
i

'

NUREG/CR-4381e

BNL-NUREG-51918
|

|
-

I

\

|

|

1
|

| Summary of Comparative Assessment
| ef U.S.and Foreign Nuclear Power Plant
Dese Experience

i

|

1

!
'

i
;

I

i -

Prepared by John W. Baum and John R. Horan

Brockhoven National Laboratory
Upton, Long Island, New York 11973

Prepared for
j U.S. Nucleor Regulotory

,

| Commission
!

:

!
i

I

'
RnR* ?8R88 "' PDRCR-4381 R

|



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

'

'

NUREG/CR-4381

BNL-NUREG-51918

i

| Summary of Comparative Assessment
: ef U.S.and Foreign Nuclear Power Plant
;

Dese Experience
!

|

|

|

i

;

| Manuscript Completed - August 1985
'

Date Published - October 1985

j Prepared by
John W. Baum and John R. Horan'

Safety & Environmental Protection Division!

ALARA Center,

Brookhaven National Laboratory'

| Upton,long Island, New York 11973

NRC Project Manager - A.K. Roccklein
i

Prepared for-

i Division of Radiation Programs and Earth Sciences
i Offico of Nuclear Regulatory Research
i U.S. Nuclear Regulatory Commission

Washington, DC 20555
,

NRC FIN A3264

|

|

|
!
'

- _ . - - . _ _ _ . . _ _ _ _ -_ ,____- _ _ _ _ _ _ _ _ _ - - _ _ _ _ - - - _



.
_ _ _ . _ _ _ _ _

ABSTRACT

Data gathered at the 1984 Bhl Workshop on llistorical Dose Experience and
Dose Reduction (ALARA) at Nuclear Power Plants and f rom recently published
literature were reviewed and analyzed. Large dif ferences were noted, between
countries and between similar plants, f or collective dose (man-rem) per plant
and per unit of electricity generated (MWe yr). During the period 1978-1982,
f or PWRs, the U.S. ranked highest in terms of collective dose per MWe yr
(1.2), and France, Sweden, and Finland weic lowest (0.27-0.37). For BWRs,
Japan, the U.S., and the Federal Republic of Germany ranked highest (2.2-1.9),
and Finland and Sweden were lowest (0.08-0.32). Only a small portion of the
dif ferences could be attributed to average plant age, vintage, or rated
capacity.

Fifteen factors were identified (in addition to age) which contribute to
differences. In estimated order of importance, these were plant chemistry,
water purification, materials selection for low cobalt and nickel, special
tools, decontamination of primary systens, required multi plant actions,
worker motivat ion and commitment , permanent work f orce, management commitment
to dose control, three or more reactors per site, design for reliability,
passivation of primary systems, quality assurance, standardized plant design,
and shielding.
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l

1 Introduction

The objectives of this study were to determine how collective done
equivalents at U.S. nuclear power plants compare with those of some techni-
cally advanced countries, and to evaluate factors that contribute to the
differences.

Fif ty health physicists and nuclear engineers f rom ten countries met at
BNL May 29 - June 1, 1964, to exchange information and hold discussions at a
Workshop on Historical Dose Experience and Dose Reduction ( ALARA ) a t Nuclear
Power Plants. (1) The results of evaluating data f rom this meeting and other
data f rom recent publications (2-48) are summarized here.

2 Workshop Findings (l)

Participants at the Workshop experienced an unusual degree of openness in
the discussion of problems in applying the ALARA philosophy. Successes and
failures were candidly evaluated, to an extent beyond the normal sensitivities
of corporate or utility policies. The format of an international workshop
provides an ef f ective way to exchange data and to discuss experiences and
techniques that are developing in a dynamic technological field. Enough new
ideas and unique approaches were presented to provide every operational group
represented with several approaches that cou ld be imp lemented to i mprove their
own occupational expost.re controls. Some were "n i c k e l -d i me " ideas

- quick iasteners - special tools and jigs
soft lead brick shieldin); - casily removable i nsu la t i on-

- portable ventilation blowers - reducing the number of unnecessary
observers

Other ideas require major modif 1 cations:

- low cobalt specifications f or primary system component s
built-in ladders and platf orms to replace temporary scat f olds-

- monorails for repetitive lifting jobs
additional fixed shielding-

- separate roormi for pumps and valves
improved control of water chemistry-

Each participant took home more than 500 pages of material that was used
as background data for the round table discussions. This can be selectively
analyzed by various int erested personne1 to obtain spe 1iic data on:

historic dose experience-

high-dose maintenance tasks-

steam generator mainteriance-

- ref ueling problems
dose reductton modiIicatiuns-

The recent research, as well as plant demons t rat ion 9, on steam generator
and hWK primary system decontamination provoked lengthy discussions. The
large percentage of t i me de vo t e d t o this topic is not surprising since the use

-1-
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i.
|

I

; of primary circuit decontamination with fuel in place has the future potential
i for being a highly effective dose reduction technique.

I The demonstration and exhibits on remote technology were not only infor-
mative but mind stretching. The use of improved sensing, transport sys t e ms ,
communications, artificial intelligence, and remote tooling has tremendous

; potential as a means of removing workers f rom high radiation exposure
j environments. 'lhis could be implemented, not in the distant t u t u re , but in

| the immediate future of next month or the next shutdown. We must start
I thinking today in terms of application of these technological changes for ;

tomorrow.

!

i It re mai ns to be seen whether the participants really heard the message j
of A1. ARA applications from Canada, Finland, Switzerland, and Sweden. Many
seemed to be startled by what they heard about not using outside contractors,
dif ferent health physics practices, minimum radiation protection job coverage,
and employee radiation protection training, as well as their low dose

! experience. Some seemed to discount these experiences as not applicable to !

; working conditions and company policies in the U.S. Perhaps more analysis of
) what was presented and positive contemplation on possible appitention of [

lessons learned will result in bridging the assumed gap between the foreign
programs and what is being done in the 11.h. today.

| There was essentially consensus that Al. ARA is a philosophy which is
. inherently difficult to apply. Compliance with the quarterly and annual dose
! limits is a relatively easy and straightf orward procedure. But the ALARA
- concept must be gotten out of the procedural and paper-work stage into the

| work area by those who are doing the actual work in the radiat ion environment ,
~

namely, the maintenance, operational, construction, and lip staf f s. The task
of collective dose reduction is not just the responsibility of the llP group
but demands the focus of attention of the designer, equipment suppliers, ;

4 planners , operators , maintenance experts , and all levels ut mana ge ment , as ;

well as the regulators.
r

i

Among the remaining problem areas were the following !

; <

j A premium must be placed on acquired working skills and on keeping a-

j stable plant staff. liigh maintenance staf f turnover has distinct

j disadvantages. |

I

| Prudent implementation of saf ety related madif ications and backfits~

should include site specific value impact analyses, which take into.

| account impacts on collective doso.

| Accelerated development is needed of hWR and INK optimized chemistry-

I specif ications and of methods f or primar y system decontamination with I

fuel in place.
,

j Motivation techniques need to be refined to obtain increased worker '-

and management support and commit ment to AI. ARA goals.,

i

1 1. abor union commitment is needed to reduce unnecessary worker dos a.-
4

i
!

-2- i
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3 Country Comparisons

in order to evaluate and understand reasons f or count ry-to count ry and
p,lant-to plant dit terences, data gathered have been plotted in several ways to
illustrate the importance of ditterent factors.

Figure 3-1 shows, for comparison, collective dose equivalent in man rem /
reactor / year for all plants in the IJnited States, Japan, W. Germany, the
Netherlands, Switzerland, Canada (Ontario flydro), France, Sweden, the United
Kingdom (C.E.G.B. ), and Finland. U.S., Japanese, and W. German plants yield
average collective doses about 2 to 10 times as high as those in the other
countries. However, this gross comparison is insufficient for drawing
conclusiona since it does not properly ref lect the intluence of a number of
important parameters such as type of reactor, output in MWe yr, year of design
or first commercial operation, and effective full power years of operation.

Several countries in Figure 3-1 have both pWK (pressurized water teactor)
and BWR (boiling water reactor) plants. Ilowever, t he U.K. plants employ gas-
cooled reactors, which produce much smaller quantities of activated corrosion
products than do water cooled ones. These corrosion products are major
contributors to collective doses in most modern plants. The only U.S. gas-
cooled plant (Fort St. Vrain in Colorado) has operated since 1974 at very low
power levels (a ve ra ge to 1983 about 40 MWe compared with 310 MWe ra t i ng ).
Collective doses averaged only 2.5 man rem / year during the period 1978-1982.
This is low even when normalized by MWe generated.(3)

The Ontario liydro plants use heavy water as coolant and dif f er consider-
ably from light water reactors in plant design and operation. Hesu l t s from
these plants provide an interesting example of hoW dome reduction cdn he
achieved if this is given a high priority in both design and operation, an
described in more detail below.

Hetter comparisons of U.S. experience with that of other count ries can be
made by separating data f rom PWR and BWR plants and by normalir.ing dose data
by power generated, i.e. expressing results in terms of collective dose
equivalent (man rem) per unit electricity generated (MWe yr).

4 IWR plant Comparisons, man-rea/MWe yr

Figure 4-1 shows data on average collective doNo equivalent lot l'N N
plants for the period 1918-1982. Since smaller collective dose values are
expected from a small plant than from a large plant, these data are e x p re s s e d
in terms of man rem per MWe yr of electricity generated by the plants. This
rat to better ref lects the relative efficiency of dose control. 1he results
clearly show U.S. experience to be poor (1.2 man rem /MWe yr) relative to that
of other countries, with France showing the be9t average (0.26 man tem /MWe-
yr).

To clarity the possible intluence of plant vintage as a factor in these
large differences, data on average collective dose were plotted vs. calendar
year f or specif ic count ries and plants. Figure 4-2 shows man rem per MWe yr
vs. calendar year (19/0 to 1981) f or PWR plants in the U.S..(l) the Nether-

3
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lands, Switzerland, Japan, W. Germany, Finland, Sweden, and France. For most,

three year averages were calculated and plotted to avoid large year-to year
variations due to ref ueling cycles, which are sometimes longer than one year.
These data show that, for collective dose equivalent per etWe yr, the average
value for U.S. plants was among the highest , and the values f or the most '

recent Swedish plants (Ringhals 3 and 4) were the lowent.

Reasons for differences are severalt (a) The U.S. plants include older '

plants that are subject to more steam generator tube Iatlures. (b) The French
emphasize on standardization of plant design has two benet its it makes worker
training more ef f ective because workers going f rom plant to plant find almont

Lidentical units; and it permits greater development and use of special tools
such as multi stud tensioner/detensioner equipment for reactor vennel heads, |
steam generator manway cover handling devices, automatic eddy current testing

| machines, and steam generator plugging machines. (c) The Swedish units were i

built with emphasis on design, shielding, plant layout, and caref ul cont rol of
primary system chemistry as well as une of automated equipment (as mentioned
f or the French plants). Segregation and individual shielding of highly active ,

components keeps done rates low during maintenance, and low contamination
levels in working areas minimize the need for respiratory equipment and at ten-
dant loss of worker etficiency. (d) Operators of plants in Finland (Soviet
designed plants) have achieved very low dose rates by carefully controlling
primary water importtles, by avoiding high-cobalt stellite in primary system *, ;

and by using larger steam generators, whteh have nuf f ered relatively f ew tube
fatture*, and which spread corrosion products over large nurface areas.

In the Swedish data, note the progrensive decreases in man rem per StWe yr
as newer plants are brought on line, indicating successful incorporation of '

new design featuren, remote and automated tooling, and proceduren to limit
doses. [

Projected doses for the proposed U.K. Sizewell "ti" l'WR plant include an
average annual collective doge of 240 man rem or 0.2 man rem /HWe
installed.(49) Assuming 07% average capacity factor, this would yield O.I
man rem /t1We generated.

For PWR compar (nons , figure 'e-3 nhown man-rom /!fWe y r vs . yea rs of ope r a -
tion f or U.S. plants of various sizen atid ages and f or Ringhals 2, t he Swedish
plant with the highent collective done equivalent. U.S. plants, which went
commercial in ' bH t o '/3, show the highest average dosen (0. J8 to 2.1 man-
rem /liWe yr); the 500-PfWo plant a (Acwauneo and Prattle Island I and 2),
commercial in 'll and ' 74, show the lowest (0.08 to U.S man-tem /?fWe y r ); and
larger U.S. plants and the Swedish plant are intermediate. The three plants "

with low donen had a total of only 29 nteam generator tube defect * (through
1980) or about ono-third the average f or post '/4 U.S. plants, whereas the
pre '/4 U.S. plants experienced an average of 904 defects (through 19H0). This f

confirms that the number of nicam generator tube defect = to a nalor
determinant of collectivo dose, as la well known. Ilowever, Heaver Valley,
Calvert Clifta l and 2, Davig-henso I, and Zion i and 2 plant * experienced no i

tubo def ects through 19HO yet had collective dose equivalent s thsough 19H0 of !

1.0, 0.6, 0.24, and 0.6 man rem /!!Wo yr, re9pect ively, ahowing that other
f acturn are also important and can canne large variations from plant to

i
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i
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plant. It is also of interest that the three 500-MWe PWR plants with low
doses all had Fluor Power Services, Inc. as architect engineers (but no other
U.S. plants did). For other U.S. plants of this approximate size the 5 year
everage collectivo dose equivalent per MWe yr was 2.3 to 23 times as high
during the 1978-1982 period, showing that plant size was not decisive.

5 BWR Plant Comparisons . man-rem /MWe yr

Figure 5-1 shows man rem /MWe yr f or BWR plants in Japaq, the U.S. ,(3) W.
Germany, Switzerland, Sweden, and Finland. Japanese plants show the largest
doses (2.2 man rem /MWe yr) and plants in Finland the lowest (0.08 man rem /MWe-
yr). The U.S. again shows rather poor experience, with 2.1 man rem /MWe yr.

| Data on collective dose equivalent per MWe yr vs. calendar year f or specific
hWR plants and countries are given in Figure 5-2. Japanese data show an
increase f rom 1.3 man rem /MWe yr in 1972 to about 5.1 man rem /MWe yr in 19/7,
f ollowed by annual decreases to 2.1 man rem /MW yr in 1983 The Japanene
experience ref lect s their emphasis on detailed and dose-intensive plant
inspections and preventive maintenance activities during three month annual

,

! shutdowns in earlier years. Many plants now tend to adopt a scheme of 13
oonths operation for each three months or less of outage.(48) U.S. data for
all plants compared with data f or plants that went commeretal in the ' /4 ' /9
period suggest some reduction in average collective dose equivalent pe r MWe -
yr. However, the i mp rove ment is small compared with the very impressive

,

| improvements shown by Swedish and Finnish BWR plants, which have shown
| progressive decreasest from about 0.8 man rem /MWe yr f or the '/5 Swedish plant
'

(Kinghals 1) and about 0.25 man rem /MWe yr f or the 'll and '75 plants (Uskar-
shamn 1 and 2), to about U.15 man-rem /MWe y r ior the 'l$ and '7/ plants
(Harneback I and 2) and only 0.06 man-rem /MWe yr f or the 'bl plants (forsmark

i 1 and 2). The two Finnish plants that went commercial in '19 and 'HI (TVO 1
| and 11) fit the general Swedinh pattern of progressively lower doneg f or newer

plants.

Both the Swedish and Finn 19h plants have reactor systems designed by
ASEA-Atom, a Swedinh steam supplier, which also acted as principal or contri-
buting archit ect engineer on most of the plants. These plant % have been

,

designed with mininum cobalt content in primary nyutem Murf aceq, very careful'

cont rol over primary water impurt tles, and highly efficient reactor water
pu rif ication systems. In general, to minimize tutroduction of corrosion pro-
ducts into the core, stainlens steel with <0.054 cobalt or equivalent
materialin used for partg in contact with water that flows toward the r eac t or
core. 'therefore, mont reactor intet nals and water wetted nuriaces in the
primary wygtem are r'ade of ntilnlenn steel. Lxceptiona are minor parts such
an springs, boltN, etc., which are made of nickel base alloyal and f eedwat er
pipen outside the containment, f eedwater heat er housings, and end plat en,
which are made of carbon Nteel.($)

Projected doses for U.S. hWR plants being designed are lower than dones
for currently operating plant 9. Reduction by a factor of a bou t two 19 expec-
Led f rom degign improvement * (e.g. Improved feedwater wpargers, bet t er plant
layout ), and by another f actor of about 1,1 from source reduction 9 due to more
ntringent criteria f or materials nelection and more caref ul cont rol of plant
chemistry,(6)

-7-
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Data on collective dose equivalent vs. years of operation for selected
BWR plants (Figure 5-3) show that pre ' 74 U.S. plants had somewhat higher
values for dose equivalent per MWe yr than post '74 plants. The trend for
U.S. plants is generally upward f or the first few years of operation, whereas
both the Swedish and Finnish plants have leveled of f in about two years. The
increases in U.S. plants may ref lect the larger contribution of cobalt-60
(with its several year build up time constant ). The Swedish success may have
been influenced also by the goal of 0.2 man rem /MWe installed capacity
suggested by the Swedish National Institute of Radiaiton Protection about 10
years ago. This is equivalent to about 0.3 man rem /MWe yr generated, a very
ambitious but apparently achievable goal.(7)

6 Dose vs. Plant Capacity and Number of Reactors per Site

Data on collective dose equivalent vs. MWe yr (3) were evaluated f or the
yea rs 1978-1982 for U.S. PWRs and BWRs. For PWRs the scatter in points (0.2
to 7.0) was large, indicating that any effect of capacity on collective dose
equivalent was small compared with ef f ects of other f actors. The hWR data
points were less scattered (0.9 to 7.4) and indicated a possible small
decrease 'In collective dose equivalent per MWe yr with plant size when small
plants (4/ to 64 MWe) were compared with those having a capacity >500 MWe,
but, this finding has limited statistical significance because of the limited
number of small plants.

Comparisons of average collective dose equivalent per MWe yr for sites
with one, two or three reactors per site revealed no significant differences
between one reactor and two reactor sites. The values 0.8 man rem /MWe yr f or
the only 3 reactor PWR site and 0.9 man-rem /MWe yr f or the only 3 reactor BWR
site were well below the averages for one and two reactor sites. Although
the data base is limited (i.e. two sites), these results may ref lect the
greater et f ectiveness of planning, training, and management at large
facilities. This may also be a f actor in the excellent experience at French
PWR sites since two-thi rds of their reactors are at sites with 3, 4, or 5
reactors. On the other hand, the Japanese site with b BWRs (see Figure 5-2)
shows a poor record. Thus, multiple reactors per site is probably an
i mpo rt ant factor but, like other factors, not sutticient in itself to assure
low collective dose equivalent re s u lt s .

1 Ontario llydro Experience (2)

Untario hydro employs pressurized heavy water reactors ( H PW Hs ) . Large
collective doses received at their Douglas Point Nuclear Generating Station
during 1967 to 1969 led to a major commitment by senior management in 1970 to
improve dose control during both design and operation. They emphasized oli-
mination of stellite (high cobalt content ) alloys , addition of shielding,
improvements in water purification systems and in ventilation and air-drying
sys t ems (f or airborne tritium cont rol), and improved reliability and maintain-
abilnty. The results are remarkable, as seen in figure 7-1. Cottective dose
equivalent per MWe yr values were reduced f rom about 18 mSv (3.8 man tem) in
1972 to about 3 mSv (0. 3 man rem) in 1981. During this same period U.S.
values at light water reactors i luctuated between 10 and 20 mSv/MWe-/yr (I and
2 mn rem /MWe yr) with no apparent long-term improvemt 4.
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An important aspect of the Ontario liydro approach is the use of highly
trained station workers for a major portion of all work. The number of
workers per reactor has gone down from about 600 in 1970 to about 300 in
1982. During the same period in the U.S., the number of workers per reactor
has increased from about 300 to about 1100 Station personnel now receive
about 80% of the collective dose in Ontario liydro plants compared with about
20% in U.S. plants. This difference in workforce comp le men t is believed to be
an important element in the Canadian success.

8 Factors Affecting Dose

From the data evaluated to date it is clear that plants in the U.S. have
higher collective dose equivalents per reactor and per MWe yr generated than
plants in most other countries. Important factors affecting dose at nuclear
power plants were identified in the workshop and in earlier studies by
Catalytic, Inc.(6) The results of one study, indicated that pli cont rol (PWRs )
and feedwater purity controls (BWRs), material cont rol to minimize cobalt and
nickel in primary systems, high temperature filtration, and dilute chemical
decontamination of primary systems each had potential f or reducing annual
collective doses by >50%; that remote surveillance and diagnostics had
significant potential (though <50%); and that robotics had somewhat more than
50% potential but would require long-te rm de velopment . These and other items,
which have been identified in this work, are listed in Table 8-1, each with an
estimated weighting factor, based on the aut hors ' judgement , which is the
expected ratio of collective dose in plants with poor cont rol over the item to
that in plants with good control. This weighting is, of course, crude and
su bj ec t ive. Further information on each item can be found in the references,
especially in recent publications of the BNL ALARA Center.(9-12)

Probably of greatest importance is adequate maintenance of chemistry
controls in both primary and secondary water since this aftects corrosion
product formation, transport, and deposition and is a major f actor in avoiding
steam generator tube failures in PWKs and major pipe cracking problems in
BWRs, (13-26) which are major contributors to very large collective doses in
each type of plant. Similarly, optimum design and operation of primary and
secondary water purification (filtration) systems is very important since
removal of activated corrosion products bef ore deposition is essential to
keeping dose rates and related collective doses low.(13-26) Weighting factors
of 1.7 and 1.6, respectively, were assigned to chemist ry cont rol and pu rif ica-

tion. Materials selection (minimum cobalt and nickel, and use of stainless
steel primary piping to minimize corrosion and deposition) was tilso given a
weighting of 1.6.(27-32) Decontamination of primary systems and components,
(8,33-44) and use of special tools, robotics, and remote su rvei llance (12,16)
were each weighted at 1. 5. Recent studies by S. Cohen and Associates (45)
indicates that NRC-init iated mult i plant actions accounted f or 40% ot typical
plant doses during the five year period 1979-1983; on the assumption that some
other countries had many fewer mandated actions, this item was estimated to
account for a weighting iactor of 1.4, at most. Items given a weight ing

factor ot 1. 3 were worker moti vat ion and commit ment , permanent vs. transient
work force, management co mmi t me n t , three or more reactors per site, and design1

for reliability.(46) Passivation of primary systems,(IM) quality assurance
during design, construction and operation,(47) standardized plant design, and extra
shielding and segregation of highly active components (46) were weighted at 1.2.

10 --
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Table $-1 leportant Factors Affecting Dose at Nuclear Power Plants

Es t i mat e d
Weight

e Primary and (f or PWRs) secondary system chemistry
(pH. U conductivity. Fe.Cl)................................ 1.7j.

e Optimon design and operation of primary and (f or INRs)
se cond a r y wat e r pu ri f i c a t ion sy s t e ms . . . . . . . . . . . . . . . . . . . . . . . . . 1.6

e Minimize cobalt and nickel in primary system. use SS piping..... l.h

e Use of special tools. robotics. and re mot e su rvei llan ce . . . . . . . . . 1.5

e Decontamination of primary systems and components............... 1.5

e M.nltt ylant actions requi red by regulat or y agenc ies . . . . . . . . . . . . . 1.4

W o r k e r mo t i va t i on a nd n 'mm i t me n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l.Je

e Pe r manen t vs. transient work force.............................. l. 3

e Managetrant commit me nt and organization for dose control......... 1.1

e Three or more reactors per s1te................................. 1.3

| e Design for reliability.......................................... 1.1

e "assivation..................................................... 1.2

e Quality assurance daring design. construction, and operation.... 1.2

e Standardized plant design.............................. 1.2........

e Shielding and segregation of highly active components... 1.2.......
-
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- 11 -



The product of the 15 weighting factors listed in Table 8-1 is about
106. Thus, if each item operates independently, differences as large as a
factor of 106 could be expected between collective doses in plants with good
control over all items and in those with poor control. Since some items are

probably correlated (e.g. three or more reactors per site; plant
standardization; good quality assurance during design, construction and
operation; and permanent vs. transient work force), somewhat smaller
dif ferences would be expected. Also, any plant or country is unlikely to be
deficient in every item. Considering this list of significant variables, it

is not surprising to find collective doses in various plants and countries
differing by an order of magnitude (factor of 10). Nor is it surprising that

it is difficult to find clear correlations indicating high importance of any
one f actor since to do so would require caretul control of , or accounting f or,
all the 14 other factors.

9 Conclusions

Based on the data discussed above, the conclusion is that occupational
exposures are higher, on average, at U.S. nuclear power plants than at plants
in the other industrialized countries for which data were available.
Exposures are higher in the U.S. (a) f or both PWR and BWR plants, (b) when
expressed as collective dose per plant per year, (c) when normalized by MWe
generated, (d) when compared as a function of years of plant operation, end
(e) when ecmpared by age of plant or year of first commercial operation.

No single factor is responsible for the large differences between plants
or between countries. About 15 f actors are considered important , with several
contributing as much as 50% to dif f erences. Some of the additional occupa-

tional exposure is attributable to multi plant actions required by the NRC.
This exposure is presumably justified by the added public and worker safety
the actions are intended to provide. Additional cost-benef i t studies are
needed to evaluate the optimum balance between occupational exposures and
accident probabilities and consequences, and to determine the cost effective-
ness of improvements in the other factors contributing to differences.

High doses occur primarily during outages, and critical path time is
f requently exte..ded because of needs f or radiation protection and
contamination control. Many improvements are being implemented which reduce
both costs (e.g. through labor or critical path time savings) and collective
doses.(12) Attention to all 15 factors listed in Table 8-1 will be required
to ensure that doses are as low as reasonably achievable (ALARA) at U.S.
nuclear power plants.

- 12 -

. _ _ _ _ _ _ _ _



_

10 References

1. Proceedings of an International Workshop on Hiotorical Dose Experience
and Dose Reduction ( ALARA ) a t Nuclear Power Plants, BNL, May 29-June 1,
1964 NUKEG/CP-0006, BNL-NUREG-51901, June 1965. Available for purchase
f rom the National Technical Inf ormation Service, Springfield, VA 221bl.

2. R. Wilson, W.J. Chase, and L.J. Sennenia, " Occupational Radiation Dose
Experience in the Ontario liydro Nuclear Program," presented at the
American Nuclear Society Annual Meeting, New Orleans, June 1984

3. B.G. Brooks, " Occupational Radiation Exposure at Commercial Nuclear Power
Reactors," Annual Report, NUREG-0713, Vol. 4, 1982. Available for
purchase f rom the National Technical Inf ormation Service, Springfield,
VA 22161.

4 German-Swiss Commission for the Saf ety of Industrial Nuclear Facilities,
" Comparison of Radiation Protection and Maintenance-Control in German and

Swiss Nuclear Power Plants with Light Water Reactors," DSK-Report No.
84/2, Neuenburg/ Switzerland, October 1984 (in German).

5. R. Ivars et al., " Experience of Water Chemistry and Radiation Levels in
Swedish BWRs," presented at International Conf erence on Water Chemistry
of Nuclear Reactor System, Bournemouth , England, October 13-17, 1960,
British Nuclear Energy Society, London.

,

6. E. Powers, "BWR Dose Reduction Programs," Proceedings of an International
| Workshop on Historical dose Experience and Dose Reduction ( ALARA) at
| Nuclear Power Plants, BNL, May 29-June 1, 1964, pp. 150-164, NUREG/CP-
| 0066, BNL-NUKEG-51901, June 1985. Avai la ble for purchase f rom the

National Technical Information Service, Springfield, VA 22161.

7. K. Egner, " Cost Effectiveness of Dose Reduction Modifications at
Ringhals 2," lbid. pp. 183-208.

| 8. R.J. Burg, J.J. Flynn, B.R. Gregg, and R. Nelsen, " Management Study of
Light Water Reactor Radiation Exposure," Catalytic, Inc., 1500 Market
St., Philadelphia, PA 19102, September 1980.

9. J.W. Baum and D.A. Schult, " Occupational Dose Reduction at Nuclear Power
Plants - Annotated Bibliography of Selected Readings in Radiation
Protection and ALARA," NUREG/CR-3409, BNL-NUREG-51708, Vol. 1, US NRC,
February 1984 Available for purchase f rom the National Technical
Information Service, Springfield, VA 22161.

10. J.W. Baum and C. Weilandics, Ibid. , Vol. 2, February 1985.

11. B.J. Dionne and J.W. Baum, " Occupational Dose Reduction and ALARA at
Nuclear Power Plants: Study on liigh-Dose Jobs, Radwaste Handling, and
ALARA Incentives ," NUREC/CR-4254, BNL-NUREG-51688, US NRC, May 1985.
Available for purchase f rom the National Technical Inf ormation Service,
Springfield, VA 22161.

- 13 -

____ _ _______ _ ________________________ _ _ _ _ _ _ _ _ _ --



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

12. J.W. Baum and G.R. Matthews, " Compendium of Cost-Ef f ectiveness
Evaluations of Modifications for Dose Reduction at Nuclear Power Plants,"
NUREG/CR-4373, BNL-NUREG-51915, US NRC, September 1985. Available for
purchase f rom the National Technical Inf ormation Service, Springficid,
VA 22161.

13. S. Silvennoinen, " Water Chemistry Experience with BWRs at Olkiluoto,"
Proceedings of an International Symposium on Water Chemistry and
Corrosion Problems of Nuclear Reactor Systems and Components, Vienna, 22-
20 November 1981, pp. 19-34, IAEA, ST1/ PUB / 630, Vienna, 1983.

14 J.W. Kormuth ~and J.L. Barkich, "Ef fects of Cold Shutdown Chemistry on PWR
Radiation Control," EPRI NP-3245, Project 825-2, Interim Report ,
September 1983.

15. T.A. Putkey, W.L. Pearl, and S.G. Sawochka, " Secondary Water Chemistry
Control at St. Lucie No. 1," EPRI NP-2706, Project S170-1, Topical
Report, October 1982.

16. G.F. Palino et al. , "BWR kadiation Control - Plant Demonstration," EPRI
NP-2752, Vol. 1, Project 1934-1, Interim Report, November 1982.

17. G.F. Palino et al., Ibid, Vol. 2: Appendixes.

18. "BWR Corrosion, Chemistry and Radiation Control," Provisional Agenda and
Abstracts , EPRI Seminar, Palo Alto, CA, October 8-10, 19 8 '+ .

19. C.J. Wood, " Proceedings of the EPRI PWR Radiation Control Meeting."
Niagara Falls, Ontario, Canada, September 23-24, 1982.

20. C.J. Wood, "PWR Radiation Control - Proceedings of EPRI Workshop,"
Washington, DC, May 1-3, 1984

21. A.F. Conn, " Prevention of Wear Problems in PWR Steam Generators - An
Annotated Bibliography," EPRI NP-2711, Project S145-1, Final Report.
October 1982.

22. P.J. Battaglia, " Salem Unit 1 - Denting Mitigation Program:
Implementation of Improved Oxygen, Chloride, and Copper Control," EPRI
NP-2703, Project S132-5, Final Report, October 1982.

23. C.A. Bergmann and J. Roesmer, " Coolant Chemistry Effects on Radioactivity
at Two Pressurized Water Reactor Plants," EPRI NP-3463, Project 825-2,
Interim Report, March 1984.

24 C.R. Wolfe et al., " Neutralization of Steam Generator Denting," EPRI NP-
3023, Vol. 1, Project Sil2-1, Final Report, September 1983.

25. J.J. Taylor, " Controlling PWR Radiation Fields," R&D Status Report ,
Nuclear Power Division, EPRI Journal, 8, 56-58, May 1983.

- 14 -

. - _ __ - _ - _ - _



26. P.S.S.F. Marsden, "Getting to Grips with Water Chenistry and Corrosion,"
Research and Development, 25, 53-56, March 1983.

27. C.F. Falk, "BWR Cobalt Source Identification," EPRI NP-2263, Project
1784-2, Final Report, February 1982.

28. D.B. Heard and R.J. Freeman, " Cobalt Contamination Resulting From Valve
Maintenance," EPRI NP-3220, Contract TPS 81-814, Final Report, August
1983.

29. P. Aldred, "BWR Control Rod Cobalt Alloy Replacement ," EPRI NP-2329,
Project 1331-1 Final Report, March 1982.

30. P. Aldred, "BWR Control Rod Cobalt Alloy Replacement ," EPRI NP-2329-SY,
Proj ect 1331-1, Summary Report, March 1982.

31. T.R. Young, J.T. LaDuca et al., " Cobalt Source Identification Program,"
EPRI NP-2685, Project 1784-1, Final Report, October 1982.

32. C.A. Bergmann, " Evaluation of Cebalt Sources in Westinghouse-Design
Three and Four-Loop Plants," EPRI NP-2681, Project 1784-3, Final Report,
October 1982.

|

| 33. American Nuclear Society Sponsored Executive Conference on "Decontamina-

| tion of Power Reactors: The Cost, Benefits and Consequences,'

| Springfield, MA, September 16-19, 1964, American Nuclear Society, La
Grange Park, IL 60525.

34. Proceedings of EPRI-BWROG Sponsored Seminar on " Chemical Decontamination
of BWRs , ' Charlot te , N.C., February 26-28, 1985.

35. H.R. Gardner, L.M. Polentz, R.P. Allen, and W.E. Skiens, " Comparison of
Decontamin: tion Techniques for Reactor Coolant System Applications,"
Report EPRI NP-2777, December 1982.

| 36. J.M. Je vec , W.S . Leedy , and S.J. Pot te rton , " Chemical Cleaning
Demonstration Test No. 1 in a Mock up Steam Generator," Report EPRI NP-
1829, April 1981.

| 37. J. Sjevar, P.H. Dawson, " Evaluation of Abrasive Grit--High Pressure Water
i Decontamination," Report EPRI NP-2691, October 1982.

38. H.R. Gardner, R.P. Allen, L.M. Polentz, W.E. Skiens, and G.A. Wolf,
" Evaluation of Nonchemical Decontamination Techniques for Use on Reactor
Coolant Systems," Report EPRI NP-2690, October 1982.

39. R.G. Charles and J.G. Cleary, " Cleaning Steam Generators Of f-Line
(Soaking) With Chelants," Report EPRI NP-2815, February 1983.

40. C.J. Card, "Postaccident Decontamination of Reactor Primary Systems and
Test Loops," Report EPRI NP-2842, January 1983.

- 15 -

e .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.
_

41. L.F. Munson, C.J. Card and J.R. Divine, "An Assessment of Chemical
Processes for the Postaccident Decontamination of Reactor Coolant
Systems," Report EPRI hP-2866, February 1983.

42. J.R. Remark, " Plant Decontamination Methods Review," Report EPRI NP-ll68,
May 1981.

43. " Field Test and Evaluation of Electropolishing and Preoxidation Processes
f or Type-316 Stainless Steel Nuclear-Grade Piping," Report EPKI NP-3832,
Final Report, March 1985.

44 R/ Whitaker, " Decontaminating Reactor Coolant Sy s t e ms , " EPRI Journal,
Vol. 9, No. 5, pp. 17-23, June 1984

45. S. Cohn and Associates, Draft Report to AIF, " Occupational Radiation
Exposure Attributable to NRC Initiated Multi plant Actions," July 1985.

46. " Compendium of Design Features to Reduce Occupational Radiation Exposure
at Nuclear Power Plants," Report AIF/NESP-020, edited by Paul J. Pettit,
Atomic Industrial Forum, Inc., April 1981.

47. " Finland's World-beating LWR Perf ormance," Nuclear Engineering Inter-
national, 29, 14-16, October 1984

48. J.R. Wargo, " Nuclear Experiences Abroad Surpass U.S. In Many Areas," AIF
Conference, Nuclear industry, 31, 26-32, July 1984.

49. L.M.C. Dutton, (Editor), "The Application of the AllaA Principal to

Sizewell B," National Nuclear Corporation Report PWK / RX646, NNC , 1982.

- 16 -

_ _ _ _ _ _ --



..c..o.. us v i ucia.. .i u. r o. . co .wo. .....s - - ~ c~ . -.~>*.'.4
ae,

E/*S// BIBLIOGRAPHIC DATA SHEET NUREG/CR-4381
un sv uc+ ~i:~+e.e. .se BNL-NUREG-51918
a4.nos.a. i.......n.

Summary of Comparative Assessment of U.S. and Foreign
,,,,,,,,j, ,, ,,,,

Nuclear Power Plant Dos Experience _

,, ,,,,

s . '-ca o Aucust 1985
.f. e a .i.e .' ss- e a

John W. Baum and John R. 1. ran |
''**""

Octob 1985
........% ;.a w a s....sco. sa.cc.. ,,,,. e . o . . . . . ~ . ...c..~%...

Safety and Environmental Prot etion Division
-

Building 535 A '" ** "' ' **'*

Brookhaven National Laboratory
Upton, New York 11973 A-3264

a .. . ~ w. .m . . 2. m .. ., a m . c. ; . m . .~ c-.. . , s s s.s

Division of Radiation Programs and :arth Sciences Formal
| Office of Nuclear Regulatory Resear 5 . . . . x ; c , . . 3 , , .,,, .

U.S. Nuclear Regulatory Commission
Washington, DC 20555 September 1983-October 1985i

1
z w.. . .s v .. . c e s.

> .w..e ;x .

Data gathered at the 1984 BNL Workshop n llis torical Dose Experience and Dose
Reduction (ALAPA) at Nuclear Power Plants 'n u from recently published literature were
reviewed and analyzed. Large difference'.wer( 'noted, between countries and between
similar plants, for collective dose (ma rem) ; r plant and per unit of electricity
generated (MWe-yr). During the period. 978-198 for PWRs, the U.S. ranked highest in
terms of collective dose per MWe-yr ( 2), and F ince, Sweden, and Finland were lowest
(0.27-0.37). For BWRs, Japan, the U > . , and the >deral Republic of Germany ranked
F' hest (2.2 . 9), and Finland and , elen were low st (0.08-0. 3 2) . Only a small portion;

ot the differences could be attrib ed to average p in t age, vintage, or rated capacity.

Fifteen factors were identi ed(inadditiontokge)whichcontribute to differ-

| ences. In estimated order of i ortance, these were p ant chemistry, water purification,
materials selection for low cob lt and nickel, special ools, decontamination of primary
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