizational Structure
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Title: Continuoua On-T8a- Dar9 tor Noin- Surveillance System Evaluations
Activity No: 41 89 55 12 0/" C #60 19 11 01 (50442)

PV 02 P V 01 PV 8k PY FY PV FV PV ofYoND

85 rvt : a 4 e a a e s a .

Task 1: In-Plant Demonstration of On-Line
!!oise Survelliance System

a. Complete in-plant demonstration
of the steveillance system at
Sequoyah Luft 1.

b. Submit plan for demonstration
_

of the surve 111ance system at a BWR.
>*
O

c. Complete draf t description of 00
hardware and software for the
surveillance system.

d. Transfer surveillance system to BWR.

e. Perform in-plant demonstration of
surveillance system at BWR.

Task 2: Procurement of NRC Surveillance
System

a. Submit letter cost estimate for a
second surveillance system.

Task 3: Data from Test Facilities

a. Record noise data during tests at
m,T.
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* TITLE: Maintenance Error Model gg,

s

ACTIVITY NO: 41 88 55 03 6 30461

Fv 81 ev 82 av 83 av av av av av esvono
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.

{l..Taskin Scoping Study
, . .

- a. Review existing human .

- rellability methodology for -| --Y'
.

appIlcation to NPP maintenance*
,

,

a tasks
'.- 8} .
.i,

* f. b. Survey potential users to y;
identify model requirements h- *

w
H

Perform Initial Job / task .g *
analysis t..

,

_y.c. H
,

5 '') e ?/1 5,,

_] hd. ' lssue ' comprehensive program j.;. . ,

plan ;I i ;
*

| g'
. Review current Job performance! {

!i

I - e. Deli teic ue tc charge in Pros ram 7 lan.h i alds (JPAs) for NPP maintenance' _p {
,

, .}, tasks and provide comments to
i' NRC on potential JPAs

,.|
jr.

. ..--

3

[2[' Task 2: Model Development .
, .

*

't
.

8

'

i: , a. Formulate analytical model 57,

di t '. using existing methodology as '

. |{t, ," - j possible
' '

,
,

Collectnecessaryjob/ta'sk''( Nf+,r b. a

.f analytic data to support model
I

..

' , ' , ' development-
, |t '

,

~
,)t '* g .s *

( c. Develop computer simulation. g, ,

* model.-
|
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* !2. . Task 2 Model Development (Continued).. ..

b-"

d. Debug and document computer i
,

modeI i- |.

.
.

;
>

6 3 Task 3: Model Validation 1

I.
'

a' a. Select sample cases and E |
'

i' i; identify required input data -
g

'
w I

-- for validation -
g

n |

, . b. Collect necessary input data _7.

' '
,.,

v: a .
*

J ,s i c. , Apply model to predict .'. r7;3
t- maintenance personnel H
#'

i ,- '] '- . reliability for sample cases
*

. ,
, yd. Collect and assess available. b

'

j, .,- . data to validate model

)d. . ,' . 'j-
'(. prediction -,,

- , -

* i
' ,3

'
.

s
i .

)
s. 2

e. * Document model validation ji: ;, , e
!l' .i

, 4i; Task 4: Transfer Model to Users: ,
,

y:.5 . .? Develop necessary training,,,,c
.

- *

* (,Q 'e $ - .a. .
-

-

s.{$ auterials and documentation ' H -

| ., .. # <g.-

*

..

|

,. ;i b. Provide training courses as '
'

.>. g necessary to transfer .fs.
methodology and data collected'f.. .'t s , p'-

- -

;,
*

to users
,

-.-- .
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MILESTONE BAR CHART

Title: Noise Diagnostic Methods for Safety Assessments
Activity No: 41 89 55 11 4/NRC #60 19 11 01 (80191)

,, 82 ,, 8 3 ,, 84 ,, ,, ,, ,, ,, ,,,o,,

85 R6 87 ,,e a a a e a a e e a y

Task 1: Monitoring Methods to Detect and
Quantify Flow-induced Vibrations of
In-Vessel components

a. Complete assessment of sensitivity
of neutron noise for PWR fuel
assembly vibration monitoring
and submit draft report,

b. Initiate study of feasibility of
, [

detecting thermal shield vibration s-
with neutron noise.

c. Develop program to obtain capability
to calculate vibrational frequencies
of in-vessel components for NRC
approval.

Task 2: Surveillance and Diagnostics by
Noise Analysis

a. Obtain continuous baseline neutron
noise signatures from Sequoyah
finit 1 PWR.

b. Complete analysis and cataloging of
baseline neutron noise signatures
obtained from operating reactors and
issue draft of final report of
baseline neutron noise signatures.

oc ..i n e s .-..e

o e I a # 4
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MILESTONE BAR CHART

Title Noise Diagnostic Methods for Safety Assessments
Activity No 41 89 55 11 4/NRC #60 19 11 01 (80191)

FT 82 FV 8) P W 84 FY FT FV FY 8v savosso
85 86 8f avs[s s .e a s e e a s e

i

Task 2: Surveillance and Dinanostica by
|Noise Ar.alysis (continued)

c. Complete assessment of feasibility
of FWR boiling detection by neutron &

2 bnoise and submit draft report. -

d. Ccaplete SHORN benchmark analysis
and submit draft report. p ,

e. Complete study to determine sources
of pressure noise in FWRs and issue
letter report.

f. Complete study to understand
fpropagation of pressure noise in

FWR primary system and issue {
letter report

;

g. Complete assessment of pressure noise
measurement methods and issue letter
report.

h. Complete study of application of
pressure noise for diagnosis of
primary system anomalies and issue
final report on assessment of
pressure noise,

esc.... , en e

,
. .. .. .. . .. . . ...o
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MILESTONE BAR CHART

Title: Noise Diagnostic Methods for Safety Assessments
Activity No 41 89 55 11 4/NRC #60 19 11 01 (80191)

ev82 ''8'l " 84_ _
" " " " " ea vo'*o

e e a s e e a a e 85 86 87 "
o a s_

Task 2: Survet11ance and Dimanostics by
Noise Analysis (continued)

1. Develop program plan for temperature
noise diagnostics and submit letter
report.

J. Complete preliminary assessment of
temperature noise.

>4
k. Complete final assessment of 77 y

tempetature noise. Af

Task 3: Primary Water Inventory Surveillance

a. Submit letter report on feasibility
.

study of primary vster inventory
monitoring.

Task 4: Evaluate New Surveillance and
Dimanostic Nethods for Reactor
System Fault Detection

a. Complete feasibility study of signal
' __

verification using functional
redundancy and submit draft letter
report.

b. Investigate savanced concepts of
non-linear signal analysis.

we ... , as e e.,

e e . . 4 e

.
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, , , ,
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2 0 300 15 5 14 5 0
3 0 300 16 2 13 8 0
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{I TITLE: NPP Personnel Selecti e and Training :i
,

i*
* '. ACTIVITY NO: 40 10 01 06 B0466 -

.

. * .
. *v 82 Fv 83 FW 94 'v Fv '' 'T Fv savo o

'

','%- 85 86 87 88 89 FY $9e a a e e : a a e a s .

2h 1. Task 1: Proaram Plan <

*
.,

'.' , t .,
'

.

..a.. a. Define the elements and perform-.
#

t., .. N ' ance shaping factora related to ]7p f/,3, selection and training reactor -

?, ,'y operators, senior reactor-
,

operators, shif t supervisors,-'e
',

58 .and shift technical advisors* ', si
,p

. ..-

,'j *-. b- Assess the applicability of',i H
. existing methods such as ;/ "

SystemsApproachtoTraining),t , , ' ,'
.i ' and Instructional System Design,

__3I+ e
,'

., '' 4

d . 'N,i l li*:(SAT /ISD)totheareaof .

'

,,

'", f, 9 i ,' selection, qualification, and', ,

|'.t * .. 3.f ,'
. ' training of nuclear power plant. . - -

operators
, ,

,

; iC ' * ,. 't.a d t

@ ,* 'tf J,' 'i.-
.

e <c . c:1 Using the *INPO job /tasi'analy' tic t

h', .'-{
~ li data, demonstrate 'the methods ]7 |

r / ,')k' {. ,
*

,,

--
, . , ,

,

used to determine selection., . -

*

:- qualification, and training ,

.O. :..

* *

\ p. g y,[i ..

program requirements, ,

4. .. , ,
el

. '! t ,d. Provide a compr'ehensive' program i
.

[,h.jp, ,y [g., [ ., . plan for development, validation e.
i ,,: jet,:}:c. - and application of a system such

,

b
. , { ; ,M .

'* as the SAT /ISD method of"

.-

Y. establishing operator selection,
f p ,s[

; ' .* *

,, ,

is 1 ! ; ' qualification and training
, d l [. ; [.[ ( '. . '. *'

requirements.,.. .i .

.

.- *

.f. .'
e

,
. ,.. e , . .. . . . . - , ... t

.. '.' . ** .

.i. *j'
'
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+e TITLW.: MPP Personnel Selection and Training
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i. ;U T - -

. a 30466
.

-
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,

*ACTIVITY NO: 40 10 01 06 ,'

re (' -
-

.

. . . ' " '' " " " *E VO*'Oav 92 '' M '' 84 -is. .
'

''

Q.. '', I l
' s a a e s a a i : s a 85 86 87 88 89 89 -

1h*.' .
*

f -:
\

,2., Task 2: Evaluation and Uparadina of NPP g ,

|
*

, Trainina Simulators ; ,.

{;t.. : ,. . * *
, ), y

,

e,
i. g .s.. ,

,9 ;y <
~ a. Develop and demonstrate a

i,' ', h ' . technique to select *malfunctrions --
'

' h . ; .'. which should be required for NPF
J. ' 't f training simulators

s. .j1. . . . . .. e.e
s. . . .

'. ! 't 't . , b. Develop.-as cart of the> *

'. i *. comprehensive program pl~n in'., *. . , -.

a w
*

s- % .g , . Task 1.d. a pfan for research e.e
. .

i ; .3 s and assessment recessary to

, . ' . h. [ 8 '. ,,
', specify and validate NPP train-* , . '

* *
.,

.: '. ing simulator requirements
. % : : r'.

.*

.t '.{ F
.
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TITLE: OPEFL\TIONAL AIDS FOR hTC1 EAR PO'.?ER PLANT OPERATORS

ACTIVITY No: 60 19 31 01 (ORNI,41 89 55 13 3) (FIN NO: B0438)
.-
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84 85 S6 87 83 rv 89. , , , , , 3 . , , 3 .

1. Evaluce Eagineered Saf ?ty Features for A O Delayed dup to late ippro'ral of

t e . - : en , n.in-m :hi ne subcohtracksdupto late arrival ofleee: +

i nt er tit . d de.-t s tori points for FY 1982 fusding.
cpera cr w.rol.

2. Conplete developnent of criteria for A O DelaedduetoKate appro<ral of-
*

alto:= tion of fun:tton and apply sube
tractsduf.to

late arrival of

:riteria to a sele:ted E'IF system. FY 1 2 fusding y
us.

3. Survey donostt: pro:ess industries and t
w!octed forely,n NN's to determine

f* n -* ,' nation on operator=

sele t ton, training qualif t ation, anJ
perfor.m :0 requirenents.

4 Conglere review and assessnent of
"ex--*r ' ' S with per*;c:tive of

.d~- . : n :tiveness anJ s.ifety
; . ' ' - - 1 3, . .

N O
'

5. Report the findings and re:o.n=enditions ; Scope changed t> inc >rpor ite conference1

of a fess 15111ty and need study of results pek NRC instructi'ms.
nodeling of the mn-m: hine interface.

w= ...ar es e ses ,
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MILESTONE BAR CHART

TITLE: Pressure Sensor / Sensing Line System Evaluation Research

ACTIVITT NO.: 4188 55 05 2/ NRC #6019 31 (F0481)
'' '' 'T FV FV SEYoNDev 82 '' 81 '' f( _

FY
1 2 3 4 9 3 3 4 9 3 3 4

Task 1: Review S.tatus of Pressure Sensor /
Sensina Line System Standards.
Practices and Technology

1.1. Complete survey of existing stan-
dards and current practices and
submit letter report. __. __

1.2. Complete review of Sequoyah
,

sensor / sensing line design prac- gI

Ntices and issue letter report.

-_h i

y

/
I1.3. Complete survey of experience in

sensor / sensing line degradation
and issue letter report. __

Task 2: Pressure Sensor /Sensina Line Model ,

lDevelopment

2.1. Complete dynamic model of Foxboro
E13DH force balance sensor and
issue letter report.

2.2. Complete dynamic model of another
pressure senosr and issue letter
report.

2.3. Complete sensor / sensing line
model development and testing.

O

- . . . . . . . . . - . . .

_ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ __.
4 < d
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MILESTONE BAR CHART

Safety laplications of Control Systema
50467

FW 82 FW 8) FW 84 97 FY 97 FW 97 stvoreO ,

t|t|3|4t|s|
_ _ _

1| 3| 3| "s. 44

D. Study Second Specific LWR Cont rol System
I. Document control system design

a. Complet e (atalog of needed
3,

information
b. Initiate requests for data from p

one more representative plant
_

I

c. Complete preliminary data j j
collection A * tti lestenes ,msum'-,

d. Complete 'inal data collection h identil icat on o ' p1rnts
describi.<g plant as installed -

*

c. Issue documenta ry report. -Q ar,I ave llab 11ty cf r tant
| . d .,ta. p' 2. Develop and apply cont rols sienslation w

a. Complete generic endel of LWR H
b. Complete specialized mo<fel of 2nd *p

NR type ''

c. Implement hardware / software for 2nd 3)*
NR

d. Complete initial sisanlator study of
f ailure modes of 2nd NR, including j),
overcooling

e. Apply strustation study to identify _[additional . p roblems p *

f. Issue report on results. *~

3. Perform FitEA of control systems
a; Develop and specify sIethodology 3

,
b. Complete initial FttEA f or second Q,

representative NR power plant *

c. Complete fim! FttEA for second d)
representative WK power plant ])*d. Issue reports on results. "

u. . . , i s e -..
' --- - -

- _ _ _ _ _ _ _ _ - _ .
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Ssfety Implications of control Systems
30467

'!ev O2 ev 83 av 84 av. er av av av savosso

| |: la a e sj ''e e e : a

- E. Develop Crites ta .

1. Finish criteria for safety vs. non- d>
safety classification

2. Develop recommendations for cont rols i

systems

a. Recommehd general design criteria j)~~

b. Recommend reporting requirements p '
-

c. Recommend steps concerning miscel-
laneous aspects of plant safety, 4y
present anet. future

d. Assist RES, as requested, in () g

development of a Remslatory Guide ,

for the Classification of Systems
. Importa nt to Safety O3. Issue report on results

1

!,a ..
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b
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MILESTONE BAR CHART

TITLE: Safety Related Operator Actiona

ACTIVITY NO: 40 10 01 06 01 B0421

ev 81 *v 82 *v 63 ev ev ev rv rv m<vono

e : 3 4 i a 3 e i 3 4 84 85 86 87 88 ** 88
-

1. Task 1: Simulator Calibration
'

Com'lete collection and *

analysis of PVR simulator
--y ;a. p

*

~

data,;
i |

.* b. Complete collection and i ~~75
. . ~ analysis of BWR simulator 8

- [ data
4 J/1. g

, t[ . c.'Completecoilectionand Q) _jk gI

i analysis of PWR and BWR field -
-i, data '' p 15
' ' , I 3/3

.. . N .'4.. Calibrate simulator results g,Q Q Daies mcdified by agreenent
. .- ,

-

.(i i. to field data- with NRC to rei lect changes in. . ,

scopt and delajed receipt of l!2.'fTas'k2: Develop Criteria for safety
| > FY 81 func s. l leld data collection j

$1 Related operator Actions. expe( ted 10 be(ome contfruous.,

'?.$ 2; 15 S/30 Crite ria ionna t now involves-

[.') ' . 1 ',' a. , Define proposed criteria
J s ..: format, additional data needs, - -g--Q model inga ffort, .

:: .h;( ,',. j'' ^, y? ':.
.

;* 7, and plans for data collection
;\;.t,

,' , :.. .d 4 ' ' ~ " b . Collect and analyze necessary V
.* < r.''..P ' - simulator and field data
*[ d F ' ,'J ; ',

_g.c. ~. Publish criteria and s;pportIngf:{pif.b' ..
a A,; t .c . , - ' . -., s N '' '' A - d.ata base*; -

..

.

og

.

I

uc isis, o +m

- - _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TITI.E Safety Related Operator Actions'

ACTIVITY NO: 40 10 01 06 01 50421

av 81 Fv 82 av 81 PV FV PV FV FT BEvoND

84 85 86 87 88 FV 88
e . , a . , a 3 4

5 Task 5: Operator Performance Measurement

e. Determine appropriate perform--

I." ance measures for operator 9
NO IE: Subta ,ks 5 and t merged

| response to abnormal / emergency and reduce Idue to de-
u. events

i reaso in Y 82 funding,g-
rom iLOOK .o 50tlK.|j ; b. . identify key performance: ,.

*,j shaping factors (PSF);' identify G
,j|, those PSF which can be q _,, _. *
.I? * addressed by simulator y i

'

experiments within the scope of
. , '. f ",,

' t ,' .the current program directed ,
?. toward criterla development ' s.

.
,.

3 c. ' Design and perform simulator .
, % [j.. : experiments identified in ( $7

+
. i '

,f ,
i

!, :, ,; Subtask 5.b, e.g., experiments - I
,

' :J J.' . * ' - to determine the ef fects on
l$.' operator performance of

$* ; . symptoms vs. event-oriented+

)
, ,' f, 4.. . . [/, , procedures , *. .: ,;fi.: . . , ,

62 . .

6pTask6r)('ontinuedSimulatorExpeIments.C, .

- ,, ,x e

. j.. g , a. ^. a. Identify key PSF which require*

, |J experiments beyond the current
.

* a f.f ,i,. p .1. ;. , ,s ., [. .
scope; Investigate the use of ,

--gy

3p additional data-collection.
.. ;' ig . '".' a , ,'- techniques such as cardlo-' , f.

pulmonary monitoring, audio *].* * '''

.'- visual recording, eye-motion
..

'
-..

.: ,d , ,_{ponitoring,etc. ., A ., _
*

uce .eese es e-nos

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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F. C. Kornegoy
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MILESTONE BAR CHART

TITLE: Evaluation of Atmospheric Dispersion Models

ACTIVITY NO: 60 19 12 01 (80446)

'v82_ _
'v 83 ev av av av av ev e<voe.o

FY
1 3 3 4 9 3 3 4 1 3 3 4

Identify ARAC subrouttnes a

Determine input data needs %

Examine subroutines for technical soundness and
sensitivity

-'

Determine the applicability of validation input
data -A

*~
Develop techniques for judging accuracy and &

usefulness of model outputs -4

Apply techniques to determine ARAC suitability -- A

Assimilate available windfield and dispersion
--#

models

Compare predicted results from all models .

Determine usefulness of all models on site .

classification
~

Develop criteria for implementing the best
models of operating reactors on a site ,

*

classification basis

Examine literature and historical tests for
information relative to deposition and '---a
diffusion modeling

oc - . . . n o . ...

* * * * - e



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ -

147

N-

,

COST / BUDGET REPORT
-_ _ . , _ _

90190 Pricherd/CIeary
hapert For Portee Ensing clust Aes m seC Act h Progree Stester

41 8855 D1 3 60 19 32 02 Lo tts/ Chest er06-31-82 1

''*9'en aseisgertProgree inse
sec pin sin /4 HSWM R. EL Sheiton

Forecasting Electricity Dernand by States cet 61u EN h'********'88'"
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Methods en Dosimetry for Nuclear Regulations ces ein NSRD 'da'i *''*"*8"'**8
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MILESTONE BAR CHART

Pathogenic Microorganisms in Closed Cycle Cooling Systems

!

n 81 n 82 n 83 n n n n n enano
Subtask / Milestone FY

t 2 3 4 9 2 3 4 9 2 3 4
,

1. Field sampling and laboratory analysis of __4a
tower basin water / habitat analyses. -

2. Air sampling and analysis and associated _g 3environmental determinations.

3. Laboratory studies on LDB-amoeba A
interaction.

__g.
" "

4 -d -d4. Preparation of results. -

w
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W

6

utes teest to e-set
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MILESTONE BAR CHART

(-
Threadfin Shad Impingement: Population Response
50406
NRC Activity No. 60 19 02 10

FV $) FV $2 FY 8) FV FY FV FV FV stv0,eo

e s (s |4s|e|3| FYe e a

i

Task (Subtask H) ;
i

Determine potential of downscan sonar as a
technique for assessing nuclear energy
related impacts on fisheries. )

1. Acquire downscan sonar literature: >Vi

| U%
' Foreign

*-T |2. Evaluate existing systems from
literature

*-?3. Contact key persons (site visits where
necessary) developing and utilizing
downscan sonar to ascertain recent
advances and to define field strengths
and weaknesses.

4 Draft report prepared and distributed eV
for revicw.

5. Final report to MtC. Y

~

uco...a or se o een
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MILESTONE BAR CHART

TITLE: Uncertainties in Assessment of Long-Term Collective Dose and Health Effects from Geologic Disposal of
High-Level Waste

ACTIVITY NO.- 10 19 03 03 3 A9041
ev 81 ev 82 ev 83 ev *v *v 'Y '' *EvoNo

FY
12. SUBTASK / MILESTONE SCHEDULE i 4 i e 4 i 4

Task 1. Assessment of Uncertainties Associated
with Geologic Disposal of High-Level
Waste

a. Perform literature review to identify
important processes and parameters for
estimating uncertainties

-y
|

b. Prepare ORNL/NUREG/TM progress report -y
describing results of Task 1.a.

'sc. Analysis of uncertainties in groundwater qf'
transport from repository to biosphere

I
i

d. Analysis of uncertainties in long-terin
collective dose and health effects from qf

1transport through biosphere to man

e. Prepare ORNL/NUREG report on analyses
of uncertainties perforined in Tasks 1.c. y
and 1.d. -

Task 2. Symposium on Geologic Waste Disposal

a. Plan symposium on uncertainties associ-
ated with regulation of geologic

, y
disposal of high-leve.1 waste -

b. _ Host symposium II

c. Publish symposium proceedings ,

ven...n o e ees

- - _ - - - _ - _ - - - _ _ _ _ - _ - _
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MILESTONE BAR CHART

TITLE: Uncertainties in Assessment of Long-Term Collective Dose and Health Effects from Geologic Disposal of
High-Level Waste

ACTIVITY NO.: 101903033 A9041
,, 81 " 87 " 83 " " " " 'v eevono

"12. SUBTASK / MILESTONE SCHEDULE i e .._
, a 3 4 , a .

Task 3. Review currently available infonnation
regarding uncertainties in the geo-
sciences relevant to licensing of HLW
repositories, and assess the value of
10 CFR 60 in reducing or compensating
for those uncertainties

a. Review earth sciences literature on
factors affecting uncertainty in doing
repository assessments -Y

H

b. Evaluate the importance of the uncer- $
tainties identified in Task 3.a. __37

c. Assess the effectiveness of 10 CFR 60
in reducing or compensating for uncer-
tainties identified in Task 3.b. -__37

Task 4. Using the results of Task 3 and other
pertinent information, assess the
value of past geologic records as
indicators of future site evolution,
emphasizing the effect of such evolu-
tion on repository performance __37

Task 5. Provide technical assistance for pre-
--paring contingency HLW radiological
criteria

a. Peview past radiological standards set
by NRC, EPA, and ICRP for waste manage-
ment y

ve .. , is .4.s

e .. . e e

_ _ . . _ . _

- . . . . . . . . . . . . . _ _ ... . .
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MILESTONE BAR CHART

TITLE: Valence Effects on Adsorption Fin. No: B0462
~ ~~

|FY 81 FY 82 FY 81 SEY0lIOpy py py py py
_

1 2 3 4 l 2 3 4 1 2 3 4 FY |

1. Task 1: Apparatus and Materials '
t

a. Initial porous electrode con- p P

figurations

b. Initial cells for study of

( direct reaction of nuclides h I
with minerals, e.g., FeS

2
-

c. Revision of apparatus | '
s
cb

Task 2: Sorption Studies

a. Sorption of technetium,
ineptunium, etc. on single | |. minerals
!

I '

| b. Sorption on mixtures
I (includes rocks and other "

formation materials)

c. Draft copies of topical reports * [ ['
Task 3: Direct Reaction Studies

a. FeS with technetium andy i

other nuclides I

b. Other materials k

c. Draft copies of topical reports * . h h '

<

*Also to be assembled into external publications. )_

oc... ar en e-ees
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