Conf- 160202 -6
z,l

APPLICATION OF THE_ALAP CONCEPT TO
OCCUPATIONAL EXPOSURE AT OPERATING LIGHT WATER REACTORS

by

H. W. Dickson
W. D. Cottrell
D. G. Jacobs

By acceptance of this article,
recipient acknowledges the U. §

to retain a non-exc

the publisher or
. Govermment's right
Jusive, royalty~free license in

and to any copyright covering the article.

This seport was

ot their

prepared .5 an sacou
ponsared by the Unitod States Gnmnm::t.n ;;Dh:
the United States mor the United Ststes Enmcrgy
;:u:h and Development Adminbsiration, mot any of
employses, not any of thei contnactan,

procem di
infringe privately owned righta.

R makes any

wwTanty, expiem or implied, or amumes

Kbty or sesponsibility for the annmq.con:l:l:

o8 usefuinem of avy information, apparaiue, product ot
, Of represents that its use would mot

il i



APPLICATION OF THE ALAP CONCEPT TO
OCCUPATIONAL EXPOSURE AT OPERATING LIGHT WATER REACTORS*

H. W. Dickson, W. D. Cottrell and D. G. Jacobs
Health Physics Division
QOak Ridge National Laboratory
Oak Ridge, Tennessee 37830

1
'
h R Abstract -

The application of the as-low-as-practicable (ALAP) concept to radiation exposure of workers at
light-water reactors (LWR's) has recently received increased attention. The purpose of this project
is to investigate the means by which occupational exposure at operating LWR's can be reduced to the
lowest practicable levels. Nine LWR stations, including 16 operating reactors, were studied in Phase
I of the project to identify significant sources of exposure and tc determine the magnitude of the
exposures. A complete site review consists of compiling information from safety analysis reports,
plant technical specifications, and radiation exposure records coupled with an on-site visit for
discussions with plant personnel, observation of procedures, and of radiation levels. 1In
Phase II, specific problem sreas are being studied in-depth with regard to corrective measures to re-
duce exposure. Iuformation has been collected on exposure from valve maintenance and repair. Cor-
rective measures will be evaluated with respect to ease of application and cost effectiveness. The
results of this study will serve as technical backup for the preparation of regulatory guides.

Introduction

Recently much attention has been given to reducing exposures to the general population in the vicinity

of operating nuclear power plants. Design objective quantities for annual radiation doses at the

' site boundary are now specified by 10 CFR 50. The population dose within a 50-mile radius of a new
1000-MWe plant is in the range of 10-100 man-rem. At most operating plants, occupationai exposures have
not received the same attention and only now are they being examined as carefully under the as-low-as-
practicable (ALAP) philosophy. ©During 1973, collective radiation doses tc workers ranged from a low of
74 man-rem at Pilgrim to a high of 5134 man-rem at Indian Point(1), where a great deal of special main-
tenance and repaixr took place. There is also a trend, especially noticeable at boiling water reactors
(BWR's), toward an increase in occupational doses as the plants age. Furthermore, the average nusber of
persons exposed at each plant has been increasing. There is no good basis for predicting future occu-
pational radiation doses; however, the present data are sufficient to make it clear that something must

be done to limit these doses.

Project Description

The current work is aimed at application of the ALAP concept to exposure of workers at light-water
reactors (LWR's). The purpose of this program is to investigate the means by which the radiation expo-
sure of workers at operating LWR's can be reduced to the lowest practicable levels.

The study was divided into four phases which overlap in time. Phase I, which is nearing completiom,
deals with a preliminary overview of the problem, including reviews of records and site visits-to
identify significant problem areas. In phase II specific problem areas will be studied in depth with re-
gard to corrective measures tc reduce exposure. These corrective measures will be evaluated with respect
to ease of application and cost effectiveness. A suggested sequence of corrective measures, including
alteration of both hardware and operating procedures, will be developed, and a cost-benefit comparison
made to determine the extent to which the sequence should be implemented. Recommendations will be made
regarding design considerations for new facilities. Phase IIT will consist of providing technical assis-
tance in the drafting of regulatory guides as the specific problem areas are evaluated and corrective
action is recommended. Phase IV will be an extension of the study to other nuclear facilities, including
but not necessarily limited to high-temperature gas-cooled reactors, fuel reprocessing plants, and breeder

reactors.
Following an extensive literature search, criteria were established for selecting nuclear po:nr
stations to be reviewed in depth. The completed site visit schedule is given in Table 1. A great deal

of emphasis was placed on these site reviews, as it was felt that the most relevant and accurate infor-
mation could be obtained from plant management and personal observation rather than second-hand or

edized sources. :

[P

’Research sponsored by the Nuclear Regulatory Commission under Union Carbide Corpocation's contract with
the U.S. Energy Research and Development Administration.




Table 1. Sita Visits

Installed Cumulative
Site Reactor Capacity Energy Plant Status
Type Mite MWh x 106 During Visit
A Unit 1 WR 1098 5.7 Rout ine Operation
Unit 2 By 1098 1.2 Power Testing
BiWR 75 4.3 Planned Outage
PWR 185 16.1 Routine Operation
D Unic 3 PR 728 8.8 Forced Qutage
Unit 4 PWR 728 7.4 Routine Operation
Ph] 450 20.6 Refueling Outage
F Unit 1 BWR 210 13.8 Extended Outage
Unit 2 BOR 840 16.3 Refueling Outage
Unit 3 BWR 838 14.3 Routine Operation
G Unit 1 PWR 1085 5.5 Routine Operation
Unit 2 PR . 1085 2.5 Routine Operation
H PWR 490 14.4 Refueling Outage
I Unit 1 PKR 911 4.0 Routine Operation
Unit 2 PWR 911 2,6 Routine Operation
Unit 5 PWR 911 ~l.3 Routine Operation

General Results

A nuaber of significant problem areas at LWR's have heen identified, such as refueling (head re-
moval, installation, and fuel handling); handling of radicactive waste; inservice inspections; and
inspection, repair, and maintenance of particular components such as recirculation pumps, valves, and
steam generators. Data supporting these observations came from exposure records at nuclear powsr plamt
(NPP) sites and from discussions with health physics and maintenance personnel at thess plants. These
are not startling observations since others(2,3) have reached similar if not the same conclusions. This
is only a confirmation of earlier observations. Some of the other common problems which were mentioned
at sevezal sites included:

1. High exposure cbtained from filter changes

2. Need fcr pump and valve isolation cubicles

3. Relocation of components out df high radiation fields
4. Lack of specifications of valve internals from vendors
5. Need for improved mock-up training for "hot" jobs

6. Valve packing failures -

7. Valve malfunctions

8. Activation of molybdenum disulfide lubricant

9. Insulation removal and installation

10. lack of communication

Various studies have revealed an “aging" effect on exposures at LWR sites. Curves illustrative of
this fact are presented in Figure 1. In general, exposure rates can be predicted into the future for
areas in the vicinity of components which will experience activated corrosion products (crud) buildup.
Coupling the increased requirements for inservice inspection and unexpected maintenance and repair with
the corrosion product build-up has resulted in dramatically rising cumulative radiation doses at several
LWR's.

The extent ci. exposure during outages has been emphasized in several reports(1-3). It is estimated
that two-thirds of the total annual radiation dose occurred during outages. Some individual plants vary
in this respect, showing a range of 27-97% in actual studies, but these represent extrenely .musual cases.
A typical example of jobs and exposures incurred during refueling outages is shown in Table 2.

There is a trend toward standardization of nuclear plants such as the standardized designs exhibited
by General Electric (GESAR) and Westinghouse (RESAR). While the reason for standardization was economy
of time in licensing, it may also be a boon to ALAP. Caution is in order, however, since several gensric
deficiencies have been noted as rezurring through several generations of piant design. For example, in-
adequate waste evaporators have been built at several generations of pressurized water reactors (PWR's).
This ‘suggests that the standardized plant may still contain poorly designed equipment and plant arrange-

ments.
Basically, there is little feedback from the utility to the architect-engineer (AE) which results ia

changes in future plants.

™~

Part of the problem in getting design changes incorporated into new plants is lack of communication.
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Table 2. Radiaticn Dose Duriag * sfusling Tadle 4. Vslve Melfumction
Outage at & Typicsl M
Job Doin (@an-Tew) Survay 1 Yuivey & Survay 3 Sutvey 4
. Catago 1967-1971 1/78-7/22) (5/22-9, ?l 9, 1]-! 75
Vaive repair 29 No. of malfunctions
Insulation removal and included ir survey 171 121 [} s
Teplacensnt 20
Control rod drive removal 8 Avg. malfunctions
Vesiel internsls ifaspection 10 por plant psr yesr 2.8 2.8 8.1 10
Reactor head removil and 29
Teplacenent Punactional typs of
Nondestructive testing valve involved
Snspection ? Steam-iine isslation
Refueling operations ] valvas 19 (168) 123 (A7)
Miscellsnsous A3 Other steam-sorvice 2 (1o 2 am
valves .12 (10%) N
Total for outage 121 Regulator valves s (5%
Safety or velief
Table 3. Rudiation Dose Dus te valves 18 (13 159 (z%)
Valve Haintenance Associsted systes
Stean smxvice 214 (308)
Muclear Man-Ten (Vaives)/ § Outage Desw Isolation vaives 19 (1s%) 133 (178)
Station Man-rem (Total dua to Valve Mein. Turbine systems (")
o MPCE or KCIC
] 4.8/125 4@ systems 7 (4Y)
[ ] 14/78 100
[ ] /97 (11 Emorgency Core
Cooling 37 (aN) Ik {(14%) » )
E 4e/116 40\
1 Unit 1 107317 3N Reactor Ceolent
I Unit 2 0.871.2 7% ohd Pever 75 (25%) 49 (¢0N)
I Unic 3 0.3/2.7 FHL)
) . Conversion
PiNzEim 307321 258 Main Couling 145 (208)
) Shutdawm Cooling a9 (N)
Monticello 20/133 15% Coolant Purificstien 3% (5V)
Feasdwmter 26 (3%)
S P TH Tt
40, Auxilisry Cooling 13 (2%)
- /i Seconiary Shutéewn 20 (W)
/ /1 Othar Emngineeresd
P / Safety Features 8 {10%)
5% °C" SR~ 7
4 V 7’ Cause of failurs
2, y, 7 foproper main-
g tenance 44 (26Y%) 17 (14%) 31 (38%) 133 1)
g 4 prEDCTED Externsl :rnin" 8 (47V) 37 (5Y)
b 2 Iaproper desigm or
g% 7 7 . spplication 43 (259) 2 (320) 100 (14W)
o v Fabrication § In-
& - stallation " 22 am
/ -~ oTTOTS )
g i din Mechanscal? a 3o 8 (29
. g tesksge 17 (14%) $7 {8\)
© Ll
S30R = SECONDARY ”3‘!‘ ":::m 13 (12%) 34 (5%)
struc
s MEASURED STEAY GENERATOR | Elsctrical? 13 (A2v) & (108)
J ' Packing 17 (14%)
I l ‘1]acivdes Operator orver, Poor proCedures

mondouamnmc

2includes worn or dansged drive components; leess 2erts; valve

dinding

Fig. 1. Dose Rate '"“""" st Nuclear Station “F" 3rnciudes torque lisit switch failurs, seleneld melfunction snd

clircuit problems
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Suriag the iaitial sive review (Duclear Station A), the need for cxpanded ALAP records at mucizar
stazions beocane apparent. At this site, extensive use is made of special work permits (SkP's). The
information on the SWP is sufficien®, in m0st cascy, for assigning doses ro particular workers doing spe-
cific jobs. The Ihi's were coded in order to make specific dose assignments. Ke have collaborated with
this vtility's hoaith physics stoff in collecting and vvatuating (b)y computer techniyues) approuximately
one plaat year's equivalent 2f operating exposure dJata(d).

There is an incrrasing concern for performing cost-bancfit analyses for ALAP modifications. Reasons
for doing this are well-founded amd include the following:

There is now endugh published ovidence to suggest a dollar value per man-iom.

The procedent of using such a dollar value has bean set in the SRC posizion paper regarding
10 CFR 59 Appendix I.

The precedent of using a doliar value per man-res would give utilities justification for ex-
penditures and set guidelines on how much to spend to achieve reductions in radiation doses.
4. The nuclear industry has asked for coss-bensfit shalyses, as, for example, the Tecent public
review of the revision of Regulatory Guide 3.8.

ta o

s

Also, cost-effeciiveness studies must bw done to determine wan-rem savings per dollar spent on modifications.
After assizning collar values, it becomes 3 trivial exercise to determine whether the expenses for a sug-
gested modificstion can be justified economically, but a follow-up study should also bs psrformed to decer-

sine {f the cost-benefit study was accurate.

Valve Study

The early icentification of valves as a significant source of radistion exposure caused spescial
emphasis to be piaced on this problesm. An in-dopth study was conducted on valve saintenance and repair.
although most iniornation gathered was general in nature. The integrizy and vpsrability of vaives have
been a major concern at nuclear power stetions since maintenance of valves csuses z significant workload
and leads to siznble personnel exposures. For several rezent outagss, valve related doses at several LVR's

are given in Table 3.

Valve Malfunctions

In order to evaluate the extent of valve failures and the significsnce of these failures with regard
to personnel cxpusuras; a study of plaat operating exparience in this area was undertaken. A previous
study along the sane lines has been pudblished(5). The present study covers the period from Septesber, 1972
to March, 1975 ir. order not to duplicate the tire fraze of any previous study. A cosputer search was com-
ducted on the Nuclear Safety Information Conter (ASIC) files and yielded a tabulation of IWR valve failures
by plant, plant type, vaive type, associated system and cause‘of fallure. Terninology was observed to
present a scrious problcn and points up the need for standardized termisiology in the industry. Also, in
many cases, it was difficult to assign a single cause for failure when ssveral causes were suggested. In
spite of the inadequacies of the study, the resuits, presented in Table 4, are interesting and can be com-
pared zo the previous scudies. It can be determined by simple addition that the cause of failure accounts
for 109%, 100%, i0% and 90V of the cases for surveys one through four, respectively. In the first survey,
multipie causes of failure were considered. The second survey assigned a single teeson for failure to each
case considered. Four the third and fourth surveys, the cause of fzilure in some ce.es vas undetermined or

of a niscellaneous nature.

The survey ¢id not consider all valve malfunctions reported within the period of the study since meny
cases uwere so anbijudsus or uncertain that their inclusion was not deemed uvseful. Thus, there was some
arbitrary saadple solection. Also, some of the malfunctions occurred during preoperational o surveillance
tests; but they were largely cli-i_nated. again by sample selsction.

W¥hile it apjears from the data that the number of valve malfunctions per plant year is imcreasing,
other wayrs of explaining the data may have equal justification. For instance, the increase asy be expleimed
by bester ruporting or by inclusion of "minor” failures which may have been overlooked in reporting of
previous years. The facr that the sample size is large and that testing failures were deliberately re-
noved from the data does give support to the conclusion that the reliability of valves way be decreasirng.

For individual plants, a total of 360 valve fallures were considersd from the NSIC search. Of these,
SIS occurred in bWR's having 3 total of 10.7 plant years of txperiencs; this yields an average failure rate
of 12.6 per plan: year. The corresponding statistic for PWR's was 7.6 feilures per plant year based on
335 failures in 25.3 plant years of expericnce. While the absolute failure rates sdmittedly are inaccurate,
the large differcnce between BWR’s and PMR's i3 significant =t the 95% confidence level. A breakdowm by

reactor is preserted in Table 5.
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Table 5. Plant Specific Valve Malfunction Rate

Malfunctions/ Malfunctions/
tWR _Plants Opsrvating Years PR Plants Operating Years
Pilgris 1 46/2.5 kobinson 2 21/2.5
Quad Cities 1 . 33/2.5 Conn. Yankee 24/2.5
Quad Cities 2 37/2.5 Indian Point 1} 24/2.5
Big Rock Peint 16/2.5 indian Point 2 12/1.8
Arpold 16/1.0 Palisades 3/72.5
Orster Creck 43/2.5 Oconee 1 17/1.9
Cooner 17/1.1 Oconee 2 10/1.3
Nine Mile Point 19/2.5 Turkey Point 3 12/2.4
Millsteae 1 16/2.5 Turkey Point 4 13/1.75
Moaticello 39/2.5 Maine Yankes 11/2.4
Huabolds Bay 39/2.8 Praivie Island 1 17/1.25
Peach Bottos 2 28/1.5 Ft. Calhoun 13/1.6
« Fitzpatrick 7/0.5 Surry I 372/2.5
Browns ferry 32/1.6 Surry 2 18/1.9
Vermont Yankae 42/2.5 Pt. Beach 1 14/2.5
La Crosie 10/2.5 . Ps. Beach 2 17/2.5
- Dresden 1 13/2.5 Kswaunse 11/71.0
Dresden 2 46/2.5 Yankes Rowe 9/2.5
Dresden 3 39/2.5 Ginne I 14/2.5
San Onofre 4/2.5
2ion 1 21/1.78
2ion 2 23/1.28
515/40.7 = 12.6 345/45.5 = 7.€

The Jatest survey agrees with the previous survays in supporting the conclusions that: : '

1. Halfunctions have occurred in all plant types znd designs.

2. Valves from many vendors and of all sizes and types were found to have failed.

3. Causes for malfunction 2over a broad spectrua.

4. External errors and failure of valve operators were responsible for many of the occurrences.

Corrective actions suggested by the survey include: H

1. Repair and/or replacement of malfunctioning components on an individual bssis. .
2. Uesign modification for service conditions as opposed to tkeoretical conditions.

3. Increasced Erequency of surveillance in low radiation :ones.

4. Procedural changes and training in the operation, testing and maintanance of valves.

S. Continual review of the status of valve reliability.

- -

Other Valve Fimdiags

A careful design analysis should include hoalth physics as well as the usual engineering considerations.
Current gencration IWR’s arc beginning to exhibit component isolation for such iteas as major valves. There
are still many instances, howcver, where minor valves are not considered separately from other components.
Even where the valve itself is not a radiation source, workers may be exposed to high levels of radiation;
one good exaaple of this is the pressurizer spray valve where the pressurizer is the major source of expo-
surc. Better placement of valves or isolation of valves in shielded cubicles would result in considerable
dose reduction. Ia some N\R's. valves are located adjacent to the regenerative heat exchangers; this place-
ment problem coull be solved by rmlocation of the valves.

Design of a nuclear facility for easy r 1 of comp s in order to facilitate maintenance or re-
placement should be a primary ALAP consideration. With regard to valves, the use of designs which include
quick removal mechanisms, such as Marman clamps*®, should be encouraged. These devices have been designed
for both high and low pressure systems and for systems having stringent release limits; however, few have
been incorporated into LWR piping systems.

Other design considerstions for maintaining exposures ALAP include minimization of crud traps in valve
structures, use of valve materials which do not bacoms activated appreciably, case of mainterance (includ-
ing, but not limited to, accessibility), ease of assembly and disassembly, availability of parts, and de-
tailed specification of internal components. Some ALAP considerations are contrary to the best emgineering
design. As an example, cobalt used in stellite makes it hard and wear resistant but lsads to high radiation
levels from the sctivation of corrosion products in the core(?7}. While it may very well be best to con-
tinue with the use of stellits compounds, health physics considerations shouid be included in the decision-
making process.**

*Registered trademark of Aeroquip-Marman. :
**A major cffort has been at the Douglas Point Power Station of Ontlr:o liydro to resove stellite components
following radiation protection evaluations(8).



The features of a particular valve and the proper maintenance techniques are most effectively conveyed
in 2 valve manual. The manual should include all pertinent valve design information, drawings, part iden-
tification, and spare part recommendations. In addition, a record of maintenance should be kept for each
valve in order tc evaluate its performance. These records help to establish the proper intervals for pre-
ventive maintenarce. Also, specific instructions in the form of a procedure should be written for each
maintenance operation since s number of valve malfunctions have been due to maintenance crrors.

Fexitallic gaskets are finding more and more application, and deservedly so. They combine the best
features of both metallic and nonmetallic gashets by using a sandwich arrangement of Teflon or asbestos
trapped between stainless steel layers., The Teflon provides a material ductile or soft enough to flow
under comprcfsion to plug its own leaks; and the stainless steel is hard enough to resist erosion.

In a number of the plant visited, changes in valve packing had been made or were being contemplated.
Specifically, the use of Grafvil and other new types of packing has dramatically reduced the freq y of
repacking. To be effective, packing frequently must be re-tightened. In nuclear applications, this in-
volves additional exposure; thus one should sclect packing that remains resilient and does not require
frequent tightening. Stuffing boxes should have space for six or more turns of packing. The gain from
additional packirg diminishes beyond this, because compressive stress occurs in the layer adjacent to the
gland follower ard diminishes through the succeeding layers(7).

In cases where applicable, packingless valves are being substituted for packed valves. Valves uti-
lizing bellows seals are rapidly acquiring a reputation for being reliable and requiring minimal mainte-
nance. So ‘far, the only widely available bellows seal valves are for low pressure systems involving small

diameter piping.

Corrosion Product Buildup and Removal

Radiation erposure from activatcd corrosion products (crud) continues to be the most significant source
of occupational radiation at LWR's(2). Among the radionuclides in crud, 58co appeared to be the most abun- .
dant in a recent study by Babcock and Wilcox(9). Also appearing in significant quantities were €0Co, S5“Mn,
95zr and 5%e. 7The plant chemistry program of EPRI’s ANuclear Power Division includes defining the sources
of primary systen radioactivity and finding procedures for plant operation and decontamination which best

limit in-plant eaposure levels.

At Unit T of station "F", radiation levels have increased sigaificantly (see Fig. 1). One means of
reducing ¢ pational exposure there is to remove partially the source of radiation. Teo this end, the
station is planning a full scale primary system decontamination which has been scheduled for the first

half of 1977(10).

Conclusions

It is the ccnsidered opinion of the investigators involved with this project that occupational expo-
sures could be reduced at operating LWR sites. We estimate that radiation doses could be reduced 10-20%
by modificacion of procedures and practices at the station, an additional 128-20% by minor modification of
hardwarc and its arrangement and a factor of 2 to 10 if major plant modifications such as relocating major

components were made.

.

Major plant modifications which will lead to significant reduction of radiation dose will also call
for significant experditurcs. These items will bear close scrutiny from a cost-benefit standpoint. A
guideline of §1,C6C per man-rem has been established as a non-occupational dose guideline; however, the
need for additioral effort in the rcgion of individual dose near thc dosc limit has been emphasized by the
International Commission on Radiological Protection{ll). For the purposes of this project, modifications
which cost less than $10,000 per man-rem will be considered justificd. Modifications requiring greater
expenditure will receive carcful considcration and may be justificd hased upon current cost-benefit ratio-
nale. This is not to say that the choice of this figurc is clcarly dcfensiblc, but that in the absence
of a definitive figurc, this onc scems reasonable.

The ALAP philosophy is still not understood nor practiced by tho operating staff at a majority of the
L¥R's studied. Station and utility health physicists aro committed to controiling radiation exposure and
to minimizing it whenever possible. This commitment alone is not sufficient; one needs the plans, pro-
cedurcs and designs which are the tools for accomplishing ALAP. Stations which do not have a formal ALAP
plan, including implementaticn, cannot achieve ALAP exposures. Secondly, even if the health physicist has
the tools at a given station, the results still depend upon acceptance by managewent and plant operating
personnel. To many, ALAP only means making sure no one exceeds the maximum permissible exposure limit.
Definitions and illustrations of ALAP should be prepared and distributed throughout the nuclear industry

as an educational project.

‘Registered trademark of Union Carbide Corporation.
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Research is needed to study prevention or minimization of crud buildup. Studies on crud buildup such
as Babcock & Wilcox's study(9) at station “I" are necessary prerequisites. It would also be advisable to
conduct additional research on decontamination techniques and procedures. While the primary system decon-
tamination scheduled for station "F* Unit 1 should shaod some light on this problem, much remains to be cdone

in this area.

In order zc avoid exposure in high radiation areas, the trend will have to be toward greater use of
remote handling. To date, automated s:'stems and those involving remote operation have experienced a great
deal of down tims which either puts everything back on manuai operation or halts operation entirely. The
resulting mainterance produces as much, or more, exposure than that which was to have been saved by the
system involved. Here then, as in other areas, reliability is of the utmost importance. Based upon the
valve malfunction study, it is a moot question as to whether reliability of nuclear components is improving

or, in fact, degenerating.

Few.common problems other than those already given could be definitely identified. Perhaps this was
due to the diversity of the plants studied. As a result, a typical exposure for any plant operation has
not been ascertained. It is our opinion that a "typical" plant does not exist at the present time. We were
able to observe 2 spectrum of radiation exposure problems and make general conclusions. Perhaps when
enough of the so-called "standard design" plants become operational, such things as the average or typical
exposure during refueling will have some meaning. Even then, as it is now with the supposedly identical
Naval reactors, each reactor will have its own personality. ALAP specifizations are a long way from making
recommendations of doses for specific jobs.
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