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SUMMARY

Frequent maintenance and inspection of steam generators, due to corro-
sion product accumulation, is necessary at several power reactors to ensure
continued safe operation. This need has led to increasing radiation exposure to
the workers who perform these tasks.

The combination of frequent maintenance and inspection needs and increasing
occupational exposures has led several power reactor owners to consider
replacing the existing steam aenerators with new ones. This procedure
involves a sianificant amount of radiation exposure, but could save even
more by reducing the radiation field and the need for such frequent main-
tenance and inspection; thus it will also lead to more economic plant
operation with fewer power output interruptions.

An analysis of the radiation exposure resulting from the replacement
of a single steam generator is given below:

+ Post-shutdown preparation. . . . . . . .150-270 man-rem
Removal of steam generator . . . . . . .350-550 man-rem
Installation of new steam generator. . .600-1100 man-rem

These doses were arrived at by using standard time-estimating manuals and
radiation exposure rate readings taken at several operating power reactors.
High exposure rates were chosen to assure a conservative analysis. In some
cases, this approach may result in nverestimates of the actual exposure,
but for radiation protection purposes this is the desirable approach.

One of the objectives of the analysis is to point out tasks that can
result in high occupational exposures. The tasks of primary concern and
their associated exposures are:

+ Installing local control structures. . . . . . . 115 man-rem
« Cutting and removing reactor coolant piping. . . 190 man-rem
+ (Cutting steam generator wrapper. . . . . . . . . 190 man-rem
« Removing steam generator supports. . . . . . . . 72 man-rem

Reinstalling reactor coolant piping. . . . . . .1000 man-rem



Liquid, solid and airborne effluents released during the removal and
replacement of a steam generator are very small. Total liauid releases to
the environs amount to about 190 Ci of 3H and 0.23 Ci of other radio-
nuclides. Total radioactive particulates released tc the atmosphere are
about 3.6 x 107> Ci.

Disposal of the steam generator after its removal is a separate
topic. Several means of disposal are possible, each with an associated
radiation exposure:

Alternatives Exposure, man-rem
* Long-term onsite storage 10-16
Interim onsite storage 60-230
Immediate cutup and shipment to 270-580
burial site
Shipment intact to burial site 2.4-5.0

The analysis in this report has been limited to the U-tube type of
steam generator, but the analytical technique and radiation exposure levels
are applicable to other types of steam generators and perhaps to other
reactor system components.

iy
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RADIOLOGICAL ASSESSMENT OF
STEAM GENERATOR REMOVAL AND REPLACEMENT

INTRODUCTION

Corrosion problems in steam generators at several nuclear power plants
have led to the need for periodic inspection and maintenance of the steam
generator tut  tc ensure continued safe operation. Efforts to inspect
and repair s .m generators to maintain appropriate safety margins may
result in such severe economic and occupational exposure problems that
some utilities may chose to replace steam generator:<. The maintenance and
replacement of steam generators involves a complex radiological problem.

A radiation problem is created by corrosion products activated by

(n,a) and (n,p) reactions. These activation products are deposited on reactor

core surfaces, solubilized or eroded into the reactor coolant, and finally
deposited on out-of-core surfaces. These radionuclides form a film on
reactor components and systems, such as steam generators. Maintenance and
inspection of steam generators, which is necessary for continued safe opera-
tion, results in a major fraction of the radiation exposure received by
occupational personnel.(]) The radionuclides that contribute most to this
exposure have been experimentally verified to be 58Co and 60Co.(2’3) The
trend is for 60Co to increasingly dominate the radiation field after the
plant has operated for a few years.<2'5)

Some affected utilites are proposing, as a solution to this problem,
the replacement of corroded and contaminated steam generator U-tubes. This
replacement would be accomplished by cutting the steam generator shell below
the steam dome, disposing of the lower assembly containing the U-tubes, and
welding a new lower assembly to the primary system and the steam dome.

While long-term savings may result, potentially high radiation exposures
must be controlled during the maintenance activites.

The evaluation of alternatives for steam generator maintenance must
include consideration of all related costs. A cost of considerable import-
ance in these evaluations is occupational radiation exposure.



The analysis in this report provides a detailed estimate of occupa-
tional exposure received durina the removal and replacement of contaminated
steam generator U-tube assemblies. For this analysis, the high end of the
exposure rate range for each step was chosen to assure a conservative approach
in estimating the radiation dose to workers. Where possible, comparisons

with utility exposure estimates are made and high-exposure tasks are identified.

Alternatives for disposal of the removed U-tube assemblies are examined and
estimates of radioactive releases from the removal and replacement operation
are made.

This analysis covers U-tube steam generators in particular, but the
technique may be adapted to other types of steam generators and other
reactor system components that might have to be removed.



GENERAL PROCEDURE FOR ANALYSIS

The assessment of expected exposures related to the removal and replace-
ment of contaminated steam generator components involved three tasks:
1) detailed breakdown of maintenance activities, 2) estimation of man-hr
requirements for each activity, and 3) determination of exposure rate by
location and maintenance activity. The combination of these three elements
yielded the exposurc (man-rem) per maintenance activity, and these exposures
were summed for the tc-.al exposure related to the project.

Maintenance activities were developed as a composite of Florida Power
and Liqht(s) (Turkey Point) and Virginia Electric and Power Company(7) (Surry)
work descriptions. The composite work description is discussed in detail in
a later section and is itemized in Tables 13-15.

Man-hr estimates for each activity, as well as a listing of the
personnel involved, were developed based on prior experience with similar
activitieséand on standard estimating techniques.(8°]0) The man-hr Tistings
in Tables 13-15 represent man-hrs of actual exposure. Time spent traveling
to and from trne work area and other activities conducted outside the radia-

tion zone are not included.

Exposure rates were based on information contained in NUREC-0395,(]0)

U.S. Nuclear Regulatory Commission (NRC) Dockets 50-250 and 50-251, (6)
Babcock & Wilcox Document Number RDTPL-77-24,(2) Ayers,(4) and Westinghouse
Document Number NCAP-88~72.(3) Single exposure rate values were selected
usually on the high end of the range, with credit taken for temporary shield-
ing and distance where applicable. For activities involving work crews
exposed to several different exposure rates, an average rate for the activity
was developed based on estimated time spent in each exposure zone.

The product of maintenance activity man-hrs and exposure rate (R/hr)
yielded the activity exposure (man-rem). The individual activity exposures
were then summed to obtain the total exposure for the project. The total
man power for the project may be estimated by establishina an exposure limit
which can be used to divide the total exposure into the necessary man power.
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CHARACTERIZATION OF PLANT FEATURES

The main emphasis of this section is to characterize +the radiation
fields and contamination levels in and around the steam generators for a
typical nuclear power plant after 3 to 6 years of commercial operation.
Radiation exposure rates and contamination levels were based on information
taken from NUREG-0395. (10} and USNRC Docket Numbers §0-250 and 50-251, ')
Babcock & wilcox,(z) and westinghOuse.(3) The tables and figures referred
to in this section are grouped at the end of the section (pp 9-18)

following the text.

THE STEAM GENERATOR

The steam generator shown in © qures ! and 2 is a vertical shell and
U-tube evaporator with integral moisture-separating equipment. The reactor
coolant flows through the inverted U-tubes, enterina and leaving through
the nozzles 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 tube sheet. Manways are provided for
access to both sides of the divided head. Steam is generatred on the shell
side and flows upward through the moisture separators to the outlet nozzle
at the top of the vessel. The unit is primarily carbon steel. The heat
transfer tubes and the divider plate are Inconel and the interior surfaces
of the reactor coolant channel heads and nozzles are clad with austenitic
stainless steel. The primary side of the tube sheet is weld Clau wili
Inconel. Table 1 provides some data on steam generator design pertinent to
this study.

RADIATION EXPOSURE RATES AND CONTAMINATION LEVELS
)

pressurized water reactors (PWRs) that had been operating from 3 to 6

years.(]o) Exposure rates did not vary greatly from site to site.(]o)

sentative radiation exposure rates are presented in Table 2, with the locations

Radiation exposure rates were measured(a during shutdown at several
Repre-

of the measurements shown in Fiqures 3 through 6.

(a) Measurements were taken at the following reactors:
Carolina Power and Light Co. - H. B. Robinson No. 2
Florida Power and Light Co. - Turkey Point No. 2 and 3
Rochester Gas and Electric Co. - R, E. Ginna
Virginia Electric Power Co. - Surry No. 1 and 2

4



Measured radiation exposure rates for a "typical" steam generator are listed
in Table 3, with locations shown in Fiqure 7.

Experimentation has verified that these exposure rates are caused pri-
marily by the activated corrosion products 58Co and 6OCo,(?"s) and has shown
that 60Co increasingly dominates the radiation field after the plant has been
in operation for a few years.(2’3) Measurements at a reactor site indicate
that the most notable difference between the end of cycle 1 (EOC 1) and end of
cycle 2 (EOC 2) is the increase in the out-of-core 60Co activities.(z) The
radiation exposure rates on the steam generator tube sheets remained virtually
unchanged between EOC 1 and EOC 2, but the 60Co contribution to the exposure
rate increased significantly.(z) Table 4 shows this effect for the six long-

lived radionuclides of primary concern.

Measurements have been performed by Westinghouse to determine the com-
position of the crud on the steam generator manway at a plant that has been
in operation for 5 years. These measurements indicate that 58Co and 6OCo
make up from 40 to 64% of the total deposited activity.(3) This activity

accounts for approximately 87% of the total dose rate at one meter.(3)
Westinghouse has found similar results at other power reactors.(3)
From the viewpoint of the out-of-core radiation fields, 5800- and 60Co-

deposited activities need be considered, since these two radionuclides contri-
bute approximately 90% of the radiation fields in steam generators.(2‘3) It
is evident from Table £ that the radiation exposure rate is increasingly

dominated by 60Co. By EOC 3, 70% of the exposure rate is attributed solely

to 60Co.(1)

Table & lists the gross contamination in the systems and Table 7 gives
a breakdown of contamination levels by radionuclide for a steam generator.

RADIOACTIVE EFFLUENTS

Radiological evaluations of the gaseous and liquid releases of radio-
nuclides attributable to steam generator repair have been performed. The
resulting releases are a very small fraction of those associated with the
normal operation of a power reactor.
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Airborne Releases

The primary airborne releases are due to cutting the reactor coolant
(RCS) piping and cutting other system piping. Containment envelopes are
used when cutting the RCS piping. 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. It is assumed that all 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 the airborne releases because the contamination
levels on the secondary side are several orders of magnitude below those on
the wrapper.

L *ting the reactor coolant system piping:
3/8 in. (0.95 cm) kerf
34 in. (86 cm) inside diameter
« Four cuts are necessary
4 x 867 x 0.95 = 1030 cm
« 86 uCi/cm2 on the interior of the piping
1030 cn® x 86 uCi/cm® = 8.9 x 10% uCi release

2 of material vaporized

Decontamination factor = 104 (2 HEPA filters preceded by demisters)

Release to the atmosphere is 8.9 .Ci

Cutting cther system piping (secondary piping):

+ 3/8 in. (0.95 cm) kerf
+ Six 6-in.-diameter pipes
S$ix 2-in.-diameter pipes
+ One 30-in.-diameter pipe in two locations (steam lines)
+ One 14-in.-diameter pipe in two locations (feedwater)

(6 x 6 + 6 x2r+2x 30n + 2 x 14n) x 0.95 = 430 cn°
of materiel vaporized

3R 7 u(:i/cm2 on interior of these pipes
. 430 cn® x 6.2 wCi/em® = 2.7 x 10° Ci released

+ Decontamination factor = 102 (1 HEPA filter preceded by a demister)

+ Release to the atmosphere is 27 uCi.



The total airborne release for the cutting operations during removal
would be approximately 36 uCi per steam generator. The radionuclide distri-
bution would be very similar to that listed in Table 7.

Liquid Releases

The primary sources of liquid effluent during steam generator removal
would be release of the reactor coolant and discharge of laundry waste water.

Release of Reactor Coolant

The reactor coulant system must be drained before removal of the steam
generator can proceed. The reactor coolant water would either be discharged
or, if enough space is available, stored. Where reactor coolant is discharged,
the following calculations and assumptions were used to estimate the water-
borne effluents:

. Assume contamination levels as listed in Table 8.

Reactor coolant will be discharged about 30 days
after plant shutdown.

The decontamination factors for waste-water proces-
sing equipment are listed i? T?ble 9 and are in
accordance wich NUREG-0017.(11

108 g of reactor

There are approximately X
b) in the primary

]
coolant w?ter (~4.1 x 105
system. (6

.9
1

Table 10 lists t! estimated liquid release by radionuclide for discharge
of reactor coolant.

Release of Laundry Waste Water

Releases of laundry waste water were estimated using the expected activities
listed in Table 11, and assuming a discharge of approximately 22,000 gal/day(ﬁ)
for about 180 days. The decontamination factors that might effect the laundry
waste are listed in Table 9. Since processing of the laundry waste water is
not anticipated, Table 12 Tists the estimated liquid releases from this path-
way for both treated and untreated laundry waste water.

SOLID WASTES

The amount of solid waste released (not including the steam generator
itself) has also been estimated. Solid wastes generated during removal and
replacement of the steam generators will include the plastic (or other material)
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and wood used to construct containment envelopes, concrete removed from
bioloaical shields, HEPA filters and a small amount of disposable clothing.
For each steam generator, approximately 60 yd2 (50 m2) of plastic and 300 ft
(91 m) of two-by-fours will be used to construct containment envelopes around
the reactor coolant piping. About 20 yd3 (15 mK)(G) of concrete per steam
generator will be removed. Several HEPA filters used in the containment
envelope will be disposed of following completion of the operation.

Liquid slurry collected during removal of concrete will be solidified
and sent to a disposal site. Since the concrete is only slightly radio-
active, the slurry will need no special handling.

Most of the clothing will be laundered, but some will be disposed of.
Rags and paper used during the operation will also be packaged and disposed
of. A1l this material will be low activity waste and amount to approximately

1000 yd3 (760 m3)(6) of waste per steam generator.

Waste generated during weld and prep operations will also be disposed
of as radioactive materiai. Material used for supporting and moving the steam
generator within containment, temporary shielding, scaffolding, the reactor
cavity cover, etc., should not become contaminated during the operation and
can, therefore, be reused. One exception to this is any temporary shielding
used inside of contamination envelopes. This shielding may become contaminated
and should either be disposed of or decontaminated.
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TABLE 3. Exposure Rates in Steam Generators by Location

Measurement Point

Exposure Rate (R/hr)

Location

1 0.05
2 0.2
3 0.2
4 0.2
5 {a)
5 0.5
7 {a)
8 1
2 2
10 2
1 {a)
12 3.5
13 10.5
14 10.5
15 (a)
16 10
17 10
18 30
19 37
20 22
21 30
22 i8
23 22
21 1.2

(a} No measurement taken.

Manway

Waist high in center of and next to
perforated plates

1 ft above deck plate

Feedwater ring

Flow resistance plate

Hand hole

Tube sheet

Hot leg
Coid leg

Manway
Work platform

- S U L VO S TR P WP GIY WYy 1 7= PO P e DU T L AP B PRy Sl 1 U e oy ) B S P Pt £ Y i
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FIGURE 7. Source Locations in Steam Generator(m’

Note: Points in () are located 180° opposite
those shown. Steam generator water level
is at zero in the primary and at ~47%
in the secondary side.



TABLE 4. Sources of Steam Generator Radiation Fields

Relative Amount(a)

Radionuclide EOC 1 EOC 2
*1Cr 0.80 0.60
74Mn 0.050 0.050
59Co 1.0 1.0
“IFe 0.035 0.020
69Co 0.16 0.42
952r 0.04 0.020

(a) Relative to 5%Co.

TABLE 5.
Radionuclide

Rty |
““Mn 3
58Co 65
*9Fe 3
0Co 26
95Zr 2

309 EFPD

_EOC 1

(a) Effective full power days.

(2)

percent of Total Radiation Field

Sources of Radiation Fi
As a Function of CFPD(a

604 EFPD
EOC 2

1
2
46
1
49
1

14

EOC 2

l?s in Steam Generators
2)

916 EFPD
752 EFPD EOC 3
0.2 o
1 0.8
28 29
70 70
0.6 0.2

i



TABLE 6. Contamination Levels in Piping
and Steam Generator

Component Contamination Level, ;‘Ci/cm2
RCS Piping(]?%o) 86
Other Piping 6.2
Steam Generator (6)

Primary Side 68

Secondary Side 10-3

TABLE 7. Estimated Activities o? Stsam ?enerator
Primary Side Surfaces (a,b) (6

Activity, Activity,
Radionuclide uCi/cmeé Radionuclide uCi/cmé
5500 26.03 131 4.5 x 107
60Co 18.1 1521 4.5 x 10,
54Mn 2.03 1 1977 4.5 x 10 _,
5?Fe 4.65 x 10 i“DCS 6.74 x 10,
Sicp 1.35 “0Ba 4.5 x 10°
I57p 2.25 1411 4 1.35x 3
95Nb 3.15 thlCe 1.6 x 10
Mg 4.5 x 10 239Ce 3.72
103Ry 1.5 Np 4.8
TOTAL 68

(a) The activities are based on actual Turkey Point data.
(b) Activities listed are extrapolated to 7 years of commercial operation.

15
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TABLE 8. Radionuclide Concentrations in Reactor Coo\ant(n)

Half-Life Concentration, Half-Life, Concentration,

Radionuclide days uCi/q Radionuclide days uwCi/g

W a.516+03(2) 1. 06400 106RN 3.46£-04 .0E-05
LéN 8.22E-05 4.0E+01 125M1e 5.80E+01 .9E-05
Sige 2.776+01 1.9£-03 127Mre 1.09E402 .8E-04
5 Mn 3.136+402 3.1€-04 1277 3.90£-01 .5E-04
““Fe 9.86£+02 1.6£-03 129Mre 3.36E+01 4E-03
“9Fa 4.46E+40) 1.0€-03 1297¢ 4.83€-02 .6E-03
"BCo 7.08E+01 1.6£-02 131Mre 12.5E40 .SE-03
82Co 1.93E+03 2.0£-03 1917e 1.74E-02 1E-03
gy 9.96£-02 4.8E-02 1117g 3.26£+00 7E-02
Segr 2.21€-02 2.6E-03 1301 5.15£-01 JE-03
“gr 1.99€-03 3.06-04 131 8.04E+0 L7€-01
55 Rb 1.87E+01 8.5€-05 Lily 9.5E-02 .0E-01
58 pp 1.24E-02 2.0E-01 133] 8.67E-01 .8E-01
B89y 5.06£+01 3.5E-04 13 3.65E-02 TE-02
205r 1.04E+04 1.0€E-05 1351 2.75€-01 L9E-01
gy 3.96E-01 6.56-04 13kcg 7.536+02 .5E-02
80 2.67E+00 1,2E-06 136(s 1.31E+01 L3E-02
91Mmy 3.45£-02 3.6E-04 117¢s 1.10E404 .BE-02
Sly 5.816401 6.4E-05 11y 1.78€-03 L6E-02
93y 4.21£-01 3.4E-05 140Ba 1.28E+01 . 2E-04
52r 6.40E+0) 6.0E-05 140La 1.68E+0 .SE- 04
¥5Nb 3.52E+01 5.0E-05 141ce 3.25E+01 .DE-05
S Mo 2. 75640 8.4E-02 thice 1.38E+0 .0E-05
EL s O 2.51E-0 4,8E-02 e 2.84£102 . 3E-05
10 %Ry 3.936+01 4.56-05 14 3pp 1.36E+01 .0E-05
10ERy 3.68E402 1.0£-05 l4kpy 5.00E-03 . 3E-05
103Mpn 3.90E-02 4.5€-05 L39Np 2.35E400 . 2E-03

T P . N U ST ——

(a) 4.516403 = 4.51 x 10°

TABLE 9. Decontamination Factors Used to
Calculate Liquid Effluents

Decontamination Factors

Process Equipment 3_;4_ lodines Cs & Rb  Others |
Mixed Bed Demineralizer 1 10 2 10
Radwaste Evaporator 1 103 10‘ 10‘
Evaporator for Laundry Wastes 1 10? 102 102
16
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TABLE 10. Estimated Releases Due to, Discharge
of Reactor Coolant Water (a

Radionuclide Release, Ci

H 1.9£+02'0)
S1cp 1.7€-06
54Mn 5.56-07
55Fe 3,0E-06
59Fe 1.2E-06
58Co 2.3E-05
60Co 3.8E-06
36Rb 2.6E-07
B9 4.4€-07
308y 1.9€-08
30y 1.9€-08
Ily 8.5E-08
357y 8.2E-08
95Nb 5.3E-08
99Mo 8.3E-08
103Ry 5.0E-08
WeRy 1.8E-08
125MT1e 3.8E-08
127Mre 4.4€-07
129MTe 1.4E-06
131Mye 2.8E-13
1927e 8.7E-08
1317 3.9€-04
133] 2.7E-13
134¢s 2.3E-04
136Cg 2.5E-05
137Cg 1.7€-04
140Ba 8.2E-08
1401 3 1.2E-12
lhlce 7.0E-08
14ice 2.1€-14
1b4Ce 5.8E-08
143pp 2.0E-08
239Np 3.3E-10

(a) For a three steam generator power plant.

(b) 1.9 E+02 = 1.9 x 10°.
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TABLE 11. Estimated A?t;vities in Laundry
Waste Water(®

Radionuclide Concen;ration,uCi/cm3
58C0 6.76-6(2)
80Co 5.0E-6
1570y 5.4E-6
134Cs 6.5E-7
%Mn 7.3E-7
1311 1.1E-7
6

(a) 6.76-6 = 6.7 x 10°

TABLE 12. Estimated Liquid Release Due to
Discharge of Laundry Waste Water (per unit(a))

Radionuclide Release, Ci
With Processing No Processing
54Mn 1.1€-4 1.1E-2
58Co 1.0E-3 1.0E-1
60Co 7.5E-4 7.5E-2
1311 1.7E-8 1.7€E-3
134cs 9.8E-5 9.8E-3
137¢s 3.1E-4 3.1€E-2

(a) It is assumed that a unit consists of three steam
generators.
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STEAM GENERATOR REMOVAL AND REPLACEMENT PROCEDURES

Maintenanc: activities considered in assessing worker exposures from
the removal of contaminated steam generator components have been grouped
into three categories: post-shutdown preparation, removal, and installation.

POST-SHUTDOWN PREPARAT ION

Following reactor shutdown, removal of fuel to the spent fuel storage
pool, and primary system drainage, containment work areas are surveyed and
generally decontaminated as necessary. Where required, temporary shielding
is installed. Working areas are prepared with the assembly of prefabricated
scaffolding and the installation of a cover over the reactor cavity. A por-
tion of the biologica® shield wall and insulation on the steam generator
and associated piping are removed. Contamination control structures and
filtration systems are installed in areas where activities may generate
airborne contamination. The containment polar crane is inspected and tested,
and equipment for transporting the lower steam generator section out of the
containment is prepared.

REMOVAL

Piping associated with the steam generator is cut at the nozzle and a
distance away to allow clearance for 1ifting the steam generator out of
position (see Figure 8). This piping includes the steam line, feed-water,
reactor coolant inlet and outlet, and miscellaneous smail pipes. The steam
generator wrapper is cut to disconnect upper and lower steam generator
internals. Access to the wrapper is through the steam dome manway. The
steam generator shell is cut at the transition cone (see Figure 8) and the
steam dome is lifted clear and set down horizontally. Primary system pipe
ends and steam generator pipe ends are plugged to prevent the spread of
contamination and to reduce the radiation field. The steam dome internals
are inspected and repaired or replaced as necessary. Following removal of
steam generator supports and snubbers, the unit is lifted clear with the
polar crane, set down on a special transfer cart near the equipment hatch,
and transported to an interim storage location (see the Appendix). Follow-
ing steam generator removal, cut-away pipe sections and contaminated wastes
are removed from the containment. General and working areas are maintained

in a clean condition.
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TABLE 13. Post-Shutdown Preparation (per Steam Generator)

Event Description

|

2.

10.

Unload entire core.

Survey containment work areas, perform local decon-
{amination, and shielid areas where necessary.

Install cover over the reactor cavity to provide
protection to the reactor vessel and associcted
equipment and to provide a contiguous work area.

Assemble special prefabricated scaffolding to
permit access to all work areas.

Remove biological shield wall and transport
debris from the containment

Remove insulation from steam generators, feed-
water piping, steam line piping, reactor coolant
piping, and other components and transport debris
from the containment.

Install local control structures, such as tents,
ducting, temporary filters, etc.

install the steam generator transport system, e.g.,
rails, inside the containment and on equipment
hatch.

Enlarge and/or reinforce equipment hatch platform
outside of the containment.

Inspect and test containment polar crane.

Exposure Personnel
Rate, R/hr Involved
0.03 Operators
Laborers
0.2 Laborers
0.05 Boiimakers
0.2 Carpenters
6.1 Laborers
0.1 Pipe Fitters
6.2 Carpenters
0.01
0.0
0.0 Mill Wrights

Operators
Laborers

Event
Duration, Exposure,
man-hr man-rem Comments
650 20
249 48
120 6 Heavy duty steel for
Taydown area.
80 16
240 28 25% of biological
shields removed - all
reinforced concrete.
329 32
576 118 Around reactor coolant
piping. 60 yd2 of
piastic; 300 ft of
2 x4
500 5
190 1
128 1.2

e e e
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Exposure
Rate, R/hr

Event Description

TABLE 14. Removal (per steam g=nerator)

Personnel
Involved

fvent
Duration,
man-hr

Exposure
man-rem

Comments

1. Remove miscellaneous small piping, such as blowdown 0.1
piping, and instruments and contrels, such as Tevel
transmitters, to facilitate removal of the steam
generator,

2. Cut steam line piping at the steam nozzle on the 0.1
upper shell and downstream to allow a section of
the piping to be remove! so that the upper and

n lower shells can be fitted.

: 3. Cut feedwater piping at its junction with the upper 0.1
. shell and ypstream from the junction to allow a sec-
§ tion of the piping to be removed so that the upper

and lTower shell can be remgved,

£

4. Cut and remo.~ reactor coolant inlet and outlet 0.5
piping. A sec.’:r f the hot leg (inlet) piping
{an elbow) will be -emoved by cutting the pipe
at the steam generator nozzle and on the outlet
side of the reactor coclant system isolation
valve. A larger section of cold leg (outiet)
piping, consisting of two elbows and two straight
sections, will be removed by cutting the pipe
at the steam generator nozzle and upstream from
the reactor coolant pump.

5. CLut steam generator wrapper and internal blowdown 2.0
piping to facilitate 1ifting of the upper shell.

Cut steam qgenerator shell on the transition 0.1
cone .

Lift off the upper shell of the steam _enerator 0.1
with the polar crane and store in the containment.

Pipe Fitters

Pipe Fitters

Pipe Fitters

Pips Fitters

PR )

Pipe Fitters

Iron Workers

160

128

100

192

40

16

13

10

190

190

Cut six 6-in pipes and
six 2-in pipes.

« ‘in.~-thick piping.

Pipe end preparation

not inclyded. Shield-
ing on reactor coolant
pump and channel head.

Access through upper
shell manway.
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TABLE 15. Installation

Exposure
Rate, R/hr

Event Description

Personnel
Involved

Deliver replacement steam generator lower assembly
by barge.

Lift the steam generator lower assembly from the
transporter onto the equipment hatch platform by
means of mobile crames. Move it throuch the
equipment hatch and into the containment using
the containment transport system

Transport the assembly to a Fesignated location
within the containment arZ upend it using the
polar crane. Lift the assembly vertically and
move it to a position over the steam generator
supports. Lower the assembly into piace in
the supports. Temporary positioning devices
(e.q., jacxs) may be installed to facilitate
the positioning of the lower assembly without
the use of the polar crane.

Reassemble and/or reinstall the steam generator
support system.

Install new moisture separation equipment,
foedring, and other internal components in
the upper shell. Prepare mating surface of
upper shell for welding to lower assembly.

Lift upper steam generator shell into place
and align with 1) wer assembiy. Temporary
positioning devices may be used to facilitate
alignment without the use of the polar crane.

Weld the upper and !ower assembliies together,
stress-relieve, and inspect.

0

0.04

0.05

0.01

0.01

9.01

Mill Wrights
Laborers
Operators
Iron Workers

Pipe Fitters

Pipe Fitters

Iron Workers

Mill Wrights
Operators

Iron Workers

Event
Buration, Exposure
man-hr man-rem Comments
160 6.4
580 27 Supports generally
in place.
600 6
120  PY
2,500 25




i
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TASLE 15 (Cont'd)

Event Description

10.
1.
12.

13.

4.
5.
16.

7.
18.

Weld the steam generator wrapper to the upper inter-
nals and inspect.

Install the reactor coclant pipina.

Fitup, weld, and inspect the main steam piping.
Fitup, weld, and inspect the feedwater piping.

Install miscellaneous piping {e.g., blowdown)
instrumentation and controls which were removed.

Construct biologicai shield wall, repair crane
wall and other concrete structures which were chipped.

Clean affected systems and work areas.
Install insulation.
Remove scaffolding.

Remove cavity cover
Reload core.

Event
Exposure Personnel Duration, Exposure,
Rate, R/hr Invoived man-hr man-rem Comments
0.M Pipe Fitters 2,000 20
0.25 Pipe Fitters 4,000 1,000 Pipe end preparation
Radiographers in:luded.
6.0 Pipe Fitters 182 1.9
0.01 Pipe Fitters 150 1.5
0.01 Pipe Fitters 205 2
0.01 Carpenters 500 5
Cement Finishers
0.01 Laborers 70 0.7
0.01 Pipe Fitters 450 4.5
0.05 Carpenters 80 4
0.05 Carpenters 32 1.6
o.M Operators 500 5
Laborers



(a) Event numbers correspond to those on Tables 13-15.
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TABLE 16. Reduced Man-Rem Estimates
(a) Exposure ,man-rem
Event Man-Rem Saving Technique With Technique Without
Post-Shutdown Preparation (from Table 13)
2. Survey, clean and shield Water level remains high, 24 ag
work areas. Reduce dose rate from 0.2
to 0.1 R/hr.
4. Assemble scaffolding. Water level remains high. 4 16
Reduce dose rate from 0.2
to 0.05 R/hr.
5. Remove biological shield. Water level remains high. 12 24
Reduce dose rate from 0.1
to 0.05 R/hr.
6. Remove insulation. Water level remains high. 16 32
Reduce dose rate from 0.1
to 0.05 R/hr.
7. Install local contro! Water level remains high. 60 115
structures. Reduce dose rate from 0.2
to 0.1 R/hr.
Man-rem savings 120
Removal (from Table 14)
1. Remove miscellaneous small Water level remains high. 6 16
piping. Reduce dose rate from 0.1
to 0.03 R/hr.
2. Cut steamline piping. Water level remains high. 4 13
Reduce dose rate fram 0.1
to 0.05 R/hr.
3. Cut feedwater piping. Water level remains high. 5 10
Reduce dose rate from 0.1
to 0.03 R/hr.
4. C(Cut and remove reactor Use rte nutcing device. 70 190
coolant inlet and outlet Reduce ~ = . . man-hr in
piping. radiation &
6. Cut steam generator shell, Same as 4. 10 19
9. Disassemble steam generator Water leve « ns high 18 72
supports and remove lower during suppa * sassembly.
assemblies, Reduce dose - .* from 0.2
to 0.05 R/hr.
Man-rem savings 200
Installation (from Table 15)
9. Install reactor coolant Use remote welding devic~. 500 1,000
piping. Reduce number of man-hr in
radiation zone.
Man-rem savings 500
Total man-rem savings 820



COMPARISON OF ANALYSES WITH UTILITY EXPOSURE ESTIMATES

Worker exposure estimates from the Virginia Electric and Power Company
(VEPCO) Surry Power Station(7) and the Florida Power and Light (FPL) Turkey
Point Power Station(ﬁ) are compared with the results of these analyses in
Table 17. Although comparison is hampered by the varying levels of detail
between the estimates, it is readily apparent that the utilies' exposure
estimates are consistently lower than those presented in this report.

High-exposure activities are generally those involving work in the
vicinity of reactor coolant piping and the U-tube section of the steam
generator. Specific high-exposure activities include the following:

Cut and remove reactor coolant piping
Cut steam generator wrapper

+ Remove steam generator supports

+ Install reactor coolant piping.

Certain activities in relatively low-radiation zones result in large
exposures due to the large number of man-hours involved.

28



TABLE 17. Comparison of Exposure Estimates

verco'?) et (6)
Thi or Surry Turkey Point
_Event generator  Unit®) bore (8:b) per Unit(d)

PREPARATION - Total 150-270 450-810 640 185
Containment preparation 130-240 600 92
Remove insulation 15-30 42 63

MOVAL - Total 350-550 1100-1700 470 480
Cut steam generator shell 10-19 37
Cut steam generator wrapper 190 93
Cut reactor coolant piping 70-140 150 103
Cut main steam feedwater, and 17-39 13 ‘
miscellaneous piping j
Lift off steam dome 4 ,:
Remove steam generator supports 18-72 16 1
Remove steam generator lower shell 7 32 39 |
Remove moisture separation 20 2 103 1
equipment
Miscel janeous 13 220 140 “
INSTALLATION - Total 600-1100 1800-3300 490 470 ]
Install lower steam generator shell 33 10 |
Install reactor coolant piping 500-1000 68 i
Install new moisture separation : 46 :
equipment
Lift steam dome into place 1 ‘
Meld steam generator 25 27
Weld steam generator wrapper 20
Install main steam, feedwater, 5 63 :‘
and miscellaneous piping ‘
Install insulation 5 58 '
Miscellaneous 21 220 ?
OTHER MISCELLANEOUS ACTIVITIES .- ggg{” 200
TOTAL 3300-5800 2000 1300

(a) Assumes a three-loop unit.
{b) Rounded to two significant digits.
{¢c) Estimate for post-installation and startup activities.
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APPENDI X

STEAM GENERATOR DISPOSAL

The steam generator lower assemblies, whon removed, represent the largest
source of radioactive waste to be disposed of following repair operations.
This disposal effort should be thought of as independent of the repair effort
and will be evaluated as such. Actual data gathered at Turkey Point(7) and
data presented in NUREG-0395(10) indicate that each lower assembly will contain
approxivately 1000 Ci consisting primarily of 58Co and 60Co.

THE OPTIONS

Several options exist for disposal of the old steam generators. The options
include, but are not limited to:

Lang-term onsite storage
Interim ons:te storage

Immediate cut-up and shipment
(a) with no decontamination
(b) with decontamination

« Shipment intact

Each of these opticns will be addressed briefiy in the following discussion.
In all cases, when the steam generatoyr lower assemblies are removed from con-
tainment, they are sealed to prevent release of radicactive material. The
external contamination on the steam generators is less than limits of accept-
able surface contamination as outlined in Requlatory Guide 1.86.(]2)

Long-Term Onsite Storage

A temporary onsite facility can be constructed for storage of the lower
assemblies until shipment to a licensed land-burial site can be arranged, the
plant is decommissioned, or sufficient time has passed for the radioactivity
to decay to levels that would make cut-up and shipmerit easier.

Since the steam generators are sealed prior to removal from containment,
the only radiological problem associated with onsite storage is direct radia-
tion. Shielding can be provided to ensure acceptable exposure rates external

to the storage facility.
31
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Although total enclosure of the sealed steam generators may not be
required, it might be prudent and advisable to provide it. A structure that
does rot provide full enclosure of the stored steam generators will require
certain precautionary measures to ensure the integrity of the sealed steam
generators. Measures which will be used are fenced and locked or guarded
perimeter, maintenance of the steam generator shells (painting to prevent
rust), monitoring of the seals to ensure no loss of inteqrity, drains with
radiation monitors for rain water, and smear tests to ensure external con-
tamination remeins below that designated in Requlatory Guide 1.86.(]2) This
list is by no means exhaustive. A1l measures necessary to prevent release of
radioactive material to the environs and intrusion by people or animals into
the storage area should be taken. A complete enclosure would reduce the chance
of tampering and decrease the need for security quards. Access should be
provided for surveillaice of the steam generator seal integrity, either by
in-place monitoring equipment or by periodic surveys through ports provided
for this purpose.

The radioactive material within the steam generators is immobile. There-
fore, if seal infegrity is lost, a release to the environment is unlikely.
Nevertheless, a surveillance program will be necessary and should include
visual inspections of the lower assemblies, radiation surveys of the area,
and swipes of the weld:s sealing the openings, depending on the design of
the storage facility.

Interim Onsite Storage

Several options for future disposal may be ava'lable if onsite storage
is chosen initially. It might at some time become a viable and competitive
option to ship steam generators intact to an offsite disposal facility. More-
over, radioactive decay during lona-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 segmented 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 viable alternatives for shipment.
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The lower assemblies can be cut into segments suitably sized for the
chosen method of shipment. Since the expected curie content of the lower
assemblies is about 1000 Ci, and the weight of an assembly is over 200 tons,
the cut-up sections can be packaged in strong, tight packages and shipped as
low specific activity (LSA) material.

Cuttina operations or the steam generators should be performed in enclo-
sure envelopes to minimize the spread of airtorne activity. These enclosures
should be provided with a HEPA filtration system to reduce any potential
releases to the environment and should be designed to allow the use of remote
cutting techniques to reduce personnel exposure. Temporary shielding should
also be available to further reduce personnel radiation exposure.

[f truck transport is used, a larger number of packages would be required
to accommodate the lower limit.

At the present time, the most probable means of shipment is a combination
of truck and rail transport. Rail can be used to transport the channel head
and tube sheets, and truck to transport other pieces.

Shipment Intact

The only means of shipping steam generator lower assemblies intact is
via barge. This method involves the least amount of handling onsite. At the
present time, however, receipt capabilities at a licensed burial facility are
2ot available. This may become a viable option in the “uture. This means of
shipment is also available if a steam generator vendor or a research organiza-
tion should purchase the component for use in a materials study.

RADIATION EXPOSURE ESTIMATES

The radiation exposure to workers from various operations during steam
aenerator dispc-al are presented in Table A-1. These operations are applied
to the appropriate disposal options and the resultant man-rem estimates listed
in Table A-2. The man-rem estimates should not be taken at face value, but
rather used as a gquide for the various options listed.

If steam generators are cut up for disposal, a significant benefit is
derived from short-term storage of the components. Within 5 years of removal,
the exposure rate has been reduced to 40% of the initial value. At 10 and
15 years, the exposure rate has been reduced to 20% and 10%, respectively, of
the initial value.
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Once the steam generztors are removed, they can be much more easily decon-
taminated. This decontamination process can result in significant man-rem
savings during the segmenting process.

Table A-3 shows a comparison of the man-rem exposures calculated in this
section with those calculated by Florida Power and Light.

RADIOACTIVE EFFLUENTS

The presence and amount of effluents will vary depending on the disposal
option chosen. If onsite long-term storage is chosen, there will be no release
of radioactive material. If, at any time, the steam generators are shipped
intact to another location, there will be no release. For other options, the
amount of radioactive material released will depend on the holding time or the
decontamingtion level. Table A-4 lists the potential airborne effluents for
various disposal options. (It is assumed that there will be no liquid effluent.
The only option that would lead to a waterborne release is cut-up of the
generator, combined with chemical decontamination. In this case, however, it
is assumed that all contaminated liquid will be solidified, packaged, and
shipped to a disposal site.)

Calculation of Airborne Effluents

The following calculations are for cut-up of steam generators, with no decay
and no chemical decontamination. Other airborne releases are fractions of those
listed here. The total release to the environment should be about 4.2 x 10'2 i

Cutting the U-tubes for packaging:
3/8-inch (0.95-cm) kerf
+ 21-mm diameter
« 3400 tubes

e 300 x 2. cmx " x 0.9 em= 2.1 x 10
material vaporized per cut

+ 68 uCi/cm2 on the interior of the tubes
. 2.1 x10% on® x 68 uCi/em® = 1.4 x 10° uCi released

It is 1ikely that two such cuts will be made to
facilitiate packaging.

« Decontamination factor = 102 (1 HEPA filter preceded by a demister)
+ Release to the atmosphere is 2.8 x 104 uCi.

4 cm2 of
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Cutting out the channel head and tubesheet:
(1) Cut around circumference of channel head
. 3/8-inch (0.95-cm) kerf

220-cm inside diametgr

220 x 0.95 = 660 cmz of material vaporized

« 68 C‘i/cm2 on the interior surfaces
. 660 cn? x 68 Ci/cm? = 4.5 x 10° LCi released
. Decontamination factor = 102 (1 HEPA filter preceded by a demister)

Release to atmosphere is 450 .Ci.

(2) Separate tubes from tube sheet by cutting
+ Same release as calculated for cutting tubes
One cut necessary
Release to atmosphere is 1.4 x 104uC1.

CONCLUSION

Currently, the options for steam generator disposal under serious consid-
eration are onsite long-term storage and immediate cut-up and shipment to a
licensed disposal site. Of these two, long-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 exposure and from a purely economic standpoint. If chemical
decontamination is used prior to cut-up, a significant savinys in radiation
exposure results. This option, however, with its associated waste handling
problems and liquid radwaste treatment requirements, could add a significant
additional cost to an already expensive option.

Especially from an exposure standpoint, temporary onsite storage of the
steam generators results in a significant savings. The additional possibility
of future intact shipment to a disposal site makes temporary onsite storage
an option well worth considering.

3%
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TABLE A-1.

Duriug Disposal of Steam Generatsrs

Exposure Rate,

Time Estimate,

Dose,

Exposure, Time, and Man-Rem Estimates for Various Operations

Operation R/hrla) man-hr man-rem(2) Comments
Move steam generator to storage 0.03 80 2.4
or cut-up facility, deposit and
seal facility
Monitoring of steam generator 6.005 50 per/yr 7.5
in sealed storage facility for
about 30 years
Move steam generator to barge, 0.03 80 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 ---{12) About 24 of the 50 man-hr will be
for decontamination of interior spent in radiation zone where
of steam generator U-tubes welders will connect flange.
Decontaminate interior of steam ---{0.1) 100 ---(10}) Most of this operation will be
generator. Treat radwaste with done remotely. Some hands-on
mobil system and package waste work may, however, be required
for shipment
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)
sheets. Package for shipment
Cut out U-tubes and package 1 (n.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.
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TABLE A-2. Comparison of Man-Rem Estimates for Steam
Generator Disposal Alternatives

Approximate Man-Rem

Option per Steam Genzrator
Long-term storage with intact shipment 10
Long-term storage with cut-up and shipment 16
Shorter-term storage with cut-up - at § yr 230
- at 15 yr 60

Immediate intact sh1pment(°) 2.4

Immediate cut-up and shipment by rail/truck - 580
no decontamination

Immediate cut-up and shipment by rail/truck - 270
with chemical decontamination

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

TABLE A-3. Comparioson of Estimated Occupation Exposure
for Steam Generator Disposal (for three steam

generators)
Man-Rem

Option This Report FPL
Long-ter:: storage with intact shipment 30 0.5-1.5
Long-term storage with cut-up “nd shipment 50 10 -20
Shorter-term storage with cut-up - at 5 yr 690 .-

- at 15 yr 180 .-

Immediate intact shipment 7 e
Immediate cut-up and shipment by raii/truck - 1700 750-1500
no decontamination
Immediate cut-up and shipment by rail/truck - B10 125-550

with chemical decontamination

TABLE A-4. Comparison of Airborne Effiuents for Steam
Generator Disposal Alternatives

Approximate Airborne

Option Release, Ci

Long-term storage with intact shipment Negliqible(°)
Long-term storage with cut-up and shipment 0.005
Shorter-term storage with cut up - at 5 yr 0.026

- at 15 yr 0.015
Immediate intact shipment Neglig1ble(’)
Immediate cut-up and shipment - no decontamination 0.042
Immediate cut-up and shipment with decontamination 0.010

{a) Since the steam generator will be sealed before it is removed from contain-

ment, no release of radioactive material is expected during these operations.
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