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respectively) to the total pleant collective dose (see Table | and Figure ¢).
Therefore, 1t 15 very ifmportant that ALAKA be incorporated i1nto the work plans
and procedures during the early planning stapes in order to minimize Job duses.

OUTAGE VERSUS NON-OUTAGE DOSES

Although plant outage length and collective dose can vary widely depending
on the outage work scope, 2 large percentage of a plant's collective dose is
typically accrued during outages. Since a majority of the maintenance and
special maintenance work 1§ performed during outage periods, the average outage
dose rates to plant personal usually exceed the average non-outage dose rates.

The magnitude of this oifference was the subject of an NRC study unodertaken
in early 1989 (3). As part of this study, approximately two-thirds of the LwRs
(6 LWRs - 40 PwRs anu ¢ BwRs) operating in the U.S. were contacted and asked
to provide their average outage and non-outage daily dose rates, On the basis
of the data collected, the average collective dose per unit for Pwks wes 0,117

Table |
Percentage of Annual Collective Dose
at Lwks by work Function

1964~ 1588
Perceritage of Collective Dose Each Year Avg
1984 1985 1986 1987 1988 1984-88

11.4% 12.8% 12.8% 11.8% 16.9% 13.1%
26.9% 34.6% 33.2% 34.9% 36.8% 33.3%
6.3% 8.6% 8.3% 8.0% 13.2% 8.9%
45.4% 32.5% 35.5% 33.2% 20.3% 33.4%
3.6% 5.1% 4.0% 3.9% 5.2% 4.3%
6.4% 6.5% 6.2% 8.1% 7.6% 7.0%
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Figure 2
Collective Dose by work Function and Personnel Type
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rem per day during non-outage periods and 3,65 rems per day during outage periods
(see Figure 3). This represents a factor of 3] difference between sverage daily
outage and non-outage doses ot BWRs, Although the dafly doses reported dur1n3
non-outage periods for PuRs were fairly consistent, the outage dose rates varied
from & low of 0,833 rem per day to a high of 10.94 rems per day for the plants
surveyed,

This study found that the everage collective dose per unit for BWRs was
0.44] rem gcr day for non-outage periods and 4,00 rems per day during outage
pe.10ds. This represents a factor of 9 difference between average daily outege
and non-outage doses at BWRs. Again, the daily doses reported during non-outage
periods for BWRs were fairly consistent, while the outage dose rates varied from
o low of 0.3 rem per day to & high of 8.5 rems per day for the plants surveyed,

Because of the magnitude of average daily outage doses relative to non-outage
doses, reducing the frequency and duration of plant ou'aoes can lead to a lowering
of & plant's annual collective dose, Outage doses cau be reduced by:

o ldentifying and scheduling outage work well in advance;

o Preparing comprehensive and detailed work procedures which include
ALARA considerations;

o Performing ALARA reviews of all dose intensive work to be performed;

o Incorporating adequate radiological controls into outage jobs; and

0 Us1ne experienced and well-trained personnel to perform the outage
work,

There are severa) dose intensive activities which have historically accounted
for o large percentage of the annual collective doses at PWRs and BWRs. For PWRs,
the replacement of steam generators and steam generator tube p1u891n /s1eeving
are two such activities which typically result in large doses. For BWRs, the
most dose intensive task has been recirculation pipe replacement, Another active
fty which has significantly contributed to BWR doses in the past 1s inspection
and repair of pipe cracks caused by intergranular siress corrosion cracking (188CC).
There are also severa) potentially high dose jobs which are performed at both PWRs
and BWRs. These jobs include erection and breakdown of scaffolding and temporary
shielding, snubber removal/replacement, in-service inspection and testing, and
refuelings,

STEAM GENERATOR REPLACEMENT

In 1979, Surry, Unit 2 became the world's first PWR to replace its steam
generators., The resulting dose of {141 person-rems for this project was the
highest dose exgerienced to date for any U.S. PWR (with the exception of Indian
Point 1 in 1973). This dose was also over four times the 1979 PWR average annual
dose of 516 person-rems, The following year, Surry, Unit 1 replaced its steam
generators for 1758 pcoson~rems (4),
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Steam Generator Replacement Projects
. Surry 21978 7. D.C. Cook - 1968
3 Loop Plant 4 Loop Plant
Outage adjusted to deduct
. Surry 1 - 1881 duration of 10 year IS|
3 Loop Plant
8. Indian Point 3 - 1889
. Turkey Point 3 - 1982 4 Locp Plant
3 Loop Plant
8. Ringhals 2 - 1989
. Turkey Point4 - 1882 3 Loop Plant
3 Loop Plant
10. Dampierre 1 ~ 1890
. Point Beach - 19884 3 Loop Plant
2 Loop Plant
11. Palisades - 1991
. H.B. Robinson ~ 1984 2 Locp Plant
3 Loop Plant
Figure 4

Steam Generator Replacement Project Experience



BWR RECIRCULATION PIPE REPLACEMENT

One of the most dose intensive jobs performed at BWRs 1s the replacement
of the primary recirculation system piping., Replacement of 811 or portions of
this piping 1s often necessary beceuse of the substantia) damage done to both
the pipe and pipe welds by 16SCC (10),

Nine Mile Point | was the first plant to perform a recirculation pipe
replacement, This job, performed during 1962-1983, resulted in an 1l-month
outage and the expenditure of 1464 person-rems, Five additional major pipe
replocements have been performed since, with one of the most recent being at
Peach Bottom between 1987 and 1968 (see Figure 5), This job was com?1oted in
Tess than four months with the expenditure of only 1074 person-rems (11),

The pipe replacement at Peach Bottom 3 was one of the largest such projects
to date in the U.S, nuclesr industry and the utility relied heavily on lessons
learned from previous pipe replacements, Extensive use of shielding wes made
and hot spots in the work areas were eliminated or reduced. This served to
Jower the genera) area exposures rates. The pipe sections to be replaced were
chenicelly decontaminated prior to pipe cutting, Forty-two fieid welds were
eliminated on the new piping, resulting in fewer weld joints at which crud
traps cen form, The licensee used various ventilation controls to minimize
the generation of atrborne activity., This permitted much of the work to be
performed without the use of respirators. The use of mock-up training for
major tesks helped to familiarize the workers with both the radiological and
mechanica) aspects of the job, This training, which was videotaped for future
use, 8160 resulted in the development of a rapport between the health physics
technicians and the construction work force. This rapport resulted in a more
efficient working team, Finally, the implementation of a successful ALARA
awareness program, including special training, use of signs identifying com-
ponents, ALARA briefings, end use of good on-the«job communication devices
helped to lower overall worker dose. The dose reduction steps which were used
at Peach Bottom 3 resulted in & tota) job dose which was less than half of the
dose required (2200 personerems) for the recirculation pipe replacement per-
formed at Peach Bottom 2 three years earlier,

STEAM GENERATOR PLUGGING/SLEEVING

The plugging/sleeving of steam generator tubes is another job which can
result in high collective doses, Denting, 1GSCC, and pitting are some of the
forms of tube degradation which may necessitate tube plugging and/or sleeving.
Since manua) tube plugging and sleeving both require entry into the steam
generator channel heads, where genera) area dose rates can exceed 10 rem/hour,
this task can be very dose intensive and good ALARA controls are necessary to
minimize the potentially high doses involved., The steam generator sleeving
project conducted at San Onofre 1 in 19801981 resulted in the expenditure of
nearly 3500 person-rems, about six times the initial dose estimate for the $°b'
Although some of this dose wes due to equipment malfunction caused by use of new,
untested sleeving equipment, most of the dose was accrued during the actual tube
honing and sleeving operations (12).
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The development and use of remote tube plugging/sieeving capabilities over
the last 10 years has resulted in a marked decrease in the doses associated
with performance of this work, Robotic devices which can perform tube plugging/
sleeving operations have eliminated the need for personnel entry into the steam
enerator channel heads, The average dose per sleeve expended dur1n¥ tube sleev-
ng operations has been reduced by a factor of 10 since 1961 (13). The average
dose per plug for steam generator tube plugging has also been reduced by 2 simi-
lar factor in the last 10 yeors. Most of this reducticn has been realized through
the use of more sophisticated robots to perform these tosks, Although robots
have been insirumenta) in greatly reducing the collective doses required for
plugging or sleeving large numbers of steam generator tubes, they may not be
cost effective for work on small numbers of tubes or tubes ‘ocatod in perie
pheral areas of the steam generator tube sheet.

OUTAGE EXPOSURE CONTROL METHODS

There are several exposure control methods which can result in lower outage
doses. Doses associated with scaffolding erection/tear-down can account for
between 10 and 15 percent of the tota) outage dose. The use of permanent scaf.
folding in high dose rate areas would eliminate the personnel doses associated
with scaffolding erection/tear-down each outage. Another means of reducing out-
age doses 1s to improve the use of shielding, Use of permanent shielding versus
temporary shielding in high dose rate areas would reduce the doses associated
with the installation/removel of temporary shielding during outages., In instances
where it 1s not feasible to instal) permanent shielding, the installation of
temporary shielding could he facilitated by installing permanent hooks/hangers
in areas where this temporary shielding is required. Use of these hooks/hangers
would reduce the time needed to hang this shielding. Some other measures of
reducing doses during outages are; ?1) scheduling Jobs to be performed on the
same component or in the same areas so that they are performed at the same time
to eliminate duplication of setup preparations, (2) using skilled workers to
perform difficult jobs, and (3) using the minimum number of personnel necessary
to perfora the job,

CONCLUSION

In addition to the downward trend of collective doses at U.S, LWRs since
the early 1980s there has also been a gradua) decrease in the overall percentage
of collective dose attributed to maintenance related jobs, This is evidenced
by the dramatic decrease in the collective doses required to perform many dose
intensive jobs at U,5. LWRs, As the current generation of U.S. LWRs ages, plant
components will require increased levels of maintenance and surveillance to
ensure that plant safety is maintained and doses are minimized, A strong health
physics program which emphasizes ALARA during the planning and execution stages
of maintenance work i3 necessary to prevent LWR doses from increasing as the
maintenance work required at these plants increases over the years,
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