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ABSTRACT

A previous analysis of the radiological impact of removing and replacing
corroded steam generators has been updated based on experience gained during
steam generator repairs at Surry Unit 2. Some estimates of occupational doses
involved in the operation have been revised but are not significantly differ-
ent from the earlier estimates. Estimates of occupational doses and radio-
active effluents for new tasks have been added. Health physics concerns that
arose at Surry included the number of persons involved in the operation, tne
training of workers, the handling of quantitites,of low-level waste, and the
application of the ALARA principie. A review of these problem areas may help
in the planning of other similar operations. A variety of processes could be
used to decontaminate steam generators. Research is needed to assess these
techniques and their associated occupational doses and waste volumes. Con-
taminated steam generators can be stored or disposed of after removal without
significant radiological problems. Onsite storage and intact shipment have
the least impact. In-placing retubing, an alternative to steam generator
removal, results in occupational doses and effluents similar to those from
removal, but prior decontamination of the channel head is needed. The retub-
ing option should be assessed further.






SUMMARY

The accumuiation of corrosion products has made frequent maintenance and
inspection of steam generators necessary at several power reactors to ensure
their continued safe operation. The maintenance and inspection work has led
to increasing radiation exposures to the workers who perform these tasks.
Several power reactor owners have therefore considered replacing the existing
steam generators with new ones. This procedure involves a significant amount
of occupational dose, but can save even more by reducing the radiation field
and the need for frequent maintenance and inspection., It will also lead to
more economic plant operation with fewer power output interruptions.

The removal and replacement of steam generators is a unique occurrence
during the lifetime of an operating power reactor. Some of the largest and
some of the most radicactive components of the primary system must be handled
during these operations. This study, an analysis of the radiological impact
of steam generator repair operations, is an update and revision of a previous
study on the same subject.

Some of our previous estimates of the occupational doses associated with
removing and replacing a steam generator have been revised based on experience
gained during steam generator repairs at Surry Unit 2 and on other new informa-
tion related to radiation exposure rates and on-the-job time estimates.
However, the revised dose estimates in this report are not significantly
different from those presented previously. Some estimates of occupational
dose and effluents for new tasks have been added based on steam generator
repair plans for Turkey Point and Palisades.

The waste volumes and occupational doses associated with steam generator
decontamination are not well known; some research and demonstration of steam
generator decontamination are needed to determine which techniques are best
and what the consequences of decontamination might be.



The storage or disposal of contaminated steam generators following their
removal does not present any significant radiological problems. Onsite
storage and intact shipment of the steam generators are the options with the
least impacts. If the steam generators must be cut up before shipment, it is
beneficial from a dose and effluent standpoint to allow a period for
radioactive decay.

An alternative to removal and replacement is retubing the steam generator
in place. An analysis of this option shows that the resulting occupational
doses and effluents are similar to those invoelved i1 removal and replacement,
In addition, the channel head of the steam generator must be decontaminated
before retubing can begin. The number of unknowns currently associated with
steam generator decontamination do not make this a simple task. Before a
retubing can be done in an operating reacfor, equipment and procedures must be
thoroughly tested.

Experience gained at Surry Unit 2 highlighted the health physics concerns
that arise during steam generator removal and replacement. The next such
operations will have the advantage of using experienced personnel who have a
more thorough knowledge of potential health physics problems., The following
areas are essential to good health physics practices during steam generator
repair operations: in-depth planning with health physics participation;
training specifically geared to steam generator repair operations, with special
attention given to individuals who have not previously worked in radiation
zones; dose tracking techniques to define hign-expcsure-rate Tocations and
high-dose tasks so that engineering approaches can be revised when necessary;
and worker briefing sessions to clarify the work tc be done and to reinforce

safety awareness.
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RADIOLOGICAL ASSESSMENT OF
STEAM GENERATOR REMOVAL AND REPLACEMENT:
UPDATE AND REVISION

INTRODUCTION

Corrosion problems in steam generators at several nuclear power plants
have led to the need for periodic inspection and maintenance {piugging) of the
steam generator tubes to ensure continued safe operation. This situation has
also resulted in lTower power output from the affected plants because of inspec—
tion and maintenance outages and because of lower heat transfer efficiency
resulting from the plugging. Efforts to inspect and repair steam generators
to maintain appropriate safety margins have resulted in such severe economic
and occupational dose probiems that some utilities have chosen to remove an
entire steam generator or a portion of it and replace it with a new one. The
removal, replacement, and refurbishment of steam generators presents a complex
radiological problem.

The evaluation of alternatives for steam generator maintenance must
involve consideration of all related costs. Costs of considerable importance
are 1) the occupational radiation dose and 2) the radioactive effluents (i.e.,
gaseous, liquid, and solid wastes) resulting from tne operation. While
long-term savings may result from the replacement of steam generators, the
potentially high occupational radiation dose and the guantity of radiocactive

effluents involved must be controlled during maintenance activities.

In 1978, the Nuclear Regulatory Commission {NRC) funded a study by the
Pacific Northwest Laboratory (PNL) that resulted in the publication of
NUREG/CR-0199, Radiolngical Assessment of Steam Generator Removal and

Rep]acement.(l) In 1979; steam generator removal and replacement operations

were conducted by Virginia Electric and Power Company (VEPCO} at their Surry

(2-7)

power statijon, Unit number 2, and since then several utilities have

reached various stages in their plans to replace corroded, contaminated, and



increasingly inefficient steam generators. It was the opinion of PNL and NRC,
following the steam generator replacement operations at Surry Unit 2, that
changes in the original report were necessary even though the general approach
and conclusions remain valid. In this report, therefore, we have considered
what was learnad during the Surry Unit 2 operations, addressed changes that
have been made in plans for future steam generator repair operations, and
included information gained on related subjects since the first report.

The analysis provided here includes a detailed estimate of the occupa-
tional dose received during the removal of contaminated steam generator assem-
blies from a generic power reactor and their replacement with new assemblies.
The radiation exposure rates used to arrive at the occupational dose estimate
were based on measurements made at operating power reactors.(a] For this ana-
lysis, the high end of the exposure rate ranges found at various locations in
the reactor containment building was chosen to assure a conservative approach
in estimating the radiation dose to workers, Where possible, comparisons with
utility estimates are made and tasks that result in high doses are identified.
A variety of engineering approaches to the steam generator removal, replace-
ment, and repair operations is possible. Most of them are similar to the pro-
cedures followed by Surry Unit 2, with alterations based on plant-specific
features., Consideration of the alternative approaches is included in this
report. The amounts of airborne, waterborne, and solid radioactive waste
resulting from steam generator removal and replacement are also estimated based
on the characteristics given for a generic power reactor, and comparisons with
the releases at Surry are given,

The steam generator removal and replacement operation at Surry was the
first of its kind, and a review of the health pnysics concerns that arose dur-
ing the operation may be helpful in the planning of other similar operations.
The topics covered here include the numbers of workers and observers present,
the preparation of workers for their jobs, the handling of quantitites of low-
level waste, and the application of the principle that occupational exposures
should be kept as Tow as is reasonably achievable. Suggestions for minimizing
problems in these areas are given,



In addition, three appendices provide information relevant to steam gen-
erator removal and replacement. [n Appendix A, the impact of decontaminating
steam generators in place prior to performing any maintenance operatijons is
discussed. Appendix B is a discussion of disposal alternatives for steam
generators once they nave been removed. Appendix C deals with an alternative
to removal and replacement suggested by a vendor of nuclear steam supply

systems: in-place retubing of the steam generators.

The analyses in this report cover U-tube steam generators in particular,
but the technique may be adapted tc cther types of steam generators and other
reactor system compenents,



CONCLUSIONS AND RECOMMENDATIONS

The total occcupational doses estimated for each phase of maintenance

activity on a single generic steam generator are given below:

e Post-shutdown preparation.......veviveve.. 270 to 310 man-rem

® Removal of steam generator................ 290 to 420 man-rem

e Installation of new steam generator....... 240 to 830 man-rem
These conservative, generic estimates are consistenzly higher than those made
by three utilities proposing to do steam generator removal and replacement
operations because we have attempted to estimate an upper bound for the occu-

pational dose from these operations.

High-dose activities are generally those involving work in the vicinity
of reactor coolant piping or the channel nead of the steam generator., Specific
activities that tend to lead to high occupational dose are cutting and remov-
ing reactor coolant piping, cutting the steam generator at the channel head,
removing steam generator supports, and welding reactor coolant piping or the

channel head.

We estimated the amounts of Tiquid, solid and airborne effluents associ-
ated with the removal and replacement of a steam generator. Total liquid
releases to the environs amount to a maximum of about 190 Ci of tritium and

3 of lTow-level solid waste

0.23 Ci of other radionuclides. Approximately 760 m
must be disposed of following steam generator removal and replacement. This
total may be substantially increased if Targe amounts of disposable clothing
are used, the reactor coolant piping or channel head is decontaminated, or a
hole is cut in the containment building for easier removal of the steam gen-
erator. Airborne releases are generated primarily by cutting operations. We
estimate that between 7.0 x 10*5 and 7.5 x 10_5

be released per steam generator. Airborne releases can be kept Tow by using

Ci of particulate material will

contamination control envelopes with'hign—efficiency particulate air (HEPA)
filters and by exhausting all air through the containment building's ventila-

tion system.

A decontamination process is one means of reducing radiation exposure

rates so that work may be done with Tess occupationz]l dose. Decontamination



of a steam generator in place is a difficult procedure. Several types of
processes, which can be grouped into three categories (chemical, mechanical,
and water chemistry modification), can used to decontaminate a steam generator.
No matter which method is chosen, detailed planning and extensive training of
crews is necessary to ensure an efficient and effective decontamination
operation., Before any method can be widely used for steam generator decon-
tamination, its effectiveness on the corrosion films and deposits found in
pressurized water reactors must be demonstrated.

The occupational dose received and the amount of radiocactive waste gen-
erated during a steam generator decontamination vary with the type of process
used. Occupational doses for steam generator decontamination are estimated to
be in the range of 5 to 200 man-rem. The volume of liguid waste is estimated
to be from 11,300 to 568,000 1 depending on the process employed.

The largest piece of waste handled during the removal and replacement
operation is the steam generator itself. A steam generator weighing about
310 megagrams contains 400 to 1000 Ci of radioactive material. Several
methods of handiing the used steam generators are possible. The foillowing
1ist shows ithe occupational dose associated with each alternative.

Alternative Dose, man-rem
e Long-term onsite storage 10-16
e Interim onsite storage 60-230
o Immediate cut-up and shipment 270-580

to burial site

e Shipment intact to burial site 2.4-5.0

An alternative to removing and replacing steam generators is to retube the
generator in place. The total occupational dose we estimated for the retubing
operation on a single steam generator is ~2300 man-rem. Liguid releases from
this operation, primarily from reactor coolant and laundry waste water, would
be similar to those from steam generator removal and replacement. Approxi-
mately 1000 rn3 of Tow-level solid waste must be disposed of per steam generator.



In addition, the tubes that would pe removed from a steam generator would be
packaged in three containers with a volume of 8.5 to 15 m3 each. Tube stubs

would be packaged in about 20 drums with a total volume of about 4 m3. Air—

borne releases would result primarily from cutting the channel head and tne

4 Ci of
radioactive material would be released to the environs per steam generator

tubes and piping associated with the steam generator. About 7.3 x 107

during retubing operations.

Retubing steam generators may be a viable alternative to removal and
replacement, but significantly more information needs to be gathered. Of
primary concern are the effectiveness of channel head/tubesheet decontamina-
tion, the amount of waste and the occupational dose generated during the
decontamination, the operation and maintenance of “he R8 macinine, and the need
for extensive training of individuals and crews to perform the retubing. An
application of retubing is necessary to verify that it is economically feasible
without causing excessive occupational dose or creating large amounts of
radipactive effluents.

A1l of the estimates in this report are for a generic case, Occupational
dose and radiological effluent estimates vary widely from plant to plant
because engineering approaches to the same probiem may differ, as may the
radiation exposure rate in any given area. In this report, we have attempted
to estimate an upper bound for tne occupational doses that might be expected
during steam generator repair operations. With prudent engineering controis
and administrative techniques, the occupational doses and radiological efflu-
ents actually encountered will probably be Tess than those reported in this
document.

Following is a list of what we believe to be the most important health-
physics-related recommendations resulting from this study and from the steam
generator removal and replacement operations at Surry Unit 2.

1. Planning is an extremely important aspect of an outage for major
maintenance work such as the replacement of a steam generator. It is
important to include health physicists as part of the planning team so
that they can participate in the design of cperations and ensure that



occupational doses are maintained as low as is reasonanly achievable.

The health physics staff can then plan properly for the numper of workers
expected and anticipate the amount of radicactive waste that will need to
be handled.

Training should be geared to the specifics of steam generator removal
and replacement operations. Special attention should be given to
workers who are not familiar with work in radiation zones, and health
physics training should be continually reinforced throughout the
operation. Any questions tnat arise should be clearly and concisely
answered to the satisfaction of the worker. Mockups should be used
wnenever possible so that workers can practice the performance of
tasks.

Briefings to instruct workers on what they are to do for each
specific task and to reinforce their awareness of the safety and
radiation protection measures that must be observed can result in
jobs being carried out in less time and with a lower risk to workers.
Briefings following the compietion of fasks will nelp in the formula-
tion of plans for similar work or other work in the same location.

Tours of work areas to determine what an area looks like as opposed
to what drawings show can help in the planning of tasks.

Exposure tracking techniques can be useful in monitoring the amount
of occupational dose incurred during the performance of the various
steam generator removal and replacement tasks. Througn proper
application of these techniques, future planning for many types of
operations will be enhanced.

Whenever possible, the water level on tne secondary side of the
steam generator should be maintained in order to reduce exposure
rates.



CHARACTERIZATION OF A GENERIC PLANT

The generic steam generator shown in Figures 1 and 2(3) is a vertical
shel} and U-tube evaporator with integral moisture-separating equipment. The
reactor coolant fiows through the inverted U-tubes, entering and leaving
through the inlet and outlet pipes located in the hemispherical bottom head of
the steam generator. The head is divided into inlet and outlet chambers by a
vertical partition plate extending from the head to the tubesheet. Manways
are provided for access to both sides of the divided head. Steam is generated
on the secondary side of the tubesheet and flows upward through the moisture
separators to the outlet nozzle at the top of the vessel.

The steam generator is constructed primarily of carbon steel. The heat
transfer tubes and the partition plate are Incone]E:J and the interior surfaces
of the reactor coolant channel head and nozzles are clad with austenitic stain-
less steel. The primary side of the tubesheet is weld clad with Inconel.

{8-10)

Table 1 provides some data on steam generator design pertinent to this

study.

SOURCES OF RADIATION EXPOSURE IN A STEAM GENERATOR

The radiation field in and around a steam generator and other primary
system components is created by corrosion products that become activated in
the reactor core. Following activation, these corrosion products are solubil-
ized or eroded into the reactor coolant and deposited on out-of-core surfaces.
The radionuclides form a film on reactor components and systems, such as steam

generataors.

Experimentation has verified that exposure rates in steam generators are

58 g 60z, (11-14)

caused primarily by the activated corresion products ~Co an and

6060 increasingly dominates the radiation field after the

(11,13}

has shown that

plant has been in operation for a few years. Measurements at a

(a) The fiqgures and tables referred to in text are located at the back of each
text section throughout this report.
® Registered trademark of Huntington Alloys.











































































TABLE 9. Comparison of Generic and Utilities' Occupational Dose Estimates

Dose Estimate, man—rem{2)

VEPCO FP&L Consumers
Phase of Operation Generic Surry(10)  Turkey Point(3) Palisades(15)
Preparation 730-830 599 283 473
Removal 780-1200 560 1016 282
Installation 620-2300 448 644 764
Miscellaneous 260-330 429 116 -
Total 2400-4700 20306 2059 1519

(a) The generic, Surry, and Turkey Point estimates are for the removal of
three steam generators; the Palisades estimate is for the removal of two
steam generators,
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ESTIMATED RELEASES OF RADIONUCLIDES TQ THE ENVIRONMENT
AND COMPARISON WITH RELEASES AT SURRY

Contamination levels in and around steam generators after 3 to 6 years
of commercial operation were determined based on information contained in

NUREG-0395, (8 NRC Dockets 50-250 and 50-251,(97 a Babcock » Wilcox

report,(ll) Ayres' Decontamination of Nuclear Reactors and Equipment,(lz)

(13)

and a Westinghouse document, Table 10 lists the gross contamination in

the reactor piping and steam generator systems,(8’9)

and Table 11 gives a
breakdown of contamination levels by radionuclide for a steam generator

channel head.(g)

ATRBORNE RELEASES

The primary airborne releases of radionuclides during steam generator
removal are due to 1) cutting the reactor coolant piping or the channel head
(depending on the approach used) and 2) cutting othar system piping. Contain-
ment envélopes are used when cutting the reactor coolant piping or the channel
head. These containment envelopes have a HEPA filter in their ventilation
system and are exhausted through the plant ventilation system. For other
cutting operations, no containment envelopes are required. For our calcula-
tions, we assumed that al} HEPA filters are preceeded by a demister, which is
necessary to retain filter integrity. Segmenting the steam generator at the
transition cone and the internal wrapper does not contribute significantly to
airborne releases because the contamination leveis on the secondary side of
the generator are several orders of magnitude below those on the primary side.

Airborne releases were calculated as foliows:

Cutting the reactor cooiani piping

1. Four cuts with a 0.95-cm kerf are made in 86-cm-1D pipe.

2. 4 x 0.95 x 86 » < 1030 cn® of material vaporized.

3. The contamination level on the interior of the piping is 86 uCi/cmz
(see Table 10).
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2 x 86 uCi/cm2 = 8.9 x lO4 uC1i released,

20)

4, 1030 cm

of 10" (two HEPA filters
praceded by demisters), release to the atmosphere is 8.9 uCi per

5. With a decontamination factor(

steam generator.

Cutting the channel head

1. A single cut with a 0.95-cm kerf is made in 274-cm-1D pipe.

2

2. 0.95 x 274 » = 820 cm- of material vaporized.

3. The contamination level on the intericr of the channel head is
68 uCi/cm2 {see Table 10).

4. 820 cn’ x 68 uCijom = 5.6 x 107 uCi released.

5. With a decontamination factor(zo) of 104

(two HEPA filters pre-
ceded by demisters), release to the atmosphere is 5.6 uCi per steam

generator,

Cutting other system piping

1. Single cuts with a 0.95-cm kerf are made in six 15-cm-ID and six
5-cm-1D pipes, and two cuts are made in one 76-cm-ID (steam Tine)
and one 36-cm-1D (feedwater) pipe.

2. 0.95 x (6 x15 7w +6x5n+2 x76x+2 x36q)=1.0x 103 cm2
of material vaporized.

3. The contamination level on the interior of the pipes is
6.2 uCifcmZ (see Table 10Q).

2

4. 1.0 x 10° om® x 6.2 wCifem = 6.4 x 105 uCi released.

5. With a decontamination factor(zo)

of 102 {one HEPA filter pre-
ceded by a demister), release to the atmosphere is 64 uCi per steam

generator,

Assuming three steam generators per reactor unit, the total release for

cutting operations would be between 210 uCi per unit {if the channel head and
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other piping were cut) and 220 uCi per unit (if the reactor coolant piping and
other piping were cut). The radionuciide distribution would be very similar
to that listed in Table 11.

Tne airgcorne releases measured during the steam generator replacement at
Surry Unit 2 were 101.3 Ci of noble gases, £.88 «x 10’6
1.32 x 10'3 i of particulates.(?) Airborne releases from fuel unloading

Ci of iodines, and
and reloading are included in the Surry measuremenzs. Refueling releases were
not inciuded in this report since steam generator removal and replacement

would normally be done during a scheduled shutdown for refueling,

WATERBORNE RELEASES

The primary sources of liquid effluent during steam generator removal are
the release of the reactor coolant and the discharge of laundry waste water.
The calculation of radionuciide releases from these sources is described below.
1f all or part of the interior of the steam generator is decontaminated, the
amount of 1iguid waste generated will be substantizlly increased. Appendix A
treats this aspect of steam generator repair in more detaii.

Reactor Coolant

The reactor coolant system must be drained and the water either discharged
or, if enough space is available, stored before the steam generator can be
removed. The amounts of waterborne radionuclides released through the dis-
charge of reactor coolant were estimated using the contamination levels listed
in Table 12 and assuming discharge of the reactor coolant about 30 days after
plant shutdown. The decontamination factors assumed for waste-water process—
ing equipment are listed in Table 13 and are in accordance with NUREG—OOl?.(Zl)
The amount of reactor ccolant water in the primary system was assumed to be
approximately 1.9 x lO8 g.(g) The estimated amounts of each radionuclide

released during discharge of the reactor coolant arz listed in Table 14.

Laundry Waste Water

Releases of radionuclides in laundry waste watar were estimated using tne

activities listed in Table 15 and assuming a discharge of approximately
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100,000 1/dayl?)

affect the Taundry waste are listed in Table 13; however, processing of the

for about 180 days. The decontamination factors that mignt

laundry waste water is not anticipated for most plants., The estimated radio-
nuclide releases from both treated and untreated Taundry waste water are
listed in Table 16.

Laundry waste water was tne major source of waterborne releases during
the replacement of steam generators at Surry Unit 2; the reactor coolant was
not discharged. About 0.5 Ci1 was released in 14 x 106 1 of liguid during
the replacement operations.(?)

SOLID WASTES

The solid wastes generated during tne removal and repilacement of steam
generators include the plastic {or other material) and wood or metal used to
construct containment envelopes and scaffoliding; concrete removed from
biological shields, floors, and wails; HEPA filters; and a smail amount of
disposable clothing.

For each steam generator, approximately 50 m2 of pilastic and 91 m of
two-by-fours are used to construct containment envelopes around the reactor

coolant piping. About 15 m3(6)

of concrete per steam generator are removed.
Ligquid slurry collected during the removal of concrete is solidified and sent
to a disposal site. However, since the concrete is only slightiy radioactive,
the slurry needs no special handling. Several HEPA filters used in the con-
tainment envelope are disposed of following completion of the operation. Most
of the clothing worn by workers is laundered, but some must be discarded. Rags
and paper used during the operation are also packaged for disposal. All this

3(n)

material amounts to approximately 760 m of low-activity waste per steam

generator.

Insdtation from tne steam generator and associated piping must also be
disposed of as waste. If leaks or spills have occurred, some of this insula-

tion will be contaminated.
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[f an opening is cut in the containment building wall, substantial
amounts of concrete and rebar —— approximately 45 m3 of material —- must be
discarded. Since mucn of this material has not been contaminated, some of it
may be disposed of in a sanitary landfill.

Waste generated during welding operations is also disposed of as radio-
active material, Material used to support and move the steam generator within
containment, temporary shielding, scaffolding, the reactor cavity cover, etc.,
shouid not become contaminated during the operation and can therefore be
reused. One exception to this is any temporary shielding used inside contain-
ment envelopes. This shielding may become contaminated and should either be
disposed of or decontaminated.

3 of

solid waste containing 63.6 Ci.(q) This waste consisted of 1) contaminated

Steam generator replacement at Surry Unit 2 resulted in 1618 m
insutation, structural materials, and commporents not intended for reuse,

2) solidified decontamination solutions, and 3} contaminated paper waste,
disposable protective clothing, and contamination control material,

38



TABLE 10. Gross Contamination Levels by Location in Piping
and Steam Generator

Contamination Level,
Component WCifemé

Reactor coolant piping(g) 36
(8) 6.2

Steam generator

Otner piping

(9)

Primary side

tubes 3.2
tubesheet 140
channel head 68
partition plate 140
Secondary side ~10"3

TABLE 11. Contamination %efeis by Radionuclide on Steam Generator

Channel Head(a) (9)
Activity, Activity,
Radionuclide uC i/ cmé Radionuclide Wi/ cm?
e 1.35 Bl 0.45
>4 2.03 132, 0.45
8o 25.03 1320, 0.46
e 0.465 137, o 0or
*%o 13.1 140g, 0.45
7y 2.25 140, 4 1.35
b 3.15 14l 0.75
o 0.45 144. 372
H%, L.5 “Fp 4.8
Total 68

(a) Tne activities are based on actual Turkey Point data,
extrapolated to 7 yr of commercial operation,
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TABLE 12. Radionuclide Concentrations in Reactor Coolant(IS)

Half-Life, Concentration, Half-Life, Concentration,
Radionuclide days uCi/fg _ Radionuclide days uCi/g

3 a.51£+03(2) 1.0E+00 106y, 3.46E-08 1.0F-05
16y 8.22E-05 4.0£+01 125mr.. 5.80E 201 2.96-05
e 2.776+01 1.9£-03 127me 1.09E +02 2.86-04
yn 3.136+02 3.1E-04 127, 3.90E-01 8.5£-04
Fa 9.86E+02 1.6E-03 129m 3. 36E+01 1.4£-03
e 4.46€+01 1.0E-03 1297, 4.83£-02 1.6£-03
o 7.08€+01 1.6£-02 B3lm, 125640 2.56-03
80¢q 1.936+03 2.0£-03 Bl 1.74£-02 1.1E-03
835, 9,96 -02 4.BE-02 1324, 3. 266400 2. 7E-02
84y, 2.21E-02 2 6E-03 130, 5 15€-01 2.1F-03
85, 1.99E-03 3.06-04 131, 8.04€+0 2.7E-01
gt 1.87E+01 3.5€+01 132, 9.5£-02 1.0E-01
8% 1.24E-02 1.0E-01 133 3.67€-01 3.8E-01
g, 5.06E+01 3.5E-04 134, 3.656-02 a.76-02
Ws, 1.04E+04 {.0E-05 135 2.756-01 1.9€-01
91, 3.96€-01 6.56-04 134 7.53E+07 2.5E-02
90, 1.67E+00 1.2E-06 1360, 1.31E+01 1.36-02
3lmy 3.4£-02 3.6E-08 137 1.10§+-4 1.8€-02
9y 5.81E+01 6.4€-05 137mg 1.786-03 1.6E-02
33y 4.21€-01 3.4£-05 1405, 1.28€+01 2.2E-04
P70 6.40E+01 6.0E-05 140, 1.68£+0 1.5£-08
By 3.526+01 5.0E -05 18tc, 3.250401 7.0E-05
EE 2. 756+0 8.4£-02 1830 1.386+0 4.0E-05
397, 2.51E-01 4.8E-02 144, 2. 84 +02 3.3€-05
103, 3.93E+01 4.5€-05 143, 1.36E+01 5.0E-05
106, 3.68E+02 1.0E-05 144, 5.00€-03 3.3£-05
103mg), 3.90E-02 4.5£-05 239 2.356+00 1.2E-03

(a) 4.51E403 = 4.51 x 10°

TABLE 13. Decontamination Factors Used to Calculate Radionuclide
Releases in Ligquids

Decontamination Factors

Process Equipment Tritium Jodines Cs & Rb  Others
Mixed bed demineralizer 1 0 2 10
Radwaste evaporator 1 103 104 104
Evaporator for laundry wastes 1 102 102 102
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TABLE 14. Estimated Radionuclide Releases Due to
Discharge of Reactor Coolant Water(a)

Radionuciide Release, Ci

34 1.96+02(b)
Sley 1.76-06
54Mn 5.56-07
55Fea 3.0E-06
59re 1.2E-06
58(o 2 .3E-05
60C o 3.8E-06
86Rb 2.6E-07
895y 4 ,4E-0Q7
305y 1.96-08
90y 1.95-08
Ily 8.5E-08
957r 8.2E-08
95Nb 5.3E-08
99M0 8.3E-08
103Ry 5.0F-08
106Ry 1.86-08
125mre 3.8E-08
12770 4,4E-07
129mTe 1.4E-06
131mye ?.BE-13
13270 8.7E-08
1311 3.9E-04
1331 ?.7E-13
134¢s 2 .3F-04
136¢s 2 .5E-05
137¢s 1.76-04
140g4 8.2E-08
140 5 1.2E-12
181ce 7 .0E-08
143¢ce 2.1E-14
144¢ 5.8E-08
143py 2 .0E-08
239%p 3.36-10
Total 1.9E+02

{a) For a power plant with
three steam generators.
(b) 1.9E+02 = 1.9 x 102,
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TABLE 15. Radionuclide Concentrations in Lauadry Waste Water(6)

Padionuclide

Concentration, .Ci/cmd

SdMn
5860

GOCO

131I
134

Cs
137CS

-l

L5 2 0 B e B & AT & A

{a) 7.3E-7 = 7.3 x 107

3e-7te)
7E-6
.0E-5
AE-7
.5E-7
AE-6

7

TABLE 16. Estimated Radionuclide Releases Due to Discharge
of Laundry Waste Water(2

Radionuclide
54

Mn
58Co

5OCO
131I
134

Cs
137CS

Total

Release, Ci

With Processing No Processing
1.16-4(P) 1.1E-2
1.0E-3 1.0E-1
7.5E-4 7.5E-2
1.7€-5 1.76-3
9.8E-5 9.8£-3
3.1E-4 3.1E-2
2.2E-03 2.38-01

(a) For a power plant with three steam

generatoars.,

(p) 1.1E-4 = 1.1 x 10-%,
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QTHER SAFETY CONCERNS

Fire protection and industrial safety and hygiene are as important as
radiation protection during steam generator removal and replacement and also
require careful planning, engineered safeguards, and administrative controls.
The requirements of the Occupational Safety and Health Administration and NRC
for construction safety, radiation zone work, and work with chemicals need to
he carefully integrated into the project. Involving a safety engineer eariy
in the planning of the project will help provide a safe environment for the
steam generator workers. Following is a brief description of some of the items
that should be covered by the fire protection and industrial safety and hygiene

program.

Good housekeeping practices are essential to any safety program. Indus-
trial safety should also cover the proper use of hard nats and eye protection,
scaffoiding construction, and the use of ladders for proper access to work
Jevels. The industrial hygiene program should include the provision of ade-
quate ventilation or respirator protection when chemical work {e.g., decon-
tamination) or the cutting of heavy materials is necessary. The use of fire
retardant materials, proper containers for the disposal of rags and other
wastes and for the storage of flammable liquids {e.g., decontamination solu-
tions), and adequate ventilation in areas where those 1iquids are stored are
all part of fire protection, in addition to the proper placement of an adeguate
number of fire extinguishers.
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LEARNING FROM EXPERIENCE: STEAM GENERATOR
REPAIR OPERATIONS AT SURRY UNIT 2

During most of 1979, steam generator repair operations were being con-
ducted at Surry Unit 2. These successful operations were the first of their
kind and a considerable amount of knowledge was giined, The operations pin-
pointed some of the health physics concerns that may arise during major main-
tenance work such as steam generator replacement: large numbers of workers
with widely varying packgrounds must be trained in both the operational and
the radiological aspects of their jobs; containment structures must be built
and potentially large guantities of low-level radiological waste handled; and
the radiation dose to workers and observers must be kept as low as is reason-

ably achievable.

MANAGING LARGE NUMBERS OF WORKERS

It is imperative to accurately anticipate how many peopie will report to
work for a steam generator replacement. Handling a large number of workers
takes considerable joint planning by heaith physicists and radiological
engineers. Each worker may have to go through security, badging, the health
physics station, whole-body counting, etc., a process that may result in long
waiting lines and significant idle time in work areas while workers wait for a
full crew to assembie. If the work areas are in radiation zones, some

'unnecessary radiation exposure may be received,

Over 1000 workers reported the first day at Surry Unit 2. This large
number of workers was due to the use of double crews for many operations.
These second crews, who spent most of their time in the containment building,
were hired to reduce lost time in the event that a single crew was not suffi-
cient to complete a task., Because this operation was the first of its kind,
not all contingencies could be anticipated. The experience gained at Surry
Unit 2 should help reduce the number of double crews needed for future steam
generator replacements and, in turn, the occupational dose to workers in
radiation zones.
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TRAINING WORKERS FOR THE JOB

Proper training is an important aspect of any extended maintenance outage
if operations are to be conducted in a safe manner, in the minimum amount of
time, and with proper protection of workers against radiation exposures. One
of the best means of training workers is to use mockups. This method is fre-
gquently used for welding and cutting operations, but may also be employed for
many other tasks if only to illustrate the size and complexity of the job.

An important lesson learned at Surry Unit 2 was that adeqguate heaith
physics training is difficult to provide for a maintenance outage as large as
a steam generator removal and replacement, in part because of the varied back-
grounds and work experiences of the crews, Some of the difficulties that may
ba encountered during basic health physics training follow.

o Many of the workers may not have worked in a radiation zone before.
They may not understand or appreciate the complexity and importance
of the radiological problems encountered.

e If the health physics training course follows immediately after an
orientation course or other training session, the workers may
already be overloaded with new information, be fatigued, or have
Jost interest to the extent that they can no longer concentrate. In
addition, some individuals may not be motivated to learn. This
problem is difficult to overcome, and motivational training is not
within the scope of a health physics training course.

e The content of the training course, though adeqguate for normal
operations, may not be sufficient for a major maintenance outage

such as a steam generator replacement,

More emphasis must be placed on heaith physics training to ensure that workers
properly understand the types of problems and the situations they will be
encountering. Special attention must be given to individuals who have not
previously worked in radiation zones or who lack the tecnnical background to
understand complex radiological problems. Standard health physics training
courses and the manner in which they are presented may have to be substantially
changed in order to meet the training needs specific to a steam generator
repair operation,
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BRIEFING WORKERS

An important part of planning is a thorougn briefing of work crews just
before they enter a radiation zone to perform a specific task. A briefing
should include a thorougn review of both cperationz! and radiclegical aspects
of the job: the location of the job, the radiatior hazards associated with it,
and the tasx involved, The use of worker briefings should reduce idle time in
radiation zones as well as averall on-the-job time.

A postjob review can also be beneficial in helping to plan for similar
jobs or work in the same area. It will bring out any problems encountered and
any differences between what was anticipated and what was actually found. Al}l
worker briefings, both before and after the job, should be used to reinforce
previous training and as a basis for revising training classes to account for

new situations.

BUILDING CONTAMINATION CONTROL STRUCTURES

One of the most useful things learned during the Surry Unit 2 operation
was the benefit of having a specialist make custom-fit shielding blankets and
containment envelopes. A tentmaker was hired to design and build on site all
lead wool blankets, gloveboxes, and containment envelopes. This practice
reduced the amount of radiation streaming from the shielding used to protect

workers and produced very effective contral of airborne contamination.

HANDLING | OW-LEVEL WASTE

Coping with low-level radionactive waste may be a significant concern dur-
ing steam generator repair operations. Plans must be made to minimize the
amount of low-level waste and provide a quick and efficient means of removing
the waste from containment because of limited space. At Surry Unit 2, the
volume of waste was affected most by the amount of disposable protective cloth-
ing needed for the large number of workers, by an extensive cleanup effort in
the containment area that generated large amounts of rags, towels, and solidi-
fied 1iguid, and by the wood used in scaffolding and tent construction, which
had to be disposed of because it was virtually impossiole to decontaminate.
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The amount of waste tnat will be generated can be anticipated with proper
planning. A review of tasks and manpower needs will provide information on
the amount of protective clothing that must be disposed of or laundered. Steam
generator repairs are conducted in a confined space and it is important to
minimize the volume of waste stored even temporarily in the containment area,
Although the amount of waste produced during containment cleanup cannot be
precisely defined, logistical planning can lead to the removal of the waste
before a congestion problem results. The amount of wood to be disposed of can
be substantiaily reduced by using metal scaffolding or by covering the wood
with plastic or paint. Metal can pe decontaminated with relative ease,
Plastic or paint can be stripped or’ cleaned and the wood used again.

Little radiation exposure comes from working with or near low-level waste,
but tne amounts generated and packaged in the containment area can aggravate
already crowded conditions. Almost any method of reducing the amount of waste

is considered beneficial.

LIMITING DOSE TO OBSERVERS

Recadse the steam generator replacement operation at Surry Unit 2 was the
first of its kind, 50 or more observers were present. Inspectors from NRC
Region IT and personnel from NRC headquarters were present 1) to inspect the
operation and ensure that it was carried out within prescribed requlations and
technical specifications, and 2) to gather information that would be useful in
analyzing licenses submitted for similar operations. Individuals from VEPCO
who had been involved in planning the repair and personnel from other utilities
that are planning similar operations were there to observe and learn so that
costs, outage time, and occupational dose can be cut significantly in the
future. Tnese persons assisted those conducting the operation, verified that
engineering details were as expected and that work was done as planned, and

will participate in improving the plans for otner steam generator repairs.

Although the need for observers will continue, it is likely that fewer
will be present at subsequent steam generator replacements. To reduce the
amount of time observers spend in radiation zones, television cameras and
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video tapes could be used or areas with lower radiation exposure rates and a
reasonable view of the work could be designated observation areas.

USING THE ALARA PRINCIPLE

Maintaining occupational doses as low as is reasonabiy achievable {ALARA)
is both a judicious and an economical practice during any extended maintenance
outage, as well as during normal operations. The motivation behind the ALARA
phitosophy is to reduce the radiation dose to both the individual and the
entire work force. In addition to protecting the workers, this approach can
result in a greater availability of skilled workers for tasks involving expo-
sure to radiation. Tne technigues used at Surry Unit 2 to reduce the occupa-
tional dose included mockup training, decontaminating the reactor coolant
piping, using automatic welding eguipment, and plasma arc cutting.

An excellent way of implementing ALARA 1is to track worker doses by task,
occupation, employer, work location, and time in the radiation zone. This
comprehensive tracking permits the analysis both of methods used to accomplish
the task and of methods used fo control the exposure. From the results of the
analysis, we can learn to do a better job while incurring less dose. Specifi-
cally, the analysis could help us

e devise a new approach that would reduce occupational dose

e determine any need to further reduce the radiation field for similar

work or work in the same location

e compare dose estimates to the dose actualiy received, to help in
planning future efforts

e plan other steam geperator repair operations
® pinpoint tasks that result in high occupational doses.

Containment envelopes are sometimes excellent devices for lowering
occupational doses. They tend to reduce the need for local decontamina-
tion, reduce airborne activity, and restrict the spread of contamination,
However, dose tracking done at Surry Unit 2 showed that in some instances
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more dose was received during the construction of the containment envelope
than during the cutting or grinding operation it was intended to confine,
The Surry experience indicated that the decision to construct containment
envelopes should be based on experience, the contamination Tevel involved,
and consideration of ALARA principles.

The total number of peoplie in the containment building is an ALARA concern
since the intent of ALARA is to keep the dose to population groups, as well as
to the individual, as low as possible. Although the large group of observers
at Surry Unit 2 received some radiation dose, it is hignhly probable that what
they learned through observation will reduce the radiation dose received during
future operations by more than the amount they received during this repair
effort. Planning based on the experience at Surry Unit 2 will help ensure
that future steam generator repair operations are conducted according to ALARA
principles, will reduce the amount of waste generated, and may even reduce the
total outage time if, for example, the construction of containment envelopes
is on the ¢ritical path and the number constructed is reduced.

CONCLUSIONS

Much was Tearned at Surry Unit 2 about the health physics problems asso-
ciated with steam generator removal and replacement. The next such operation
will have the advantage of using experienced personnel who have a much better
understanding of the health physics concerns specific to the operation and,
based on the experience at Surry Unit 2, can more easily anticipate the number
of workers needed and the amount of waste generated.

Additional attention to the training of workers, especially those wno
have no experience in radiation zones, is essential to ensuring their protec-
tion. Tne training snould be geared specifically to the job at nand and its
inherent problems, and toward the various levels of worker experience.

As always, the occupational dose to workers should be kept as Tow as is
reasonably achievable. The use of low radiation zones within the containment
area should be stressed, and, if possible, staging areas outside the contain-
ment area should be established for backup crews. The number of observers in
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radiation zones should be kept to a minimum. However, there is still a great
deal to be learned about steam generator repair op2rations, and observers who
have a definite need to know should not be restricted from the area during the

operations.

Communication of the knowledge gained during the Surry Unit 2 operation
is essential so that otners may learn from the experience. Information about
the operation would be most effectively dispersed by those who participated in
planning and conducting the removal and replacement of the steam generator.
Allowing representatives to observe the work at Surry was an efficient means
of communication with other utilities planning steam generator repairs, but

more widespread distribution of first-hand knowledge is desiranle.



10.

REFERENCES

Hoenes, G. R., D. A. Waite and W. D. McCormack. 1978. Radiological
Assessment of Steam Generator Removal and Repiacement., NUREG/CR-0199
{PNL-2656), U.S. Nuclear Regulatory Commission, Washington, D.C.*

Yirginia Electric and Power Company. 1973. Steam Generator Repair Pro-
gram for the Surry Power Station Unit No. 2 - Progress Report - No. 1,
February 3 through March 31, 1979, NRC Docket Nos. 50-280 and 50-281,
Washington, D.C.

Virginia Electric and Power Company. 13979. Steam Generator Repair Pro-
gram for the Surry Power Station Unit No. 2 - Progress Report - No. 2,
April 1 through May 31, 1979. NRC Docket Nos. 50-280 and 50-281,
Washington, D.C.

Virginia Electric and Power Company. 1979. Steam Generator Repair Pro-
gram for the Surry Power Station Unit No. 2 - Progress Report - No. 3,
June 1 through July 31, 1979. NRC Docket Nos. 50-230 and 50-281,
Washington, D.C.

Virginia Electric and Power Company. 1979. Steam Generator Repair Pro-
gram for the Surry Power Station Unit No. 2 - Progress Report - No. 4,
August 1 through September 31, 1979. NRC Docket Nos. 50-280 and 50-281,
Washington, D.C.

Virginia Electric and Power Company. 1979. Steam Generator Repair Pro-
gram for the Surry Power Station Unit No. 2 - Progress Report - No. 5,
October 1 through November 30, 1979, NRC Docket Nos. 50-780 and 50-281,
Washington, D.C.

¥irginia Electric and Power Company. 1979, Steam Generator Repaijr Pro-
gram for the Surry Power Station Unit No. 2 - Final Report {Progress
Report - No. 6) for the Period February 3, 1979 through December 31,
1979. NRC Docket Numbers 50-280 and 50-281, Washington, D.C.

Smith, R. I., G. J. Konzek and W. E. Kennedy, Jr. 1978, Technology,
Safety and'Costs of Decommissioning a Reference Pressurized Water Reactor
Power Station. NUREG/CR-0130, Vols. 1 and 2 and Addendum, U.S. Nuclear
Regulatory Commission, Washington, DC 20555.%

Florida Power and Light Company. 1980. Steam Generator Repair Report -
Turkey Point Units 3 and 4. NRC Docket Nos. 50-250 and 50-251,
Washington, 0.C.

Virginia Electric and Power Company. 1978. Steam Generator Repair for
the Surry Power Station Unit Numbers 1 and 2. NRC Docket Nos. 50-280 and
50-281, Washington, D.C.

51



11. Kennedy, A. J. 1977. “PWR Corrosion Products: Synthesis and Signifi-
cance." Babcock and Wilcox Document No. RDTPL-77-24, presented to the
American Nuclear Society, November 27-December 2, 1977, San Francisco,
California.

12. Ayres, J. A., ed. 1970. Decontamination of Nuclear Reactors and Equip-
ment, Chapters 4, 7, 9, 15, 16, and 17, The Ronald Press Co., New York.

13. Westinghouse Electric Corporation, R, J. Lutz, Jr., £Ed. 1977. Design,
Inspection, Operation and Maintenance Aspects of the WNSSS to Maintain
Occupational Radiation Exposures AS Low As Reasonably Achievable,
WCAP-88-72, Pittsburgh, Pennsylvania.

14, C(Cohen, P. 1969. Water Coolant Technology of Power Reactors, Chapters 3
and 9, Gordon and Breach Science PubTishers, New York.

15. Consumers Power Company. 1980, Steam Generator Repair Report - Palisades
Plant. WNRC Docket No. 50-255, Revision 5, Washington, D.C.

16. Roberts, 0. R. 1960. "How to Estimate Piping Labor." The Petroleum
Refiner 39(3):207-212.

17. Herkimer, H. 1958. Cost Manual for Piping and Mechanical Construction.
Chemical Publishing, Inc., New York.

18. Peck, L. J. 1979. O0Occupational Radiation Exposure at Light Water Cooled
Power Reactors: Annual Report, 1977. NUREG-0£82, U.S. Nuclear
Regulatory Commission, Washington, D.C.**

19. Ashmore, J. P., and D. Grogan. 1973. "Dose Statistics for Nuclear Fuel
Cycle Workers in Canada." TAEA-SM-242/39, International Atomic Energy
Agency, Vienna, Austria.

20. U.S. Nuclear Regulatory Commission, Office of Standards Development.
1979. Design, Testing and Maintenance Criteria for Normal Ventilation
Exhaust Systems Air Fiftration and Adsorption Units of Light-Water—Cooled
Nuclear Power Plants. U.S. NRC Regulatory Guide 1.140, Rev. I,
Washington, D.C.

21. U.S. Nuclear Regulatory Commission, Office of Standards Development.
1976. Calculation of Releases of Radioactive Materials in Gaseous and
Liquid Effluents from Pressurized Water Reactors (PWR-GALE Code),
NUREG-0017, Washington, DC 20555 X

*Avaiiable for purchase from the National Technical Information Service,
Springfield, VA 22161.

**Avajlable for purchase from the NRC/GPO Sales Program, U.S. Nuclear Regulatory
Commission, Washington, DC 20555, and the National Technical Information
Service, Springfield, VA 22161.

52



APPENDIX A

DECONTAMINATION OF STEAM GENERATORS




APPENDIX A

DECONTAMINATION OF STEAM GENERATORS

A decontamination process is a means of removing radioactive material
deposited on surfaces of the primary coclant system of a reactor. Decontami-
nation processes might be appliied to lower the radiation exposure rates in and
around the entire steam generator or to lower the exposure rates in a specific
area (e.g., the channel head) of a steam generator. This discussion will focus
on decontaminating a steam generator stili in the primary system, although some
of the techniques discussed here could also be used for a generator outside of

containment.

Decontaminatiocn processes can be grouped into three categories: 1) chem-
ical, 2) mechanical, and 3) water chemistiry modification, Chemicals dissolve
surface films and deposits so that they can be removed from the system.
Mechanical decontamination processes use ultrasonic techniques, grinding,
grit blasting, high-velocity fluids, or a combination of the last two to
remove contamination. Water chemistry modification is not typically thought
of as a decontamination technique, but may be used as one. Forced oxidation,
one such process, invoives the addition of oxygen (usually in the form of
hydrogen peroxide) to the system to change some of the crud from an insoluble
to a more soluble form and remove 1t.(l)

This appendix covers the method of application, waste volumes, probable
decontamination factors, and some problem areas for each of the three catego-
ries of decontamination processes.

CHEMICAL DECONTAMINATION PROCESSES

Various types of chemicals can be used to remove surface deposits and
films from the primary side of a steam generator. Two methods of applying
decontamination solutions to a system are to 1) fill, soak, and drain, or
2) spray. Each method has advantages and disadvantages, and each requires
that all traces of the solution be rinsed from the steam generator to prevent
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damage to other parts of the primary system. Electropoiishing and electro-
chemical techniques can also be used to remove deposits.

Fill, Soak, and Drain

The fill, soak, and drain method would require flooding the entire pri-
mary side of the steam generator with decontamination solution, allowing
sufficient time for the solution to remove the corrosion, and then draining
the steam generator. The hot and cold legs of the steam generator would have
to be blocked during tnis procedure to hold the decontamination solution in the
steam generator and to prevent the solution from getting into other parts of
the primary system. The results obtained with this method could be improved
if the solution recirculated. The system would then be rinsed to remove all
of the solution. This method allows a Tong time fcr contact between the solu-
tion and the surfaces to be decontaminated. The ecuipment to do the task is
relatively simple and the process commonly performed.

The fill, soak, and drain method of applying & decontamination solution
would result in a large volume of liquid waste. For a U-tube steam genera-
tor, about 26,500 1 of solution and 53,000 to 79,500 1 of rinse water would
be required. For a once-through steam generator, zpproximately twice these
volumes would be necessary because of the larger volume on the primary
side.(z) Several hundred curies of radiocactive material would probably be
removed from the steam generator; therefore, the spent decontamination sclu-
tion would be highly radioactive. Handling, storing, and treating this solu-
tion could be a problem.

An alternative to the fill, soak, and drain method is one similar to
the Canadian CANDECON process, which uses law-concentration solvents and ion
exchange beds to remove corrosion products from the primary system, 1In Can-
ada, this process is applied to the entire primary system with the fuel in
place. This method of decontamination is not currently used in the United
States. The solvent is not effective on the corrosion deposited in pressur-
ized water reactors(l) (PWRs) and problems may arise if the method is
applied where fuel is in place because this may be considered an unreviewed
licensing action.
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Spray Application

Spray application of a decontamination solution would require the instal-
fation of spray heads and feed piping in the channel head of the steam genera-
tor. The hot and cold legs in U-tube steam generators would probably have to
be blocked to prevent the sojution from getting into the rest of the primary
system. For a once-through steam generator, blocking might not be neces-
sary.(z) Following application of the decontamination solution, rinsing
would be required.

This method of appiying a decontamination solution would piace fresn solu-
tion on the exposed parts of the channel head. However, the tubes in both
types of steam generator would not receive a thorough decontamination. Very
little of the solution would get into the tubes of a U-tube steam generator,
and tne tubes in a once-through steam generator would not receive continuous
and thorough wetting. This method is therefore best applied to only the
channel head area of the steam generator.

Spray application would reguire approximately 19,000 1 of solution and as
much as 190,000 to 380,000 1 of rinse water, ?) a large volume to be handled
by a radioactive waste treatment system. The volume of solution might be
reduced by recycling the decontamination agent, The occupational dose from
this method of appiication could be much higher than the dose from the filti,
soak, and drain method since more time would be spent in the channel head
installing the spray equipment. More study on the applicability of this

technigue is needed.

Types of Decontamination Sofutions

Several types of decontamination solutions are available for use in steam
generators, including phosphoric acid, AP-Citrox, and Dow NS-1. For each of
these, 1) use of the solution has not yet been demonstrated on a PWR primary
system, 2) a hign volume of radicactive liguid waste will result, and 3) a
major requirement for use would be NRC licensing of the decontamination opera-

tion and certification for resumption of operation following decontamination.

A.3



Phosphoric acid has been used as a decontamination agent at the Hanford

N—Reactor.(3'6)

Althougn the corrosion rate on stainless steel is relatively
low for short contact times, the use of uninhibited phosphoric acid on carbon
steel is not recommended even at room temperature.(l) If any portion of the
steam generator is to be reused, phosphoric acid should not be considered as a
decontamination solution because parts of the component may be damaged. The
best method of application for keeping contact times short would probably be

spraying.

The use of AP-Citrox is a two-step decontamination process. The first
step, alkaline permanganate (AP}, is required in systems that contain stain-
less steel or have a reducing environment. Alkaline permanganate is not very

7)

carbon steel is about 6 um/d.(?) A problem of considerable concern when

corrosive to stainless steel or carbon 5tee1.( Tre corrosion rate on
using AP is that any residuals may cause caustic cracking when the system is
returned to operating temperatures.(?] To avoid this, the system must be
thoroughly flushed to remove all traces of AP. The Citrox step of the
AP-Citrox process is effective on stainless steel only after the AP step

has been applied. Ammonium citrate has high corrosion rates on carbon steel
(25 umh). )

Generaliy, AP-Citrox has high corrosion rates, especially on carbon steel.
To minimize the effects on a system, the solutions are allowed to stay in con-
tact with the metal surfaces for only a short period of time and inhibitors are
used. Because of the high corrosion rates, decontaminaticn factors (DFs} of
up to 200 have been obtained, but in a steam generator DFs of 20 to 100 would
be more 1ikely.(2)

Since this two-step process requires rinsing between steps, beiween
265,000 and 568,000 1 of liquid waste could be generated during this pro-
cess, depending on the type of steam generator. This decontamination process
requires the application of the fill, soak, and drain method.

Dow Chemical Company has developed an agent cal.ed NS-1 for decontamina-
tion of the Dresden-1 primary system.(s) Decontamination factors of 6 to 100
were obtained in tests on a loop at Dresden—l.(S} This process, however, is
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not effective on PWR corrosion fi1ms.(2)

If a similar process were devei-
oped for PWRs, we estimate that the volume of 1iquid waste would be between

79,500 and 170,000 1 per steam generator.

Electropolishing

Another method of decontamination is electropolishing or electrochemical
processes. These are not strictly chemical processes, but are being considered
here since chemicals {usually strong acids] are used as the electrolyte.
Decontamination results from the electric current used in the process. Elec-
tropolishing is actually the reverse of electroplating; a small amount of the
metal and any corrosion products are removed from the surface of the component.

Two electropolisning techniques wiil be considered here. The first, for
decontaminating the channel head, would involve filling the channel head with
electrolyte, making the channel head the anode, and placing an electrode to be
used as the cathode inside the channel head, Decontamination factors of up to
1000 could result on the surfaces of the channel head., If the tubes were not
decontaminated, however, the toal dose rate inside the channel head might only
be reduced by a factor of about 4 because of shine.(z)

The inlet and outlet legs would have to be blocked for this type of
decontamination, It is likely that materials compatibility would be poor
since a strong acid or base would be used as the e1ectr01yte.(2) If the
channel head were to be reused, extensive flushing would be necessary.

The tubes could be cleaned by moving a cathode intc each tube. The
cathode would have to be operated remotely and would require considerable time
for setup. This could be extremely time-consuming, costly, and perhaps dose-
intensive work.

The second approach to electropolishing is using an electrobrush consist-
ing of a celiulose sponge kept wet by a continuous feed of sulfuric acid solu-
tion, The mop is the cathode and the surface to be decontaminated is the
anode. Surfaces are decontaminated by rubbing the mop over the corrosion film
until the metal looks shiny, with a resulting DF of 4 to 10.(2) If the first
0.6 to 0.9 m of the tubes were decontaminated, a DF as high as 40 could be
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attained.(z)

this process. A remote technique could be used to ciean the tubes., This

Considerable time and occupational dase would be involved in

approach may best be applied as a means of decontaminating the tubes after the
channel head and tubesheet have been cleaned,

MECHANICAL DECONTAMINATION PROCESSES

Mechanical decontamination processes could be more useful on steam
generators than chemical processes pecause chemical decontamination might cause
stress corrosion pr0b1ems.(1) Several mechanical processes available are
grit blasting, the use of high-velocity fluids, and fluids with abrasives. It
is unlikely that grinding, ancther technique, woulc be used on the channel head
of a steam generator because high occupational doses would result. Grinding
is best applied to much smaller areas,

Grit blasting can be used on most open surfaces by driving a stream of
abrasive material at high velocity against the surface to be decontaminated.
The procedure must be performed in an enclosed area to prevent the escape of
grit and radiopactive material, and is best handled remotely. Decontamination
factors on smooth open surfaces can range between 123 and 50.{2) The tech-
nique is less effective in corners.

Grit blasting has been attempted at the Ginna and Sena plants with littte
success.(z) The highest decontamination factor achieved has been 1.5.(9)
Because of airborne contamination and low DFs, this technigue is probably not
acceptable for decontaminating steam generators.

Mechanical decontamination is generally performed with water(l) because
water helps minimize the amount of airborne contamination and is an effective
means of transferring energy into the film removal process. The resulting
iiquid waste requires some special treatment. Large particles are removed in
a settling tank, and the waste stream is filtered to remove suspended parti-
cles. Standard treatment can then be started on the radiocactive waste stream.

With either of the techniques described, great care must be taken to
remove all the abrasive material and metal fragments from the primary system.
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Grit lodged in a component or valve could ruin it. A metal fragment could be
picked up by the coolant flow, pass through the core, become activated, be
deposited in a Tow-flow area, and cause a hignh exposure rate in that vicinity.

To avoid these types of problems, a high-pressure water jet or water
laser, or steam, could be used to decontaminate surfaces and eliminate the
abrasive material., This technique could lead to a DF of 10 if a portion of

(2)

dose intensive and might not work on the tightly adherent oxide layer in steam

the tubes were cleaned. The process would be time consuming and perhaps

generators,

The amount of waste generated by these decontamination techniques varies,
A sand-blast unit with a water spray collar to eliminate dust could use 4.5 to
6.8 kg of sand per minute and about 0.03 1/s of water.(l) A high-pressure
fluid with an abrasive could use 2.2 1/s of water with a Tower sand load-
1ng.(l) Depending on the task and on the tenacity of the film, as much as
7600 1 of water and 272 kg of sand could be used in an hour.(l) A water jet
would produce similar amounts of liguid effluents, and a steam jet somewhat
tess. The total volume of radicactive waste could be sizeable depending on
how long it took to clean the component.

DECONTAMINATION BY WATER CHEMISTRY MODIFICATION

The purpose of this process is to change the environment in the primary
system so that deposited radioactivity is released to the surrounding solution,
The application of this process has produced mixed results.(l) In some
cases, significant releases of crud and film have occurred, while in others
there nas been 1ittle if any effect.

The following agents might be used in this decontamination process, with
the DFs for each given in parentheses: hydrazine (OF 1.5 to 3}, hydrogen
peroxide (DF 2 to 6}, hydrogen peroxide plus a chelate (DF 2 to 15), and

hydrogen peroxide-hydrazine (DF 2 to 8).(2)

All of these agents and the
corrosion products released would be removed from the system on filters and

ion exchange beds.
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The results of this process are uncertain and “he decontamination factors
may vary greatly. Although the total amount of radicactive waste generated
would not be large (several hundred cubic feet of spent resin}), the waste
could be very radicactive since the process is best applied to the entire
primary system.

OCCUPATIONAL DDSE

The radiation dose to workers from the decontamination of a steam genera-
tor can be quite variablie depending on the process employed. If access to the
channel head is required to set up eguipment prior to the decontamination,
occupational doses can be expected to be quite high., In addition, treatment
and handling of the waste resulting from decontamination can cause considerable
occupational dose problems, as the amounts generatec can contain from ten to
several hundred curies of radioactive material.

Estimates of the occupational dose for various steam generator decontami-
nation processes, taken from Remark,(z) are listed in Table A.1. These
estimate have rather large ranges and reflect only the relative hazard to
workers for each technigue.

TABLE A.1. Occupational Dose Estimates for Decontamination
of a Steam Generator{2) {man-rem)

Technique Occupational Dose Comments
Abrasive Blasting 5-20 Remote operation
Electropolishing 10-100
Water Chemistry Modification 10-60

 Electrobrush 30-150 Requires remote
technique
Spray Application of Agent 20-50 Mostly from installation

of spray equipment in
channel head

Water Jet 5-20 Remote operation
Steam Jet 10-30 Remote operation
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The decontamination that is to take place at Dresden-1 is expected to
{10,11) Between 350 and
450 man-rem will result from the installation of piping in the primary system

involve an occupational dose of about 55D man-rem.

for the circulation of the decontamination solution. Somewhat less piping
would have to be instalied in a steam generator, but it would be necessary to
enter the channel head prior to decontamination to block off the rest of the
primary system.

At the Gundremmingen nuclear power plant (a 250-MWe boiling water reactor},
the channel heads of the secondary steam generators were decontaminated in

12)
1977

50 man-rem was involved, almost 30% of which came from the installation of

using an AP-Citrox process. An occupational dose of approximately

plugs to isolate the steam generator from the remainder of the primary system.
Approximately 15,900 1 of decontamination solution were used. The total
amount of Tiquid waste was not documented. The decontamination solution was
solidified without concentration because the installed radicactive waste

ireatment system could not chemically handle the so1ution.(12)

At Dresden-1, a new radioactive waste treatment system has been built to
handle the volume of waste expected from the decontamination. Unless similar
steps are taken for a steam generator decontamination, high occupational doses
could result from the treatment and handling of the waste, Factors that can
affect the occupational dose from handling decontamination waste are: 1) the
volume of waste, 2) the efficiency of the decontamination process (which
determines the amount of radiocactive material in the waste), 3} the method of
handling the waste (remote or hands-on, ion exchange or evaporators, etc.),
4) the use of an old versus a new waste treatment system, %) the use of
system{s) brought in from offsite, and 6) the amount of maintenance and the
type {i.e., hands-on or remote) required by the system.

Occupationai dose estimates for several tasks carried out during a steam
generator decontamination are listed in Table A.2. These estimates are based
on a generic nuclear plant and are given only to indicate the general range of
occupational doses that may be expected from these tasks.
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TABLE A.2. Occupational Dose Esimates for Tasks During a
Steam Generator Decontamiration

Exposure Rate, Occupational Dose,

Task Description Man-Hours R/h man—rem
Remove manway covers 8 0.3-5 20
Ciean up manway entries 16 0.5-10 80
Remotely place inflatable 4 0.5-20 20

plugs in coolant inlet
and cutiet

Decontaminate channel head
1) Fi11 channel head, 48 0.5-10 100
then scrub surfaces
with long-handled

equipment
2) Use agqua-blast 16 0.5-10 30
equipment
Electropolish channel head 16 D.2-6 15
CONCLUSION

In-place decontamination of a steam generator is a difficult procedure.
Experience has shown that decontamination operations using chemical solutions
are very complex.(l) Mechanical decontamination techniques may be somewhat
lass complex, but may require extensive development of equipment to keep
occupational doses low. Before any of the methods discussed in this appendix
can be widely used for steam generator decontamination, their effectiveness on
PWR corrosion films and deposits should be demonstrated and potential problems
such as materials compatibility and waste handting should he assessed.

The 1imited data surveyed for this report indicate that the DF that can
be expected without cleaning of the tubes is about 4. Much higner DFs {per-
haps as high as 40 to 50) are possible if the first 0.6 to 0.9 m of the tubes
are decontaminated. Decontamination factors for lacalized areas may be as
high as 1000 for techniques such as electropolishing.
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Materials compatibility probiems may not be averriding if the steam
generator or any portion of it is not to be reused. The volume of waste will
be reduced in this circumstance because less rinsing will be needed. If only
a portion of the steam generator {such as the channel head) is to be reused,
only that portion may need to be rinsed. However, care must be taken to pre-
vent any chemical or abrasive decontamination agent from entering other parts
of the primary system,

Several techniques might be used in a series of steps during a steam
generator repair operation. For instance, one technique might be used to clean
a portion of the steam generator (such as the channel head} well enough to
ailow work in the area at reduced exposure rates; a second might be used to
clean the tubes; and a third might be applied to further clean any portions of
the steam generator (such as the channel head) that are to be reused.

Whichever method or methods are chosen, extensive planning and training
are essential. Materials compatibility, occupational dose, waste volumes
generated, waste disposal options, waste handling capabiliity, and nonradio-
logical safety concerns must all be considered.
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APPENDIX B

DISPOSAL OF STEAM GENERATORS

Steam generator lower assembiies, when removed, represent the largest
source of radioactive waste to be disposed of from repair cperations., Data
1) and data presented in NUREG-0395(2)
that each lower assembly contains between 400 and 1000 curies of radioactive

gathered at Turkey Point( indicate
material. The amount of external contamination on the steam generators is
less than the 1imit for permissible surface contamination as outlined in
Regulatory Guide 1.86.(3) The radionuclides that contribute most of the

58 SOCO.

radiation dose are “~Lo and

DISPOSAL OPTIONS

Options for tne disposal of old steam generators include but are not
limited to

e long-term onsite siorage
e interim onsite storage

e 1immediate cut-up and shipment
{a) with no decontamination
(b} with decontamination

e shipment intact,

Each of these options will be addressed briefly in the following discussion.
In all cases, when the steam generator lower assemblies are removed from con-
tainment, they are sealed to prevent the release of radioactive material.

Long-Term Onsite Storage

A temporary onsite facility can be constructed for the storage of the
Tower assemblies until shipment to a licensed land-burial site can be arranged,
the plant is decommissioned, or sufficient time has passed for the radioactiv-
ity to decay to levels that would make cut-up and shipment easier,
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Since the steam generators are sealed prior to removal from containment,
the primary radiological problem associated with onsite storage is direct
radiation. Snielding can be provided to ensure acceptable exposure rates out-
side the storage facility.

Although total enclosure of the sealed steam generators may not be
required, it might be advisable to provide it. A complete enclosure would
reduce the chance of anyone tampering with the stzam generators and decrease
the need for security guards. A means of checking the integrity of the steam
generator seals should be provided, either through in-place monitoring equip-
ment or through ports provided for periodic surveys.

A structure that does not fully enclose the stored steam generators will
require precavtionary measures to ensure their integrity, such as fencing and
iocking or gquarding the perimeter; maintaining tne steam generator shells
(painting them to prevent rust); monitoring the seals to ensure no loss of
integrity; providing drains with radiation monitors for rain water; and doing
smear tests to ensure that external contamination remains below the level
designated in Regulatory Guide 1.86.(3) This Tist is by no means exhaustive.
A1l measures necessary to prevent the release of radioactive material to the
environs and any intrusion into the storage area ty pecple or animals should

be taken.

The radioactive material within the steam generators is immobiie. There-
fore, if seal integrity is Tost, a release to the environment is unlikely.
Nevertheless, a surveillance program is necessary and should include visual
inspections of the lower assemblies, radiation surveys of the area, and swipes
of the welds sealing the openings, depending on the design of the storage
facility.

Interim Onsite Storage

Onsite storage may be chosen initially in the expectation that several
options for disposal may be avaiiable in the future. It might at some time
become a viable and competitive option to ship steam generators intact to an
offsite disposal facility. Moreover, radioactive Jecay during long-term



storage will reduce activity levels to less than 1% of those expected when the
steam generators are first removed. These reduced levels will allow the steam

generators to be segunented with a minimum of radiation exposure.

Immediate Cut-Up and Shipment

At present, lower assemblies can be disposed of at a licensed land-burial
site if they have been segmented prior to shipment. Currently, rail or truck
transport or a combination of the two are acceptable alternatives for shipment.
Rail can be used to transport the channel head and tubesheets, and truck to
transport othar pieces.

The lower assemplies can be cut into segments suitably sized for the
chosen method of shipment. Since the expected radicactive content of the
Tower assemblies is at most 1000 Ci and the weight of an assembly is over
18 x 10*
and shipped as Tow specific activity (LSA} material. If truck transport is

kg, the cut-up sections can be packaged tightly in strong packages

used instead of rail, a larger number of packages would be reguired to accom-
modate the lower load limit.

Cut-up operations on the steam generators snould be performed in enclosure
envelopes to minimize the spread of airborne activity. The enclosures should
be provided with a HEPA filtration system to reduce any potential reieases to
the environment and should pe designed to allow the use of remote-cutting
techniques to reduce personnel dose. Temporary shielding should also be
availanle to further reduce personnel radiation dose.

Shipment Intact

The only means of shipping steam generator lower assemblies intact over
any appreciable distance is via barge. This method involves the least amount
of handling onsite. At the present time, however, the capability of some
licensed burial facilities to receive a large shipment of waste such as a
steam generator is questionable because of restrictions placed on the burial
operations by the states in which they are located. This may be an option,

however, for sites located on major rivers or in coastal regions.
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RADIATION EXPOSURE ESTIMATES

The radiation doses to workers from various operations during steam gen-
erator disposal are presented in Table B.l. These operations were applied to
the appropriate disposal options, and the resultant man-rem estimates are
listed in Table B.2. The man-rem estimates should not be taken at face value,
but rather used as a guide for the various options listed.

If steam generators are cut up for disposal, a significant benefit would
hbe derived from short-term storage of the components. Within b years of the
steam generators' removal, the exposure rate would be reduced to 40% of the
initial vajue. At 10 and 15 years, the exposure rate would be reduced to 20%
and 10%, respectively, of the initial value,

Once the steam generators are removed, they can be much more easily
decontaminated. The decontamination process can result in significant man-rem
savings during the segmenting process.

Tabie B.3 shows a comparison of the man-rem exaosures calculated in this
section with those calculated by Florida Power and Light,(l) Consumers
power,*) and vepco. (O

RADIOACTIVE EFFLUENTS

The presence and amount of effluents will vary with the disposal option
chosen. If onsite long-term storage is chosen, no radiocactive material will
be released. [f, at any time, the steam generators are shipped intact to
another location, there will be no release. For other options, the amount of
radiaoctive material reieased wiil depend on the holding time and the contami-
nation level, Table B.4 Tists the potential airborne effluents associated with
various disposal options. {We assume that there wi'l be no liquid effluent.
The only option that would lead to a waterborne release is cut-up of the gen-
erator, combined with chemical decontamination. In this case, however, we
assume that all contaminated liquid would be solidified, packaged, and shipped
to a disposal site.)
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The following calculations were used to estimate the airborne release
from the immediate cui-up of steam generators, with no chemical decontamina-
tion. Other airborne releases are fractions of those listed here,

Cutting the U-tubes for packaging: assuming a cut with a 0.95-cm kerf,

3400 tubes of 21-mm diameter, and 68 pCiIcm2 on the interior of the tubes,
then
3400 x 2.1 cm x 1 x 0.95 em = 2.1 x 10% ¢
of material vaporized per cut of the tube bundle, and
2.1 x 10* en? x 68 wCifen’ = 1.4 x 10°
It is likely that two cuts will be made for easier packaging. With a decon-
tamination factor(S) of 102

m2
uli released,

(one HEPA filter preceded by a demister), the
release to the atmosphere would be 2.8 x lO4 uCi.

Cutting out the channel head and tubesheet: assuming that one cut with a

0.95~-cm kerf is made around the circumference of the channel head (220-cm

inside diameter), and assuming 68 uti!cmz on the interior surface, then
220 cm x © x 0.95 cm = 660 cm
660 cme x 68 uCijcm’ = 4.5 x 107 uCi released.

With a decontamination factor(G) of 102 (one HEPA filter preceded by a

of material vaporized, and

I

il

demister), the release to the atmosphere would be 450 uCi.

Tne release involved in separating the tubes from the tubesheet is the
same as that calculated for cutting the tubes, with only one cut necessary.
The release is therefore 1.4 x 104 uCi., The total release for the steps
outlined is then 4.2 x 10‘2 Ci.

CONCLUSION

Currently, the options for steam generator disposal under serious con-
sideration are onsite long-term storage and immediate cut-up and shipment to a
licensed disposal site. Of these two, iong-term storage offers the greatest
man-rem savings but may also be the option least desirable to legislators and
the general public., Immediate cut-up and shipment is costly with respect to
radiation dose and from a purely economic standpoint. [f chemical decontami-
nation is used prior to cut-up, a significant savings in radiation dose may
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result. This option, however, with its associated waste-handling problems and
requirements for the treatment of liquid radioactive waste,(7) could add a
significant additicnal cost to an already expensive procedure {see Appendix A}.

Especially from the standpoint of occupational dose, temporary onsite
storage of steam generators results in a significant savings.

Shipment of steam generators to a i{icensed commercial burial facility may
be feasible from a technical viewpoint; however, because of restrictions
placed on some burial sites by the states in which they are located, this
option may not be feasible. OQisposing of steam generators by intact shipment
has the same occupational dose benefits as iong-term onsite storage and the
additional benefit of not requiring capital investment in a storage facility.
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TABLE B.l. Exposure, Time, and Man-Rem Estimates for Various QOperaticns
During Disposal of Steam Generators

Exposure Rate, Time Estimate, Dose,

Operation R/pia) man-h man~remi a
Move steam generator to storage 0.03 80 2.4
or cut-up facility, deposit,
and seal facility.
Monitor steam generator in 0.005 50/ yr 7.5
sealed storage facility for
about 30 years.
Move steam generator to barge, 0.03 30 2.4
deposit on barge, and ready for
departure (no storage period).
Decontaminate exterior of steam -— (0.2) 50 10
generator and remove insulation.
Connect piping and equipment -—— (0.5} 50(b) — (12}
for decontamination of interior
of steam generator U-tubes,
Decontaminate interior of steam -— {0.1}) 100 -— (10)
generator. Treat radwaste with
mobile system and package waste
for shipment.(cC)
Disconnect installed piping. —— (0.1} 20 -— {2)
Segment shell of steam genera- 0.2 (0.1) 500 100 (50)
tor. Package for shipment.
Cut out channel head and tube- 3 {0.6) 65 195 (40)
sheats. Package for shipment,
Cut out U-tubes and package. 1 (0.5) 250 250 (125)
Clean up area within cut-up 0.5 (0.25) 50 25 (13}

facility.

(a) Numbers in parentheses apply to a disposal option including chemical
decontamination of steam generator.

{b) About 24 of the 50 man-h will be spent in radiation zone where welders
will connect flange.

(c) Most of this operation will be done remotely. Some nands-on work may,
however, be required.
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TABLE B.2. Comparison of Man-Rem Estimates for Steam Generator Disposai
Alternatives

Option

Approximate Man-rem
per Steam Generator

Long-term storage with cut-up and shipment

Long-term storage with intact shipment

Sharter-term storage with cut-up - at 5 yr
- at 15 yr

Immediate cut-up and shipment by
rail/truck - no decontamination

Immediate cut-up and shipment by
rail/truck - with chemical decontamination

Immediate intact shipment(a)

16
10
230
60
580
270

2.4

{a) Estimates for short-term storage followed by intact shipment
would be only slightly larger than this, perhaps 5 man-rem,

TABLE B.3. Comparison of Estimated Occupational Doses for Steam Generator
Disposal Alternatives

Option

This Report

FpL(l)

vercol5)  Consumers(4)

Long-term storage with
cut-up and shipment

Long-term storage with
intact shipment

Shorter-term storage
with cut-up - at 5 yr
- at 15 yr

Immediate cut-up and
shipment by rail/truck
- no decontamination

Immediate cut-up and
shipment by rail/truck
- with chemical
decontamination

Immediate intact
shipment

50

30

630
180

1700

810

26-27

26-27

750-1525

125-575

27-238
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TABLE B.4. Comparison of Airborne Effluents for Steam Generator Disposal

Alternatives
Approximate Airborne
Option Release, Ci
Long-term storage with cut-up and shipment 0.005
Long-term storage with intact shipment Neg]igib]e(a)
Shorter-term storage with cut-up - at 5 yr 0.026
- at 15 yr 0.015
immediate cut-up and shipment by 0.042
rail/fruck - no decontamination
Immediate cut-up and shipment by 0.010

railftruck -~ with chemical decontamination
Immediate intact shipment(a) Neg]igib]e(a)

(a) Since the steam generator will be sealed before it is
removed from containment, no release of radiocactive
material is expected during these operations.
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APPENDIX C

IN-PLACE RETUBING OF STEAM GENERATORS

An alternative to removing and replacing a steam generator, suggested by
Westinghouse Nuclear Energy Systems,(l) is to retube the generator while it
remains in the containment building. At present, no application has been made
to NRC to use this technigue as a remedy for steam generator problems., How-
ever, this or similar techniques may be used in the future. In this appendix,
the occupational dose and radicactive effluents from steam generator retubing
are estimated.

OCCUPATIONAL DOSE ESTIMATES

Assessing potential occupational doses for in-place retubing involves
three tasks: 1) identifying maintenance activities, 2) determining exposure
rates, and 3) estimating man-hour requirements.

The maintenance activities listed here are based on the description of
steam generator retubing in WCAP—9398.(1) This document describes briefly a
machine called the R/8 that performs many tasks inside the channel head, where
exposure rates are nhigh, including: machining tube welds, tack rolling, and
welding new tubes in place,

Exposure rates have been taken from NUREG-0395.(2) For activities
involving various exposure rates for a wark crew, an average rate for the
activity was developed based on the estimated time spent in each exposure zone,
We assumed that exposure rates would be at the high end of the range given in
NUREG-0395, thereby assuring that we are not underestimating the potential risk
to workers. The purpose of decontamination is to reduce exposure rates in the
channel head area. Qur assumption is that the effective decontamination factor
in the channei head is between 4 and 5 {i.e., the exposure rate is reduced by
a factor of 4 to 5). Much of the postdecontamination exposure rate is due to
shine from the tubes. Once the tubes have been removed from the tubesheet,
the decontamination factor is assumed to ne approximately 100.
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Man-hour estimates for each activity, as well as a 1isting of the person-
nel involved, were developed based on prior experience and on standard esti-

mating techniques.(3’4)

The estimates represent man-hours of work performed
in radiation zones. Since we are not entirely familiar with the operation of
the R8 machine, our estimates for its operation are best guesses of the amount

of time needed to install, maintain, and adjust tihe machine,

The product of the exposure rate (R/h) and the man-hours needed for each
maintenance activity, times a conversion factor (R to rem), yielded the activ-
ity dose (man-rem). The individual activity doses were then summed to obtain
the total occupational dose for the retubing.

The maintenance activities involved in the preparation for in-place retub-
ing of a steam generator are listed in Tabie C.l. For each step of these pro-
cedures, the tabie also shows the exposure rate irvolved, which workers perform
the job, the man-hours needed, and the potential cccupational dose for that
activity. The total occupational doses estimated for each phase of the retub-
ing operation on a single steam generator are listed below:

Activity Man—rem
Installation and preparation 210
Decontamination 800
R6 machine operation 850
Steam drum/manway remaval 28
Tube bundle removal 9.2
Tube stub puiling 140
Tubesheet refurbishment 33
Tube cutting 2.7
Steam generator reassembly 140
Upper shell closure 29
Nondestructive examination 11
Postweld heat treatment 7.1
Cleanup 6.3

Total ~2300
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A1l of the estimates given in this section are for a generic case. Occu-
pational dose estimates can vary widely from plant to plant because engineering
approaches to the same problem may differ and radiation exposure rates may also
differ. 1In this report, we have attempted to estimate an upper bound for the
types of occupational doses that might be expected during steam generator
retubing. With prudent engineering controls and administrative techniques,
the occupational doses actually encountered will be jess than those given here.

ESTIMATED RELEASES

Contamination Tevels in and around steam generators after several years
of operation were determined based on information contained in NUREGﬂ0395,(2}
NRC Dockets 50-250 and 50-251,(3) Babcock and Wilcox Document Number
RDTPL-?7—24,(6) Ayres,(?) and Westinghouse Document Number NCAP—BS—?2.(8)
Table 10 in the main text {p. 39) lisis the gross contamination in the reactor

(2,5)

piping and steam generator systems, and Table 11 gives a breakdown of

contamination levels by radionuclide for a steam generator channel head.(S)

Airborne Releases

The primary airborne releases of radionuclides during steam generator
retubing would be due to: 1) cutting the channel head for the installation of
manways, 2) cutting the tubes at the tubesheet for removal, 3} segmenting the
tubes for packaging and disposal, and 4) cutting other steam generator system
piping. Containment envelopes would be used for cuts on the channel head and
the tubes. These containment envelopes have a high-efficiency particulate air
{HEPA} fiiter in their ventilation system and wouid be exhausted through the
plant ventilation system. For other cutting operations, no containment enve-
lopes would be required. For our calculaticons, we assumed that all HEPA
filters would be preceeded by a demister, which is necessary to retain filter
integrity. Cutting the steam generator at the transition cone and the internal
wrapper would not contribute significantly to airborne releases because the
contamination levels on the secondary side of the steam generator are several
orders of magnitude below those on the primary side,
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Airborne releases resulting from tube cutting were calculated as foliows:

1. 3400 cuts (6800 hot and cold legs} with a 0.95-cm kerf are made on
the 21-mm tubes.

2. 3400 x 0.95 x 2.1 x = 2.1 x 10° cm® of material vaporized.

3. The contamination level on the interior of the tubes varies depend-
ing on the location of the cut. Near the tubesheet, the contamina-
tion level may be as high as 140 uCi/cm2; at cther locations, the

contamination level may be 8.2 uCi!cmz.

4, Assume one cut near the tubesheet and two cuts at other locations to
segment the tubes for shipment.
4.2 x 10% cn® x 140 wCifcm® = 5.9 x 10
2 x 4.2 x 10* cn® x 8.2 WCijent = 6.9 x 10° 4Ci released
Total reieased from tube cutting = 6.6 x 106 TR I

6 uCi released

5. With a decontamination factor(g) of 104 (two HEPA filters pre-
ceeded by demisters), release to the atmosphere is 660 uCi per steam
generator,

The airborne releases from other cuts were caiculated in a similar manner.
The following is a 1ist of the airborne releases in uCi expected during steam
generator retubing.

Cutting channel head for manways 3.3
(two 8l-cm-diameter access holes)
Cutting other lines 64
Cutting tubes 660

Total from cutting operations 730

A few other operations could result in some airborne releases, but if the
operations were conducted carefully, these releases sould not significantly
affect the total. Some of these operations are: tuze stub pulling, channel
head decontamination, and welding of new tubes to th2 tubesheet. Airborne
contamination for the first two tasks could be minimized by using water to
reduce the suspension of radioactive material., Welding operations on the
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tubesheet should result in only minimal airborne contamination since the tube-
sheet would be decontaminated.

Assuming three steam generators per reactor unit, the total airborne
releases for retubing would be approximately 2100 uCi per unit. The radio-
nuclide distribution would be very similar to that listed in Table 11 of the

main text.

Waterborne Releases

Liquid effluents from steam generator retubing would probably be similar
to effluents from steam generator removal and replacement. The primary sources
of Tiquid effluents would be the release of reactor coolant water and the dis-
charge of laundry waste water. The calculation of these releases is described
on pages 36-37, and the amounts of the releases are listed in Tables 14 and 15
of the majn text. In addition to these effluents, some liquid would be gen-
erated during the decontamination of the channel head and tubesheet, with the
amount depending on the decontamination process chosen. Between 2000 and
250,000 1 of liguid might have to be processed for shipment and disposal (see
Appendix A). The processing could be by ion exchange, evaporation and solidi-
fication, or solidification only.

Solid Wastes

The solid wastes generated during retubing operations would include the
plastic (or other material)} and wood or metal used to construct containment
envelopes, HEPA filters, some disposable clothing, solidified decontamination
effluent or ion exchange resin, insulation from the steam generator, and tube
bundles. In addition, some rags and paper, some temporary shielding material,
and any strippable coatings that become contaminated would be disposed of as
waste. This material, with the exception of the tubes and decontamination

3

effluent, would amount to approximtely 1000 m of low-level waste per steam

generator,

The contaminated tubes removed from the steam generator would be seg-

3

mented and packaged in three packages witn a volume of 8.5 to 15 m” each.

The tube stubs that are pulled from tne tubesheet after the tubes are removed

would pe packed into about 20 drums with a volume of 0.21] m3 each.
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The volume of the solidified effluent from the channel head and tubesheet
decontamination would depend on the decontamination process used. The amount
of Tiquid generated would be between 2000 and 250,000 1. If treated by ion
exchange, betweeen 3 and 8.5 m3
used, about 5 to 250 m3

solidified without treatment, 30 to 400 m of waste would result assuming

of resin would be used. If evaporation is

of solidified waste would result, If the liguid is
that concrete is used as the solidification agent.

CONCLUSION

Steam generator retubing may be a viable alternative to removal and
replacement in some instances. For exampie, if a steam generator wiil not fit
through the equipment hatch and the utility does nat wish to cut a hole in the
containment building, retubing may be the best method of repairing the steam
generator. A1l options for handling a corroded steam generator should be con-
sidered and that option chosen which is economical and practical from a radio-
togical standpoint.

A comparison of our generic occupational dose estimates and those made by
Westinghouse shows that the generic estimates are about one order of magnitude
higher. Westinghouse estimates that 150 to 200 mar-rem would be involved in
retubing a steam generator. The generic analysis aives a total occupational
dose of about 2300 man-rem per steam generator. This difference occurs because
the generic estimate uses radijation exposure rates tnat are significantly
higher than those assumed by Westinghouse. We used a conservative approach
when choosing exposure rates. 1n mgst cases, this approach results in an
overestimate of the occupational dose that would actually be received. The
time esimates in the generic study are based on information available in
ucap-3398¢ 1)
document. Westinghouse estimates are based on a muzh more refined knowledge

and on some experience with specific tasks described in that

of the retuoing operations, which they developed.

& specific problem in the formulation of our analysis was the cperation
of the R8 machine. WCAP-9398%1) did not contain enougn information so that

we could accurately estimate the number and location of the people operating
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the machine, and the exposure rates for its operation. 1If the R® machine works
as it has been designed to, it could significantly Tower the occupational dose
to workers. It would probably be the best mechanism for implementing the ALARA
principle during the entire retubing operation. If, however, significant
maintenance or operational problems were to arise with tne R6 machine during
retubing, the occupational dose to workers would probably increase during the
correction of those probiems.

The following conclusions are based on our review of WCAP-9398(1) and
on our independent assessment of in-place steam generator retuting.

1. Before this technigue can dDe used, channel head and tubesheet
decontamination must be demonstrated to better quantify decontamina-
tion factors, the amount and type of wastes generated, techniques
for handling wastes, occupational doses, materials compatibility,
and otner factors that could affect the decontamination operations
or the reactor system.

2. Significant time should be spent testing the R® machine to ensure
that its operation during a retubing will be trouble free.
Extensive training of crews is necessary, including practice on
mockups, before this machine is used in an operating plant.

3. Finally, a retubing operation should be performed to snow that it
can be done economically and without resulting in excessive occupa-

tional dose or radiocactive wastes.
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Phase

Installation and

Preparation

Decontamination

TABLE C.1. Steam Generator In-Place Retubing

Exposure Rate,

o - Event Description ) ) _ . Rin o Personnel Involved
Install scaffolding around secondary side to 2.2 Carpenters
establish work platform.

Erect scaffolding around RCS and RCR piping. Wrap . _aharers
piping with several layers of lpad sheet,

Erect staging area around channel head to service oz Carpenters
MATIWA ¥S .

Erect staging for removing steam lire. .l Carpenters
Erect work platform around refueting canal for .05 Carpeniers
cutting of old tube bundle, wrapper, etc.

Erect jib crane on pperating deck to service steam a0 .aharers
generator cell. Erect jib crane within greenhouse

to service fuel canal. Erect two jib cranes

to service channel head and shell access openings.

Build supporting structure and lay up lead shielding .5 [ranwarkers
against outer shell of vessel around access openings.

Erect greenhouse over steam generator cell, over Nl larpenters
refueling canal work site, and ar?u?d and over

staging area around channel head. '3

Proyide fresh air supply and contaminatod exbaust pipe .05 sheetmetal workers
connected to purge system for each greenhouse Electricians
enclosure,

Remove manway covers; decontaminate and store. 10 Labarers
Install aqua blast system to ¢lean channel head. B Laborers
Install shielding plugs in primary inlet and outtet. 20 Labarers
lecontaminate channel head. 5 Labaorers

{a) Plastic sheet covering shall be reinforced fireproof fabric walkways covered for

protection against contamination.

Event Duration,

_._man-h

96

144

36

24
4z

96

54

258

240

24

16

Dose,
marn-vem
19

72

19

32

29

12

80
480
160

80
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Phase

R/6 Machine

Steam Drum/Manway Removal

TABLE C.1. (Contd)

Install R/ machimes in each s¥de of channel head.
Instal) and tie in local control parnel, set up
ancillary power supplies, tie in complete yideo
and computer control netwark,

Locate and map position of tubes on primary side of
tubesheet.

Remove tube-to-tubesheet welds.

Remove tube guides from newly installed tubes.
Position tube in tubesheet and tackroll.
Perform flush tube-to-tubesheet weld.

femove steam line.

Remove miscellaneaus small piping and instrument lines,

Cut upper shell assembly wsing track-mounted machine
tool.

Raise upper steam drum with polar gantry crane and set
aside.

Remgve fepdwater ring.
Cut steam generator wrapper.

Cut two access holes through lower steam generator
shell.

Install lead glass shielded covers over access holes.

Exposure Rate,

5

[on TR = N o A s N |
j=

.05

0.1

tvent Ouration,
Personnel Involved — _ man-h

R bperators 180
Laborers

54

109

27
102
205
128
160
154

Dperators 20

32
14

32

Dase,
_man-rem_

800

5.4

11

10
21
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TABLE C.1. ({Conid)

Exposure Rate, Event Duration, Dose,
Phase Event Description R/h Personnel Involved man-h man-rem
Tube Bungle Removal Place temporary shielding over exposed tube bundle, 0.1 Laborers g 0.8
Install hoisting equipment for supporting tube tundle. a.1 6 0.6
Install channel block cutter and cut logse channel Q.05 42 2.
blocks.
With special tool, cut tubes above tubesheet, and 0.05 3 1.7
segment tube bundle.
frect segmented cask above tube bundle and wrapper. 0.05 80 q
Hoist entire assembly into cask and move to refueling
canal.
Tube Stub Pulling Lower collection tray into location above tubesheet, 0.3 Laborers 122 37
Pick up and dispose of pieces of tubing.
install hydraulic tube puller and extract tube stubs 0.3 332 100
from tubesheet. Pick up and dispose of tube stubs.
Tubesheet Refurbishment Carefully scrape logse and collect all sludge and 0.1 R.5 0.85
hard scale coating from secandary side.
Recondition surface of tubesheet with hand-held 0.3 Boilermakers 21 6.3
grinders.
Ream all tubesheet hales, G.3 54 16
Piloted mill or drill and ream tubesheet holes to 0.2 33 10
remove stuck tube stub ends.
Tube Cutting Cut wrapper at each support ring and section into 0.01 26 0.26
disposable pieces. .
Remowe from segmented cask. 0.01 26 03.26
As tube bundle is exposed, cut into 1.5-m lengths 0.01 177 1.4

with hydraulic shear.

Cut and dispose of tube support plates. 0.91 38 0.38
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TABLE C.1. (Contd)

fxposure Rate, Event Duration, Dose,
Phase Event Description . . R/t Personnel Invelved man-h ___ _man-rem

Steam Generator Reassembly Prepare access holes for final welding, 0.3 Boilermakers 27 8.1
Erect and position forged manways, 0.3 Boilarmakers (] 6
Weld manways in place. 0.3 196 59
Remove remaining part of all channel head blocks 0.05 7 0.3%
from imner wall of secondary shell.

Install new wrapper, support plate assembly, and 0.08 Crane operator 72 3.6

channel blocks. Correctly orient to tubesheet, Laborers

Weld channel blocks to inner surface of shell, 0.0% Operators 62 3.1
Boilarmakers

Connect each U-tube to correct loading rods; pull 0.05 568 28

down into place evenly.

Install antivipbration bars; examine dye penetration. .05 16 0.8

Expand all tubes into tubesheet, 0.05% 340 17

Install primary moisture separator onto wrapper. 0.05 212 11

Weld in piace.

Install mew feedwater ring and weld to supports 0.m 54 0,54

and feedwater nozzel.

Upper Shell Closure Prepare top of steam generator shell for welding. 0.01 Boilermakers 132 1.3
Rig, 1ift, and place properly oriented upper shell 0.01 Oparators 15 0.16
demister section,

Weld upper steam generator shell in place. 3,01 Bailaermakers 2150 22
Re-eract all other piging. 0.01 350 3.5

Weld steam line. 0.01 19¢ 1.9
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Phase

Nohdestructive Examination

TABLE C.1. (Contd)

Event Description

Postwe 1d Heat

reatment

Cleanup

TOTAL

Radiographically inspect manway forging
installation welds.

Examine dye penetration of tube-to-tubesheet welds.

Radiographically inspect wrapper-to-riser barrel
weld,

Radiggraphically inspect upper-to-ltower shell
weld (from inside if possible}.

Fill unit with demineralized water and pressure test.

Hydrotest primary piping and secondary side of steam
generator,

Postweld heat treat new manway installations.

Fostweld heat treat weld joining upper shell and
meisture separator section to lower shell.

Remove greenhouses, staging and scaffolding, jib

cranes ang hoists, retubing machines, welders, special

ventilation equipment, tooling, power and comtral
cable, and lighting.

Exposure Rate,
_ R

0

L}

.05

05

05

.01

.01

.05
.01

.01

Event Duration, Dose,
Persannel Involved ___man-h man-rem
14 0.7
29 2.9
48 2.4
i3] 3.3
Boilermakers 72 0.72
QC inspector
Bailermakers 72 0.72
QC inspector
1ig 5.b
15¢ 1.5
628 6.3
- 2300
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