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SUMMARY

The following testimony addresses League Contention 42, 111 and 112 T,
,

10
whichre5'ategenerallytothesubjectofALARAandonsiteradiation

monitoring. The principal points made in this testimony are as follows:

1. Appropriate steps have or will be taken in accordance with NRC
regulations and regulatory guidance to control radiation doses to
transient workers and to keep occupational expcsures ALARA.

2. Appropriate and conservative risk estimators have been used in
estimating health effects which may occur as a result of
occupational exposure at Byron.

3. Applicant's design, record-keeping, training and education programs
meet NRC regulatory requirements relating to radiation exposure.

4. Applicant has established adequate monitoring of radioactive
emissions to keep radiation levels ALARA and in conference with
10 CFR Part 50, Appendix 1.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

gi'RE THE ATOMIC SAFETY AND LICENSING BOARD-

In the Matter of )

COMMONWEALTH EDISON COMPANY Docket Nos. 50-454
) 50-455

(Byron Station, Units 1 and 2) )

NRC STAFF TESTIMONY OF MICHAEL A. LAMASTRA,
EDWARD F. BRANAGAN, JR., JOHN J. HAYES, JR.,

AND ROBERT F. SKELTON ON LEAGUE CONTENTIONS 42,111 AND 112

Q.1. Please state your names and positions with the NRC?

A.1. (Panel)

I, Michael A. Lamastra, am a Health Physicist in the Radiation

Protection Section of the Radiological Assessment Branch. A

copy of my professional qualifications is attached.

I, Edward F. Branagan, Jr., am a Health-Physicist in the

Radiological Impact Section of the Radiological Assessment

Branch. A copy of my professional qualifications is attached.

I, John J. Hayes, Jr. , am a Nuclear Engineer in the

Meteorology and Effluent Treatment Branch. A copy of my

professional qualifications is attached.

I, Pcbert F. Skelten, t.m a Plant Protection Analyst in the

Power Reactor Safeguards Licensing Branch, Division of

Safeguards. A copy of my professonal qualifications is

attached.

Q.2. What is the purpose of your testimony?

- , , ._ _- __ _
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A.2. (Panel)
.

The purpose of our testimony is to provide the Staff position

in response to League Contentions 42, 111 and 112 relating

generally to ALARA and radiation monitoring onsite. Copies.of

these contentions are attached to this testimony.

(Attachment A).

Q.3. With respect to League Contention 42, what consideration, if

any, has been given by the Staff to the use of temporary,

transient workers by the Applicant in order to reduce overall

worker doses?

A.3. (Lamastra)

During shutdown for refueling and/or special maintenance work,

the Applicant may obtain the temporary services of transient

workers. The Applicant will be required to control the

quarterly doses to these transient workers in accordance with

the provision of 10 CFR 5 20.102. Pursuant to 10 CFR

% 20.102, a licensee shall require any individual, prior to

first entry into a restricted area under circumstances in

which that individual could receive, in any period of one

calendar quarter an occupational dose in excess of 25 percent

of the opplicable stancards specified in 10 CFR 20.101 and

20.104, to disc 1cse in a written signed statement either that
,

i

the individual had no prior occupational dose during the

current calendar quarter or the nature and amount of such

exposure. 10 CFR 20.101 provides that, before permitting any

t
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individual in a restricted area to receive a whole body

occupational dose in excess of the standard =pecified in 10

CFR 20.101(a) but within the limits of 10 CFR 20.101(b), a
.

licensee shall obtain a certification on Form NRC-4 (Attachment B)

or signed statement from the individual containing all the

information. required in Form NRC-4.

Q.4. What is the annual onsite design dose for the Byron station?

A.4. (Lamastra)

In section 12.4 of the FSAR for Byron (prior to Amendment #40),

the applicant estimated a design dose of 500 perstn-rems per

unit. In section 12.4 of NUREG-0876, " Safety Evaluation

Report Related to the Operation of Byron Station Unit 1 and 2"

("SER"), the Staff found the Applicant's estimated design dose

acceptable. I prepared that SER section and adopt it a part of

my testimony in this proceeding. In Amendment No. 40 of the

FSAR, dated November 1982 the Applicant revised its estimate

f for Byron's design dose to 400 person-rems per unit. I have
|

|
reviewed the Applicant's revised dose assessment and conclude

that it meets the intent of the Standard Review Plan, is

equivalent to the dose estimate of currently operating PWRs,

and is acceptable.

Q.5. What provides the Staff with reasonable assurance that the

Byron design will provide safe operation with respect to
j

low-level radiation hazards?

i
.
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A.S. (Lamastra)

The applicant has provided a commitment in the FSAR to ensure

that Byron will be desianed and operated in a manner consistent

with the guidance of Regulatory Guide 8.8, "Information Rele-

vant to Ensuring That Occupational Radiation Exposure At Nuclear

Power Stations Will Be As low As Is Reasonably Achievable"

(Attachment C) and the Reaulatory Guide 8.10, " Operating

Philosophy for Maintainina Occupational Radiation Exposures As

low As Is Reasonably Achievable" (Attachment D). The Byron

plant has been designed using the ALARA policy and the Appli-

cant and architect-engineer have continued to review, update,

and modify the plant design durina plant construction using

ALARA quidelines. The apolicant's ALARA design procedure is

described in its response to NRC Ouestion 331.3 (Attachment E).

Q.6. What health effects might occur as a result of occupational

exposure at Byron?

A.6. (Branagan)

A discussion of potential health effects to occupationally

exposed persons is presented in section 5.9.3.1 of the Byron

FES (NUREG-0848). I, Edward F. Branacan, ilr., have reviewed

| that portion of the FES concerning occupational exposure

(i.e. , pp. 5-22 to 5-25) and adopt it as part of my testimony.

|
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The following risk estimators were used to estimate health

effects: 135 potential deaths from cancer per million

person-rems and 258 potential cases of all foms of genetic

disorders per million person-rems.

The risk of potential fatal cancers in the exposed work-force

population at the Byron facility and the risk of potential

genetic disorders in all future generations of this work-fcece

_ population, is estimated as follows: multiplying the annual

plant-worker-population dose (about 440 person-rems per reactor

unit) by the risk estimators, the staff estimates that about

0.06 cancer deaths may occur in the total exposed population

and about 0.11 genetic disorders may occur in all future

generations of the same exposed population. The value of 0.06

cancer deaths means that the probability of one cancer death

over the life-time of the entire work-force as a result of one

year of reactor operation is about 6 chances in 100. .The value

of 0.11 genetic disorders in all future generations of the

entire work-force as a result of one year of reactor operation

i is about 11 chances in 100.

Q.7. What is the basis for the risk estimators used in the FES and
|

in this testimony?

!
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A.7. (Branagan)

The Staff's estimates are based on information compiled by the

National Academy of Science's Advisory Committee on the

Biological Effects of Ionizing Radiation (BEIR I). (Ref.1).
The estimates of the risks to workers and the general public

are based on conservative assumptions (that is, the estimates

are probably higher than the actual number).

The cancer-mortality risk estimates are based on the " absolute

risk" model described in BEIR I. Higher estimates can be

developed by use of the " relative risk" model along with the

assumption that risk prevails for the duration of life. Use

of the " relative risk" model would produce risk values up to

about four times greater than those used in this testimony.

The Staff regards the use of the " relative risk" model values

as a reasonable upper limit of the range of uncertainty. The

lower limit of the range would be zero because health effects

have not been detected at doses in this dose-rate range. The

number of potential non-fatal cancers would be approximately

1.5 to 2 times the number of potential fatal cancers. Values

for ger, etic risk esticators range from 60 to 1503 potcntial

cases of all forms of gcretic disorders over all future

generations per raillion person-rems (derived from BEIR I).

|
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0.8. Are the risk estimators that were used in the FES consistent

with the values recommended by the major radiation protection

o'rqanizations?

A.8. (Branagan)

Yes. The somatic risk estimator for exposure of the whole body

that were used in the FES are compared with risk estimators

from other sources of information in Table 1 of this testimony.

(Attachment F). The risk estimators that are compared in Table

1 include values from the BEIR I Report, the National Academy

of Sciences BEIR III Report which was published in 1980, the

International Commission on Radiological Protection (ICRP), the

National Council on Radiation Protection and Measurements

(NCRP), and the United Nations Scientific Committee on the

Effects of Atomic Radiation (UNSCEAR). (Refs. 2-7). These

oroanizations represent the views of the overwhelming majority

of the members of the scientific community. The risk

estimators used in the FES are consistent with the values from

these other sources of information.
.

0.9. Does the available evidence indicate that the use of temporary.

teorkers far complianca with PRC regulations increases the

risk of health effects by spreading a given quantity of dose

over a larger number of workers?

A.9. (Branagan)

No. The Staff's position is that conservative values of

health risk estimators are obtained for low-LET (linear energy

._ _ _ . _ .
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transfer) radiation at low doses and low dose rates by a linear

extrapolation from measured values at intermediate-to-high

doses and dose rates down to the naturally-occurring

spontaneous incidence (i.e., at zero dose). This position is

consistent with the recommendations of the major radiation

protection organizations. Based on the use of the linear

non-threshold model, the spreading of a given quantity of dose

over a larger number of workers would not increase the overall

risk of health effects.

Q.10. Is the linear non-threshold model a conservative model to

use for evaluatina potential health impacts from radiation

associated with the Avron facility?

A.10. (Branagan)

Yes. In regard to the use of the linear non-threshold model,

the National Council on Radiation Protection and Measurements

(NCRP) cautions that:

[Llinear interpolation between the naturally occurring
spontaneous incidence and the incidence observed
following exposure at intermediate-to-high doses and dose
rates generally overestimates the risk of low-LET
radiation at low doses and low dose rates. This
observation has also been incorporated in reports by the
ICRP (1977), NCRP (1975), and UNSCEAR (1977). (Pef. 71.

Esseritially all of the whole body doses to plant workers are

due to Icw-LET radiation.

_ _ _ __ ..
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0.11. Do the best current estimates concerning the health effects of

low level radiation indicate that the risk is as high as one lethal

cancer per 1000 person-rems?

A.11. (Branagan)

No. The Staff has estimated that a reasonable upper limit to

the range of uncertainty in the cancer-mortality risk estimator is

about 0.5 potential fatal cancers per 1000 person-rems. A value of

1 potential fatal cancer per 1000 person-rems is very unlikely.

Q.12. Why is the routine person-rem per year estimate for Byron

acceptable under ALARA criteria?

A.12. (Lamastra)

The Staff has reviewed Byron's radiation protection /ALARA

program using the acceptance criteria stated in the Standard

Review Plan (NUREG.nno0), section 12. Specifically, the Staff

assured that occupational radiation doses will be maintained

ALARA by evaluating the Applicant's conformance with the

provisions of Regulatory Guide 8.8. Special attention was

given in our licensing review to:

1. managerent policy and organization;

2. personnel qualifications and training;

3. design of facilities and eauipment;

4. radiation control program, plans, and prodedures; and

,
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5. availability of supporting equipment,
instrumentation, and facilities.

It is the Staff's conclusion as documerted in Section 12 of

the SER that Byron's radiation protection /ALARA program meets

the acceptance criteria stated in section 12 of NUREG-0800.

Q.13. Has a design dose been considered for the inspection and

replacement of steam generators?

A.13. (Lamastra)

No. The Applicant has not specifically. estimated a design dose

for the inspection and replacement of steam generators. The

expected dose to plant workers performing steam generator

inspections would be included in the routine inspection dose

estimate of 300 person-rems listed in Table 12.4-3 of the FSAR

for both units. The dose for steam generator replacement, if

required, would be considered special maintenance. In Table

12.4-3 of the FSAR, the Applicant using historical data

estimates that there will be 300 person-rems per year os

special maintenance fer both units. The Staff finds the

| Applicant's use of historical data for estimating special

maintenance doses reasonable. However, as noted in section

5.9.3.1 of Byron's FES, some plants require a higher than

I average amount of special maintenance (including replacement

- _ . - _ . . _ _
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of steam generators), and may experience annual average

lifetime doses as high as 1300 person-rems.

.

Q.14. !s the Staff satisfied that the applicant will have an

adequate health physics staff in place to provide necessary

radiation protection services? Explain.

A.14. (Lamastra)

Yes. The Staff has reviewed the qualifications of the

Radiation / Chemical Supervisor and found him to meet the criteria

for a Radiation Protection Manager as listed in Regulatory Guide

1.8, " Personnel Selection and Training." The Applicant has also

proposed implementing a training and qualification program for

health physics technicians that meets the criteria of ANSI

18.1, " Selection and Training of Nuclear Power Plant

Personnel." As stated in Section 12.5 of the SER, the Staff
/

finds this commitment acceptable.

; Q.15. Is there an increased risk of sabotage by allowing additional
i

personnel on the site?

A.15. (Skelton)

While there is a potential increase in risk of sabotage

associated with the additional personnel allowed on site, the

Staff believes the overall risk is still small provided

appropriate regulatory requirements are satisfied. In this

regard, we have reviewed the Byron Nuclear Power Station's

Physical Security Plan (Rev. 6, dated April, 1982) and

,
_ _ . ._ _
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determined that the licensee has committed to implement the

prescriptive requirements of 10 CFR 73.55(b) through (h).

These include among other things:

* Access Controls

identification & picture badge system-

search of individuals for firearms & explosives-

vehicle searches-

delivered package & material identification and-

search

escort of visitors-

- pre-employment screening for all employees who have
unescorted access

- screening for contractor employees who have
unescorted access

Protection of Vital Equipment

located behind a second barrier-

access further limited to performance of duties-

locking and alarming areas that contain vital--

equipment

special controls ror containment during refueling-

and maintenance
,

- , - - - - _ _ - . . . . . _ , . .. ___ _ - - _ _
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Also, the Physical Security Plan contains a specific chapter

which deals with " Security Measures During Maintenance,

Refueling and Major Modifications." This chapter contains

additional commitments to specifically deal with activities

which require additiLnal personnel. Because of these-

commitments, it has been determined that the security plan

provides the necessary measures to protect against any

potential increased risks caused by these additional persons.
.

It is the Staff's position that a Security Plan that satisfies

the specific requirements of 73.55(b)-(h) also satisfies the

General Performance Objective of_providing high assurance that

operation of the reactor would not constitute an unreasonable

risk to public safety. The Staff is satisfied that the

Applicant's Security Plans are adequate to minimize any

potential increase in the risk of sabotage associated with the

use of temporary workers onsite at the Byron Station.

Q.16. Can you summarize the NRC Staff conclus'on regarding

Contention 42?
|

A.16. (Lamastra)
'

Yes. As stated in Section 12.5 of the SER, the Staff finds

that the radiation prctection design and program described in the
I FSAR for Byron are in accordance with the criteria of the

Standard Review Plan and Regulatory Guides 8.8 and 8.10 and are

acceptable.

|
,
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Q.17. With respect to League Contention 112, do NRC regulations

require occupational doses to workers to be as low as achievable?

A.17. (tamastra)

No. 10 CFR Part 20 allows a career average of 5 rem per year

(under certain circumstances, the provisions of 10 CFR Part 20

would permit an individual to receive up to 12 rem in a given

year). However, 10 CFR 20.1(c) specifies that radiation

exposures should be "As low As Reasonably Achievable" (ALARA).
.

Q.18. What consideration has been given by the Staff to the adequacy

of the Applicant's worker ALARA program?

A.18. (Lamastra)

The Staff evaluated the Applicant's radiation safety /ALARA

program contained in their FSAR using the criteria of

Standard Review Plan Section 12. The results of. this evaluation

are presented in Section 12 of the SER. It is the Staff's

conclusion that the radiation protection measures incorporated

into the plant design will provide reasonable assurance that

occupational doses will be maintained ALARA and below the

limits of 10 CFR 20.
_

l
:
'

Q.19. Have appropriate preventive measures been taken to reduce

doses? Explain.

! A.19. (Lamastra)

Yes, as explained in the Answer to Question 5 above. As part

of the Applicant's commitment to implement Regulatory Guide 8.8,

_. _.
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the Byron plant design has been continually reviewed during the

construction phase to ensure that occupational radiation doses

w,ill be ALARA. This design review was performed by Westinghouse

and the architect-engineer, Sargent and Lundy. The ALARA design

review included access control, radiation shielding, and

control of airborne contamination. A description of the

Applicant ALARA design procedure is present in the Applicant's -

response to NRC Question 331.3 (Attachment E).

0.?0. With respect to Contention 112(a), has the design of Byron been

modified in any way to respond to "new evidence on low levels

of radiation"?

A.20. (Lamastra)

The Staff is not aware of any plant design chances proposed by

the applicant to respond to alleged "new evidence on low

levels of radiation."

Q.21. With respect to Contention 11?(b), is Edison's record-keepino

adequate to evaluate cumulative worker exposures from Byron

and other area nuclear facilities?

A.21. (Lamastra)
_

Yes. In order to meet the requirements of 10 CFR g 20.401,

whicn requires all the information listed on Form NRC-5

( Attachment G) to be recorded, the Applicant has committed to

follow the auidance of Regulatary Guide 8.7, " Occupational

Radiation Exposure Records System" in developing its

v
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nccupational records system and to record doses by tasks to

provide feedback information for ALARA reviews. Reaulatory

G'uide 8.7 endorses, as modified, ANSI 13.6-1966 (R 1972),

"American National Standard Practice for Occupational

Radiation Exposure Records System" ANSI 13.6 requires, in

part, the following:

1. positive identification of individuals;

2. a summary of prior radiation exposure received by an

individual;

3. radiation exposure received by individuals at other

installations during current employment;

4 identification of the type of dosimeters used;

5. radiation exposure received by individuals at the

facilities (x-rav, gamma, beta, and neutron);

6. a record of bioassay data; and

7. a record of bioassay data interpretation.

The A:plicant's exposure tracking by task system.is described

in their response to NRC Ouestion 331.32 (Attachment Hl. This
,

commitment is sufficiant to meet the requirements of 10 CFR

Part 20 and is acceptable to the NRC Staff.

0.22. With respect to Contention 112(c), is Edison's training

program adequate to minimize radiation doses, particularly as

it relates to transient or temporary workers?



.

.

- 17 -

A.22. (Lamastra)

Yes. The Applicant intends to meet the requirement of 10 CFR

fr 19.12 and Regulatory Guide 8.8 by providing training to each

individual so that he is capable of carrying out his

responsibility for maintaining his own dose ALARA. The.

Applicant has committed that plant personnel, including

contract personnel, will receive general employee radiation

protection training and other specific radiation protection

training depending on his assigned duties within the plant.

Regulatory Guide 8.13, " Instruction Concerning Prenatal

Radiation Exposure," Regulatory Guide 8.27, " Radiation Protection

Training for Personnel at Light-Water-Cooled Nuclear Plants,"

and Regulatory Guide 8.29, " Instruction Cocnerning Risks for

Occupational Radiation Exposure" describe radiation protection

and biological risk training programs acceptable to the Staff

to meet the requirements of 10 CFR 5 19,12. The Applicant's

training program will be routinely ev,aluated by NRC inspection

personnel against the Staff criteria to ensure compliance with

10 CFR 6 19.12.

Q.23. With respect to ccntention 112(d), is there any progr6m at

Edison to limit highar doses only to volunteers or older

workers? Is such a program advisable?

i
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A.23. (Lamastra)

The Staff is not aware of any program at Edison to limit-

higher doses to volunteers or older workers during normal

operations of the Byron plant. It is the NRC Staff position-that

current NRC occupational dose and ALARA criteria listed in 10 CFR

Part 20 and Regulatory Guide 8.8, together with worker training

requirements in 10 CFR 5 19.12, are adequate to reduce the risk

to workers' health and safety.

Q.24. With respect to Contention 112(e), is the Applicant's education

program for workers adequate to ensure their cooperation in

reducing doses?

A.24. (Lamastra)

The Applicant's training program is sufficient to meet NRC

regulatory requirements and should ensure that workers

understand the potential risk of radiation exposure,
i

Q.25. Can you summarize the NRC Staff conclusion regarding

Contention 112?

A.25. (Lamastra)

The Staff finds that the Applicant has designed and intends to
i

operate the Byron nuclear power station in a manner that will'

keep plant personrel doses ALARA.

Q.26. With respect to League Contention 111, do 10 CFR Sections

50.34a or 50.35a require that the levels of radioactive materials

in effluents be as low as is achievable?,
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A.26. (Hayes)

No. Neither Section 50.34a nor Section 36a require that

levels of radioactive materials in effluents be as low as is

achievable. Rather, both sections refer to effluents being

"as low as is reasonably achievable (ALARA)." Section 50.34a

specifically states that the term "as low as is reasonably

achievable" in 10 CFR Part 50 means as low as is reasonably

achievable taking into account the state of the technology and

the economics of improvements in relation to the benefits to

the public health and safety, and other societal and socio-

economic considerations, and in relation to the utilization

of atomic energy in the public interest. This provision also

states that the dose rates set out in Appendix I to 10 CFR

Part 50 provide numerical guidance on the design objectives for

light-water-cooled nuclear power reactors to meet the require-

ments that radioactive materials in effluents released to

unrestricted areas be kept ALARA and that compliance with these
,

release levels constitutes compliance with the ALARA require-

ment itself. These numerical guides are design dose objectives

and not to be construed as radiation protection standards.

I The regulations are quite specific in stating the the

effluents must be controlled to meet the ALARA requirement.

| There are no regulatory requirements to control effluents to a

degree which is "as low as achievable."

,

I
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0.27. Has the Staff evaluated the Ryron Station with respect to

10 CFR % 50.34a and with respect to Appendix I to 10 CFR

Part 50?

A.27. (Hayes)

Yes. The Staff has independently evaluated the Byron Station

with respect to 10 CFR 9 50.34a and has determined that the

station conforms to the requirements of this paragraph and that

the station effluents would be in conformance with Appendix I

to 10 CFR Part 50. This conclusion is presented in Sections

11.2.2 and 11.3.2 of the Byron SER (NilREG-0876). I hereby

adopt those sections as part of my testimony in this case.

Q.28. Will the Applicant be required to have technical specifications

on effluents which require compliance with 10 CFR % 20.106,

will the Applicant be required to develop and follow operating

procedures pursuant to 10 CFR 50.34a, and will equipment '

installed in the radioactive waste system pursuant to 10 CFR

Section 50.34a be required to be maintained and used?

A.28 (Hayes)

Prior to issuance of an operating license for Byron, the

Applicant will be required to have technical specifications on

effluents which, in addition to requiring compliance with the

applicable provisions of 10 CFR 5 20.106, will also require

that operating procedures be developed, pursuant to 10 CFR

% 50.34a(c) for the control of radioactive effluents, be
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established and followed and that equipment installed, in the

radioactive waste system pursuant to 10 CFR 6 50.34a be

maintained and used. The Staff will review the Applicant's

proposed radiological effluent technical specifications (RETS)

when submitted. No operating license will be issued for Byron

Unit I until the Applicant's technical specifications conform

to the Staff requirements.

0.29. Will the minimum number of effluent monitor channels that must

be operable be specified in addition to the effluent monitors?

A.29. (Hayes)

Yes. The radiological effluent technical specifications will

require that radioactive gaseous and liouid effluent monitoring

instrumentation be Snacified along with the minimum number of

channels that must be operable. In addition, the surveillance

requirements for these instruments, which include channel checks,

source checks, channel calibration, and channel functional test

(see Table 2 at Attachment I) will also be required to be speci-

fied in the RETS. The sampling frecuency, the minimum frequency

of analysis, and the type of activity to be analyzed will be

specified in the PETS for both liquid and caseous effluents.
,

The RETS will also require that effluents from the site be in

compliance with 10 CFR 20.106 and that the design dose oS. ice-

tives of 10 CFR Part 50, Appendix I are not exceeded. It is

the Staff position that these technical specifications will

ensure that the requirements of 10 CFR % 50.36a will be met.

. -
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Q.30. Should the Byron Station utilize additional monitors?

A.30. (Hayes)

No. The Statf has reviewed the effluent process and

monitoring system with respect to Standard Review Plan (SRP)

Section 11.5, as noted in Section 11.5 of the Byron SER. I

adopt that SER section as part of my testimony. The Staff

determined that all normal and potential pathways for the

release of radioactive materials to the environment are

monitored. Byron Station contains a number of process monitors

in addition to the effluent monitors. The Staff has found that

the location and the number of effluent monitors at the Byron

Station are sufficient.
,

Q.31. Is there a requirement for the effluents from the Byron

Station to be monitored by an independent party?

A.31. (Hayes)

No. There is no requirement in the regulations for effluent

monitors to be read by an independent analyst. The Applicant will

be required to participate in a program to confirm the accuracy of

its analysis program. Further, the Applicant is subject to review

and inspection by the NRC regional office to ensure that the

monitoring ptogr a is adequate.

In any event, the State of Illinois is planning a monitoring

system which will have the effect of verifying the Applicant's

analyses. Specifically, the State of Illinois is planning to

.

-
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install a system at the Byron Station during state fiscal yea?'
,

i 1984 (July 1, 1983-July 1, 1984) which will provide real-time

i'sotopic data on the airborne release of radioiodine, particu-

lates, and noble gases. This information will be fed'to a

central computer in Springfield, Illinois. The State of

Illinois computer will also receive the signal from the Byron
,

Station effluent monitors operated by Connonwealth Edison,

which will be utilized by the State as a cross-check. Thus,

this state system will provide an independent analysis of the

; Byron airborne releases.

Q.32. Will local authorities be notified when discharge emissions

exceed certain limits?
i

A.32. (Hayes) 4

Yes. The State of Illinois'' effluent mcnitoring system will
'

alarm in Springfield at the main computer when the airborne

effluents reach a predetermined level. In addition, onsite

emergency plans specify the conditions under wnich state and

local officials must be notified when certain conditions occur

at the station. Some of the initiating conditions which

require notification include those in which gaseous and liquid

effluents extced certain specified levels (e.g., RETS limits).

State and local authorities will be notified when these events

occur and appropriate protective measures will be initiated.4

.
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Q.33. Would more adequate monitoring of radioactive effluents occur

if monitoring devices that measured the differences in alpha,

beta, and gama dose levels were utilized?

A.33. (Hayes)

No. The Applicant will utilize beta scintillation detectors

to detect noble gas effluents and particulates emitted as

airborne effluents. It will utilize gama scintillation

detectors to monitor airborne radiciodine releases. For

liquid effluents, the monitors are gama' scintillator

detectors which provide maximum sensitivity in analyzing a

water medium. Since beta and gama monitors are being

utilized to monitor radiciodines and particulates and noble

gases, the assertion in contention 112 renarding beta and

gama monitors is inapplicable.

Monitoring for alpha is not done because of the very small

quantity of alpha-emitting radionuclides released from a

nuclear power plant. However, the technical specifications at

Byron will require that the airborne effluent release points

be continually sampled and that a gross alpha analysis be

performed or a monthly basis on a ccmposite of these samples.

The collection of alpha ehiitting radionuclides will occur on

the same filters which will collect particulates.

For liquid effluents, the most sensitive means of detecting

effluents is with a gama detector. This is the most

__ _ _ ._
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practicable and " state of the art" means for monitoring liquid

effluents. (Ise of alpha and beta detectors is not practicable

for liquid effluents. As with the gaseous samples, a gross

alpha analysis will be performed on-the monthly composite of

effluents.

0.34 Will I-129 and plutonium be monitored for in the effluents

from the Byron Station?

A.34 (Hayes)

As stated in response to Ouestion 33 above, a gross alpha

analysis for alpha emitting radionuclides, which include

plutonium, is performed on a monthly composite sample of all

releases, liquid and airborne. A specific analysis for

plutonium will not be performed. The RETS require that the'

principal gamma emitters and those radionuclides with

j identifiable gamma peaks in both liquid and airborne effluents

be identified. Therefore, the release of radionuclides such

as I-129 if any significant consequence would be identified.

The quantities of plutonium and I-129 released from a nuclear

power plant are of such levels that the releases are below

the lower limit of detection of the instrumentation. Releases

of plutonium and I-129 are typically of concern for reprocessing

plants and not for nuclear power plants.

,

|

|
. . _ _ .
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History has shown that such releases from nuclear power plants

are usually below the lower limits of detection by present

instrumentation. Furthermore, the dose-consequences associated

with releases at these lower limits of detection are inconse-

auential.

A.35. Can you sunnarize the Staff's conclusion with respect to

Contention 111?

A.35. The Staff concludes that Applicant has established adequate

monitoring of radioactive emissions to keep radiation levels

as low as reasonably achievable and in conformance with Appen-

dix I to 10 CFR Part 50.

|

|
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Michael A. Lamastra*

Professional Qualifications
,

Radiological Assessment Branch
. Division of Systems Integration 45

'

%
.

I am a Health Physicist in the Radiological Assessment Branch, Division of
Systems Integration, Office of Nuclear Reactor Regulation.

My formal education consists of an A.A. degree in Radiation Science from
Montgomery Community College in 1972, a B.S. degree in Physics from Towson
State College in 1974, and an M.S. degree in Radiological Health from the
University of Pi.ttsburgh in 1975.

.Before joining NRC, I served three years as a partime employee of the Radiation
Protection Department of the National . Institutes of Health in 'Bethesda, Maryland.
My duties included collecting air samples to determine the level of radioactivity
for specific isotopes, radiation contamination surveys of research labs, and.
advising research personnel in safety procedures involving the use of radi9 active
isotopes.

I joined the NRC in June 1976 as a Health Physicist in the Radioisotopes
.

Licensing Branch, Office.of Nuclear Material Safety and Safeguards. My principal
function was to review' applications from medical and academic institutions for.

.

byproduct, source, and special nuclear material to detennine the adequacy of
their proposed radiation safety program and the related efforts proposed to
assure that occupational radiation exposure and release of radioactive material
to the general public are as low as is reasonably achievable.

Since Februar'y 1981. I have served as a' Health Physicist in' the Radiation Protection' ~ '
Section of the Radiological Assessment Branch. My principal ~ function is the
review of power reactor applications, both at the construction permit and operating
license state, to determine the adequacy of proposed occupational radiation
protection programs and the related efforts proposed to assure that occupational
radiation exposures will be maintained as low as is reasonably achievable.

I am a mcmber of the health Physics Society and the Baltimore-Washington Local
Chapter of the Health. Physics Society.

.
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EDWARD F. 8RANAGAN, JR. I. ,.j OFFICE OF NUCLEAR REACTOR REGULATION r

PROFESSIONAL QUALIFICATIONS

From April 1979 to the present, I have been employed in the Radiological
Assessment Branch in the Office of Nuclear Reactor Regulation of the U.S.

. Nuclear Regulatory Commission (NRC). As a Health Physicist with the Radiological
,

'

! Assessment Branch. I am responsible for evaluating the environmental radio-l

logical impacts resulting from the operation of nuclear power reactors. In
particular, I am responsible for evaluating radioecological models and health
effect models for use in reactor licensing.

In addition to my duties involving the evaluation of radiological impacts from
nuclear reactors, my duties in the Radiological Assessment Branch have included
the following: (1) I managed and was the principal author of a report entitled
" Staff Review of 'Radioecological Assessment of the Wyh1 Nuclear Power Plant'"
(NUREG-0668); (2) I served as a technical contact on an NRC contract with
Argonne National Laboratory involving development of a computer program to
calculate health effects from radiation; (3) I served as the project manager on
an NRC contract with Idaho National Engineering Laborotory involving estimated

>

and measured concentrations of radionuclides in the environment; (4) I served
as the project manager on an NRC contract with Lawrence Livermore Laboratory
concerning a literature review of values for parameters in terrestrial radio-
nLclide transport models; and (5) I served as the project manager on an NRC
contract with Dak Ridge National Laboratory concerning a statistical analysis
of dose estimates via food pathways.

From 1976 to April 1979, I was employed by the NRC's Office of Nuclear Materials
Safety and Safeguards, where I was involved in project management and technical
work. I served as the project manager for the NRC in connection with the
NRC's estimation of radiation doses from radon-222 and radium-226 releases
from uranium mills, in coordination with Dak Ridge National Laboratory which
served as the NRC contractor. As part of my work on NRC's Generic Environmental
Impact Statement on Uranium Milling (GEIS), I estimated health effects from
uranium mill tailings. Upon publication of the GEIS, I presented a paper
entitled"HealthEffectsofUraniumMiningandMillingforCommercialNuclear;
Power" at a Conference on Health Implications of New Energy Technologies. " "

..

I received a B. A. in Physics from Catholic University in 1969, a M. A. in .

Science Teaching from Cat.holic University In 1970, and a Ph.D. in Radiation |.

Biophysics fro;:: Kansas University in 1976. While completing my cobrse wo'rk '

for my Ph.D. , I was an instructor of Radiation Technology at Haskill Ju'nior .-
College in Lawrence, Kansas. My doctoral research work was in the alea of DNA
base damage, and was supported by a U.S. Public Health Service traineeship; siy'
doctoral dissertation was entitled " Nuclear Magnetic Resonance Spectroscopy of
Gamma-Irradiated DNA Bases."

I as a member of the Health Physics Society.
..

7
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John J. Hayes, Jr.
Professional Qualifications

Effluent Treatment Systems Branch 5.,.
Division of Systehs Integration :g5-

_
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My name is John J. Hayes Jr. I am a senior nuclear engineer in the Effluent
Treatment Systems Branch in the Office of Nuclear Reactor Regulation, I am
responsible for technical reviews, analyses, and evaluations of reactor plant
systems and equipment for fission product removal .and treatment of radioactive
wastes, as to their adequacy in meeting the applicable regulations. I as also
responsible for the derivation of models used in the calculation of source
tenns to estimate the radiological impact on the environment, the adequacy of
the instrumentation provided for maintaining radioactive discharges from
nuclear power plants and for providing technical bases for guides and *

standards.
'

I received a Bachelor of Science degree in Chemical Engineering from Purdue '
University in 1970 and a Master of Science degree in Nuclear Engineering
also from Purdue University in 1976.

My professional ' experience totals approximately 11 years of central station
nuclear power plants.

From 1971 to 1974 I was employed as a chemical engineer by Carolina Power and
Light Company. In this position I was responsible for obtaining all permits,
including air and water quality permits, for all power plants.from the
appropriate federal agencies and from regulatory agencies in the States of
North Carolina and South Carolina.

4

From 1974 to 1980 I was employed as a principal engineer with the NUS Corpora-
tion. In this position I was responsible for the review of radwaste systems
of nuclear power plants, generation of effluent source terms resulting from
operation of such systems, and calculation of doses to menbers of the general
public from these effluents. I was also responsible for the evaluation of
various accidents for the preparation of inputs to Chapter 15 of Final and
Preliminary Safety Analysis Reports. I was also responsible for training
individuals from Brazil, Yugoslavia, and Tawian in the generation of effluent
source terms and calculation of doses resulting from these effluents.i

. In 1980, I accepted the position of senior engineer with the U. S. Nuclear
| Regulatory Commission.

.

.
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EDUCATIONAL AND PROFESSIONAL QUALIFICATIONS

Robert F. Skelton
Division of Safeguards'

-
U.S. Nuclear Regulatory Commission

,
, en-

,

%
My name is Robert F. Skelton. I am a Plant Protection Analyst
with fifty-nine months experience in the Division of Safeguards, U.S.
Nuclear Regulatory Commission. I am respo'nsible for the review,
assessment, and approval of physical security plans and site specific
measures employed by licensees to protect power reactor. facilities. I
have also participated in the review of security contingency plans and
guard training and qualification plans for reactor and fuel cycle
facilities as well as physical security plans for the protection of
special nuclear material . I have evaluated the effectiveness of

' - installed security systems in connection with the NRC safeguards
.

assessment activities.

Aft-er receiving a Bachelor of Arts Degree from Parsons College in 968,
-

- -1 served as a Police Officer / Radio 0perator -(summer 1968) and for four'

years as a Counterintelligence Special Agent and Intelligence Photographer
,

witk the U.S. Army. My assignments included conducting personnel security
investigations, physical security surveys, classified document inspections,
counter-sabotage / espionage investigations, and intelligence photographicduties. For thirteen months I was involved in a number of sensitiveassig,nments in these areas in Korea.

FEE l'972 to 1977, I was, employed as a " Senior Security Specialist, with'

ths U.S. Secret Service at The White House. Du. ring that time, I pro-
.

vided worldwide, advance security operations for the President and other
protectees of the . Secret Service, assuming responsibility for: all aspects
of their technical, ~ security. A portion of those technical security
duties involved audio and explosives countermeasures; the installation

-

and maintenance of locking mechanisms, protective lighting, and alarm
systems.

I am also currently serving in a volunteer capacity as a sworn D.eputy
Sheriff in Arlington County, Virginia.
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ATTACHMENT A

~ $
League Contention 42 2

As the Staff has recognized in NUREG-0410 and in the Black Fox
testimony previously cited, occupational radiation exposure to station
and contractor personnel has aenerally been increasing in recent-years,
and violation of the limits of 10 CFR Part 20 has been avoided by C.E.,
as by other licensees, by obtainina the temporary services of transient
workmen rather than by devoting adequate effort to reducing exposures.,

Among other things, this prarHee results in using larcer numbers of
peoDie and thereby increasing the risk of sabotage, operator error and
similar safety-related hazards. Furthermore, new information on
low-level radiation effects indicates that the Byron design basis will
not provide safe operation. Accordingly, both because of the lack of
assurance of the practices of using transient workers, as a result of
this serious and unresolved problem the findings required by 10 CFR
% 50.57(a)(3)(8) and 50.57(a)(b) cannot be made.

League Contention 11

C.E. has not met the requirements of NEPA and the Regs, including
but not limited to 10 C.F.R. %% 50.34(a) and 50.36(a) because C.E. has
not adequately monitored and provided a design base for the Byron plant
which will keep radiation levels as low as achievable as required for
operation of the plant to protect the health and safety of tha public.
To keep radiation levels as low as achievable, C.E. should provide and
utilize:

A. More adequate environmental and discharge montoring of
radioactive emissions from the Pyron plant, which include:

(1) Monitorina devices at more locations within and without
the plant site.

(2) Provisions for more frequent reading of monitors by
independent analvsts.

(3) Better monitoring devices which include:

1 (a) An automatic system of monitoring that notifies
! local authorities by an alarm when discharge

emission exceed design limits;

(b) Monitorina devices that measure differences in
alpha, beta and gamma dose levels, which presently
are not proposed to be considered and measured;

(c) Monitoring and recording of emissions of all
dangerous long lived radionuclides, including

| especially I-129 and Plutonium;

i
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(d) Bioaccumulative testing in a tiered system to assess
the uptake of radioactive and chemical polutants

. from bottom sediments or soil to lower oroanisms and g,3
_ to contamination of the food chain of man and other :gh

life.-

Leaoue Contention 112

C.E. has not met the requirements of NEPA and 10 CFR Part 20
because it has not adequately assessed the effect of radiation on plant
workers and provided a design base for the Byron plant which will
provide radiation levels as low as achievable. To keep radiation levels
as low as achievable there is a need for better use preventive measures
to reduce radiation, including neutron, exposure levels to regular plant
personnel and transient workers. These include but are not limited to:

(a) Plant designs for reducinq amount of radiation exposure which take
into account new evidence on low levels of radiation which were not
considered in design of the plant.

(b) Improved record keeping of radiation exposures, includina
cumulative exposures both at the plant site and at othqr facilities.

(c) Better training of personnel to prevent radiation exposures,
including more use of renular trained personnel rather than

transient or temporary workers with little experience and training.

(d) Limiting exposure to high levels of radiation to volunteers and/or
only older workers beyond the child bearing age or others incapable
of biological reproduction.

(e) Better education about radiation dangers to ensure cocoeration of
workers in keeping radiation exposures to a minimum.

As a result, the applicable findings required by the Act, NEPA, and the
Regs, cannot be made herein.

_
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OCCUPATIONAL EXTERNAL RADIATION EXPOSURE HISTORY ,

See instructions on the Back

IDENTIFICATION
,

1. N AP L (PRINT - LAST, FIRST, AND MIDDLE) 2. SOCIAL SECURITY NO.
2

.

3. DA1 E OF BIRTH (MONTH, DAY, YE AR) 4. AGE IN FULL YEARS (N)

OCCUPATIONAL EXPOSURE - PREVIOUS HISTORY

5 PRE vtOUS EMPLOYMENTS INVOLVING 6. DATES OF EMPLOYMENT 7. PERIODS OF EXPOSURE _8. WHOLE BODY 9. RECORD OR CALCULATED
RADI ATION EXPOSURE-LIST NAME AND (F ROM-TO) (REMI (INSERT ONE)
ADDHF SS OF EMPLOYER

-

10. R E M AR KS 11. ACCUMULATED CUCUPATIONAL DOSE
- TOTAL

13. C AL CULATIONS - PE RMISSIBLE DOSE 12. CERTIFICATION:1 CERTIFY THAT THE EXFOSURE HISTORY
WHOL t RODY: L!STED IN COLUMNS 5,6, AND 7 IS CORRECT AND COMPLET E

TO THE CEST OF MY KNOWLEDGE AND BEttEF,
(Al PL RMISSIBLE ACCUMULATED _ REM.

OOSE = 5(N-18)

(B) 10TAL EXPOSURE TO DATE REM EMPLOYE E'S SIGNATURE DATE.

(F HOM ITEM 11) .

(C) LINUSE D PART OF REM,

PL RMISSIBLE ACCUMULATED
DOSE (A-8)

.=
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INSTRUCTIONS FOR PREPARATION OF NRC FORM 4*

n.is form or a cicar .wid le+ble record containing all the of the individual 'as calculated under Section
in .nmat on required on alus form must be prepared by each 20.102. Dose is to be given in rem.
lirensee of the Nuclear Re.platory Cummission who, pursuant to
Setion 20.101, proposes to rupose an individual to a radiation " Dose to the whole body" shall be deemed to in. -
dc a in excess of the amounts specified in Paragraph 20.101(a) clude any dose to the whole body, gonads, active
of the regulations in Part 20. " Standards for Protection Against bioad forming organs, head and trunk, or lens of
R. fiation," 10 CFR. The requirement for completion of this eye.
fo m is contained in Section 20.102 of that regulation. The "'**
in ormation cantained in this form is used for estimating the item 9. After each entry in item 8 indicate in item 92$
enemal accumulated occupational dose of the individual for whether dose is obtained from records or calet,-
wharn the form is completed. A separate Form NRC-4 shall be lated in accordance with Section 20.102.
cc upleted for each individual to be exposed to a radiation dose item.10. Self explanatory. -
in excess of the limits specified in Paragraph 20.101(a) of Part 20
of the Commission's regulatinns.* Listed below by item are
in" ructions and additional infne mation directly pertinent to com- T tal Accumulated Occupational Dose (Whole Body)

.

pie ting this form:
ltem 11. The total for the whole body is obtained by sum

ma n f aH values n Itend
Id ntefication

"
item 1. Scif-explanatory.
item 2. Self expl.inatory encept that,if individual has no

social security number, the word "none" shall be item 12. Upon completion of the report, the employee must
inserted. cerlify that the information in Columns 5,6, and 7

Item 3. Self-explanatory. is accurate and complete to the best of his know-
Item 4. Enter the aae in full years. This is called "N" when ledge. The date is the date of his signature.

used in calculating the Permissible Dose. N is equal
to the numin r of years of age of the individuale

on his last birttufay. Calculations

Or upational Exposure tjfet me accumulated occupational dose form
each Individual and the permissible dose under
Paragraph 20.101(b) are obtained by carrying out

item S. List the nant and address of each previous em- the following steps: The value for N should be
ployer and t'c afdress of employment. Start with taken from item 4. Subtract 18 from N and multi-
the most recent employer and worl6 back. ply the difference by S rem. (For example, John

Snuth, age 32; N = 32, PAD = 5(32-18) = 70 rem.)
include only those periods of' employment since Enter total exposure to date from item 11. Sub-
the eighteenth tiirthday involving occupational tract (b) from (a) and enter the difference under
esposure to r.ufiahon. For periods of self+mploy. (c). The value in (c) represents the unused part of
ment, insert the word "self-employed." the permissible accumulated dose. This value for

item 6. Give the dates of c,sch employment listed in item S. permissible dose is to be carried forward to Form *

ltem 7. List periods during which occupational exposure NRC-5, " Current Occupational External Radiation
to radiation occurred. E xposure (Whole Body)."

Item 8. List the dose arcneded for each period of exposure
from the secouts of previous occupational exposure item 14. Scif esplanatory.

*n vorm re m s.y n.,e ne w n .i.,rp reacerned.s

-

PRIVACY ACT STATEMENT
Pur aant to 5 U.S.C. 552 ate) (31 enarted into few by section 3 of the Privacy Act of 1974 (Pubic Lew 93 5791. the following statement is furnished to indeviduals
whei supply information to the Norlear Repletory Commission on Form NRC4. This Information is me ntamed in a system of records desegnated as NRC27 and
des . bed at a0 Federal Register 45M4 (October 1.1975).

1. /.UTHORITY Sectinns $3. 63,65. Bl.103,104,161(b), and 161(o) of the Atorrde Energy Act of 1954, as amended (42 U.S C. 2073. 2093. 2095,2111,
2133,2134,2201(b), and 2201:o0. The authority for solici*ing the social secunty number is 's0 CF R Part 20,

2. FRINCIPAL PURPOSE (S) The information is used by the NRC in its evaluation of tne risk of sadiation empomre assooated with the licensed activity and
i . emercising ets statutory respcvisihd ty to monitor and regulate the safety and health practices of its I.cenwet The data permits a meaningful comparison of both
curvent and lorg to m exposure eyw.nence among types cf licensees and among licensees with;n exh type Daia on your emposure to radiation is available to you

f 5. . sun "equest

! 3 8 OuilNE tELS 1he .nf a matun esay te used to provide data to oth. FederS aaJ Sta e arm n .v.?d en monetains a.vilot e.ewativadiation en-
5 smare recessed by endeveduals employent as f ad.# on workers on a pe mane .t or temporary tw s and eene #rce ved by rNn tored wisstnes. Te.e information
n.sy s'so be :I.srhaeJ to an appnytiste Federal State, or local agency in the event the mforrrat.on indues a violation or potential violatian of saw and in the
e urie of an artministrative os pnbrial psrcaedeng.

4 utETHER DISCLOSUPE IS M ANOATCRY OH VOLUNTARY AND EFFECT GN INDIVIZJAL Oi' t OI rh0VIDING INFORMATif'N 11 ss volun

t..ey that pu furn * the reo.ested ents= motion, .ric'udic? socia'sec irity nuenber; huwever, t**e f.ccmev rwt have a completed Form NHC 4 on each individual
v.Nsre. the licensee proposes to espe =* to a rediation dose iri enress of the amounts sm<if.ed er 10 CF R 20101(a). F situ.e to obtain the requested informotion
i efore per nitteng ss.ch empniena may mbiert the licenwe to enfoscement action in suordance mth 10 CF R 20 601. The social seanity numoer is used to assere

at NRC has an at cuisie irimtit.o. not sub ect to *he coiricidence of similar names or birthda es amoni; the targe numtwr of persons on whom data is maintained.t

5. !YSTEM MANAGER (Sl AND AnimLSS Director, Of fece of Management infortnation and Program Centrol
U.S. Nuclear Regulatory Commission,Washmgton. D.C. 20M5

.
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* REGULATORY GUlOE 8.8

9 INFORMATION RELEVANT TO ENSURING THAT OCCUPATIONAL RADIATION i
EXPOSURES AT NUCLEAR POWER STATIONS WILL BE AS LOW AS '

IS REASONABLY ACHIEVABLE l
.

A. INTRODUCTION high dose rates.8 An ad hoc committee of the Na-
tional Council on Radiation Protection 'and Mens-Paragraph 20.l(c) of 10 CFR Part 20, " Standards
urements (NCRP) (Ref.1) chose in 1959 to make thefor Protection Against Radiation," states that licen- cautimas assumptions that a proportional relationship

sees should make every reasonable effort to maintain exists between dose and biological effects and thatexposures to radiation as far below the limits speci-
i

, the effect is not dependent on dose rate. Essentially,fied in Part 20 as is reasonably ach,evable. This this amounts to assumptions of a nonthreshold,
guide provides mformation relevant to attaining goals .. linear" (straight line) dose-effect relationship.
and objectives for planning, designing, constructing,

'

. | operating, and decommissioning a light-water reactor The International Commission on Radiological
(LWR) nuclear power station to meet the criterion Protection ICRP), the Federal Radiation Council
that exposures of station personnel' to radiation dur- (FRC) whose functions now reside in de Environ-
ing routine operation of the station will be "as low as mental Protection Agency (EPA), and committees of
is reasonably achievable" (ALARA). This guide is the National Academy on Sciences / National Research
also responsive to the admonition of the Federal Council (NAS/NRC) have used this hypothesis to es-,

'

Radiation Council (now EPA) that occupational radi- timate conservatively the number of possible biologi-
ation exposures be maintained ALARA. Major acci- cal effects that statistically may be associated with
dent situations and emergency procedures a e not exposures to radiation.
within the scope of this guide.

The NAS/NRC Biological Effects of Ionizing..
|

| Much of the information presented in this guide Radiation (BEIR) Committee (Ref. 2) reiterated that
also is applicable to nuclear power stations other than the assumptions of a nonthreshold linear relationship
those cooled with light water. The applicable goals between dose and biological effects independent of
aid objectives should be used for all nuclear power the dose rate should be applied for radiation protec-

'

stations until more specific goals and objectives are tion purposes. This recommendation has been |
available for other types of power reactors. adopted by EPA (41 FR 28409) for the purpose of

estiraating the potential human health impact of low
levels of ionizing radiation. The radiation protection

B. DISCUSSION goal is to reduce doses wherever and whenever rea.
The relationship between radiation dose and sonably achievable, thereby reducing the risk that is

biological effects is reasonably well known only for assumed (for radiation protection purposes) to be
| doses that are high compared with current annual Proportional to the dose.

do,e fi. nits a id only v. hen such <*oscs are t'elivered at
. 3 _ _

In 1973. tL: 'CRP (Ref. 3) stat d:
'

, .1:ncs taccite ,ubtantive thanges from previous issue. "Whilst the values proposed for maximum permir-
'

8 "$reFon personnel." as usxd in this guide. includes all per-
sons marting at the static r.. *Fether full.'ime or part-time and 8 Throurf.out this guide the word " dose" s.ift allv 'c to " doses

shuhcr emplo)cd by the licensee or by a contractor for the equivalent." she terrn used for radiation protection purposes,
licensee. mith the unit expressed in "rcuns."

.
I
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sible doses are such cs to involve a risk which is doses am:ng broad job c teg: ries and among the
small compared to the other hazards of life, equipn.ent systems or components that represent sub-
nevertheless, in view of the incomplete evidence stantial sources of exposures. Doses to station per-
on which the values are based, coupled with the sonnel are influenced by many variables, including

-

knowledge that certain radiation effects are irrever- the ability of fuel elements to retain fission products, ,- j.

sible and cumulative, it is strongly recommended the extent of deposition of activated corrosion prod- (/that every effort be made to reduce exposure to all ucts throughout the primary and auxiliary coolant sys-
types of ionizing radiation to the lowest possible tems, the reliability of other specific equipment, the
level . " station layout, and radiation protection programs.
Merely controlling tl$e maximum dose to individu- If design reviews or inspections had revealed that

als is not sufficient; the collective dose to the group radiation exposures at nuclear power stations were ((measured in man-rems) also must be kept as low as unavoidable or that the cost of reducing the exposures
is reasonably achievable. " Reasonably achievable" would be unreasonable, the exposures might be con-
is judged by considering the state of technology and sidered ALARA by definition. However, this has not I

the economics of improvements in relation to all always been the case, and this guide is intended to
the benefits from these improvements. (However, a assist in achieving a status wherein exposures are
comprehensive consideration of risks and benefits considered to be ALARA.
will include risks from nonradiological hazards. An

. .

action taken to reduce radiation risks should not re- . A m8jor Podion of the radiation exposure of sta-
Il n Personnel is received during maintenance, rad-

, ,

sult in a significantly larger risk from other hazards.)
waste handling, inservice inspection, refueling, and

Under the linear r.onthreshold concept, restricting nonrautine operations (Ref. 6). The decommissioning
the doses to individuals at a fraction of the applicable process also has a potential for substantial exposures
limit would be inappropriate if such action would re- to personnel. Effective design of facilities and selec-
sult in the exposure of more persons to radiation and tion of equipment for systems that contain, collect,
would increase the total man-rem dose. The radiation store, process, or transport radioactive material in
protection) community has recognized for many any form will contribute to the effort to maintain
years that it is prudent to avoid unnecessary exposure radiation doses to station personnel ALARA. '

to radiation and to maintain doses ALARA. In addi-
.

tion to reduced biological risks, the benefits of such Products of erosion or corrosion (i.e., " crud,,*)
,'

practices may include avoidance of costs for extra that become mobile and are activated constitute an
personnel to perform maintenance activities and unPortant (perhaps principal) source of radiation with

, ,

avoidance of nonproductive station shutdown time Tc5Pect to the exposure of station personnel. (Crud is

caused by restrictions on station personnel working in accumulated in and transported by the coolant. Some
radiation areas. C mPonents of the crud become radioactive when

passing through the reactor core. Migration of crud to
Annual collective radiation dose equivalents re- other systems occurs with coolant or steam. Specific

ceived by personnel working at an LWR nuclear radionuclides that have been identified in crud and
power station have ranged from less than 100 man. that can contribute substantially to the radiation
rems to over 5,000 man-rems (Refs. 4 and 5). Typi- source are Co-58, Co-60, Mn-54, Zn-65, and Zr-95.)
cally, annual collective dose equivalents range from
400 to 1,000 man-rems at L%,R stations that have Exposures of station personnel who service equip-
been in operation arom 2 to 14 years and have ment contaminated by crud can generally be reduced

generating capacities ranging from less than 100 substantially by minimizing the formation of crud and

Mwe to 800 Mw e. In view of the anticipated growth by designing or modifying equipment to minimize 10-
of nuclear power stations over the next few decades cations where crud can deposit and accumulate. Pro-

and the radiation exposure experience to date, adds,- visions for isolating components and flushing with

tional efforts to reduce radiation doses to nuclear crud-removing fluid such as demineralized water can

power station personnel are warranted. often reduce accumulations prior to activities such as
maintenance or equipment replacement.

A u de n.; in m!!. liu m Mic Gres to wa-
, tion grsono amq the varim sta(tata appars t S'ation m! equigm,nt 1 vout alsa can affect the r

be pi:marily a function of doses received in mainte- potential for radiation exposures. Exposures at sites
, where multiple radiation sources exiet some9mes can Qnante op rations in radiation areas. Some data are

awlable to peimit est; mates of the distribution of be reduced by addi*ioen.1 separation of individual &
sources Adequate rpace for ease of rnaintenance and ' |

, ,, , .. radiation protection," as used in this guide is con- other operations can permit the tasks to be completed
| sidered to be synonymous with the term " applied health more quickly, thereby reducing the length of expo-

physics"; i.e., the development and implementation of methods -

and procedures necessary to evaluate radiation hazards and to " Crud"is corrosion and crosion products ed other solids that
provide protection to man and his environment from unmar- are formed by chemical and physical reaction between the reac-
ranted exposure. tot coolant and structural materials.

l
I
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sures. Shielding by structtual materials, equipmaat, ing at the judgment, but it should not be the decisive
and auxiliary or permanent shields can reduce expo- factor in all cases.'

/ sures by isolating radiation sources. Where equip-

( ment components constitute a substantial radiation '!he nuclear steam supply system (NSSS) vendor,
source that cannot be effectively reduced in place, the designer, the architect. engineer (A/E), the con-
features that permit the removal of such components structor, and the operator of the nuclear power facil-
for maintenance at remote locations often can be ef- ity each have responsibilities related to the effort of
fective in reducing exposures. The use of remote. oc add Mlah exposures
handling features also can reduce exposures of station ALARA. Thus, coordination and cooperation are es-
personnel in certain instances. g y,, ,g*

nalntaining cecupational radiation exposures
Station technical and supervisory personnel, work- ALARA.

g ing closely with radiation protection personnel, can
This guide is written primarily for the applicant orreduce exposures by planning activities of personnel licensee. However, the dejgner, the A/E, and thewho must enter radiation areas, by studying the ac-

tions and procedures of individuals working in such constructor will find many of the guide's consid-
erstions helpful in the design and construction proc-areas, and by conducting postoperation debriefings
ess to ensure that their efforts are consistent with theon projects resulting in substantial expc.:ures to iden- needs of the applicant or licensee to maintain radia-

tify how procedures might be modified to reduce ex- tion exposures ALARA.
posures on subsequent similar tasks. Training pro-
grams for all station persornel can establish and rein- Specific design or operational objectives for main-
force the principles of radiation protection as applied taimr.g radiation exposures ALARA are suggested by
to specific job functions. By making personnel aware the parameters that determine the magnitude of doses
of the methods and the special equipment and protec- to station personnel, both as indivious!s and as a
tive equipment available to them, potential radiation group. Doses to personnel in nuclear power stations
doses can be reduced. are predominantly from external exposure, i.e., from

n: concept of maintaim.ng occupational radiation radiation sources external to the body. However,.

exposures ALARA does not embody a specific num- there also exists a potential for doses from internal -

erical guidelme value at the present time. Rather,it is exposures, i.e., f*om radioactive materials taken into

a philosophy that reflects specific objectives for radi- the body.

( ation dose management in: Important parameters in determining doses from
1. Establishing a program to maintain occupational external exp sures are (1) the length of time that the

radiation exposures ALARA; receptor remains in the radiation field and (2) the in-
2. Designing facilities and selecting equipment; tensity of the radiation field. Some degree of expo-
3. Establishing a radiation control program, plans, sure of statfort perso,nnel cannot be avoided during

and procedures; and the operation and maintenance of nucles.r power sta-
,

4. Making supporting equipment, instrumentation, tions. However, there are many ways by whl:h the
and facilities available, exp sures and resultant doses can be lowered by re-

ducing the time interval of the exposure and the in-
When an adequate data base, including economic tensity of the radiation field. The intensity cf the

information, is available, the criteria for keeping an- radiation field is determined by (1) the quantity of
nual collective doses to station personnel ALARA radioactive material, (2) the nature (i.e., characteris-
might be derived or selected in numerical terms. tics) of the emitted radiation (3) the nature of the
However, a data base :( operating experience and shielding between the radiation source and the re-
cost information to provide quantitative guidance for ceptor, and (4) geometry (e.g., distances and
establishing such criteria is not available at this time, dimensions),
and the criteria for meeting the provision of para-
fraph 20.l(c),f 10 CFR Par' 20 r ust therefare take Parameters importsnt in deterrnining doses from
'he fmr of piutiw pih..- te s., gMs, ./ Wee- bmal expsm ut (O ile qm'in of refLactive

'

tives, and statements of good practice). material taken into the body, (2) the nature (isotopi-
cal aad body deposition charactedstics) of the matedal,f De NRC staff has t'or perfxrned a cost.bunefit and (3) the tirr.e ir.terWI over which the matcrial# analysis for each of the considerations discussed er is retained by the body. The principal modes by

presented in Section C of this guide. This gtdde pre- which radioactive material can be taken into the bodysents goals and objectives that were selected to are (1) Inhalation, (2) ingestion, (3) skin absorption,satisfy the principles, phi!osophy, and criteria for and (4) injection through wounds. At nuclear power
maintaining occupational radiation exposures stations, radioactive materials are geners!!y conf'med,
ALARA. Attaining these goals and objectives will but some dispersion within the station is unavoidable( require good engineering judgment on a case-by-case and constitutes the source of (1) contaminated air andbasis. A cost benefit analysis may be helpful in arriv- liquids that present the potential for intake by inhala-

s.s 3 |
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tion and absorption and (2) contaminated surfaces Attaining the following objectives'to the extent
that present the potential for intake by ingestion and practicable throughout the planning, designing, con-
through cuts or abrasions in the skin. Absorption structing, operating, maintenance, and decommis- #

,
'

generally is not an important intake mode at nuclear sioning of an LWR station will be considered to, pro-
power stations except for tritium, which can be ab- vide reasonable assurance that exposures of station
sorbed through the sk,in. personnel to radiation will be ALARA. The methods

Consequently, the basic variables that can be con- are deliberately stated such that considerable flexibil- *

can be ach.ed in the manner by which the objectives"Y C"" "s ,

trolled to limit doses from internal exposures are
ed. Mrenc9s among stations magluthose ' hat limit (1) the amount of contamination, (2) .

the dispe sal of the contamination, and (3) the length necyssitate unher innovation an methods used to
of timt ihat personnel must spend in contaminated achieve the objectives.

areas. Protective equipment can keep the intake of 1. Program for Maintalalag Station Persossel I
the contaminant to a minimum. Physical and chemi- Radiation Doses ALARA
cal methods can be used to hasten the elimination of '

; radioactive material taken into the body; however, To attain the integrated effort needed to keep expo-

because of the risks associated with the use of these sures of station personnel ALARA, each ' applicant

methods, they are reserved for very serious cases and licensee should develop an ALARA program that

where the probability of experiencing biological ef- reflects the efforts to be taken by the utility, nuclear
, steam supply system vendor, and architect-engineer,

fects is quite substantial, e.g., large intakes such as
to maintain.s Efe. This program should be in written

radiation exposure ALARA in all phasesthose that might occur in serious accident situations. og , g,g;o,
Objectives stated in this guide for maintaining occu. form and should contain sections that cover the gen-

pational radiation exposures ALARA are derived by erally applicable guidance presented in this guide, as
considering the parameters that affect dose, the vari- a minimum, and more specific guidance as required
ables that exist in the station design features, and the to address the particular LWR that is the subject of
variables that can be provided by station administra- the licensing action. This program may be combined
tive actions. Section C, Regulatory Position, states with the station's radiation protection manual, safety
objectives in a manner that encourages innovation by enalysis repon, or other documents or submittals. It
permitting considerable flexibility on the part of the need not be an independent documerit.
utility, the NSSS vendor, the designer, the construe- a. EstabIlshment of a Program To Maintala Oe-tor, and the ME. However the regulatory position ~

cupational Radiation Doses ALARA
also desenbes a large number of specific concernsj

! that should be addressed in meeting the goals and ob- (1) A management policy for, and commitment
! jectives. to, ensuring that the exposure of station personnel to

radiation will be ALARA should be established.

h C, REGULATORY POSITION (2) The policy and commitment should be re-
flected in written admmistrative procedures and in-

, , ,

The goals of the effort to maintain occupational structions for operations involving potential expo-
radiation exposures ALARA are (1) to maintain the sures of personnel to radiation and should be re-
annual dose to individual station personnel as low as flected in station design features. Instructions to de-
is re2sonably achievable and (2) to keep the annual signers, constructors, vendors, and station personnel
integrated (collective) dose to station personnel (i.e., specifying or reviewing station features, systems, or
the sum of annual doses (expressed in man. rems) equipment should reflect the goals and objectives to
to all station personnel) as low as is reasonably maintain occupational radiation exposures ALARA.
achievable. (Few utilities design or build their nuclear power sta-

'tions but as mom v ofesipers and builders.W NRC staff h lims the !,e sated objecthes utilin;es sho.;ld expeci the designers an ! b silders to
are artsable with current icd.nology and with good
operatii.g practices. The costs for attaining these ob- be responsive to their needs and instructions.)

g,

icctives have not been established and are expected to b, Organlaation, P.rsonel, a nd Respansibilities
sary widely dcpending e the featurcs of the specific
power reactor f acility and the meti.od selected to ac- (1) In view of the need for upper-level manage-

. 'e
complish the objectives. The favorable cost-benefit ment support, responsibility and authority for imple-
ratio for achieving some of these objectives may be menting the program to mamtain occupational radia-

,

obvious without a detailed study. For other objec- l'on exposures ALARA should be assigned to an in-
,

tives, however, a cost-benefit study might be re- dividual (or committee) with organizational freedom

'? 'ilities and authorities should include:"5ure development and implementation. Respon-quired to determin: whether the objectives are rea-
sib .

,

sonably achievable. Doses to station personnel can
affect station availability, and this factor should be (a) Ensuring that a corporate program that in- 1

considered in assessjng the cost-benefit ratio. tegrates management philosophy and regulatory re-
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quirements is established, with specific goals and ob. (3) The Radiation Protection Manager (RPM)
,

jectives for implementation included;
(onsite) has a safety function and responsibility to( (b) Ensuring that an effective measurement both employees and management that can be best ful-.

system is established and used to determine the de- filled if the individual is independent of station divi-
gree of success e-hieved by station operations with sions, such as operations, maintenance, or technical
regard to the prcgram goals and specific objectives; support, whose prime responsibility is continuity or

mprovement of station operability. The RPM should
(c) Ensuring that the measurement system re- have direct recourse to responsible management per-

sults are reviewed on a periodic basis and that correc- aonnel in order to resolve questions related to the
-

tive actions are taken when attainment of the specific conduct of the radiation protection program.
objectives appears to be jeopardized;

<
(d) Ensuring that the authority for providing (The specific responsibilities given here for.

procedures and practices by which the specific goals the RPM are illustrative and not intended to be all-
and objectives will be achieved is delegated; and inclusive with respect to the ALARA program or ef-

,

fort. They do not include any of the responsibilities
(c) Ensuring that the resources needed to in areas other than ALARA efforts.)

achieve goals and objectives to maintain occupational
radiation exposures ALARA are made available. Responsibilities of the RPM with respect to a

In view of the responsi . . program to maintain occupational radiation exposures
p!ement a program to maintam,bilities required to Im-, ALARA should include:occupational radiation
exposures ALARA, the individual (or committee)
selected for this function might also be chosen to (a) Participating in design reviews for,

coordinate the effort among the several corporate facilities and equipment that can affect potential radi-

functional groups (such as the operations, mainte- ation exposures;

nance, technical support, engineering, safety, and (b) Identifying locations, operations, and con-
radiation protection groups) and to represent the cor. ditions that have the potential for causing significant
porate interests in dealing with the NSSS designer, exposures to radiation;
vendor, A/E, and builder during the design and con-

3 struction phases. If the expertise for performing this (c) Initiating and implementing an exposure
[ function is not within the corporation when the sta- control program;

Q tion is in the design stage, consultants who possess (d) Developing plans, procedures, and
the required expertise should be used. The utility methods for keeping radiadon exposures of station
should obtain assurance that available data and ex. personne! ALARA;
perience obtained from similar nuclear power stations
are considered and reflected in the work of the NSSS (e) Reviewirg, commenting on, and recom-
designer, vendor, A/E, and builder so as to provide mending changes in job procedures to maintain expo-
features in the new station that permit an effective sures ALARA;
ALARA program.

(f) Participating in the development and ap-
(2) The Plant Manager (Superintendent or Proval of training programs related to work in radia-

equivalent) is responsible for all aspects of station ti n areas r inv Ivang radioactive materials;
operation, including the onsite radiation protection (g) Supervising the radiation surveillance pro-program.

gram to maintain data on exposures of and doses to
Responsibilities of the Plant Manager with re- h' o [t5 nnel.

n SPCC C unc n5 an type
spect to a program to maintain occupational radiation
exposures ALARA should include:

(h) Supervising the co!!stion, entlysis, and
'

# *i f d t< eN informatino arte.ined(a) I nsuHng soppet rrm 411 statior. re'*cc-
adowg cal surveys and monitoring activities;, from. ,,3; i

1 (b) Participating in th,: selectior. of specific (i) Supervising, training, and qualifying the
goah and objectives for the station; r adiat. ion protection staff of the station; and,-

(c) Supporting the onsite Radiation Protection (j) Ensuring that adequate radiation protection
Manager (RPM) in formulating and implementing a C * age is provided for station personnel during all
station program in maintaining occupational radiation w rk.mg hours.
exposures ALARA; and

O (d) Expediting the collection and dissemina-
tion of data and information concerning the program , Data cettected during outases can indicate trends of radiarian

to the corporate management. buildup in equipment that can permit estimates orprobable radi.'
ation tevets to be encountered durins subsequent outases.
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Quali'ications* needed for the RPM job, as keep it current. Station personnel whose duties do not |, .

well as those needed for other positions in organiza- require entering radiation areas or working with' I

tions operating nuclear power stations, are presented radioactive materials should receive sufficient in- 1

in Regulatory Guide 1.8, " Personnel Selection and struction in radiation protection and station rules and
Training." regulations to understand why they should aot enter

such areas.

c. Traic:ng and Instruction Training programs that have as their scal an in-

A training program in the fundamentals of radia. crease in craft skills provide a broader base of knowl-

tion protection and in station exposure control proce. edgeable station personnel available to service -

dures should be established. It should include in. equipment in radiation areas and permit the services

structing all personnel whose duties require (1) work. to be performed more reliably and more efficiently.

ing with radioactive materials, (2) entering radiation This can promote lower individual and collective t

dose levels.areas, or (3) directing the activities of others who
work with radioactive materials cr enter radiation d. Review of New or Modified Designs and
areas. The training program also should include suf- Equipment Selection
ficient instruction in the biological effects of expo-
sures to radiation to permit the individuals receiving (1) Since several groups within a utility (e.g.,
the instruction to understand and evaluate the signifi- maintenance, operations, radiation protection, tech-
cance of radiation doses in terms of the potential nical support, engineering, and safety groups) are in-

risks. terested in station desigit and equipment selection,
the utility should ensure that these groups are

The training should be commensurate with the adequately represented in the review of the design of
duties and responsibilities of those receiving the in- the facility and the selection of equipment. A coordi- |
structions, as well as with the magnitude of the po- nated effort by the several functional groups within !

'

tential doses and dose rates that can be anticipated. the utility is required to ensure that station features
Personnel (including contractor personnel) who direct will permit the goals and objectives of the ALARA
the activities of others should be familiar with the program to be achieved. Although the A/E and desig-
licensee's radiation control program and should have rers greatly influence station design features, utilities
the authority to implement the licensee s commitment should not delegate all responsibilities for station de-
to ensure the radiation exposures of station personnel sign review and equipment se'ection to the NSSS de- .

will be ALARA. signer, vendor, or A/E.

De training program should include instruction (2) Design concepts and station f atures should
on (1) radiation protection rules for the station and reflect consideration of the activities of station pec-
(2) the applicable Federal regulations. Copies of sonnel (such as maintenance, refueling, inservice in-
these rules and regulations should be made available spections, processing of radioactive wastes, decon-
to those receiving the instructions. He training pm- tamination, and decommissioning) that might be an-
gram should be approved by the RPM and presented ticipated and that might lead to personnel exposure to
by competent instructors. The mformation presented substantial sources of radiation. Radiation protection
in the training program should be reviewed periodi- aspects of decommissioning should be factored into
cally and modified, where necessary, to reflect con- planning, designing, construction, and modification
temporary techniques and adjustments based on ex- wet vities. Station design features should be prcivided
perience in station operations. Instruction of station to reduce the anticipated exposures of station person-

,

personnel should stress the importance of exposure- nel to these sources of radiation to the extent practic-
reduction efforts by every individual and should em- able.
phasize the need for feedback ofinformation obtained

(3) S ecifications for equipment should reflectwher'similar tasks were performed previously. P
fl.c el,je.tises of the A LARA pmpam, including

St.ition pmesme! 64 uid reain inswcan at mitrah of x!;.ibihty, servisabili y, initaticas '

periodic intervals to reinforce the,r knowledge and ofinternal accumulations of radioactive material andi

_ _ _
other festures addre> sed in this guide. Specifications y

a consacraaon has * een si*en to rect sroup certification, i e , for itplacement equiptnent also shculd reflect mod- ,

cenification o' health physicists by the Arnerican Boaru of ifications based on experience gained from using the
IIcalth Physics (ABHP), as representing evidence of adequate original equipment.
qualifications for RPM candidates. While the staff believes that
peer group certification is desirable, the present ABHP certifica- 2. Facility and Equipment Design Features
tion n not necessarily specifically applicable to applied health
P ysics or radiation protection needs in nuclear power stations. Radiation sources within a nuclear power stationh

llowever, the staff is discussing with the ABHP the prospects differ apPrcciably -ith respect to location, intensity,
for a special certification program speifically directed toward
the needs of radiation protection personnel at nuclear power and characteristics. The magnitude of the dose rates

,,

stations. that results from these sources is dependent on many
i
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factors, including the facility and equipment design, areas and control over the movement of sources of
'( layout, mode and length of operaticn, and radiation radiation within the station. Where high radiation

source strength and characteristics. areas (>100 mrern/h) exist, i 20.203 of 10 CFR Part
. . 20 requires that station design features and adminis-

, To provide a basis for design, the quantity and trative controls provide effective ingress control, easeisotopic compo,sition of the rad:oactive material that
,

of egress, and appropriate warning devices andcan be anticipated to be contained, depos,ted, or ac- notices. Access control of radiation at:as also should
i

cumulated m the station equipment should be esti- refle t the following considerations:,

mated. Fission product source terms should be esta-
mated using these bases: (1) an offgas rate of (I) Extraordinary design features are warranted
100,000 pCi/see after 30 minutes delay for BWRs to avoid any potential dose to personnel that is large

# and (2) 0.25% fuel cladding defects for PWRs. Acti- enough to cause acute biological effects and that
vation source terms, including actinted corrosion could be received in a short period of time. Positive
products, should be based on measurements and ex- control of ingress to such areas, permanent shielding,
perience gained from operating stations of similar de- source removal, or combinations of these alternatives
sign. ANSI N237-1976 (Ref. 7) is based on such ex- can reduce the dose potential.
perience and provides information that can be used as
a basis for estimating activation source terms. When (2) Administrative controls such as standard
operating measurements are used, extrapolation of Operating procedures can be effective in preventing
data to equilibrium conditions may be needed to esti- inadvertent exposums of personnel and the spread of

mate ultimate activation source terms. Neutron and contamination when radioactive material or contami-

prompt gamma source terms should b: based on ap- nated equipment must be transported from one station
plicable operating experience and reactor core location to another and when the route of transport
physics calculations. through lower radiation zones or " clean" areas can-

not be avoided.
Al. ARA program objectives are presented below

for each of several station features or functions. Each (3) Station features such as platforms or walk-
statement of objective is followed by a number of ways, stairs, or ladders that permit prompt accessibil-
specific concems or suggestions that should be ad- ity f0T Servicing or in5Pection of compnents located

IQ dressed. in higher radiation zones can reduce exposure of per-
sonnel who must perform these services.+

U
a. Access Control of Radiation Areas

To avo.d unnecessary and inadvertent exposures b. Radiation Shields and Geometryi
.

of personnel to radiation, the magnitude of the poten- Radiation shields should be designed using the
tial dose rates at all locations within the station design basis assumptions explained in regulatory po-
should be estimated during station design. Actual sition 2 and conservative assumptions for geometries.
dose rates should be measured periodically during Calculational methods known to provide reliable and
operation to determine current exposure potentials. accurate results (i.e., methods and modeling tech-
Zones associated with the higher dose rates should be niques that have been demonstrated to give accept-
kept as small as reasonably achievable consistent able accuracy in analyses similar to the problem of
with accessibility for accomplishing the services that concern) should be used to determine appropriate
must be performed in those zones, including equip- shield thicknesses. Shield design features should re-
ment !aydown requirements. Radiation zones where flect the following considerations to maintain occupa-
station personnel spend substantial time should be de- tional radiation exposures ALARA:
signed to the lowest practical dose rates.

(1) Exposure of personnel servicing a specific
(It b wmnw pnctice to idm.6iy " radiation e>raposto euch ns a pump, filter, er v*e) to radia.

zor.# 4.R.m a au.let.r power s;r. tion. The zone des- tion from utl.cr cempenents ca.:taining radioactive*
ign.itions are established to reflect the design material can be reduced by providing shielding be-

g maximum dose rates that may exist in areas within tween the individual .:nmponents that constitute sub-
the station where station personnel must I. ave access stantial radia' ion sources ard the receptor.
to p(rform required services. Several systems for de-

'

signating "rawation zones" currently exist among (2) Where it is impracticable to provide perma-
. .

the utilities, and ANSI Committee 6.7 is developing nent shielding for individual components that consti-
,

a standard that should prove useful in attaining com- tute substantial radiation sources, the exposure of
mon designations and terminology in this matter. To Personnel maintaining such components can be re-
avoid ambiguity, no reference to radiation zone num- duced (a) by providing as much distance as practica-

,

b bers is made in this guide at this time.) ble between the serviceable components and the sub-
( stantial radiation sources in the area and (b) by pro-

A system should be established to permit effec- viding temporary shields around components th'at
tive control over personnel access to the radiation contribute substantially to the dose rate.

8.8 7

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



r- _ _ . _ . . - _ . _ . _ . -

: ... .. . _ . . - _ _ , _ , . _ _ _- _
_

.,

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

,-

i, (3) Potential exposure of station personnel to (10) Floor and equipment drains, piping, and'

radiation from certain systems containing radiation aumps that are provided to ecliect and route any con-
sources can be reduced by means of a station layout taminated liquids that might leak or be spilled from
that permits the use of distance and shielding between process equipment or sampling stations can become
the sources and work locations. Tiiese systems in- substantial radiction sources. The drain lines can be.
clude (but are not limited to) the NSSS and the reac- located in concrete floors, concrete ducts, columns,
tor water cleanup,,offgas treatment, solid waste or radwaste pipe chases to provide shielding. Dese
treatment, and storage systems, as well as systems systems can also become a source of airborne con-
infrequently containing radiation sources such as the famination because of the potential for gases to form
standby gas treatment and residual heat removal sys- in, and be released by, such systems (see regulatory .

tems. position 2.d(6)).

Radiation from an operating BWR turbine can c. Process lastrumentation and Controls,

constitute a substantial source of exposure for con- g

struction personnel or others who have access to the Appropriate station layout and design features
site for extended periods of time if insufficient shield. should be provided to reduce the potential doses to
ing is provided. Personnel who must operate, service, or inspet sta-

tion instrumentation and controls. The following con-
(4) Streaming or scattering of radiation from lo- siderations should be reflected in selecting the station

cally shielded corryanents (such as cubicles) can be features: ,

reduced by providing labyrinths for access. However,
such labyrinths or other design features of the cubicle (1) The exposure of pusonnel who must manu-
should permit the components to be removed readily ally operate valves or controls can be reduced
from the cubicle for repair or replacement where such through the use of " reach rods" or remotely operated
work is expected or anticipated. Single-scatter valves or controls. However, these devices can re-
labyrimhs may be inadequate if the cubicle contains a quire lubrication and maintenance that can be the
substantial radiation source. source of additional exposures, and these factors

should be taken into consideration.
(5) Streaming of radiation into accessible areas

through penetrations for pipes. ducts, and other (2) The exposure of personnel who must view or
shield discontinuities can be reduced (a) by means of UPerate instrumentation, monitors, and controls can
tryouts that prevent substantial radiation sources be reduced by locating the readouts or control points
within the shield from being aligned with the penetra. in low radiation zones, j
tions or (b) by using " shadow" shields such as (3) Instrumentation must satisfy functional re-
shields of limited size that attenuate the direct quiremen:s, but the exposure of personnel can be re-
radiation component. Streaming also can occur duced if the instruments are designed, selected, spec-
through roofs or floors unless adequate shielding en- ified, and located with consideration for long service
closes the source from all directions. life, case and Icw frequency of maintenance and

(6) The exposure of station personnel to radia- calibration, and low crud accumulation. Operating
tion from pipes carrying radioactive material can be experience should be recorded, evaluated, and re-

,

reduced by means of shielded chases. flected in the selection of rep!tcement instrumenta-'

tion.
(7) Design features that permit the rapid removal

. . .

I and reassembly of shielding, insulation, and other (4) The use of m, strumentation that contains man-
'

material from equipment that must be inspected or imal quantities of contaminated working fluid (e.g.,
serviced periodically can reduce the exposure of sta. Isessure transducers rather than bellows-type pres-
tion personnel performing these activities. sure gauges) can reduce the potential fcr exposure at

the readout locations.
,

; (8) Spau wi idn e6.les ard other sN! din;: tot

prv..d: lydo n ,paa for sg<cd 'cols nd eam cf u. Cor rol t.f Airimne C(nism!unb cud Gase-*

servicing activities can reduce potential doses by ous Radiation Sources
permitting the services to be acsomplished expediti.
oudy, thus rod' icing exposure time, Station design features siiould be provided in all

statien work areas to limit the average concentrations 4
(9) The exposure of personnel who service com- of radioactive material in air to levels well below the +

ponents that constitute substantial radiation sources values listed in Appendix B, Table 1 Column I of 10
or are located in high radiation fields can be CFR Part 20. Effective design features can minimize
minimized by removing the components and trans- . the occurrence of occasional increases in air contami-
poning them to low radiation zones where shielding nation and the concentration: anfamounts of contam- |
and special foots are available. Design features that inants associated with any such occasional increases.
permit the prompt removal and installation of these Designs that permit repeated, identified releases of
components can reduce the exposure time large amounts of radioactive materials into the air

8.8-8 ;
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spaces occupied by personnel are contrary to a pro- tninks" without imbalancing the ventilstion system.
gram to maintain occupational radiation exposures In areas where contaminated equipment must be

*

ALARA. opened infrequently, portable auxiliary ventilation( Station design features should provide for pro- systems featuring blowers, HEPA filters, and acti-.

tection against airborne radioactive maternal by vated charcoal filters (where radioiodine might be an-, , ,

means of engineering controls such as process, con- ticipated) on carts can be used effectively. Portable

tainment, and yentilation equipment. The routine auxiliary ventilation systems should be tested fre-

provision of sespir,atory protection by use of inds- quently to verify the efficiency of the filter elements

vidually worn respirators rather than engineered de- in their mountings. When the efficiency has been ver-
ified, the system may be exhausted to the room or the,

sign features is generally unacceptable. The use of
ventilation exhaust duct without further treatment andrespirators, however, might be appropriate in certain

nonroutme or emergency operations when the apph- thus imbalance of the permanent ventilation system
an be avoiddi cation of engineering controls is not feasible or while,

i such controls are being installed. (4) Machining of contaminated surfaces (e.g.,
'

The approved use of respirators is subject to the welding, grinding, sanding, or scaling) or " plug-
requirements of f 20.103, " Exposure of Individuals gmg,, f leaking steam gmra'or or undenser tubes

,

to Concentrations of Radioactive Materials in Air in can be substantial sources of airborne contamination.

Restricted Areas," of 10 CFR Part 20 and to regula- 5 urces can be controlled by using auxiliary

tory guidance on acceptable use. (See Regulatory ventilation systems.

Guide 8.15, " Acceptable Programs for Respiratory (5) Sampling stations for primary coolant or
Protection," and NUREG-0041, " Manual of Res- other fluids containing high levels of radioactive ma-
piratory Protection Against Airborne Radioactive Ma- terial can constitute substantial sources of airborne
serials" (Ref. 8).) Design features of the station venti- contamination. Such sources can be controlled by
lation system and gaseous radwaste processing sys- using auxiliary ventilation systems.
tems should reflect the following considerations:

(6) Wet transfer or storage of potentially con-
(1) The spread of airbome contamination within taminated components will minimize air contamina-

the station can be limited by maintaining air pressure tion. This can be accomplished by keeping contami-
gradients and airflows from areas of low potential nated surfaces wet, by spraying, or, preferably, by
ai!bome contamination to areas of higher potential keeping such surfaces under water.( contamination. Periodic checks would ensure that the
design pressure differentials are being maintained. e. Crud Control

(2) Eff:ctively designed ventilatioa systems and Design features of the primary coolant system,
gaseous radwaste treatment systems will contain the selection of constructioin materials that will be in
radioactive material that has been deposited, col- contact with the primary coolant, and features of
lected, stored, or transported within or by the sys- equipment that treat primary coolant should reflect
tems. Exposures of station personnel to radiation and considerations that will reduce the production and ac-
to contamination from ventilation or gaseous rad- cumulation of crud in stations where it can cause high
waste treatment components occur as a result of the exposure levels. 'Ihe following items should be con-
need to service, test, inspect, decontaminate, and re, sidered in the crud control effort:
place components of the systems or perform other
duties near these systems. Potential doses from these (1) Production of Co-58 and Co-60, which con-

systems can be mnimized by providing ready access stitute substantial radiation sources in crud, can be
to the systems, by providing space to permit the ac- reduced by specifying, to the extent practicable, low-

g g ,y, g, ptivities to be accomplished expeditiously, by separat-
ing filter banks and components to reduce exposures co tant pipe, tubm.g, vessel internal surfaces, heat ex-

D"8 ' "'' * "*ein naa1 M p %' # #'".#C3' 7 "" ##'
8to :a | den frw . 4.:ert %nh a Al cc c,p0 mots,

.

m,;a e.m me}' and tn ;rovi/ing suf'I:ic:a spm to memodate aus-
iliary ventilt. tion or shielding of components. rials f r hard facings of wear uateriaiy of high-cobalt

content should be considered where it is shown that
O? .\urilir.ry vcatilati. n sys: cms (l.at r-wr.ent these high-cdait m-:edals contribute to the overa!1 ex-o

the p-rmaaent system can provide local control of posure levels Such consideration shoold also take into,

airborne corrtaminants when equipment contaiilng account potentia! increased service / repair require-
potential airborne sources is opened to the atmos- ments and overall reliability of the new material in
phere. Two types of auxiliary ventilation systems relation to the old. Alternative materiais for high-
have proved to be effective. In areas where contami- nickel alloy matenals (e.g., Inconel 600) should be
nated equipment must be opened frequently, dampers considered where it is shown that these meterials con-

C and fittings can be provided in ventilation ducts to tribute to overall exposure levels. Such consideration
permit the attachment of flexible tubing or "clephant should also take into account potential incicased

8.8-9



j. . _ . - _ _ -- _ _ - _ _ ,
_ _

.

.

t

I service / repair requirements and overall reliability of limit the spread of contar...aation from leakage of
I the new materials in relation to the old. liquid systems.

(2) Loss of materia! by erosion of load-bearing
hard facings can be reduced by using favorable (3) Accumulations of crud or other radioactive
geometrics and lut ricants, where practicable, and by material that cannot be avoided within components or

!
using controlled leakage purge across journal sleeves systems can be reduced by providing features diat

to avoid entry of particles into the primary coolant. will permit the recirculation or flushing of fluids with
the capacity to remove the radioactive material ,|

(3) Loss of material by corrosion can be reduced through chemical or physical action. The fluids con- '

by continuously monitorin; and adjusting oxygen taining the contaminants will require treatment, and
concentration and pH in primary coolant above this source should be considered in sizing station , !
250*F and by using bright hydrogen-annealed tubing radwaste treatment systems.
and piping in the primary coolant and feedwater sys-
tems* (4) Contmuiry in the functioning of processing

. . . . .

or ventilation systems that are important for control-
(4) Consideration should be given to cleanup ling potential doses to station personnel can be pro-

systems (e.g., using graphite or magnetic filters) for vided dt: ring servicing of the systems if redundant
removal of crud from the primary coolant during op- components or systems are avaihble so that the com-eration,

ponent (with associated piping) being serviced can be
is lated.(5) Deposition of crud within the primary cool-

ant system can be reduced by providing laminar flow (5) The potential for contamination of " clean
and smooth surfaces for coolant and by minimizing
crud traps in the system to the extent practicable. services" (such as station service air, nitrogen, or

water supply) from leakage from adjacent systems

f. Isolation and Decontamination
containing contaminants can be reduced by separating
piping for these services from piping that contains

Potential doses to station personnel who must radioactive sources. Piping that carries radioactive
service equipment containing radioactive sources can s urces can be designed for the lifetime of the sta-
be reduced by removing such sources from the ti n. thus av Iding the necessity I r rep acement (andl
equipment (decontamination), to the extent practica- attendant exposures) and lessening the potential for
ble, prior to servicing. Serviceable systems and com- catammation of clean services if it is impracticable

,

ponents that constitute a substantial radiation source to Provide isolation through separate chases.
should be designed, to the extent practicable, with
featu.es that permit isolation and decontammation, (6) Surfaces can be decontaminated more ex-
Station design features should consider, to the extent peditiously if they are smooth, nonporous, and free
practicable, the ultimate decommissioning of the of cracks, crevices, and sharp corners. Rese desira-,

facility and the following concerns: ble feature:; can be realized by specifying appropriate
design instructions, by giving attention to finishing

(1) The necessity for decontamination can be re- work during construction or manufacture, and by
duced by limiting, to the extent practicable, the de- using sealers (such as special paints) on surfaces
position of radioactive material within the processing where contamination can be anticipated. (ANSI
equipment-particularly in the " dead spaces" or N101.2 provides helpful, guidance on this matter
" traps" in components where substantial accumula- (Ref. 9).)
tions can occur. He deposition of radioactive mate-
rial in piping can be reduced and decontamination ef- (7) Where successful decontamination of impor-
forts enhanced by avoiding stagnant legs, by locatin', tant systems could be prevented by an anticipated
cor net w , sbac the phe urtrbne, Fy EsRg slop,' frjiure of a cri4.1 murer.t or fwure, riditional
4 rather ti en herizontsi runs, and by providing features that Imnit altesnative decentar.lination ac-

drains at low points in the system. ties can be provided.
,

,

(2) The need to decontaminate equipneat and (8) Contaminated water and deposited residues *

station areas can be reduced by taking measures that in spent fuel storage pools contribute to the exposure '
will reduce the probability of release, reduce the at accessible locations in the area. Treatment systems
amount released, and reduce the spread of the con- that remove contaminants from the water can perform
taminant from the source (e.g., from systems or more efficiently (a) if intake and discharge points for
components that must be opened for service or re- the treatment systems are located to provide enhanced
placement). Such measures can include auxiliary ven- mixing and to avoid stagnation areas in the pool and
tilation systems (see regulatory position 4.b), treat- (b) if pool water overflows and skimmer tanks are
ment of the exhaust from vents and overflows (see provided. Fluid jet or vacuum-cleaner-type agitators
regulatory position 2.h(8)), drainage control such as can help reduce the settling of crud on surfaces of the
curbing and floors sloping to local drams, or sumps to pool system.
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g. Radiation Monitoring Systems (a) Using full-ported valves constructed such
that the slurry will not interfere with the opening or( , Central or " built.in" monitoring systems that closing of the valve andgive information on the dose rate and concentration

of airbome radioactive material in selected station (b) Avoiding cavities in valves.
areas can reduce the exposure of station personnel
who would be required to enter the areas to obtam the (3) The deposition of resin and sludge that would

data if such systems were not provided. These sys- occur if elbow fittings were used can be reduced by

tems also can prov,de timely information regarding using pipe bends of at least five pipe diameters ini
,

,

chango m the dose rate or concentrations of airborne radius. Where pipe bends cannot be used, long radius

i radioactive material in the areas. (The installation of elbows are preferred.

'i a central moritoring system is easier and less expen- (4) Smoother interior pipe surfaces at connec-' ,
sive if it is a part of the original station design.) The tions (with attendant reductions in friction losses, de-
selection or derign and installation of a central position of material, and tendencies to " plug") can
monitoring system should include consideration of be achieved by using butt welds rather than socket
the following desirable features: welds and by using consumab!c inserts rather than

(1) Readout capability at the main radiation pro- backing rings.

tection access control point; (5) Where the use of tees cannot be avoided,line

(2) Placement of detectors for optimum coverage I "'.s can be reduced if the flow is through the run
f areas mef.10); (straight section) of the tee, and accumulations of ma-

terial in the branch of the tee car be reduced by
(3) Circuitry that indicates compon':nt failure; orienting the branch horizontally or (preferably)

""'(4) Local alarm and readout;

(5) Clear and unambiguous readout: (6) Slurry piping is subject to plugging that may
require backflushing from the tank and equipment iso-

(6) Ranges adequate to ensure readout of the lation valves and pressurizing with water, nitrogen, or
highest anticipated radiation levels and to ensure air to " blow out" plugged lines. However, the use of
positive readout at the lowest anticipated levels; and pressurized gas for blowing out lines can present a po-

. tential contamination source and may not be effective( (7) Capability to re. cord the readout of all sys- in relieving plugged lines.
tems.

| (7) Water, sir, or nitrogen for sparging can be
( used to fluidize resins or sludges in storage tanks,"Ihe
. h. Resin and Sh:4ge Treatment Systems use of gases, however, presents a potential source of
} Systems used to transport, store, or process re- airbome contamination and tank rupture from over-

sins or slurries of filter sludge present a special Pressures.
hazard because of the concentrated nature of the (8) The spread of contamination by the loss of
radioactive material. Design features for resin- and resin or sludge tnrough overflows and vents can be re-
sludge. handling systems should reflect this concern duced by using screens, filters, or other features that
and the following specific considerations: will collect and retain solids. However, such features

(1) The accumulation of radioactive :naterial in generally require cleaning by remote flushing, by rapid
components of systerns used to process resin and replacement, or by other means to reduce exposures

! sludges can be reduced by: during servicing.

(a) Reducing the length of piping runs; Consideration should be given to ANS N197,

i
,, ,

" Design and Perforrance of BWR Liquii Radiosctive
W) UWng la ga disme'er p,p.g (to mimmoc Wr.e Pme%ing 9ysterns (N18)* (Ref.11); ANS

ph IEd W; 55.1, " Design C.iteria for the Schd Radwaste Proc-
(c) Reducing the number of pipe fittings; essing System of BWR, PWR, and HTGR"(Ref.12);

and ANS N199. "PWR Liqmd hte Syshm Des 2n
,

(d) Avoiding low points and dead legs in pip- (N18)" (Ref.13). These standards cover some as-,

| ing; pects of slurry systems.
*

3 (e) Using gravitational flow to the extent prac-
ticable; and

g
, (f) Minimizing flow restrictions of processed

****""I' Station layout and station tas! s should be re-

( v:ewed to identify and provide special features that
(2) The need for maintenance and the presence complement the ALARA program. Station design

of intense local radiation sources can be reduced by: should reflect censideration of the fo!!owing concerns:

1
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(1) The selection of radiation-damage-resistant (9) ne sources of radiation such as sedimentation
materials for use in high radiation areas can reduce the that occurs in tanks used to process liquids containing
need for frequent replacement and can reduce the radioactive material and residual liquids can be re-
probability of contamination from leakage. duced when servicing by draining the tanks. De de-

sign can include sloping the tank bottoms toward out-(2) The use of Mainless steel for constructing or lets leading to other reprocessing equipment and,lining components, where it is compatible with the 8 Practicable, providing built in spray oc surgeprocess, can reduce corrosion and can provide options
for decontammation methods.

*(10) Spare connections on tanks or other compo-(3) Field run piping that carries radioactive r: ste- "*"" I **'*d in higher radiation zones may be desirs-
rial can cause unnecessary exposures unless due con- e to pu.de nex2Wty in operadons. Expomes ofsideriition is given to the routing. Such unnecessary

pers nnel can be avm,ded if these connections are pro- y

exposures can be avoided if the routing is accom- ,

| plished under the cognizance of an individual familiar vi e as a pan Me original equipment rather than by
subsequent modificat,on of the equipment in the pres-i

with the principles of radiation protection or if a de- ence of radiation.tailed piping layout is provided, i.e., if the piping is
not field-run. (11) Inspections to satisfy the ASME Code (Ref.

14) and regulatory requirements can result in expo-
(4) Where filters or other serviceable compo- sures of station personnel to radiation. Many of the

nents can constitute substantial radiation sources, ex- objectives presented above will aid in reducing poten-
posures can be reduced by providing features that tial exposures to personnel who perform the required
permit operators to avoid the direct radiation beam it.spections. Station features and design should, to the
and that provide remote removal, mstallation, or ser- extent practicabic, permit inspections to be accom-
vicing. Standardization of filters should be consid- plished expeditiously and with minimal exposure of
cred. personnel. The effort to maintain occupational radia-

(5) The servicing of valves can be a substantial tion exposures ALARA can also be aided by prompt

source of doses to station personnel. Dese doses can accessibility, shielding and msulation that can be

be reduced by providing adequate working space for quickly removed and remstalled, and special tools and

easy accessibility and by loepting the valves in areas instruments that reduce exposure time or permit re-

that are not in high radiation fields. m 18 in5Pection of components or equipment contain-
ing potential radiation sources.

(6) Leakage of contaminated coolant from ;he (12) Components can be removed from process-
primary system can be reduced by using live-loaded ing systems more expditiously if adequate space is
valve packmgs and bellow seals. provided in the' layout of the system and if the inter-

C nnec nS Pennh pmnp hnnecu.
(7) Potential doses from servicing valves and

from leakage can be reduced by specifying and instal- (13) Station features that provide a favorable
ling reliable valves for the required service, by using working environment such as adequate lighting, venti-
radiation-damage. resistant seals and gaskets, and by lation, working space, and accessibility (via such
using valve back seats. He use of straight-through means as working platforms, cat walks, and fixed lad-
valve configurations can avoid the buildup of accumu- ders) can promote work efficiency.
lations in ir,ternal crevices and the discontinuities that
exist in valves of other configurations. In most cases, (14) He exposure of stat. ion personnel who must

'tP ace lamps in high radiation areas can be reducedlvalves can be installed in the " stem.up" orientation
to facilitate maintenance and to minimize crud traps. by using extended service lamps and by providing de-

,

| De desired features are reliability, g,ood perform- sign features that permit the servic, g of the lampsm
Io m pHahn amas.

!, v. e, e u t.'.c Mit t 2 h mFntaine ' ifte Wily
and rapJly. (15) An adequate emergrney Irgnting system can

'

(8) Leah from pumps can be redwed b) using can- reduc,e potential exposures of station personnel by
*

ned pmps where they me cor.ipnib!e with th: sewice Penmdng pmqpt egren fmm tJgh ndanon areas W
tk stauon lightmg systein fails.

,

needs, prcvided that lower personnel exposures can be
achiesed thereby. If mechanical seals are used on a
pump in a slurry service, features that permit the use 3. Radiation Protection Program

of flush water to clean pump seals can reduce the ac- A substantial portion of the radiation dose to station
cumulation of radioactive material in the seals. Drains personnel is received while they are performing serv-
on pump housings can reduce the radiation field from ices such as maintenance, refueling, and inspection in
this source during servicing. Provision for the collec- high radiation areas. Re objectives that were pre-
tion of such leakage or disposal to a drain sump is sented in ragulatory position 2 can provide station de-
appropriate. sign features conducive to an effective program to
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maintain occupational radiation exposures ALARA. needed to perform the required services in the radia--

( However, an effective program also requires station tion areas. Such a program would address conditions
operational considerations in terms of procedures, job that require a special work permit or other special pro-
planning, recordkeeping, special equipment, operating cedures.
philosophy, and other support. This section deals with
the manner in which the station administrative efforts (8) A work permit form with an appropriate for- ]

-

can influence the, variables of (3) the number of per- mat can be useful for recording pertinent information
sons who must enter high radiation areas or contami- concerning ta:ks to be performed in high radiation j

nated areas, (2) the period of time the persons must areas. so that the information is amenable to cross- 1
'

remain in these areas, and (3) the magnitude of the referencing and statistical analysis. Information of
'

potential doso, interest would include the following items:
r

a. Preparation and Planning (a) Designation of services to be performed on
aPecific components, equipment, or systems;

Before entering radiation areas where significant
doses could be received, station personnel should have . (b) Number and identification of personnel

: the benefit of preparations and plans that can ensure working on the tasks;

{ the exposures are ALARA while the personnel are per- (c) Anticipated radiation, airborne radioactive
forming the services. Preparations and plans should re- material, and contamination levels, based on current,

j flect the following considerations: surveys of the work areas, and date of urvey;
(1) A staff member who is a specialist in radiation (d) Monitoring requirements such as continuous

protection can be assigned the responsibility for con- air monitoring or sampling equipment;
tnbuting to and coordinating ALARA efforts in sup-
port of operations that could result in substantial indi- (e) Estimated exposure time required to com-
vidual and collective dose levels. plete the tasks and the estimated doses anticipated

fmm the exposure;
(2) To provide the bases for planning the activity,

surveys can be performed to Ascertain information with (f) Special instructions and equipment to
respect to radiation, contamination, airbome radioac- minimize the exposures of personnel to radiation and
tive material, and mechanical difficulties that might be contamination;( encountered while performing services. (g) Protective cloth.mg and equipment require-

.

(3) Radiation surveys provided in conjunction ments;
with it.spections or other activities can define the na- (h) Personnel dosimetry requirements;

.

ture of the radiation fields and identify favorable loca-
tions where personnel may take advantage of available (i) Authorization to perform the tasks; and
shielding, distance, geometry, and other factors that
affect the magnitude of the dose rate or the portions of (j) Actual exposure time, doses, and other m, -

the body exposed to the radiation. formation obtained during the operation.

| (4) Photographs of "as installed" equipment or (9) Consideration of potential accident situations
components can be valuable for planning purposes and or unusual occurrences (such as gross contamination
can be augmented by additional photos taken during leakage, pressure surges, fires, cuts, punctures, or
the surveys. The use of portable TV cameras with tap- wounds) and contingency planning can reduce the po-

| ing features has considerable merit as both an opera- tential for such occurrences and enhance the capability

|, tional aid and a teaching aid. for coping with the situations expeditiously if they oc-

| (5) The existing radiation levels frequently can be
'"#'

reduced by draining, flushing. or other decontamina- (10) Portable or temporary shielding can reduce
i, tm u:tbo s r t y remm,ny and trupne th* Joe rate icsels ., ear * h,t pf and ia c.e erwe:
| cou. pent to a f ar radition zone. A : estma:c of area where the work is to be performed.

'

| the potential doses to station personnel expected to re-
sult from these procedures is germane in selecting (11) Portable or temporary ventitation systems or

,

among alternative actions. contarnination enJosures and expendable fbor cover-*

(5) A preoperational briefing for personnel who ings can control the spread of contamination and limit

will perform services in a high radiation area can en, the intake by workers through inhalation.

sure that service personnel understand the tasks about (12) *, Dry runs,, on mockup equipment can be
| to be performed, the information to be disseminated, useful f r trammg personnel, identifymg problems that

and the special instructions to be presented. can be encountered m the actual task situation, and( (7) A program can be implemented to provide ac- selecting and qualifying special tools and procedures
cess control and to limit exposures to those persons to reduce potential exposures of station personnel.

8.8-13
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\-(13) Adequate auxiliary !!ghting and a comfotta- c. Postoparstless
.

i

ble environment (e.g., vortex tube coolers for supplied
air suits) can incicase the efficiency of the work and Observations, experience, and data obtained dur-
thus reduce the time spent in the higher radiation ing nonroutine operations in high r:diation zones

.* " * * *
should be ascertained, recorded, and analyzed to iden-

(14) Radiation monitoring instruments selected tify deficiencies in the program and to provide the
and made available in adequate quantities can pennit bases for revising procedures, modifying features, or
accurate measurernents and rapid evaluations of the making other adjustments that may reduce exposures

radiation and contamination levels and changes in during subsequent similar operations.
1

levels when they occur. Routine calibration of instru- (1) Formal or informal postoperation debriefings '!
ments with appropriate sources and testing can ensure of station personnel performing the services can pro-
operability and accuracy of measurements. vide valuable information concerning shcrtcomings in i;

,

(15) Performing work on some components inside preoperational briefings, planning, procedures, special

disposable tents or, for less complicated jobs, inside tools, and other factors that contributed to the cause of 1

commercially available disposable clear plastic glove
doses received during the operation.

bags can limit the spread of contamination. Such (2) Dose data obtained during or subsequent to an
,

measures can also avoid unnecessary doses resulting operation can be recorded in a preselected manner as
from the need to decontammate areas to permit per- pt of a " Radiation Work Permit" or similar program
sonnel access or to allow for entry with less restrictive [see regulatory position 3.a(8)] so that the data are
protective clothing and equipment requirements. amenable to statistical analyses.

(16) Careful scheduling of inspections and other ( ) Inf nna n c neeming the cam of comp
tasks in high radiation areas can reduce exposures by nent failures thtt resulted in the need for servicing in
pe:mitting decay of radiation sources dun.ng the reac- high radiation areas can provide a basis for revising

.

tor shutdown
tive surveys. period and by elimmating some repeti-specifications on replacement equipment or for other

, Data from surveys and experience at- modifications that can improve the component reliabil-
tamed m previous operations and current survey data ity. Such improvements can reduce the frequency of

,

can be factored into the scheduling of specific tasks. servicing and thus reduce attendant exposures.

b. Operations (4) Information gained in operations can provide
a basis for modifying equi
features oNw faches. pment selection and designDuring operations in radiation areas, adequate

supervision and radiation protection surveillance
should be provided to ensure that the appropriate pro- (5) Summaries of doses received by each category
cedures are followed, that planned precautions are ob- of maintenance activity can be reviewed periodically
served, and that all potential radiation hazards that by upper management to compare the incremental re-

might develop or that might be recognized during the duction of doses with the cost of station modifications
that could be made.

operation are addressed in a timely and appropriate
manner.

4. Rad!stion Protection Facilities, Instrumentatloa,
(1) Assigning a health physics (i.e., radiation and Equipment

safety or radiation protection) technician the responsi. A radia, tion protection staff with facilities, in-bility for providing radiation protection surveillance
strumentation, and protective equipment adequate to

for each shift operating crew can help ensure adequate Permit the staff to function efficiently is an important
>

radiation pro *ection surveillance.
element in achieving an effective program to maintain

(2) Personnel monitoring equipment such as occupational radiation exposures ALARA. The selec-
direct-reading dosimeters, alarming dosimeters, and tion of instrumentation and other equipment and the
persorf do:c m meten can he used t, omrdc cerl quantities of such equipme':t provided for norr,a! ses-

/ tbn ocoln!%r. t .' do:s to irdviduals wJ the migttnent ra ions shesid be ada;uare to meet the mtici-
of those doses to speific oprations (see Regulatory pated needs of the station during nonpal operations
Guides 1.16, " Reporting of Operating Informa- and during major outages that may require supplemen-

=

tien-Appendis A Technical Specifications," and tat iverkers and extensive work in high radiatior, areas.
8.4, " Direct-Reading and Indirect. Reading Pocket (Accident situations are not considered in this guide.)

tDosianeters"), Station design features and provisions should reflect the
following considerations:

(3) Communication systems between personnel in
high radiation zones and personnel who are moniton,ng a. Counting Room,

!
the operation in other locations can permit timely ex-
changes of information and avoid unnecessary expo- A low-radiation background counting room is
sures to monitoring personnel, needed to prform routine analyses on station samples

containing radioactive material collected from air, wa-

8.8-14
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ter, surfaces, and other sources. An adequately (6) Portal monitors.
equipped ccenting room would include:

d. Prctective Equipment
,

(1) Multichannel gamma pulse , height analyzer( (Regulatory Guide 5.9, Specifications for Ge(LI) Utility supplied protective equipment selection
Spectroscopy Systems for Matersal Protection should include consideration of :
Measurements-Part 1: Data Acquisition Systems," (1) Anticontamination clothing and equipment
provides guidance for selecting Ge(Li) spectroscopy that meet the requirements of ANSI Z-88.2 (Ref.15)
systems); for use in atmospheres containing radioactive mate-,,

(2) low-background alpha-beta radiation propor- rials or the National Institute of Occupational Safety
tional counter (s) or scintillation counter (s); and Health,s (NIOSH) " Certified Personal Protective'

Equipment List,, and current supplements from
(3) End window Geiger-Muller (G-M) counter (s); DHEW/PHS (Ref.16).

and
e

(2) Respiratory protective equipment, including(4) A liquid scintillation counter for tritium a respirator fitting program that satisfies the guidance
analyses. Analyses of bioassay and environmental of Regulatory Guide 8.15 and NUREG-0041 (Ref. 8).
samples and whole-bedy coisting (see Regulatory
Guk'e 8.9, " Acceptable Concepts. Models, Equa- '' Support Facilities
tions, and Assumptions for a Bioassay Program") call Design features of radiation protection support
for additional equipment and laboratory space if the facilities should include consideration of:
analyses are performed by station personnel rather than
by other specialists through contractual arrangements. (1) A portable instrument calibration area de-

signed and located such that radiation in the calibra-
b. Portable Instruments tion area will not interfere with low level monitoring

Portable instruments needed for measuring dose or canting systems;
rates and radiation characteristics would include: (2) Personnel decontamindon area (this facility

(1) Low-range (nominally 0 to 5 R per hour) ion should be located and designed to expedite rapid
chambers or G-M rate meters; cIcanuP of Personnel and should not be used as a

multiple purpose area or share ventilation with
(2) High-ratige (0.1 to at least 500 R per hour) ion food-handling areas) with showers, basins, and in-

chambers;' stalled "frisker" equipment;( meters;
(3) Alpha scintillation or proportional count rate (3) Facilities and equipment to clean, repair, and

decontaminate personnel protective equipment,
'" " 8 *'"**"8' * '' '**f***""'"(4) Neutron dose equivalent rate meters;
cal parts, or other material (highly contaminated tools

(5) Air samplers for short term use with particu- or other equipment should not be decontarninated in
late filters and iodine collection devices (such as acti- the area used to clean respiratory equipment);
vated charcoal cartridges); and

(4) Change rooms that (preferably) connect with
(6) Air monitors with continuous readout fen- the personnel decontamination area and a control sta-

tures.' tion area equipped with sufficient lockers to accom-
c. Personnel Menitoring Instrumentation modatc permanent and contract maintenance workers

who may be required during major outages;; Personnel monitoring instrumentation selection
| should include consideration of: (5) Control stap.ons for entrance or exit of per-
,

sonnel into radiation. and contamination-controlled(1) G-M ' Friskers" for detecting low levels of access areas of the station such as the personnel c's-radioactive material; trance to the containm:nt buildings and the main en-
ta ;Wec:.traer u-r mge io to X mR) e iJ taxe ta te rM mte rec Ay es; A>e a ml

ir k r r.elntemnge (0 tc 1000 mR) pedet donmct- ""8 abo nay be W as 2.c antrol pn; M
*

ers (see Regulatory Guide 8.4); '"'tioact.ive material movements throughout, the sta-
,

tion and for the storage of portable radiation survey(3) Alarm dosimeters; equipment, signs, supes, and respiratory protective
(4) Film badges and/or thermoluminescent equ Pment*

dosimeters (TLD); (6) Equipment to facilitate communication t>e-
(5) Hand and foot monitors; and tween aH areas thghut me statin; and j

l
' variable starm serpoint features on these instruments can be W Mch me nace to am am h
vatuable in providing a marning when unexpected substantial temporary and permanent radiation protec@ tion staff,,

r

i changes in dose rate or air concentration occur. Permanent records, and technical literature.

V ,
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D, IMPLEMENTATION protection design presented in the applicant's final
safety an8Iysis report will be reviewed against regula-

The purpose of this section is to provide informa, tory position 2 of this guide and differences from the
tion to applicents and licdnsees regarding the NRC rec mmendat,ons of the guide w,ll be identified (par-i i
stiff's plans for using this regulatory guide. ticularly for plants designed bef9te Regulatory Guide

This guide reflects current NRC staff practice in 8.8 was issued). However, no substantive design
license application reviews. Therefore, except in changes will be required at the operating license stage {
those cases in which the applicant proposes an ac- unless the design change can prevent substantial
ceptable alternative method for complying with speci- man-rem exposures that cannot be prevented by pro- I
fied portions of the Commission's regulations, the cedural measures and the design change is consistent
methods described herein are being and will continue with the cost-effectivenes:: principle of maintaining
to be used in the evaluation of submittals for con- occupational radiation exposures ALARA.
struction permits and operatirig license applications

,
y gggggg

until this guide is revised as a result of suggestions may be substituted for those stated herein, provided
from the pubirc or additional staff review. g g g ,, , g ,, ;,

At the operating license review stage, the radiation achievable" of paragraph 20.l(c) of 10 CFR Part 20.
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REGUI.ATORY GUIDE 8.10

OPERATING PHILOSOPHY FOR MAINTAINING OCCUPATIONAL
RADIATION EXPOSURES AS LOW AS IS REASONABLY ACHIEVABLE

A. INTRODLICTION in addition to maintaining doses to. individuals as far
below the limits as is reasonably achievable, the sum of

Paragraph 20.l(c) of 10 CFR Part 20, " Standards the doses receiwd by allexposedindividuals should also
for Protection Against Radiation," states, in part, that be maintained at the lowest practicable level. It would
licensees should make every reasonable effort to main- not be desirable, for example, to hold the highest doses
tain radiation exposures as far below the limits specified to individuals to some fraction of the applicable limit if
in that part as practicable. This guide describes to this involved exposing additional people and signifi-
licensees a general operating philosophy acceptable to cantly increasing the sum of radiation doses received by
the NRC staff as a necessary basis for a program of allinvolved individuals.
maintaining occupationst exposures to radiation as low
as is reasonably achievable. C. REGULATORY POSITION

Both this guide and Regulatory Guide 82,"Infor- Two basic conditions art considered necessary in
mation Relevant to Maintaining Occupational Radiation any program for keeping occupational exposures as far
Exposure as Low as is Reasonably Achievable (Nuclear below the specified limits as is reasonably achievable.
Power Reactors)," deal with the concept of "as low as is lhe management of the licensed facility should be

- reasonably achievable" occupational exposures to radia- committed to maintaining exposures as low as is

C. tion. The main difference between the two guides,aside reasonably achievable, and the personnel responsible for
from the fact that Regulatory Guide 8.8 applies only to radiation protection should be continually vigilant for
nuclear power reactors and this guide applies to all means to reduce exposures.

| specific licensees, is that Regulatory Guide 8.8 is
addressed to applicants for a license and tells them what I. Management Commitmenti

information relevant to "as low as is reasonably achiev-
able" should be included in their license applications. The commitment made by licensee management to
This guide, on the other hand, describes an operating minimize exposures should provide clearly dermed radia-
philosophy that the NRC staff believes all specific tion protection responsibilities and an environtrent in
licensees should follow to keep occupational exposures which the radiation protection staff can do its job
to radiation as low as is reasonably achievable. properly. There are several aspects to this commitment:

Plant personnel should tw made aware ofa.
B. DISCt;SSION management's commitment to keep occupational ex-

posures as low as is reasonably achievable. The commit-

j Even though current occupational exposure limits ment should appear in policy statements, instructions to
provide a very low risk of injury,it is prudent to avoid personnel, and similar documents. As a minimum,
mne:eseary exposure to radiation The objectiveis thus worker = shotitd be sufficiently familiar with this cornmit.
te re.!sce mope'eml uposera. e far oeM tiac mmt ti u thef ctr. er;4ai i wh:t the r:.inagemnt
specifkd limits as is reasenably achwvable by rrmans of commitme nt is, what "as law as is reasotiabh adieuble
good radiation protection plarming and practice,as well exposure to radiation" means, why it is recommended,
at by mavgement commitment to policies that foster and how they have been advised to implement it on their
vigilance against departures from good practice. jobs.
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The first page of this guide is being reissued
"

with the words "For Coment" deleted. The staff's
consideration ~of coments received during the
initial public comment period has resulted in the
determination that there is no need for a revision
at this time.

It is suggested that you attach this page to
,

the first page of the complete guide. No changes
have been made to the text of either this page or
the remainder of the guide.
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OFFICE OF STANDARDS DEVELOPMENT
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REGULATORY GUIDE 8.10

)i

OPERATING PHILOSOPHY FOR MAINTAINING OCCUPATIONAL
RADIATION EXPOSURES AS LOW AS IS REASONABLY ACHIEVABLE

A. INTRODUCTION In addition to maintaining doses to individuals as far
below the limits as is reasonably achievable, the sum of

Paragraph 20.l(c) of 10 CFR Part 20," Standards the doses received by allexposedindividuals should also
for Protection Against Radiation," states, in part, that be maintained at the lowest practicable level. It would
licensees should make every reasonable effort to rnain.

not be desirable. for example, to hold the highest doses
tain radiation exposures as far below the limits specified to individuals to some fraction of the applicable limit if ;in that part as practicabic, This guide desenbes to this involved exposing additional people and signift-
licensees a general operating philosophy acceptable to cantly increasing the sum of radiation doses received by
the NRC staff as a necessary basis for a program of allinvolved individuals.
maintaining occupational exposures to radiation as low
.s is reasonably achievable.

C. REGULATORY POSITION

Both this guide and Regulatory Guide 8.8,"Infor- Two basic conditions are considered necessary in
mation Relevant to Maintaining Occupational Radiation any program for keeping occupational exposures as far

j - Exposure as Low as is Reasonably Achievable (Nuclear below the specified limits as is reasonably achievable.
Power Reactors)," deal with the concept of"as low asis The management of the licensed facility should bei

ft reasonably achievable" occupational exposures to radia- committed to maintaining exposures as low as istic tion. The main difference between the twoguides,aside reasonably achievable, and the personnel responsible forj '
from the fact that Regulatory Guide 8.8 applies only to radiation protection should be continually vigilant for

6 nuclear power reactors and this guide applies to all means to reduce exposures.
specific licensees, is that Regulatory Guide 8.8 is
addressed to applicants for a license and tells them what 1. Management Commitmentt
information relevant to "as low as is reasonably achiev.

. i able" should be included in their license applications. The commitment made by licensee management to
! ! This guide, on the other hand, describes an operating minimize exposures should provide clearly defined radia-

| philosophy that the NRC staff believes all specific tion protection responsibilities and an environment in
licensees should follow to keep occupational exposures which the radiation protection staff can do its job

l to radiation as low as is reasonably achievable. properly. There are several aspects to this comrnitment:

I' a. Plant personnel should be made aware of
1, 8. DISCUSSION management's commitment to keep occupational ex-.
!'

. posures as low as is reasonably achievable. The commit-
:| | Even though current occupational exposure hmits ment should appear in policy statements, instructions to

prevMe a verv low :14 of iniury it is prudent to avoid persnonel. cod simily documents. At a isramurn..i .

av orv ecure to e A'i . The c,!S .tv'is thus woAers Mid be :.sffkt:atly fa mli., w.t h this cemn
to reduce occupational exposuses as far below the ment that they can explain what the management

.

'

specified limits as is reasonably achievable by means of commitment is, what "as low as is reasonably achievable
| rood radiation protection planning and practice, at well exrosure to radiation" mcans, why it is recommended.

as by nonagement commitment to policies th.t foster and how they have been advised to implement it on their
.

I
vigilance against departures from good practice. jobs.

I
USNRC REGULATORV GUlDES c..~an a.- a. . ~ s .m .e ,= c. . u s ,s i I

....,c... a~ , . . . . . . . . ~ ~ . . - ~ . . . . . . . . . ~ na'~ c--- * a'" ~ * * "'" ^"~ ** ~a -'
c .. . . . . . ~ 5-$~

e..,.......................~m.,

.........u..... ,,,,,,,,,,,,,,,,,,,,,,,,,,,. .,,,,, ,, ... .m..,c-m..................)i . ... . . . .
. . . . . . ~ . . . . . . . . . . . . . . . . . . . . .

, , , , , , , , , , , , , , , , ,
, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,~ ., .. .o. . .,~. . .......~ ,

...~ ..~.m.........c.. , , , , , , , , , , , , , , , , , , , , , , , , , . , , , , , , , , , , , ,

' , , , , , , , , , , , , , , , , , , , , , , , , , , , . , , , , , , , , , ,.
,,c ~ . ... .. . .. ... ~... .. .. . . . - . . . - =c-

"l"l.~ 7.".' ';3." *'." " ".L. .'.? ." '.'.J. ".|.''",il.'."l".".:*.'"! ,*.", c.....-~...... . ~

3p'4 A . 0 i.e o, e S,.a.
c.

. .- ,
. . . . . . . . . -.ee, es, ..,,s. g e e . . m..~v..~.... . 0ey .. . Oe ; - - -

_ -



-. =-- .w o - _. s
1 ,

!
. .

t*

'| k. Management should periodica!!y perfonn a foe. demonstrate that improvements have been mus4t.that
'

mal aud|2 to determine how exposuree might be lowered. modifications have been considertJ and that they how
: Thl should include review: of operating procedures and been implemented where practicable. Where modifica-

past exposure records, plant inspect!ons, and consults. tions have been considered but not implemented, the
tions with the radiation protection staff of outalde licensee should be prepared to describe the reasons for
consultants. As a reinimum, rrunagement should be able not implementing thern
to discuu which operating procedures were reviewed,in
which locations most exposures are being received,what 2. Ylgliance by the RSO and the Radiation Protection
poups of workers are receiving the highest exposures, ggag
what discussions they have had with the radiation
protection staff or outside consultants, and what steps It should be the responsibility of the RSO and the

~

they have taken to reduce exposures.
radiation protection staff to conduct surwillance pro-

c. The management should ensure that there le a grams and investigations to ensure that occupational*

exposures are as far below the specified limits as isweH supervised radiation protection capablity with reasonably achievable. Additionally, they should bewe!!-defined responsibilities. The qualifications for the
Radiatiun Protection Manager for a nuclear power vigilant in searching out new and better ways to perform

reactor facility are presented in Regulatory Guides 1.8 all radiation jobs with less exposure. There are several
aspects to this responsibility.and 8.8. Applicants submitting applications for any

specific license other than a nuclear power reactor a. The RSO and the radiation protection staNlicense should select and state the qualifications for the should know the origins of radiation exposures in the
lead individual who will be responsible for implementing plant. They should know these by location, operation,
the radiation protection program for the facility,i.e.,the and job category and should be aware of trends in

.+Radiation Safety Officer (RS0).' The qualifications exposures. Where radiation work permits are used,
'

selected should be commensurate with the potential
problems anticipated to be encountered in a facility of exposures received should be recorded on the permits.

'

The RSO ani the radiation protection staff should be
the type subject to the license.

able to describe which locations, operations, and jobs are

d. De management should see that plant workers associated with the highest exposures ano %y exposures ,

receive sufficient training, Section 19.12 of 10 CFR Part are increasing or decreasing. '

19 requircs instruction of personnel on radiation protec- b. The RSO and the radiation protection staff ition. The radiation worker should understand how shodd look for ways to reduce exposures. When unusual l

radiation protection relates to his job and should be
tested on this understanding at least once per year. He exposures have occurred, the radiation protection srsff f
should have frequent opportunities to discuss radiation should direct and participate in an inwstigation of the

*
circumstances of such exposures to determine the causes

safety wi*.h the radiation protection staff whenever the and tak, steps to reduce the likelihood of similar future
need arises. Management should be committed to a

occurrences. For each such occurrence, the RSO should 2review of radiation protection at least once every three '

years. Training should be sufficient to ensure that the be able to demonstrate that such an investigation has
been carried out, that conclusions were reached as a

.workers can correctly answer questions on radiation
result of the investigation, and that corrective action was

protection as it relates to their jobs.
taken, as appropriate.

,

e. The RSO should be gisen sufficient authority
to enforce safe plant operation. The RSO should have The RSO and the radiation protection staff

the authority to prevent unsafe practices and to com- should periodically review operating procedures that

municate promptly with an appropriate level of manage. may affect radiation safety and survey plant operstions I
to identify (tostions in wh.ich exposures can be redned.m et ebout .ut:rg an mtL r. b decas unsafe.

Cr:2 ting p oc. dees rem to rada:ita safety she'!d In!.Wed hys shcW be tranpily im/cmentad.
be reviewed and approved by radiation protection Procedures for receiving and evaluating suggestions i

personnel. This authority thould be dernonstrable by relating to radiation protection from employees should ;

written policy statement' be established hkers shculd be knowledgea'ule of the
procedures for making suggestions on radiation protec- ; ,

tion.f. Modifications to operating and maintenance 2

procedures and to plant equipment and facilities should
j,

Adequate equipment and supplies for radiation !
'c.

be made where they wiD substantially reduce exposures
at a reasonable cost. The management should be able to

protection work should be provided.The RSO should be Ij
'

responsible for ensuring that proper equipment and
,

supplies are available, are maintained in good working
!yl.ines indicate substantive chanses from previous issue. order, and are used properly. Written procedures for the

3

The term " Radiation Safety Officer"is used by many licensees;
other terms are equally acceptable. use of the equipment should be available and foDowed. .

]

I
J
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with the specified portions of the Commmion's regula.r

D. IMPLEMENTATION tions, the methods described hewin wGl be used in the
evaluation of subrnittals in connection with applicationsIj The purpose of this section is to provide informa- for a specificlicense.

tion to applicants and licensees regarding the NRC staff's
7

plans for utilizing this regulatory guide. Regulatory Guides I A and 83 address nuclear
power reactor facilities specifwally and will be used by*

the NRC staff in evaluating submittals in connection
.

Except in those cases in which the applicant or withlicensing setions for nuclear power reactors.
~

licensee proposes an altemative method for complying

I

( l
|

|
,

'
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B/B-FSAR AMENDMENT 39(. SEPTEMBER 1982*

QUESTION 331.3
. Er

"Wi,th regard to the review of changes made during the 20
plant design process in order to maintain occupational
radiation exposures ALARA:

a. Identify by title the individual who has been responsible
for this radiation protection design review, and describe
how she or he relates to the individual responsible
for the overall design.

. b. Provide a breakdown by title of radiation protection
- personnel who.have been participating in such reviews,.

- tabulating the health physics education and experience>

required of each.

c. Describe formal arrangements'and procedures for
assuring that adequate radiation protection reviews
are performed throughout the design and construction

. processes and ade'quate records are kept to docurent '.

the completion of each such reviews."
,

RESPONSE,

' i
a. Balance of Plant

The station owner has the responsibility for the radiation
protection design review on the Byron and Braidwood
nuclear power stations. Commonwealth Edison utilized
Westinghouse and S&L to review the Byron /Braidwood station
radiation protection design.

Westinghouse employs system analysis engineers, competent
in the area of health physics and radiation protection,
to work with system design engineers. Although many
groups within the Westinghouse Pressurized Water Reactor.

Systems Division (PWRSD) are available when required,
the two major coctions responcible for radiation pro-
tection review are Energy and Environmental Analysis,
within the Nuclear Safety Department, and Radiation
and Systems Analysis within the Engineering Department.
The managers of these two sections report thorugh the

i maangement of their respective departments to the PWRSD
General Manager, who is responsible for the overall
design of RESAR-414 plants.

The A-E, Sargent & * .ndy, performs ALARA Radiation Protection
Design Reviews at ' y points in the balance of plant design.

\. .

ATTACHMENT E
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These reviews are independent of the owner's reviews
and incorporate the instructions of the owner. The 4?
radiation protection design reviews conducted by Sargent ib
Lundy, cover access control, radiation shielding, radiation
monitoring, radiation protection facilities, and control
of airborne contamination in accordance with the ALARA
concepts in Sections C.2 and C.4 of Regulatory Guide
8.8. The Sargent & Lundy ALARA review is conducted
according to written procedures which establish a Review
committee and a committee chairperson. The chairperson
is an experienced Radiation Protection Specialist and
,is responsible for the design review'; he assigns committe.e
members and additio'nal reviewers as necessary to' review

- tasks in their area'of expertise. The Review Committee *

issues a report summarizing its review and its conclusions.
A summary of the qualifications of the personnel who
participated in the most recent Sargent & Lundy ALARA
Radiation Protection Design Review are given in Table
Q331.3-2. The review team consisted of the committee
chairman, at least three committee members and two.addi-
tional reviewers.

,
,

b. . Types of personnel that have been involved in the radiation

( protection review are given.in Tables 0331.3-1 and 0331.3-2.

-

.

.
-

(
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( c. Balance of Plant

Design information is logged and sent to the owner for 4,,
comments. Portions of the design information involve gg
radiation shielding, monitoring, laboratory facilities
and other radiation considerations. These items are
directed to the responsible radiation protection reviewer.
Comments are sent through both Project Manager's Divisions
(owner and designer). Radiation protection comments
and requested changes are forwarded to the engineer
responsible for the radiation protection (Rp) design.-
The RP designer responds to the comments aad requests.

i He then files the comments, requests, and the response.
The RP designer makes the required design changes.
The' Project Management divisions. coordinate and document
the changes.

The personnel with expertise in radiation protection
within the groups stated above participate in the design
review process in a systematic manner. The procedures
to assure radiation protection functions nee.ded to prevent
or mitigate consequences of postulated accidents that
could cause undue risk to the health and safety of the .

public are formally documented.
.

( The NRC has recently reviewed the Westinghouse policy,
design, and operational considerations related to assuring
that occupational radiation exposures are ALARA for
the RESAR-3S and RESAR-414 desigts. They have concluded
that Westinghouse has shown sufficient concern and famil-
larity with the ALARA principles in the areas of design
considerations such that this aspect of radiation pro-
tection is acceptable. There are no substantial dif-
ferences between RESAR-414, RESAR-3S and the Byron /Brald-
wood design in those areas that affect ALARA.

d. The three examples which follow will result in a sig-
nificant reduction in man-rem exposure. |

|

1. The utilizativ.. ~ removable unmortared block |

wall sectionc (instead of mortared sections) :
for some equipment will significantly reduce
the number of manhours spent in radiation areas.

2. Probe holes were placed in most removable hatches
of filter and demineralizer cubicles. These 1

holes allow radiation monitoring of the cubicles !
prior to removing its hatch. The radiation

'

data from the monitor will allow radiation pro-
tection personnel better control of occupational

( exposure.

Q331.3-2
_ _ _ _ . - - - - - _- -. - - _ - - .- . _._ .__._._ _ __ _
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( 3. Area radiation monitors (ARMS) were placed in
valve aisles which serve two or more highly *

. radioactive systems. These ARMS will prevent 5>
., ,o - high levels of unexpected exposure from the 2'

' '

startup of an inactive system while performing
maintenance on another system.

.

.

-
.

9

.
.

,

~

.

.
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.

.

.
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(, ~ TABLE Q331.3-1 -

NSSS RADIATION PROTECTION PERSONNEL ,

- e-
A'~

.

RADIATION PROTECTION
JOB TITLES REVIEW RESPONSIBILITIES EDUCATION EXPERIENCE

Manager of Interfaces between the BS or higher 5 years as a
Energy and Engineering Department in engineer- lead engineer
Environmental and the NRC. He re- ing or the or manager.
Analysis views, coordinates, and physical Background

supplies input for hap sciences in nuclear an<
ters 1, 2, 11, 12, and chemical en-
15 of_the Safety vironmental
Analysis Reports. engineering

Manager of Provides radi.ation pro- MS or equi- 6 years expe-

Radiation. tection guidance. valent in rience in
and System Analyzes plant radia- mechanical, nuclear plant
Analysis tion sources'and ex- nuclear, or system oper-

posure from and to chemical ation or
components. Occupa- engineering ' design
tional radiation
exposure design review.

t

.

.

.

(.

m. . _ _ _ _ e. _
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~~
TABLE Q331.3-2 |

_ RADIATION PROTECTION PERSONNEL PARTICIPATING IN THE [

A-E's FSAR SUBMITTAL RADIATION PROTECTION DESIGN REVIEW

EDUCATION OF EXPERIENCE OF*
SPECIFIC SPECIFIC

JOB TITLE RESPONSIBILITIES REVIEWERS REVIEWERS

Chairperson Coordinate Review Chairperson: Over 25 Years
NSLD Radia- by the Committee. Experience in.

tion Protec- B.S. E.E. the Nuclear-

tion Design Assign Reviewers. Industry and
Review Certified With the AEC.
Committee Assign Review Tasks. Health

Physicist
Resolve Disputes.

Registered
Approve Committee Professional
Conclusions. Engineer

.

Terminate Review.
C

Committee Assigned a Members:
| Members Specific Area of

Rosponsibility. Ph D. N.E. Over 7 Years,

-

in Nuclear
-

Summarize Review Engineering and'
Responses. Radiation

Engineering,,

Make Recommenda-
'

tions and Ph D. Health One Year in
Appraisals of Physics Health Physics
Plant's RP Design.

M.S. N.E. Over 13 Years
| Registered in Nuclear
'

Profes- Engineering,
sional Radiation
Engineer Engineering, and

Health Physics

.

b. *ExpirTEnce at Time of Design Review.

Q331.3-5
- _ _ _ - . . _ _ , . _ _ _-___
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,

TABLE Q331.3 2 (Cont'd) |.
- Q

25
,

EDUCATION OF EXPERIENCE OF
SPECIFIC SPECIFIC

JOB TITLE RESPONSIBILITIES REVIEWERS REVIEWERS

Reviewers Assigned a Reviewers:
(In Addition Specific Area of
to Committee Responsibility. Ph D. N.E. 4 Years in
Members) Nuclear

Review Completeness Engineering
'

. of Station's Radi- and Radiation
ation Protection ingineering

' --

Design.
M.S. N.E. 3 Years in

Identify Nuclear
Deficlencles.

' ~
Engineerign
and Health

Make Physics
Recommendations.

i

l

!

.

|

.

Q331.3-6
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Table 1 Comparison of FES Whole Body Cancer Mortality
Risk Estimators (Per 106 person-rem) With Values
From Other Sources of Estimatesa

- 5e
1

*

Projection Model * * '

Dose- Continuous Lifetime
Responge Ex,cosure to 1 Rad /Yr (Low-LET)

Source of Estimates Models Absolute Relative

BEIR, 1980 LQ-L,LQ-L 67 169-

c1972 BEIR Linear 115 568

UNSCEAR 1977 Linear 75-175 i

d
ICRP Linear 100-125

FES Linear 135 500

a Except where noted all values are taken from Table V-4 of BEIR III.
b For BEIR 1980, the first model is used for leukemia, the second for

other forms of cancer. The corresponding estimates when the other
models are used (thereby providing an envelope of risk estimates)
are:

L-L , L- L 158 403

c Updated to 1970 U.S. population.
d The value for the ICRP is taken from ICRP (1977)
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NRC Form 5 Aporovea ty OM
(10L81) 3150 G 006
10CFR20 U $. NUCLE AR MCULATORY COMMIS$10N Empires 4 30 03

CURRENT OCCUPATIONAL EXTERNAL RADIATION EXPOSURE
See Instructions on Back

IDENTIFICATION

1. NAMUPRINT - Lsst, first, and middle) 2. SOCIAL SECURITY NO. b
s

.

3. DATE OF BIRTH (Month, day, year) 4. NAME OF LICEiJSEE

5. DOSE RECORDE D F OR (Specify: Whole body; 6. WHOLE BODY DOSE 7. MET HOD OF MONITORING (e.g., Film Badge -
skin of whole body; or t, ands and forearmt, STATUS (rem) F B, Pocket Chamber - PC: Calculations - Calc.!
feet anti ankIPs.) X OR GAMMA BETA

NEUTRONS

C. PERIOD OF EXPOSURE DOSE FOR THE PERIOD (rem) 13. RUNNING TOTAL FOR
(From - Tol CALENDAR OUARTER

9. .v O R G AM M A 10. BETA 11. N E UTRON 12. TOTAL (rem)

,

.__

~ LIFETIME ACCUMULATED DOSE

11 PRE vicSe TOT AL f eml 15. Tot AL ouARTERLY Is il11 AL ACCUMULATfD 17. PERM. ACC. DOSE ttN 181 bom) 10. UNU$ED PART OF PERMIS$1SLE
DOSE Dostkemi ACCUMULATED DOSE tremt

sees tem

1

_ _ _ _z
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|NSTRUCTIONS FOR PREPARATION OF NRC FORM 5'

The preparation and safckeeping of th;s form oe a clear and le items 9 Self emplanatory. The values are to be given in ecm.record containing all the informatinn enluurd on this form is re gible 10 and All measurements are to be interpreted an the fm se
ouired pursuant in Section 20 401 of **St.milards for Protectice 11, method known and in accordance with Paragraph ;'O.4(c).
Against Rad.ation," 10 CF A 20. as a current rocord of occupational Where calculations are made to determine dose, a a opy of
enternal eadiation esposures. Such a eccosd must be meintained such calculations is to be maintas.iec; in conjunction wita
for each entfevMaal for whom personnel reet.ito<ing is required this record. in any caw where the done for a caterklei
under Section 20.202. Note that a separate NRC Form 5 is to be <>arter is less th.an 10% of the value specified in Pai aph
used for recadin enternal vaposure to (1) the whole body; 20.101(a), the plu ase "lem than 10%' may be entce- ;sp
(3) skin of whole (3) hantis and foicarms; or (4) feet and heu of a numeiecal value.
ankles as provided tem-5 tielow, item 12. Add the values uncler items 9,10 and 11 for each pSed

Listed below by eMm are instructions and additional information of exposure and secord the total. In calculating the
directly pertenent to completing this form. " Total *' any ent "less than 10%" may be disrepar t-.l.

Item 13. The running tot is to be maint>ined on the twsas ofident fication calendar rtuarter s. Parageaph 20.3(a) (4) defmes catenil.=
ltem 1. Self emplacatory. Quarter. No entey need be made m this item if only
item 2. Self emplanatory enrept that,if individual has no social calendar quarter radiation doses are recorded in items 9,

swirrsty number, the woid "noew" shall be inserted. 10,11 and 12. '

mf 4.ifetime Accumulated Dose (Whole Body)
m

NOTE: If the licensee chooses to keep the inefividual'sOccupational E aposure engosure below that premitted in Paragraph 20.101(a). itans
item 5. " Dose to the. ir. hole imdy" sh.ill lie deemed to include any 14 through 18 need not lie completed. However, m that rase

dose to the whole body, gon.wis. active filood forming the total whole body stone for each calendar Quarttr strewdat
org.ms, head and trunk, or lens ni eye. Unless the lenses an item 13 (or item 12 al quarterly doses are entered in item
of :he eyes are protivted with eye shields, dose recorded 12) should not enceed 1 1/4 rem,
as whole body dose should inrhute the dose delivered if an individual is exposed uruler the provisions of Paragraph 20.101through a t ue equivalent absorher having a thickness of
300 mg/cmpor less. When the lenses of t e eyes are (b), complete items 14 through 18 at the end of each calenet.nro- arter and when the sheet is filled. Valu. es in item 13, when in the

Quddle of a calendar Quarter, and values in item 18, must be twoughttected with e shielift havsng a tissue equivalent thic ness
miof atleast 7 mg/cm2, nose recorded as whole body dose

should include the dosc riehvered througl issue equivalent ho, l'"t I ated dose from prescus
a o m

absorber having a thickness of 1.000 mg. or lem. e o
dose records for the individual (e . from item 16 of NHC

Dose secorded as dose to the skin of the whole body, hands Form $ or item 11 of NRC F orm 4 . The total occupalma'
and foicasms, or icet and ankles should include the dose radiaton dose secesved Dy the individual must be enh' sed
delivered theough a tissue equivalent absorber havi,ng a in this item. meluding any occupatonal dose recerwd
thickness of 7 mg/cm2 or less. The dose to the skin of from sources of f Adiaton not hcensed by the Comm sson
the whrde body, hafuh and foccat ms, or feet and ankles if the indevidualwas eliposed to sources of radiaten not
should be recorded on sepas ate forms unless the dose to hcensed by the Commesson during any Calendat Qu.tlet
those caris of the tiody has tiern included as dose to the af ter complebng NRC Form 4 and personnel rnonitonog
whole body on a f osm maintamed for 'scording whole bodV equipment was not worn Dy the endividual. it should te
exposure. assumed that the indavedual received a dose of 1 1/4Item 6. This item neco' be completed only when the sheet .is used rems during each such calendar quarter.to secos d whole body esposuscs and the licensee is
espnsin the indivutual under the provisions of Paragraph item 15. Enter the total calendar quarter dote from item 13 f.w
20.101( i) which allows up to 3 eems per iarter to the from item 12 if quarterly doses are entered in licm I?)
whole body. Enter in this item the unu part of per. and the date designating the end of the calendas o.em tre
missilde accumulated dose taken f rom previous records of in which the dose was received (e.g., March 30,1N?).
esposure e e . Item if;of the reced.ng NRC Form 5 or item item 16. Add item 14 arni ltem 15 and enter that sum.
13 of NRC Form 4 tf the indiv uAl's esposure during item 17. Obtain the Permissible Accumulated Dose (PAD) m ecm
employment with the hcensee begins with this record. for the WHOLE BODY. ''N"is ual to the numlaw of

years of age of the individual on last birthda . Sult
item 7. Indicate the method uwd for monitosing the individual's tract 18 from N and multi y the difference b ecm

esposoie to each type of raitiation to which he is exposed (e 9, John Smith, age 32; = 32, PAD = 5(3 IS)
in the tvurse of his dutses. Abtweviationn may be used. 70remJ

ltem B. Doses received over a pei nxt of less than a calendar uarter item 18. Determine the unused part of the PAD by subtrartm.: ,
need not be separately entered on the foe m provide hat item 16 from item 17. The unused part of the PAD
the bcensee maintains a current record of the doses received is that ortion of the Lifetime Accumulated Dose los
by the individual which have not as yet been entered on the covered by th,sema;ning at the end of the periodthein vidual
form. The pericd of espotte should specify t*ie day the is sheet.
measutement of that esposure was initiated and the day
on which it was terminated. For ear.viple if only quarterly
doses are entered, the period of empcsure for the first
calendar uarter of 19o2 might be taken as running from
Monday, nuary 1,1962, through Friday, March J 1962,
and would be indicated in this item as Jan.1,1962- ar. 30,
1962. If weekly doses are ent a film badge issued
Monday morning. January 1,196 , and picked up Friday
January 5,1962, would i e indicated as Jan.1,1962 Jan.h,
1962.

PRIVACY ACT STATEMENT

Pursuant in 5 il S C. 552alen IR enarted run law hv srrison 3 of the Privacy Act of 1974 (Pubhc Law 93 579), the followmo statement is furnished to indiv.dnals wem
sury ecs wwo ine % sea Reytesy Conessice on NAC Form 5 Sis informahonis ma stained in a sys:em ollecoros oesignatec as N4C47 anc oesceced

ai in e - e r. irs en 4M44 i Atchen 1. ta r.)

s ese, Art of 19M.as amende rt (42 U S C 2073 233 2095.21t1.21111. AUTHGel1Y Set tisi* s1. st, la it t. 803 101 leM'.!A.and 161(o) r.f th- Atomer n

2134,2N titi). ann' 210ltoli Ihe a.ethonty8m sobuling the intet secuity number rs 13 Cf R Pas t 20.

2. CHNtrA1 PURP0ft Mi t he intoimaim* es nmt ty the NRC m its rwah teon of the r#%;sta c n ruwsure esqted nith ttw Lcewd activity and mn

usiibbeliqg to miinitni and ergislate the safety andhealth practices et etslicensees. it.* dat9 petm.h a meanittgf gl com6 reson of both umeteirisen) sh slatutOf V sa
sent amt lone term espp. reenente among types et 6.censees and arr ong hcenseen v6ithin tarh ts pe. Data on vu.ir %mvec to rad,ation es nailable to you upon

Voui treucst.

3. ROU11NE USES 1 he mteamItum niay be med to orovide data to other Federal and Stair wacies invoked en monitin mg and'or evaluatmg rediation eu.nu e
seceiwd bs md.viduals emreomt anadiation wem Lers on a permanent or temporary basis and e tresute received by monatated sisitors. Tbe intormation may also t e
disdosed to en apreopeiste I citeist. Siste. os larat me ncy in the event the inf semation en6 cates a violation os potential weation of law and in the course of an

adm.natizine or gudicisi reciced no

4. WHE1HL R lilSCLOSURt l$ MND A10RY (1R V0tuNTARY AND EFFECT ON IN0tVIDU AL OF NOT PROV10 LNG INf 0RMAT10N 11 es volunies

that vcw tesn Pie veosestea ceuw ecuoing sN.a security number. however, the licensee rNst cer o e:e NRC Fcrm 5 on eacn na 4.,af foi whod
peisonarl mamtonng is tee. mea un.in 10 Ct R 20 202. Failure to do so man subject the 1.ceruee to entostement artmo m accordance with 10 CFR 20 601
The so..at wrunt, numbei a useit to smac ihat NRC bas an accurate identifier not subirci to the comce,ce of similai names or birthdates among itw taige
membri et pnsans on whom etsia n mamtamed

5 SYS1f M M ANAGER(St AhD ADitH1SS Daceki Othceof Management and Progiam Ana vs s u $ Nucicae Reg /atorg CO"54% Washington O C. 205%
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(
QUESTION 331.32

. " . ET
j3 _ Provido additional information on how your exposure 2t

tracking and exposure reduction program, includes the
elements of Regulatory Guide 1.70, Section 12.1.3 and
12.5.3, and Regulatory Guide 8.8, Section C.3.9 (8) (j) ,.
C. 3.8 (2) , and C. 3.c(2) (5) , including rem-tracking,-self-
reading pocket dosimeter use, post-maintenance, actual;

expolure, and how these results are used to make changes
in future work. Verify that annual ~ exposure reviews
are performed by plant management and that these are.
used to identify groups with the highest exposure in
order to assure that doses are ALARA." -

-
.

,

RESPONSE *

The Commonwealth Edison commitment to the ALARA principle
is discussed in B/B-FSAR Subsection 12.1.1. The use of
Radiation Work Permits is discussed in B/B-FSAR Subsection

, 12.1.1.3.
, .

,

Pencil dosimeters will be used'at-Byron /'Braidwood Stations
to record estimates of daily exposures received by each
individual worker. This information enables the Rad / Chem,

,

Department to spot significant individual exposures that
may occur within the biweekly film badge monitoring period.
Biweekly' work group man-rem summaries are generated by the
computer dosimetry program. The summaries serve to alert
the station health physics staff and the corporate office
of the trends in man-rem expenditures. Commonwealth Edison
began a Radiation Evaluation Program (REP) in April of 1976.
REP is a computer based occupational dose accounting system

, used to document, by work group, the dose expenditure resulting
1 from work performed on various plant systems and components.

In addition to each work group's dose and the plant component
worked on, the program will document the total work effort
in man-hours and include a brief description of the work *

performed. *

The REP program applications are:

To provide timely radiological feedback informationa.

to our engineering and production departments and.

architect-engineer consultants for consideration
in new plant design and to enable corrective action
to be taken at existing stations.

b. To identify and compile dose histories on specific
sources of occupational dose that might be reduced(, through improved station working and shielding pro-
cedures and training programs.
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c ., To provide data for comparison studies of specific
sources of occupational exposure.among similar CECO
nuclear stations with relevant factors such as reactor
equipment and plant layout, etc., taken into account.

d. To demonstrate an " active ALARA program."

The Station is also planning for an ALARA Review Committee.
This committee is composed of the manager of each affected
department, the Rad / Chem Supervisor, and an ALARA coordinator.
The charter of the committee is to advise-the Station Superin-,

tendent on ALARA matters.~ The committc-e raviews annual
~

*

exposure reduction goals and provides direction for the
ALARA coordinator. The committee meets at least quarterly.
The chairman of the committee has decision making responsibility.
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