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February 18,1992
Fort St. Vrain
Unit No.1
P 92064

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

ATFN: Dr. Seymour H. Weiss, Director
Non Power Reactor, Decommissioning and
Environmental Project Directorate

Docket No. 50-267

SUBJECT: PSC RESPONSE TO NRC REQUEST FOR ADDITIONAL
INFORMATION ON THE FORT ST. VRAIN PROPOSED
DECOMMISSIONING PLAN - QUESTIONS NO. 9,12, & 14

REFERENCES: (See Attached)

Dear Dr. Weiss:

The purpose of this letter is to respond to the NRC's Request for Additional
Information (RAI), fonvarded to Public Service Company of Colorado (PSC) in
Reference 1. The NRC RAI was developed based on the NRC review of a
revision to the Proposed Decommissioning Plan for the Fort St, Vrain Nuclear
Generating Station. and a PSC response to the previous NRC RAI (dated
February 8,1991), that were submitted to the NRC in References 2 and 3. As
committed in Reference 4, this submittal provides specific PSC responses to NRC
Questions No. 9 (PCRV Dismantlement Activities), No.12 (PCRV Top Head
Concrete and Liner Removal), and No.14 (Core Barrel Removal).-

,

If you have any questions related to the contents of this letter, please contact Mr.
M. II, Holmes at (303) 620-1701.

Sincerely yours,

bW
76uwkn[D. W. Warembourg

Manager,- Nuclear Operations
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ec: Regional Administrator, Region IV

Mr. J.B. Baird
Senior Resident inspector
Fort St. Vrain

Mr. Robert M Quillin, Director
Radiation Control Division
Colorado Department of liculth
4210 East lith Avenue
Denver, CO 80220
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REFERENCES

(1) NRC letter, Erickson to Crawford, dated August 30,1991 (G 91178)

(2) PSC letter, Crawford to Weiss, dated July 1,1991 (P 91217)

(3) PSC letter, Crawford to Weiss, dated April 26, .1991 (P-91118)

(4) PSC letter, Crawford to Weiss, dated December 6,1991 (P-91423)
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NRC Ouestion No. 9 (Section 2.3.3.1: PCRV Dismantlement Activities)

li'hile PSC has addressed some of our concerns, PSC must s' ' unit the final dismantling
methods and a supporting safety analysis for NRC review. Altem ely, provide description and

safety analysis for potential options that may be used. Inchtdc eatuations of and methods to
minimize personnel errosure in your safety analysis.

NRC Ouestion No.12 (Section 2.3.3.7: PCRV Too Head Concrete and Liner Removal)

" Provide a safety analysis ofprocedures being developed to minimize personnel erpos'tre. I11:at
marimum radiation levels are erpected at worker locations during removal of radioactive
components? Neither the April 26, 1991 response nor the July 1 revision to the
Deconunissioning Plan provide this infomtation."

NRC Ouestion No.14 (Section 2.3.3.9: Core Barrel Removal)

"The July 1,1991 revision selects a thermal cutting method for core barrel removal. Provide
procedures and related safety analysis for minimization of occupational crposure to personnel. "

fSC Resoonse:

In PSC's response to NRC RAI Question No. 9 in the PSC letter dated December 6,1991
[1], PSC and the Westinghouse team identified nine specific dismantlement activities to be
performed inside the PCRV for which detailed descriptions and safety analyses would be
prepared. PSC committed to provide detailed evaluations for the following activities:

Water Cleanup and Clarification System (NRC RAI Questions 11 and 38)*

Removal of Top Head Concrete and Liner (Question No.12)
Removal of Ilex Blocks with Hastelley Cans (Question No.13)

;

Removal of Core Barrel and Keys (Question No.14) '

Removal of Hex Blocks without Hastelloy Cans
Removal of Side Spacer Blocks with Boron Pins"

Removal of Large Permanent Side Reflectors-
" Removal of Core Support Floor

Removal of Steam Generator Primary Assemblies i

These activities were selected on the basis of criteria discussed with the NRC: (1) potential

9.0-1
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,

for high radiation levels or high occupational exposures, or (2) unique evolutions with a high
degree of difficulty. Per conversations with the NRC staff, both the criteria and the list of
proposed evolutions for detailed evaluation appear to be reasonable.

,

A detailed evaluation was provided for the PCRV Water Cleanup and Clarification System
(Shield Water System) in PSC's response dated January 9,1991 [2]. A detailed evaluation
of the Removal of Hexagonal Blocks with llastelloy Cans was provided in PSC's response
dated December 6,1991 [1]. This submittal provides PSC's remaining detailed evaluations
of the following dismantlement activities to be performed inside the PCRV in response to
NRC RAI Question No. 9, as well as responses to the specific concerns identified above in
NRC RAI Questions No.12 and 14:

RAI Response
_Section Description

9.1 Removal of the PCRV Top Head Concrete and Liner
9.2 Removal of Core Graphite Blocks

llex Blocks without Hastelloy Cans-

Large Permanent Side Reflectors-

Side Spacer Blocks with Baron Pins-

9.3 Removal of Core Barrel and Keys
9.4 Removal of the Core Support Floor
9.5 Removal of the Steam Generator Primary /.ssemblies

t

| 9.0-2

I



.

..
.

..
..

Attachment to P-92064
February 18,1992

9.1 PCRV TOP llEAD CONCRFFE REMOVAL

1. GENERAL DESCRIPTION TOP llEAD CONCRETE AND LINER ,

The dismantling approach described in . Section 2.3 of the Proposed
Decommissioning Plan [3] requires the removal of the PCRV top head to gain
access to the reactor core components, This activity is unique due to its safety
concerns related to handling _of heavy components, potential for the spread of
contamination and occupational radiation exposure. Therefore, the removal of
the hexagonal concrete prism (37% feet across the flats,15% feet thick, and
approximately 1500 tons) is discussed in this evaluation. A discussion of the
removal of the 31 foot diameter section of PCRV liner plate, insulation and
concrete that remains after the hexagonal prism is removed and that forms the
top of the reactor cavity is also provided.

As described in Section 2.2.2 of the PDP, the 15% foot thick PCRV top head is *

constructed around a 3/4-inch low carbon steel liner which forms the internal
PCRV cavity. This liner is anchored to the concrete at frequent intervals. The
prestressing tendons are located in conduits made of carbon steel tubing and
embedded in the PCRV concrete. The cutting of the top head concrete will be
performed by a diamond wire cutting process. The proposed dismantling process
is described in Section 2.3.3.7 of the PDP (excerpts of Section 2.3.3.7 of the PDP

are attached for information and as a reference). This process has been
developed to limit the weight of the top head segments to be less than the rated
capacity (170 tons) of the existing Reactor Building crane. Specially engineered

..

lifting attachments will be used to safely handle the heavy components, consistent
with the requirements of 29 CFR 1926 and referenced ANSI standards.

II. DESCRIPTION OF TOP HEAD AND LINER REMOVAL PROCEDUREL

A. Prereauisites For Concrete and Liner Removal

Prerequisite activities that are necessary to begin removal of the top head
concrete and liner include the following:

1. Detensioning and removal of selected tendons as discussed in the i
April 26,1991 response to NRC RAI Question No. 7 [4] and in j

'

9.1-1
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Section 2.3.3.5.1 of the PDP [3].
2. Removal of selected highly radioactive components (control rod

elements and metal clad reflector blocks) from the reactor core
with the Fuel liandling Machine (Film) as described in WBS Nos.
2.3.1.8.2 and 2.3.3.4 of the Decommissioning Cost Estimate [5] and
discussed in Sections 1.5.2 and 2.3.3.4 of the PDP.'

3. Plugging the PCRV cooling tubes, top head penetrations, and
tendon conduits as described in WBS No. 2.3.2.3 of the
Decommissioning Cost Estimate.

4. Removal of helium purification equipment from PCRV top head
wells using the Auxiliary Transfer Cask (ATC) as described in WBS
No. 2.3.1.9 of the Decommissioning Cost Estimate and in Section
2.3.3.4 of the PDP.

7
5. Scaling of PCRV penetrations which are' below the PCRV

waterline and have had their instrumentation removed as discussed
in Section 2.3.3.6.1 of the PDP.

6. Removal of interfering piping, instrumentation, and electrical
components.

7. Flooding the PCRV prior to liner removal and acquiring access to
the PCRV internal cavity as described in Section 2.3.3.6 of the
PDP.

It should be noted that removal of the highly radioactive components with the
FHM is the preferred method to maintain personnel exposure ALARA. Ilowever,
use of the FHM for this purpose is dependent on its operability, and its
availability = has not been relied upon .as the basis for removal of these

- components.

Plugging of the cooling tubes is a necessary requirement to mitigate the spread
of contamination from the diamond wire cutting operation. The refueling
penetrations in the top head in the path of the diamond wire saw will be plugged
after the PCRV.is flooded to limit the amount of cutting slurry entering the

,

PCRV cavity. Certain penetrations will be designated for use to draw air from !

the cavity and provide a negative pressure in the cavity. This air will be
exhausted to the Reactor Building Ventilation System (System 73) for discharge -
and will be monitored for concentrations of tritium and other radionuclides.

9.1-2
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B. Removal Activities

The PCRV top head concrete and top carbon steel liner will be removed in two
phases:

* Removal of 10 large sections of PCRV top head concrete. i

* Removal of a final 2-3 inch thick layer of activated concrete and
the top of the carbon steel PCRV liner.

The first phase, removal of the ten large sections of top head concrete, is
described in Section 2.3.3.7 of the PDP and the cutting sequence is shown in PDP
Figures 2.3-6 through 2.3 9, The concrete sections will be cut using the diamond
wire cutting process, The diamond wire cutting process will utilize appropriate
radiological engineering controls to contain the cutting slurry and control airborne
radioactivity The diamond wire saw uses water as a coolant and lubricant for the
cutting process, llowever, the coolant water is independent of the PCRV Shield
Water System. A water collection system will collect the cutting slurry, decant
the slurry and recycle the water, In addition, airborne and loose surface
contamination control will be achieved by containing the diamond wire path and
drive units (s) in a containment tent (s) served by HEPA ventilation,

i

The first phase activity will account for the majority of the effort that will be
spent to remove the top head concrete and liner. Occupational exposure is
expected to be negligible during the core boring and concrete cutting operations :

on the top head due to the relatively low radiation fields external to the PCRV. '

The second phase, removal of the final thin (2-3 inch thick) concrete layer and
the top of the PCRV carbon steel liner, is also discussed in Section 2.3.3.7 of the

PDP and is depicted in PDP Figure 2.3-9 In this activity, the PCRV-liner plate
and adjoining concrete will be sectioned using a combination of circular water-
cooled concrete saws, a hydraulic concrete breaker and a thermal torch (oxy-
acetylene or oxy lance). The hydraulic breaker will be remotely operated and
th2refore is not expected to involve significant personnel exposure, The concrete
saw is expected to be a hydraulic-driven, track-mounted, manually-operated saw.
Thermal cutting will be performed using a long handled torch (3 to 4 feet).

The concrete saws will be used to score the cut lines around the circumference
ar.d for segmenting cuts. The hydraulic breaker will then chip away the concrete-
to expose the carbon steel liner, The thermal torch (oxy-acetylene or oxy-lance)

9.1-3
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will then be used to cut through the liner, insulation and cover plate to free
sections for removal. The layout and sequencing of cuts will take into
consideration the structural stability during the disassembly process. The

| concrete / liner / insulation disk, after possible further segmentation, will be
| removed to a waste processing area for further segmenting (if necessary for

disposal), segregation and preparation for disposal. Radiological engineering
controls will be utilized to control the dust, smoke and patential airborne
contamination related to this process. A containment will be constructed across
the top of the PCRV, and HEPA ventilation will be provided during these
operations. Personnel required to work within the containments will be required
to wear the appropriate protective clothing and respiratory protection per
Al ARA review and RWP requirements.

Of the two phases, the second phase represents the greatest potential for
personnel exposure. The PCRV liner plate and the few remaining inches of
activated concrete will be uncovered as the final segments of the top head are >

removed. The PCRV liner plate is estimated to have radiation levels of up to
| 600 mrem /hr on contact. This estimated exposure rate is a conservative
| interpretation of information provided in the activation analysis for the bottom

side of the cover plate, insulation, liner plate and activated concrete. As
indicated in Table 9.1-1, workers on the top side of this composite disk are
expected to experience a lower exposure rate since the activated concrete will
provide shielding from the more highly activated ferrous materials of the linct
plate. Shielding for the workers will be utilized as appropriate for the close
operations such as installing the saw tracks, operation of the saw and thermal
cutting.

The procedures and controls to be used to maintain a safe operation and
minimize occupational exposure have been factored into the removal of the liner
plate. These include the following:

1. Access to the exposed PCRV liner plate will- be controlled by
Radiation Protection personnel to ensure positive control and
maintain personnel exposure ALARA.

2, The dose rates on the PCRV liner plate will be determined by
Radiation Protection personnel as it is uncovered, so that
appropriate controls can be instituted.

3. Temporary shielding will be used as necessary to reduce work area
dose rates and maintain personnel exposures ALARA.

9.1-4
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4. Remotely operated equipment will be used, when necessary, to
minimize the time workers spend directly over the liner.

5. IIEPA ventilation and containments will be utilized to control dust,
smoke, and potential airborne contaminants during concrete and
thermal cutting operations.

6. Protective clothing, respiratory protection and dosimetry required
for the various phases of the liner removal will be evaluated and
prescribed, per approved Radiation Protection procedures, during
the pre-job ALARA review and Radiation Work Permit (RWP)
generation.

Ill, RADIOLOGICAL CONSIDERATIONS

A. Decupational Radiation Exposures

The person hour estimate for top head cutting and liner removal, WBS Element
2.3.2.7, includes 21,660 man hours spent on a multi shift operation over a period
of approximately 5 months. It is estimated that 10,830 of those hours willinvolve

personnel exposure to radiation. The total occupational exposure for the top
head cutting and liner removal is estimated at 11.91 person rem (See Table 9.1-
1). As indicated in this table, over half of that total will be expended on the liner
removal operation (7.5 person rem).

B. Offsite Fnposures From Accidents

PDP Section 3.4.3, " Dropping of Contaminated Concrete Rubble Accident",-
postulates the dropping of the concrete rubble from the concrete disc of the top
head. This accident scenario assumes that radioactivity is released from the drop
of a transport container that contains the rubble removed from the six inches of
concrete just above the PCRV top head liner. For this accident scenario it is
assumed that the 6-inch concrete wafer adjacent to the PCRV top head liner
contains 5.9 Curies of Eu-154,3.93 Curies of tritium,32.8 Curies of Fe 55 and
1.43 Curies of Co-60. As analyzed,10 percent (or approximately 7,500 lbs) of the

concrete in the 6-inch concrete wafer has been rubblized and is involved in the
accident. No credit was taken for particulate filtration by the Reactor . Building
ventilation system.

The whole body and bone doses to an individual standing at a point on the
Emergency Planning Zone (EPZ) 100 meters from the Reactor Building were

9.1-5
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calculated to be 4.92 mrem and 54.7 mrem, respectively, in analyzing this
accident, atmospheric dispersion factors were calculated using the guidelines
provided in Regulatory Guide 1.145, " Atmospheric Dispersion Models for
Potential Accident Consequences Assessments at Nuclear Power Plants" [6).
Dose conversion factors were taken from NUREG-0172 [7). This analysis
determined that the radiation exposure to the general public as a result of the
dropping of contaminated concrete rubble is very low. The radiological
consequences from the postulated accident scenario are well within the 25 Rem
whole body dose and 300 Rem to any specific organ guidelines catablished in 10
CFR 100. The radiological consequences are also a small fraction of the one
Rem whole body dose and five Rem to any specific organ guidelines cited in the

EPA Protective Action Guidelines [8].

As presented in Table 3.4 3 of the PDP, tne activation analysis indicates that the
highest concentration of radioactivity in the PCRV concrete is in the 6-inch
increment of the PCRV top head immediately above the top head liner.
Therefore, it can be concluded that the worst accident involving the dropping of
contaminated concrete rubble has been postulated and analyzed in Section 3.4.3
of the PDP.

C. Radioactive Waste Generated

Figure 3.21 of the Decommissioning Cost Estimate provides a tabular listing of
the estimated radioactive waste disposal vohime for each WBS element. The
estimated disposal volume for the contaminated top head concrete is 3744 cubic
feet and the burial classification is " Class A".

IV. SAFETY ANALYSIS CONCLUSIONS

During the PCRV top head removal activities, the radiological hazards will be
monitored and evaluated on a routine basis. All work activities associated with
the removal of the top head concrete and liner will incorporate effective '

radiological controls to maintain occupational radiation exposures within
regulatory limits and as low as reasonably achievable (ALARA), consistent with
dose-limiting provisions of 10 CFR 20, as well as both Regulatory Guides 8.8 [9]

4 and 8.10 [10]. All workers will be provided instructions in radiation protection
concepts commensurate with the radiological hazards that they will encounter
during the removal of the top head concrete and liner, including instructions
concerning actions required during unusual conditions.

9.1-6
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It is estimated that the removal of the top head concrete and liner will result in
a total occupational radiological exposure of 11.91 person Rem. Personnel
occupational exposures will not be in excess of allowable 10 CFR 20 limits for
occupational radiation exposure, Furthermore, postulated accidents involving the
top head concrete and liner will result in offsite radiological consequences that
are a small fraction of the guidelines established in both 10 CFR 100 and EPA
Protective Action Guidelines [8], It is therefore concluded that the activities
associated with the removal and disposal of the top head concrete and liner will
not pose an undue risk to the health and safety of the general public nor to the
occupationally exposed decommissioning workers.

.

9.1-7
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TAlli.E 9.1 1
OCCUPATIONAL RADIA'llON EXPOSURE ESTIMATE

TOP IIEAD CONCRETE AND LINER REMOVAL

ITilrI1VE TASK WORKER IN11MATI:D
NO.OF I!XPOSURE DURAllON EXPOSUR!l INPOSURE

OPl!RA110N ,%_Q RKERS RATE tmR/hr) Itu),) TIMl! (hrs) f oe rson-Rg)) -

Core bore, install 5 0.25 2t3 1325 0.33

seats and plugs, and

setup diamond wirc
equipment

Concrete cutting and 8 0.44 1160 9280 4,08

rigging

1.inct removal

o Shicidmg. 2 50.0 12.5 25 1.25

installaton and
equipment setup

o Concrete saw 2 25 0 73.0 150 3.75

operatkm

o Thermal torch 2 $0.0 25.0 fj} ),fo
Operations

TOTAL.S 10.830 11.91

|
|

9.1-8
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9.2 GRAPillTE BLOCK REMOVAL

1. GENERAL DESCitlPTION - GRAPillTE IILOCKS

The following types of graphite blocks will be removed from the PCRV during
decommissioning activities:

RADIATION LEVEL
GRAPillTE BLOCK TYEE (on contact without shielding)

1. IIcx Reflector Blocks with 300 R/hr
llastelloy Cans

2. Ilex Reflector Blocks without 500 mR/hr
Hastelloy Cans

3. Large Permanent Side Reflectors <30 R/hr

4. Side Spacer Blocks

(a) with Baronated Pins 30 R/hr
(b) without Boronated Pins <3 R/hr
(c) Boronated Pins (removed from block) 60 R/hr

The PSC response to NRC RAI Question No.13 previously submitted to the
NRC [1] addressed removal of the hex reflector blocks with hastelloy cans. '

Therefore, this discussion addresses the removal of hex reflector blocks without

hastelloy cans, removal of side spacers with boronated pins, and removal of large
permanent side reflectors. A general discussion is provided for the activities that
are common to the removal of all types of graphite blocks. The activities that are
specific for one type of block are discussed at the end of the general discussion,

11. DESCRIPTION OF THE GRAPHITE BLOCK REMOVAL PROCEDURE

A. Prereauisites for Graohite Block Removal

Prerequisite activities that are necessary to begin removal of the graphite blocks
include the following:

9.2 1

|
,

-
- -

. . . . . __ _ _ _ _ _ _ _ _ . _ _ _ . _ _ . _ . _



_____ _ --

Attachment to P 92064
February 18,1992

1. Flooding the PCRV with shield water as described in Section 2.3.3.6 of

the PDP [3).
2. Removal of the top head concrete and liner as discussed in Section

2.3.3.7 of the PDP and in Section 9.1 of this response.
3. Installing the PCRV work platform.
4. Radiological survey of the work area and installation of temporary

shielding if necessary for AIARA purposes.

B. General Arrangem.cnt of Work Area for Graphite Block Removal

The arrangement of the work area that will be typically used for removal of all
types of graphite blocks was provided in response to NRC RAI Question No.13
(Figure 13-4) and is provided again in Figure 9.2-1 for reference. The PCRV
will have been filled with shield water to a level approximately 4 feet above the
graphite blocks, but below the top of the PCRV liner. The Work Platform will
have been installed on the ledge at the bottom of the hex openir,g in the PCRV.
The Work Platform will be designed with the capability of rotating to provide
access to all areas of the core. It will have three access openings to allow
insertion and removal of tools and components. This will permit up to three )
operations to proceed in parallel. A floor will be installed between the platform
and the walls of the PCRV at the level of the Work Platform. There will be
three jib cranes ustalled on the refueling floor level to service the access
openings in the platform. The Reactor Building crane will also be available to

3

service the platform and the remainder of the refueling floor area. A ventilation
system will be installed to provide control of airborne contamination, including
tritium. Air will be drawn from the refueling floor to the Work Platform, down
through the access openings in the platform, and then exhausted to the Reactor
Building Ventilation System (System 73). The discharges from the Reactor
Building Ventilation System will be monitored in accordance with the FSV Offsite

Dose Calculation Manual (ODCM) (11]. The airflow from uncontaminated areas
to contaminated areas through the Work Platform will minimize personnel
exposure to airborne contamination.

The area on the Work Platform will be quite large, approximately 43 feet across >

the corners of the hexagonal opening. This will provide the capability to move
personnel ua ae Work Platform to a considerable distance away from an.

operation if a significant radiation field is encountered.

9.2-2
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B. General Graohite Block Remo.yal Sequence

The sequence of operations for removal of all graphite blocks are similar to those
described in Reference 1 for the removal of the hastelloy can hex reficctor
blocks. The following is the general sequence of operations for removal of the
graphite blocks:

1. Removing 5. Unloading
2. Staging . 6. Dewatering
3. Loading 'i. Drying
4. Transferring 8. Packaging

Since this general sequence of operations will be used for the removal of all types
of graphite blocks, the discussion of the eight steps provided below are applicable
to the removal of the hex reflectors without hastelloy cans, the large permanent
reflector blocks, and side spacer blocks with boronated pins.

I (1) Removirg:

The blocks will be lifted from their position in the PCRV core area, and
placed in an intermerliate staging area that is below the surface of the water
(see Figures 9.2-2 and 9.2-3). This will be accomplished using remotely
engaged long handled tools (LHTs) attached to an overhead crane that is
operated by personnel on the Work Platform. The workers will be working
from the Work Platform that will be installed over the flooded PCRV, The
tool for handling the graphite blocks (except the side spacers) will be an
expanding collet type similar to that used in the Fuel Handling Machine
(FIIM). The end of the tool will be inserted into the reverse counterbored
hole in the top of the block with the end of the tool retracted. The end of
the tool will then be expanded in the larger diameter in the lower portion of
the hole and the block will be lifted utilizing an overhead crane. The side
spacers will be handled by attaching a lifting bail to the top of the block;

using the existing threaded holes in the graphite block.

(2) Staging:

After removal from the PCRV core area and while still submerged, the

9.2-3
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blocks will be lifted and placed on an intermediate stand attached to the ;
lwork platform (see Figures 9.2 2 and 9.2 3). During this operation, the block

will remain submerged underwater. The LiIT will be disengaged and i

removed, leaving the block temporarily stored on the stand.

(3) Loading:

A short handling tool with integral shielding bell will then be lowered into
position on guide pins as shown in Figure 9.2-3. A grappling tool will be .
lowered from the inside of the shielding bell, engage the block, and lift the
block into the shielding bell. The shielding bell guide pins and the storage
stand will provide the necessary alignment for engagement of the tool. The
actual raising of the block will be accomplished in a few minutes.

After the block has been loaded into the bell and the shielding bell has been
lifted to just above the floor of the Work Platform, a catch pan with
absorbent material (see Figure 9.2-4) will be installed under the shielding
bell to contain possible drippings of contaminated water during transport to
the dryer / shipping liner. The catch pan will be strong enough to retain the
block in the shielding bell in the unlikely event that the grappling mechanism
should fail. The catch pan will also provide limited shielding at the bottom
of the shield bell. Ilowever, de :hi:!dir.g will not be sufficient to fully

~

shield and protect the workers on the platform from the indirect scattering
that will occur out of the bottom of the shielding bell. Therefore, during -

loading operations, radiation levels in the immediate vicinity of the shielding-
; bell will be closely monitored and personnel access to the affected area will
L be limited by administrative procedural controls.

The expected dose rates on the Work Platform, both with and without the
shielding bell, are shown in Figure 9.2 5 for the. large- permanent side

,

reflector block, in Figure 9.2-6 for the hex reflector blocks without hastelloy
cans, and in Figure 9.2-7 for the side spacers without boronated pins.

(4) Transfer:
|

L As the shielding bell is moved from the work platform (using a jib crane or

| the Reactor Building crane) to the dewatering device and to the dryer,

i
|
'

9.2-4
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nonessential personnel will be required to stay clear of the area to create a
clear path for movement of the load.

-(5) Unloading:

Unloading of the shielding bell into the dewatering device will be
accomplished by removing the catch pan and lowering the block from the
shield bell into an opening in the dewatering device. An alignment fixture
will be used as necessary to lower the block into the dewatering device.

(6) Dewatering:

Since some of the graphite blocks contain blind holes that will have collected

a small amount of water while submerged in the PCRV, it will be necessary
to place the blocks in a dewatering device to drain the water from these
blind holes. A schematic of the dewatering device is shown in Figure 9.2-8.
After the blocks are unloaded from the shielding bell into the dewatering
device, the blocks will be rotated (tipped) approximately 90 degrees. The .
water that is drained from the graphite blocks will drain from the dewatering
device back into the PCRV. The routing of the drain line will be such to
avoid crud traps or stagnant water. The blocks will then be moved from the
dewatering device into the shielding bell, the catch pan installed, and then
moved to a block dryer.

(7) Drving:

Dryer units will be set up on the refueling floor. A schematic of the block
dryer arrangement, and loading and unloading positions is shown in Figure
9.2-9. The shielding bell will be positioned on alignment pins over the dryer,
the catch pan removed, and the block lowered into the dryer. Pneumatic
push rods will progressively push the blocks through the dryer. Air will be
drawn into the dryer through spring loaded louvers near the block exit end
and exhausted near the block entry end to the existing Reactor Building i

Exhaust System. It is not planned to heat the air for drying.

9.2-5
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(8) Packaging:

The graphite blocks will be re loaded into the shielding bell from the dryer
and transferred to the packaging area. The graphite blocks will be
discharged into a shielded shipping container (see Figure 9.2-10), using an
alignment fixture as necessary to assure placement for efficient use of
available space. After the shipping container is filled, the top will be
installed.

Ill. DESCRIPTION OF ACTIVITIES SPECIFIC TO BLOCK TYPE

A. 12rge Side Reflector Blocks

A typical large side reflector block is shown in Figure 9.2-11. There are 312 large
side reflectors, ranging from approximately 522 to 2030 lbs. each, located in layers
1 through 12 around the circumference of the core as shown in Figure 9.2-12.
The large side reflector block keys will be removed by unbolting the restraining
bolts (or by undenvater thermal cutting if required) to allow removal of the large
side reflectors and the boronated side spacer blocks. The large side reflector
blocks will then be removed and processed using the general steps described
above. The large side reflector blocks will be handled using a dual collet tool
inserted into the reverse counterbored holes. Sectioning of the large side
reflector blocks may be required because of packagin'g requirements. If
sectioning is required, it will be accomplished in the Hot Service Facility (HSF),
as shown in Figure 9.2-13, after the blocks have been dried. The blocks will be

,

| sectioned as necessary for packaging. The blocks will be transferred into and out
'

of the HSF in a shielding bell with catch pan as appropriate.

B. Hex Reflector Blocks Without Hastellov Cans

Removal of the bottom, side and top hex reflector blocks without hastelloy cans
I will be handled in much the same way as the hastelloy can hex reflector blocks.

The eight steps in the general sequence remain the same. However, a different-
shielding bell will'be used for removal of the hex reflector blocks without
Hastelloy cans. This shielding bell will also have a catch pan with absorbent
material that will be installed under the shielding bell to contain possible
drippings of contaminated water during transport to the dryer / shipping liner. The

9.2-6
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hex reflector blocks without hastelloy cans are shown in Figure 9.214 and their
position in the core is shown in Figure 9.212.

C. .Sidt.SamLUl0rks_With llorenatttLEim

The side spacer blocks with boronated pins are shown in Fi;ure 9.215. There
are 1152 horonated side spacer blocks weighing approximately 100 150 lbs each.
Their location in the core is shown in Figure 9.212 and dimensions of the pins
are shown in Figme 9.216. The following changes to the eight steps in the
general sequence of operations will be used for the removal of the side spacer
blocks with boronated pins, due to the dumping of the boronated pins (Figure
9.217 is provided to illustrate the steps involved in removing the pins from the
slG spacer blocks):

(l' Rtmwing

1. Jer to remove the side spacer blocks and dump the boronated pins, a
lift.. g bail will be installed on the top of the side spacer block. These lifting
balls will be designed to fit all 19 variations of side spacer blocks and will
also provide the means for upending the block to dump the boro 1ated pins
and water from the holes (as described in the following paragraphs).<

The bail will be positioned on top of the block while it i.; undenvater and
will be attached by captured bolts engaging the existing threaded holes in the
bb:k. The bolts will be engaged using a long handled torque tool. The bail
will be attached to a lifting tool and the block will be moved to a pin
dumping station (intermedhite stand) that is suspended underwater, under
the Work Platform (see Sketch 1 of Figure 9.217),

(2) . Singing /l) umping

The block will be staged underwater in the pin dumper and the lifting tool
will be disengaged. A second tool with integral shielding bell will be
reattached to the bail for upending (see Figure 9.2-17, Sketch 2). As the
block is upended (Sketches 3 through 5), the pins will fall out onto the
intermediate stand. The pins will then be pushed into a hole in the bottom
of the intermediate stand and will travel through a chute to a cask liner

9.27
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,

located beneath the intermediate stand (see Figure 9.218). 'lliere is
sufficient clearance for the pins in the spacer blocks to ensure that they are
loose and will drop out of the spacer blocks casily.

'llic block will then be raised out of the water and into the integral shleiding
bell and a catch pan attached under the shleid bell. The block will be
surveyed as it is lifted out of the water and into the bell to confirm that no
pins remain in the block. Expected contact radiation levels of the blocks
with the pins removed is approximately 3 R/hr, as compared to the radiation
levels of blocks containing the pins which are much greater, up to 30 R/hr.
Since the block will be removed from the water in the inverted position,it
will not be necessary to take it to the dewatering station. The block will be
transferred directly to the Cryer in the shleiding bell.

(3) Dning

The shield bell containing the block will be moved to the dryer and the catch
pan will be removed. The shield bell will be aligned on top of the dryer and
the block will be lowered to remove the bolts attaching the block to the,

lifting ball. As noted above, the contact radiation level is expected to be 3
R/hr. The remainder of the operations will be performed the same as
ontlined in the general sequence of operations.

(4) J10tanatc1LPio 11andling

-When the pins (60 R/hr on contact) are removed from the block, they will
be pushed into a chute and will slide into a shipping cask liner. After a-
specified number of blocks have had the pins dumped into the liner, the liner
will be removed from the PCRV into a shielding bell. The cask liner will
have holes in the bottom to allow water to drain out when the liner is
removed from the PCRV. A catch pan will be installed, and the shielding
bell will be moved and the cask liner transferred to a shipping cask.

9.2-8
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IV. RAI)lOI,0GICAI, CONSIDERATIONS ,

'

A. Occupational Itadiation F.3non11n

,he occupational radiation exposures that will result from the removal of the
'

graphite blocks have been estimated and are presented in Figure 3.5 2 of the Cost

Estimate (WilS Nos. 2.3.3A 2.3.3.5 and 2.3.3.6). Detailed breakdowns of the
occupational radiation exposure estimate for the removal of all of the side spacer
blocks with boronated pins, large side reflector blocks and hex reficctor blocks
without hastelloy cans are provided in Tables 9.21,9.2 2 aud 9.2 3.

,

The graphite block removal tasks represent a significant portion (22%) of the
prohet's total person Rem estimate. Due to the repetitive nature of the tasks,
even small successful reduction measures will result in a significant savings of
cumulative exposure. Although this process will benefit from additional future
reviews and improvements, the following considerations are being taken to reduce
personnel exposures for this series of jobs:

Use of the Work Platform will improve wmker efficiency and safety.*

* Insta'.lation of a llEPA ventilation system to remove evaporated tritium
and cther airborne contaminants away from the work area under and
arou'.d the platform.
Use of long handled tools and submerged staging areas to perform high*

exposure activitle undenvater.
Use of automated drying equipment to minimize the need for operation*

by personnel.
* Use of temporary shielding as appropriate to maintain exposures

ALARA.
Installation of additional area radiation monitors (ARMS) with local

*

alarm features to detect unexpected dose rates around the platform
work areas.

* Audio visual communication equipment to support remote surveillance
of activities and equipment operations.
Use of shielding bells.*

;

9.2 9
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11. Dif311c.Esposures Fruu1AssMs.D15 |
|
1

Section 3.4.5 of the PDP analyzed a postulated heavy load drop accident that
,

assumed that a contt 'ner with a single unsectioned large side reflector block, with
a total releasable activity of 1477 Curies, falls 100 feet to the level of the truck
loading bay, and spills its entire contents on the truck bay floor. The whole body
and lung doses to an adult standing at a point on the EPZ 100 rneters from the
lleactor Building were calculated to be 4.66 mitem and 133 mitem, respectively.
In analyzing this accident, atmospheric dispersion factors were calculated using

the guidelines provided in llegulatory Guide 1.145, "^.tmospheric Dispersion
Models for Potential Accident Consequences Assessments at Nuclear Power

Plants" [6]. NUltEG 0172 [7] dose conversion factors were also used in the
ca!culations. This analysis determined that the radiation exposure to the general
public as a result of a heavy load drop are very low. The radiological
consequences from the postulated accident scenario are well within t c 25 Itemi

whole body dose and 300 llem to any specific mgan guidelines estabhshed in 10
CFit 100. The radiological consequences are also a small fraction of the one,

item whole body dose and five item to any specific organ guidelines cited in the

EPA Protective Action Guidelines [8).

As shown in Table 3.4 5 of the PDP, the graphite blocks contain the following
activity that is available for release during postulated accidents:

EllAPillTE 111 OCK TYPE furies / Item

1. Ilex Iteflector lilocks without
llastelloy Cans

llottoni reflector blocks 4.43

Top reflector blocks 4.58
- Side reflector blocks 8.30

2. large Permanent Side iteflectors 1477

3. Side Spacer lilocks without 16,1
'

Baronated Pins

4. Iloronated Pins 0.12 '

9.2 10
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Note: As shown in WilS No. 2.3.3.6 of the Cost Estimate, the estimated
Curie content of the side spacers without baronated pins range'

from 9.5 to 28.8 Curles. Ilowever, this is still significantly lower
than the 1477 Curles estimated to be contained in the large,

| permanent side reflector blocks.

.

As identified above, the large permanent side re0cetor blocks have the greatest
amount of activity available for release during postulated accidents. 'lherefore, ,

ithe dropping of an unsectioned large permanent side reflector block would be the
maximum credible accident that could be postulated during the handling of any
single graphite block. As such, the activity in any of the other graphite blocks is
bounded by the 1477 Curies that was assumed in the accident analysis presented
in Section 3.4.5 of the_ PDP. Moreover, any hypothetical dropping of a hex
reDector without hastelloy cans or side spacer blocks with baronated pins would
be bounded by the consequences predicted for the licavy 1.oad Drop accident as
presented in Section 3,4.5 of the PDP. Although accident scenarios involving the
dropping of a radwaste container with several graphite blocks can be postulated,
the releasable Curie content of the radwaste containers will be limited to less
than that analyzed in Section 3.4.5 of the PDP.

In addition, the Decommissioning Technical Specifications [12) specify
requirements on the integrity of the lleactor lluilding and operation of the |
lteactor 13uilding ventilation exhaust system to ensure that the offsite doses under
abnormal conditions during decommissioning activities are well below 10 CFR
100 guidelines. Therefore,it can be concluded that the radiological consequences
from any postulated handling accident involving the large permanent side
reflector blocks, the hex reflector blocks without hastelloy cans, or the side
spacers blocks with baronated pins removed would also be a small fraction of thei

'

limits established in 10 CFR 100.
.

I C. Endinactive Waste Generated
|

L A tabular listing of the estimated radioactive waste disposal vohime for each
WilS clement was provided in Figure 3.2-1 of the Cost Estimate. As presented ,

in Figure 3.21, the estimated disposal volume and burial class for the graphite
blocks are:

9.2 11
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DISPOSAL, VOI UME
fdMl'jilTE 'IYPE ICuhltfttQ J1UlilAkCLASS

1;irge Side Hellectors 12,600 13

Spacer lilements and boronated pins 2,393 11

llottom hex reflector blocks w/o cans 1,414 A
Top hex reflector blocks w/o cans 1,515 A
Radial hex reflector blocks w/o cans 1.003 A

Y. SAFE 1Y ANAINSIS CONCLUSIONS

Since the block removal tasks are repetitive in nature, it is expected that the
continued incorporation of" lessons learned" will reduce the cumulative exposure
for this task. During the removal activities, the radiological hazards will be
monitored and evaluated on a routine basis. All walk activitics associated with
the removal of the graphite blocks willincorporate effective radiological controls
to maintain occupational radiation exposures within regulatory limits and as low
as reasonably achievable (AIARA), consistent with dose limiting provisions of
10 CFR 20, as well as both Regulatory Guides 8.8 [9] and 8.10 [10]. All workers
will be provided instructions in radiation protection concepts commensurate with
the radiological hazards that they will encounter during the removal of the
graphite blocks, including instructions concerning actions required during unusual
conditions,

it is estimated that the removal of the large side reflector blocks, hex reflector
blocks without hastelloy cans and side spacer blocks with boronated pins will
result in total occupational radiological exposure of 50.0 person Item, 30.86
person llem and 15.85 person Rem, respectively. Personnel occupational
exposures will not be in excess of allowable 10 CFR 20 limits for occupational
radiation exposure. Furthermore, postulated accidents involving the graphite
blocks will result in offsite radiological consequences that are a small fraction of
the guidelines established in both 10 CFR 100 and the IIPA Protective Action

Guidelines [8]. It is therefore concluded that the activities associated with the
removal and disposal of the graphite blocks will not pose an undue risk to the
health and safety of the general public nor to occupationally exposed
decommissioning workers.

9.2-12
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TAlli.E 9.21
OCCUPATIONAL, RADIATION EXPOSURi? ESTIMATE

lARGE SIDE REFl.1:CTOR lli,0CK REMOVAL,

i 111rl1Vl! 1 AsK WORKl:R INIIMNil:D
M). Ol' 13POSURI' DURNIlON I Al'ONURl! lil'OsVRll

DPI'RA110N WORMld RNil! f rnidd HM 11Ml! Ibti) Igmon mrem)

1. M(ne likuk I' rum fore to 4 2 220 14 7 29.3)

Intermediate hainon

2 Mint Shield llell into 3 2 13 08 1.5

hah 6on

3 Inad lihu k into hhtclJ licli 3 7 20 1.0 7.0

4 Rathe fiell, install Cauh I'an 3 7 la 0.8 $ 23

5. Move lauded licll to Refueling 3 7 l$ 08 $2$

11ont

it Mtwe hhield licll to Dewateritig 3 7 45 2.3 13.75

Device and llewaltr

7, load lihu k Itack to hhield licil, 3 4 4(O 20.0 80 0

Move ta lis!', Segment

H. Inad lihak llack to Shield Inell, 3 7 15 0.8 5 25

Move to Dryer

4 lw herge 11hu k to lityer 3 7 20 1.0 7.0

10 Rtmove from tirytt, Move to 3 2 15 0.8 1.3

Cask

11 I oad into Cask 3 1.8 27 B B

lutAlA 44.0 160 26

Note: Multiplying the 160.26 mrem by 312 to account for all of the large side
rencetor blocks yields the 50.0 person Rem shown in Table 3.5 2 of the
Decommissioning Cost Estiniate.

9.2 13
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TAllt E 9.2 2
OCCUPATIONAL, RAI)lATION ENI'OSURE ESTIMATE

IIEX REFl.ECTOR Ill.OCKS W/O IIASTEl.l.OY CANS REMOVALS

1.1111'llVII 1 ANI' WORKl:R ISnMA11D
NO. Ol' IWl'O%URli DURN 110N IWl'ONURll IWl'OhURI!

D111M11oN EDJE120 R All! f rn R/hr) LW11.) 31h1II fbni 112"n mRemi

1. Mmt liksi l' rom Core to 3 2 20 1.0 2 00
Intermediale l'<mathm

2 Mmt Shuld Ikil into l'inition 3 2 10 0$ 1.00

3 lcul llhuk into $hielJ Ikil 3 33 12 0 f. 2.10

4, Italar lkit, install fatth l'an 3 33 10 0.3 1.75

$. Mmt temded Ikit to Refactmg 3 33 10 03 1 73-

11oor

ti Mme ShiclJ ikit to lieu siering 3 33 20 10 330
llevke and licwater

7. l4nd llhu L llack to Shictd Ikil, 3 33 10 03 1.75
Mme to Dryer

H. Duharge Ilhuk to Drytt 3 33 15 0.8 2.f.23

9. Remmt frtun Dr>tt, Mmt to 3 2 to 03 1.00
Cask

10. lead into Cask 3 1.25 12 Sk 211

'l01AlS 63 18 23

Note: Multiplying the 18.23 mitem by II,93 to account for all of the hex reflector
blocks without hastelloy cans yields the 30.86 person Item shown in Table
3.5 2 of the Deconunissioning Cost Estimate,

9,2 14
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TAlli.E 9.2 3
OCCUl'ATIONAl, RADIATION EXi'OSURE ESTIMATE

SIDE SPACER lit,0CKS WITil llORONATEI) PINS REMOVAL,

IJ11XT11Vit TASK WoRKl:R INilhtAll:D
No. OP !!XPosURil DURA 11oN I:XPOSURi! 1XPOSURll

oPI RNrg _ ORKFRS RAll! (mR1jdj 1&lk) ,'11MI! lh n) he rson-m Re m)W

1. Mme hkuk I' rom Core to 2 2 20 0.7 1.33
Intermediate Pis,itkin

2 Install Dumping lini 2 2 15 0.3 1.(0
with Integral Ikil

1 Dump Iknunated Pins 2 2 3 0.1 0.20
into O m k liner

4. Slage Ikil 2 2 10 0.3 0.67

$. lead lihuk intu Shield Ikil 2 3 10 0.3 1 00

h Raise lkin, Inktail Catch Pan 2 3 10 0.3 1.(o

7. Mme leaded Ikil to Refuctmg 2 3 10 0.3 1.(o
11oor

14 Mme Shield Ikil to Drytr 2 3 10 0.3 1.to

9. Diuharge Dkuk to Dr)tr 2 3 20 0.7 2.(o

10. Remmt from Drytt, Mint to 2 2 10 0.3 0 67
Cask

II. lead llku k into Omk 3 13 14 0.7 1.05

12. Rem weindil 2 3 4 0.1 0 40

11 Remove Pin Omk I.iner 2 (d 12 0.4 A6.(0

14. Dewater ISn CmL IJner 2 63 20 0.7 4133

15. Mmt Pin CmL IJner to Cak 2 65 12 0.4 26(o

1(t load ljner into Cask 3 22 20 .LQ 11.00

'lulAIS 7.2 128.(d

Note: !! is assumed that there will be a total of 24 pin eask liners. Therefore,
multiplying the block removal activities by 1152 to account for all of the
boronated side spacer blocks and multiplying the packaging of the pin cask
liner by 24 yields the 15.85 person Rem shown in Table 3.5 2 of the
Decommissioning Cost Estimate,

9.2 15
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9.3 CORE HARREL REMOVAL

1. GENERAL, DESCRIPTION . CORE IIARREL AND OUTER KEYS

The core barrel, Figure 9.31, is a steel cylinder approximately 27 feet 4 inches
inside diameter and 29 feet high. Its thickness steps from 2.25 inches thick at
the top to 2.75 inches at the bottom. The core barrel Fas 12 upper outer keys
and 12 lower outer keys which center the core barrel to the PCRV liner. The
lower three feet of both the inside and outside surface of the core barrel is
insulated in addition, there are seven thermocouple penetrations located about
four feet above the bottom of the core barrel that are between the PCRV and
tile core barrel.

II. DESCRilTION OF Tile CORE IIARREI, AND OUTER KEYS
REMOVAL PROCEDURE

A. freteouisites For Core _ Barrel and Outer Keys Removal

The prerequisites that must be completed to begin dismantlement of the core
barrel include the following:

1. The PCRV top head concrete has been removed as discussed in
Section 9.1 of this response.

2. The PCRV has lieen flooded above the core barrel with shield
water and water clarity has been established as discussed in Section

2.3.3.6 of the PDP [3).
3. Reactor core graphite blocks have been removed from the PCRV

to a levellow enough to permit the cutting of a core barrel section
as discussed in Section 9.2 of this response,

11. Removal Activities

The methods for removal of the core barrel and outer keys, as described in
Section 2.3.3.9 of the PDP, were selected with consideration of worker safety
and minimizing occupational exposure. WBS Element No. 2.3.4.31 of the
Decommissioning Cost Estimate provided further details of the dismantlement
operations.

9.31
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The core barrel and core barrel keys will be segmented underwater using
remotely operated cutting couipment after the graphite core components are.

removed. Ilowever, as stated in Section 233.9 of the PDP, if radiological
surveys in the core barrel indicate that actual radiation and contamination levels
are low, the PCRV water level will be progressively lowered and the core barrel

,

and outer keys will be thermally cut above the water line. While cutting of the
core barrel above the water line appears to have a schedule advantage over the

,

undervater cutting, it will only be considered ifit can be justified by an ALARA
review.

,

!

! If the removal of graphite core components is interrupted due to a shortage of
shipping casks, work would commence cutting the core barrel underwater using
remotely operated cutting equipment as the core barrel is exposed with the

i
removal of successive layers of graphite core components. This is not expected
to affect safety, occupational exposure or cause an undue schedule delay. '

I

With either cutting alternative (i.e., undenvater or above the water line), the
major activities for removing the core barrel are as follows:

1. Rigging the core barrel sections for removal.
2. Making horizontal and vertical cuts in the core barrel to segment it

into sections suitable for handling.
3. Removing the core barrel segments out of the PCRV.
4. Progressively removing the cater keys and thermocouple expansion

joint assembly that is between the PCRV liner and the core barrel.
'

(See the core barrel key detail on Figure 93-1.)
.

The cutting of the core barrel will be performed with the Work Platform in
place. For underwater cutting, a mast or a remotely positioned track-mounted
cutting tool will be operated from the Work Platform to make the vertical cuts
around the core barrel. When the vertical cuts are complete, rigging will be
attached to the core barrel segments prior to making the horizontal cuts. The
horizontal cut will then be made and the core barrel segment removed. The jib

- cranes will be used to lift the segments to awaiting LSA-boxes positioned
adjacent to the opening on the work platform. The cut pattern tvill be
predetermined based upon the size of LSA containers selected and the features
of the remote cutting system. The assumptions used in the PDP and cost

93-2
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estimate were segments 7.5 feet high X 3.5 feet wide for a 4 foot X 8 foot LSA
box and cut in the sequence of vertical cuts followed by horizontal cuts,'

flowever, if it is determined that larger pieces can be packaged, a reduction of
time and exposure will be achieved. This process will sontinue down the entire
length of the core barrel until approximately two feet of core barrel remains
above the silica blocks. Removal of the lower portion of the core barrel will be
coordinated with the removal of the silica insulation that is on top of the core
support floor.

III. RADIOLOGICAL CONSIDERATIONS

A. Occupational Radiation Exposure (ORE)
3

- -

The procedures and controls to be used to maintain a safe operation and
minimize occupational exposure have been factored into the removal of the
core barrel and keys. They include the following:

1. The Work Platform ventilation system will draw air from the
"

refueling floor to the Work Platform, down through the access
openings in the platform, and then exhaust it to the . Reactor
Building Ventilation (exhaust) System where it will be discharged

'

in accordance with the Fort St, Vrain ODCM [11]. With the
platform in place and the ventilation system operating, the cutting
fumes and any potential airborne contamination will be contained
below the platform.

,

2. Exhaust hoods, powered by HEPA-filtered air handlers, will be
'

positioned at the water surface or, if the cut is performed dry, in
close proximity to the cut. These exhaust hoods will capture the4

majority of the fumes at their source.

.

3. The tooling will allow the workers to perform their activities on the
platform in a relatively low radiation field, estimated to be 2
mR/hr.

4. Protective clothing, respiratory protection, HEPA ventilation and
temporary shielding required for the various phases of this removal.

9.3-3
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operation will be evaluated and prescribed during the pre job
ALARA review and RWP preparation process.

5. The core barrel sections will be surveyed as they break the water to
determine exposure rates before being handled. The segments are
expected to have a contact dose rate of 40 mR/hr. loose
contamination is expected to be moderate (100,000 - 300,000
dpm/100 cm).

6. Imose surface contamination from pieces removed from tne water
will be controlleo by a combination of pressure washing, rinsing with
clean water, wet vacuuming and swabbing. These measures will
control the spread of contamination and minimize potential for
airborne contamination.

7. Access to the work platform will be controlled by Radiation
Protection personnel during cutting operations and when core
barrel segments are removed from the pool. This will ensure
positive control and maintain personnel exposure ALARA.

The person hour estimate for the core barrel removal, described in WBS
Element No. 2.3.4.3.1, includes 4913 person hours. It is estimated that 2456 of

these hours will involve occupational radiation exposure. Workers are expected
to be exposed to the highest radiation fields during the handling operation as
segments of the core barrel are removed from the water (40 mR/hr on contact).
This operation will be carefully monitored by radiation protection personnel.
The total occupational radiation exposure (ORE) for the removal of the core
barrel and the 24 outer keys is estimated to be 22.59 person Rem. The ORE
estimates for individual core barrel removal tasks are provided in Table 9.3-1.

B. Offsite Exposures From Accidents

As presented in Table 3.4 5 of the PDP, the core barrel is expected to have 8.4
Curies of activity. However, this activity is tightly bound in the steel as
activation products and is not readily dispersible. Furthermore, since the core
barrel will be cut and removed in segments, the total activity that could be
involved in an- accident during the lifting-and handling of the core barrel

9.3-4
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segments will be a very small percentage of the total 8.4 Curies. As such, it is -
concluded that an accident involving the removing and handling of the core
barrel segments would be bounded by the 9.83 (98.3 x 10%) Curies that was
assumed to be involved in the Contaminated Concrete Rubble Drop Accident
scenario described in Section 3.4.3 of the PDP. The radiological consequences >

from a postulated accident involving the handling of the core barrel segments
would be well within the 25 Rem whole body dose and 300 Rem to any specific
organ guidelines estr.t>lished in 10 CFR 100.

C. Radioactive Waste Generated

As tabulated in Figure 3.2-1 of the Decommissioning Cost Estimate, the
estimated radioactive waste disposal volume is 1400 cubic feet for the core
barrel and outer keys. The burial classification for both the outer keys and the
core barrel is expected to be " Class A".

IV. SAFETY ANAINSIS CONC 1,USIONS

During the core barrel removal activities, the radiological hazards will be
monitored and evaluated on a routine basis. All work activities associated with
the removal of the core barrel and keys will incorporate effective radiological
controls to maintain occupational radiation exposures within regulatory limits
e.nd as low as reasonably achievable (ALARA), consistent with dose-limiting
provisions of 10 CFR 20, as well as both Regulatory Guides 8.8 [9] and 8.10
[10]. All workers will be provided instructions in radiation protection concepts
commensurate with the radiological hazards that they will encounter during the
removal of the core barrel and keys, including instructions concerning actions
required during unusual conditions.

It is estimated that the removal of the core barrel and keys will result in a total
occupational radiological exposure of 22.59 person-Rem. Personnel
occupational exposures will not be in excess of allowable 10 CFR 20 limits for

occupational radiation exposure. Furthermore, postulated accidents involving
the core barrel and keys will result in offsite radiological consequences that are
a small fraction of the guidelines established in both 10 CFR 100 and the EPA

Protective Action Guidelines [8). It is therefore concluded that the activities
associated with the removal and disposal of the core barrel and keys will not

9.3-5
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pose an undue risk to the health and safety of the general public nor to
occupationally exposed decommissioning workers.

,

!
l

I
,

1
1

|
|

'9.3-6



_ _ _ _ _ - _ _ _ - _ _ .. _

Attachment to P 92064
February 18,1992

TAlli,E 9.31

OCCUPAT!ONAL ItADIATION EXPOSUllE ESTIMATES
ColtE IIAltitEl, AND OUTElt KtW ltEMOVAL

- 1:l'IT CllVl! TASK WORKI!R IN11MN11:D
*

NO. Ol' I!XPOSURl! DUlu.llON I!XPOSURl! !!XPOSURii
<TI'RNiloN 3'ORKI'liS MUllnd/to .(hu) 1}_ E itru f re rsoy Rem)

!*tt p and Prep area 2 2 55 0 110 0.22
3- i $rmme core
St nI
ib

Cu mre barrel 4 6 477.25 1909 11.43

1.if ections out of 4 25 109 25 437 10.92

ma ., anel mme wetions '

in * A lxwesand

f*.jsge
'

TOTAlli 2456 22 59

1
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9A CORE SUPPORT FLOOR

I. GENERAL DESCRIPTION . CORE SUPPORT FLOOR (CSF)

The removal of the Core Support Floor (CSF) is necessary during
decommissioning because it is both contaminated and activated, and to gain
access to the lower chamber of the PCRV. The method of removing the CSF is
discussed in Section 2.3.3.10.2 of the PDP. As stated in PSC's response to NRC
RAI Question No.15, dated April 26, 1991 [4], the removal of the CSF is
considered a difficult operation because of its size and weight. Figure 9.41
provides a simplified cut away view of the CSF, showing the steam generator
ducts, CSF support columns and thermal insulation.

Although Section 2.2.2 of the PDP simply describes the CSF as the component-
that bears the weight _of the reactor core, the CSF is a complex component that
includes the following features:

j

1. The CSF is a 29 foot in diameter,5-foot thick concrete disk, clad with
1

3/4-inch plate steel, weighing approximately 270 tons.
2. There are 12 conical penetrations which discharged the hot helium gas

:

- from the reactor to the steam generators. ;
3. The CSF is supported by 12 steel columns that are located near the CSF i

periphery that are welded to the cladding plate.
4 Within each of the_12 CSF support columns is an array of cooling tubes -

and instrumentation tubes.
5. All surfaces of the CSF are insulated.
6. There is a _ monorail spider consisting of twelve heavy structural steel-

- beams in a radial arrangement on the bottom side of the CSF, that were
used to position the steam generators during construction.

II. DESCRIPTION OF THE CSF REMOVAL PROCEDURF

A. Preieauisites For CSF Removal

The prerequisites necessary to begin work on the CSF are as follows:

. 9.4-1 -
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1. All core components have been removed from the PCRV.
2. The core barrel has been removed to within a few feet of the top of the

CSF.

3. The shield water has been drained down to within a few feet i the top
of the CSF.

4. Imose contamination has been removed from or stabilized on the interior
walls (insulation cover plate) of the PCRV.

5. The Work Platform is removed prior to lifting the CSF to the upper
PCRV area.

The radiological conditions expected at this time are based on two sources, the
PCRV cavity walls and the CSF The cavity wall source consists of the fixed
contamination on the wall and activated cover plate, insulation, liner plate and
concrete. The dose rate from this source is estimated to be 30 mR/hr at any
point within the PCRV. The CSF, as a radioactive source, consists of the surface
contamination and the activated insulation on the top of the CSF, the activated
CSF cladding plate, and the activated concrete. The dose rate contribution from

the CSF is expected to be 400 mR/hr on contact with the insulation in place.
Removal of the insulation from the top of the CSF, which contains various
components and retaining devices made of Inconel, will reduce the exposure rate
to approximately 360 mR/hr.

B. Removal Activities

The removal of the CSF top insulation using a remotely-operated electro-
hydraulic ram hoe from a work platform above the CSF is discussed in Section
2.3.3.10.1 of the PDP. Once the insulation on top of the CSF has been removed,
the remaining two feet of the core barrel will be removed in a manner similar to

that described in Section 9.3 of this response. Cutting of the steam generator
ducts and CSF columns were discussed in the response to NRC RAI Question
No.15 [4] and Section 2.3.3.10.2 of the PDP. However, both of these documents
indicate that in-air thermal cutting would be used to detach the CSF columns,
which is unlikely due to the expected CSF dose rates discussed above. Unless >

dose rates are determined to be significantly below those estimated, it will be
necessary to perform these cuts underwater to obtain adequate shielding from the
PCRV shield water. Tne use of underwater cutting,in combination with exhaust
hoods and respiratory protection, will provide the worker a sd environment. A

9.4-2
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localized containment may be used to prevent the spread of airborne
contamination to other areas or workers.

Since the existing Reactor Building crane has a capacity limit of 170 tons, the
CSF will be jacked up, sectioned, surveyed and removed in sections that can be
lifted by the re reeved Reactor Building crane. Due to the tight clearance
between the CSF and the PCRV cavity walls, it is necessary to raise the CSF to
the upper PCRV region in order to provide access to the sides of the CSF for
cutting and sectioning. The major activities that will be performed to cut and
remove the CSF include the following:

1. Raising the CSF

Prior to lifting the CSF, workers will require access to the area immediately
above the CSF inside the PCRV to perform the cutting of the steam
generator ducts and CSF columns, and to attach the lifting cables to the CSF.
These activities will be accomplished using a man basket suspended from the
Reactor Building crane. This method will minimize the time that will be
spent in the radiation field and minimize the resultant exposure. The use of
the man basket will comply with the requirements of 29 CFR 1926.550(g) and
will also be coordinated with the containments that will be in place during the
various phases of the work.

Atter the CSF has been cut free from the steel support columns, the CSF will
be lifted and supported inside the PCRV. The CSF will be raised to the
PCRV top head region using a strand jacking system, which uses multiple
cables attached both to the CSF and to the jacking stations that have been
established on too of the PCRV(see Figure 9.4-2). After raising the CSF,-
supports will be installed on the PCRV. ledge where the PCRV top head was
previously cut and removed, and the CSF will then be lowered onto these '

supports.

2. Segmenting the CSF

.

With the CSF supported in the top head area, segmenting the CSF into
sections will begin. Prior to initiation of segmenting activities, radiological
surveys will be performed to determine the extent of the activation in the

9.4-3
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CSF. Based on the results of the radiological surveys, shielding may be
placed over the top of the CSF to reduce radiation lesels to acceptable levels.
Radiological containments may also be constructed if determined necessary. .

Segmenting the CSF will be performed using the diamond wire cutting
operation. The primary work area for the segmenting activity will be around
the perimeter of the CSF. This will keep the workers away from the top of
the CSF which is the significant source of radiatim exposure. The diamond
wire cutting process is adequate to segment the CSF avi the monorail spider
located under the CSF, eliminating the need to remove this monorail
separately. Individual segments of the CSF will be removed by the Reactor
Building crane to the fuel deck staging area, where the segments will be
prepared for disposal.

III. RADIOLOGICAL CONSIDERATIONS

A. Occupational Radiation Exposures

The estimate includes 7,762 person hours for the Removal of the Core Support
Floor (WBS No. 2.3.4.4.), of which 3881 person-hours involve radiation exposure.

'

The exposure rate from the top activated surfaces of the CSF is expected to be
approximately 360 mR/hr after removing the insulation from the top surface of
the CSF The occupational radiation exposure that will result from the cutting
and removal of the CSF has been estimated to be 48.51 person-Rem. A
breakdown of the exposure fr* each of the major tasks that will be performed to
remove the CSF is shown in Table 9.4-1.

B. Offsite Exoosures From Postulated Accidents

As previously stated, the graphite core components and the core barrel will have
been removed from the PCRV prior to removing the CSF. As such, accidents
involving activated graphite blocks will no longer be a concern. Since the CSF
is predicted to have very low levels of radioactivity, the risk of accidents resulting
in offsite radiological releases during the removal of the CSF is considerably less
than the postulated decommissioning accident scenarios presented in Section 3.4
of the PDP.

9.4-4
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Although the exposure rate from the top surface of the CSF is expected to be
approximately 400 mrem /hr, the CSF concrete is predicted to contain only 6
Curies of activity as shown in Table 3.4-3 of the PDP. Furthermore, as shown
in Table 3.4-5 of the PDP, the total Curie content expected to be found in the
various components that will be severed or removed as part of the CSF activitics
are identified as follows:

Component Total Curies

Core support floor columns 1

Misc. steel from beneath CSF 2

Misc. inconel parts on CSF 15

CSF Liner 142

Based on these limited Curie contents and the fact that activity is embedded in
the steel liner and is not readily dispersible, any postulated accidents created
during CSF removal activities would involve the release of smaller amounts of
activity than the concrete rubble that was postulated in the accident scenario
analyzed in Section 3.4.3 of the Decommissioning Plan. Therefore, in the unlikely
event that an accident occurred during removal of the CSF, the offsite
consequences would be bounded by those predicted for the postulated concrete
rubble drop accident analyzed in Section 3.4.3 of the PDP.

C. Radioactive Waste Generated

A tabular listing of the estimated radioactive waste disposal volume for each
WBS was provided in Figure 3.2-1 of the Decommissioning Cost Estimate. As
presented in Figure 3.2-1, the estimated disposal volume of the activated concrete
in the CSF is 6,240 cubic feet and 200 cubic feet of concrete cutting debris. The
activated concrete from the CSF is expected to be classified as Class "A" waste.

IV. SAFETY ANALYSIS CONCLUSIONS

During the CSF removal activities, the radiological hazards will be monitored and
evaluated on a routine basis. All work activities associated with the removal of
the core support floor will incorporate effective radiological controls to maintain
occupational radiation exposures within regulatory limits and as low as reasonably

9.4-5
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achievable (ALARA), consistent with dose limiting provisions of 10 CFR 20, as
well as both Regulatory Guides 8.8 [9] and 8.10 [10]. All workers will be
provided instructions in radiation protection concepts commensurate with the
radiological hazards that they will encounter during the removal of the core
support floor, including instructions concerning actions required during unusual
conditions.

It is estimated that the removal of the core support floor will result in a total
occupational radiological exposure of 48.51 person-Rem. Personnel occupational
exposures will not be in excess of allowable 10 CFR 20 limits for occupational
radiation exposure, Furthermore, postulated accidents involving the core support
floor will be bounded by the postulated concrete rubble drop accident (PDP
Section 3.4.3) and will result in offsite radiological consequences that are a small
fraction of the guidelines established in both 10 CFR 100 and EPA Protecuve

Action Guidelines [8]. It is therefore concluded that the activities associated with
the removal and disposal of the core support floor will not pose an undue risk to
the health and safety of the general public nor to occupationally exposed
decommissioning workers.

9.4-6
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TAllLE 9.41
OCCUPATIONAL RADIATION EXPOSURE ESTIMATE

CORE SUPPORT FLOOR REMOVAL

1311rrlVE TASK WORKI:R INI1MA11:D
NO.OF I!XPOSURIl DURA *I1ON !!XFOSURl! I!XPOSURE

OPI'RNDON WORKl?R$ RNI1! (mR/hr) M TIM H(hrs) (nerson RerD)

Install CSF Jacking 4 4 78.75 315 1.26

System

Cut ducts and columns 5 15 212.0 1060 15.90

Jack CSF up and 4 35 35.0 140 4 90

support en ledge

Remove insulation 4 30 35.0 140 4.20

from CSF

Segment concrete 5 10 282.0 1410 lllo

Rig and Remove concrete 4 10 81.25 325 3.25

Package concrete 4 10 1223 490 4 40

TOTALS 3880 - 48.51

9.4-7
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9.5 REMOVAL OF STEAM GENERATOR
PRIMARY ASSEMBLIES

I. GENERAL DESCRilrl'lON STEAh1 GENERATOR PRlh1ARY.

ASSEh111 LIES

The twelve (12) steam generator primary modules are contaminated components
that will require removal and disposal as part of the decommissioning of the
Fort St. Vrain plant. The steam generators are mentioned, without description
other than location, in Section 2.2.2 of the PDP. Section 2.3.3.11 and Section
2.3.3.3 of the PDP discusses the removal of the steam generator and Figure 2.3
2 is provided for descriptive purposes. Each primary module is approximately
6 feet in diameter,26 feet in height and weighs 65,000 pounds. The radiation
source is primarily attributable to plate out contamination with a minor
contribution from activation. The uppermost portion of the primary steam
generator is estimated to have a contact dose rate of 700 mR/hr. The lower
portion of the primary steam generator is estimated to have a contact dose rate

of 50 mR/hr. Localized hot spots on the generators are estimated to be 2 R/hr- '

on contact.

I1. DESCRil"I'lON OF THE STEAh! GENERATOR PRIh1ARY h10DULES
REh10 VAL PROCEDURE

A. Prerequisites For Primary Modules Removal--
.

The prerequisites necessary to begin work ort the steam generator primary
module's are as follows:

1. The steam generators have been disconnected from the PCRV--
penetration flanges.

2. The core support floor hes been removed from the PCRV.
3. The steam generator secondary assemblies outside the PCRV have

been removed.

,

9.51-
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B. Bemoval Activities

The primary modules will have been structurally disconnected from the PCRV
penetration flanges during the activity which removed the uncontaminated steam
generator secondary assemblies. That task (see PDP Section 2.3.3.3.2) will have
been accomplished in an uncontaminated environment with a low radiation
field. The primary modules remain connected to the PCRV internals by the
connection of the steam generator shrouds to the plenum floor in the lower
portion of the PCRV, This connection needs to be detached to allow the lifting
of the primary modules from the PCRV. The separation of the steam generator
primary modules from the plenum floor is the most complex task associated with
the primary steam generator removal tasks.

The PCRV water level will be maintained above the top of the primary module
to reduce radiation levels while it is being separated from the plenum floor
using remotely operated cutting equipment. However,if radiological surveys of
the primary modules indicate that actual radiation and contamination levels are

low, the PCRV water level may be lowered to obtain more direct control during
the separation of the primary module from the lower plenum. Lowering the
PCRV water level will only be considered if it can be justified by an ALARA
review.

Due to the expected radiation levels associated with the steam generator
primary modules and the limited access in the area of the joint between the
primary modules and the lower plenum floor, there is no simple means of
making the separation. The method indicated in the PDP is the cutting of the
clamp remotely. An alternative method for separating the steam generators
from the plenum floor which requires similar- precautions and effort is to-

remotely cut the plenum floor around the attachment location. The cutting
would be performed by oxy-lance or plasma torch. The method that is chosen
would be based on an evaluation of the performance characteristics of both
methods in the limited access in which it will be used. However, either method

would be utilized underwater to derive the benefit of the water for shielding the
workers from radiation. Fumes from cutting and any potential airborne
contamination will be collected by an exhaust hood at the surface of the water.

Prior to separating a steam generator module from the plenum floor, it will be

9.5-2
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rigged to the Reactor Building crane for lifting. Upon separation, the lifting of
the steam generator primary module will begin. As the module is lifted, it will

'

be allowed to drain and will be enveloped with poly film or lierculite to prevent
the spread ofloose contamination. As discussed in Section 2.3.3.11 of the PDP,
the steam generators will be moved to pre staged containers for packaging for
shipment. During the movements of the modules, radiation protection
personnel will ensure that distance is maintained between the workers and the
source to keep exposures ALARA. The container design will take into account
stay times such that radiation exposure will be minimized during packaging of
the modules. Local shielding will be utilized as appropriate.

111. RADIOLOGICAL CONSIDEllATIONS'

A. Occupatistal Radiation Exposures

The occupational radiation exposures that will result from the cutting and
,

removing of the steam generator primary modules have been estimated to be
17.85 person rems. A breakdown of the total 17.85 person rems into the major
tasks that will be performed to remove the CSF is provided in Table 9.51.

B. Offsite Exposures From Postulated Accidents

Decommissioning accidents that could result in radiation exposure at the site
boundary were postulated and analyzed in Section 3.4 of the PDP. The accident
scenarios that were postulated include the following:

o Dropping of contaminated concrete rubble
o 11eavy load drop
o Fire
o Loss of PCRV Shielding Water
o Loss of power
o Natural disasters

Section 3.4.5 of the PDP analyzed the most severe heavy load drop accident by
postulating the dropping of the component with the largest inventory of
dispersible radioactive material, the large side reflector blocks. Credit is taken
for decontamination-- of the particulate afforded by the Reactor Building

9.53
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Ventilation exhaust system. Ilowever, Decommissioning Technical Speci'ication
3.2 [12)," Reactor Building Ventilation Exhaust System", is applicable omy when
activated graphite blocks have been removed from the PCRV shield water and
remain inside the Reactor Building. Consequently, credit cannot be taken for
the Reactor Building Ventilation exhaust system in a postulated primary steam
generator drop accident. Therefore, an evaluation has been performed to assess
the offsite radiological consequences that could result from a postulated
accident involving a drop of one primary steam generator module. To analyze
this postulated accident, the following major assumptions were used:

31. A worst case atmospherie dispersion factor of 3.53 E-2 sec/m was
used.

2. All releases to the environment are ground level releases.
3. The major pathway is air inhalation.
4. An individual is located at the decommissioning Emergency

Planning Zone (a minimum of 100 meters from the Reactor
Building, the Fuel Storage Building, and the Radioactive Waste
Compactor Building) for the duration of the release.

The atmospheric dispersion factor was calculated using the guidelines provided
in Regulatory Guide 1.145, " Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power Plants" [6]. NUREG-
0172 [7] dose conversion factors for an adult were also used in the calculations.
These assumptions are consistent with the assumptions that were used in the
analysis of the decommissioning accident scenarios described in Section 3,4 of
the PDP.

In order to conservatively estimate the activity levels of radionuclides that are
present on the surfaces of the steam generators, the plateout levels predicted by
the revised FSV Plateout Analysis for Decommissioning Study [13] were used.
This revised plateout analysis fulfills the commitment made in Section 3.1.4.2
of the PDP that, " Additional plateout analyses will be performed to predict
primary system inventories based on the actual end of life burnup. The
accuracy of the predicted fuel performance'and gas release will be assessed by
comparison to measured R/B (Release to Birth Rate) data. The accuracy of
the predicted fission metal release data will be assessed by comparison to
measured plateout probe data."

9.5-4
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PDP Table 3.15 identifies projected plateout levels of six key radionuclides that
are either fission products or come from fission products (Sr-90, Te 127m,1 129,
1131, Cs 134 and Cs-137). The values presented in this table are based on the
original FSV Plateout Analysis for Decommissioning Study that is described in
Section 3.1.4.2 of the PDP and include projected plateout levels on the reheater,
superheater, economizer and evaporator tube bundles of all 12 steam generator
modules. PDP Section 3.1.4.2 and Table 3.1-5 will be updated in the next PDP
revision to account for the revised FSV Plateout Analysis for Decommissioning
Study.

c

in addition to the six key radionuclides associated with fission products
discussed above, it is also necessary to cons.ider activation products which may
have accumulated on the steam generator surfaces, such as Mn 54, Fe-55, Co-60,
Ni 63, etc. While it is not presently feasible to obtain samples from the surfaces
of the steam generator tube bundles, surface concentrations of activation
products can be estimated based on samples taken from the surfaces of helium
circulators, which are in the primary coolant flow stream.

Although measured surface concentrations of Co-60 were a factor of 15 lower

than those measured for Cs-137 on a helium circulator, it was conservatively
assumed that the Co-60 inventory on a steam generator module was equal to the
Cs 137 inventory that is predicted by the revised FSV Plateout Analysis for ,

Decommissioning Study to be on a steam generator module. The ratio of the --

surface concentrations of remaining activation products to Co-60 was assumed

to be identical to those measured on the surfaces of a helium circulator [14).
Based on these assumptions, the inventory of various radionuclides plated out
on the surfaces of a steam generator module were derived and are shown in
Table 9.5-2.

It was then conscivatively assumed that none of the activity on the surfaces of
the steam generator modules is removed while the steam generators are
underwater. It was also assumed that 1% of the total surface activity inventory
of one steam generator module becomes airborne as a result of the postulated
drop accident. Furthermore, a three year decay period was assumed, altl augh

_

the steam generators are not scheduled for removal until about two years into
decommissioning, or about 5 years after reactor shutdown. The radionuclides

,

9.5-5
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assumed to be released as the result of a postulated drop accident are thus 1%
of the values presented in the 3 year decay column of Table 9.5-2.

The whole body and lung doses to an individual standibd at a point 100 meters
from the Reactor Building were calculated to be 8.3 mrem whole sody and 90.7
mrem to the maximum organ (lung). A breakdown of the doses produced by
individual radionuclides is presented in Table 9.5 3.

Based on the above, it is concluded that the radiation exposure to the general
public as a result of a postulated steam generator module drop accident would
be very low. The radiological consequences from the postulated accident are
well within the 25 Rem whole body dose and 300 Rem to any specific organ
guidelines established in 10 CFR 100. The radiological consequences are also
a small fraction of the one Rem whole body dose and five Rem to any specific
organ guidelines cited in the EPA Protective Action Guidelines (8],

Section 3.4 of the PDP will be revised in the next PDP update to include a
discussion of the postulated steam generator module drop accident and its
consequences.

C. Radioactive Waste Generated

A tabular listing of the estimated radioactive waste disposal volume for each
WBS was provided in Figure 3.21 of the Cost Estimate. As presented in Figure
3.2-1 the estimated disposal volume of radioactive waste from the steam
generators (including both the primary and secondary assemblies) is 20,736
cubic feet. The radioactive waste is expected to have a burial class of "A".

IV. SAFETY ANALYSIS CONCLUSIONS

During the removal activities, the radiological hazards will be monitored and -
- evaluated on a routine basis. All work activities associated with the removal of
the steam generators will incorporate effective radiological controls to maintain
occupational radiation exposures within regulatory limits and as low as
reasonably achievable (ALARA), consistent with dose-limiting provisions of 10
CFR 20, as well as both Regulatory Guides 8.8 [9] and 8.10 [10]. All workers
will be provided instructions in radiation protection concepts commensurate with

9.5-6
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- the radiological hazards that they will encounter during the removal of the
steam generators, including instructions concerning actions required during
unusual conditions.

It is estimated that the removal of the steam generator primary modules will
result in a total occupational radiological exposure of 17.85 person Rem.
Occupational exposures will not be in excess of allowable 10 CFR 20 limits for
occupational radiation exposure. Furthermore, postulated accidents involving
the steam generator primary assemblics will result in offsite radiological
consequences that are a small fraction of the guidelines established in both 10

CFR 100 and EPA Protective Action Guidelines [8]. It is therefore concluded
that the activities associated with the removal and disposal of the steam
generator primary modules will not pose an undue risk to the health and safety
of the general public nor to the decommissioning workers.

9.5-7
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TAllLE 9.5-1
OCCUPATIONAL RADIATION EXPOSURE ESTIMATE
STEAM GENERATOR PRIMARY MODULES REMOVAL

l'111!CI1VU TASK WORKER ILY11NtAll!D
NO. Ol' I!XPOSURl! DURATION INPOSURii IWl'OSURil

OPl!RAllON WORKI'Rs RATI! (mR/br) ihn) 'llME (hrs) ,(peren mrem)

Install ngging 3 2 14 ' 7 44 88 0
System

Cut mcmlules free 3 2 30 00 90 180.0

Remcwe segments 4 10 - 14.67 58.7 587.0

Package 4 $ 31 67 ,G12 (M 0

TOTALS 319.4 1488

Note: Multiplying the 1488 mrem by 12 to account for all of the steam
generator primary modules yields the 17.85 person-Rem shown in Table
3.5 2 of the Decommissioning Cost Estimate.

9.5-8
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TAllLE 9.5 2
INVENTORY OF RADIONUCLIDES

ON ONE STEAM GENERATOR MODULE (0

IIALF LIFE FINAL CURIES
ISOTOPE INITIAL CURIES (years) 11y.entdgny)

Mn 54 1,74 E + 05 8.55 E-01 1.53 E+ 04
Fe-55 5.20 E+ 06 2.70 E+ 00 2.41 E+ 06
Co-60 5.71 E + 05 5.26 E+ 00 8.48 E+ 05
Ni 63 9.31 E + 04 9.20 E + 01 9.10 E + 04
Sr-90 3.94 E+ 04 2.81 E + 01 3.66 E + 04
Y-90' 1.68 E + 05 64 Ilours 1.41 E+ 05
Ru-106 1.47 E + 04 1.01 E+ 00 1.88 E + 03
Ag 110m 1.83 E + 05 6.90 E-01 9.00 E+ 03
Cs-134 2.34 E + 05 2.06 E + 00 8.53 E + 04
Cs-137 5.71 E + 05 3.01 E+ 01 5.33 E+ 05
Cc-144 2.18 E + 05 7.78 E-01 1.50 E + 04
Pm-147 1.83 E + 05 2.62 E+ 00 8.42 E + 04

*

Y 90 continues to be produced from the radioactive decay of Sr 90-

(0 Nuclides that contribute at least 0.1% to the offsite radiological-

consequences (Whole body or maximum organ)

9.5-9
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TAllLE 9.5 3
CONTRillUTION TO OFFSITE

RADIOLOGICAL CONSEQUENCES

SIGNIFICANT WilOLE BODY MAXIMUM ORGAN
ISOTOPE DOSE (mrem) JX)SE - LUNG (mRemi

Mn 54 1.47 E 3 3.28 E-1
Fe 55 1.46 E-1 2.66 E + 0
Co-60 1.92 E-1 7.75 E+ 1
Ni 63 2.02 E-2 2.49 E-1
Sr-90 3.42 E + 0 5.38 E + 0
Y-90 1.21 E 4 3.66 E-1
Ru 106 2.50 E-4 2.68 E 1
Ag 110m 8.20 E-4 6.38 E-1
Cs-134 9.51 E 1 1.27 E-1
Cs-137 3.49 E+ 0 6.14 E-1 -
Cc-144 4.22 E 2 1.79 E + 0
Pm-147 3.30 E 2 6.80 E-1
Other < 0.01 ILLO

TOTALS 8.30 90.7
._

I
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