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DIRECTIONS FOR ENTERING CIIANGES
TO TllE FORT ST. VRAIN -

PROPOSED DECOMMISSIONING PLAN

~ As discusM in the cover letter, this attachment provides a revision to the
Proposed Decommissioning Plan and is based on PSC's commitment to update the
PDP to incorporate PSC responses to NRC Requests for Additional Information.

Changes from the original Proposed Decommissioning Plan (submitted en
November 5,1990, in PSC letter P-90318 and as revised in P-91217 on July 1,
1991) have been identified ic Se following pages with side revision marks to
facilitate ease of review.

The reviewer is requested to either:

(1) replace the pages in their copy of the Fort St. Vrain Proposed
~. Decommissioning Plan with the attached revision (preferred), or

(2) file this letter (with attachment) in total with the original ccpy of the
Proposed Decommissioning Plan,

,

The cover graphic, index tabs, Appendix I and Appendix III are the only items to
be retained from the previous revision of the PDP. Pinal replacement should be
. cons s en with--the List 'of Effective Pages provided immediately following thisit t

page. The - List of Effective Pages - should be - placed in the Proposed
Decommissioning Plan immediately following( the - Cover _ Graphic page and-

_

preceding the Table of Contents.

-- - - - - - - - - - - - _ - _ -_ - _ _ _ _ - - - _ _ _ -______w- -_ r- - - p -, q-- .qm.i- .,- .y , 4 y9 ,.
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| SECTION 1

(V]
SUMMARY OF PLAN

1.1 DESCRIPTION OF DECOMMISSIGNING PLAN AND
DECOMMISSIONING ALTERNATIVE

1.1.1 Jntroduction

By letter to the Nuclear Regulatory Commission (NRC) dated December 5,1988
(Ref.1), Public Service Company of Coiorado (PSC) notified the NRC that " based
on economic considerations associated with the ongoing operating costs of Fort St.
Vrain, PSC has determined that it will be necessary to terminate Fort St. Vmin
operations early " At that time, PSC began decommissioning planning to support <

premature decommissioning, resulting in submittal of the Preliminary
Decommissioning Plan to the NRC on June 30,1989. (Ref. 2)

This Proposed Decommissioning Plan is submitted by PSC in accordance with the g
requirement of 10 CFR 50.82(a), which requires submittal of the Proposed p
Decommissioning Plan "within two years following permanent cessation of T'
eperations." PSC previously provided a target date of October 31,1990, for '

submittal of the Proposed Decommissioning Plan.

(] The Proposed Decommissioning Plan represents a departure from PSC's Preliminary
V DecommissiorJng Plan (Ref. 2) in that, after consideration of financial risks,

regulatory environment, and uncertainty of other issues, PSC has selected the '

DECON alternative for immediate dismandement and decommissioning of Fort St.
Vrain.

Through a competitive bid process, PSC has selected a team headed by the
Westinghouse Elec+1ic Corporation to carry out the decommissioning of Fort St.
Vrain on a fixed price basis. Coincident with decommissioning, the Fort St. Vrain
plant may be converted to a fossil-fueled facility (See Section 5.5).

1.1.2 Backeround

Fort St. Vrain was shutdown on August 18, 1989. On August 29,1989, the PSC
Board of Directors reviewed and confirmed the Executive Management decision that
Fort St. Vrain would not be restarted, and that PSC would pursue the
decommissioning of Fort St. Vrain.

The decision to permanently shut down and decommission Fort St. Vrain was based

on related technical and financial considerations. Problems were idertified with the

n() 1.1-1
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control rod drive assemblies and the steam generator steam ring headers that
presented significant technical obstacles which could be overcome, but at significant
cost in dollars and time to PSC. Additionally, due to the uniqueness of the one-of-a-
kind High Temperature Gas-Cooled Reactor (HTGR) fuel cycle, the cost to purchase
new fuel was prohibitive. This, in conjunction with low plant availability and
correspondingly high operating costs, made continued operation of Fort St. Vrain
imprudent.

Coupled with these technical and fuel cycle considerations, Fort St. Vram had
previously been removed from the rate base as a result of a 1986 Settlement
Agreement between PSC, the Colorado Public Utilities Commission (CPUC), the
Office of Consumer Counsel (OCC) and other parties. With the exception of limited
funds to be collected for decommissioning, the removal of Fort St. Vrain from the
regulatory rate base left PSC shareholders responsible for further operating and
decommissioning costs of Fort St. Vrain.

1.1.3 Contents of the Pronosed Decommissionine Plan

The Proposed Decommissioning Plan has been prepared to be responsive to the
requirements of 10 CFR 50.82(b) and the guidance of Draft Regulatory Guide DG-
1005 " Standard Format and Content for Decommissioning Plans for Nuclear
Reactors" (Ref. 3). The following is a brief summary of the sections contained
within this plan.

Section Description

1 " Summary of Plan" provides a brief description of the proposed plan
and background information related to the decit. ion to decommission
Fort St. Vrain. Information is provided to describe the n.ajor
activities involved in the dismantlement and decommissioning of Fort
St. Vrain, and the projected project schedule. The cost to
decommission Fort St. Vrain is identified, as well as status of the
availability of funding. Details are provided in Section 1.4 on
implementation and administration of the proposed plan. Section 1.5
describes the controls which will be effective during the transition
period prior to approval of the Proposed Decommissioning Plan.

2 " Choice of Decommissioning Alternative and Description of
Activities" identifies the selected decommissioning alternative. Section

1.1-2
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2.2 provides a description of Fort St. Vrain and identifies major site
factors, and identifies contaminated or activated structures and ,

components which will be removed during decommissioning. The
major decommissioning activities and schedule are provided in Section |
2.3 Organizational structures are provided for the PSC organization
(Section 2.4) and the selected contractor (the Westinghouse team,
Section 2.6). Decommissioning training requirements are identified
in Section 2,5.

3 " Protection of Occupational and Public Health and Safety" describes
the "as is" radiological status of the Fort St. Vrain facility (Section
3.1). The decommissioning radiation protection organization and |
exposure estimates are described in Section 3.2, and proposed methods |
of managing radioactive waste, including offsite transportation and
disposal, are discussed in Section 3.3. The analysis of postulated
bounding decommissioning accidents is provided in Section 3.4.

4 " Final Radiation Survey Plan" provides the pupose, criteria, and
methodology that will be used to formulate the final radiation survey
plan, including instrumentation, documentation and quality assurance
requirements, and eventual site closure.s

5 " Decommissioning Fixed Price Contract and Funding Plan" provides
a-description of 'he decommissioning fixed price contract, major
assumptions anc' es used to derive the decommissioning cost, and
status of decor .oning funding. Provisions are also identified for
updating both t' decommissioning cost and the funding plan.

6 " Decommissioning Technical and Environmental Specifications"
provides the methodology and philosophy that was used to develop the |
decommissioning technical specifications.

7 " Decommissioning Quality Assurance Plan" provides the QA plan
which will be effective during deconimissioning.

8 " Decommissioning Access Control Plan" identifies those access
control requirements to be administered during the decommissioning
process once all spent fuel has been removed from the Protected
Area. This access control plan will replace the existing physical

1.1-3
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security plan during the decommissioning period.
I

Appendix 1, "Westinghoase Team Scope of Work", provides a detailed description
of the proposed Westinghouse team decommissioning and ditmantlement activitits.
Appendix II, " Fort St. Vrairi Activation Analysis", provi&s the results of the analysis
to identify activation levels and isotopes for Fort St. Vrain components.

O
.
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'
l.2 MAJ9R TASKS, SCIIEDULES AND ACTIVITIES

1.2.1 Description of hiaior Activities

The major dismantlement and decontamination activities to be performed durir.g
decommissioning are described in detail in Section 2.3. The decommissioning project
is divided into three major work areas:

-| 1. Decontamination and dismantlement of the PCRV.
2. Decontamination and dismantlement of the contaminated balance of

plant (130P) systems.
3. Site cleanup and Gnal site radiation st.rvey.

Site cleanno is describe:1 in Section 2.3.md the final site radiation survey is described
in Section 4.

1.2.2 Final Release Cri;eria

The release of the site, facilities and materials will be based on proper application of

O release criteria for surface contamination, soil / water con:entrations and exposure
rates. Final site release criteria are fully identined in Section 4.2 of this plan.

1.^.3 Decontamination and Dismantlem".w he PCR_V

The major decommissioning task is the , nntlement and decontamination of the
radioactive portions of the Prestreswd C exrete Reactor Vessel (PCRV). Section 2.3
provides a comprehensive description of the steps necessary to dismantle and
decontaminate the PCRV. PCRV dismantlement activities will begin only after all
irradiated fuel has been removed from the Reactor Building.

PSC and the Westinghouse team have evaluated technical options available for
dismantling radioactive portions of the PCRV, and a decision has been made that the

best technical approach is to Dood the PCRV with water, and perform the majority
of dismantlement activities submerged. This will allow the most direct access to
highly radioactive portions of the PCRV, while affording the maximum shielding
benefit.

1.2-1
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1.2.4 Decontamination and D!imantlement of ContammatedJialance elPlant
Systems

For the purposes of this ProposeJ Decommissioning Plan, balance of plant systems
refer to those contaminated c. potentially contaminated plant systems outside the
PCRV. Decontamination and dismantlement of contaminated or potentially
contaminated balance of plant systems will be performed by one of the following
approaches: (1) decontamination in place, (2) removal and decontamination, or (3)
removal and disposal as radioactise waste. Systems which are contaminated or
potentially contaminated above releasable limits requiring decontamination and
dismantlement are described in Section 2.3.

1.2.5 Schedule for Decommissionine Activitig3

The whedule for decommissioning activities is provided in Section 2.3.5 and Figure
2.315. The following is a brief description of the two phases of the Fod St. Vrain
Decommissioning Project:

| Phase 1 Decommissionine Plannine Phase consists of initial site
characterization, preparation of work scope planning, work
specifications and procedures, and equipment and material
staging. There will be NO physical decommissioning activities
performed as part of this planning phase, although some
component removal and disposal activities may o: cur prior to
commencement of Phase 11 (described below) as described in
Section 1.5 of this plan.

Phase 11 Decontamination and Dismantlement Phast with an estimated
duration of 39 months. Actual dismantlement,
deccntamination, and physical decommissioning activities will
occur as part of this phase. The actual physical
decommissioning activities are scheduled to commence after:(1)
NRC approval of the Proposed Decommissioning Plan, and (2)
removal of all irradiated fuel from the Reactor Building.

It is imponant to note that Phase I and Phase 11 activities are not conducted in series.

These two phases have considerable overlap. Further detailed descriptions of the
work scope to be performed in each project phase are provided in Appendix I of this
plan.

1.2-2
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Some component removal activities will be conducted prior to commencerncnt of the
Decontamination and Dismantlement Phase, as described in Section 1.5. ,

Decommissioning of Fort St. Vrain, including site cleanup and final site radiation |
survey, is expected to be completed by October 1995. |

'

|
,

O
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1.3 FIXED PRICE AND AVAILAllILITY OF FUNDS

1.3.1 Decommissioning Cell

Through the competidve bid process described in Section 5.2, PSC selected, from
among four qualified bidders, a project team of Westinghouse and MK Ferguson as
its decommissioning contractor.

The competitive bid submitted by the Westinghouse team, together with an estimate
of PSC decommissioning costs, resulted in an imtial decommissioning cost of
$137,129,000 based on future value dollars escalated to the year of expenditure, and
hard on the start of physical decommissioning activities in January 1992. Of this
amount, the Westinghouse team's firm fixed price is $100,460,000. PSC's costs, as
overall project manager and licensing coordinator, were estimated to be $36,669,000.
Assumptions used as the basis for these costs are identified in Section 5.2,1. The
proposed Westinghouse team Scope of Work is provided in Appendix 1. A detailed
cost estimate responsive to the, requirements of 10 CFR 50.82(b)(4) was prepared to
support the costs and w::s submitted to the NRC on June 6,1991 (Ref. 4).

/] Due to delays experienced with the defueling of Fort St. Vrain, the sts.rt of physicalV decommissioning activities has been delayed from January 1992 until August 1992.
This delay, and recogn'titm of the possibility of sizeable increases in low level
radioactive waste disposal costs, has resulted in the need for adjustments to the
Decommissioning Cost Estimate provided to the NRC in Reference 4. The revised
total cast for decommissioning is estimated to be $157,472,700 in future value
dollars, escalated to the date of expenditure. Section 5.2.3 of this plan provides
funher detail and supporting basis for these cost increases, as well as other
adjustments to the Decommissioning Cost Estimate determined to be necessary.

1.3.2 Decommissionine Funding Plan
.

As of September 30,1991, the Fort St. Vrain decommissioning trust fund balance
was approximately $28.0 million. There are no remaining funds to be collected from
PSC customers under terms of the 1986 Settlement Agreement. Section 5 describes
the Decommissioning Funding Plan and revised Decommissioning Cost Estimate.
The Letter of Credit, Standby Trust Agreement, and r.ssociated letters of commitment
to execute these documents are provided in Appendix III.

1.3 1
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'

l.4 REGULATORY BASIS FOR ADMINISTRATION OFTIIE PROPOSED
DECOMMISSIONING PLAN

This Proposed Decommissioning Plan -has been preparut and submitted to be
responsive to the requirements of 10 CFR 50.32 and the guidance of Draft i

Regulatory Guide DG-1005, " Standard Format and Content for Decommissioning
Plant for Nuclear Reactors" (Ref. 3). The Proposed Decommissioning Plan is
inten c.J to govern the entire Fort St. Vrain decommissioning effort, and is to be

,

maintained current as described in this section, if and when the need for plan changes
occur. This plan is to be a key component of the licensing basis of Fort St. Vrain
durir.g decommissioning as described below.

...

The following documents shall constitute the decommissior.!ng licensing basis of Fort
St. Vrain, effective following the removal of all irrsi ,ted fuel from the Fort St.
Vrain Reactor Building and receipt of NRC approval to commence decommissioning:

1. . This NRC-approved Proposed Decommissioning Plan including:
a. Applicable NRC decommissioning regulations as identified in

this plan, and
b. NRC regulatory guidance applicable to the decommissioning ofO Fort St. Vrain as identified in this plan.

2. The NRC-epproved Fort St. Vrain 10 CFR 50 license and the
Decommissioning Technical Specifications.

3. Licensing basis correspondence between the NRC and PSC related to
the decommissioning of Fort St. Vrain.

Thia Proposed Decommissioning Plan,- following its approval by the NRC and the '

removal of all irradiated fuel from the' Fort St. Vrain Reactor Building, shall
supersede and replace the Fort St. Vrain Updated Final Safety Analysis Report
(UFSAR, Ref. 5). Following the completion of defueling, the final revision of the
Fort St. Vrain UFSAR then in effect shall be retained as an historical document only,
and all of the operational descriptions and commitments therein shall be superseded
in their entirety by this Proposed Decommissioning Plan. Essential safety features
and functions which will be relied upon during decommissioning are described and
included in this plan.

For the purposes of the Fort St. Vrain plant decommissioning, the provisions of 10
CFR 50.59 and 10 CFR 50.71(e) shall apply to and be implemented by this Proposed
Decommissioning Plan and the Decommissioning Technical Specifications. Any

1.4-1
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Proposed Decommissioning Plan change or activity which invalves an umeviewed
safety question as denned in 10 CFR 50.59 or requires a change to the
Decommissioning Technical Specifications shall require approval by the NRC prior
to implementation.

Any Proposed Decommissioning Plan changes or activities that do not involve an
unreviewed safety question and do not require a Decommissioning Technical
Specincation change, as determined by performing a 10 CFR 50.59 safety evaluation,
may be implemented by PSC without prior NRC approval. An annual report shall
be submitted to the NRC per the provisions of 10 CFR 50.59 describing all Proposed
Decommissioning Plan changes made under the provisions of 10 CFR 50.59 and the
results of the associated 10 CFR 50.59 safety evaluations.

Likewise, Proposed Decommissioning Plan updates shall be submitted to the NRC
at least annually per the provisions of 10 CFR 50.71(e). This annual Proposed
Decommissioning Plan update shall be current as of six months prior to the submittal
date.

The following plans, which require NRC approval for decommissioning and
constitute a part of this Proposed Decommissioning Plan, shall be administered under g
the applicable provisions of the regulations as described in the following Proposed
Decommissioning Plan (PDP) sections-

APPLICABLE REQUIREMENTS
PLAN DESCRIPTION PDP SECTION

Quality Assurance Plan") 10 CFR 50.54(a),10 CFR 50 Appendix B, and

10 CFR 71 Subpart 11 as describal in PDP

Section 7

Access Control Plan"' PDP Section 8

Final Radiatien Survey Plan m
10 CFR 50.82(b)(3) as desenbed in PDP

Section 4

Decommissioning Funding Pisa * 10 CFR 50.82(b)(4) as describal in PDP

Section 5

1.4-2
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EnlG

(" Plans which are included in this Proposed Dea,mmissioning Plan for
NRC review and approval.

*
Plans submitted to the NRC for approval separue from this Proposed |
Decommissioning Plan.

O
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1.5 DECOMMISSIONING CONTROLS DURING Tile TRANSITION
PERIOD PRIOR TO APPROVAL OF Tile PROPOSEI)
DECOMMISSIONING PIAN

1.5.1 Introduction

This section describes the decommissioning controls that will apply to plant
closure activities during the transition to the Decommissioning Technical
Specifications (DTS) and the Proposed Decommissioning Plan (PDP) controls.

The decommissioning of Fort St. Vrain (FSV) involves many planning and
preparatory activities that will be performed prior to approval of the PDP. The
requirements and controls that govern these plant closure activities are contained
largely in the operational Technical Specifications (TS) and in 10 CFR 50.59.

The Fort St. Vrain 10 CFR 50 license includes controls in the TS which are an
appendix to the license. The Administrative Controls in the TS will remain
enerally unchanged until the DTS (see Section 6.1) are approved and
i ..plemented. Pending NRC approval, the DTS may be implemented concurrent

p with the PDP approval or it may occur at a later time. Der mmissioning
C) activities, therefore, may have to be initiated under the then currer. i3 controls.

Decommissioning shall be consiaered to begin with the first physical activity to
remove contaminated equipment from Fort St. Vrain, after all irradiated fuel has
been removed from the Reactor Building and after NRC approval of the PDP.
Activities performed prior to NRC approval of th< PDP are considered plant
closure activities, in preparation for decommissioning.

In Reference 6, the NRC stated that a licensee must: (1) comply with the
requirements of its operating license and the regulations applicable to whatever
mode or condition the plant rnight be in at a given time; and (2) refrain from
taking any actions that would materially and demonstrably affect the methods or
options available for decommissioning, or that would substantially increase the
costs of decommissioning, prior to NRC approval of a decommissioning plan.

Fort St. Vrain is permanently shut down, cooled down and depressurized, and has I
received a Possession _Only License (Ref. 7). Under these plant conditions, PSC |
considers that performing plant closure activities is within existing licensee
authority provided they do not require a change to the Fort St. Vrain Technical

g
j 1.5-1!
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Specifications or 10 CFR 50 license, do not involve an unreviewed safety question
as defined in 10 CFR 50.59, do not limit the choice of reasonable
deconunissioning alternatives (i.e.,SAFSTOR, DECON, or ENTOMB), and do
not substantially increase the costs of FSV decommissioning. PSC will not
consider resumed operation as an option during the review of contemplated
component removal and disposal activities (e.g., region constraint devices and
helium circulators). Other plant closure activities that are not within existing
licensee authority will be submitted for NRC approval, prior to their
accomplishment. PSC considers these actions to be fully in compliance with
applicable regulations and license requirements.

o

1.5.2 Comoonent Removal Activitin

Prior to the initiation of actual decommissioning activities, PSC may complete the
removal of numerous components from the PCRV, including the helium
circulators, control rod drive and orifice assemblies (CRDOAs), metal clad
reflector blocks (MCRBs) and the region constraint devices (RCDs). These
activities are performed as plant closure activities, outside the scope of the
Proposed Decommissioning Plan. Some of these components may be removed
prior to the completion of defueling, if the components have no required nor g
useful function during any planned or postulated defueling or shutdown
conditions. In add.i ion, several component removal activities may be performedt

in the interest of technology transfer with the Department of Energy (DOE),
including removal of a steam generator ring header and bimetallic weld
sample (s), and removal of high temperature helium purification system
components.

Other plant closure activities beyond the scope of the Proposed Decommic" ,ning
Plan are evaluated against the following criteria:

1. If the activity requires a change to the Fort St. Vrain Technical
Specifications or involves an unreviewed safety question, as determined
by a safety evaluation performed in accordanct 9ith the provisions of
10 CFR 50.59, prior NRC approval must be obtained.

2. If the activity has an adverse environmental impact, in that it disturbs
environs not previously disturbed during plant consimction or operation,
prior NRC approval must be obtained.

3. If the activity precludes any of the allowable decommissioning
alternatives (SAFSTOR, DECON, or ENTOMB), prior NRC approval

1.5 2
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must be obtained.
4. If the activity involves any significant increase in the total radiation

exposure required for decommissioning, to the extent that a revision to
the Proposed Decommissioning Plan is required, prior NRC approval
must be obtained.

1.5.3 Transition to Decommissioning Controls

After all nuclear fuel has been removed from the Reactor Building, the controls
on plant closure activities will not be needed to ensure the safety of the core, but
they will be needed to minimize radiological exposure to workers and the public,
and to protect against an unplanned release of radioactivity to the environs. Fort
St. Vrain will maintain its 10 CFR 50 license, and regulations such as 10 CFR
50.59 will still apply.

The transition to decommissioning controls will be relatively smooth because
many of the existing requirements will continue to apply, although various details
may differ considerably. Facility modifications that involve a change to the PDP
will be reviewed panuant to 10 CFR 50.59. The DTS will include Administrative

q Controls, such as organizational requirements, a safety review committee,b procedural requirements, record keeping requirements, and reporting
requirements.

Upon NRC approval of the PDP, decommissioning controls will be phased in in
a controlled manner, as follows:

1. Surveillances and preventive maintenance activities for equipment no
longer required to be op:rable will be suspended.

2. New decommissioning design controls may be implemented which will
incorporate revised requirements for 10 CFR 50.59 evaluations and
configuration management.

3. Procedures that are no longer needed will be deleted or placed in a
category which requires no additional maintenance of the procedure.

4. Procedures that relate to radioactive effluent comrols will be retained
until the DTS are issued. At that time, they will be revised as necessary
to reflect the requirements of the Off Site Dose Calculation Manual and
the Process Control Program.

5. After approval of the DTS, implementing procedures will be revised
accordingly.

1.5-3
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1.5.4 Mobilization _ Activities

In preparation for the actual start of decommissioning activities, it may be
desirable to install certain equipment items such as material handling and w" .er |

purification equipment prior to formal approval of the PDP.

These mobilization activities may be performed while there is still nuclear fuel
being removed from the Reactor Building, provided each activity is evaluated for j
its impact on the defueling operation. Also, any physical modifications to an
existing Fort Et. Vrain system (e.g., piping connections, power connections) will
be treated in accordance with the then current Fort St. Vrain Quality Assurance '

Plan.

!

i
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SECTION 2

CllOICE OF DECOMMISSIONING ALTERNATIVE
AND DESCRIPTION OF ACTIVITIES

2.1 DECOMMISSIONING ALTERNATIVE

PSC has officially notified the NRC of its selection of the DECON option for |
decommissioning Fort St. Vrain in Reference 1. PSC's objective is the immediate |
dismantlement and decommissioning (DECON) of the Fort St. Vrain Nuclear
Generating Station to release all site areas for unrestricted use. To accomplish this
objective, the following activities will be accomplished:

1. Remove the PCRV internal radioactive components remaining after
completion of defueling.

2. Decontaminate and/or dismantle those portions of the PCRV structure
and radioactive balance-of-plant systems which exceed limits for
unrestricted release of residual radioactive materials.

3. Ship all radioactive waste offsite for disposal.
4. Perform a final site radiation survey to confirm that all site areas can

be released for unrestricted use.
5. Terminate the 10 CFR 50 license.

Fort St. Vrain will be decontaminated to levels which meet the criteria of USAEC
Regulatory Guide 1.86 * Termination of Operating Licenses for Nuclear Reactors"
(Ref. 2) and NRC interim guidance identified in Section 4.2.

It is expected that PSC will operate and maintain Fort St. Vrain under the 10 CFR |
50 Possession Only License issued in Reference 3 during decontamination and |
dismantlement ctivities. Once decontamination and dismantlement activities are
completed and a final site survey has been performed to confirm site release for
unrestricted use, PSC will apply to the NRC to terminate the 10 CFR 50 license.

2.1-1
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2.2 FACILITY DESCRIPTION

2.2.1 Gcneral Description

Fort St. Vrain is a High Temperature Gas-Cooled Reactor (HTGR) owned and
operated by PSC. Fort St. Vrain's location is approximately 35 miles north of ,

Denver and three and one half miles northwest of the town of Platteville in Weld
County, Colorado.

The site consists of 2798 acres owned by PSC. During the plant operation,
approximately one mile square within the site area was designated as the exclusica
area, and the licensee maintained complete control over this area. The ecmpleted
facility is shown in Figure 2.2-1. The basic installation consists of a Reactor
Building, a Turbine Building, cooling towers, and an electrical switchyard.

2.2.1.1 Reactor Building

The Reactor Building (Figures 2.2-2 and 2.2-3) houses the prestressed concrete
reactor vessel (PCRV), fuel handling area, fuel storage wells (FSWs), fuel shipment

3 preparation facilities, decontamination and radioactive !iquid and gas waste processing
equipment, and most reactor plant process and service systems. The building is able
to withstand wind loadings developed by a 100 mph wind or a tornado of 202 mph
total horizontal wind velocity without exceeding yield stresses.

The Reactor Building ventilation exhaust filter system is designed to filter the Reactor
Building atmosphere prior to release to the vent stack during both normal and most
accident conditions during decommissioning. The Reactor Building is maintained in
a subatmospheric condition to ensure that all air leakage will be inward and to
minimize unfiltered fission product release from the building. The ventilation system
was designed to maintain a subatmospheric condition approximately 1/4 inch water
gauge negative. In actual p actice, the Reactor Building pressure is normally 0.15
to 0.20 inches water gauge negative, depending on building activities and ventilation
system configuration.

The Reactor Building overpressure protec on system consists of 94 louvered panels, |
24-feet by 8%-feet, each of which provides 12.02 ft of free flow area for a total of |

21130 ft of free flow arca when fully opened. The louvers are opened by spring |
-

,

pressure and closed (or held closed)-by air pressure acting through a pneumatic j

cylinder. Subatmospheric conditions can be maintained with several louver banks |

'
2.2 1
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| open. The overpressure protection system louvers may be opened on a controlled
| basis for various reasons (e.g., to provide extra ventilation cooling during hot
| weather). The louvers must t,c closed whenever Reactor Building integrity is E
| required.

The PCRV and nuclear steam supply system (NS'S) are located in the west portion
of the Reactor Building. The east portion of the Reactor Building houses auxiliary
and support systems and facilities such as the FSWs, the hot service facility (HSF), ,

the equipment storage wells (ESWs), storage and laydown areas for various pieces
of equipment, radioactive gas and liquid waste stcrage facilities, and the loading ports
for the spent fuel shipping casks (SFSC). The basement area of the Reactor Building
contains the building sump / keyway. The volume of the sump / keyway is
approximately 44,600 cubic feet.

The Fort St. Vrain Reactor Building is presently designed to withstand the Design
Basis Earthquake (DBE) of 0.10 g horizontal ground acceleration at the site without
unsafe damage or failure to function. During decommissioning, the Reactor Building
will continue to be required to perform its confinement function following a seismic
event.

The decommissioning of Fort St. Vrain will not involve any major modifications to
the Fort St. Vrain Reactor Building without verincation of the seismic qualification.
Other than the Reactor Building, no additional seismic analysis of individual
decommissioning tasks and removal activities will be required.

| The Reactor Building overhead crane is located inside the Reactor Building, over the
j refueling Door. The Reactor Building crane is the means by which heavy lifting
| operations and maintenance are performed on the refueling Door of the Reactor
| Building. The design of the overhead crane conforms to Class "D" crane type
| specified in the Electric Overhead Crane Institute (EOCl) Specification No. 61 and
| the AISC Specification " Designs, Fabrication, and Erection of Structural Steel for
| Buildings" adopted November 30,1961. All structural steelis ASTM A-36 or better.
| The crane capacity has been upgraded from 160 tons to a revised capacity of 170
| tons. The crane trolley main hook has a capacity of 50 tons and the auxiliary crane
| hook has a capacity of 17.5 tons.
I

| In order to meet the requirements of the EOCl and AISC specifications, the building
| girders and crane rails are designed for 125% of the rated load, and the crane bridge
j girders are designed for an impact loading of not less than IC T of the lifting forces

2.2-2
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required for 125% of the rated load. The hoisting cable at the main hoist consists |
-

of 12 parts of 1-3/8 inch diameter,6-strand, 37-wire improved plow steel crane rope | ,

with a rating of 14.8 tons per part, for a total capacity of 177 tons. The breaking | |;

strength of the hoisting cable arrangement is 775 tons. |

| -

2.2.1.2 Turbine Building

The Turbine Building (Figures 2.2 2 and 2.2 3) houses the turbine generator with
condensing feedwater, and other auxiliary systems. Included in the Turbine Building
is an auxiliary bay area housing tne reactor plant ventilation equipment, the controlled
personnel access to the Reactor Building, and an area housing the control room and
miscellaneous electrical services. The Turbine Building also houses a service end
of0ce area which provides space for miscellaneous shops, auxiliary steam system
components, and administrative of0ces.

2.2.1.3 Fuel Storage Building

The Fort St. Vrain Fuel Storage Building is a single level concrete structure located
east of the Reactor Building (see Figure 2.2 4). The building is constructed of

O prestressed concrete panels and twin tees, and is designed to withstand a 202 mph
tornado wind and can withstand the design basis tornado missile. This building will
be used for decommissioning support.

2.2.2 Prestressed Concrete Reactor Vessel (PCRV) and Internal Comnonents

The PCRV. (Figures 2.2-5 and 2.2 6), which contains the NSSS, is a reinforced
concrete structure prestressed with steel tendons. Following defueling, the PCRV
will contain the majority of the remaining radioactive materials in the-Reactor
Building.

The Fort St. Vrain systems associated with the PCRV are as follows: '

System 11 PCRV and Internal Components
System 12 Control Rod Drive and Orince Assembly
System 17& Reactor ReDector and Defueling Elements
System 18 '

System 21 Helium Circulators
System 22- Steam Generators
System 23 llelium Purincation System

2.2-3
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These systems make up the primary reactor vessel and internal core components
located within the PCRV. These systems and components are discussed further in
this section and in Section 2.3.

Portions of the PCRV concrete and rebar are expected to remain activated due to
direct irradiation from the reactor core. Highly radioactive components will remain
inside the PCRV until removed during PCRV decontamination and dismantlement.

Physically, the 151/2 foot thick heads and the 9 foot thick concrete walls are
constructed around a 3/4 inch thick low-carbon steel liner which forma the internal
cavity. The liner is anchored to the concrete at frequent intervals. A core support
floor (CSF) is provided within the PCRV in the form of a reinforced 5 foot thick
concrete disk with a 3/4 inch carbon steel outer liner, supported by 12 steel core
support floor columns from the bottom of the PCRV cavity.

Longitudinal, circumferential and top and bottom crosshead prestressing tendons (448
total) are located in conduits embedded in the PCRV concrete. Tendons are
positioned both circumferentially and vertically along the PCRV side walls. There
are also tendons across the top and bottom heads in a criss-cross arrangement.

The reactor core arrangement within the PCRV is shown in Figure 2.2-7. The top
layer of the core arrangement consisted of hexagonal shaped metal clad reflector
blocks (h1CRBs) with openings for 37 control rod pairs. The htCRBs provided an
inlet plenum for the reactor coolant to the active core. Region constraint devices
(RCDs) were located on top of the MCRBs and mechanically interlocked the top
layer (not shown en Figure 2.2-7). Hexagonal top reflector elements with coolant
channels are located directly below the MCRBs and above the active core region.

The active core was divided into 37 regions and consisted of 1482 fuel elements.
Individual fuel elements were hexagonal in cross section and aligned with the coolant
channels fiom the reflector elements and MCRBs. During reactor defueling, the fuel
elements are being replaced with defueling elements of identical shape and size.
Hexagonal redector elements are also located to the sides of and below the active
core region. Many of the bottom reDector elements contain boronated graphite in
Hastelloy cans.

Radially outside of and immediately adjacent to the top, side and bottom hexagonal
reflector elements are the large irregular-shaped side reflector blocks. Between the

2.2-4
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side reflector blocks an core barrel are the boronated side reflector spacer blocks
that contain boronated sto pins and were used for shielding.

The core barrel is a steel cylinder approximately 27 feet 4 inches inside diameter and j

29 feet high. The core barrel has 12 upper outer keys and 12 lower outer keys which |
center the core barrel to the PCRV liner. The lower three feet of the inside 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 liner and the core barrel. |

-_

Immediately outboard of the core barrel is a helium interspace area. Outboard of this
interspace area is an outer metal insulation cover plate, Kaowool (thermal) insulation,
an inner metal insulation cover, another layer of Kaowool, and then the PCRV
carbon steel liner. See Figure 2.2 8 for a general arrangement of the thermal
barriers.

Below the core region containing the defueling elements, the CSF will bear the
weight of the defueling elements and reflectors through the core support posts and the
core support blocks. The CSF also is the bottom termination point of the core barrel

O' and has 12 penetrations for the 12 steam generator modules. The CSF is supported *

from the bottom head of the PCRV with 12 tore support floor columns (See Figure
2.2-9). The CSF is a complex component that includes the following features: |

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

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 via 12 inlet du:t:. |
3. The CSF is supported by 12 steel columns that are located near the |

CSF 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. |
S. 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. |

The lower plenum is below the CSF and houses the steam generator modules (12),
circulator diffusers (4), circulators (4) the CSF support columns (12) and the lower

O)t 2.2-5

|

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



PROPOSED DECOMMISSIONING PLAN 4/17/92 gSECTION 2

Door. A number of instrument and equipment penetrations and wells exist in the
PCRV heads and sidewalls.

2.2.3 Balance of Plant Contaminated Components

The systems identined below are considered to be the potentially contaminated
balarice of plant systems outside of the PCRV at Fort St. Vrain. Decontamination
and dismantlement of these BOP systems are discussed in Section 2.3.4:

System 13 Fuel Handling Equipment
System 14 Fuel Storage Facility
System 16 Auxiliary Equipment
System 21 IIelium Circulator Auxiliaries
System 23 Helium Purification Auxiliaries
System 24 Helium Storage System
System 46 Reactor Plant Cooling Water System
System 47 Purification Cooling Water System
System 61 Decontamination System
System 62 Radioactive Liquid Waste System
System 63 Radioactive Gas Waste System g
System 72 Reactor Building Drain System
System 73 Reactor Building Ventilation System
System 93 Instrumentation and Controls

System 15, fuel and reDector shipping equipment, consists primarily of the shipping
casks, truck-trailers, spent fuel container, and cask lifting apparatus and is not a part
of the decommissioning project. These equipment items will be retained under their
separate 10 CFR 71 license or will be disposed of at mme time in the future.

A brief summary of the major components in each of the above balance of plant
contaminated systems is as follows:

2.2.3.1 System 13 - Fuel Handline Ecuipment

The fuel handling equipment that remains contaminated includes the fuel handling
machine (FHM, Figure 2.2-10), five reactor isolation valves (Figure 2.2-11) and two
refueling sleeves (Figure 2.2-12).

2.2-6
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2.2.3.2 System 14 - Fuel Storgdqcility

The fuel storage facility (See Figure 2.2-13) consists of nine fuel storage wells
constructed of carbon steel liners suspended in concrete pits.

2.2.3.3 MRm 16 - Auxiliary Eculpmtal

The auxiliary equipment consists of the Auxiliary Transfer Cash (ATC, Figure
2.2-12), ten ESWs (Figure 2.2-14), the HSF (Figure 2.2-15), and three shielding
adapters (Figure 2.2-16). Figure 2.2-16 shows a general layout at the location of the
various fuel handling and storage system components, and associated auxiliary
equipment on the refueling floor.

The ATC is most commonly used to transfer the control rod drive assemblics,
refueling sleeves and the shield plugs. The ten ESWs are carbon steel structures
embedded in concrete used to store the control rod drive assemblies and the refueling
sleeves.

The IISF, constructed of concrete and steel shielding plates, consists of ;wo work
areas used for inspection, repair, maintenance, testing and decontamination work.

O' The HSF was designed to allow the decontamination, service and repair of various |
items of contaminated and activated equipment. The HSF was designed to allow |
service operations to be performed either indirectly with manipulator equipment or |
manually after decontamination. Provisions are made for partial shielding of portions |
of an assembly while work is proceeding on an exposed portion. The shielding |
design of the facility conforms to applicable regulations and is adequate for activated |
or contaminated equipment. In addition, facility design allows the control and |
disposal of airborne, waterborne, and solid contamination resulting from operation |
in the HSF. Adequate monitoring for radiation and airborne contamination is |
available. |

The HSF is the shielded general assembly, decontamination and maintenance area, |
and provides a cell with walls constructed of 3000 psi concrete with steel |
embedments to provide the necessary shielding. The walls, floor, and ceiling are |
coated with an epoxy coating to facilitate decontamination. |

|
The HSF consists of two areas, one capable of staging relatively short items and the |
other for longer items such as the FHM internal mast. Both areas are serviced by |
two remotely operated manipulators for disassembly and handling of components. |

2.2-7
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| The " longer" area is serviced by a movable platform that straddles the longer
| component supported at presclected verticallocations by means of retractable support
| pins. At the bottom of the service platform well, pro .sions have been made for a
| water pool to act as .hielding for possible storage of highly radioactive items if this
| should ever be needed.
|
| Ventilation is provided by a fresh air inlet located below the service noor elevation
| and a portable HEPA filter and blower located near the top of the access with ducting
| to the Reactor Building ventilation exhaud.. The filter assembly is removable by
| either manipulator. Packaging of highly radioactive solid waste is normally
| performed in the HSF.

I
| The structural design of the HSF is such that no significant release of radioactive
| material will occur. All radioactive materials will be adequately contained under all
| normal and abnormal conditions to protect the health and safety of the public.
| Adequate shielding and ventilation controls are also provided to protect operating
| personnel.

2.2.3.4 System 21 - Helium Circulator iuxiliaries

The auxiliary equipment for System 21 was used to provide a supply of high pressure
water for the helium circulator bearing lubrication and a supply of purified buffer
helium to prevent in leakage of bearing water into the primary coolant. The major
equipment items include buffer helium recirculators, heat exchangers, Alters, pumps,
helium dryers, chemical injection components, containment tanks, and compressors
(See Figure 2.2-17).

2.2.3.5 System 23 - Helium Purifica. tion Auxiliaries

The System 23 auxiliary equipment was used to assist in puri6 cation of the helium
used as the primary reactor coolant. The major equipment items include Siters, heat
ex: hangers, compressors, and byers (See Figure 2.2-18).

2.2.3.6 Synem 24 - Helium Storage Systen

The primary purpose of the helium storage system was to provide for both storage
and transfer of helium from the reactor vessel and the storage tanks. In addition, the
helium storage system was used in testing the control rod reserve shutdown system
and for various FHM purging operations. The primary equipment items include a

1
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helium transfer compressor, storage tanks, surge tank, oil adsorber, and high pressure
helium supply tarks (See Figure 2.219),

2.2.3.7 SygenL_6.._Reanor Plant Cooling Water System4

The reactor plant cooling water system (Figure 2.2-20) provided cooling water for
process heat removal from all auxiliary equipment in the reactor plant. Three loops
were provided that formed the PCRV circuit (liner cooling tubes), the PCRV
auxiliary circuit (closed loop for various systems / components) and the ervice water >

circuit (open loop for various systems / components). The major equipment items
include surge tanks, pumps, demineralizers, Diters, heat exchangers, chernical
injection (tank and pump) and recondenser chiller.

2.2.3.3 Syitem 47 - Purincation Cooline Water Syggtn

The purincation cooling water system (two loops) provided cooling water to the
helium purification system heat exchangers. The major components are pumps,
expansion tanks, exchangers and associated piping (See Figure 2.2-21).

2.2.3.9 System 61 - Desentamination System

The major equipment items include a water heater, a drying air heater, a Slter,
pumps,a solution tank and a chemical injection system (See Figure 2.2 22). Certain |
System 61 piping and manual valves may be used during decommissioning. |

2.2.3.10 System 62 - Radioactive Liquid WasteJystem

The Radioactive Liquid Waste System is designed to collect and permit sampling, |
analysis and monitoring of all aqueous wastes discharged from the reactor plant. |
Radioactive liquid effluents will be diluted by the cooling tower blowdown flow prior |
to release to the surroundin' surface waters. The rate ofliquid waste release, along |,

with the blowdown flow, will be controlled to assure that the concentration following |o

i- dilution does not exceed 10 CFR 20 limits, that resultant doses do not exceed 10 CFR |
t 50 Appendix I limits, and that the concentration of tritium in downstream surface j.

waters does not exceed EPA Safe Drinking Water Standards in 40 CFR 141. |
i '

The maximum liquid waste transfer pump capacity is 10 gpm and the minimum {
allowed blowdown now setting is 1100 gpm. Atsurning a maximum liquid waste |

2.2-9

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



. . _ .

PROPOSED DECOMMISSIONING PLAN 4/17/92 gSECTION 2

| release rate and a minimum blowdown Dow setting, a dilution factor of 100 is
| 2ssured.

| All radioactive liquids released are discharged via the cooling tower blowdown line
| to dilute the waste prior to release from the site. Two redundant activity monitors
| are provided in the radioactive liquid waste discharge line, arranged in one-out-of-two
-| logic. Upon detection of high concentrations of grcess gamma activity, these activity
| monitors will automatically alarm, shutdown the Liquid Waste Transfer Pumps,
| shutdown the Reactor Building sump pumps, and shut the block valves in the liquid
| waste discharge line. A flow switch in the cooling tower blowdown line is also
| provided to automatically alarm, shutdown the Liquid Waste Transfer pumps,
| shutdown the Reactor Building sump pumps, and shut the block valves in the liquid
! waste discharge line on low cooling tower blowdown flow. The liquid waste release
| rate, low blowdown flow setting, and high activity monitors are adjusted in
| accordance with the ODCM prior to the release. Failure of the selected flow switch
| will be annunciated in the appropriate control board and will allow norrnal closure
| of the liquid waste discharge block valves by the plant operators. If the blowdown
| flow measuring devices or radiation monitors become inoperable, liquid effluent
| releases may continue as described in the OLCM. Flow rates can be estimated using
j Parshall Flume numbers in the liquid discharge pathways, g
| As shown in Figure 2.2-23, the radioactive liquid waste system includes a 1000
| gallon stainless steel lined liquid waste sump which collects aqueous wastes. The
| sump is equipped with two vertical pumps. Two liquid waste filters are provided in
| the sump pump discharge une. Two 3000 gahon liquid waste receiver tanks, two
j demineralizers and a 3000 gallon br,uid waste monitor tank are provided. Two liquid
| waste transfer pumps are provided for disposition of the liquids collected in the waste
| receiver or monitor tanks.

| The liquid wast filters and liqu;d waste demineralizers are the only equipment items
j in the radioactive liquid waste system that :re expected to accumulate significant
I quantities of activity. The radioactive liquid weste demineralizers consist of steel

piessure tanks that contain the deminetalizer resin in cartridges. Each tank contains:

| ow cartridge loadeo with mixed bed resin. Rephcement is cccomplished by
| releasing the latch and opening the tank nead, attaching a hoist to the cartridge lifting
| lug, and lifting the cattridge oat of the tank. The cartridge can then be lowered into
j a suitable shipping container. Since replacement will take place before excesive
| activity levels are built up in a demineralizer, there are no particular radiological
| problems involved with replacing the cartridge.

2.2-10
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Liquids whose activity is expected to be low will be collected in the liquid waste |
sump. From the sump, the liquids can be pumped by a sump pump through one- of |
the two filters to one of the two liquid waste receivers, or sampled and released |
directly to the common radioactive liquid effluent discharge line. Flow is switched |
from one filter to the other whenever pressure drop or radiation level indicates the |
Blter is loaded. When a convenient amount of liquid is collected in a receiver, the |
incoming Guid will be diverted m the second tank, and the Orst tank will be isolated. |
The receivers are comtected to the transfer pump manifold to allow the tank contents |
to be recirculated and thoroughly mixed m ensure representative samples. Prior to |
release, the contents of the receiver & a w ampled and analyzed to determine the |
dilution factor required to assure aa: concentration in the cooling tower |s

blowdown flow will rm. n.;.d the vaiues specined in the ODCM. Once the liquid |
waste release rate, blowdown flow and activity monitors have been set, the liquid |
waste effluent will be pumped by one of the liquid waste transfer pumps to the |
cooling tower blo vdown line for release to the owironment. If the gross |
concentration of radioactivity in the undiluted efnuent exceeds ODCM limits, the |
liquids will be further treated prior to release to the environment. |

When one of the two liquid waste receivers reaches a level at which it is desired to |
q discharge the contents, the operator recirculates the contents of the tank for a period |
V of not less than ene hour to mix the liquid. Samples are taken from a sample point |

located at the discharge of the liquid waste transfer pumps. If required, the contents |
of the liquid v.aste receiver a9 pumped from the receiver to the monitor tank through |
the decontamination system filters and a liquid waste demineralizer to reduce the |
activity concentration. At a preset level in the liquid waste receiver, the transfer |
pump will be automatically tripped. The operator then sets up tiv system to |
recirculate the liquid waste monitor tank, and a sample is taken and analyzed. |
Allowable release rates are then determined to ensure that the radioactive liquid |
waste, when diluted with cooling tower blowdown Dow, can be released in |
accordance with the limits speci6ed in the ODCM. |

'.s shown on Figure 2.2-23, a three-way ball vaive is installed at the connection |
oetween the Reactor Building sump discharge line and the radioactive liquid waste |
discharge line. This ensures that a simultanenus liquid release from more than one |
system is prevented. The Reactor Building sump effluent is continuously monitored |
and the release automatically terminated on high activity or low circulating water |
blowdown flow. A bypass line is installed around the oli aparator in the liquid |
waste system discharge line. This allows the oil separator to be bypassed during a |

'

radioactive liquid waste discharge. |

2.2-11
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| The liquid level in the liquid waste sump is regulated by a level control which starts
| t sump pump on high level and stop it on low level. Each liquid waste receiver has
| a level indicator and a high level alarm. Level switches stop the sump pump when
| a predetermined level is reached in the tank being filled. Switching from a full
j receiver to the other receiver (less than full) automatically clears the alarm and allows
j the sump pump to restart. Two activity monitors are provided in the liquid waste
| discharge line to the cooling tower blowdown line. .A low flow switch is provided
| in the cooling tower blowdown line to detect flow in?dequate to effectively dilute the
| radioactive liquid waste. Upon detection of inadequate blowdown flow, the liquid
j waste release will automatically be terminated.

2.2.3.11 System 63 - Radioactive Gas Waste System

| The radioactive gas waste syste collects and monitors potentially radioactive gases
| discharged from the plam. Gaws with activity below 10 CFR 20,10 CFR 50 and
| ODCM limits (taking into account atmospheric dilution) are released directly to the
j reactor plant exhaust filters in the ventilation system for disposal via the reactor plant
| vent. Gases that are too radioactive for direct release ate stored temporarily in surge
| tanks. Gases that are probably radioactive are transferred directly to the surge tanks.
| Gas collected in the surge tanks is analyzed to determine isotopic concentrations.
| With this information, a release rate of the stored gas is established in conformance
| with the ODCM, and the gas is vented from the tanks at a controlled rate through the
| reactor plan: exhaust filters.

| A flow diagram of the gas waste system is shown in Figure 2.2-24. Gas enters the
j system by means of two inlet headers, a low activity inlet header for gases that are
| usually of sufficiently low activity levels and flow rates that they can b?. released
| directly to the reactor plant exhaust system for disposal, and a high activity inlet '

| header for gases that may be too radioactive for direct release.

| Gas that enter the system via the low activity inlet header flows through one of the
| gas waste filters (one standby). Each filter consists of a prefilter and an " absolute"
I fitter to remove particulate matter. The gas waste filters are designed for 5 psig and j
| lull vacuum. These filters are provided with differential pressure indicators and
| alarms. When either the filter pressure drop or activity becomes excessive, the
j standby filter is placed in service and the spent filter is replaced.

| After leaving the filters, the gas is monitored for activity. If the activity
| concentration is within the preset limits, the gas is routed directly to the reactor plant

2.2-12
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exhaust filters for disposal via the gas waste er.haust blowers. If the activity |
concentration exceeds the preset limits, two interlocked valves are automet.cally (
repositioned to divert the gas to the gas waste vacuum taak. Diversion of the gas in |
this manner activates an alarm in the control room. [

The effluent from the gas waste system is released to the plant ventilation system and |
undergoes monitoring by two redundant particulate monitors arranged in a one-out-of- |
two logic. |

Two gas waste exhaust blowers (one standby) are provided to maintain the low |
activity inlet header at a slight vacuum and to dischar e low activity gas to the |s
reactor plant exhaust filters for disposal. If the operating blower should fail, the |
resulting rise in header pressure will automatically start the standby blower, while an |
alarm alerts the plant operator to the trouble. |

Gases that enter the system via the high activity inlet header are normally too |
radioactive for unidentified or undecayed release and are piped directly to the /acuum |
tank These gas wastes will potentially be of such high activity as to make release |
on an unidentified basis impractical. The gas waste system is therefore arranged to |

V(Q '
permit identification of the radioisotopes pruent, and thus allow disposal at the |
maximum permissible rate on an identified basis. |

The gas waste vacuum tan', collects gas known to be radioactive. This gas is then |
compressed by one of the gas waste compressors and is stored in the gas waste surge |
tanks. The gas waste vacuum tank is a 500 ft' tank designed for 15 psig and full |
vacuum, and is provided with an ASME Code safety valve set at 10 psig. A liquid |
drain tank is provided to accumulate any liquids collected in the vacuum tank for |

- batch transfer to the liquid waste sump in the radioactive liquid waste system. The |
liquid drain tank is a 10 ft' tank, designed for 15 psig and full vacuum. The gas |
waste surge tanks are 700 ft1 tanks designed for 500 psig. |

The gas waste compressors normally maintain the operating pressures in the gas |
waste vacuum tank and the liquid drain tank between 8 and 10 psia. The stendby |
compressor is automatically started if the tank pressure should rise to 12 psia, due |
either to a failure of the operating compressor or to a gas flow in excess of the |
compressor capacity (50 acfm). The compressors continue to operate until the gas |
waste vacuum tank pressure is reduced to 8 psia, at which time the compressors are |
automatically stopped. |

13
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| Two gas waste compressors (one standby) are provided. These are three stage
| reciprocating compressors, enclosed in tanks to collect leakage. The compressor tank
| vapor spaces are vented to the gas waste vacuum tank. For control of leakage
| through the piston rod seals, the compressors are equipped with two sealed housings.
| The inner housing is vented to the compressor suction. The outer housing is
| maintained at a positive pressure with service air backed up by nitrogen from portable
| nitrogen cylinders. This arrangement is designed so that any leakage will be air or
| nitrogen into the compressor, rather than process gas leaking out. Water is used to
| cool the compressors and the inter and after-coolers.

| Compressed and cooled gas from the gas waste compressors is collected in one of the
| gas waste surge tanks. When the tank pressure reaches a predetermined value, the
| other tank is manually placed in service and the full tank is isolated by a block valve.
| A gas sample from the full tank is then obtained, and an analysis performed to
| determine the radioisotopes present and concentrations, and an allowable telease rate.
| The flow controller in the tank vent line is set at this rate, the tank outlet block valve
| is opened, and the tank is vented directly to the Reactor Building ventilatioa exhau.ct.
| The Reactor tsuilding ventilation exhaust monitors will alarm for any excessive
| release of activity and terminate gas waste surge tank venting automatically. In
| addition, the interlocked valves mentioned previously then automatically divert the g
| discharge from the outlet of the gas waste filters to the gas waste vacuum tank.

| The gas waste compressors and the various tanks in the system are protected against
| overpressure by pressure rc!ief devices, which relieve to the reactor plant exhaust
| filters. Filter overpressure is prevented in the gas waster filters by pressure
| controllers located upstream of the filters. The gas waste compressors are equipped
| with conventional safety valves at the discharge of each stage. These valves relieve
| to the compressor containment tanks which are, in turn, equalized in pressure with
| the gas waste vacuum tank. The compressor containment tanks are also equipped
| with conventional safety valves which discharge to the reactor plant exhaust filters.
| These valves protect against inadvertent closure of the pressure equalization lines to
j the gas waste vacuum tanks. The gas waste surge tanks are each provided with a
| rupture disk upstream of and in series with a relief valve which discharges to the
| exhaust blower discharge line. The space between the rupture disk and the relief
| valve is vented to the gas waste vacuum tank to prevent pressure buildup in this space
| due to minute leaks. Tank overpressure will blow out the rupture disk, open the
| relief valve, and safely discharge a portion of the tank contents to the ventilation
| system exhaust filters. When the pressure surge has been dissipated, the relief valve
| will close, preventing release of the entire tank contents.

2.2-14
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Activity of gases normally leaving the system is monitored at the outlet of the gas |
waste filters. Alarms are provided to alert the operator if concentrations approach |
discharge limits. Trip settings are based on the rated now capacity (80 cfm) of one |
of the gas waste exhaust blowers. If the gas flow rate through the filters should |

'

exceed this rate, the permissible activity release rate could be exceeded. For this |
reason, a high-Dow alarm (set at a maximum of 110 sc m) is provided to alert the |r

operator should blower discharge flow exceed normal. A flow recorder is provided |
- in the blower discharge line. |

2.2.3.12 System 72 - Reactor Building Drain System

The Reactor Building drain system collects the liquid effluent from various equipment
and piping drains for appropriate disposal. The major equipment items include drain
tanks, sump, pumps, piping and filters (See Figure 2.2-25).

2.2.3.13 System 73 - Reactor Building Ventilation System

The reactor plant ventilation system provides filtered and heated or cooled air to the | .

Reactor Building for the removal of airborne radioactivity, for personnel comfort, for |
p~ removal of heat from equipment, piping, and motors, and for control of ambient |

temperattre. The ventilation exhaust filter system is designed to filter the Reactor |
Building atmosphere prior to release to the ventilation stack during both normal and j

,

most accident conditions during decomraissioning. The system filters the exhaust air |
to remove radioactive particulates and discharges the air to the atmosphere through |
the reactor plant vent extending 10 feet above rooflevel. The process flow diagram |
is shown in Figure 2.2-26. |

Air handling unit I A or IB provides recirculated and outside ventilation air to the |
Reactor Building, the quantity of outside air being adjusted to allow for building |
inleakage so as to maintain a negative building pressure and exhatst flow from the |
Reactor Building. The system is sized to provide a sufficient rate of air change for |
personnel comfort considering void space and expected occupancy of each area. In - |
most cases, the ventilation air rate is predicated on the heat removal capability, but |
in all cases there is a sufficient quantity of outdoor air passing through each area to |
permit the required occupancy in potentially contaminated areas. |

L Ventilation air to the refueling floor consists of a mixture of outside air. This air is |
cooled or heated to maintain the desired temperature. The ventilation air in this zone |

j is sufficient to dissipate the heat from external effects, lighting loads and equipment |
|

2.2-15
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| loads. This air, plus leakage from the Reactor Building overpressure relief louvers,
~

| is mixed in the refueling floor area, and a poition is routed through the grating in the
j refueling floor surrounding the PCRV. The balance of the total supply plus leakage
| is routed back to the supply air handling unit h '.et. Perimeter fmned tube heat
| exchangers supplement the heating capacity of ventilation air to offset heat losses
| from the overpressure relieflouvers.

| Ventilation air supplied to the area beneath the PCRV is cooicd by air handling units
| located therein. Air through the air handling unit is a mixture of recirculated air and
| air drawn from outside of the PCRV support ring. A portion of the ventilation air
| supplied to this zone is exhausted directly to the reactor plant exhaust filters.
| Pressures in all areas of the Reactor Building are maintained subatmospheric to
| ensure that any air leakage will be inward, when relied upon to mitigate the
| consequences of potential accidents, as described in Section 3.4.

| Reactor Plant Ventilation Air Supply

| All reactor plant ventilation air (except for a fraction of the building leakage) is

g | supplied by om of two air handlers which consist of dampers,85% efficiency filters,
| fan, and heatin ; and cooling coils. Temperature of the ventilation air is regulated by g! e

I controlling the hot or chilled water supply to the hec. ting coils. In the event of a
j shutdown for repair of the operating air handler, the standby unit is started up, thus

'l | assuring 100% ventilation.

| Flow of air to each ventilated area is set by manual adjustment of dampers in each
| main supply duct. Branch supply ducts also equipped with dampers distribute the air
j throughout each ventilated area as required. Pressure levels for each area are
| maintained by throttling the supply air to areas maintained at a negative pressure and
| by throttling the exhaust air from the access control area which is maintained at a
j positive pressure.

| Reactor Plant Exhaust

| The ventilation exhaust filter system consists of three trains, one of which is normally
| in continuous operation. The design flow rate for each train is 19,000 cfm. One
| train is sufficient to maintain the Reactor Building subatmospheric and thereby
| minimize unfiltered fission product release from the building. The reactor plant
| exhaust provides for filtration and high velocity exhaust of any radioactivity
| inadvertently or accic'ently released into the Reactor Building. Exhaust air from all

2.2-16
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locations in the Reactor Building is collected and Gltered prior to discharge to the I

atmosphere via the reactor plant vent extending 10 feet above the roof level (about |
180 feet above grade). This ensures sufficient atmospheric diltuion to limit activi;, i,

concentrations at the site boundary to acceptable levels. Air is upplied to the j

exhaust filters as described previously. Main exhaust ducts 90m certain areas |
contain backflow preventers to prevent reverse now of contaminated air between the |
various locanons in the event of accidental pressure buildup in the refueling Goor and |
the PCRV area. |

The exhaust air is subjected to high-ef6ciency filtration at all times for removal of | -

particulate matter. The particulate filters have a speci6ed and tested capability for |
removal of 99.9% of particulates that are 0.3 microns and greater in size. The |
exhaust air is monitored for particulate and gaseous radioactivity in the reactor plant |
vent (i.e., the common exhaust duct) as it is discharged up the vent to the |
atmosphere. Radiation alarms from the reactor plant vent monitors are installed in

i

the control room. Gases released from the radioactive gas waste system are routed
3

through the exhaust 61ters before being discharged to the atmosphere. |

In the event that pressure in the PCRV area exceeds atmospheric pressure, the |

p standby exhaust train (exhaust filter and exhaust fan) can be manually started, unlea j
v the train is unavailable due to maintenance or repair. Normal operation of the |

ventilation system controls will throttle fresh air supply to the air handler in order to |
maintain a negative pressure. |

Ventilation System Components
|

_

l. Air Handline Units. The two reactor plant t.ir handling units l A and IB, |
which supply a combination of recirculated and outside air to all locations, are |
each designed to cool 27,200 cfm of air from 99 F (dry bulb), 65 F (wet |
bulb) to 57 F (dry bulb),51.5*F (wet bulb). |

2. PCRV Ventilation Air Handlir.e Units. The two PCRV ventilation air |
handling units IC and ID are each designed to cool 21,200 cfm of |
recirculated air from 105 F (db) and 70.5 F (wb) to 57 F (db) and 55.5*F |
(wb). |

|
3. PCRV Pine Cavity Ventilation Air Handline ]Loit The four PCRV pipe |

cavity ventilation air handling units 1 A, IB, IC, and ID are each designed |

2.2-17
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| to cool 18,765 cfm of recirculated air from 105 F (db) and 70.5*F (wb) to
| 60*F (db) and 54.5*F (wb).
|

|4. PCRV Pipe Cavity Chilled Water Heat Exchancers. The two pipe cavity
| chilled water heat exchangers I A and IB are each designed to cool 50,000

| cfm of recirculated air from 105*F (db) and 70.5*F (wb) to 57*F (db) and
| 55.5 F (wb).
|

|5. Exhaust Filters, The reactor plant exhaust filters consist ot three units.
~

| Exhaust air entering the reactor plant exhaust filters will pass in sequence
| through a moisture separator and a high ef6ciency particulate air (HEPA)
| filter. The HEPA filters conform to the requirements of the following
j doctwats:
|

| (1) MilSpec MIL-F-51068 (D)
| (2) Underwriters laboratories Standard UL-568-1977
| (3) USNRC Regulatory Guide 1.140
| (4) 'JSNRC Regulatory Guide 1.52, Rev. 2
| (5) ANSI N509 (1976)
' O| Each of the HEPA filter elements in each filter unit, manufactured from
| nberglass conforming to MilSpec MIL-F-51079, is designed for a flow rate
| of 1200 cfm, with a maximum initial (clean) pressure drop cf 1 inch (water
| gage). Each filtei onit is rated at 19,000 cfm to handle the output of its
| associated reactor plant exhaust fan. The design specification requires that the

| maximum penetration is 0.03% when tested with thermally-generated mono-

| dispersed dioctylphthalate (DOP) smoke having a light-scattering gametric
| mean droplet diameter of 0.3 microns.

|

|6. Exhaust Fans. The three reactor plant exhaust fans are of the circuit-driven,
| two-stage, vaneaxial type and are located on the outlet of the reactor plant
| exhaust filters. Each fan is rated at 19,000 cfm at a total pressure of l'2
| inches H O and is driven by a 60 hp motor.2

|7. Reactor Buildine Radioactivity Monitors. The Reactor Building exhaust air
| is monitored for particulate radioactivity in the reactor plant vent (i.e., the
| common exhaust duct) as it is discharged to the atmosphere.

2.2-18
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2.2.3.14 System 93 - Instrumentatiort and Conimi

The portions of the instrumentation and control system that are of interest originate
at the PCRV penetrations. These are thermocouple penetrations, process and
moisture instrumentation, helium circulator instrumentation, and helium vent piping.

Ventilation Exhaust hionitors ]

The general design bases for the Reactor Building ventilation exhaust monitoring |
system are the activity release and radiation exposure limits sat by Federal and State |
regulatory agencies fer the protection of personnel and propcrty inside and outside |
the plant boundaries. The system consists of two particulate- monitors, arranged in j

a one-out-of-two logic. |

|
Ventilation System Air Flow |

1

Ventilation systen flow is measured at the outlet of the system. Above-normal flow }
rates are alarmed to ensure that allowable activity release rates are not exceeded. |

|
Area Radiation hionitors |O,

|
The area radiation monitors include two monitors, one on the refueling floor and one |
in the Reactor Building truck bay, These monitors serve as accident monitors to |
detect unplanned radiation levels in the Reactor Building. The monitors are not |
relied upon in any accident analysis, but are provided to detect abnormal conditions j

that could indicate unplanned or accidental radiation levels. Alarm setpoints are j

specified in the Decommissioning Technical Specifications. |

2.2.4 Site Characteristigs

2.2.4.1 Demography

The population density in the rural areas surrounding the site is relatively low. The
r.earest resident is located approximately %-mile north of the Reactor Building, with
the nearest town of Plc.teville located approximately 3% miles southeast. This is
well outside the proposed EPZ of 100 meters from the Reactor Building. Platteville's
population is 1515 based on preliminary 1990 census figures. The nearest population
centers with a population over 25,000 are Greeley (60,399), Longmont (51,288), and
leveland (37,173), all based on preliminary 1990 census figures.

2.2-19
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2.2.4.2 Geocranhv and land Use

The site is located in Weld County, Colorado. The area surrounding the site is
shown in Figure 2.2-27 with reference circles of 10,20 and 30 miles radii. The site
is located in the South Platte River Valley, approximately thirty-five miles north of
Denver. It is located in an agricultural area with gently rolling hills. Grade
elevation at the plant is 4,790 feet. The foothills of the Rocky Mountains start to rise
about twenty miles west of the site, and the Continental Divide is prominently
identified by .ongs Peak, located forty miles directly west of the site.

The South Platte River and St. Vrain Creek both pass through portions of the site.
These two streams, whichjoin near the northern tip of the site, are not large enough
to be used for water transportation.

The general area and land use surrounding the site is predominantly agiicultural. The
major farm prcducts include grain, feed corn, sugar beets, vegetables, beef cattle,
sheep and .urkeys. There is also a limited amount of dairy farming in the area.

The industrial facilities in the immediate area are primarily located in the town of
Platteville. There are 14 oil / gas wells within a one mile radius of the Reactor
Building on Company property.

2.2.4.3 Geology and Seismology

The geologic structure of the general area in which the site is located is shown in
Fipre 2.2-28. The area lies on the east flank of the Colorado Front Range which
is a complexly faulted anticlinal arch on which are superimposed numerous smaller
folds and faults. The rocks of the core of the anticlinal arch are Precambrian
crystallines, including gneiss, schists, and quartzites which have been intruded by
granitic rocks that range in age from Precambrian to Tertiary. On the east flank of
the arch are Paleozoic and Me-sozoic sedimentary rocks.

The regional structure of this part of Colorado is characterized by sedimentary rocks
dipping eastward into the Denver Basin. Along the mountain front the regional
structural pattern is interrupted by relatively small, en echelon anticlines that plunge
to the southeast. In additicn to the fold axes, two groups of faults have been
recognized. The most notable occurs along the mountain front and includes a series
of faults extending in a generally northwest-southeast direction from the Precambrian
into the Paleozoic-Mesozoic sediments. The second group of faults has been
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recognized primarily in coal mines, located generally east of Boulder. These faults
have a northeast-southwest onentation. Both groups of faults are relatively high
angle faults.

The faults and the minor folds are related to the uplift of the Front Range which
began in Late Cretaceous and continued into the Tertiary. The original field
examination and photo interpretation of the area surrounding the site location failed
to indicate any evidence of recent movement along any of the known faults. There
is no known evidence of any recent seismic activay in the immediate area to have
caused any subsequent movement.

The subsoils at the site are St. Vrain-Platte River alluvial sands and gravel overlying
Pierre shale bedrock. Generally,3 to 8 feet ofloose to very loose clean sands (with
occasional silty and clay lenses) are underlain by 30 to 35 feet of medium dense, fine

- alluvial sands. These sands are underlain with 4 to 1I feet of medium dense to
dense, slightly clay, sandy gravel. Continuing under the gravel, hard to very hard
interlayered sandstone and claystone bedrock is found at depth 46 to 51 feet. Free
water was found at a depth of about 23 feet. Estimated contours of the surface of the
bedrock and the free water level are shown in Figures 2.2-29 and 2.2-30. The

y shallow loose sands are capable of supporting only Icw foundation pressures, the(- medium dense sand will support moderate foundation pressures, and the bedrock will
support high foundation pressures.

2.2.4.4 Hydrology

The site location is between the South Platte River and St. Vrain Creek about two
i miles south of the confluence of these two streams. Surface water rights are owned

in four ditches which traverse portions of the site area. In addition, nineteen shallowL

wells are located on the site area.-

; - Flow of grourtwater on the site is toward the alluvial deposits of both the South
j Platte River and St. Vrain Creek. The contours of the water table indicate that the
j flow of ground water is predominately toward the South Platte River Valley (Figure

2.2-30). Much of the grou id water comes from the South Platte River and St. Vrain
Creek, such that the water table changes with the flow rate (elevation) in the two

i streams. Total precipitation, monly in the form of rain, in the South Platte Valley
is small and contributes relatively little to the ground water.

OO 2.2-21
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2.2.4.4.1 Plant Water Supolv

When the plant was operating, cooling water for te plant was supplied by the mai..
cooling tower and the service water tower. Make-up water for the main cooling
tower was obtained from water diverted from the South Platte River and St. Vrain
Creek, and supplemented by water from a system of six shallow wells. Make-up
water for the service water tower is supplied by the domestic water system, with
back-up from the shallow well system. Potable water and water for closed systems
in the plant, such as the secondary coolant system, is supplied by the domestic water
line, which is connected to a main of the local water district. The local water district
is the Central Wc'd County Water District, whose source of supply is Colorado Big
Thompson Projec: water from Carter 12ke, which is located about twenty miles west
of the site. The arrangement of the various water supply systems is shown in Figure
2.2-31.

2.2.4.4.2 Plant Effluent

| The same liquid effluent release path will be used during decommissioning as was
| used during normal plant operations. As shown in Figure 2.2-31, diluted liquid
| effluent will normally be released from the Fort St. Vrain protected area to the
| Goosequill Ditch. From the concrete lined Goosequill Ditch, liquid effluent flows
| into the Jay Thomas Ditch, where additional dilution may occur, and then on to a 25
| acre farm pond that contains about 32 million gallons of water. Water flows
| approximately 8700 feet from the plant to the farm pond.

| Dilution water will be taken from the surrounding rivers (South Platte River or St.
| Vrain Creek) and released via the cooling tower blowdown line, where it is mixed
| with radioactive liquid effluent. Availability of 2000 gpm for the dilution water flow
| is asaared throughout decommissioning, as this is less than the 4100 gpm circulating
| water makeup flesv (which is 35% of the surface water rights owned by PSC) the
| was available during normal plant operations.

Miscellaneous turbine plant drains such as floor drains, the Turbine Building sump,
and yard drains, are normally directed to the South Platte River via the continuation
of the Goosequill 4 ',h to the farm pond. A diversion box is provided in the Turbine
Building drain line so that effluent can normally be directed into the Goosequill ditch.
Under abnormal conditions which prevent discharge via the Goosequill ditch, effluent
is alternatively directed to the St. Vrain Creek via a slough. The reactor plant drains
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flow to a diversion box from which the flow can be directed to the South Platte River
via the continuation of the Goosequill ditch or to the St. Vrain Creek via a slough.

Three lined evaporation ponds (total surface area of 3.6 acres) are present and were
utilized to receive chemically treated efGuent (primarily produced by periodic
regeneration of plant demineralizers) while the plant was operating. Two ponds are
located a few hu-dred feet northeast of the plant building. The other pond is located
south of the switchyard.

Use of surface water downstream from the site is limited almost entirely to irrigation.
A diagram of the major tributaries and irrigation ditches on the South Platte River
between the gaging stations at Henderson and Kersey is shown on Figure 2.2-32. |
The plant site is located just upstream of the junction with the St. Vrain Creek,
adjacent to the Jay Thomas Ditch.

Analyses for the reactor site were conducted on the amount of diversion and stream
flows of the nearby water ways. From these original analyses, it was concluded that
effluent from the plant would be carried primarily by the South Platte River except
during the irrigation season with allowance for reservoir storage. Effluent in
irrigation water would enter ground water in the alluvium and would eventually be

() transported back into the strua bed of the South Platte River. There have been no
significant c anges in the waterway flows or diversions to require new analyses.

The sources of public water supplies within thirty miles of the site are given in Table
2.2-1. There are two towns downstream within this radius that presently obtain part
or all of their water from wells in the alluvium of the South Platte River: Gilcrest

~

and LaSalle. It has been common practice for farmers to obtain domestic water from
shallow wells in the alluvium. Many of those who formerly used shallow wells as
their source of domestic water now obtain water from the Central Weld County
Water District. This same district is the source of domestic water for the plant.

2.2.4.5 Meteornktgy

2.2.4.5.1 General climate

The general clinmte around the Fort St. Vrain reactor site is typical of the Colorado
eastern-slope plains region. In this semi-arid region the precipitation averages 10 to
15 inches a year, mostly from thunderstorms in late spring and summer. The annual
free water surface evaporation rate is about 45 inches per year (Ref 4).

2.2-23
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The wind records show no dominant direction, although winds out of the north by
northeast segment do occur with the greatest frquency. The winds are generally
light (10 mph), with higher velocities occurring during various atmospheric
disturbances.

The weather is generally mild. Most seasons are characterized by low humidity and
sunny days, with occasional, short-lived storms bringing precipitation into the area.
Relative humidity averages about 40 percent during the day and 65 percent at night.
Thermal radiation losses resulting from lack of cloud cover provide considerable
variation in ter.iperature from night to day. Although snowfall may be significant,
the snow cover is usually melted in a few days.

2.2.4.5.2 Severe Weather

Tabulated below are temperature and precipitation records for three cities within 20
miles of Fort St. Vrain (see Figure 2.2-27). The recording periods were 1973-1988
(Brighton), 1931-1988 (Longmont), and 1967-1988 (Greeley).

_ .__

Brighton Longmont Greeley

Max. Temp. (degrees F) 101 106 103

Min. Temp. (degrees F) -23 -36 -25
-

Max. Precip. - Day (in.) 2.73 4.04 3.20

Max Snowfall - Month (m.) 22.1 32.1 37.3

Based on information extracted from archived weather data collected from Fort
| St. Vrain's 60 meter meteorological tower for ^e period 1986 through 1989, the
'

following weather extremes were observed:

Maximum Temperature IM degrees F

Minimum Temperature -26 degrees F

Maximum Wind Velocity 48 mph at wind direction 6.5 decrees (NNE)
_3

Seasonally, winds tend to be strongest in the late winter and spring, the season
with high chinook frequency, and again in the summer, when thunderstorms occur
frequently. Strong winds, especially under chinook conditions, have been
observed on various occasions in eastern Cclorado. The chinook winds are
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strongest imme6ately to the east of the mountain ridge and diminish rapidly over
the plains with increasing distance from the mountains.

The measurement records at the site fro:n July 1986 to December 1989 reveal a
prevalence of northerly and southerly winds caused by the shallow depression of
the St. Vrain Creek and the South Platte River and by the proximity of the Rocky
' Mountains. The meteorological data for this period for the wind speed and
duration and frequency of distribution is contained in Tables 2.2-2 and 2.2-3,
respectively.

Northeastern Colorado has moderate thunderstorm activity. The region near Fort
St. Vrain averages 50 days / year in which thunder and lightning occur. The
majority of these thunderstorms are present from late spring through the summer,

The Fort St. Vrain site is located in a region that typically experiences five
tornadoes per year per 10,000 square miles. The peak tornado activity occurs in
the month of June. According to the National Weather Service,117 tornadoes
occurred in Weld County during the period 1950-1987

n)( 2.2-25
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TABLE 2.2-1
PUBLIC WATER SUPPLIES WITillN TIIIRTY MILES OF

FORT ST. VRAIN

Df37. M)P. TYPE OF
MILES MUNICIPALITY SERVED SUPPLY SOURCE OF SUPPLY

DOWNSTREAM IN TIIE PLATTE klVER VALLEY

5-10 Gikrest 382 Wells Alluvium of South Plane River

10-15 LaSalle 1.300 Wells Alluvium of South Platte River '

,

10-20 Greeley 39,000 Surface Cache la Poudre kiver; Colorado-Big Thoneson
Project; Nunn and Deadman Creeks

OTIIER MUNICIPALITIFS | 1

#34 Platteville 950 Wells Alluvium

5-10 Mead 900 Surface Big 'aornpaon River and St. Vrain Creck
_ _ _ .

1015 Johnstown 1,200 Surface Big Thompson River

10-15 Fort Lupton 4.000 Wells Alluvium of South Plane River
10 15 Frederick 1.500 Surface Boulder Creek

1415 tengraart 50.oro Surface North and South St. Vrsin Creek
10-20 leveland 30 000 Surface Big Thompson River

10-15 Berttoud 3.26 Surface Big Thompson River

15-20 Hudson 540 Wells Alluvium

\ 15-20 Brighton 13.000 Wells Alluvium of South Plane River
15-20 Erie 1,375 Surface South Boulder Creek

15-20 Windsor 1.500 Surface Greeley
_

+

20-25 Eaton 1.500 Welle Alluvium
20-25 Keenesburg 475 Wells Laramie and Fox Hills formations

20-25 Broomfield 20.000 Wells Fox Hills sandstone

20-25 Lafa yette 10.000 Surface South Boulder Creek. Woneke Reservoir

20 25 leulsville 6.000 Surface South Boulder Creek

20-25 Lyons I.340 Surfs.e North St. Vrain Creek

| '20-25 Timnath 150 Surface Greeley

20-30 Fort Collins 80.000 Surface Cache la Poudre River

25 30 South Adams Water aM Sanitary 25,000 Wells Alluvium of South Plaue River
Dist. (Commerse City)

25 30 Lochbuie 1.000 Wells A!!uvium of South Plane River

25-30 Nerth Huron Water Dist 80 Wells Fox Hills sarmistone
, (near Broomfield)

| 25-30 Northwest Utilities Company 15,000 Wells Arapahoe and Fox Hills formations;
alluvium of South Plane River

25-30 Federal Heighta 8.000 Wells Arapahoe and Fox Hi!!s formations

25-30 Westminster 60.000 Surface Clear Creek Wells Arapahoe and Fox Hills fornations

25-30 Itoulder 96.000 Surface North Boulder Creek

25-30 Jamestown 230 Ground Alluvium
_

r

|

|
|
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TABLE 2.2-2
3 HOURS AT EACII WIND SPEED AND DIRECTION

PERIOD OF RECORD: 1986-1989
STABILITY CLASS: All Classes

Wind Speed (mph) at 10m Level
_

[. WIND
v DIRECTION 1-3 4-7 8 - 12 13 - 18 19 - 24 > 24 TOTALj ._ - - -

-

% * N 545.13 579.12 355.24 272.14 76.43 21.50 1849.56
^'

NNE 738.41 729.08 420.54 217.72 72.83 25.22 2202.80
'

NE 803.04 964.27 353.48 101.27 19.11 3.53 2244.70.

ENE 820.38 1051.09 303.93 38.20 4.26 1.26 2219.12

E 597.95 845.41 227.74 27.21 2.77 0.76 1701.84

ESE 570.52 748.32 256.38 41.60 4.52 1.51 1622.85

SE 526.77 584.33 231.54 61.27 6.04 2.77 1412.72

SSE 637.06 666.42 265.01 68.02 23.41 9.85 1669.77

S 872.38 805.30 228.23 56.06 19.41 7.31 1988.69

SSW 1072.95 937.43 120.03 23.18 2.92 2.36 2158.87

SW 12N.10 1537.78 157.65 24.11 5.54 2.27 2931.45
.

WSW 867.01 1113.02 166.28 62.69 11.57 6.03 2226.60

W 369.11 263.26 75.50 50.46 26.98 10.84 796.15

WNW 205.06 169.15 84.86 90.29 29.78 20.91 600.05

NW 278.20 299.73 160.76 87.95 29.% 8.83 865.43

NNW 388.84 380.16 221.87 129.06 36.58 4.28 1160.79

VARIABLE 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL IN96.91 11673.87 3629.04 1351.23 371.11 129.23 27651.39

Periods of calm (hours): 1241.77
Hours of missing data: 1728.56

0

-
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TAHLE 2.2 3

FREQUENCY OF DISTRIBUTION
FOR EACH WIND SPEED AND DIRECrlON

PERIOD OF RECORD: 1986 1989
STABILITY CLASS: All Classes

Wind Speed (mph) at 10m Level

WIND

DIRECTION 1-3 4-7 8 - 12 13 - 18 19 - 24 > 24 TOTAL

N 0.020 0.021 0.013 0.010 0.003 0.001 0.067

NNE 0.027 0.026 0.015 0.008 0.003 0.001 0.080

NE 0.029 0.035 0.013 0.004 0.001 0.000- 0.081

ENE 0.030 0.038 0.011 0.001 0.000 0.000 0.080

E 0.022 0.031 0.008 0.001 0.000 0.000 0.062

ESE 0.021 0.027 0.009 0.002 0.000 0.000 0.059

SE 0.019 0.021 0.008 0.002 0.000 0.000 0.051i

SSE 0.023 0.024 0.010 0.002 0.001 0.000 0.060

S 0.032 0.029 0.008 0.002' O.001 0.000 0.072

SSW 0.039 0.034 0.004 - 0.001 0.000 0.000 0.078

SW 0.044 0.056 0.006 0.001 0.000. 0.000 0,106

-WSW 0.031 0.040 0.006 0.002 - 0.000 0.000 0.081,

|.

W 0.013 0.010 0.003 0.002 0.001 0.000 0.029

WNW 0.007 0.006- 0.003- 0.003 0.003 0.001 0.022

NW O.010 0.011 0.006 0.003 .0.001 0.000 0.031-

- NNT" 0.014 0.014 0.008- 0.005 0.001 0.000 0.042

VARIABLE 0.000 0.000 0.000 0.000 0.000 0.000. 0.000

TOTAL 0.380 0.422- -0.131 0.G49- 0.013 0.005 1.000

Periods of calm frution: 0.045
Fraction of missing data: 0.063

1'

.
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2.3 DECOMMISSIONING ACTIVITIFS AND PLANNING |

2.3.1 Introduction

Decommissioning of Fort St. Vrain includes the dismantlement, decontamination and
disposal of radioacdvely contaminated or potentially contaminated material and
components within the PCRV, and in contaminated or potentially contaminated
nlance of plant systems, and on the remaining site, followed by the final radiation
survey. Some of the activities described in this section will be performed prior to-
approval of the Proposed Decommissioning Plan, and are considered plant closure
activitics in preparation for decctmissioning. Section 2.2 provided a description of
the facility and site characteristics. The activated and contaminated portions of Fort
St. Vrain which will be decontaminated, dismantled and removed during the,

'

decommissioning process are identified in Sections 2.2, 2.3 and 3.1. The specific
tasks to be perforrned to accomplish this goal are discussed in this section. Although
personnel conducting the dismantling activities will be exposed to radiation above
background levels, the dismantling and decontamination activities have been
developed .to limit exposure to and control radioactive material in order to maintain
occupational doses As Low As Reasonably Achievable (ALA'RA). Exposure

. estimates to accomplish the individual tasks and everall project are also provided.

| To accomplish the decommissioning of Fort St. Vrain, substantial portions of the
L existing plant will be dismantled and removed. However, Reactor and Turbine
!

Building components and structure, which tre not radioactive above releasable limits
will remain.

The decommissioning project is divided into three major work areas:

1. Decontamination and dismantlement of the PCRV.
2. Decontamination an ? 2.: uitlement of the contaminated or potentially

contaminated balance of plant systems.

| 3. Site cleanup and final site radiation survey.
!
1-

Site cleanup invohe, pre- and post-decommissioning surveys of the site, and the
radiological decontamination necessary to meet the regulatory guidelines to allow
release for unrestricted use. These activities are discussed in detail in Section 4 and
are not addressed in this sectiot..

i 1

,

!

!
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PCRV Decontamination and Dismantlement Activities

The following are the major activitics involved in dismantling and removing the
radioactive portions of the PCRV. These activities will be discussed in further detail
in the following Section 2.3.3:

1. Initial PCRV Preparation
2. Removal of the Helium Circulators
3. Steam Generator Disassembly

a. Initial Preparation
b. Paraoval of Steam Generator Secondary Assembly

4. Removal of Activated Components using the ATC and FHM
5. Detensioning and Removal of Pretensioned Tendons
6. Flooding of the PCRV
7. PCRV Top Head Cor. crete and Liner Removal
8. Dismantling PCRV Core Components
9. Removing the Core Barrel
10. Removal of the Core Support Floor
11. Disassembling the PCRV Lower Plenum
12. Fimd Dismantling, Decontamination, and Cleanup Activities

A technical evaluation is provided in Section 2.3.2 which provides the basis for the
technical approach selected to decontaminate and dismantle the PCRV. A brief
description is also provided to identify various techniques which were considered for
removal of the PCRV activated concrete.

Ralance of Plant System Decantaminaticn and Dismantlement Activities

The balance of plant systems that are contaminated or potentially contaminated above
releasable limits and will require decontamination or dismantlement are identified in
Section 2.2.3. Work activities associated with these systems are discussed in
paragraph 2.3.4 of this section.

2.3.2 Technical Acoroac_b Selection

2.3.2.1 Options Considered for Removal of the PCRV

Key elements of the decommissionirg plan include the techniques a be used to
remove the internal components from the PCRV and to remove the activated concrete

2.3-2
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from the PCRV structure. This technical approach is based on_ filling the PCRV with
-water for shielding while in'.ernal components are being removed and using
liamond-wire cutting to remow the activated concrete from the PCRV structure.
These methods provide the decommissioning project with the optimum schedule, cost,
ALARA, risk, and safety considerations for decommissioning the PCRV. A detailed
description of the PCRV disassembly techniques and the basis for selecting them are
described below.

Two basic methods to disassemble the PCRV were considered: (1) in-air (dry)
disassembly, and (2) filling the PCRV with water to provide shielding. Two pcssible
methods ofin-air dismantlement were also evaluated, considering factors of ALARA,-
safety, risks, schedule and cost. The two in-air methods evaluated were fully remote
disassembly through the lefueling penetrations in the top head, and partially remote
disassembly from a massive shielded work platform with the top head removed. The
following paragraphs provide an evaluation of each method, discussion of advantages
and disadvantages, and a determination of its acceptability.

2.3.2.1.1 Fully Remote. In-Air Disassembly: .

O The fully remote, in-air approach to the PCRV disassembly relied upon the extensive
use of complex remote tooling and resultant limited view of dismantlement
operations, which would produce less than predictable results. Although use of,

i
remote operations would potentially result in the best ALARA and safety records, all
activities would be performed with highly specialized robots. Therefore, the risk of
failure or project delays would be greater due to potential breakdowns or delays, lack
of reliable backup techniques, and lack of adequate contingency plans. Design,
fabrication and testing of specialized robotics woula also have to occur in a relatively
thort period of time, which could cause unnecessary delays in the project schedule.
Additionally, removal of the CSF would be extremely difficult, since it is too massive
(270 tons) for practical rernote removal.

2.3.2.1.2 Partially Remote. In-Air Disassembly

Partially remote in-air disasswibly of the PCRV relied upon a massive shielded work
plaiform that would be required to protect workers from radiation exposere during
disassembly. Acces, ports would be required in this platform through which

j hand-held, pole-type tools could oe inserted to perform the disassembly when the
j platform is properly indexed over the work locatioa. Using this approach, radiation

exposure would be increased because of the extended stay times resulting from

1 2.3-3
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restricted tool access. Removal of the top head and the top of the PCRV liner for
installation of the work platform would be difScult because of high radiation levels
and would probably require remote operations.

2.3.2.1.3 Fkodine the PCRV:

The Gnal approach evaluated was to flood the PCRV cavity with water. This selected
approach will provide optimum shielding and contamination control and will allow
the PCRV disasscmbly to be completed with optimum balance of schedule, cost,
ALARA exposure and minimum risks. Additionally, there is an inherent added
measure of safety due to the passive nature of the water for shielding and
contamination control. Dismanding operations are greatly simplified by "line of
sight" manipulations as a result of direct viewing of the entire cavity.

2.3.2.1.4 conclusip,n

The evaluation of the two " dry * (in-air) approaches against the " wet" approach for
PCRV disassembly favors filling the PCRV with water for shielding during
disassembly. Additionally, it is noted that the " dry" techniques are not completely
dry, since large volumes of water are required for any abrasive process used to cut g
the activated concrete inside the PCRV. Therefore, water would be introduced into
the PCRV in each of the * dry" dismantlement options considered.

|

2.3.2.2 Techniques Considered for Removal of PCRV Activated Concrets

Diamond wire cutting and abrasive water-jet cutting were evaluated for removing
activated concrete from the PCRV walls. Diamond wire cutting was chosen as the
mcthod for cutting most of the concrete into sections because this proven technology
lends itself well to the PCRV concrete removal activities.

Abrasive water-jet cutting was determined to be feasible for much of the concrete
cutting but has been minimize 6o limit the production of contaminated abrasive waste

and because of related ALARA considerations. The abrasive water-jet is presently,

! being considered for one application, cutting of the CSF.

The following techniques were also evaluated and were determin:d to be less
I desirable for the following reasons: (1) Expanding grout and explosives could be
j used to break apart the PCRV concrete, but were less desirable because of the heavy
| reinforcement of the concrete and the presence of the PCRV liner on the face of the
|

2.3-4
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concrete; (2) Thermal techniques were evaluated but were less desirable due to tool
positioning difficulties, which could cau'e cost and schedule concerns; (3) hie:hanical
impact was evaluated but was less desirable due to structural considerations (with the
exception of removal of portions of the lowest concrete in the top head).

2.3.3 ECRV Dismantlejng 1 and Decontamination

2.3.3.1 Overview of PCRV Dismantlement Activities

The major decommissioning task is the dismantlement and decontamination of the
radicactive portions of the PCRV. A description of the PCRV is provided in Section
2.2 and illustrated on Figure 2.2-6. It should be noted that the steps identified in the
tollowing paragraphs represent preliminary planning and may change during the
detailed engineering and work development that will occur during the planning phase.

This section provides a description of the expected steps necessary to dismantle and
decontaminate the PCRV, Initial dismantlement of the PCRV will include removal
of selected PCRV internal components and removal of portions of the steam
generators. The selected internal PCRV components will be removed from the upper

O portion of the PCRV using the Fuel Handling hiachine (FHhi) and Auxiliary
V Transfer Cask (.\TC). These components may include the 37 control rod metal clad

reflector blocks (hiCRBs), all but six of the 276 non-control rod hexagonal AfCRBs, |
and certain helium purification components. Simultaneously, the non-contaminated
portion of the steam generators (also called the steam generator secondary assemblies)
will be removed fron, the lower portien of the PCRV to provide access for
detachment of the contaminated steam generator primary assemblies (See Figure
2.2-6).

To facilitate the removal of the remaining reactor core components, the reactor cavity
will be flooded with water. As discussed in Section 2.3.2, flooding the PCRV will
provide shielding for the workers associated with PCRV dismantlert.ent activities.
After the steam generator secondary assemblies are removed from tne bottom of the
PCRV, the PCRV bottom head and side wall penetrations will be sealed, the PCRV |
Shield Wat.:r System will be connected, and the PCRV will be flooded, j

To gain entry to the PCRV cavity, a plug of concrete will be tcccved from the top
of the PCRV. Selected PCRV prestressing tendons (See Figure 2.2-6) will be either
(1) detensioned and removed, or (2) detensioned and lef in-place. The top head plugt

will be cut into sections of appropriate size such that the weieht and dimensions will

O
C 2.3-5
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allow them to be handled with the Reactor Building crane and permit them to be
moved out of the bu.. ding. After the majority of the concrete has been removed from
the PCRV top head, the 3/4-inch steel PCRV liner plate will be cut and removed with
the remaining concrete, together with the top head liner insulation. A detailed
discussion of this activity is provided in Section 2.3.3.7.

Once access is gained to the PCRV cavity, a work platform will be installed at the
approximate elevation of the top of the PCRV where the !!1er and concrete have been
removed. Workin;*, from this platform workers will remove core components,
including the remaining MCRBs, defuehng elements, hexagonal reflector blocks,
large side reflector blocks, side spacer blocks, cere support blocks and core suppo-t
posts. This activity is described in Section 2.3.3.8.

Once the core internals have been removed, the core barrel (a large carbon steel
cylinder) will be removed by cutting it into pieces sized to fit in radwaste containers.
(See Section 2.3.3.9)

Following removal of the core barrel, the PCRV water level will be lowered and the
CSF insulation removed, in preparation for removal of the CSF. The CSF is a
29-foot diameter, 5-foot thick disk of reinforced concrete within a 3/4-inch steel
casing weighing approximately 270 tons. The CSF will be detached from the twelve
CSF columns and the twelve steam generator inlet ducts and lifted with a hydraulic
jacking system to the PCRV top head region. Thejacking system will then lower the
CSF onto supports on the ledge in the cavity where the PCRV top head was
removed. Once supported, the CSF will be sectioned into segments small enough for
handling by the Reactor Building crane. This activity is discussed in Section
2.3.3.10.

Once the CSF is removed, the PCRV lower plenum is exposed and the helium
circulator diffusers and steam generator primary modules can be removed. These
activities are tiiscussed in Section 2.3.3.11.

The removal of the steam generator primary assemblies completes the removal of the
major PCRV radioactive components. Remaining radioactive components include the
activated " beltline concrete" around the reactor core region, the PCRV liner, liner
insulation and insulation cover plates, and the PCRV lower floor with its supports.
The activated beltlina concrete is the PCRV region that was adjacent to the reactor
core. It is estimated that this activated region is defined by a cylinder with an 18 to
24 inch wall thickness and a height of 40 feet. This section of PCRV :,idewall will

2.3-6
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be removed by cutting and removing vertical segments. The activated liner plate,
insulation and cover plates will be removed with the conc.ete. These activities are
discused in Section 2 3.3.12.

In the lower portion of the PCRV cavity (below the CSF), the insulation and
insulation cover plates will be removed from the PCRV liner. The lower Door and
all support members, insulation and other components.will be removed, and the

;

exposed PCRV liner will be surveyed and decontaminated as appropriate. These
|

activities are also discu:. sed in Section 2.3.3.12.
l

2.3.3.2 latligl PCRV Preparation |
|
;

Initial tasks to be completed in preparation for dismantling the PCRV will include |
acquiring tooling, setting up training mockups, installation of the PCRV Shield Water | l

System, and craft personnel training in accordance with Section 2.6. |

Preparation activities include any modiDeations or revisions to existing facilities :.nd
:

equipment and installation of new facilities and equipment that would be necessary 1

for their- use in supporting the decommissioning operations. No major facih;y
'

modifications are required that will affect the safety of the facility.
'

j Preliminary plans involve eninging the refueling deck equipment hatch and truck bay
| door to allow passage of la y <tems. Plans also include re-teeving of the Reactor

Building crane to provide additional vertical travel which will allow the 170-ton main
hook to travel from the refueling floor to ground level. This re-reeved configuration
is consistent with the crane configuration used during original plant construction and
is necessary to provide the lifting capacity to lift the PCRV top head concrete block .

sections and other heavy lifts when components are removed from within the PCRV.

The need for extensive waste handling facilities in addition to those already present
has been minimized by proper sequencing of the dismantlement activities and by

L proper management of the radioactive waste program, as described in Section 3.3.
Off site facilities will be utilized when necessary and practical for waste processing
and final packaging. Proper task planning and sequencing will aid in minimizing
accumulation of radioactive waste onsite.

:

' A self-contained mobile laundry facility to clean all contaminated protective clothing
will be utilized. The PCRV Shield Water System, installed to maintain water purity |
m the flooded PCRV, will be discussed in Section 2.3.3.6.

2.3-7
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Following helium circulator machine assembly removal, as identified in Section 1.5.2
| (See Figure 2.3-1), the diffuser shutoff valve assemblies will be disconnected from
| the PCRV penetrations and the penetrations will then be sealed by installing a closure

fixture designed to withstand pressure when the PCRV is Gooded with water.

2.3.3.3 Steam Generator Disassembly

2.3.3.3.1 Initial Steam Generator Disassembjy

Each of the twelve steam generators consists of a primary assembly and a secondary
assembly (Figure 2.3-2). The primary assembly is located within the PCRV lower
plenum and the secondary assembly is located beneath the primary assembly inside
a PCRV bottom head steam generator penetr.ttion. The primary assemoly is
contaminated and the secondary assembly is not expected to be contaminated.
However, in order to remove the primary assen bly, the secondary assembly must
first be removed from beneath the PCRV,

;

The removal of the insulation from the steam generator secondary side piping will be
limited to the sections of feedwater, main steam, hot reheat, and cold reheat piping
that need to be severed for the steam generator secondary side removal. Prior to
removal, the hsulation will be tested for asbestas content. If asbestos is present,
appropriate controls will be implemented for reinoval of the insulation. Following
the removal of the insulation, the main steam, feedwater, hot reheat and cold reheat
piping will be cut which will allow the secondary side of the twelve (12) steam
generators to be removed.

2.3.3.3.2 Removal of Steam Generator Secondary Assembly

Removal of the stam generator secondary as;emblies (See Figure 2.3-2) will be
accomplished in the reverse of the original construction installation sequence. The
steam generator secondar, assemblies are expected to be free of contamination.

The Marmon clamp _(See Figure 2.3-2) will be removed from the lower end of the
steam generator secondary assembly. This will allow withdmwal of the hot reheat
piping from the steam generators. Because of the length of the hot reheat pipe, it
v 11 be severed into several sections as it is being withdrawn from the steam
generators.

2.3-8
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The cold reheat pipe will then be severed by remote operations at the threadeo
connection below the primary closure dome. Severing this connection remotely will
make it unnecessary to send an individual inside the cold reheat pipe, as was done
during installation. After the top of the cold reheat pipe has been cut, the lower
reheat nozzle assembly will be cut free of the steam generator secondary assembly
at an elevation below the feedwater ring header. This will allow the withdrawal of
the cold reheat pipe from the steam generator for disposal.

After the cold reheat piping has been removed, the 40 feedwater, instrument, and
steam tubes will be' cut remotely below the primary closure dome. The steam
generator secondary assembly will then be rigged for lowering. The secondary
closure weld will be cut and the steam generator secondary assembly will be lawcred
out of the PCRV penetration liner. The Rucker machine, which is a large turntable
designed to handle heavy loads under the PCRV, will be used to handle the steam
generator secondary assemblies in the reverse order of the insta!!ation operations.

In order to detach the primary assembly from the penetration liner, the final step will
be to remove the 36 r.uts that attach the primary module to the penetration liner |
flange. The steam generator primary assembly is stabilized by the steam generator j

shroud connection to the lower floor and the helium duct connection to the CSF.
- s

L After each of the twelve steata gercrator primary assemblies is detached from its [
respective penetration, it will then be removed through the top of the PCRV after the |

~

CSF is removed. This is discussed further in Section 2.3.3.11.

W1.en cutting operations have been completed, the interior of the penetration liner
may be sprnyed with a strippable coating to ease future decontamination operations.
A new secondary closure plate will be welded in place to seal the penetration liner
in preparation for flooding the PCRV.

In parallel with the removal of the steam generator secondary assemblies, the PCRV
lower plenum (See Figure 2.3-3) will be entered through the PCRV bottom head
access penetration after removal of the shield plug. A radiological survey of this area
will be performed to determine radiation levels and major contributors in this area.
Still photographs and video recordings will also be made to assist in mockup design
and training for eventual dismantlement of the PCRV lower plenum.;

!
!

!

I

;
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2.3.3.4 Ermoval of Activated Cmnponents Using the ATC and_ElihL

i

Selected activated components will be removed from the PCRV using the ATC and
the FHhi. Use of this equipment will provide shielding while transferring highly
radioactive components from the PCRV to shipping casks with minimi! personnel

| exposure. The 37 contrcl rod hfCRBs anc' all but six of the 276 non-control rod
| hexagonal hfCRBs will t>e removed from the PCRV by the FHhi. Removal of the
| highly radioactive components with the FHhi is the preferred method to mair tain
| personnel exposure ALARA. However, use of the FHht for this purpose ist

| dependent on its operability, and its availability has not been relied upon as the basis
| for removal of these components. Removal of certain components in the helium

purification wells and penetrations, and placement of the refueling sleeve, will be
performed by the ATC.

As identified in Section 1.5.2, the RCDs, CRDOAs, and high temperature helium
purification equipment may have bee' previously removed.

2.3.3.5 petensioning and Rgmoval of Pretensioned Tendons

2.3.3.5.1 Tendon Removal

Concurrent with operations discussed in Sections 2.3.3.2 through 2.3.3.4 is the
detensioning of selected tendons in the PCRV. The PCRV has a total of 448
prestressing tendons made up of vertical, urcumferential, and top and bottom crass
head tendons (See Figure 2.2-6). The following identifies the number of tendons

| planned to be detensioned and the number of tendons plam.ed to be both detensioned
'

| and removed for each of the various tendon types. The exact tendons affected could v

| change somewhat based on conditions encountered during decom.r.issioning.

Number of Number to No. of Tendons

Type of Tendon Tendons Be Detensioned To Be Removed
'

Vertical 90 90 90

| Circumferential 310 70 24

Top Cross Head 24 24 24

Bottom Cross Head 24 0 0

| | TOTALS: 448 1R4 138

2.3-10
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Temporary scaffolding will be erected to facilitate tendon removal. Tendons will be
detensionw! by cutting or grinding individual tendc.i wire buttonheads. |

2.3.3.5.2 y_enel Integrits

'

The modified PCRV structure was evaluated for the loadings produced by the dead |
weight of the PCRV structure and components, the lifting operations of the CSF, and |
a design basis seismic event. The r.1ctural evaluation considered the detensioning |
and removal of all 24 top cross head tendons, all 90 vertical tendons, and all |
circumferential tendons from group 9 through group 19. In addition, it was | ;

conservatively assumed that all circumferential tendons (inner, middle and outer) |
were detensioned even though it is planned to only detension the inner and middle |
tendons in the top head and the inner tendons in the belt line region. |

|
To evaluate this modified structure, a simplified free-body lumped mass model fixed |
at the basement floor of the PCRV structure was developed for analysis with the |
STAAD-III/ISDS (Ref. 5) computer code. Inputs to the analysis included NRC |
Regulatory Guide 1.60 " Design Response Spectra for Seismic Design of Nuclear |
Power Plants" (Ref. 6) design response spectra normalized to the Fort St. Vrain |p- specific " double design earthquake" (referred to as the Design Basis Earthquake |

'
- (DBE)) ground motions with NRC Regulatory Guide 1.61 " Damping Values for |

Seismic Design of Nuclear Power Plants" (Ref. 7) damping values. Specifically, the |-
; FSV-Operating Basis Earthquake (OBE) ground motions of 0.05g horizontal and |

0.033g vertical accelerations and DBE ground motions of 0.10g horizontal and |
0.067g vertical accelerations were used in the analysis. In addition, the concrete has I
a compressive strength of f'c = 6000 psi and the reinforcing steel was conservatively |
assumed to be Grade 40 steel with a F, = 40,000 psi, although it is_ Grade 60 or |
better. The damping values are 2% horizontal and vertical for the OBE, and 2% |
vertical and 5% horizontal for the DBE. |

|
The modified structure was conservatively evaluated for the loadings preduced by the |
dead weight of the PCRV structure (assuming the PCRV is flooded with water), |
PCRV internal components, the lifting operations of the CSF, and OBE and DBE |
eents. The resutting forces and moments in each of the individual cross sections of - |
the PCRV were used to develop concrete compressive and reinforcing steel tensile |
stresses. In the development of the concrete and reinforcing steel stresses, all |
vertical,' cross-head and circumferential pre-stressing tendons were considered |
detensioned. |

,
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| The resulting concrete compressive and reinforcing steel tensile stresses are provided
| below:
!

CONCRETE REINFORCING
CROSS LOADING COMPRESSIVE STEEL TENSILE

SECTION STRESS (psi) STRESS (psi)

| Top Head DW 16.7 0.0

| Lift 7.7 0.0

| OBE Seismic' 22.0 10.2

| DBE Seismic' 25.1 23.7

| Belt Line DW 134.6 0.0

| Region Lift 6.1 0.0

| OBE Seismic' 298.9 814.8

| DBE Seismic' 381.5 1.268.0

l

| - Includes the effects of Dead Weight (DW).'

| To determine the margins of safety, the worst case load combinations of dead weigh',
| lift loads, and OBE and DBE seismic events were considered using the following
| equations, consistent with the " Building Code Requirements for Reinforced Concrete"
| (Ref. 8):
I

| Equation-1: U = 0.75 (1.4 DW + 1.7 Lift + 1.87 OBE Seismic)i

| Equation-2: U = 0.75 (1.4 DW + 1.7 Lift + 1.4 DBE Seismic)2

|

| The total combined concrete compressive stress was compared to the " Limit
| Condition 2" compressive stress allowable of 0.85 f'c or 5100 psi as outlined by
| Section E.1.2.6.2 of the FSV FSAR. The reinforcing steel allowable tensile stress
| was considered to be 90% of the yield stress of Grade 40 steel, or 36,000 psi. The
! margins of safety, where margin equals (allowable stress)/(combined actual stress),
| are summarized below:
|

CONCRETE REINFORCING STEEL
SECTION EQ-1 EQ-2 EQ-1 EQ-2

| Top Head 87.6 95.0 2517 1447

| Belt Line Region 8.97 9.28 31.5 27.0

|
'

2.3-12
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In summary, the structural evaluation has determined that the resulting concrete |
compressive and reinforcing steel tensile stresses are well within allowable limits. |
Furthermore, adequate margin of safety exists for all loading conditions specified. |
The potertial for cracking of concrete in the modified top head and beltline regions |
has been reviewed and, considering the relatively low tensile stress in a conservative |
number of reinforcing bars, cracking due to tension in the concrete is not expected. |

2.3.3.6 Floodine of the PCRV

2.3.3.6.1 Preparation for Flooding the PCRV

Once operations described in Sections 2.3.3.2 through 2.3.3.4 have been completed,
activities may proceed to install the PCRV Shield Water System and flood the PCRV. |
A network of PCRV liner cooling tubes (System 46) and the tendon tubes within the
PCRV concrete wall creates a potential pathway for water leakage and the spread of
contamination during the cutting of the PCRV concrete. To block these potential leak
paths and prevent the spread of contaminat. ion, the liner cooling tubes and selected
tendon tubes will be sealed with grout or other suitable sealing methods. |

O Before flooding the vessel, all PCRV penetrations that are below the PCRV waterline
and have had their instrumentation removed (incht He3 nstrument penetration internali

components and other items such as the thermxouples routed through the core
support blocks) will be sealed. These penetrations will be sealed by either one or a
combination of the following: cutting and capping just outside the PCRV or by
installation of bolted and gasketted blind flanges. Where welding is utilized, the |
welds will be non-destructively tested per applicable codes. A PCRV low point |
penetration will be sealed with a specially designed cover plate before the PCRV is
flooded. . This closure will provide suction and fill connections for the PCRV Shield | ,

Water System described below. The welded connection will be non-destructively |
'

tested. After verifying that the steam generator and helium circulator penetrations
are sealed, the PCRV Shield Water System will be installed. |,

|

j. 2.3.3.6.2 Expected Conditions Within the Flooded PCRV |
| |

1. Radionuclides: The radionuclides of concern that will be |
encountered during dismantlement operations inside the PCRV have been prevhusly |

'

; identified in the activation analysis provided as Appendix II and are summarized in |
| Table 3.1-2. A fraction of each of these radionuclides is expected to leach into the |
| - water from the graphite when the PCRV is flooded. |

2.3-13
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| The principal radionuclides of .:oncern are tritium, Co-60, Fe-55 and Cs-137. Of
| these, Co-60 will provide the majority of the whole body exposure to occupational
| workers as a result of dismantlement operations. These radionuclides will appear in
| particulate and ionic form, and the PCRV Shield Water System will be designed to
j remove ine principal radionuclides.
|

| Although not a major contributor to whole body exposures, the other major
| radionuclide of concern is tritium. Since the tritium cannot be removed by
| processing through filters or demineralizers, it will be processed and released using
| liquid effluent discharge operations in accordance with 10 CFR 20 limits. The
j maximum tritium concentration shall not exceed the limit specified in the
| Decommissioning Technical Specifications.

|

| 2. Particulates: During PCRV dismantlement evolutions, debris
| will be generated from handling graphite blocks, concrete cutting operations,
| insulation, and dross from underwater cutting operations. Relatively large particles
| of debris (% to 1-inch in diameter) are expected to be generated ftom the various
| cutting methods to be employed during PCRV dismantlement operations, including
| diamond wire cutting (PCRV tcp head), oxy-acetylene cutting, thermitic rod cutting,
| and underwater plasma arc cutting. This debris will settle downward in the PCRV
| water and will be removed by the PCRV Shield Water System, Suitable provisions
| will be included in the system design to colicct this debris und prevent it from
| damaging system comnonents.

I
| Some graphite dust is expected to become waterborne after the PCRV is flooded. The

| need to filter this graphite has been incorporated into the design and filter sizing of
| the PCRV Shield Water System. The possibility of breakdown of the Kaowool
| insulation (described in Section 2.2.2 and Figure 2.2-8), attached to the PCRV liner
| immediately outboard of the core barrel, has also been considered. However, based
| on information from the manufacturer, this insulation is not expected to break down
j - when immersed in water and therefore will not be a factor in the design of th ystem
j filtration trains.

| 2.3.3.6.3 ECRV Shield Water System - Design Considerations
I

| The primary function of the system is to provide water shielding to minimize
| personnel exposure during dismantlement operations intemal to the PCRV. The
| system will also be designed to provide a means to meet 10 CFR 20 discharge limits
| for the radionuclides identified above and ensure compliance with 10 CFR 50

2.3-14
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Qf
_ Appendix I guidance for radioactive liquid waste discharges to unrestricted areas. |

7 Specifically, the system design will provide: |
'

|
-

(1)- an acceptable method to reduce tritium inventory by liquid effluent |
discharge opcrations. -|

(2) _ an acceptable radioactive liquid waste processing path to reduce the |
concentrations of fission and activation products for discharge to |
unrestricted areas, as well as control radionuclide concentrations in the |
PCRV water inventory to m:.intain occupational exposures in the work j
area ALARA. |

|
'

In addition to these regulatory criteria, the system will also be designed to meet the |
following non regulatory considerations: |

'

|
(1) maintain acceptzble water clarity to conduct underwater dismantlement |

- operations - |
(2) minimize corrosion and biological foulinF by suitable chemistry control. |
(3) provide a means of initial fill of the PCRV, as well as the ability for j

makeup with deminere.lized water to compensate for system losses due |e% to effluent discharges. |b-
' |

7 The recommendations of Regulatory Guide 1.143 " Design Guidance for Radioactive |
Waste Management Systems, Structures, and Components Installed in Light-Water- |
Cooled Nuclear Power Plants" (Ref. 9) will be used in system design. |

'

.

|
This system will be designed to maintain occupational radiation exposures within 10 |
CFR 20 regulatory limits and as low as is reasonably achievable (ALARA). The |
recommendations of Regulatory Guide 8.8 "Information Relevant to Ensuring That j

Occupational Radiation Exposures at Nuclear Power Stations Will Be ALARA" (Ref. |
'

- 10) will also be incorporated _(to the degree applicable) into system design. |

|
-2,3.3.6.4 PCRV Shield Water System - Generalp sign Information |

|
The PCRV Shield Water System is shown in Figures 2.3-4. The system will consist |
of two parallel trains of equipment, each sized for 500 gpm (or 50%) of the total .|

~ flow. ;This- total design flow rate (1000 gpm)-will provide a turnover rate of |-

L. approximately five PCRV solumes per day. Based on discussions with personnel |
involved in the TMI cl::anup, this rate is considered adequate. The system will be ||

L- designed to allow a complete train'or individual components to be removed from |

A) _( 2.3 15
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| senice for preventive or corrective maintenance. Provisions will be included for the
| addition of another complete train if required. The trains are cross connected to
| penuit the pumps and filters to be used interchangeably between the two trains.
|

| Maximum Cexibility will be designed into the system to minimize the impact of
| individual component failure on system wailability. Sufficient valves, bypasses and
| interconnecting piping will be utilized 'a allow continued system operation during
| scheduled maintenance or in the event of a component failure. Remote-indicating
| radiation detectors will be used to monitor dose rates on components in high radiation
| areas, such as at strainers, filters and deminer%ers.

I

| A. Filtration Trains:
|

| The purpose of the system filtration trains will be to maintain PCRV water clarity by
| removing suspended solids and paraculate matter, and to reduce concentrations of

| suspended radioactive particulates. In order to maintain optimum water clarity,
| suction of the PCRV Water Shield System will be taken from the bottom of the
| PCRV and clarified water will be returned to the top of the vessel. The system will
| have two filtration trains consisting of the following components:
i G| 1. _Clarifyine Pump Suction Strainen A strainer will be
| installed in the suction line of each clarifying pump to prevent equipment
|- damage due to large particulate debris. The strainers will be duplex type, and
| provisions for shielding and radiation monitoring of these filters will be
j included in the design.
|

| 2. Clarifyine Pumo: Each train will have one clarifying pump.
| The pumps will be horizontal, centrifugal process pumps. Each pump will
| have a capacity of 500 gpm through the associated train of equipment and will
| return the clarified water to the PCRV.
|

| 3. Filter Trains: Each filter train will consist of two filters,
-| with the filters mounted in a series arrangement. Bypasses will be provided
| to allow each filter to be operated individually or in series with other filters.
| Five micron filters will be used to remove 'he graphite particulate expected
| _ while the PCRV is flooded. The series arrangement for fi'ters will be
| specified to remove 98% of all particles larger than 5 micron at a maximum
| differential pressure of 15 psid. Provisions will be included for shielding and
| radiation monitoring.

2.3-16
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B. Demineralizer Train: |-

|
The system will also be equipped with a sidestream demineralizer train. The purpose -|
of the demineulizer train will be to reduce concentrations of dissolved radionuclides |
(specifically Co-60, Fe-35 and Cs-137) to levels that will allow discharge to {
unrestricted areas, as well as reduce concentrations in the PCRV to minimize |
radiation exposure to occupationally exposed personnel. The deminerali7er train wil! | ,

consist of the following components: | |

|
1. Demineralizers: Two demineralizers capable of removing the [ )principal radionuclides of concern (Co", Fe", Cs+) will be provided in |

'

parallel. The demineralizer train will be sized for a minimum of 10% of the |
L total process flow (100 gpm) and will remove dissolved radionuclides from the |'

PCRV water iroventory. The demineralizer will be enclosed in a shielded
[

housing and will include provisions for remote radiation monitoring. One |
demineralizer is planned to be in service at all times.

|

|
2. Resin Fines Filter: One cage-type filter will be provided to |

prevent the loss of resin fines from the demineralizer and possible discharge |
into the PCRV. This filter will be designed for a minimum capacity of 100 |

, .

'

gpm and to retain 98% of all particles greater than 5 micron at 15 psid. | -

1
3. Demineralizer Pumps; A demineralizer pump will a j

provided to take suction from the demineralizer surge tank and proside the |
necessary flow through the deminerali:'ers. After exiting the demineralizers |
and the resin fines filters, the demineralizer booster pump will return the |,

processed water to the top of the PCRV or to the radioactive liquid waste |
effluent release path when effluent discharge operations are in progress. |

t

i
4. Demineraliter Surge Tank: A demineralizer surge tank will |'

be provided to isolate the low pressure demineralizer sidestream from the j
higher pressure clarification filtration trains.

|

|
C. Chemical Addition Train: |

|
: The system will also include a chemical addition train. The purpose of the chemical |
-addition train will be to minimize corrosion by suitable chemistry control within the |
PCRV system and to minimize biological fouling. The chemical addition train will |
consist of the following additional components: }

2.3-17

. - . . ..



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

|

|

PROPOSED DECOMMISSIONING PLAN 4/17/92
SECTION 2

| 1. Chemical AdditionTanks: Two 100-gallonchemicaladdition
j tanks will be included, one for sodium hydroxide and the other for hydrogen
| peroxide. The tanks will be used to add chemicals to the system for the
| maintenance of proper chemistry and to control biological fouling.
|

| 2. Chemical Addition Pumos: Two chemical addition pumps
| will be included. One pump will be provided for injection of sodium
| hydroxide into the system to maintain chemistry control and pil balance, and
| the other pap will be provided for injection of hydrogen peroxide to control
l biological fouling.
|

| D. Skimmer System:

I

| Consistent with experience gained conducting underwater operations at TM1, a
| skimmer subsystem has been included in the system design to maintain adequate
| surface visibility and to reduce surface contamination. The skimmer subsystem will
| include a duplex strainer, a skimmer pump, a filter anel a Goating strainer. By
| changing the valve positions, this system can also be aligned to provide underwater
! vacuuming capability.
I O| E. System Controls:

|

| The system incorporates remote manual controls on a central control panel located
| in a non-congested area on the refueling Door. All major operations of the system,
| including flow adjustments and valve positioning, will be performed from the panel.
j Pumps will be controlled both locally and remotely from the central control panel.
| Alarms for either high differential pressure or high radiation will notify the operator
| of the need to replace the filters or the demir,eralizer resins. PCRV water level
| indication and PCRV high/ low water level alarms will be included in the design to
| facilitate system operation and control.

I

| F. Other General Desien Informatio 1:
|
| The strainers, filters, and demineralizers will be shielded to reduce radiation fields
| in the immediate vicinity of these components during' operation. The system will
| have an isolation valve at the outlet from the PCRV to the suction of the PCRV
| Shield Water System to allow isolation of the water in the PCRV if a problem should
| develop in the system. There will also be other valves to allow isolation of portions

2.3-18
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of the system for maintenance or repair. A connection will also be provided for an |
additional train, if necessary. |

,

'

|
The major components of the system will be prefabricated on skids with drip pans j

to contain potential leakage and will be installed in low occupancy areas of the |
Reactor Building to minimize personnel exposure. Skids that include system filter |
and strainers will also be shielded. The operating controls and chemical additioa |
skids will be located at the Refueling Floor area. The skids will be interconnected |
with other skids as well as with the suction piping from the bottom of the PCRV and |
the return piping to the top of the PCRV. The PCRV Shield Water System will be | ,

connected to the existing Fort St. Vrain Radioactive Liquid Waste System (System |
62) to permit the use of the existing effluent discharge paths and radioactivity |
monitoring and controls. !

2.3.3.6.5 - PCRV Shield Water System . Operatino |

|
A. Initial Fill of the PCRV |

|
After system installation and check out, the first operation of the system will be |
during the initial fill of the PCRV. As opposed to normal system operation, the |O initial fill will be from the bottom of the PCRV via the suction piping. The initial |

j fill will be accomplished prior to the final cutting and removal of the PCRV top head |
| concrete, and prior to gaining access into the PCRV internal cavity. Demineralized |

water for the initial PCRV fill (estimated to require approximately ^.25,000 gallons) |
will be from the existing secondary water treatment system, which is described in a |
following section.

|

|
As the PCRV is being filled, the displaced air and gas will be passed through a .|
por '-le HEPA filter system attached to a refueling penetration in the PCRV head. |
Usi. , temporary ventilation ducting, the displaced air from the HEPA filter will then |
be routed to the installed Radioactive Gas Waste System (System 63) for sampling, |
and then to the existing Reactor Building Ventilation Exhaust System (System 73)if |

i concentrations permit direct discharge. All gaseous discharges will be in compliance |.

L with the Fort St. Vrain Offsite Dose Calculation hianual (ODCht) (Ref.11;. Tne |
PCRV will be inspected for leaks after the initial fill process is begun. The fill |
operation is expected to take several days. |

i-
|

|- The Decommissioning Technical Specifications require that the PCRV water be |
sampled and analyzed daily for tritium concentration during the initial DU of the |

- 2.3-19
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| PCRV. Sample frequency may be reduced to weekly after the tritium concentration
| has decreased to less than 0.1 pCi/ce. Limits have been established in the
| Decommissioning Technical Specifications to assure that tritium activity
| concentrations in the PCRV Shield Water System will not exceed those postulated in j
| the decommissioning accident analyses, i

|

| B. Normal System Operation

I

| Once the PCRV has been filled, the PCRV Shield Water System lineup will be
| restored to take a suction from the bottom of the PCRV, with the return flow to the
| top of the PCRV. The system will be operated to establish and maintain water !
| clarity, water chemistry and to minimize waterborne concentrations of radionuclides. !

| The demineralizer will be placed into service as required. Filters and demineralizers
| will be monitored for differential pressure and radiation levels to determine when
| replacement is required. It is expected that approximately 60 days will be available
i o operate the system to establish water clarity and reduce radionuclide concentrationst

! before the PCRV top head is removed.
I

| 1. System Recirculation to the PCRV:
| The normal operational mode of the system will be with both trains processing
| PCRV water at a total flow rate of approximately 1000 gpm. Both clarifying
| pumps will take suction from the bottom of the PCRV (total flow rate - 1000
| gpm) and will process the water through two parallel trains of filters. During
I system operation, water flows from the flooded PCRV through duplex
| strainers to the suction of the clarifying pumps. From the pumps, the water
| is processed through the filters before returning to the PCRV. A minimum
| side stream flow of 10% of the water flow rate will be processed through the
| demineralizers for removal of radionuclides, namely Co-60, Fe-55 and Cs-137.
| The Elter trains will be set up in a series arrangement depending on the
| turSidity conditions in the PCRV. During initial operation, 50-micron
| elements will be loaded into both Elter housings in each train. As water
| clarity improves, Siter elements and Elter alignment will be changed as needed
| to support ongoing operating conditions. The clarified water will be returned
| to the top of the PCRV through a sparger arrangement which will minimize
| surface disturbance.

|

| 2. System Processine Via The Demineralizer:
| A minimum sidestream flow of approximately 10% of the total flow (100 gpm)
| will be taken from the return line downstream of the filtration units and
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processed through demineralizers. The flow will be adjusted as required to |
maintain acceptable radiation levels on the work platform to minimize |
personnel exposure. Effluent from the demineralizer train can also be routed |
back to the system return lines for recirculation to the PCRV or, after |
sampling, routed to the efnuent discharge connections as described in the |
following paragraph. Suitable provisions will also be provided for additional |
demineralizer capacity as Tquired. j

l
3. Discharce Via Radioacilyp_liquia Waste System (Syltra l

flh |
All liquid waste from the Fort St. Vrain decommissioning will be routed |
through the existing radioactive liquid waste system (System 62) discharge line | p
that was utilized during normal plant operations. Further details of this system |
are provided in Figure 2.2-23 and Section 2,2.3.10. Discharges will also be |
performed in compliance with the NPDES permit in effect at that time. | i

I
4. Sampling Operationn |

Initially, releases will be batch mode releases. Prior to liquid effluent |
discharge operations, representative samples obtained from the PCRV Shield |
Water System will be analyzed for principal radionuclides to ensure that the |
concentrations of radionuclides discharged to the environment do not exceed |
the values specified in 10 CFR 20. Samples will also be taken to verify |
maintenance of suitable water chemistry. Sample locations will be included |
(see Figure 2.3-4) at the suction line from the PCRV, at the outlet of the 61ter j
trains, and at the outlet of the demineralizers. |

|
5. Chemistry Control:

|
In order to minimize corrosion from the carbon steel components within the |
PCRV, it will be necessary to maintain the pH balance of the PCRV water to |
a control band of between 9.0 and 10.0 by the addition of suitable caustic. |
Additionally, to control biological fouling, it will be necessary to maintain a |
hydrogen peroxide concentration. A system will be provided for this purpose |
consisting of two 100-gallon tanks and two chemical addition pumps. The |
system will initially be usec ta add chemical during the initial fill of the |
PCRV. The system will then be used to batch feed chemicals as required until |
tritium levels are reduced to a level where continuous effluent discharge |
operations are acceptable. To support a continuous discharge operation, it will |
be necessary to continuously feed chemicals. |

2.3-21
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| 6. System Interfaces;

| The PCRV Shield Water System will interface with and require support from
j the existing site systems:

|

| (1) Demineralized Water System (System 31)
| The PCRV Shield Water System will require a supply of demincralized water
| at a flow rate of up to 50 gpm at 100 psig. Demineralized water is required
| for system makeup, replacement of water removed by effluent discharge
j operations, chemical additions, and to replace evaporative losses. The
I demineralized water supplied to the PCRV Shield Water System must meet
j typical industry standards for oxygenated, deionized water. The demineralized

| water (or the initial PCRV fill and for makeup due to subsequent effluent
| discharge operations will be from the existing secondary water treatment
| system.

I

| (2) Radioactive Licuid Waste System (System 62)
| Tritium inventories will be initially controlled and subsequently reduced using
| effluent discharge operations. The discharge from the PCRV Shield Water
| System will initially be to the existing plant liquid waste holdup and
| monitoring tanks for processing and subsequent discharge. As tritium levels
| are reduced, the discharge will be directed to the Reactor Building sump
| discharge line.

|

| (3) Electrical Power
| Tie-ins to the site supplied power of 480 VAC 3-phase will be required. The
| skids will be pre-wired and transformers are provided to facilitate

~

| interconnections.

|

| (4) Compressed Air System
| A source of dry compressed air at a nominal value of 90 psig is required to
| support system operations, particularly for dewatering the strainers, the filters
| and demineralizers.

I

| (5) Heating, Ventilation and Air Conditioning
| The PCRV Shield Water System will be located within the Reactor Building
| to provide the required environmental conditions. No special or additional
| environmental conditions are required. The system will require a temporary
| connection to the Radioactive Gas Waste System and the Reactor Building

2.3-22
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ventilation exhaust system to accommodate the displaced air during the initial |
nlling of the PCRV. |

1
C. System Maintenance

|

I
Methods for handling the replacement of radioactive strainers, filter elements and the j

change out of demineralizer resins will be designed for case of replacement and will |
incorporate ALARA concepts, consistent with the recommendations of Regulatory |
Guide 8.8 (Ref.10). These components will be shielded as necessary to minimize |
occupational radiation exposures. |

|
The system will have sufDcient interconnecting piping and isolation valves to allow |
repair or maintenance on a portion of the system while the remainder of the system |
continues in operation. In the unlikely event of a leak within the system, the entire |
system will be isolable from the PCRV, or that portion of the system with the leak |
will be isolated. The strainers, nlters, and demineralizers will be designed to |
minimize exposure during maintenance. The strainers will be provided with inserts |
for ease of handling during replacement. The filters will be provided with vents and |
drains, and filter cartridges will be removed into shielded containers to minimize |

O exposure. Strainers, filters and demineralizers will be shielded and provided with |
radiation monitors within the shielding. |

|
D. System Remani |

|,

The system wili be used to support ongoing decomraissioning operations. When the |
'

system is no longer required, it will be dismantled and treated as contaminated BOP |
equipment and piping. Prior to dismantlement, the system will be surveyed and |
decontaminated or disposed of as radioactive waste, as necessary. !

2.3.3.7 PCRV Top Head Concrets and Liner Removal |

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

I
*

-Removal 'of approximately 10 large sections of PCRV top head |
concrete.

]_

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

2.3-23
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It is planned that the PCRV top head will be cut using diamond wire techniques, and
removed in sections that can be handled with the re-reeved Reactor Building crane.
These sections will be cut so as to leave a thin horizontal layer of concrete above the
PCRV liner. The remaining layer of activated concrete and liner will be removed

,

by breaking an annular portion of the concrete with a mechanical breaker to expose i

the liner, then cutting the liner. This sequence is performed in this manner to '

prevent inadvertently breaching the PCRV liner and minimize exposure of equipment
and personnel to racioactive material.

| 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 Section
{ 2.3.3.5.1,

| 2. Removal of selected highly radioactive components (control rod
| elements and metal clad reDector blocks) from the reactor core with the
| Fuel Handling hiachine (FHhi) as described in WBS Nos. 2.3.1.8.2
| and 2.3.3.4 of the Decommissioning Cost Estimate and discussed in
| Sections 1.5.2 and 2.3.3.4.
| 3. Plugging the PCRV cooling tubes, top head penetrations, and tendon
| conduits as discussed in Section 2.3.3.6.1 and 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.
j 2.3.1.9 of the Decommissioning Cost Estimate and in Section 2.3.3.4.
| 5. Sealing of PCRV penetrations which are below the PCRV waterline and
j have had their instrumentation removed as discussed in Section
| 2.3.3.6.1.
[ 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.

|

| Plugging of the cooling tubes is a necessary requirement to mitigate the spread of
| contamination from the diamond wire cutting operation. The refueling, high
| temperature filter adsorber, and access 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

i
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air will be exhausted to the Reactor Building Ventilation System (System 73) for j
discharge and will be monitored for concentrations of tritium and other radionuclides. |

|
The first phase, removal of approximately ten large sections of top head concrete, |
consists of the following major activities (the number and shapes of these sections
may change based on detailed engineering evaluation during the planning phase):

1. Seal the top head penetrations to prevent debris from entering the |
PCRV. '

2. Set up the core drilling machines on the external wall of the PCRV to |
-

create five horiz'ontal core drilled holes. (Figure 2.3-5).
3. Thread the diamond wire through the inte4section points of the cored '

holes to make a loop to allow cutting of the concrete (Figure 2.3-6).
4 Insert shims in the kerf of the diamond wire cut area to prevent closing;

of the gap due to the weight of the concrete.
5. Make ten inclined core drilled holes to intersect with the horizontal cut '

kerf (Figure 2.3 7).
6. Make the five vertical sectioning cuts using the diamond wire method

(Figure 2.3-8).

O 7. Make the six vertical tapered back cuts using the diamond wire method.
8. Rig the sections for removal.

The concrete sections will be cut using the diamond wire cutting process, consisting |
of a wire with collars containing a diamond-matrix and made to length for each
individual cut, and a hydraulic pulley drive system to circulate the wire. The
diamond wire is routed to envelop the cut area and then returned to a drive wheel one

the; drive system. The wheel rotates and pulls the wire through the cut areas.
Hydraulic cylinders control the tension'of the wire. Once the cut is started,_ the

-

tension is increased to optimize cutting efficiency.

The diamond wire cutting process will utihze appropnate 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. However, 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 j

containing the diamond wire path and drive units (s) in a containment tent (s) served |
by HEPA ventilation. ]

L
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j Removal of spproximately ten sections of tophead concrete, of which the lower
| portions of each section may be activated, will be accomplished utilizing the

re-reeved Reactor Building crane. This will leave a thin layer of activated concrete
| covering the PCRV liner. Specially engineered lifting attachments will be used to
| safely handle the heavy components, consistent with the requirements of 29 CFR
| 1926 and applicable ANSI standards. The concrete sections will be moved to a waste

processing area for further sectioning, segregation and preparation for disposal.
| 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 consists of removal of the final thin (2-3 inch thick) concrete layer
| and the top of the PCRV carbon steel liner. 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 the efore 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).
I

| The concrete saws will be used to score the cut lines around the circumference and
| for segmenting cuts. The hydraulic breaker will then chip away the concrete to
| expose the carbon steel liner (see Figure 2.3-9). The thermal torch (oxy-acetylene
i or oxy-lance) will then be used to cut through the liner, insulation ano cover plate to

_

| free sections for removal. The layout and sequencing of cuts will take into
| unsideration 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 potential airborne contamination related to his
| process. A containment will be constnicted across the top of the PCRV, and HErA
| ventilation will be provided during these operations. Persennel required to work
| within the containments will be required to wear the appropriate protective clothing
| and respiratory protection per ALARA review ard RWP requirements.
I

| 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
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?iner 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. Workers on the top side of this composite disk are expected j

'

to experience a lower exposure rate since the activated concrete will provide shielding |
from the more highly activated ferrous materials of the liner plate. Shielding for the |
workers will be utilized as appropriate for the close operations sech as installing the |
saw tra.K operation of the saw and thermai cutting. |

The final task of this activity is to set a PCRV work platform on the ledge of the top
head opening above the reactor core. This platform will be a rotating platform with
openings to provide access to all sections of the PCRV and is described in Section |
2.3.3.8.2. |

2.3.3.8 Dismantline PCRV Core ComponcH15 |

|
'

2.3.3.8.1 Deneral Description - Graphite Blocks
|

|
Following the removal of the PCRV top head and installation of the work platform, |
PCRV core components will be removed. These activities will include the removal |
of various types of graphite blocks and other reactor internals within the core barrel |

|- - down to the CSF. A listing of the types of graphite blocks that will be tem .41 |
during decommissioning activities is identified in Table 2.31. |

|
The top layers of blocks (i.e., metal-clad reflectors and some hex reflector blo^ks |
without Hastelloy cans) will be removed using the Fuel Handling hiachine (FHht) | >

and current plant methods to transfer the components from the PCRV to a shipping |
'

container, as discussed in Section 2.3.3.4 and WBS No. 2.3.1.8.2 of the |
Decommissioning Cost Estimate. Use of the FHht will provide the necessary |

| shielding and containment while transferring components from the PCRV to the |
shipping containers _with minimal personnel exposure. The FHht may be used to |
remove blocks other than those on the top layer of the core, including defueling |

; elements and hexagonal graphite reflector blocks. However, use of the FHht for this |
| purpose is dependent on its operability, and its availability has not been relied upon |
| as the basis for removal of these components. The following sections provide a |

discussion for removal of these graphite blocks using manually operated tools. |

2.3.3.8.2 General Arrangement 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 is provided in Figure 2.3-10. The PCRV will have been filled |.

O
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O| with shield wrfer to a level approximately 4 feet above the g aphite blocks, but below
| the top of the PCRV liner, Suitable controls will be implemented to prevent water
| from splashing or the water level from approaching the exposed concrete above the
| top of the PCRV liner. These controls are necessary to prevent potential
| contamination of the concrete.
I
| The Work Platform will have been installed on the ledge at the bottom of the hex
| opening in the PCRV. The Work Platform will be designed wim 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, which 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 installed on the refueling Door level to service the access openings in the
| platform. The Reactor Building crane will also be available to service the platform
| and the remainder of the refueling floor area.
Ii

| A ventilation system will be installed to provide control of airbome contamination,
| including tritium. Air will be drawn from the refueling Door to the Work Platform,
| down through the access openings in the platform, and then exhausted to the Reactor

| Building Ventilation (exhaust) System (System 73) for discharge. The discharges
| from the Reactor Building Ventilation System will be monitored in accordance with h
| the FSV Offsite Dose Calculation Manual (ODCM) (Ref. Il). The airflow from
| uncontamii ateo areas to contaminated areas through the Work Platform will minimize
| personnel exposure to airborne contamination.

I

| 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
| on the Work Platform to a considerable distance away from an operation if a
| significant radiation field is encountered. During dismantlement operations, workers

on the work platform will be protected from direct radiation and airborne
contamination during removal of core components from the open PCRV. Radiation
protection features include:

*
Core dismantlement will be performed undcrwater, shielding workers
and minimizing airborne particulate radioactivity.

| PCRV Shield Water System will strip soluble rrdionuclides from the*

shield water. Tritium inventory control is discussed in Section 3.3.2.3
of this plan.

* The ventilation system will ensure a positive downward flow of air over
the workers. Exhaust ducts under the work platform will carry air
through a HEPA filter, then to the existing plant ventilation system.

2.3-28
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O I
Procedures and equipment for core dismantlement and operation of the |

*

work platform will be provided to minimize radiation exposure to
workers.

* All work will be performed in accordance with approved Radiation
Work Permits.

I
2.3.3.8.3 Stwial Considerations Durin; Graphite ' Block Remoul |

|
The graphite block removal tasks represent a significant portion (22%) of the |
project'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 j
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 PCRV Shield Water System. |
*

Use of the Work Platform will improve worker efficiency and safety. |
Utilization of a ventilation system to move. evaporated tritium and other |

*

airborne contaminants away from the work area under and around the |
platform. |

*
Use of long handled tools and submerged staging areas to perform potential |
high exposure activities underwater. |

| - * 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. |

|
L 2.3.3.8.4 Prerequisites for Graphite Block Removal |

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

|
'-

1. Flooding the PCRV with shield water as' described in Section 2.3.3.6. |
2. Removal of the top head concrete and liner as discussed in Section |

2.3.3.7. |
3. Installing the PCRV work platform as discussed in Section 2.3.3.7. |

O
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O'| 4 Radiological survey of the work area and installation of temporary
| shielding if necessary for AI. ARA purposes.
|

.

| 2.3.3.8.5 General Graphite Block Removal Secyqcs
I

i

| The following is the general sequence of operations that will be used for removal of I
| all graphite blocks:
|

| 1. Removing 5. Unloading
| 2, Staging 6. Dewatering
| 3. Loading i Drying
| 4. Transferring 8. Packaging
i !
| Since this general sequence of operations will be used for the removal of all types of i
| graphite blocks, the discussion of the eight steps provided below are applicable to the
| removal c! the defueling elements, hex reflectors (with and without hastelloy cans),
| the large permanent reflector blocks, and side spacer blocks with boronated pins.
| Relative locations of the graphite blocks within the core area around the
| circumference of the core, are shown in Figure 2.3-11. The activities that are
| specific for one type of block are discussed in the subsection following this general
| discussion. h
I

| (1) Removing:
|

| The blocks will be lifted from their position in the PCRV core area, and placed
| in an intermediate staging area that is below the surface of the water (see
| Figures 2.3-12 and 2.3-13). This will be accomplished using remotely engaged
| long handled tools (LHT's) 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 (FHM). 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
j utilizing an overhead crane. The side s(scers will be handled by attaching a
| lifting bail to_ the top of the block using the existing threaded holes 'in the
| graphite block.

O
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(2) St_ aging: |

|
After removal from the PCRV core area and while still submerged, the blocks |
will be lifted and placed on an intermediate stand attached to the work platform |
(see Figures 2.3-12 and 2.3-13). During this operation, the block will remain |
submerged underwater. The LHT will be disengaged and removed, leaving the |
block temporarily stored on the stand. |

1
(3) leading: |,

|
'

A short handling tool with integral shielding bell will then be lowered into |
position on guide pins as shown in Figure 2.3-13. 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. |

l
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 2.3-14) 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 i

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. |
However, this shielding 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 |

j levels in the immediate vicinity of the shielding bell will be closely monitored |"
and personnel access to the affected area will 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 2.3-15 for :he large permanent side reflector |
block,'in Figure 2.3-16 for the hex reflector blocks without hastelloy cans, in |

L Figure 2.3-17 for the hex reflector blocks with hastelloy cans, and in Figure 2.3- |
! 18 for the side spacers.without boronated pins. |

| 1
-(4) - Transfer: |

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

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

!
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|. personnel will be required to stay clear of the area tu create a clear path for
| movement of the lead.
I

| (5) Unlmding:
|

| Unloading of the s'tielding 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
j small amount of water while submerged in the PCRV, it will be necessary to
j place the blocks in a dewatering device to drain the water from those blind
| holes. A schematic of the dewatering device is shown in Figure 2.3-19. After
| the blocks are unloaded from the shielding bell into the dewatering device, the
| blocks will be rotated (tipped) approximately 90 degrees. The wat r 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 cruj traps or
| stagnant water. The blocks will then be moved from the dewatering device into
| the shieldir g bell, the catch pan installed, and then moved to a block dryer.
I

| (7) Drymt-
|

| 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 2.3-20.
| 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 Exhaust System. It is not
| planned to heat the air for drying.
|

| (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 2.3-21), 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.
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2.3.3.8.6- Description of Activities Specific to Block Tvoe |

I
A. Defueling Elements |

|
Removal of the defueling elements will be handled as described in the eight steps |
described in the previous subsection. The defueling elements are not activated and |
were uncontaminated when installed in the core. However, cross-contamination is |
expected to have occurred during reactor flooding and suitable contamination control |
procedures will be implemented to hLndle the defueling elements. Due to the very |
low radiation levels (< 1 mR/hr), it will not be necessary to stage the defueling | ,

elements and they will not be loaded into a shielding bell for transfer to the i

dewatering device and dryer. |

|
B. Larce Side Reflector Blocks |

|
A typical large side reflector block is shown in Figure 2.3-22. 'Ihere are 312 large |'

side reflectors, ranging from approximately 522 to 2030 lbs. each, around the |
circumference of the core as shown in Figure 2.3-11. The initial t sk is to remove |
the 24 upper reflector keys, which must be accomplished in order t6 mmove the side |
ref'ector blocks. The keys will be desched by removing the five nuts per key or by |
thermally cutting the keys. 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 inta the reverse counterbored holes. | >

Sectioning of the large side reflector blocks may be required because of packaging |
requirements. If sectioning is required, it will be accomplished in the Hot Service |
Facility (HSF), as shown in Figure 2.3-23, 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. |

|
C. Hex Reflector Blocks Witheyfastelloy Cans |;

_

|
Removal of the bottom, side and top hex reflector blocks without hastelloy cans will |
be handled as described in the eight steps described in the previous subsection. |
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 |

; position of the her reflector blocks without hastelloy cans in the core is shown in |
| . Figure 2.3-11.

|

(
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,

] D. liexagonal Graphite Blocks With Hastellov Cans

|
| Each Hastelloy can hex reflector block has 0.531-inch diameter holes to accommodate

| Hastelloy cans. There are 270 hex reDector blocks that contain 72 Hastelloy cans
I and 2 hex reflectors that contain only 4 Hastelloy cans each. The Hastelloy cans are
| 0.51 inches in diameter, approximately 8 inches long, and contain boronated graphite.
| The lxation of Hastelloy can hex reDector blocks in the PCRV is shown in Figure
| 2.3-11. Table 2.3-1 indicates that the hex reflector blocks with Hastelloy cans have
| one of the highest radiation levels (300 R/hr) of those irradiated components to be
| removed from he PCRV with manually operated tools. |

|

| Removal of the hex reflector blocks with Hastelloy cans will also be handled as '

| described in the eight steps described in the previous subsection. The Hastelloy cans
| in the hex reflector blocks are not expected to fall out of the block. Therefore.
| removal of the Hastelloy cans using a dumping or tipping operation will not be
| attempted. Removing the Hastelloy cans from the graphite blocks would require the
| use of some mechanical method (broaching, cutting, pressing, and/or crushing).
| After considering the niethods for removmg the Hastel'oy cans and comparing them
| to the aRernative ofleaving the Hastelloy cans in the blocks, it was decided that the
| Hastelloy cans would be left in the blocks. Leaving the Hastelloy cans in the blocks
| eliminates the need for special equipment to remove the Hastelloy cans, simplifies the
| process of block removal, and will minimize personnel exposure.
I

| E. Sidt. Spacer Blocks With Boronated Pins
|

| The side spacer blocks with boronated pins are shown in Figure 2.3-24. There are
| 1152 boronated side spacer blocks weighing approximately 100 - 150 lbs each. Their
| location in the core is shown in Figure 2.3-11 and dimensions of the pins are shown
j in Figure 2.3-25. 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 2.3-26 is provided to

,

| illustrate the steps involved in removing the pins from the side spacer blocks):
.

| (1) Rem.oving
|

| In order to remove the side spacer blocks and dump the boronated pins, a lifting
| bail will be installed on the top of the side spacer block. These lifting balls will
| be designed to fit all 19 variatichs of side spacer bk)cks and will also provide

| | the means for upending the block to dump the boronated pins and water from the

| | holes (as described in the following paragraphs).

O.
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-

The bail will be pocitioned on top of the block while it is underwater and will |
be attached by captured bolts engaging the existing threaded holes in the block. |
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 |
(intermediate stand) that is suspended underwater, under the Work Platform (see |
Sketch I of Figure 2.3 26).

|

|
(2) Stagine/ Dumping

|

|
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 2.3-26, 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 located beneath the intermediate stand |
(sx Figure 2.3 27). There is sufficient clearance for the pins in the spacer |l

bksks to ensure that they are loose and will drop out of the spacer blocks easily. |

l
The block will then be rali,cd out of the water and into the integral shielding bell |
and a catch pan attached under the shield 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 j

remosed from the water in the inverted position, it will not be necessary to take j

it to the dewatering station. The block will be transferred directly to the dryer | .

in the shielding bell.
|

|
(3) Dmne |

I
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 bail. |
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 outlined in the |
general sequence of operations. |

|
(4) Boronated Pin Handling |

| |
L 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 |
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O
| number of blocks have had the pins dumped into the liacr, the liner will be
j 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.

2.3.3.8.7 Other Core Comoonents

After removing the graphite blocks identified above, the 24 lower reflector keys will
be removed. The lower keys, which are made of Hastelloy X, will have estimated

: radiation levels of 10 R/hr at I meter. The lower reflector keys will be placed in a
shielded container under water for movement to the radwaste area for packaging and
disposal in a manner similar to that described above.

The removal of the lower keys allows the core support blocks, posts, and post seats
| to be removed. There are 61 core support blocks and 183 core support posts / lower

post seats to be removed after all other core graphite blocks have been removed.
They will be removed underwater using grappling tools similar to those identified in
previous operations. As each component is lifted from the core, water will be
removed from the blind holes and the piece dried. Procedures will be written for
handling the components. After drying, the larger core support blocks will be
sectioned. The components will be packaged and loaded into shielded shipping
containers.

2.3.3.9 Removine the Core Bamd

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

| 1. The PCRV top head concrete has been removed.

| 2. The PCRV has been flooded above the core barrel with shield water and
| water clarity has been established as discussed in Section 2.3.3.6.

| 3. Reactor core graphite blocks have been removed from the PCRV to a level

J low enough to permit the cutting of a core barrel section.

| The core barrel and core barrel keys will be segmented underwater using remotely
| operated cutting equipment after the graphite core components are removed.
| However, if radiological surveys in the core barrel indicatc 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.
| Exhaust hoods, powered by HEPA-filtered air handlers, will be positioned at the
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water surface or, if the cut is performed dry, in close proximity to the cut. These |
exhaust hoods will capture the majority of the fumes at their source. While cutting I

of the core barrel above the water line appears to have a schedule advantage over the |
underwater cutting, it will only be considered if it can be justified by an ALARA |
review,-

|

1
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 removal |
of successive layers of graphite cor; components. This is not expected to affect | i

safety, occupational exposure or cause an undue schedule delay. | I
I

With either cutting altemative (i.e., underwater 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 outer keys and thermocouple expansion joint |

assembly that is between the PCRV liner and the core barrel. |

The cutting of the core barrel will be performed with the Work Platfonn in place. |
For underwater cutting, a mast or a remotely positioned track-mounted cutting tool |
will be operated from the Work Platfarm to make the vertical cuts around the core j i

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 will be predetermined based upon the size of_ LSA |
containers selected and the features of the remote cutting system. For disposal and _|
cost estimating purposes, it was assumed that the segments were 7.5 feet high X 3.5 |
feet wide for a 4 foot X 8 foot LSA box and cutting was performed by a sequence _|
of vertical cuts followed by horizontal cuts. - However, if it is determined that larger |
pieces can be packaged, a reduction of time and exposure will be achieved. This- |
process will continue down the entire length of the core barrel until approximately |
two feet of core barrel :emains above the silica blocks. Removal of the lower |
portion of the core barrel will be coordinated with the removal of the silica insu!ation |
that is on top of the CSF. -|

O
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Ol 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
| dosc rate of 40 mR/hr. Loose contamination is expected to be moderate (100,000 -

2| 300,000 dpm/100 cm ). Loose surface contamination from pieces removed from the
| water will be controlled 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.

2.3.3.10 Bemoval of the Core Support Floor (CSF)

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

|

| 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 drainM down to within a few feet of the top of
| the CSF.

| 4. Loose contamination has been removed from or stabilized on the interior
| walls (insulation cover plate) of the PCRV.
| 5. The Work Platforia 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 cf the fixed contamination
| on the wall and activated cover plat:. Msulation, liner plate and concrete. The dose
| rate from this source is estimated to be 30 mR/h: at any point within the PCRV. The
| CSF, as a radioactive source, consists of the surface contamination and the ac.ivated

| insulation on the top of the CSF, the activated CSF cladding plate, and the activated
I 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 ofinconel, will
| reduce the exposure rate to approximately 360 mR/hr.

'

2.3.3.10.1 Removal of CSF Silica Blocks. Cover Plateund insulation

As currently planned, the water level will be lowered to just above the top surface
of the CSF. As the water level is lowered in the PCRV, the walls will be wasned
down with clean water to remove residual loose contamination. A remotely-operated
electro-hydraulic ram hoe will be lowered into the PCRV to break up the silica blocks
(see Figure 3.1-30). A removable seal plate will be affixed to each of the 12 steam
generator penetrations in the CSF to prevent loose debris from entering the steam
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generator modules. After the silica blocks have been fragmented, a bucket
attachment will be affixed to the ram hoe to remove loose debris. The ram hoe
controls and operator will be on a working platform above the CSF to minimize
personnel exposure. The silica block debris will be removed in unshielded
containers, since radiation levels are expected to be less than 500 mR/hr. The PCRV
water level will be left slightly above the CSF to minimize the potential for airborne
releases during this operation.

After the silica block debris has been removed, the insulation cover plates will be
peeled up by the ram hoe with a sheet ripping attachment. The cover plates and any
loose silica debris can be picked up, vacuumed, or scooped up at this time. The
steam generator penetration seal plates will then be removed. 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 2.3.3.9. I

2.3.3.10.2 Removal of the Core Suonort Floor

The CSF is a large disc approximately 29 feet in diameter by 5 feet thick and
weighing 270 tons. As noted in Section 2.2.2, the following items must be j

disconnected to allow removal of the CSF from the PCRV: |

b) Ib (1) 12 steam generator helium inlet ducts.
|

(2) 12 steel support columns, located near the CSF periphery, that are welded |
to the cladding plate and contain an array of cooling tubes and j
instrumentation tubes. |

1
There is also a monorail spider consisting of twelve heavy structural steel beams on |
the bottom side of the CSF, that were used to position the steam generators during |
construction.

|

'

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:

|

O
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| 1. Raisine 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 a 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.
|

| Unless dose rates are determined to be significantly below those estimated, it
| will be necessary to disconnect the steam generator penetrations and the CSF
| support columns using underwater cutting. Therefore, PCRV water level will
| be maintained slightly above the top of the CSF tc provide adequate shielding
| during performance of these activities. Underwater cutting,in combinanon with
| exhaust hoods and respiratory protection, will provide a suitably safe
| environment. A localized containment may be used to prevent the spread of
| airborne contamination to other areas or workers.

| Stress analysis of the CSF columns will bc utilized to determine the number of
| columns required to support the CSF at this stage of dismantlement. After the
| CSF has been cut free from the steel support columns, the CSF will be lifted and
I 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
j to tne CSF and to the jacking stations that have been established on top of the
| PCRV (see Figure 2.3-28). 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. Seementine the CSF
l

| 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 CSF. Based on the
| results of *he radiological surveys, shielding may be placed over the top of the
| CSF to reduce radiation levels to r.cceptable 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
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O perimeter of the CSF. This will keep the workers away from the top of the CSF |
which is the significant source of radiation exposure. The diamond wire cutting |
process is adequate to segment the CSF and the monorail spider located under j

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 j

deck staging area, where the segments will be prepared for disposal. |

2.3.3,11 Disassembling the PCRV l ower Plenum

During prior operations, the helium ducts connecting the CSF floor to the 12 steam
generators were severed and the CSF was removed from the PCRV and the water
level lowered to below the CSF. Removal of the CSF will make lower plenum
components accessible, including the steam generator primary assemblies, the helium
diffusers, the CSF support columns, the lower floor, the lower plenum insulation and
other miscellaneous components _ (see Figure 2.2-5). The following prerequisites |
should be completed prior to beginning removal of the helium circulator diffuser |
assemblies and the steam generator primary modules: |

|
1. The helium circulator and steam generator secondary assemblies outside the |_

PCRV have been removed. |
2. The steam generators have been disconnected from the PCRV penetration |

flanges.- |
3. The CSF has been removed from the PCRV. |

2.3.3.11.1 Sleam Generator Primary Assembli_ex

Each steam generator primary module is approximately 6 feet in diameter, 26 feet in |
height and weighs 65,000 pounds. The radiation source is primarily attributable to - |

| plateout contan.ination with a minor contribution due to activation. The uppermost |
| portion of the primary steam generator nearest the outlet of the reactor is estimated [

to have a contact dose rate of 700 mR/hr. The lower portion of the primary steam |
l

L generator is estimated to have a contact dose rate of 50 mR/hr. Localized hot spots |

|- on the generators are estimated to be up to 2 R/hr on contact. |
|

L Disconnecting 1be Steam Generator Primary Assemblies |

The primary modules will have been structurally disconnected from the PCRV |
L penetration flanges during the activity that removed the uncontaminated steam |

|_ generator secondary assemblies. That task (Section 2.3.3.3.2) will have been |
| accomplished in a uncontaminated environ ent with a low radiation field. The |-

primary modules remain connected to the PCRV internals by the connection of the |

O
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O| steam generator shrouds to the plenum floor in the lower portion of the PCRV and
| must be disconnected 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
| steam generator helium inlet ducts, which were cut from the bottom of the CSF, will
| be removed from atop the steam generator primary assemblies.

The steam generator primary assemblies will be rigged (to the Reactor Building crane
using standard rigging techniques and devices) to secure them before the final

| severance cut. 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. The steam generator will be disconnected from the plenum floor using
| remotely-operated cutting equipment, by cutting the clamp or lower seal at the
j connection of the steam generator shroud to the lower floor. Any remaining
| instrumentation or connections between the steam generators and the lower plenum
j will be severed remotely.
I

| Due to the expected radiation levels associated with the steam generato. 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. An
| alternative method for separating the steam generators from the plenum floor
| requiring similar precautions and effort is to remotely cut the plenum Door around
j the attachment location, using either an oxy-lance or a plasma torch. The method to
| be used will be based on an evaluation of the performance characteristics of both
| methods in the limitN access in which it will be used.
|

| Either of these methods would be utilized underwater to derive the benefit of the
| water for shielding the workers from radiation. Fumes from cutting and any potential
j airborne contamination will be collected by an exhaust hood at the surface of the
| water. 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 floor. Lowering the PCRV water level will only be considered if it
| can bejustified by an ALARA review.

| 2. Removing the Steam Generator From the PCRV

| Upon separation from the lower plenum floor, the steam generator will be removed
from the PCRV cavity by the Reactor Building crane. As the primary assemblies are
lifted from the PCRV, the outer shroud and tube outer surfaces will be washed down;

to remove as much contamination and cutting debris as possible, and will be allowed
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to drain as necessary over the PCRV cavity. The primary module will then be
enveloped with poly film or lierculite to prevent the spread of loose contamination.
During the movemeats of the modules, radialmn protection personnel will ensure that
distance is maintained betwem the workers ind the source to kecp esposures
ALARA.

As discussed in Section 2.3.3.11. the steam generators will be moved to the truck bay
to pre-staged containert for packaging for shipment. Due to the high contact dose
rates that are anticipated on the steam generator primary assembly (economizer,
evaporator, and superheater sections), a special shielded shipping container (Figure
2.3-29) will be required. The shipping container will consist of a metal culvert -

section seven foot in diameter by 27 feet long. The culvert section will be cut in half
lengthwise to provide a hollow half cylinder. Structural supports will be welded to
the half section of cuNert to provide structural support. The container design will

t take into account stay times such that radiation exposure will be minimized d. M
packaging of the modules. local shielding will be utilized as appropriate.

.

Support saddits will be mounted inside the culvert and serve a dual purpose. First,
the saddles provide a means of attaching the steam generator primary assembly to the
culven and trans nitting the load to the structural supports on the outside of the

O culvert. Second, the saddles will keep the' steam generator primary assembly
centered in the culvert with an annular space of about 8 inches between the inside
diameter of the culvert and the outside diameter of the steam generator primary
assembly.

After it is removed from the PCRV, the primary assembly will be lowered through |
the refueling deck access hatch to the truck bay. The panial shipping container with
the steam generator will be moved to the packaging and shipping area, and tne top,

half of the wntainer will be installed. if required, the annular portion of the steam
generator between the siiroud and the tube bundle st.pport column may be filled with,

grout which will encapsulate the tube bundle of the steam generator in addition,

$ grout may be pumped into the feedwater and steam tubes of the primary assembly.
W Due to the high contamination levels, it may be necessary to fill the 8-inch annular |

regior, between the outside of the steam generator shroud and the inside of the calvert
with grout for shielding.

The combined weight of the shipping container, s' < n generator assembly, and grout
will be approximately 195,000 pounds. If actor contamination levels in the steam
generator primary assemblies are lower than ex;wted, the shielding grout in the
annular space between the steam generator shroud and the container may be omitted
with a weight savings of about 56,000 pounds.

O
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O| 2.3.3.11.2 IIelium DjffncuedlhutaffXttre_Anemhht

| The helium diffuser assemblies will have been detached from the PCRV penetrations
| after removal of components from within each penetration. The helium diffuser and

shutoff valve assemblies will be removed using techniques similar te those described "

| above for removal of the steam generator pnmary assemblics. Radiation levels on
| the helium diffuser assemblies are espected to be inuct, lower than those experienced
| on the steam generator piimary assemblies. The helium diffuser and shutoff valve'

assemblies will be disconnected by remotely cutting the clamp at the connection of
the diffuser to the lower Door. The assemblies will be rigged to the Rea: tor Iluilding
crane, removed and transferred to the waste handling area for processing and -

| disposal. Due to the lower radiation levels, no special shipping containers will be
| tequired.

2.3.3.11.3 Runaining Cmmrnenu

| With the steam generators and helium diffusers and shutoff valves removed, all of
| the significant radiation sources in the PCRV will have been removed. This will

allow the PCRV vessel to be totally drained. The work remaining in the lower
| plenum includes the removal of the CSF support columns, the lower floor and other
| miscellaneous lower Door area components, and the insulation and insulation cover

plates on the PCRV liner and penetrations. 'lnese features will be removed utilizing
hands-on tools and will be processed for disposal. The Kaowool insulation removed
in this activity will most likely require removal of the absorbed water to assure
compliance with shipping and disposal regulations. ' Die removal of the absorbed
water will initially be accomplished by 7ressing or squeeting the wet Kaowool, or a

| other suitable drying techniques as required. All of the remaining components in the
| lower plenum will be removed and transferred to the waste handling area for
| processing and disposal.

' During these final distnantling activities, the dose rates inside the PCRV lower
plenum will be significantly lower than during previous operations since the largest
radiation source, the steam generators, will have been removed. It is estimated that
the general area radiation level will be low enough to allow activities to be performed,

in the lower plenum manually, which will increase productivity and still be ALARA
acceptable.

E
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2.3.3.12 Final Dismantling. Decon.tamination. and Cleanur Attirilks

The following activities are included in this task:

1. Scoting and cutting the PCRV sidewall insulation and liner.
2. Cutting ar,d removing the activated concrete in the beltline region of the

PCRV (See Figures 2.3-30 ant! 2.3 31).
1

3. Removal and/or decontamination of all remaining contaminated concrete.
4. Decontaminating the PCRV lower plenum liner.
5. Performing the final Turvey of the PCRV.
6. Demobilization and decontamination of the PCRV D/D tools and

equipment.
7. Disposal of the PCRV Shield Water System. |

The activated concrete will be removed in sectional units from the side walls of the
PCRV, with the attached liner and both layers of thermal insulation intact as part of
each unit. Diamond wire cutting has been selected as the method to remove the
activated concrete sections.

The thermal insulation, steel cover plates and steel seal sheets will be cut, and the
liner plate will be scored by thermal rnethods before the concrete is cut with the
diamond wire technique. This prevents the diamond wire from entangling in the steel
seal sheets and insulation.

Tendons which must be tc.noved for access of the diamond wire will be detensioned
and removed. Other tendons detensioned to relieve compressive stress on the kerf
of the diamond wire cut will be left in place. This was discussed in Section 2.3.3.5.

Circumferential tendons at the elevations of the horizontal cuts will be removed to '

provide a path for the diamond wire. The diamond wire cuts will be made in two
steps from opposite directions, making a complete cut underneath the activated belt,

line concrete as shown in Figure 2.3-30.

The inner ring of vertical PCRV tendon tubes, located 32 inches from the PCRV
._ sidewall, are suitably positioned for removing the beltline activated concrete (see *

Figure 2.3-31). However, in the event that these tendon tubes prove to be unsuitable
L for the initiation of diamond wire cuts, new vertical holes will be core drilled.
!

Communications down the vertical tendon tubes or new core drilled holes, through
the horizontal cut, and up through the PCRV interior will allow threading of the
diamond wire for the radial cuts to be made. Sections of concrete, liner and

O-
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insulation that are approximately 3 feet thick,8 feet wide, and 40 feet long will be
produced and rigged to the Reactor Building crane before the Onal back cut is made
between every third tendon tube. These sections will be moved to a radwaste
processing area for further cutting and preparation for disposal.

This cutting technique will temove a maximum depth of 32 inches at the tendon tube
and a minimum depth of approximately 27 inches midway between the tendon tubes.
This minimum removal depth is adequate to meet the activation analysis requirements
(plus uncertainties) described in Section 3.1.4.1.

| The PCRV Shield Water System will be dismantled and decommissioned similar to
balance of plant piping system. The system will be drained and the water processed
as liquid waste as discussed in Section 3.3.2.2. The piping and components will be
decontaminated, dismantled and packaged for disposal. The deminerali7ers will be
the last items taken out of service. The demineralizer resins will be processed,
packaged, and disposed of as radioactive waste. The demineralizers will be leased
equipment, arad will be decontaminated and packaged al necessary for return to the
owner.

Following the removal of the activated beltline concrete, a Gnal cleanup and
decontamination of the entire PCRV cavity will be performed. Decontamination
methods may melude conventional wiping techniques, scabbling, scarifying, vacuum
sand blast, or a hydrolaser method, depending on the degree to which the
contamination is 6xed on the surface. A survey of the PCRV wiU be conducted to
verify that free release criteria has been met.

As dismantlement activities proceed, guardrails, covers, barricades, caps, etc., will
be placed as appropriate consistent with industrial safety considerations. Upon
completion of PCRV activities, a top head closure along with other at.ortpriate
penetration caps and guardrails will be installed in compliance with good industrial
safety practices.

/

2.3.4 Conta-linated BOP Sy11em Dismantlement and De:ontamination

2.3.4.1 Inimdpetion
'

The decontamination and dismantlement of contaminated or potentially contaminated
balance of plant systems will be dom by either (1) decontamination in place, (2)
removal and decontamination, or (3) removal and disposal as radioactive waste. i

Systems which are contaminated or potentially contaminated above releasable limi st
requiring decontamination or dismantlement include the following:
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1. System 13 - Fuel Handling Equipment
2. System 14 - Fuel Storage Facility
3. System 16 - Auxiliary Equipment

;

4. System 21 - Helium Circulator Auxiliary Equipment
5. System 23 - Helium Purification System
6. System 24 - Helium Storage System
7. System 46 - Reactor Plant Cooling Water System
S. System 47 - Purification Cooling Water System
9. System 61 - Decontamination System
10. System 62 - Radioactive Liquid Waste System
11. System 63 - Radioactive Gas Waste System-
12. System 72 - Reactor Building Drain System
13. System 73 - Reactor Building Ventilation System
14 System 93 - Instrumentation & Controls

Contaminated balance of plant decommissioning is scheduled to coincide with
fluctuations in critical path PCRV activities to level project manpower and to
minimize competition for use of plant equipment.

In general, contaminated or potentially contaminated piping, components, structures,

O walls and ductwork will be dealt with in the following manner. Potentially
contaminated items will be surveyed to determine acceptability for unrestricted free
release or to determine the cleanup required for release. Verification that plant
systems or ttructures may be released for unrestricted use will be provided by a
comprehensive radiological assessment that provides statistically significant
confidence levels for all plant systems. Since the plant systems cannot be altered for
these detailed radiological surveys until the systems are no longer needed to meet
NRC license requirements, the detailed surveys will be conducted during the

.

implementation phase of the decommissioning project. The results of these
radiological assessments will be us:d to determine the workscope required for final
removal of contaminated or potentially contaminated systems and components.

,

The piping and equipment removal experience gained at the Shippingport Station
Decommissioning Project demonstrated that contaminated or potentially contaminated
piping and components can be quickly removed by plasma are torch without,

compromising contamination controls when aided by portable HEPA filtered
ventilation units. Because of the relatively small volume of contaminated piping at
Fort St. Vrain, however, the cost and support requirements of plasma-arc torch
operations (setup, torch maintenance, and HEPA-filter changeout) may dictate the use
of other methods, such as portable band saws, hydraulic shears, and alternate thermal
cutting processes such as oxy-acetylene. Piping will be cut into segments of
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O,approximnc . spx 'on% , 4 ng is removed, the open ends will be covered
and the pip.% so; ment d' ae e ced in LSA containers (e.g., a 4-ft X 8-ft X 3-ft ;

box). All pipUg. homentation, valves, and fittings can be packaged in this size |
of waste containers.

Piping will be removed by following controlled steps in accordance with project
procedures and radiation work permits. System tagout procedures will be followed
to de-energize pumps and other electrical equipment. Piping dead legs and traps will
be drained of residual water. Piping released for removal will be positively marked
before being turned over for dismantling. Contamination controls and waste
containers will be set up to support dismantling operations. Contamination conttols I
will include saddle tap valves for draining residual water, drip containments to '

capture metal Glings, HEPA vacuums, anti-contamination clothing, and respirators,
as identified by the radiation work permits. Contamination control enclosures may
be built where necessary to prevent spread of contamination.

Any potentially contaminated piping that is embedded in concrete will be separated
from the rest of the piping system near the face of the concrete structure and
internally surveyed with a detector probe inserted into the pipe. Embedded pipe that
satisnes the release criteria identined in Section 4.2 will be capped, tagged, and
abandoned in place. Piping that does not rneet the release criteria will be internally
decontaminated by scrub brush or pipe-turning tools, such as a boiler tube cleaner,
and internally wiped with moist rags until it meets the release criteria. If it is
embedded near the surface, the pipe may be removed from the concrete with a
concrete coring tool.

2.3.4.2 System 13 - Fuel Handline Eauipment

The contaminated fuel handling equipment : Fort St. Vrain includes the fuel
handling machine (FHM), Sve reactor isolation valves (Figure 2.2-11) and two
refueling sleeves (Figure 2.2-12). However, the residual radiation and contamination

levels for this equipment are low enough to allow manual disassembly on the
operating floor.

| During decommissioning activities, the following System 13 components will be used:
|

| | 1. The FHM will be used to remove MCRBs from the PCRV and to place them
| into shipping centainers or an interim storage area (such as the Fuel Storage
| Wells (FSW)). If placed iato an .nterim storage area, the MCRBs will have to
j be removed by the FHM and placed directly into shipping containers. It may
| also be used to remove the Region Constraint Devices from their storage

O
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O
location and to place them into shipping containers. The ATC may be used for | ,

removal of helium purification components from the PCRV top head. [
'

|
2. The Refueling Sleeves (ll 1304) are required ta guide the F11h1 arm while it is |

in the PCRV removing htCRBs, and when unloading hfCRBs from the FHht |
into a shipping container in one port of the Hot Service Facility (HSF). |

|
3. The Reactor Isolation Valves are required to adapt the FHht to the PCRV and |

to the facility (FSW, HSF, Fuel Loading Port, Regen Pit) into which it will bc |
unloaded. |

|
4. The System 13 Fuel Handling Purge System provides helium to operate internal |

actuators in the FHht. This helium is supplied from System 24, via System 13 |
piping and the FHht umbilical. If either Systen 24 or the System 13 Purge |
System is inoperable, pressurized air can be used to operate the actuators.

I

|
5. The HSF Adapter & Sleeve Assembly (Zook Sleeve) and the biodified Refueling j

Sleeve (S-1615) will only be used if the FHht is to interface with the HSF for |
loading shipping containers, and repair, maintenance, and interchange of grapple |
heads / manipulators. |

O i
6. The Fuel Loading Port and associated equipment may be used as an are' for |

unloading h1CRBs from the FHhi. |

|
7. The Core Servicing hianipulator (H 1603) and Core Service Vacuum Tool |

Assembly (H 1606) are FHht attachments which may be used for special |
operations within the PCRV and shipping containers. |

| 1
| 8. The spare grapple (H 1301), spare mast camera (H-1601), and spare Z-drive |

pumps may be used in the event of a failure of the primary component, allowing |
repair without affecting hiCRB removal operations. |

|!
9. The Shipping Cask Loading Seal Adapters (S-1604-250 may be used if the FSV |(:

shipning liner / casks are to be used. |*

The FHht will be externally sur.cyed and any loose contamination remove.l. It will
I then be disassembled into its component parts as necessary for decontamir.ation or

disposal. Sleeves will be attached as necessary to maintain a contamination envelope.
The body of the FHht will be decontaminated and will be left on the refueling deck
if release for unrestricted use limits are achieved. If further disassembly is required
for release, the lead shot will be removed and the body will be segmented to!O
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1

segregate the contaminated material from the uncontaminated components. The {
contaminated scrap will be disposed of as described in Section 3.3 of this plan. |

The reactor isolation valve extenors will be sun eyed and decontaminated by manual
means. The valves will be removed from the operating Door and the lead shot
removed. The shot is not expected to be contaminated or activated. The valve
bodies will be disposed offsite according to Section 3.3 of this plan.

;

The refueling sleeves will be surveyed and decontaminated by manual means, then
surveyed for release for unrestricted use, if they cannot be decontaminated, they will
be disposed of as described in Section 3.3. The purge vacuum system will be
removed and disposed of as described in Section 3.3.

2.3.4.3 System 14 - Fuel Storagg Facility

The fuel storage facility consists of nine fuel storage wells (FSWs) constructed of
carbon steel liners suspended in concrete pits.

The FSWs were used for storing new and irradiated fuel during normal plant
operation and may be used to temporarily store hiCRBs or graphite reDector bk>cks
during decommission. All fuel will hase been removed from the Reactor Building
prior to initiation of decommissioning activities. The actual contamination levels in
the FSWs will be determined after the fuel has been permanently removed.

| During decommissioning activities, the System 14 FSWs may be used as an interim
| storage area for hfCRBs when they are removed from the PCRV with the FHht.
I

When the FSWs are no longer needed, each of the nine inner storage wells will be
decontaminated to the criteria for release for unrestricted use, surveyed, and the top
access plugs replaced. ThE outer wells and the reactor plant water cooling system
are not contaminated and no outer well decontamination or dismantling is expected
to be required. The water cooling system piping at the bottom of each pit will be cut
open for survey.

Decontamination of the FSWs will be accomplished using a HEPA Gltered vacut.m.
Following vacuuming, the wells will be mechanically blasted with sand grit or
cleaned using a hydrolaser. Spent sand will be collected in catchments placed at the
bottom of the well. The well drain pipe will provide water drainage if hydrolaser
operation is used. After sandblasting or hydrolasing, the Gye standoff plates at the
bottom of the wells will be removed manually. This will provide access for the Gnal
release surveys.

| 2.3-50
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Minor components will be shipped as radioactive waste rather than decontaminated.
the well plugs will be decontaminated and replaced and sealed after the release
surveys have been completed.

2.3.4.4 System 16 - Autiliary Eaul men!P

8

The auxiliary equipment consists of the Auxiliary Transfer Cask (ATC, (Figure 2.2-
12), ten Equipment Storage Wells (ESWs), (Fir.ure 2.2-14), the Hot Service Facility

,

(HSF), (Figure 2.2-15), and two shielding adapters (Figure 2.2-16).

The ATC was used to trs. :sfer the control rod drive assemblies, refueling sleeves and
the shield plugs to and from the ESWs. The ten ESWs are carbon steel structures
embedded in concrete. They were used to store the control rod drives and the
refueling sleeves. The HSF is constructed of concrete and steel shielding and was
used for inspection, repair, maintenance, testing and decontamination work.

Figure 2.2-16 is a general layout of the location of the various fuel handling and
storage system components and associated auxiliary equipment on the refueling floor.

During decommissioning act. ties, the following System 16 components will be used: |

O i
1. The ATC may be used for removing aM installing Refueling Sleeves into the |

PCRV during MCRB removal. The ATC may also be used for remos ' . ' shield |
plugs from the ESWs, removing helium purification components, vell as |
retrieving and storing the Refueling Sleeves in the ESWs. If Region Constraint |
Devices (RCDs) or Control Rod Drives and Orificing Assemblies (CRDOAs) are |
stored in the ESWs at the beginning of decommissioning, the ATC may be insed |
to remove them. |

|
2. The ESWs may be used as a shielded interim storage area for |

activated / contaminated components, such as Refueling Sleeves, long-handled |
tools, and core components. The ESWs may contain CRDOAs and/or RCDs at I

,

| the start of Decommissioning which will have to be remov<.d during |
Decomtnissioning. |

|
3. The Shield Adapters are required to adapt the ATC to the ESWs (for removal |

and storage of the Refueling Sleeves), to the PCRV (for insertion / removal of the |
Refueling Sleeves), or to the __ HSF, Regen Pit or Fuel 1.oading Port _ (for |
miscellaneous activities). |

|

O
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O:
| 4. The HSF may be used as a n,ulti purpose area. Uses include: a general I

| dismantlement / decontamination area, an area for holding shipping containers as
j they are loaded by the FHM or other means, and/or a shielded interim storage
| area for activated / contaminated components.

1

All the components of the ATC above the top base (32 ft.11 in. above the cperating i

Door) will be removed using the Reactor Building crane. A containment sleeve will I

be used to seal the contaminated ports in the cask and the hoist assembly Door as they |
are separated. The hoist cover and lift extension will then be lowered to the ;

operating Door and disassembled within a contamination control envelope. The
components will either be packaged and shipped for burial or to a licensed facility for
processing and Onal disposition, or decont:.minated and released for unrestricted use.

The remaining stmeture of the ATC will be decontaminated on site. The intemal
bore will be decontaminated using mechanica' means such as sand blasting or
hydrolasing to the criteria for release for unrestricted use. After internal
decontamination, the crane will be used to lay the cask body over onto the Door for
disassembly and decontamination of the bottom Range. When all surfaces meet the
criteria for releaw for unrestricted use, it will be lifted by the crane and retumed to
storage on the operating Door.

O
The three shielding adapters will be decontaminated manually to the criteria for
release for unrestricted use.

The ten ESWs are internally contaminated and will be decontaminated to the criteria
for release for unrestricted use and abandoned in place. Centamination levels in the
ESWs will be determined when they are no longer needed. After the plugs are
removed, the ESWs will be vacuumed using a HEPA vacuum assembly similar to
that for the FSWs. After vacuuming, the ESWs will be further cleaned using
mechanical metnods as necessary to reduce the contamination to the criteria for
release for unrestricted use. After decontamination, the wells will be surveyed for
release for unrestricted use. The top access plugs will be dxontaminated, replaceJ
and scaled.

Following final use of the HSF for decommissioning activities, all equipment (su:h
as the manipulators and service platform sling) will be removed. This equipment
may either be decontaminated onsite or packaged and shipped to a hcensed facility
for processing and final disposition. The walls, Ocor, ceiling and remaining
structural components will then be decontaminated by sandblasting or hydrolating.
HEPA-filtered ventilation will be used to maintain a negative pressure in the HSF
during decontaminations.
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2.3.4.5 System 21 - Helium Circula. tor Auxiliaries

The auxiliary equipment for System 21 was used to provide a supply of high-pressure ;

water for the helium circulator bearing lubrication and a supply of purined buffer '

helium to prevent in leakage of bearing water into the primary coolant helium. The
major equipment items include buffer helium recirculators, heat exchangers, niters,
pumps, helium dryers, chemical injection components, containment tanks, and
compressors (see Figure 2.2-17).

Following the defueling of the reactor, the helium circulator system will no longer
be used. It has no function in the decommissioning of the facility.

Contamination has been detected within the helium circulator auxiliary equipment. |
Surveys will be performed during disassembly to determine the extent of the |
contaminatica. |

2.3.4.6 System 23 - Helium Purification Auxiliaries

7he helium purification auxiliary equipment consists of two trains and was used to
assist in purincatien of the helium used as the primary reactor coolant. Mot.t of the
contaminated major equipment items are located in the PCRV top head and include
niters, adsorbers, heat exchangers, dryers and piping (see Figure 2.2-18).

System 23 equipmer.t is located in the top head in eight wells. This equipment will
be surveyed and a determination made whether to remove the equipment with the
ATC or by mannal means. All System 23 equipment located in the PCRV top head
will be disposed of as radioactive wastes. After the wells have been emptied, they
will be surveyed and decontaminated as necessary.

The remainder of the helium purincation system will be surveyed and decontaminated
or removed as necessary.

2.3.4.7 S.ulfw 24 - Helium Storage System

The primary purpose of the helium storage system was to provide for both storage
and transfer of helium from the reactor vessel to the storage tanks. In addition, the

,

helium stomge system was used in testing the control rod reserve shutdown system
and for various FHM purging operations. The primary equipment items include a
helium transfer compressor, storage tanks, oil absorber, and high-pressure helium
supply tanks (see Figure 2.2-19).

O
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OFollowing the defueling of the reactor, the helium storage system will no longer be
used. It has no function in the decommissioning of the facility.

I

| The helium storage compressors have been found to tv contaminated. This system,
| including the 108 helium storage bottles, will be surveyed during disassembly to
j determine the extent of the contamination. The results of this survey will be used to
| determine decontamination or disposal requirements for specific components.

2.3.4.8 System 46 - Reactor Mant Cooling Waltdyite

The reactor plant coolmg water system (see Figure 2.2 20) provided cooling water i

for process heat removal from all auxiliary equipment in the reactor plant. Three
'

loops were provided that formed the PCRV circuit (liner cooling tubes), the PCRV
auxiliary circuit (closed loop for various systems / components) and the service water
circuit (open loop for various systems / components). The major equipment items
include surge tanks, pumps, c'emineralizers, filters, heat exchangers, chemical
injection (tank and pump) and recondenser chiller.

| Portions of the system external to the PCRV have been found to be contaminated.
| The system will be surveyed during disassembly to determine the extent of the
| contamination. Cleanup or disposal requirements will be determined based on survey h
| results.

The reactor plant cooling water system loop supplying the PCRV will not be used for
cooling of plant components during decommissioning. It will be disconnected and
isolated from the PCRV and from the FSWs before decommissioning of those
systems occurs. Fifty percent of the PCRV cooling tubes will be cut and surveyed.

2.3.4.9 System 47 - Purification Cooling WatcLSyits

The purification cooling water system (two loops) provided cooling water to the
helium purification system heat exchangers. The major components are pumps,
expansion tanks, exchangers and associated piping (see Figure 2.2-21).

| This cooling water system has been found to be contaminated. The system will be
j surveyed during disassembly to determine the extent of the contamination. Cleanup
| or disposal requirements will be determined based on survey results.

The purification cooling water system will be isolated from the hclium purification
system before it is decommissioned. The purification cooling water system has no
other use during the decommissioning.
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2.3.4.10 System 61 - Decontamination System

The decontamination system consists of a water heater, a drying air heater, a filter,
pumps, a solution tank and a chemical injection system (see Figure 2.2-22).

The decontamination system will be surveyed to determine the extent and location of )
radioactive contamination following final system use. The decontamination system !

components are small, and will be removed and packaged in LSA shipping containers
along with other contaminated components and piping. The decontamination solution
tank may be removed in one piece for shipment, or segmented and packaged in LS A
shipping containers. I

2.3.4.11 System 62 Radioactive Liauld Waste System

The major equipment items in the Radioactive Liquid Waste System include a waste
sump (1000 gallon tank), pumps, filters, two 3000-gallon receiver tanks, two
demineralizers, and a 3000-gallon waste monitor tank (see Figure 2.2-23).

The liquid waste system is expected to be used for its original function during
decommissioning operations. Therefore, it will be one of the last systems to be
decommissioned.

During decommissioning, System 62 piping and ccmponents can be used for |
collection, - monitoring, and dispositioning of liquid effluent generated by |
decommissioning activities, mainly by the PCRV Shielding Water System. |
Additionally, fluids may be procersed from decommissioning activities which |
originate from the Helium Regeneratier. Pit Drains, Liquid Drain Tank (System 63), |
Reactor Vent and Drain System Standpipe hi 5 (System 72), Reactor Iluilding Sump |
and Sump Pump (System 72), and the Reactor Plant Exhaust Filter housing drains |
(System 73). The latter sources are those normally encountered during reactor |
operation and shall be precessed by established methods. All sources, including the |
PCRV shielding water, require the necessary piping and components that will be |
utilized to remain in service until no longer needed. |

|
In addition, effluent from the PCRV Shielding Water System will require the j
installation of a connection between the discharge of the PCRV Shielding Water |
System transfer pump and System 62 piping, and slight modification of valving to |
utilize System 62 as desired. This will permit pumping of shielding water directly |
into either of the Liquid Waste Receivers. Also, valves will be installed to permit |
shielding water to be pumped directly into the Liquid Waste hionitor Tank without j

. O
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O| travelling through the Liquid Waste Transfer Pumps, the Liquid Waste
| Demineralizers, and long lengths of piping.

|
A characterization survey of the radioactive liquid waste system will be performed
when the system is no longer needed to determine the extent and location of
radioactive contamination.

The contaminated radioactive liquid waste system components are small and include:
the two liquid transfer pumps, the two liquid waste sump pumps, the two liquid waste
filters, and the two liquid waste demineralizers. The liquid waste monitor tank and
the two liquid waste receisers may be decontaminated and abandoned in place,
shipped as one piece containers, or segmented and packaged in LSA shipping
containers depending on the extent and location of radioactive contamination. The
liquid waste sump will be considered for either (1) decontamination to free release
levels and abandonment, or (2) segmentation and packaging as LSA waste.

2.3.4.12 Syngm 63 - Radioactive GadYaste System

The major equipment items in this system include pre-filters, filters, exhaust blowers,
tanks (vacuum, surge, and drain), and compressor (see Figure 7.2-24).

O
| During decommissioning, System 63 piping and components can be used to capture
| and monitor off gases displacco from the interior of the PCRV during filling with
| water. Other temporary connections can be made during decommissioning, such as
| for sampling of Work Platform ventilation air. However, it is not expected that
| waste gases will be collected via the permanent connections for which the system was
| originally designed.
I
| Gas displaced from the interior of the PCRV duriug filling with water is intended to
| be captured and stored in the Gas Waste Surge Tanks. After monitoring and
| determination that it is safe for release, the gas will be released to the atmosphere via
j the Ventilation System (System 73). System 63 equipment to be utilized for this
| purpose will remain in service until no longer needed.

I
| In addition, capturing of PCRV off gases will require the installation of a connection
| between the PCRV and System 63 piping just downstream of the Gas Waste Fihers,
| and slight modification of valving to utilize System 63 as desired. This permits use
j of the Gas Waste Blowers for suction, Radiation Monitors for observation of gas
| activity, and the Gas Waste Compressors and Gas Waste Surge Tanks for storage.

O
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Following Gnal use of the system, the radioactive gas waste system will be surveyed
to determine the extent and location of radioactive contamination, lhe large
components such as the two gas waste surge tanks and the gas waste vacuum tank
may be decontaminated and abandoned in place, shipped as one piece units, or
segmented for packaging and shipping. The other components are small enough to
be shipped in LSA shipping containers with other contaminated piping.

Decontamination of these systems will be by manual mechanical methods depending
on the levels of contamination found during the characterization survey. The system
will not be used in the decommissioning of the plant.

_

2.3.4.13 Sntem 72 - Reactor Building D.ntin System

The major equipment items include drain tanks, sump, pumps, piping and filters (see
Figure 2.2-25). Two gravity Cow drains are provided to direct drainage from the
Reactor Building equipment, piping and floor drains to either the radioactive liquid
waste sump for potentially contaminated liquids or the Reactor Building sump for all
other liquids. The drain system will continue to be used for its original function
during much of the decommissioning work and will be one of the last systems to be
decommissioned.

O When no longer required to remain operational, the systern will be suneyed, and a
decontamination and decommissicaing decision will then be made. Contaminated
piping or components will be either removed and shipped in LSA containers, or
decontaminated to the criteria for release for unrestricted use and left in place.

.

The portion of this system that drains to the Reactor Building sump is not expected
to be contaminated. The portion of the system that drains to the radioactive liquid
waste sump is expected to be contaminated and is included in dismantlement and
removal plans.

2.3.4.14 System 73 - Reactor Building V_cElilatiDD

The Reactor Building HVAC system services various areas of the Reactor Building
with heated or cooled air. All ventilation air, whether outdoor or recirculated, is
Eltered before distribution, in addition, the reactor plant llVAC system maintains
building differential pressure control. As shown in Figure 2.2-26, this system
consists of several air handling units and filters. The only part of the system
considered to contain possible contamination is the Reactor Building cGaust filters,
HSF vent, and the analytical room vent.

O
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4

OThe reactor plant exhaust filters are composed of banks of moisture separators and
HEPA filters.

| During decommissioning, System 73 will be used to maintain the reactor building
| pressure subatmospheric for selected decommissioning operations as required by the
| Decommissioning Technical Specifications. The system consists of three trains, one
| of which will normally be in continuous operation. One train is sufficient to maintain
| the reactor building subatmospheric. The reactor plant exhaust filters will be
| periodically monitored and filter media changed, as necessary. Filter change out will
| be based on excessive pressure drop across the HEPA filters.
|

| System 73 will also be used to support the Airborne Contamination Control System
| (ACCS) which draws air from under the Rotary Work Platform. The ACCS is a
| temporary addition that will be used during decommissioning and ties into existing
| System 73 ductwork. The ACCS consists of several ducts that will pull air from
| under the platform. The ducts will tie together forming a single duct that will then
| be routed to roughing filters to remove any particulate material. After the roughing
| filters the ACCS duct will tie into the existing ductwork, upstream of one of the
| reactor plant exhaust filters. A spool piece will be added at the interface of the
| ACCS and existing plant ducts. The spool piece will include dampers to isolate the
| ACCS, if necessary. If one filter is not available due to changing of the filter media, h
| that filter can be isolated and the air flow diverted to one of the other two filters.
| The ACCS and spool piece will be removed at the end of decommissioning.

i |

| The ventilation system has been found to be contaminated. This system will bc
| maintained during decommissioning to provide ventilation for decommissioning
| operations. Near the completion of decommissioning activities, surveys will be taken

,

| to determine the final disposition of the system.'

2.3.4.15 System 93 - Instrumentation and Controls

The instruments and tubing to be removed or decontaminated originate at PCRV
penetrations. These include thermometer penetrations, process and moisture
instruments, helium circulator instruments, and helium vent piping.

Mcisture monitors will be removed during dismantling the PCRV. All other
| instrument interfaces to contaminated or potentially contaminated systems will be
i addressed when the respective system is decommissioned. Those System 93

components will be either removed or verified to be below the limits for release for
| unrestricted use. All systems are scheduled for inclusion in the characterization
I

O
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survey, Contaminated system componc .ts will be decontaminated or disposed of as
LSA waste.

;

2.3.5 Decommissionine Sthedule

The individual tasks making up the decommissioning effort have been delineated
using a work breakdown structure (WBS) approach. Figure 2.3-32 is a schedule of :
the major decommissioning tasks which includes PCRV and balance of plant system
dismantling and decontamination, and site decommissioning. This schedule is used
as the top-level view of the project milestones and detailed schedules. Throughout
the project, dismantling the PCRV is the critical path activity, with the BOP
dismantling activities scheduled to coincide with periods of reduced PCRV efforts as
a means of workload leveling. During the planning phase, work will be directed
toward characterizing the site, preparing the decommissioning plan, and planning and
writing the procedures and specifications for the implementation phase.

The major activities and programs to be developed during the planning phase include:

! 1. Initial site characterization
2. Decommissioning planning
3. Work specifications and procedures
4 Quality assurance plan
5. Radiation protection program
6. Waste management plan
7. Project performance and control

.

The schedule depicts the planning phase occurring over an 18 month period, and the
; actual dismantlement and decontamination activity at the site occurring over a 39 '

month period.

!
!

O
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TABLE 2.3-1
ESTIMATED CONTACT IX)SE RATES

|

FOR GRAPIIITE BLOCKS |

_

ESTIMATED
GRAPillTE BLOCK DESCRIPTION NO.OF CONTACT

BLOCKS DOSE RATE

1) Defueling Blocks 1.482 <1 mR/hr

2) Hexagonal Reficctor Blods w/no 1,687 $00 mR/hr
Hastelloy Cans

3) large Pernunent Ref'ectors 312 < 30 R/hr

4) Reflector Ktys 24 < 100 mR/hr
_

$) Side Spater Blocks

(s) with Boson Rods 1,152 30 R/hr

(b) Boron kod.s removed 1.152 <3 R/hr

(c) Boron Rods 276,096 60 R/hr
'-

6) Bottom Reflector Blocks

(c) with lbstelloy Cans 272 300 R/hr

(b) Hastelioy Cans removed 272 500 mR/hr

(c) Hastelloy Cans 19,448 10,000 R/hr |

7) Core Support Block Hastelloy Keys 24 10'" R/hr

8) Core Support Bixks (61) t Posts (183) 244 15 mR/hr

9) MCRBs (Ison control rod) 6 300 R/hr

(" - Dose Rate at one meter

,

>
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2.4 - DECOMAllSSIONING OkGANIZATION AND RESPONSillit.lTIES

2.4.1 PSC Commitntral

Public Service Company of Colorado (PSC)is fully committed to compliance with
the existing license and applicable regulatory requirements during all phases of the
Fort St. Vrain decommissioning. PSC s commitment to the safe decommissioning4

of the facility will be accomplished with diligence and quality service. Corporate
principles, policies, and goals will be followed to ensure perfornunce excellence,
management competence, and high standards in every facet of the decommissioning
project.

J

~

2.4.2 PSC Decommissionine Organiralign and Functions

The PSC Decommissioning staff for the Fort St. Vrain Nuclear Generating Station
and the interface with the Westinghouse team is shown in Figure 2.41. The
manpower level is approximately 60 people including the key staff members and all
performance level people. Overall onsite control and responsibility for all
decommissioning activities for both PSC and contractor personnel rests with the PSC

O Decommissioning Program Director. A Deputy Director assists the Program Director |
in all _ aspects of decommissioning program management. Within the PSC |
organization, five main groups report to the Decommissioning Program Director. |
The groups consist of the Project Assurance Manager, Facility Support Manager,
Operations Manager, Decommissioning Engineering Manager, and Project Controls I

Manager. Contractor reporting requirements and lines of huthority are identified in |
Section 2.5. The PSC Decommissioning Program Director interfaces directly with |
the Westinghouse Project Director for decommissioning activities.

During the decommissioning process, PSC will retain responsibility for the 10 CFit
50 license and therefore will maintain the following responsibilhies:

1. Overall managemera oversight of all decommissioning project
activities,

2. Sole point of contact with all regulatory agencies within the Federal,
_

*

State and local govemments.
3. Overall responsibility for all licensing activities.
4. Overall management of those plans and progiams required to comply

with licensing requirements, including: access control, radiation
protection, Quality Assurance, maintenance and operation of existing

2.4 1
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plant systems, training and configuration management.

The key decommissioning staff members perform the functions described in the
following subsections,

2.4.3 PSC Vice-Preshnt

| The Vice President responsible for nuclear activities, provides leadership and
| direction at the corporate executive level and has the authority and responsibility to

ensure that all activities to carry out decommissioning are performed safely and
within applicable regulations.

| The Vice President responsible for nuclear activities, shall have a minimum of nfteen
years executive experience in waste management, decontamination and
decommissioning, and nuclear operations. The Vice President must have a formal
education in an engineering or physical sciente Geld. Knowledge in the areas of
regulation and compliance, decommissioning techniques, and applied radiation
protection programs are required. In addition, a background of knowledge with
respect to NRC and DOE is desirable.

|2.4.4 Dscommissionine Program Director

| The Decommissioning Program Director is directly responsible to the Vice President
| responsible for nuclear activities. The Decommissioning Program Director

coordinates and oversees all decommissioning activities. This position provides
direction to the support groups to ensure radiological and industrial safety,

'

compliance with regulatory requirements, cost-effectiveness, and interfaces for PSC
l2bor Relations of the decommissioning project. The Westinghouse Team Project
Director will report to this position.

| The Decommissioning Program Director shall have a minimum of ten years
responsible plant experience with formal education in an engineering or physical
science field. A significant technical background to have good working knowledge
of plant principles of operation, maintenance and engineering principles. Additiorial
knowledge in the areas of regulation and compliance, decommissioning techniques
and applied radiation protection programs are required.

2.4 2

o
N

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



- - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ - - _ _ _ _ _ __ _ _ _ _ - _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ - -

4/17/92 PROPOSF.D DECOhihilSS10NING PLAN
SECTION 2

2.4.5 Deouty Director |

The duties of the Decommissioning Program Office have bien divided between the |
Decommissioning Program Director and the Deputy Director. The Deputy Director |
also reports to the Vice President tesponsible for nucicar activities. The Deputy |

'

Director is required to meet the same qualifications as the Decommissioning Program |
Director, and is authorized to fulfill all of the duties of the Program Director as |
required. |

2.4.6 Proiect Assurance hianager

The Project Assurance hianager is responsible for Quality Assurance oversight
(including QA reviews, audits and monitoring (surveillance) activities), licensing and
regulatory compliance, and overall industrial safety. To ensure the independence of
the QA function, this positioa reports to the Vice Pre.sident responsible for nuclear |
activities on quality assurance matters (as indicated by the dotted line in Figure |
2.4-1). The Project Assurance Manager reports directly to the Decommissioning |
Program Director for admmistrative direction and implementation of the Quality |
Assurance Plan, coordination and direction for licensing activities, and coordination

O direction of the industrial safety program (as indicated by the solid line in Figure
2.4-1).

;

The Project Assurance Manager shall have a minimum of five years experience in a
responsible position that includes coordir.ation, direction and supervision of
personnel, a formal education in an enf ncering or physical science field, and ai

working knowledge and understanding of nuclear plant design and operation and |
construction practices is required. A balance of experience in quality assurance
related activities and in regulatory / compliance activities is preferred. |

2.4.7 Facility Supoort Manager

The Facility Support Manager is responsible for Radiation Protection, ALARA,
Access Control and Training programs. This position is also responsible for
managing support areas of emergency planning, records control and retention, PSC |
training, PSC materials and facilities.

The- Facility Support Manager has the overall responsibility for the Radiation
Protection Program described in Sectica 3.2 of this plan, and shall serve as the PSC
Radiation Protection Manager. The Facility Support Mannger represents the formal

2.4 3
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line of communication and authority between Fort St. Vrain and the Westinghouse
team for radiation protection matters related to decommissioning. This individual
will be responsible for ensuring that the Radiation Protection Program and procedures
meet the goals and standards established by PSC management and the governing
regulatory agencies. The Facility Support Manager will also be directly responsible
for the Radiological Environmental hionitoring Program and the Decommissioning
Emergency Response Plan. This individual will meet the qualifications contained in
NRC Regulatory Guide 1.8 " Qualification and Training of Personnel for Nuclear
Power Plants" (Ref.12). The duties and responsibilities of the Facility Support
hianager with respect to the Radiation Protection Program are described in further
detail in Section 3.2.3 of this plan.

The Facility Suphirt hianager shall have a minimum of nye years experience in a
responsible position that includes coordination, direction and supervision of
personnel. A formal education in engineering or the physical sciences or the
equivalent experience in a science or engineering subject is preferred. Formal
training in radiation protection is required.

2.4.8 QPnations Afanager

OThe Operations hianager is responsible for the overall conduct and management of
operations and maintenance functions. These responsibilities include system
operations, testing and surveillances, system maintenance, lay up and turnover.

The Operations hianager shall have a minimum of eight years of responsible power
plant experience of which five must be nuclar power plant expeiier,ee, including
coordination, direction and supervision of personnel. A thorough working knowledge
and understanding of plant desi n and operation and maintenance functions (including2
instrumentation and control maintenance activities) are required.

| 2.4.9 Decommissioning Engingging hianager

| The Detommissioning Engineering hianager is responsible for the administrative and
technical functions of the decommissioning project. Responsible areas include

| management of contract work, technictd assistance, and evaluation and approval of
contract changes. This position is also responsible for the general oversight of Geld
work, preparation of engineering evaluations and coordination with operations.

2.4-4
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The Decommissioning Engineering Manager shall have a minimum of a Bachelor's |
Degree in engineering or the physical sciences and have a minimum of five years of
professional level experience in nuclear services, nuclear plant design and operation,
including coordination, direction and supervision of personnel. A working
knowledge and understanding of decommissioning techniques, scheduling and contract
adr,inistration is required.

2.4.10 Project Colttiels Manager |

The Project Controls Manager is responsible for reviewing and reporting on |
decommissioning performance against base line schedules and budgets, legal |
decommissioning contract administration, recommending changes in decommissioning |
project direction, developing project cost estimates and issuing regular performance |
indicator reports. |

|
The Project Controls Manager shall have a minimum of five years of professional |
level experience in nuclear services, nuclear plant design and operation, including |
coordination, direction and supervision of personnel. A college level degree in |
engineering or the physical sciences is required. Additional knowledge in contract |
administration, strategic planning and cost control is required. |

2.4.11 DIsomminicaing Safety Review Committee

The DSRC reports to the Vice President responsible for nuclear activities. The j

function of this committee is to monitor decommissioning operations to ensure that
they are being performed safely. This committee , vill review and audit major
decommissioning operations dealing with radioactive material and radiological
controls, in addition, they will review work speci6 cations and administrative
procedures, reportable occurrences under 10 CFR 20 and 10 CFR 50, and changes
made in accordance with 10 CFR 50.59. Specinc membership, duties and |
responsibilities of the DSRC are identiDed in the Decommissioning Technical |
Specifications. |

2.4-5
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2.5 CONTRACTOR RESPONSlHILITIES ,

2.5.1 Westinghouse Team Organization and Functions

This section describes the responsibilities, work scope, and qualifications of the
Westinghouse team that will perform the decommissioning. Since PSC retains overall
licensing responsibility, the PSC and Westinghouse team interface will be structured
to clearly demonstrate PSC compliance and control as required. Westinghouse will,
as a minimum, obtain approval of top level project procedures, plans and programs
that could have an impact on license compliance or safety.

2.5.2 Westinghouse Team Scope of Work

Ilased on a competitive bid selection process, PSC selected the Westinghouse team
to perform the decommissioning, dismantlement and decontamination of Fort St.
Vrain. This team is an affiliation of Westinghouse and hfK-Ferguson Corporations.
Westinghouse is the overall lead organization for the program.

Within the Westinghouse team, Westinghouse will be responsible for overall project

O management. In addition, Westinghouse will also be responsible for
decommissioning engineering, licensing support, and will provide the project quality
plan throughout the project. The overall responsibilities of each of the Westinghouse
team members are summarized in Table 2.51. The Westinghouse Quality Assurance
organization, responsibilities and reporting lines of communication are described in
Section 7 of this plan and depicted in Figure 2.5-1. hiK Ferguson will provide the
site labor, labor management and supporting infrastructure for dccommissioning.

The Fort St. Vrain decommissioning project will be conducted in two phases (See
Section 1.2.5). A breakdown of the Westinghouse team work scope is provided in
Appendix I of this plan.

2.5.3 Organization of the Weslinghouse Team

This section identifies the Westinghouse team organization and their responsibilities
in the Fort St. Vrain decommissioning project. The Westinghouse team combines
many years of successful experience in the design, construction, operation, and

| decommissioning of commercial and government owned nuclear facilities.
|- Westinghouse and htK Ferguson have a strong commir :nt tc the project and to

operating in a safe, environmentally sound, cost-effective and responsible manner.

2.5-1
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The Westinghouse team Organization Chart, Figure 2.5-1, shows the interrelationship
of the positions within the Westinghouse team project organization. Descriptions of I

the responsibilities and qualifications are provided in the following paragraphs.

2.5.3.1 Fort St. Vrain Westinghouse Project DirecicI

The Project Director is the most senior and responsible management position in the
Westinghouse team project organization. T|,e Westinghouse team Project Director ;

will provide a single point of contact for PSC on the decommissioning effort. The
!

Project Director reports to the PSC Program Manager for Decommissioning and is
fully responsible for Westinghouse team personnel, plant safety, prevention of |

environmental occurrences, quality assurance, project integrity, costs, schedule,
efficiency, and technical output of the overall program.

The Project Director will be responsible for proicct implementation for both project
phases and will have full authority to administer Westinghouse team resources. The
Project Director reports directly to the Vice President of the Westinghouse Energy
Systems Business Unit.

Other duties and responsibilities include the following: g
1. Establish project manning requirements, organizational structure,

scope, and necesnry levels of expertise.,

2. Select and manage the project staff.
3. Ensure that the project schedule and budget are properly detailed and

defined.
4. Direct the set up of all project control programs, operating plans, and

technical services.
5. Ensure that the project rnects applicable regulatory standards.
6. Direct all phases of site work, including preplanning, mobilitation,

training, temporary facility erection, decoinamination and dismantling
| activities, and project closecut.

7. Ensure that all work activities are carried out according to the project
standards of safety, quality, and reliability.

! 8. Direct team members, technical services, and operations and control
activities .tr entire project.

9. Enforce adherence to the project policies and procedures.

!

l 2.5-2
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2.5.3.2 Iechnical Services hianagu

The Technical Sen ices hianager is respor sible for engineering and licensing support.
The Technical Services hianager reports directly to the Westinghouse Project
Directer. A requirement for a Technical Services Afanager is based on the need for
quality engineering and technical support services to ensute successful on site
operation.

The Technical Semees hianager is responsible for the technical services ;

organization, which will perform a wide variety of work in support of the overall
facility decommissioning, initial efforts include completion of the decommissioning
plan, tooling design, and procedure and process definition. Following completion of
this preliminary work, emphasis will shift to providing technical support in design of
tools, development of procedures operation, waste proecssing and waste management,
radiochemistry and radiologicA controls for the D/D effort and waste dispom] |
activities.

t

Duties of the Technical Services hianager will consist of managing department
manpower and funding allocations. The Technical Services hianager also ensures

O that technical aspects of the project are done in a safe, disciplined, and quality
manner.,

Other duties and responsibilities of the Technical Services hianager include the
following:

1. Perform the engineering necessary to support work package
development, includmg tooling design, prepare material lists.

2. Ensure proper review / approval of engineering documents, purchase
orders, field design changes. and other documents, as required.

3. Alaintain engineenng team to provide design engineering support.
4. Incorporation of technical requirements, methods, regulations and

procedures for waste processing activities into engineering and
operatienal 5xuments.

5. Provide input to establish an engineering schedule / budget and
continuously monitor cost / accomplishments against established budget
and schedule.

6. Advise the project manager of chariges in plans or changed conditions
affecting costs or schedules.

2.5-3
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2.5.3.3 Osrations hjanam

The Operations Manager is responsible for the performance of all dismantling,
decontarnination, and conversion activities in a safe, disciplined, and quality manner.
The Operations Manager reparts directly to the Westinghouse Project Director.

The Operations Manager is responsibla for the safe, disciplined management of the
decontamination and dismantling activities, waste processing, and facilities
management by implementing the radiation protection program, and quality assurance
plan throughout his department. The Operations Manager will also ensure that
adequate short term internal planning is accomplished and that this planning is in
agreement with the project master schedule, as well as PSC goals and objectives.
The Operations Manager is also charged with accurately identifying the personnel and
physical resources rcquired to complete all production tasks, and for identifying and
integrating the operations department scope of work, budget, and schedule.

O:hcr duties and responsibihties of the Operations Manager include the following:

1. Manage the day-to-day activities of the project team at the site as well
as the subcontractors. These activities include decommissioning,
decontamination, waste handling and site maintenance.

2. Prepare woik packages and specs for the modification or removal of
plant structures.

J. Prepare and manage work packages for decontamination, dismantling,
and asbestos removal and disposal.

4. Estimate Deld activity costs anc, secord them.
5. Prepare pnudures and specs for modifications, decnergizing, or

removal of electrical power, lighting and switchgear, and systems
operation.

6. Prepare and manage work packages for the modification and removal
of piping, components and systems, including IIVAC.

7. Supervise project procurement.;

8. Manage project site industrial safety program and medical facilities.
9. Ensure that training is provided to the work force.
10. Provide work package document control.
I1. Acquire and manage craft labor for decommissioning,

decontamination, waste handling, and site maintenance.
12. Manage and interface routine project activities with PSC, including as

a minimum clearance and system turnover.

2.5-4
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2.5.3.4 Proiect Radiation Protection Manager
|

The Project Radiation Protection Manager has the responsibility for the |
implementation of the Fort St. Vrain Decommissioning Radiation Protection Program.
This includes Radiation Protection Program development under the direction of the
PSC Radiation Protection Manager, implementation and assuring compliance with
applicable regula', ions. The Project Radiation Protection Manager will serve as the
co-Chairman of the ALARA committee with the PSC Radiation Protection Manager.
The Project Radiation Protection Manager reports directly to the Westinghouse |

Project Director. |

The Project Radiation Protection Manager will be responsible for the approval of the ,

content of the radiation protection training programs, for the selection and approval
of all radiation protection staff members, and for the review and approval of all
radiation protection procedures. The Project Radiation Protection Manager will be
qualified in accordance with NRC Regulatory Guide 1.8 " Qualification and Training
of Personnel at Nuclear Power Plants" (Ref. 6).

'

The duties and responsibilities of the Project Radiation Protection Mar.ager are
discussed in further detail in Section 3.2 and include the following:

1. Implement and maintain an effective radiation protection program as
required for the Fort St. Vrain decommissioning.

2. Establish and maintain an effective ALARA program.
3. Establish and maintain a program that minimizes the volume of

radioactive waste and that ensures safe transportation and disposal of
radioactive waste material.

4. Provide radiation protection input to decommissioning planning.

2.5.3.5 helect control Manager

The Project Control Manager is responsible for all scheduling, project control and
I reporting systems, and the integration of reports at the project level. The Project

Control Manager reports directly to the Westinghouse Project Director.

The Project Control Manager ensures that all relevant information regarding
cost / schedule integration and control is available in the proper format (either
summary or detailed data). The Project Centrol Manager will also address any
schedule variances, including outlining the problem, providing potential solutions,

I
'

2.5-5
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assessing input and reporting analysis results. This will be accomplished by the set
up of an appropriate level budget / schedule control system broken down into definable
work packages. Necessary subsystems, such as collection, reporting, and analysis,
will combine to form a total system that will provide a sig -ificant management tool.

Other duties and responsibilities of the Project Control hianager include the
following:

1. Prepare and evaluate prouctivity data.
2. Supervise overall cost and scheduling functions.
3. Prepare management reports.
4. Prepare and coordinate detailed activity schedules.
5. Forecast cost and analyzes trends.
6. Evaluate schedule impacts and formulate alternate plans as necessary.
7. Ensure time and labor studies are done to determine costs on specific

operations.
8. hiaintain interface with the PSC administrative and scheduling

functional groups.
9. Establish and maintain a records retention system.
10. Establish and maintain a management information system.
I1. Establish and perform audit activities, as required (financial,

schedules, progress).
12. Prepare and verify project invoices.

2.5.3.6 Ouality Assurang_hianagn

| The Westinghouse team Quality Assumnce hianager has direct access to the Vice
| Paesident and General hianager, Energy Systems Business Unit, on all quality,

| assurance related issues and reports to the Westinghouse Project Director for
administrative direction and implementation of the Quality Assurance Plan. The
Quality Assurance hianager is responsible for implementation of the Quality
Assurance Plan described in detail in Section 7 of this plan.f

2.5.3.7 Corocrate Commitmertt

Executive corpomte management of each Westinghouse team member will continue
to monitor Fort St. Vrain decommissioning project progress through direct lines of
communication and reporting (See Figure 2.5-1). The Westinghouse Project Director
will report to the Vice President and General hianager. Energy Systems Business

.

4
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Unit.
|

The Fort St. Vrain decommissioning project has been assigned a high priority within
h!K-Ferguson. The Operations hianager is responsible for hiK Ferguson's project |
scope, and reports to the Executive Vice President, h!K Ferguson.

2.5.4 Westinghouse Team Oudifntions and Extierience

The Westinghouse team his extensive and comprehensive expericcce performing all j

the activities necessary to successfully decommission Fort St. Vrain. Expertise in !

cach of the disciplines essential to successful completion of the Fort St. Vrain project '

is evidenced in the matrix of projects and experience provided in Table 2.5 2.
Westinghouse and hfK Ferguson have shared joint work experience on the following
projects:

1. Shippingport Decommissioning Project
2. WEPCO (' Point Beach) Steam Generator Replacement Project

, ,

3. WPPSS Design and Construction Projects
4. AEP (D. C. Cook) Steam Generator Repair Project

O 5. AlW/A4W Nuclear Reactor Prototy[x
L 6. Shippingport Plant hiodification
'

7. Savannah River

This shared experience will promote a cohesive approach, productivity, close
integration under Westinghouse project management, and consistency in the Fort St.
Vrain project.

2.5.4.1 Site Release Experience

The Westinghouse team has successfully achieved the unrestricted release of the
facilities listed in Table 2.5-3.

h!K Ferguson currently is the DOE contractor for the Uranium hiill Tailings
l Remedial Actions Project (Uh! TRAP). This effort, which began in 1983, ,

encompasses 22 sites and approximately 700 vicinity properties in ten states. The
scope of this project includes verifying the effectiveness of remedial actions. These;

remedial actions are documented in the vicinity property completion reports.

|

2.5-7
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Westinghouse personnel were contribut)rs to the document * Final Conwlidated
Implementation Plan for Site Release, Rev.1". This plan was used to direct site
release cetivities at the Shippingport Decommissioning Project. Westinghouse
personnel hav? Sctively participated in final site characterization and final report
preparation activities.

2.5.4.2 Radiolocical Pmlection Eucrience

The Westinghouse team has extensive experience in designing and implementing
effective radiation protection programs for projects like Fort St. Vrain. The team has
developed or played a major role in developing radiation protection and ALARA
programs for routine and outage activitics. Examples of facilities where plans have
been successfully implemented include:

Limerick Generating Station-

Peach Bottom Atomic Power Station--

Nine hille Point Unit 1-

Waterford 3 Steam Electric Station-

Salem Generating Station-

Rancho Seco Nuclear Plant-

Pilgrim Nuclear Power Station-

- E.1. Hatch Nuclear Plant
Shoreham Nuclear Power Station-

Westinghouse and hiK Ferguson are experienced in developing ALARA programs
and evaluating methods of reducing occupational radiation exposure (ORE).

1. Westinghouse ALARA Programs:

Developed dose models for tracking exposure by task, identifying-

areas where improvement is needed and developing cost effective
solutions.
Sponscrs the Radiativ ~wposure Management seminar, an-

internationa: sympon , %m omunicat!ng and discussing ORE topics4

among plant healtn and ALARA engineers from plants8

designed by Westing?,og .a others.
3

Participates in Electric Pawer Research Institute (EPRI) cooperative-

programs, aimed at identifying and reducing radiation sources in
nuclear plants.

2.54
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Performed radiological assessments for various plant sites and licenses,-

including National Nuclear Corporation, hiitsubishi Heavy Industries
and NIRA/SOPREN. I

Provided onsite ALARA consultation and coordination during San-

Onofre and hiillstone steam generator sleeving, Connecticut Yankee
refueling, Krsko (Yugoslavia) steam generator maintenance, and Point |

Beach steam generator replacement. '

2. h!K Ferguson ALARA Programs:

ALARA program results achieved at three operating nuclear plants-

(Point Beach, D.C. Cook, and Vermont Yankee) and the Shippingport
decommissioning project. In the D.C. Cook project, over 70 percent
of the initial 1900 person rem estimate was saved. At Shippingport,
the estimated 1000 person rem was reduced to an actual expenditure
of 160 person rem.
Constructi(. . management services fo. the construction, modification,-

decontamination and decommissioning of various sites, including
Savannah River, Knolls Atomic Power Laboratory, INEL, UhfTRAP,

'
and the Weldon Spring remedial action project.
Construction ALARA/ health physics, chemical decontamination-

program management and radioactive waste management services for
the recirculation system piping replacement project at the Vermont
Yankee Nuclear Power Plant from 1984 to 1986.
Full scope constmetion support and construction management services-

for the decommissioning of the Shippingport station reactor.

2.5.4.3 Waste Handling and Packagine Experience

Westinghouse has experience in providing effective packaging and safe transportation
of these packages. In 1989, Westinghouse subsidiaries made over 700 shipments of
radioactive materials to disposal sites. These shipments were in accordance with 49
CFR,10 CFR, and applicable federal, state, and burial site criteria.

The Westinghouse team has demonstrated its ability to handle, package, and transport
transuranic (TRU) waste for many years at Hanford, Washington: Savannah River,
South Carolina; West Valley, New York; Shippingport, Pernsylvania; Oak Ridge,
Tennessee; Fernald, Ohio; Ottawa, Illinois, and hiontclair, New Jersey, as well as
at more than 60 other nuclear sites throughout the United States. This expertise

2.5-9
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precludes the problems associated with inadequate packaging or labeling, and ensures
that transpan equipment is in top condition and drivers are trained and dedicated to
safe and efficient hauling of radioactive waste. This expertise and techniques,
combined with a complete array ofin house equipment and capabilitics, will provide
a comprehensive waste management program, of which packaging and transportation
are integral parts. Tab!e 2.5-4 highlights the experience the Westinghouse team his
in handling, packaging and disposing of various types of wastes expected to be
involved in the Fort St. Vrain project.

h1K Ferguson has been responsible for handling and packaging of radioactive
materials / waste on various projects over the last 30 years. Two projects of special
note are:

1. The Shippingport modification project in the mid-70's included
removal of major components and interferences to modifying the unit
to a light water breeder reactor. h1K-Ferguson prepared detailed work
procedures and satisfied requirements to ship all waste materials from
Shippingport to Barnwell.

2. The INEL Chemical Processing Facility project included total
decontamination and removal of existing systems and components used g
to process expended fuel preparatory to vitnfication. All materials
were catalogued, packaged and shipped for long term storage without
incident.

Westinghouse has demonstrrn d the ability to handle, package, and transport
greater-than-Class-C waste (GTCC), for customers such as hionsanto Corporation in
Dayton, Ohio. Westinghouse also developed the procedures for handling the GTCC
waste expected to be encountered during decommissioning of the mixed oxide facility
at Nuclear Fuel Services in Erwin, Tennessee.

2.5-10
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TAILLE 2.5-1
WESTINGilOUSE TEAM RESPONSilllLITIES

MK FERGUSON WESTif;GilOUSE |
_

PilASE1: '

Project Management - Procurrment Project Control
Safety - General Administration

- QA Plan
- Licensing /Pennitting

flealth, Safety & Emimnment
. i

Engineering - Site Preparation Specifwation Site Characteriution j
i

Tram cs Program . Decommissioning Plani

Project Manuals

Specifwations
.

'
Asbestos & Liquid Waste

- Testing & Training Program
- Engineering Planning

PCRV D/D Design / Core Support Floor /Barrell - Preparation /Dinassembly
Specifgations/ Insulation - Shielded Acccas
Procedur, * Lower Plenum . Dismantle Core

Dismantle /Decon/ Cleanup

Ogions
Prwedures for Selected Systems

System D/D Design / Disassembly Tools Tools / Equipment
Specifications / Dismantling Specification & - Site Cleanup
Procedures Pmeedores

Site Cleanup Demobilintkm
Specification / Procedures - Bac Lfdl Oskm

Solid Waste Management Procedures
Plan

- _-

b
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TAILLE 2.51
WESTINGIIOUSE TEAM RESPONSilllLITIES (Continued)

h1K FERGUSON WESTINGilOUSI:
__

Pil ASE II:

I% ject hiattagement General Administration Proket Control
Site Engtncering -QA
Project Closcout - Licensing /Perrnitting

_

- licahh, $sfety and Environment

Common Facilitical Site Preparation - Liquid Weste Dis;onal
Services Testmg and Training Decontamination

- Procurement Radiological Surveys / Access

PCRV Dismantlement / Initial Prep / Disassembly
Decontamination - Shielded Access

Core Support Floor /Barte!!
Insulation

Lower Plenum
Dismantle /Decon/ Cleanup

Sysicm Dismantlement / - Preparation / Disassembly Preparation / Disassembly
Decontamination - Dismantling

Site Cleanup - Site Cleanup

Demobilaation
- Backfill Optk n

Weste Preparation, Dismantling
Packaging, Shipping.

Distosal &
Disassembly

0
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TAllLE 2.5 2 i

RELEVANT WESTINGIIOUSE TEAM EXPERIENCE
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TAILLE 2,5-3

FACILITIES APPROVED 1OR UNRESTRICTED RELEASE

'

COh1PANY DESCRilTION REGULATORY
AUTilORITY

hionsanto Corporation Source Fabrication Facility US NRC
Dayton, OH

Watch Dial Facility RaJium Watch Dial Facility State of Illmois
Onawa. IL <

Exxon Nuclear Corporation Uranium LaserEnrichnwnt US DOE
Richland, WA Equirnwnt

Hittman Nuclear, in contandreed Eq pment State of hlaryland
Columbia, h10 llanditng & Repair Facility

Smith, Kline & French Radioisotopes Research US NRC
Swalesboro, PA Facility

Shippingport NuclI4r Plant US Naval Reactors /US DOE US DOE
Shippingport, PA Facility

Numanco, Inc. Source / Calibration Facility State of Louisiana
Prairieville, LA

h!iles Pharmaceutical Imtopes/Proces.s Facility US NRC
New Haven, CT

._ _ ,___

O
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,
3 TAILLE 2.5-4
e! WASTE IIANDLING AND PACKAGING EXPERIENCE

.

| CLIENT PROJECT

Upjohn Manufacturing Underground storage tank leakage assessrnent

Barceloneta, PR

Weber USA, Inc. Ground water quality assessment
Sanford, NC

Goodyear Tire & Rubber Rennic:. investigation and feasibility study -

Danville, VA

First Union National Bank Asbestos survey / removal

Charlotte, NC

Gould, Inc. Asbestos survey
Cleveland, OH

Kenal Peninsula borough Air momtoning and sample analysis prograrn
Soldotna, AK

ITT Corporation Volume Reduction
Oak Ridge TN

9- New York Power Authonty Radioactive waste reduction and disposal
service

Virginia Power Radioactive waste reduction and disposal

Department of Energylldaho Waste and hanrdous material handling mod
Chemical Processing Plant treatment

.

Georgia Power Company Health physics, waste and radiological services

1.ouisiana Power & Light Health physics, waste sad radiological servies

Philadelphia Electric Co, Waste and radiological 4 :

Long Island Lighting Co. Waste and radiological Myi
Public Service Electric & Gas Radiation protection trainmg

Union Electric Pre-operational health physics appraid

DOE,WIPP Waste packaging and transportation

9
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2.6 TlWNING PROGRAM

All personnel who may require access to the work areas or a radiologically controlled
area (RCA) associated with the Fort St. Vrain Decommissioning, whether PSC
employees, contractor employees, or visitors, shall receive appropriate training
commensurate with the potential buards to which they may be exposed.

2.6.1 General Employee Trainine

General Employee Training (GET) will be provided to all personnel assigned to
decommissioning on a regular basis. This training will include:

1. Project orientation / Access Control.
2. Introduction to Radiation Protection.
3. Quality assurance,
4. Industrial safety,

l
2.6.2 Radiation Worker Trainine

A Basic radiation worker training shall be proviJed to p;rsons who routinely work in
V radiologically controlled areas of the project. Basic radiation worker training covers

a large range of topics including:

1. Fundamentals of radiation.
2. Biological effects of radiation.
3. External radiation exposure limits and control.
4. Internal radiation limits and controls.
5. Contamination limits and controls.
6. Management and control of radioactive waste, including waste

minimization practices.
7. - Response to emergencies.
8. Radiation Protection Program.

i

In addition to a classroom presentation of the topics identified above, participants in
basic radiation worker training are required to participate in - the following
demonstratn.ns:

(
1. The proper procedures for donning and removing a complete set of

protective clothing (excluding respiratory protection equipment).

2.6-1
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| 2. The ability to read and interpret self reading and electronic dosimeters.
3. Proper procedures for entering and exiting a contamin'ted area,

including use of proper frisking techniques. 1

4. An understanding of the use of an Radiation Work Permit (RWP) by |
working within the requirements of a given RWP.

l

Personnel completing basic radiation worker training are required to pass a written
examination on the material presented. Completion of this training qualifies an
individual for unescorted access to radiologically controlled areas of the project.

2.6.3 Speci6c Job Training

Specinc job training will be provided to selected workers based upon their job I

assignments and their need to know. Training programs shall assure the following:

1. Personnel responsible for performing activities are instructed as to the
purpcse, scope, and implementation of applicable controlling
procedures.

2. Personnel performing activities are trained as appropriate, in principles
and techniques of the activity being performed.

3. The scope, objectives, and methods of implementing the training
programs me documented.

1

Examples of this training are as follows:

1. Respirator training: Personnel whose work assignments require them
to use respiratory protection devices will receive training in the
devices that they will be required to use. The training program
follows the requirements of 10 CFR 20.103 and Regulatory Guide
8.15, " Acceptable Programs for Respiratory Protection" (Ref.12).
Training consists of a classroom session and a simulated work session;
in addition, fit testing and medical evaluations are required in order to

! use respiratory protection devices.
2. Asbestos w.'rker training.
3. Mock-up traming.
4. Training on use of special tools or equipment

j 5. Work package briefm' gs.
6. Fire watch.

| 7. Radioactive material transportation training.

2.6-2
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S. Health physics technician training: Training and qualification of
health physics, technicians and supervisors will be conducted in
accordance with ANSI /ANS 3.1-1981 (Ref.14). j

2.6.4 Non-Radiation Worker Indoctrination

All non-radiation workers who require access to a radiologically controlled area will
receive an appropriate indoctrination prior to being permitted access into RCAs. This
indoctrination will include as a minimum:

1. The requirement that non-radiation workers remain with their escort
at all times and follow the directions of the escort.

2. A description of the radiological conditions and required controls of
! the area to be entered.

3. The purpose and proper use of dosimeters, including how to read a
self reading and electronic dosimeters and the appropriate exposure |
limits.

4. Potential emergency situations and proper actions to take in such
events.

(h
V 2.6.5 Radiation Protection Staff Trainine

; -Training and qualification requirements of the radiation protection staff during the
decommissioning have been established through the guidance provided by NUREG.

0761 (Draft) " Radiation Protection Plans ror Nuclear Power Plants" (Ref.15).
Section 3.2.4 of this plan describes the radiation protection staff training and
qualification requirements.

I

2.6.6 Trainine Records

Records of training will be maintained which will include trainees name, date of
training, type of training, test results, authorization for protective equipment use, and
instructors name. A list of qualified instructors will be maintained.

| Training records will be organized in several ways, to allow either a listing of an
i individuals qualifications or listings of personne! due for retraining. Th- interval

between training and tetraining will be identifien, as appropriate, in training
procedures.

|

2.6-3
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SECTION 3
A
r PROTECTION OF OCCUPATIONAL

AND PUBLIC IIEALTil AND SAFETY

3.1 FACILITY RADIOLOGICAL STATUS

3.1.1 Facility Operating History

Construction of the Fort St. Vrain Nuclear Generating Station was authorized by the
NRC by issuance to Public Service Company of Colorado a provisional construction
permit on September 17,1968. Construction was complete in December 1973. Fuel
was loaded and nuclear criticality achieved on January 31,1974. After a prolongeti
period of startup testing, low-power operation and plant modifications, the plant was
committed for commercial operation July 1,1979. Full power operation was
achieved on November 16, 1981.

In August 1989, the plant was shutdown due to control rod drive problems. Due to
these problems, as well as additional mechanical and financial concerns, the PSC
Board of Directors decided not to restart the plant. This announcement was made
August 29, 1989. PSC has now commenced defueling and has begun preliminary
plant closure activities.

[] During the operational history of the plant there have been no spills or release of
C radioactive effluents resulting in significant residual radioactive contarnination either

onsite or offsite. However, there have been a few routine plant operations that may
have resulted in residual radioactive contamination in areas which are inaccessible.

Specifically, the Fuel Storage Wells (FSWs) and Equipment Storage Wells (ESWs)
on the refueling floor were used to store spent fuel and highly radioactive
components. Over the years of transferring various components and spent fuel, it is
anticipated that high levels (e.g. > 5,000,000 dpm/100 cm ) of loose surface2

contamination will have accumulated on horizontal surfaces. The lower portions of
these wells are inaccessible at present (See Figure 2.2-13). At various times
throughout plant history, the Hot Service Facility (HSF) has also had levels of loose
surface contamination measuring greater than 5,000,000 dpm/100 cm . Periodic2

decontamination of the HSF was typically performed using water, and as a result,
crud traps may have been created in inaccessible areas. To date, no crud traps have
been identified in accessible areas containing drain piping from the HSF (See Figure
2.2-15).

( 3.1-1
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3.1.2 Eadiation Sources

3.1.2.1 Description of Instrumentation and Survey Technigun

In August 1990, radiation and contamination surveys were performed in the Reactor
and Turbine Buildings. These surveys focused on identifying of the major
contributors to radiation levels above background and areas containing both fixed and
loose surface contamination.

The radiation surveys were performed using the instruments listed below and were
performed to detect gamma radiation only. Radiation levels were reported in units
of mrem /hr. Radiation levels are measured either as general area (approximately
waist high), contact (typically measured with the probe within one inch of the
radiation source), or at a distance from the contact reading (approximately 18 inches
from the source of radiation).

IN5TRUMENT SCALE RANGE /SWITCII SETTINGS

Berline RO-2 mRendhr 0-5/0-50/0-500/0-5000

Ludlum 19
_

pR/hr 0-25/0-50/0-250/0-500/0-5000

Fixed ::ontamination surveys were performed using Eberline RM-14/15 friskers
which measure beta gamma contamination in counts per minute (cpm) using a
scale of 0 - 500 cpm with switch settings of x1, x10, x100, and x1000 (x1000
available on the RM 15 only). Conversion from cpm to disintegrations per
minute (dpm) uses a conservative counting efficiency of ten percent. Survey
results are reported in units of dpm/ probe area, which is approximately 15 square
centimeters.

The counting of wipes (or smears) for loose surface contamination was performed
using either a Tennelec LB 5100 or a Harshaw TASC-12-A-6 which analyzed beta
activity only. Although the minimum detectable activity (MDA) will vary slightly
on a daily basis, the typical MDA for these instruments is approximately ten dpm.
Results are reported in units of dpm/100 cm . (100 cm is the area over which the2 2

wipe / smear is taken, approximately four square inches).

Radiological surveys in the past have shown that alpha contamination (both fixed
and loose surface) is not present above natural background levels at Fort St.

3.1-2
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Vrain.- Spot checks for alpha contamination are performed on a routine basis to
confirm this.

Generally, the results of these stirveys demonstrated that greater than 957c of the
plant areas have radiation levels corresponding to natural background (in the
0.0(M to 0.032 mrem /hr range). In the results summarized in Table 3.1 1 at the

'

end of this section, only those areas with radiation levels above these backgrcund
levels are noted.

Additionally, fixed contamination levels are generally less than 1000 dpm/15 cm 2

. and loose surface contamination levels of less than 1000 dpm/100 cm . hiost2
'

survey results are less than 100 dpm/100 cm . In some locations, tritium may be2

present as fixed contamination. Due to the low energy beta ac:ivity emitted by
tritium (E,y = 0,005 MeV), normal survey methods will not detect the tritium
and therefore actual tritium levels are not measured. Fixed cernamination is
typically imbedded within the first few centimeters of concrete surfaces.

The contribution to area radiation levels from facilities, rooms und structures
where various components are undergoing routine plant maintenance activities
were not included in the survey results due to th: temporary, transient nature of

( . such activities.
t

i

Figures 3.1-1 to 3.1-19 provide specific results of these area radiation surveys.!

Table 3.1-1 provides a summary of the survey results with a description of the
major contributors to the radiation levels. Reactor and Turbine Building
elevations, are shown in Figure 3.1-20. Where results are not listed,
contamination and/or radiation levels are not greater than background levels.
Systems which are potentially contaminated are identified in Table 3.1-1 by
system number for each elevation on which they are located.

3.1.2.2 Intbine Building Survey Results
.

General area radiatiori levels throughout the Turbine Building are primarily due
to natural background. Contamination levels (both fixed and loose) are less than

2 2
| IdOO dpm/100 cm in all locations and generally less than 100 dpm/100 cm ,
t Piping from the potentially internally contaminated Systems 11 and 73 extends
I

from Level 7 (El. 4829') to the roof of the Reactor Building.

- 3.1-3
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3.1.2.3 Radiation SourcesSittide the Reactor t.nd Turbine Building

Radioactive materials are stored on a temporary basis inside Sea Vans and cargo
trailers. The locations of these trailers are indicated on Figure 3.1-2L Varying
amounts of radioactive materials may be stored in these trailers, but external
radiation levels are typically less than 0.2 mrem /hr.

The only permanently contaminated area outside the Reactor and Turhine
Bui' lings is the Compactor Building directly east of the main cooling tower (see
Figure 3.1-1 and 2.2-1). General area radiation levels vary from 0.2 to 0.5
mrem /hr primarily due to residual contamination inside a radioacuve waste
compactor. Loose surface contamination levels are generally less than 100

2dpm/100 cm . The compactor contains loose surface contamination of 50,000
2 2dpm/100 cm and fixed contamination levels of 50.000 dpm/100 cm . There are,

i two concrete bunkers in the Compactor Building which have loose surface
'

2contamination levels of 5,000 dpm/100 cm and fixed contai ination levels in the
first few centimeters of the concrete averaging approximately 20,000 dpm/100

2cm . The presence of tritium is also suspected in the fixed contamination of the
bunkers. This building is also used for staging of radioactive wastes (including
liquids) and materials, g
Piping associated with the Radioactive Liquid Waste System (System 62) also
runs underground from the exit point from the Reactor Building to the main
cooling towers. Sample results of oil collected in an associated oil separator have
occasionally shown trace amounts of tritium, Co-60, Cs 137 and Cs-134.

Routine surveys do not indicate any radiation or contamination levels above
background in the Radiochemistry Laboratory located in the Technical Support
Building (See Figure 2.2-1), although small amounts of radioactivity may later be
found in drain pipir.g from this facility to the Radioactive Liquid Waste System
(System 62).

3.1.3 Current Environmental Radiological Status

3.1.3.1 Beta-Gamma Radiation in Surrounding Environs

The environmentai nadio|ogical status of the site and surrounding areas has been
monitored during the entire pre-operational, operational, and post-operational,

'

phases of the plant through the Radiological Environmental Monitoring Program
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(REhiP). This program includes surveillances in surrounding areas to gather
emironmental data in the following areas: external gamma activity levels, air
sampling data, water sampling data, milk data, aquatic pathways, and food
products. Sample locations are located near the site boundaries and in outlying
areas. Details of the results of these surveillances can be found in Reference 1
and in p_. REhiP reports, which are provided annually to the NRC.

During the spring and summer of 1990, additional data were taken to further
characterize the site. Soil samples were taken inside and outside the protected
area, gamma radiation surveys were performed inside the protected area, and
downwind air samples were taken with respect to the predominant wind direction
(from the NE).

Emironrnental radiation surveillance data from all past REhtP reports and the
recent characterization data indicate that the predominant source terms found
above natural background levels are due to Chernobyl and past nuclear weapons
test fallout. External radiation sources to area residents are due to
naturally occurring background radiation and atmospheric fallout.

The recent characterization data included the exposure rate from gamma-ray
emitting radionuclides and were measured using thermoluminescent dosimeters

| (TLD). The TLD stations were constructed at 72 different locations inside and
L outside the controlled area boundary. Each station contained packets with two

chips.of CaF2(Dy), which are identical to those used in the REhiP. The
measurement period for the TLDs was 92 days. The mean of the two chips in
each station was used to determine the mean exposure rate. The overall mean
exposure rate ham the TLD packages was 0.32 mrem / day. This value is not
statistically different from the mean value found in the 1989 REhfP report (Ref.
1) of 0.38 mrem / day for the Fort St. Vrain facility area. Reference 1 indicated
that since the inception of power production by the reactor, there has been no
detectable increase in the external exposure rate due to planned or unplanned
reactor releases.

The concentrations of gross beta activity due to the combination of naturally
occurring radionuclides and fission product radionuclides was determined from
air samples at.two locations downwind from the predominant wind direction.' A
particulate filter for gross beta analysis and an activated charcoal cartridge for
I-131 or noble gas radionuclide analyses were in the sample line. Tritium in

|- atmospheric water vapor is collected passively by silica gel at each of these

3.1-5
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locations. Sampling methodology was identical to that utilized in the REMP.
Fort St. Vrain operational technical specifications no longer require measurement
of gross alpha activity. Gross beta activity measured in air particulates was
principally due to naturally occurring radionuclides or from soil resuspension.
The mean weekly activity air concentrations measured at the northern and
southern monitors were 16 femtoCuries(E-15)/m'. These concentrations are
comparable to those found in the REMP program. Past REMP data has shown
that there has never been a significant difference observed between facility and
reference sites (Ref.1). It is concluded, therefore, that based on the current
radiological data and past REMP data, the reactor air effluents of particulate
fission products or activation products are not a source of dose commitment for
the Fort St. Vrain environs population.

3.1.3.2 Sejl Samples

Soil samples were taken at 124 locations inside and outside the controlled area.
Samples were taken at each location from a depth of ten centimeters and an area
of 95 square centimeters. Two samples were taken at each location to produce
a sample size sufficient to fill a one quart volume. Samples were dried, ground
to a constant density, and scaled in the quart container. After a three week g
period, each container was counted using Ge(Li) gamma-ray spectroscopy to
determine the activity concentration of important fission products, activation
products and naturally occurring radionuclides.

Deep core samples (taken at approximately 12 percent of the soil sample
locations) were taken to approximately 150 centimeters in depth. The core
samples were collected in polyethylene tubes, which were frozen and sectioned
off to obtain samples at various depths. The deep core samples were analyzed
using the same techniques as the soil samples.

Results of the soil samples indicate the presence of statistically significant Cs-137
concentrations. These concentrations are due to world-wide fallout remaining
from the United States, USSR and Chinese nuclear weapons tests, and the
Chernobyl accident. This is supported by the fact that the Cs-137 concentrations
are the same in the entire front range of Colorado and other re-actor-generated
fission products or activation products were not present in the samples.

3.1-6
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3.1.3.3 Results of REhiP Surveillanets

Tritium is the only radionuclide that was detected in concentrations above
backgcound in any effluent pathways that could be attributed to reactor operation.
Since tritium is released as tritiated water, the dilution by the surrounding
hydrosphere is significant. Elevated levels of tritiated water (Ref.1) were
detected in downstream surface water samples on occasion, but the yearly mean

'

values of downstream surface water was not statistically greater than upstream
concentrations. Tritium concentrations measured in milk were all less than the
lower limit of detection (LLD). However, slight increases in the downstream
tritium levels, which were discussed in the N86 REhiP report, showed that the
radiation dose commitment that can be calculated es e result of the increases
was found to be negligible as compared to natural background radiation dose
rates.

The REhiP program has, over the years, been shown to be of adequate scope and
sensitivity to detect any accidental releases from Fort St. Vrain operation It is
concluded that the dose commitments calculated for the closest inhabitants or
other parts of the nearby ecosystems due to reactor operations are negligible. In
addition to the REhtP data, the most recent characterization data both inside andO outside the controlled area boundary supports this conclusion. The negligible
release of radioactivity from Fort St. Vrain is due to its unique gas cooled design.

3.1.4 Radionuclide Inventorv

3.1,4.1 Activated Corpponents within the PCRV

An activation analysis (Ref. 2) was performed for the PCRV and associated
internal components and is piovided in Appendix II. The analysis was performed
to estimate the isotopic composition, magnitude and extent _ of residual
radioactivity which could be present in the PCRV after the end of operations.
The actual operating history of the plant was used in the analysis by considering
the total effective full power days (EFPD) generated by the plant until its -
shutdown in August 1989. The analysis consisted of three sections: (1) neutron

.

flux estimates in the PCRV;-(2) activation analysis of the PCRV and internal
components; and (3) calculation of gamma dose rates (in air) inside the PCRV
due to non-removable (fixed) components.

3.1-7
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3.1.4.1.1 Computer Cndes

The activation analysis required the use of several computer codes and various
input data libraries. The A.NISN code (Ref. 3) was used to determine the
neutron flux throughout the reactor core and outward through the reflectors,
helium flow paths, insulation, PCRV liner and PCRV concrete. The activation
of selected components within the PCRV was then determined using the
REBATE computer code (Ref. 4). Finaliy, gamma doses (in air) within the
PCRV were calculated using the REBATE, ANISN and other data manipulation
codes.

3.1.4.1.2 Material Compositions

Material compositions of components veere determined from a variety of sources.
In most cases, material compositions were identified from component drawings
which referenced standard material specifications. Assumptions fr.r the number
densities of trace elements, such as europium (Eu), cobalt (Co), and niobium
(Nb), were based on design manuals, previous analytical investigations and
NUREG/CR-3474 "Long Lived Activation Products in Reactor Materials" (Ref.
5). In general, the reactor internals are made of carbon steel, graphite or g
concrete. Few major components are made from stainless steel or Inconel.
Details of the actual compositions and trace element assumptions are found in
Reference 2, which is provided in Appendix II.

3.1.4.1.3 Computational Models

The analysis was computed using three one-dimensional models: (1) Radial - core
center line outward through the PCRV side (see Figure 3.1-22), (2) Axial Up -
core center line upward through the PCRV top head and (3) Axial Down - core
center line downward through the core support floor. Below the CSF, activation
was assumed no be insignificant with the exception of the activation of the top of
the steam revrator modules due to neutron streaming effects (Ref. 6).
Descriptions of each of these models are provided in the following paragraphs.

3.1-8
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3.1.4.1.4 Radial Model

The * Radial" model consists of the following components: 1

1. Side removable reflectors
2. 12rge permanent side reflectors
3. Boronated side spacer blocks
4. Core barrel
5. Kaowool insulation and insulation cover plates
6.- PCRV liner and cooling tubes
7. PCRV concrete and rebar
8 Reflector keys and carbon steel metal shell.

The removable (hexagonal) graphi:: side reflector elements are located just
outside of the active core (See Figure ; l-23). A typical block is approximately

_

31 inches in height and 14 inches across the flats. Outside the removable side
reflectors are the large permanent -side reflector blocks. These blocks are
irregular in shape (See Figure 3.1-23) and have an average volume of 3.358E+ 05
cc each.

Between the large permanent side reflectors and the core barrel are the
boronated side spacer blocks (Figure 3.1-23). These graphite blocks contain
boronated stainless steel pins which provided neutron shielding during power
operations. The number of pins vary with respect to the blocks position relative
to the active core region.

The core barrel (Figure 3.1-23) is located just beyond the baronated spacer
blocks and serves as the lateral restraint of the fuel and reflectors. The barrel
is constructed of carbon steel, in three sections which vary in thickness from 2.25
inches to 2.75 inches and is approximately 29 feet in height. The core barrel
was modeled in two sections because the upper 12 feet is constructed of a slightly
different material than the bottom two sections.

Continuing outward from the core barrel, Class A Kaowool insulation and cover
- plates'(Figure 3.1-24) cover the inside of the PCRV liner. The insulation is a
ceramic fiber material and the cover plates are constructed of carbon steel.

The PCRV liner (Figure 3.1-24) is a 3/4-inch carbon steel plate vessel in the
.

form of a right circular cylinder,75 feet in height with an inside diameter of 31

3.1-9
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feet. Carbon steel cooling tubes, welded to the outer (concrete) side of the liner,
provided cooling to the concrete during power operations. The liner and cooling
tubes were modeled homogeneously for the activation analysis.

Tb: PCRV serves as containment of the nuclear steam supply system (NSSS).
T!- 7 crete walls vary in thickness from 9 feet to 151/2 feet, and the vessel is
app ~ ._.mately 106 feet high. The PCRV was modeled as a homogeneous mixture
of concrete and rebar.

Two final components modeled were the carbon steel side reflector block keys -

(Figure 3.1-23) which connect the core barrel to the large side reflectors and the
carbon steel metal shell for the top most large side reflectors (half length
reflectors).

3.1.4.1.5 Axial Up hiodel *

The " Axial Up" model included the following components:

| 1. Removable graphite reflectors
2. hietal clad reflector blocks (htCRBs)
3. Region constraint devices (RCDs)
4. Lower orifice valve assembly
5. Kaowool insulation and insulation cover plates
6. PCRV liner and cooling tubes
7. PCRV top head concrete and rebar

_

The MCRBs are located on the top most level of the core area, just above the
removable graphite reflectors,(see Figure 3.1-23) and provided structural stability
and neutron shielding during power operations. All blocks are hexagonal in
shape, approximately 15 inches in height and 14 inches across the flats. The 37
central column MCRBs (Figure 3.1-25) are constructed prirnarily of stainless
steel. The remaining 270 MCRBs, with and without coolant holes (Figure 3.1-26),
are constructed of carbon steel.

The RCDs (Figure 3.1-27) previaed restraint of fuel regions during power
operations. The RCDs are located on top of the MCRBs, keying fuel columns
between regions together. The triangular main body of the device is made of
carbon steel, approximately 5 inches thick. The " legs" of the RCD are
approximately 7 inches in length and are composed of Inconel.

3.1-10
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The orifice valve assembly (Figure 3.1-28) is located just above the central
column MCRB. The lower portion of this assembly, primarily composed of
carbon steel, was modeled as part of the axial up model. -

The final three components (Kaowool/ cover plates, PCRV liner / cooling tubes
and PCRV concrete /rebar) were modeled as previously discussed in the radial
model.

3.1.4.1.6 Axial Down Model

The " Axial Down" model included six components:

-1. Removable bottom reflectors
2. Core support blocks and core support posts

,

3. Silica block insulation
4 Kaowool insulation and insulation cover platas
5. CSF liner and cooling tubes
6. CSF concrete and rebar

Os
Directly beneath the active core are removable hexagonal bottom reflectors
(Figure 3.1-29). These include graphite reflectors, graphite reflectors containing
boronated Hastelloy-X cans and graphite transition reflectors which channel
coolant from the bottom reflectors to the core support blocks. The core support
taucks and core support posts (Figure 3.1-29) are permanent components which
lie directly below the removable reflectors and act as support for the fuel and
reflectors. Three layers of Class C silica insulation (blocks) are located above the
cover plate /Kaowool which are just above the CSF liner (See Figure 3.130). The
CSF. liner is a 3/4-inch carbon steel liner encasing the five foot thick
concrete /rebar core support floor (See Figure 3.1-29).

3.1.4.1.7 Activation Analysis Results

The results of the activation analysis are summarized in Table 3.1-2. Detailed
results can be found in Appendix II. The nuclides ofimportance as well as the
total estimated radionuclide inventory for activated components inside the PCRV
are listed in the table.

The dominant nuclides for metallic components are Fe 55, Co-60, Ni-63 and
Mn-54. Traces of Nb-94 and Fe-59 are also present in some metallic

O,-Q 3.1-11
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components. The dominant gamma emitter in the stainless steel components was
determined to be Co-60, although Nb 94 is also present. Due to the high
concentrations of Co-60 in the boronated spacers blocks, these components are
the primary dose contributors inside the PCRY.

The activity in graphite components is dominated by tritium and Fe-55, which
were generated due to impurities in the graphite. Due to the large volume of
graphite and the high curie content of tritium and Fe-55. these component 3 are
the largest contributors to the overall radionuclide inventory. No credit v.as
taken for the migration of tritium out of the graphite.

The Knowool insulation and silica blocks were determined to have fairly low
activities. The carbon steel cover plate contains almost all the activity in the
Kaowool/ cover plate assemblics. The silica block activity is dominated by Fe-55.

The PCRV concrete /rebar mixture contains many activation products due to the,

| presence of trace elements. in the short term, Co-60 is the dominant gamma
emitter, while Eu 152 and Eu-154 are the dominant long term gamma emitters.
The nuclide contributing most to the total activity is Fe-55. Other nuclides
present in lower activities were: Cs-134, Ca-45, Ag-110m, tritium, C-14, Fe-59, g
Ni-59, Ni-63, Nb-94, Mn 54, and Ca-41. Specific details of the calculated isotopic
breakdown for each activated component can be found in Appendix C of
Appendix II.

As indicated in Table 3.1-2, the majority of the activity in the concrete is
contained in the first 1.5 feet in all directions. Table 3.1-3 indicates the estimated
required amount of concrete which must be removed to achieve the
recommended release limit for unrestricted use (5 gR/hr above background).
The activation analysis predicts that at five years after shutdown, approximately
24 inches of concrete will require removal from the PCRV sidewalls to achieve
a dose rate of 3.4 pR/hr. The 24-inch depth is based on the assumption that the
dose rate in the PCRV will be due to contributions from the top head, CSF and
PCRV sidewalls. The tophead and CSr will be removed during decommissioning,
leaving only the PCRV sidewalls contributing to the dose rate within the PCRV.
In this case, a dose rate of 5 R/hr is predicted to be achieved when
approximately 23 inches cf PCRV sidewall concrete is removed.

| Estimates of dose rates (in air) for each direction within the PCRV are listed in
Table 3.13 and the total dose inside the center of the PCRV (in air) is the sum

3.1-12
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of the dose rate for all three directions. Table 3.1-3 also indicates the estimated
dose rate contribution (in air) for various stages of component removal for an
individuallocated in the center of the PCRV.

The activation analysis modeled the PCRV concrete and rebar as a homogeneous
mixture, In the actual rebar configuration, two sets of rcbar lay just outside the
PCRV liner and the remainder of the rebar lays at least 1.5 feet beyond the
inside ring of tendons. The two inner sets of rebar will be removed during
decommissioning and the outer sets of rebar will not be activated. Therefore, the
assumption of a homogeneous mixture at a depth of 23 inches of concrete is
conservative,

A sensitivity study of the contribution of the rebar to the overall dose rate wasc
performed to assess this conservatism. The rebar number densities were removed
from the homogeneous mixture and the activation analysis was rerun. The
resulting predicted dose rates at five years after shutdown, with 20 inches and ~22
inches of concrete removed, are 6.15 R/hr and 3.14 pR/hr, respectively.
Therefore, the actual predicted removal depth is approximately 21 inches rather
than 23 inches to achieve a dose rate in the 5 pR/hr range.

3.1.4.1.8 Activation Analysis Verification

|
'

The thermal neutron flux and trace element abundances are considered to be the
two most important potential sources of uncertainty in the activation analysis. An
action plan was developed (Ref. 7) to assess the accuracy and sensitivity of these |_

parameters and the_ impact to the overall activation analysis results. This action '

plan was designed to validate neutron flux-and verify material composition |
i assumptions. The action plan provides additional confidence that the activation
|- analysis results provide reasonable predictions of component activities and
; resulting dose rates. The action plan was divided into two activities: |-

L Verification of the neutron flux predictions by comparison of predicted
*

activities with measurements taken from activated samples of knowm
composition.

Sensitivity analysis performed on the PCRV concrete trace element-*

abundances to evaluate potential sensitivity of the amount of PCRV
concrete to be removed to satisfy fm' al rd.ase limits.

3.1-13
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| The action plan has been completed and the results were forwarded to the NRC
| in Reference 8. The results confirm that the original analytical methods and
| assumptions were reasonable and that the previous estimates of the amount of
| concrete that must be removed are conservative. Even allowing for the worst
I case variations in activity levels described in Reference 8, current plans to remove
| between 27 inches and 32 inches of PCRV concrete will ensure satisfaction of the
j 5 pR/hr at I meter release criterion.

1. Neutron Flux Verification

| The validation of the neutron flux was assessed by comparison of predicted
specific activities to measured activities for specimens of known composition.

| Wire and Charpy specimens were removed from the PCRV top head to verify
| thermal neutron flux predictions from the ANISN (Ref. 3) calculations and to
I assess the conservatisms of cobalt impurity assumptions used in carbon steel.
| PCRV tendon wires from a vertical PCRV tendon located 8 h.ches beyond the
| predicted concrete removal depth were also removed, analyzed, and the results
| compared to analytical activity predictions.

I a. Wire Specimens. Three wire specimens, located in the g
| PCRV top head directly above the core and adjacent to the PCRV liner,
| were removed and were radiochemically analyzed for their specific i otopic
| activities. The analysis results were compared to the analytical predictions
| from the previous calculations (Ref. 9). One wire, composed of 99.5%
| aluminum and 0.5% cobalt, was judged to provide the best data for
| validating the thermal neutron flux due to the known accuracy of its cobalt
| composition. A comparison between the analysis and the previous

| | calculations of this wire was in agreement within 3%, indicating that the
'

| estimates of the thermal flux in the PCRV top head area are quite
I reasonable.

| b. Charpy Specimens. Carbon steel Charpy V notch specimens
| from the same toa head location as the wires were also analyzed. The
| average Co-60 specific activity actually measured in the Charpy specimens
| was approximately half the value predicted by analytical methods.
| Therefore, the results provide evidence that the flux predictions are

| | reasonable and the assumptions of the cobalt levels used in the analysis
| were conservative.

!
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c. PCRV Tendon Wire Samples. To assess the accuracy of the |
activation analysis (Ref. 2) predictions, the accuracy of the neutron flux |
solution was determined through comparison of predicted versus actual |
specific activities of the tendon wires. The closest set of vertical tendons |
to the inside of the PCRV lie at a distance of 32 inches from the inside of |
the PCRV liner. Wires were selected from a tendon that was located j

radially next to PCRV core region 22 (a high powered region during |
operating cycle 4). The location of the selected tendon corresponds to a |
maximum active fuel radius (i.e., where the tendon wires are closest to the I
active fuel), resulting in a maximum activity in the selected tendon wires. |

Six wires were pulled at equidistant positions around the circumference of |
the tendon, which provides confidence that at least one wire would be |
located closest to the core, resulting in the highest activity. Four test I
sample segments were selected from each wire to provide axial profile |
activation information corresponding to the following PCRV and core |
elevations: (1) top fuel block; (2) slightly above core midplane; (3) bottom |
fuel block; and (4) bottom of the CSF. The predicted specific activity of |
each of the tendon wirec from the activation analysis (Ref. 2)is extremely |

O low, in the pCi/g range for both Co 60 and Mn 54, which are the only |
isotopes anticipated to be detectable. A low neutron population in the |
vicinity of the tendons increases the difficulty in analytical predicti,n of |

| the neutron flux at that location. |

The results of the sample analysis were compared with predicted specific |
activities for each axial location and indicate that the thermal flux (based |
on the Co-60 activity at core midplane) at the tendon location was under- |
predicted by the activation analysis by a factor of about 2.8. However, this |
is considered to be in reasonable agreement, considering the distance from
the core and the number of mean free paths (about 12) traveled by the
neutrons through the concrete before reaching the tendon wire.

|

| In comparison with available activation data in NUREG/CR 5343 (Ref.10), the |
l accuracy. of the thermal flux prediction is reasonable. A comparison of the |

predicted and' actual measured activities found in NUREG/CR-5343 resulted in [
( agreement between 10% and a factor of 2. However, the predictions and the |

actual data measurements were made for areas near the reactor cde, where |
activation flux levels were much higher (and much better characterized) than in |
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| the area of the PCRV tendon wires, which are relatively far away from the active
| core.

| It was concluded in NUREG/CR-5343 that very good agreement can be obtrined,

| near fueled regions. The Charpy and wire specimen data also confirm this
| conclusion. nedictions further away from the core become more difficult. No
| data from NUREG/CR 5343 was available at large distances from the reactor
| core, but the results from the tendon wire analysis appear to be reasonable, based
| on the accuracy of near core predictior s in NUREG/CR 5343.

| As indicated above, the predictions nearer the core should be nmre accurate.
| The neutron flux at the 24-inch concrete removal depth is predicted to be higher
I by about an order of magnitude than the flux at the tendon wire location. It is
| anticipated that the agreement between the actual and predicted Oux at the
| location where 24 inches of concrete would be removed should be more accurate.

| If the flux at a depth of 23 inches of concrete removed were under-predicted by
| a factor of 2.5 to 3,it would require approximately 4 inches of additional concrete
I to t>e removed to obtain a dose rate in the 5 R/hr range, which is still within the
| first row of tendon tubes and therefore within the amount of concrete to be g
| removed by the current dismantlement plan identified in Section 2.3.3.12.

2. Material Composition Verification

. Analytical sensitivity studies have been performed for the homogeneous
rebar/ concrete mixture to assess the effect of trace element abundances on the
amount of concrete required for removal in the radial direction. The studies
show that if the maximum abundances of trace elements identified m Reference
5 are used (rather than the average abundances), an additional 2 inches of
concrete would require removal.

| The activation analysis modeled the PCRV concrete and rebar as a homogeneous
| mixture. In the actual configuration, two sets of rebar layjust outside the PCRV
| liner and the remainder of the rebar lays at least 1.5 feet beyond the inside ring
| of tendons. The two inner sets of rebar will U removed during decomrnissioning
| and the outer sets of rebar wil.' ., .t be activated. Therefore the assumption of a
| homogeneous mixture at a depth of 23 inches of concrete is conservative. A
| sensitivity study of the contribution of the rebar to the overall dose rate was
j performed to assess this conservatism. The results of this study indicates that
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approximately 2 inches less corarete would require removal than originally |
predicted. |

Surface samples of the PCRV radial concrete were taken and analyzed to |
determine the actual trace element abundances in the PCRV concrete. Six |
samples were taken at the same elevation as the active core. Analysis indicates |
that there is no significant variation of the trace element abundances among the !
samples and provides support for the assumption that PCRV concrete trace |
element- abundances do not vary widely throughout the different mixes of |
concrete. The trace element abundances in the PCRV concrete all fall within or |
below the ranges listed in NUREG/CR-3474 (Ref. 5). It is therefore reasonable !
to assume that the results of the surface samples, when combined with the |

-

sensitivity analysis and NUREG/CR 3474 data, provide a high level of confidence |
in the activation unalysis results. |

Gnclusions

In order to obtain a more accurate prediction of the required removal depth for |
the concrete, the activation analysis was recalculated for the concrete utilizing the |

N ir. formation obtained from the verification efforts identified above. The thermal |
flux was assumed to be under-predicted by a factor of 2,8, no rebar was assumed |

'

to exist in the concrete at the required removal depth, and the average measured |
trace element abundances from the PCRV surface samples were used. The I
analysis was also performed for a worst case scenario using the highest trace i
element abundance found in NUREG/CR 3474. The results of the analysis |
predict a required concrete removal depth of 21 inches, which is considerably less j

than the minimum proposed removal depth of 27 inches. Even in a worst case |
scenario (NUREG/CR-3474 maximum trace element abundances), the required |
removal depth (27 inches) is still wititin the minimum proposed removal depth. |

Section 2.3.3.12 describes the dismantlement plan for. removal of the PCRV-'

- sidewall concrete This 1 'n is based on use of the diamond wire saw to cut4
between every third tendon tube located in the inner row of tendon tubes, located
32 inches from the PCRV sidewall. This cutting tecnnique vill remove, as a-
minimum, a depth of approximately 27 inches of concrete. This minimum
removal depth is adequate to-meet the activation analysis requirements _(21
inches) and accommodate maximum uncertainties due to neutron flux (4 inches)
and material composition (2 inches).
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| The data obtained from the verification efforts and the results of the recalculated
| activation analysis provide strong evidence that the predictions from the original
| activation analysis are reasonable. Additionally, the comparison with the results
| from NUREG/CR-5343 indicate that the accuracy of the results are acceptable.
| Based upon the measured data and comparisons with analytical predictions, the
| calculational methods and material composition assumptions for the concrete
I provides reliable estimates of the activation products within tl.e PCRV.

Additional details of the verification effort can be found in Reference 8.

3.1.4.2 PlateottLADalysis for PCRV Internal C.nmponerm

3.1.4.2.1 Plateout Apalvsis B2 stand CwnputsLCodn

A plateout distribution analysis of radioactive nuclides produced in the reactor
core was performed for the PCRV and internal cornpanents (Ref.11). The
purpose of this analysis was to estimate the plateout concentrations and
distributions in the primary coolant circuit. Analyses were performed from the

| beginning of cycle (BOC) I to the end of operations after 890 EFPD. The axial
and radial core power distributions were calculated and t. sed with flux distribution
data as input to fission product release codes. Full-core fuel and graphite g
temperature distributions, fuel failure and release of key fission gases and metals
were then calculated. Based on the full-core analysis for key fission gases and
metals, the total plateout and helium purification system inventories of
radioactive nuclides were estimated.

Plateaut distributiorts were calculated using the PADLOC (Ref.12) computer
code. The PADLOC code performs a mass transfer calculation using mass
transfer correlations and sorption isotherms to determine the partitioning of
condensable radionuclides between the flowing coolant and the fixed surface in
a recirculation loop. The plateout model in PADLOC is limited to
one-dimensional cylindrical geometry, such that all components of the primary
circuit must be modeled as an equivalent series of coupled sections of parallel
banks of cylindrical tubes. Reference sorption isotherms were used to describe
the sorptive capacity of the primary circuit materials for the radionuclides of
concern.

|

|
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3.1.4.2.2 13atengt Anilysis Methodology |
i

Typically, the two dominant sources of fission products released from the core we
heavy metal contamination (heavy metal outside the coated fuct particles) and
fuel particles whose coatings fail in service. In addition, the volatile metals (Cs -

and Sr) can, at sufficiently high temperatures and over long periods of time,
diffuse through the silicon carbide (sic) coatings and be released from the intact '

? fuel par'icles.

Calculations were performed to predict plateout distributions in the primary |
coolant circuit for the following key nuclides: St 90,1129,1131, Cs 137, Cs 134 |
and Te 127m. The source terms for fission product plateout analysis inciude both'

a direct release contribution and, where applicable, a precursor contribution. In
the case of the cesium isotopes, there is a direct release of both Cs 137 and
Cs 134 metal from the core. Cs 137 plateout aim usults from the release and

: subsequent decay of its precursor contributor, Eb7. Cs 134 has no gaseous
precursor. Similarly for Sr-90, there is a direct St 90 metal release as well as the '

contribution from it Kr 90 precursor. Only direct release contributions are
'

considered from 1129,1131 and Te-127m. The platcout analysis included a |
comparison of the calculated and measured plateout inventories for Cs 134, Cs- |.O 137 and Sr 90 based on measurements on the platcout probe that was removed |
from the PCRV after final reactor shutdown. |

3.1.4.2.3 Plateout Analysidtesults -

'

.

It is anticipated that any internal PCRV component that has come in contact with
primary coolant will require decontamination or will be removed for disposal as
radioactive waste. This inchdes not only the core graphite and structural
companents (which are also activated), but also the steam generator modules,
helium circulators and Knowoolinsulation. The results of the plateout analysis
are shown in Tables 3.1-4 and 3.15. Table 3.1-4 lists the platenut concentration

.

2(Ci/cm ) on primary circuit components for the key nuclides, Cs 137 and St-90.
Table 3.15 identifies the integrated plateout (Ci) of primary circuit components
for the following nuclides: Cs 134, Cs 137,1131,1129, Sr 90 and Te 127m.
Additional information on the analysis results, analytical models and comparisons
with measured data are located i- Reference 11.

,

3.1-19

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



_. _ _ _ _ _ _ _ _ _ _ _

|

PROPOSED DECOMMISSIONING Pl.AN 4/17/92

gSECTION 3

3.1.4.3 Contamirmied Systetus. Structures and Cmunenenth

in August 1990, comprehensive radiation and contarnination surveys were
performed in the Reactor and Turbine Buildings to identify the major
contributors to radiation levels above background. Due to on going maintenance,
defueling, and component removal activities in progress at the time of the survey,
it should b; noted that rahtion and contamination levels may vary due to the
movement of various raoioactive components. Additionally, certain PCRV
internal components may t>e removed from the PCRV prior to commencement
of decommissioning activities which may change radiation and contamination
lesels elsewhere in the plant.

When compiling the radiation survey results, the contributions from various
pieces of portable equipment such as ventilation units, vacuum cleaners,
decontamination equipment, etc., were neglected due to the transient nature of
their use.

An engineering analysis of the total curie inventory at Fort St. Vrain was
completed in June 1989 and the results of this analysis have been summarized in
Table 3.16. This analysis is based upon past survey results, activation analysis, g
plateout analysis and general estimation of contamination levels occurring in the W
various systems. The survey results and estimation of contamination levels were
then applied over the estimated surface area of the associated system. This (
analysis accounts for all expected radioactivity at Fort St. Vrain with the
exception of fuel.

-

Section 3.1.2 contains a detailed summary of the radiation survey results. These
sutveys were performed to identify general radiation and contamination levels in
frequently accessed areas of the facility. More detailed surveys of individual
areas will be required when determining specific work plans during actual
decommissioning.

| 3.1.5 Dilium Analysis
|

|1.1.5.1 Inttadits. tion
|
| During the Fort St, Vrain decommissioning project, the PCRV cavity will be
l flooded with water to provide shielding and contamination control as described
| in Section 2.3.3.6. Flooding the PCRV will result in the release of radionudides |

3.1-20
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(that exist in the PCitV as a result of activation and platenut) into the water. |
One of the radlonuclides of primary concern is tritium, since a fraction of the |
tritium inventory is expected to leach out of the graphite blocks into the water |
and the tritium cannot be removed by conventional processing means employed |
by the PCilV Shield Water System. The amount of tritium to be handled by the |
PCi1V Shield Water System and potential exposure to personnei depends on both |
the total amount of tritium present in the graphite and other components inside |
the PCRV, and the fraction that is released to the water. llowever, since |
measured data on the actual tritium concentrations that are in the Fort St. Vrain |
PCRV graphite components and the rate at which the tritium leaches into the |
water from the Fort St. Vrain graphite do nat exist, the amount of tritium that |
enters the PCi1V water has been estimated, based on (1) a conservative |
calculation of the total amount of tritium produced during power operation (i.e. | f
100,000 curies) and (2) actual measurernents of tritium leach rates from liritish |
Magnox reactor graphite. _ lt is estimated that approximately 500 Curies (or 0.5% |

i

of the total tritium inventory) will enter the water. The PCRV Shield Water | |
System is being designed to process this tritium inventory for discharge using the |
existing liquid effluent discharge path. |

O An assessment has also been made of the impact if the maximum theoretical |
amount of tritium (100,000 curies) is released into the PCRV shield water. | 1

Included are impacts on air handling, tritiated water disposal, contamination, and |
;

personnel protection. It was found that these impacts, although significant, can |
be managed without undue safety hazards and within reasonable costs. Allowing |
for this extreme case, decommissioning can proceed and will be accomplished |
within the decommissioning cost estimate previously submitted to the NRC, as |
will be discussed in this response, in addition, with considerations for the worst |
credible accident and this extreme case, decommissioning will also be |
accomplished without undue risk to the safety of the public. |

,

3.1.5.2 Sources of Tritium From Reac10LDwalina |

|
The main sources of tritium generated during Fort St. Vrain reactor operation |
include the following: |

'

I i

(1) ternary fission in the fuel particles |
'

(2) n,p reaction with lie 3 in the coolant |
(3) n,a reaction by Li 6 impurities in the graphite and other |,

components |

3.1 21
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| The tritium produced in the fuel by ternary tission totaled about 10JXX) Curies
| and is expected to be contained by the fuel particle coatings. This tritium will be
| removed when the fuel is removed prior to decommissioning. The tritium
| produced from lle 3 reactions was minimized by using helium with a low
| concentration of lie 3 and totaled about 30(X) Curies. This tritium was either
| removed by the gas purification system or was absorbed in the core. Most of this |
| absorption would have occurred in fuel graphite blocks near the coolant channels, !

| and the majority of the tritium generated by this reaction will also be removed '

| when the reactor is defueled prior to decommissioning. '

| Table 3.12 identifies the amounts of tritium determined to be present in the
| PCRV as a result of the activation analysis. The removable graphite reDector
| blocks located at the top, bottom and sides of the core were included in the
| results of the activation analysis since it was conserva'ively assumed that these
| rernovable reDector blocks could be in the PCRV wnen it is Gooded. The
| preferred method for removing these hexagonal renector blocks is by muans of
| the FliM prior to flooding the PCRV. Ilowever, use of the Film for this
| purpose is dependent on its operability and its availability has not been relied
| upon for removal of these blocks.

| Table 3.17 provides a summary of the key par. neters of these hexagonal
| removable reflector blocks. These blocks are comprised of 11327 and 11-451
| graphites. Although more than one third of these removable reDector blocks
| were removed from the pCRV during the three core refuelings and replaced with
| unitradiated blocks, the activation analysis conservatively assumed that all blocks
| were irradiated over the full 890 EFPD reactor operating lifetime. llased on
| these assumptions (and a Lithium impurity of 0.1 ppm), a tritium inventory of
| 3,208 Curies is estimated to be contained in the removable hexagonal reflector
| block graphite.

| The maximum tritium inventory in the graphite expected to exist in the PCRV
| when it is tiooded is provided in the table on the following page. For the purposes
| of estimating the amount of tritium in the graphite, a tritium inventory of 100,000
| Curies is assumed.

| 3.1.5.3 Description of Fort St. Vrain Grap?tiledelainine Tritiunj
l

| l ro.n the standpoint of tritium generation, the graphite in Fort St. Vrain is primarily
| of two types. The primary graphite of interest is the IILM graphite used for the

3.1-22
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COMPONENT CURIES PFRCENT |

large permanent side reflectors 82.588 (84.8 % ) |

Boronatal side spacer blocks i1.532 (11.8 % ) |

Removable hexagonal reflector 3,208 ( 3.3 %) |
blocks |

Core support bimLs and bottom 4R ( < 0.1 % ) |
reflectors with hastelloy cans |

TOTAL, 07.176 |

1
large side reDector blocks and the side spacer blocks. HLht graphite is less pure j

than the graphite used in fuel elements, with a maximum specification for lithium of |
2 ppm. |-

I
The second graphite of interest is the relatively high purity graphite (either H-327 or |
H 451) that was used for the fuel elements and removable hexagonal reflector blocks. |
This high purity graphite is specified to have less than 0.1 ppm of lithium. The |
amount of tritium contained in these blocks is expected to be relatively low in |,'
comparison to the tritium activity in the HLhi graphite blocks. |

Table 3.1-7 provides a summary comparison of the major properties of the graphites |
found in the core area. As seen from the table and the above description of sources |
of tritium, over 96.4% of the tritium produced from the Li 6 reaction is produced in j

the HLhi graphite. In particular, due to the neutron flux depression caused by the |
boron _ pins in the side spacer blocks and lithium's thermal neutron capture cross |
section, most of this tritium will have been generated in the large permanent side |
reflector blocks. These blocks are solid (with no coolant holes) and have a relatively |
low surface to-volame ratio, which is expected to result in lower release rates, as |
discussed later. This figure clearly shows that removal of any of the HLhi graphite |
blocks to obtain tritium data is not possible with the FHhi due to the size (weighing |
epproximately 1500 lbs each) and location of these blocks. Additional information |
can be obtained by reviewing Figures 2.2 5 and 2.210. |

1
Conservative calculations of the total amount of tritium that could potentially be in |
the graphite blocks have been w.ie. Based on the maximum specification value for |

'

lithium impurity in the HLhi graphi.te, the theoretical maximum amount of tritium |
that can be in the total system is approximately 100,000 Curies. This estimate was |

3.1-23
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| derived in the activation analysis (Ref. 2) using the calculated neutron flux in the
j graphite and the actual reactor power history. The calcula:ed flux was derived from
| one dimensional neutron transport calculatiens in the axial up, axial down, and radial
| directions. These calculations produce the maximum Dux in each direction and
| therefore are expected to overestimate the activation, especially in comer regions.
| An additional conservative assumption is that all of the tritium pnxluced in the
| graphite has been retained, i.e., none has diffused out during reactor operation or
| subsequent shutdown.

|3.1.5.4 fapreted Tritium Itclencjalo the PCRV Shicjd Water SysteJD
|
| Data on tritium leaching from graphite obtained by the British (Ref. IT 6.t kicG
| to be directly relevant to determine the frnion of the tritium invento y hMy ,
| leached from the Fort St. Vrain graphite af9r the PCRV is Dooded. Mr ei
| measurements were made in support of decommissioning of the hiagnox e ; m
| plants, and form the basis for disposai planning for irradiated graphite for the
| European Community. The graphite in the British tests is typical of that used in 'h3
| hiagnox and AGk reactors. Key parameters for the British graphite test samples are
| also included in Table 3.17 for comparison with data for Fort St. Vrain graphites.
I gj As noted previously, the leach rate of the tritium in the British test was measured to

, | decrease with time starting at about 0.1% per hy and declining to below 0.0001%

( | per day after several months. Applying these values to Fort St. Vrain, a curve of
'

| tritium release rate versus time was prepared with an initial tritium relearc rate of
| 0.5% of the tritium inventory in the graphite released in abaut the first month after
| flooding the PCRV. Use of this release rate results in a release of 500 Curies from
| the graphite to the water, based on an assumed initial tritium inventory of 1(X),000
| Curies in the core graphites. Thereafter, the tritium release rate from the graphite
| is assumed to continue to decrease, falling to a release rate of less than 0.0001 % per
| day within several months, consistent with the re3ults of the British test.

| 3.1.5.5 Conclusions Recarding Exoected Tritium Leaching
|

| Based on a comparison of key properties and operational history between the British
| test sample with the Fort St. Vrain HLhi graphite, the properties of the Fort St.
| Vrain HLh1 graphite are expected to result in a more conservative behavior than the
| British hiagnox test samples with respect to tritium leach rate and the fractional
| release of tritium. HLhi surface to-volume ratios are significantly lower, indicating
| that water ingress will not occur as rapidly and tritium migration to the graphite

3.1-24
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surface will take significantly longer. Irradiated densities of the 11LM is greater than |
the British graphite samples, indicating lower porosity and a lower leach rate in the |
film graphite due to density. Effects of both reactor power history and primary |
coolant favor the HLM graphite, since the effect on increased porosity should be |
greater in the British samples than in the IILM, |

Therefore, the leach rate for the HLM graphite is not expected to be greater than that j
determined for the British Magnox graphite samples, and use of the leach rate |
determined by the British test in demineralized water should represent a conservative |
upper bound on the teach rate that should be experienced when the PCRV is flooded |
and the HLM graphite is immersed in water. |

3.1.6 Initial Site Characterization Program

The results of the Fort St. Vrain Initial Site Characterization Program were reported |
to the NRC in Reference 14. The purpose of this program was to collect and analyze j
radiological survey data to determine the extent of decontamination and |
dismantlernat activities. In accordance with this program, more than twenty |
thousand measurements were made on more than five thousand survey locations. |
Reference 14 identifies the areas examined and summarizes the results of these |i: O examinations. |.

|
3.1.6.1 Results of Site Characteritation Surveys ||

1
The Site Characterization Program divided the Fort St. Vrain facility into four major |
clements, identified below with the results of the characterization in each area. |

|
1. Structural Characterization |

|
The results of the structural characterization indicate that the only structures with |
contamination levels above release limits are the Reactor Building and the Radwaste |
Compactor Building. Structures with contamination levels above background were |
the Reactor Building, Turbine Building, Helium Storage Building, New Fel Storage |
Building, Radiochemistry Laboratory, and Radwaste Compactor Building. The loose |_
contamination was composed primarily of Co-60. Alpha contamination was not |
detected in any structures. |

| 3.1-25
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| 2. BOP and Equipment Characteri7ation

|
| The systems characterization determined that twenty plant systems had no
| radioactivity above background and 17 systems contained various levels of
| contamination. System 79 (Radiochemistry 12boratory Ventilation), discussed in
j Section 2.3.4.14, was not veri 0ed as contaminated at the time of the characterization
| survey. However, it is frequently used to vent radioactive materials and is treated
| as a contaminated system when conducting nlter changes and maintenance.
|

| 3. PCRV and Internals

|
| The PCRV was inaccessible for characterization. Historical data, calculations, and
| limited measurements support the general dose rates provided in the activation
| analysis results. Additional measurements will be made during actual
| decommissioning.

I

| 4 Environmenlal
|
| The charaderization used historical data from the Radiological Environmental
| Monitoring Program, and assessed soil and water samples and direct measurements. g<
| Results of the evaluation of environmental rnedia samples, taken both within and
| outside the Fort St. Vrain protected area, are inconclusive at this point. Results will
| be provided at a later date.

I

| In addition, nine smears from the Reactor Building structural surveys and one smear
| from System 63 (Radioactive Gas Waste System) were analyzed off-site by an
j independent laboratory. The primary gamma isotope was identified to be Co-60 and
| was detected on all ten smears. Additionalisotopes that contributed to gamma levels
| were Cs 134 (2 smears), Cs-137 (3), Mn-54 (2), and Ag-110m (1). Four of the
j smears indicated low levels of H-3 and nine of the ten smears indicated the presence
| of C-14. Nine of the ten smears indicated high levels of Fe-55. The smear with the
| highest gross beta results indicated a level of approximately 460 dpm/100 cm of2

| gross alpha, but showed no detectable levels of plutonium, uranium or californium.
I

| 3.1.6.2 Comnarison with Previous PDP InfonnaliOD
I

| Information contained in the PDP was based on historical data that renders a direct
| comparison of PDP data and Site Characterization Program (SCP) results
| inconclusive for most structures. Most of the areas and information previously

3.1-26
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presented in Section 3.1.2 are not as comprehensive as the SCP data, and therefore |
there is no basis for comparison. However, radiation levels presented as actual |
values less than 0.2 mrem compare favorably with the SCP data. See Reference 14 |
for further detailed information. |

|
3.1.6.3 Conclusions of Site Characteriration Program |

|
Some of the more noteworthy features of Reference 14 are the following: |

1*
The only structures with contamination levels that will require j
decontamination are the Reactor Building and the Radioactive Waste |
Compactor Building. |'
Only a few of the PCRV internal components were available for sampling, |
since this area is generally inaccessible. The measured results from this |
limited sampling generally agree with the activation analysis provided in |
Section 3.1.4. Based on these measurements, PCRV internal dose rates are |
not expected to differ substantially from those previously estimated. |*
The analysis of plant systems showed general agreement with the extent of |
contamination presented in Section 3.1.2, although contamination was found |( in several systems that were previously thought to be less than the release |
criteria. Descriptions of these systems in Section 2.3.4 have been updated to |
identify that the systems are contaminated. Any additional decontamination j

or disposal activities can be performed within the cost estimate contingency |
funds.

|

The Fort St. Vrain Radiological Site Characterization Program will be an ongoing |
program throughout the dismantlement process. The results of the . site |
characterization will assist in the determination of fm' al survey plans, frequency of
surveys and instrumentation to be used. It will also be used as a general performance
indicator to assess the effectiveness of the overall site decontamination. The data will'

be utilized for radioactive waste management, assessing potential hazards during the
decontamination and decommissioning work, for determining safety controls, and
accurately scheduling the decommissioning activities.

|

| 3.1-27

|

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



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

I

PROPOSED DECOMMISSIONING PLAN 4/17/92
SECTION 3

,

gINTENTIONALLY LEFT IlLANK

.

!
|
|

|

h3.1-28

- - - - -



o O U,,

.
N

w
N
C
"TABLE 3.1-1

RADIOLOGICAL SURVEY SUMMARY

REACTOR INTERNALLY SOUltCE OF GMAMINATF**3 LD EL3LEVEL BUILDING RADIOACTTVE RADIAT10NI RADIATION IJ.e>5E flXED
ELEVATION SYSTEMS CONTAMINATION LEVEL 3 tmR.%r) (DiMtife3 cm3 (DI%Cl3 <m4

13 4916*S* 46,47

12 4906*3* 44,47

I

! II 4** I * O* II,12,13.14.15 Shine thre F3W's end Genere! Aree - 0.C44
16,21,23,46,47 ESW's
72,93 $sw

10 4864*O* II.13.I4,16,21 New FeelI.mde g Pat Genees! Area - 0 8 30.9M 5.9 0 - 10.an On
23, 46. 47, 72, 93 Cerases-6.C _

*

He Servke Fedtsy (see I.nel 9 nsaho)

=1%rp Veceum Pts- e gem Ans - 0 032 g
9 4549'0* II,14,16,21,23, ~~egenersuca Symess General Area - 0.1$ O

46,47,61,02,63 M72, 93 Il=e Servke Faciidy General Area - 0.5 100.9M IG onn. 3n,3n Q
O8 4839'0* 11,I4,16,23,46 Access no H5F General Ane . 0.3 30.Ono c

47,61,62,63,72, @3

93 H5FSony Generel Aree - 30 100.0 0 10.0,0- $0.0rn | g
Cornset - 200 | CA

f.n

| 7 4129'0* I1.I4.16,46,61 Irrodisted Genere! Ares - 2.8 '

Q62,63.72.93 Thermrwcup!cs Centact - 4 0
*/

! 6 4Cf6'0* II,46,61,62.63 Gev/I.Apsd Wawe General Area - 0 02 Z
| 72,93 symem Pig mg Coweet-I.2 hO
|

~

4
;

zfO

wZ

_ _ _ _ _ - -



___ _ _ _ ____. . _ _ _ _ _ _ - _ _ _- _ - _ _ _ _ _ _ _ _ _ _ .

v1 ~
mx
CO
ON
OO
Zy

TABLE 3.1-1 (Conti: ued) sa
RADIOLOGICAL SURVEY SUMMARY

g
m
O
O L

g' =-REACTOR !NTDtNA11Y SOURCE OF CONTAMINATFX4 L F ELS 5LEVEL BUILDING RADK) ACTIVE RADIATION! RADIATK)5 LOOSE FIXFr yFLEVATION SYSTEMS CONTAMINATK)N LEVELS (mfUhr) @rM/100 c4 G)PMil5 e4 (n
$ 4791*0* 1t,46,61,62,63 Ges'Liquki Wsse Cemiset - 0.25 | O

_

72,93 Symem Piping 5.9 e 'O.ono 7
-

4 4 78I* 0* 46.47,61,62,63. Decentaminsti.m syseen General Aree - 0 * 600 8 $(o- fpM O
Z

72,93
Cana-30 ,

m3 4771* 0* 46,47,61,62,63, IL. - __L General Ane - 0.4 1.400 100-53)72,93 Leondry Ceext - 2_2

F3nnr of Vesk
Coen:imag T4101 500-I,0rn

2 4'56'0* 46,47,6t,62,63,
72,93

|

1 4740*&* 21,46,47,61,62 Gas Wome Coregwe=w
63,72,93 Dessas(3) I(0 - 500

Uqual Weas suenp 5.600 30p~r)
Bekw Floor 72 Rescnor Building Serry

Level 100 - 500
.

-

N

t\
D
t- 2

e 9 #
_



3

% '

A
N

e

-a
N
C
tJTABLE 3.1-2

ACTIVATION ANALYSIS RESULTS
(Total Curies Three Years After Shutdown)

| 1 m, Ic Ic-iIcastu.*I I I c l . 1 ,l . t ...I m I . | . - | ir. ,, c
mn,c mm.

Li c . . . .n ,3 4. .. . .. . . . . .
n, . . .. . . . . , in <. .. .. . .. .., n

. .c., im . . .. . .. .. . . . , .. ... . . . . . , , 2. !
c.s s

-
. <. .. . < . . . na <. 23 < . c. . . . . .. on.

c-n
, ne sm u. <. <. . .. 2 .. . , , . . . .n . . . . . , m.
. iv . <. .. . . ,, .. .. . . . . . . .c- %

et
s

.t . . . . .. . .. . . . . . . . . <. . :. ~
O.. is .nn = . = is n. .. .m. .. . . . . . . . r. n,n. .., -

--

O. c .,, c . <. . . . . . . . , . .. . . .. ..

y.. . . . . .. . . , .. .. . . . . .. . . ,

i ,ws mi .m . . . ,n . . . , c2 . ... -n 1., ., ! . 3 -m. a ,

19749. 9ee gas m

Om.. .=1
c ammmt. m

g
w cw n..s. . . . ..I euw wa

O.,.
<. .= . m ,. .n . . . . :,.r ac-

2. u cw . . . . .a u. .. v. a. . . .. . . . .. m.,, p !c-
,

, .,- c~ n . . . , .. ,, .s . . . , .. . in .= ... in
-
w. % . . . ., m r, . . . , m ,. . . . . . .. . . . m,

,

, ,c . . .. . < . . . -c ., .c .n .. . . . .. un. o |
.. . : i.,.,, .u .n ,. <. un ., . . . . . . . , ,2 = r . zn, m

U Z| vman. mu n] | q
-
A em.

O
Z >t :
ts Z

__ _- - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. . _ . . _ . . ._m -m - -._.__-.--m. - - - - . - - .-- - , _ _ _ . . _ - . - _ - - - - - _ - . _ . - . . - -- - - - _ - - .-

PROPOSED DECOMMISSIONING PIAN 4/17/92
SECHON 3 h

E N 3 E E E c 9 N E *E EEE E I Ee C E 6 E C E E E b1
*

e n O O s e C C n
$ v v V "

a < ~ C e C o C g e C C o c e C e O C e* " w v v V V v v v v
-

C b C E E 5 C E I* d I E E E E E C C E E E E E k O EC O O O C C C C C C C C C C C C C O C C O C C C O Cy v v v v v v v v v v v v v v v v v v.

moomeum

9 N E E E E c 5 E E C E C E C E I N C O E C E E E C E$ C O C C O O O O C C C C C C C C O e C C C C C C O cj v v v v v v v v v v v v v v v v v v v v v v v
_

N N N C E E C E 5 h ! E E 5 b C E* E C E E E E 6 E E
9

O C @ @ C C C C O m C C C C c C C C @ C C C C C C C Cy v v v v v v v v v v v v v v V v

O s a s E s E E s E E E E s E E E E E E E E c E s s E: O C e C o e C e c 0 C C e o C C. e e C C O e C C O C. v v v v v v v v v v v v v v v v v v v v v v v v v(
- ==

..
E & C C C C 5 5 5 C E E C C C E C C E E O 5 E E E C

w
* e e e o 9 0 0 o e C C C o e e e C C e C o e o e O Og v v v v v v v -v v v v v v v v v v v v v v v v v v v

__

E D E E 5 C a O C C E E C C C C E E e C 5 Y E 5 5 Em
9 C O C O C C C C O C C C e C C e c 0 0 0 e C O c O Cg v v v v v V v v v v v v V v v v v v v v v v V v v vA

em

, E s s E s E s E E E E E E E E s c E E s s E E E s Em
g e 4 0 0 0 0 0 C C C C C O O O O C C O C 0 0 0 0 0 0 @= g v v v v v v v v v v v v v v v v v v v v v v v v v vc
g
U

--

E S E E E E E E E S E 5 5 5 5 5 E 5 E E E E E E E E* O O C C C C C C * C C C C C C D C C C O O C O O O O0 v v v v v v v v v v v v v v v v ve.4 V
=

*

E E C C E E C C C C E E C~ 8 C E C E C C C C C 6 O E
gh e 0 0 0 0 0 C C C C C C G C O C C C C C O C O C O O OJ e v v v v v v v v v v v v v v v v v v v v v v v v v v*3

< --

H E E E S E E E E $E n X & 5 5 E E E 5 E E E E & E
".

e e n O o O a o O v ~ v O C C e o e O O O O O a C O C. v v v * " v v v v v v v v vb

-

7 C E C O~ E 8 E E E C E E C E E 5 3 C C E C C C E E Eg O C C C C C C O C C C C C C C O C O C C C C C C O Cg v v v v v v v v v v v v v v v v v v v v v v v v v
-

E E O 6 5 C E C~ E b C E 5 5 6 O C E E 3 E C E E E C
*
T C O O O O O O O O O C C C C O O O O C O C O C D Ci C( v v v v V v v v v v v v v v v v v v v v V v

-

C O C 6 O O C 6 E U E C C C C 5 C 0 6 E E C E C C C
*

T 0 0 0 0 0 C O O 7 4 O C C C C C C C C O c c C C 0 Cd v v v v V v v v v v v v v V v v v v v v V v v v
_

e C C O O E C 5 C E 5 C E 5 5 5 C C C C C C O C C C" C C O O C 0 0 0 C C C 0 0 0 C C C C C C O O C O O CU v v v v v V V v v v v v V v v V v v v V v v v v v v
-

4 C C C C h C0 0 0 0 0 0 0 C N O C C C C C O 0 0 C 0 0 C O C O C| 2 y v v v v v v v v v v v v v v v v
"--

\ y T
5 1 1 1 1 1 5 1 1 1 1 1 1 1 1 C 1 1 1 1 1 2 5 5 1

* '. . . . . . . . . . . , . . . . ). *d 1 1
1 1 1 1 1 1 1 1 ,

t$
,

%= "
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 *1 1'

& s f. . . . . . . . . . . . .
- aga g a.

. ,

- a a a a a a : s a a a a. a a a a
. . . . . . . . a -

y y a a a a a a a a a
e w a -

n;-3 1 T $ 4 $ 4 4 F
- e,
s l

*

a e, s. v - ~l -? $ 4 $ 4 4 $. $C -?. $ s $ 4 ,4 - .- sG,
- ~ .- a n a.

.- - _ _ - . , _



. . _._ _ _ -._ _ _ __. . _ _ - _ . _ _ _ _ _ _ _ . . _ _._ _ _ _ _ _ _ _ _ , .

4/17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

TAllLE 3.13

ITRY DOSE RATES IN AIR
AT S YEARS AITER SilUTDOWN

I
GAhlMA DOSE RATE

RADIAL R/itr
- y

All components (from large side 9.7 E 4 01

reflector to PCRV concrete)
-

i
Large side reflectors removed 2.3E + O2

(from spacers to PCPV concrete)

From core barrel to PCRV concrete 2. lE - 02

PCRV liner and concrete only 8.8E 03

PCRV concrete only 4.5E - 03

22' PCRV concrete removed 6.3E 06

24' PCRV concrete removed 3.4E 06

\ AX1AL UP

All components (from Knowool 1.7E 01

insulation to PCRV concrete)

PCRV liner and concrete only 4.4E 01

PCRV concrete only 1.7E - 01

32' PCRV concrete removed 7.6E 06

34' PCRV concrete removed 4.4E - 06

36' PCRV concrete removeu 2.6E 06

AX1AL DOWN
-

All Components (from core support blocks 6.1 02

to core support floor)
.__

PCRV liner and concrete only 2.5E 01

PCRV concrete only 1.EE 01
.

20' PCRV concrete removed 5.3 E - 06

22' PCRV concrete removed 2.7E 06
__

.

a

*---r-- y.-4m 9 -_.se,,,-_e,_y___. .- 7 _,m7,y-y_ ,.,.,.3 ,.,_.,..3,,._,,w,,w-,_ - . . . - , . . _ , , , p .y ,.7, g .- .sy- a -
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PROPOSED DECOhihilSSIONING PLAN 4/17/92

$'SECTION 3

TAllLE 3.14

ESTih1ATED PIETEOUT CONCENTRATION ON
h1AJOR PHih1ARY CIRCUIT COhtPONENTS

AT END OF REACTOR LIFE (890 EFPD)

PIATEOUT CONCENTRATION
COh1PONENT Sr 90 Cs 137

dpm/100 cm' Ci/cm' dpm/100 cm' Ci/cm'

| lower Reflectors 5.98 E6 2.69 E 8 7.85 E7 3.54 E 7

| Steam Generator T
| Reheater Section* 1.11 E7 5.02 E 8 2.54 E7 1.15 E 7

| Economizer Section 2.17 ES 9.78 E 10 4.85 E7 2.18 E 7

| Circulator 2.88 E6 1.30 E.8 6.10 E6 2.75 E 8

| Circulator Outlet 1.24 ES 5.60 E 10 9.56 E4 4.31 E 10

| Core Barrel Annulus 1.63 E6 7.33 E 9 9.27 ES 4.18 E 9

| Upper Reflectors f 1.10 E7 4.95 E 8 5.31 E6 2.39 E 8
,

1

* Steam generator component with the highest estimated platcout concentration

O
I

~, . . , .
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TABLE 3.1-5

INTEGRATED PLATEOUT ON EACII PRIMARY CIRCUIT COMPONENT .
AT END OF LIFE (890 EFPD) 3i D

BRANCII NAAIE Cs-134* Cs-137* I-131 * I-129* Sr-90' Te-127m*
es

(Curies) (Curies) (Curies) (Curies) (Curies) ICuries),

leur Reflector 2.729E+00 5.752E +00 6.490E-03 5.662E49 4.380E-01 3.412E 4 01
<

Core Support Bloc *s 5.%9E-02 1Ji9E-OI 3.122E44 2.723E-10 7.671E-03 5.964E-01
Core Exit Plenum 1.198E-02 2.822E-02 2.166E-04 1.890E-10 1.449E-03 1.052E-01

4 Steam Generator inlet 4.951 E-04 7.086E-04 1.027E-02 5.563E-09 1.331E-02 8.466E-01 '

;Steam Genentor Reheater 2.000E-01 7.807E-01 7 059E-01 3.295E-OS 3.420E-01 2.031E + 01
Swicinenter 5.331E-01 1.988E + 00 1.664E4 00 8.942E-08 1.098E-01 s 6.64SE+00 j
us Azer 1.291 E + 00 3.378E + 00 3.134E + 01 8.284E-08 1.514E-02 7.719E41 !
Evaporator 7.847E-01 7.063E-01 1.186E + 03 2.725E-07 5.726E-03 1.296E-01 3 [
Steam Gen. Outlet Plenum 2.064E-03 1.994E-03 1.199E + 01 1.I l9E-08 5.129E-04 3.388E44 hCirculators 1.383E-02 1.443E-02 4.744E + 00 3312E49 6.801 E-03 2.270E-03 O

tCirculator Outlet Plenum 4.85! E-04 7.594E44 6.790E + 00 1.128E-08 9.875E-04 7.962E-05 3
Core Ba rel/Lmer Annulus 1.076E-02 2.392E-02 4363E +01 3.614E-08 4.197E-02 1.757E-03

.
v
g ('

Core talet Plenum 1.267E-03 4.949E-03 1.901 E + 01 3.164E-08 1.004E-02 2.083E-04 @ {4

Upfw Reflectors 7.228E-02 3.893E 01 2.641E-01 3326E47 8.043E-01 1.186E-02 ,OSide Reflectors 1.041E44 1.037E-03 1.669E-01 2.858E-07 1.443 E-03 1.707E-05 {
'

Purification System 9.754E-05 3.984E44 2.554E+00 4.213E44 8.725E44 1.610E-05 G '

i

TOTAL | 5.712E+00 132E + 01 1309E+03 4.225E-04 1.800E + 00 6355E +0! 6
v1 '

' j TOTAL (3 YEARS | 2.081E+00 t.23E + 01 0.00E +00 4.224E44 1.675E +00 5.98E-02 un 3
- m z*

Plateout distribution based upon sorpten isotherms for unotidized miley steel surfaces.*
Based on the source rate calculated from the xenon data using the square root of half-life dependence. O:

zb
wz

4
>

$

I
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PROPOSED DECOMMISSIONING PLAN 4/17/92

hSECTION ?

TABLE 3.1-6

ESTIMATED CURIE TOTAL AT ISV l
(Three Years After Shutdown) '

l

NOTE: The systems listed below are those systems which are known to be contaminated,
or experiencing on-going maintenance, defueling and component removal which
may transfer contamination to other systems and/or locations,

_ _ _ .

Total Curies

System System From From Loose
No. Activation Contamination m

11 PCRV and Internal 7.94 E+05 2.54 E+02
Components

12 Controls Rods and Drives l.34 E+04 N/A
_ O13 Fuel Handling Equipment N/A 8.95 E-03

14 Fuel Storage Facility N/A 2.08 E-02

16 Auxiliary Equipment N/A 9.05 E 03

17 Reactor Removable ReDector 4.82 E+05 N/A

21 Primary Coolant N/A 6.01 E+01

22 Secondary Coolant N/A 3.68 E+03

23 Helium Puri6 cation N/A 9.33 E-01

61 Decontamination Systems N/A 1.06 E-05

62 Radioactive Liquid Waste N/A 4.06 E-05

63 Radioactive Gas Waste N/A 8.15 E-05

Includes an estimate of loose surface contamination due tb activated corrosion
m

products.

O
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4TAHLE 3.1-7 -

GRAPIIITE PROPERTIES COMPARISON TABLE 4
4
tJ

PARAME1T2 I.mtge Side Bar mesed Side Resiovable Core 58Ffort Bneidi Test Remorto

RcRectoe Spmer Bkute Reflector Blocks 5.syle

Type of Orophae Hl34 18134 H45 tal-327 PCX (L cene 2 Searles fruse Meg.m Reecen

Orode)
|

Dumsy

Unimoseeed *8 Is 1,72 - I.77 1.76 1 52
.

Irradiesed 1.5 8.8 4.72 - 1.77 1.76 1.7

l .5 ** - A/V een n e sig=rn om due se
| Swfece te volume Reese (cm3 0.08 0.75 0.12 - 0.33 **

| =ery emelt ername cww cweene 5
N

Tceal Mese (g) I.53 EE 6.11 E7 1.3 El 8 E7 680 Q
T

Tceal volume (ec) 1.015 ES 3.40 E7 8 E7 4.5 E7 3M* * - Acesel emaybe si.e; 2 esavice nemed O
._ w

M
Tceal Troivan Ceareas (CE) 82.558 11.532 3500 47 O
Traises Coneeneroeson (pC'a/cc) 813 340 <0 01 06 10 7' * - Mees-d .tue 2.2 E3 sq's Q

M
Mafar ImI*rnees (ppm) Q

O
I.J <2 <2 <01 <2 <0 05 J g

:r
Fe 2000 2000 < 20 19r.10 10 0

CA

Co 02 0.2 <0 03 1 02 C O2 $
C

f Flex Hisecry (TIPD) St 390 58W 890 =3550 Z

Dermal 3%s (n/cm'/sec) 3 8 E13 <38EI) <3 5 E13 < 3 8 EI) 3.4 EI)

W m
Mesicum Tempe enne (*C) 300 - 500 300 - 500 *M) - 700 700 O

2
Primary Cooiens Helmsm Heliana Heksee Hehwin Cth

'A Z
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L(CEND: All Radiation levels in erer/hr
* Denotes contact radiation reading
( ) denotes radiation level an 18 inches

Circled numbers indicate loose surface contamination
survey point (all values <100 OfW100 cm2 unless a
value is adjacent to the circle)

Figure 3.1 1 Compactor Building Radiation Survey
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LICEND: All Radiation levels in prem/hr
* Denotes rontact radletion reading
( ) denotes radiation level an 18 inct.ts

Circled numbers indicate loose surface contamtr.ation
survey point (all values <100 DNV100 cm2 unless a
value is adjacent to the circle)

Figure 3.1-2 Radiochemistry l2boratory Radiat.on Survey
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L(r[ND: All Radiatiof. levels in tren/hr
* Denotes contact radiation reading
( ) denotes radiation level an 18 inches

circled numbers indicate loose surface contamination
survey point (all values <100 DPM/100 cet unless a
value is adjacent to the circle)

Figure 3.13 Turbine Building Radiation Survey -

| C Level 5 (Elev 4791')
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| L(CEND: All Radiation levels in erem/hr
* Denotes contact radiation reading|

( ) denotes radiation level an 18 inches
Circled numbers indicate loose surface contamination
survey point (all values <100 OPM/]00 es? unless a
value is adjacent to the circle)

Figure 3.1-4 Turbine Building Radiation Survey -
Level 6 (Elev 481l')
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LEGEAO: All Radiation levels in arem/hr
* Denotes contact radiation reading
( ) denotes radiation level an 18 inches

| Circled numbers Indicate loose surface contamination
| survey point (all values <100 DNi/100 cet unless a

value is adjacent to the circle)
t

; Figure 3.15 Turbine Building Radiation Survey -
| 12 vel 7 (Elev 4829')
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LEVEL 11

LEGEND: All Radiatte,n levels in miem/hr
* Denotes contact radletion reading
( ) denotes radiation level an 18 inches

Circled nucers indicate loose surface contamir:ation
survey point (all values <100 DPtV100 cet unless a
value is edjacent to the circle)

Figure 3.1-6 Turbine Building Radiation Survey - gLevel 8,10, & 11 (Elev. 4846',4864',4884')
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';(CEND: All Radiation levels in tretVhr
* Denotes contact radiation reading
( ) denotes radiation level an 18 inches

Circled numbers indicate loose surface contamination
survey point (all values <100 DPM/100 cet unless a
value is adjacent to the circle)

p Figure 3.1-7 Turbine Building Radiation Survey -
Level 12 & 13 (Elev 49CW,4921')
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V

3.2 RADIATION PROTECTION PROGRAM

3.2.1 Introduct oni

This section sets forth the policy and the requirements of the Radiation Protection
Program to be implemented during the decommissioning of the Fort St. Vrain
facility. This section is the highest tier document of the Radiation Protection
Program and provides definitions of the Radiation Protection organization,
responsibilities, authorities, administrative policies, program objectives and standards
to implement the Radiation Protection Program. This section will also be used as the

basis document for all Radiation Protection Program administrative and implementig
procedures.

Title 10 Code of Federal Regulations, applicable regulatory guidance documents and
industry standards are the basis of the Radiation Protection Program. This section
was specifically formatted using Draft NUREG-0761, " Radiation Prctection Plans for
Nuclear Power Reactor Licensees" (Ref.15), which provides guidance for the content
of a " Radiation Protection Plan". It also incorporates the guidance contained in NRC
Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational Radiation

b(N
Exposures at Nuclear Power Stations will be as Low as is Reasonably Achievable"
(Ref.16) and NRC Regulatory Guide f .10, " Operating Philosophy for Maintaining
Occupational Radiation Exposures as Low as is Reasonably Achievable" (Ref.17).

. 3.2.2 Management Poliev

3.2.2.1 Management Poliev Statement

PSC and its management are committed to the safe decommissioning of the Fort St.
Vrain facility. The primary objective of the Radiation Protection Program is to
protect the workers, visitors and the general public from radiological hazards that
have the potential of developing during the decommissioning project. PSC and its
contractors will provide sufficient qualified staff, facilities and equipment to perform!

i the Fort St. Vrain fac"hy decommissioning in a radiologically safe manner. PSC is
committed to strict compliance with regulatory requirements, radiation exposure
limits, and limits regarding release of radioactive materials. In addition, PSC will
make every reasonable effort to maintain radiation exposures arid releases of
radioactive materials in effluents to unrestricted areas As low As Reasonably is
Achievable (ALARA). The ALARA philosophy will be incorporated into all
decommissioning activities and have full management support.

| 3.2-1



_

PROPOSED DECOMMISSIONING PLAN 4/17/92

hSECTION 3

3.2.2.2 Administration Policy

Activities conducted during the Fort St. Vrain decommissioning project that have the
potential for exposure to radiation or radioactive materials will be managed by
qualified individuals who will perform program operations according to procedural
guidelines. Radiological hazards will be monitored and evalua'W on a routine basis
to maintain radiation exposures and the release of radioactive materials to unrestricted

areas as far below specified limits as is reasonably achievable. All decommissioning
project work activities, and each element of the Radiation Protection Program will
be specifically defined and implemented t.sug written manuals, procedures and
instructions. Radiation protection training will be provided to all occupationally
ex;ased individuals to ensure they understand and accept the responsibility to follow
all procedures and to maintain their radiation dose ALARA.

Project management will ensure that work specifications, designs, and work packages
involving potential radiation exposure or handling of radioactive materials incorporate
effective radiological controls. Project supervisors will include radiation protection
considerations in the work activities under their control.

Radiation protection records will be prepared and maintained using high standards of g
accuracy, traceability and legibility to meet the requirements of regulatory agencies
and company procedures.

3.2.2.3 ALARA Policy

All activities at Fort St. Vrain involving radiation and radioactive mat: rials shall be
conducted such that radiation exposures to en ployees, contractors, and the general
public are maintained ALARA, taking into _ account current technology and the
economics of radiation exoosure reduction in relatiorpip to the benefits to health and
safety.

Project management will establish specific goals and objectives for the Fort St. Vrain
decommissioning project ALARA program. The ALARA program will De based on
the guidance provided in Regulatory Guides 8.8 and 8.10 (References 16 and 17).
The ALARA program will incorporate current technology and sound radiation
protection practices to maintain exposure to ionizing radiation ALARA.

|

| 3.2-2



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

4/17/92 PROPOSED DECOMMISSIONING PLAN

A(7 SECTION 3
l

3.2.2.4__ Regulatory Compliance Policy _

Project management will maintain the Radiation Protection Program in compliance 1

with the requirements of 10 CFR (as amended),49 CFR and to the extent practical,
the' information contained in industry standards, Regulatory Guides and other
guidance documents referenced in Section 3.2. The decommissioning of Fort St. j
Vrain is scheduled to occur during the transition to the revised 10 CFR 20

;

regulations. PSC intends to implement the revised 10 CFR 20 no later than January | !

1,1994, in accordance with the current schedule for providing suf6cient regulatory | ;

guidance to allow for effective implementation. Depending on the projected rmus | l
of We Fort St. Vrain decommissioning project as of January 1,1994, PSC may a@y | |for an exemption of the implementation of the requirement of the revised 10 CFR 20 | '

for the remainder of the decommissioning project. Following implementation, the |
Radiation Protection Program will be periodically assessed against any newly issued
regulatory guidance c.nd modified, if necessary.

j

l3.2.2.5 Waste Minimization and Distosal Pahc1 ;

1
1

Project management -will implement and enforce a program for minimizing *he i
p generation of radioactive wastes. Implementing procedures will be developed for theLb use, classification, treatment, packaging and shipment of radioactive material. These

,

! procedures will ensure strict compliance with applicable Federal, State and local
regulation and burial site criteria.

Project management will establish waste minimization goals. To ensure these goals '

are achieved, all decommissioning personnel will receive training in the applicable
procedures and practices to minimize the generation of radioactive waste.

3.2.2.6 Respiratory Protection Policy

Project management is committed to minimizing the inhalation of air contaminated
with dusts, mists, fumes, gases, vapors and radionuclides. The primary means of
achieving this goal will be to prevent or mitigate the hazardous condition at the

L source. Every reasonable effort will be made to achieve this objective by using
engineering controls, including process modification, containment and ventilation
techniques. The use of respiratory protection equipment will be consistent with the
goal of maintaining the total effective dose to personnel ALARA.

l

3.2-3
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A respiratory protection program will be developed, implemented and maintained in
accordance with 10 CFR 20 and udng the regulatory guidance found in NRC
Regulatory Guide 8.15, " Acceptable Programs for Respiratory Protection" (Ref.18),
and the NUREG-0041 * Manual of Respiratory Protection Against Airtxvr
Radioactivity Materials" (Ref.19).

3.2.3 Radiation Protection Organization and Functions

3.2.3.1 Radiation Protection Organizatio.n.

The Radiation Protection Organization will ensure that a high level of performance
in radiation protection is achieved through effective implementation and control of
radiation protection activities. This high level of radiation protection performance
will be achieved through the combined efforts of PSC management and the
Westinghouse Team.

The PSC management structure that will oversee and control the Radiation Protection

Program during the decommissioning project is shown on Figure 2.4-1, "PSC
Decommissioning Organization Chart". The PSC organization will provide control,
direction and oversight, and ensure the implementation of the Radiation Protection
Program.

The PSC Decommissioning Program Director and the Westinghouse Project Director
have ultimate responsibility for assuring that an effective Radiation Protection
Program is implemented during the Fort St. Vrain decommissioning. This corposte
and project -interface will ensure a coordinated and effective approach to the
minimization of individual and collective dose and the control of radioactive materials
during decommissioning.

Reporting directly to the PSC Decommissioning Program Director will be the PSC
Facility Suppcrt Manager. The PSC Facility Support Manager has oversiCt
responsibility for the development and implementation of the Radiation Protection
Program policies and standards and is the PSC Radiation Protection Manager (RPM)
for the decommissioning project. The PSC Facility Support Manager will serve as
a member of the Decommissioning Safety Review Committee and will also serve as

| a Co-chairman of the ALARA Committee. The PSC Facility Support Manager will
ensure that PSC has the proper control and authority over decommissioning activities
as they relate to radiation protection. The PSC Facility Support Manager represents

-

the formal line of communication and authority between Fort St. Vrain management

3.2-4
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and the Westinghouse organization for radiation protection matters. The PSC Facility
Support Manager will be responsible for approval of the Radiation Protection
Program manuals and the content of radiation protection training programs. The PSC
Facility Support Manager will also be directly responsible for the Radiological
Environmental Monitoring Program and the Emergency Response Plan. The FJC
Facility Support Manager will be quali3ed in accordance with NRC Regulatory Guide
1.8 " Personnel Selection and Training" (Ref. 20), and ANS/ ANSI 3.1 " Selection,
Training and Qualification of Personnel for Nuclear Power Plants" (Ref. 21). The
staff positions (Senior Health Physicists) reporting to the PSC Facility Support |
Manager will provide review and evaluation functions to enstre that the Radiation
Protection Program policies and standards are implemented.

The Westinghouse Project Radiation Protection Organization will be administered by
the Project Radiation Protection Manager (PRPM), under the authority of the PSC
Radiation Protection Manager. Figure 3.2-1, " Westinghouse Team Radiation
Protection Ocganization Chan" shows the key members of the Radiation Protection
Organization. The Project Radiation Protection Manager, under the direction of the
PSC Facility Support Manager, has the responsibility for the Radiation Protection
Program development, implementation and compliance with the applicable

7
(b regulations. The Project Radiation Protection Manager will be qualitied in

accordance with NRC Regulatory Guide 1.8 (Ref. 20) and ANS/ ANSI 3.1 (Ref. 21).

The Project Radiation Protection Manager will report directly to the Westinghouse
Project Director. This reporting chain will ensure sufficient authority and
independence to implement an effective Radiation Protection Program. It will also
provide a direo line of communication to senior project management.

The Project Radiation Protection Manager will have the authority to stop work
whenever activities have the potential to jeopardize the health and safety of workers,
visitors or the general public. This authority will not be limited to radiological safety
issues. If the activities violate operational parameters, administrative guidelines,
safety requirements or Radiation Protection procedures,
the Project Radiation Protection Manager will have the authority to stop work. The
authority to overrule the Project Radiation Protection Manager's stop work order may
only come from the PSC Decommissioning Program Director, PSC Facility Support
Manager or the Westinghouse Project Director.

The staff positions shown on Figure 3.2-1 will have the primary responsibility for
providing technical direction, implementation of the Radiation Protection Program,

V,o 3.2-5
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and supervision of the activities of the Radiation Protection Technicians and support
personnel. Designated radiation protection staff members will be c alified in
accordance with NRC Regulatory Guide 1.8 (Ref. 20) and ANS/ ANSI 3.1 (Ref. 21),
and will serve as the qualified sub.titute for the Project Radiation Protection
Manager. The staff positions will have the authority to stop work whenever activities
jeopardize the radiological health and safety of workers, visitors or the general
public, or, if the activities violate Radiation Protection procedures.

The number and titles of positions shown on Figure 3.2-1 may be modified during
the course of decommissioning. This may be necessary during initial project start-up
and demobilization. Changes to the Radiation Protection organization will require
approval from the PSC Facility Support Manager (PSC Radiation Protection
Manager).

3.2.3.7 Functional Descriptions

The effective implementation of the Radiation Protection Program is the responsibility
of all project personnel. Specific responsibilities for the implementation of the
Radiation Protection Program are listed below.

OThe PSC Vice President, responsible for nuclear activities, is responsible for the safe
decommissioning of Fort St. Vrain and a the designated Corporate Officer for PSC.

The PSC Decommissioning Program Director is responsible for conducting facility
decommissioning in accordance with regulatory requirements including those
activities related to radioactive materials and radiation exposure. Major
responsibilities related to the Radiation Protection Program include the following:

1. Ensure support for the ALARA program from project personnel.
2. Participate in the selection of specific radiation protection goals and

objectives for the decommissioning.
3. Support the Radiation Protection Manager in implementing the

Radiation Protection Program.
4. Ensure periodic status reports on the Radiation Protection Program are

distributed to management.
! 5. Issue or rescind "stop work" orders, as required.
'

6. Oversee the Decommissioning Emergency Response Plan.

3.2-6
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The PSC Facility S@ ort Manager reports to the PSC Decommissioning Program
Director and is responsible for implementation of laboratory, environmental
monitoring, training, access control, emagency raponse and Radiation Protection
Program activities. Major responsibilities related to the Radiation Protection Program
include the following:

1. Ensure proper implementation of Fort St. Vrain Radiation Protection
policy.

2. Interface with the Proje<t Radiation Protection Manager.
3. Ensure adequate staffing, facilities and equipment are available to

'

perform the functions assigned to Radiation Diotection personnel.
4. Serve as the PSC Radiation Protection Manager responsible for

oversight and direction of the Radiation Protection Program.
5 Issue er rescind "stop work" orders, as appropriate.
6. Ensure personnel at Fort St. Vrain have received job specific and

general employee training.
7. Serve on the Decommissioning Safety Review Committee.
8. Serve ns Co-chairman of the ALARA Committee. |
9. Ensure proper disposal of radioactive solid, liquid and gaseous wastes.

/] 10. Maintain and implement the Decommissioning Emergency Response
V Plan.

I1. Coordinate revisions to the ' 1ation Protection Program.
12. Approve Radiation Protectit dning programs.
13 Ensure implementation of the diological Environmental Monitoring

Program.
14. Review and approve training programs related to work in radiological

areas or involving radioactive material.

The PSC Senict Health Physicists report to the PSC Facility Support Manager |
Major responsibilities as related to the Radiation Protection Program include the
following:

1. Coordinate the annual review of the Radiation Protection Program.
2. Serve as dmgnated alternates to the PSC Radiation Protection

Manager.
3. Eva:uate Radiation Protection training programs.
4. Monitor collective exposure of various decommissioning activities.
5. Conduct inspections of work in progress to evaluate the adequacy of

the implementation of the Radiation Protection Program.

'g
s) 3.2-7
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6. Evaluate plant contamination control activities.
7 Support the decommissiomng ALARA committee.

| 8. Assist in reviewing radiological occurrences to identify root cause and
conective actions for radiation protection incidents.

9. Issue "stop work" t rders, as rppropriate.
10. Evaluate the adequacy of the radioactive n::.terial disposa! and shipping

activities.
11. Evaluate the dosimetry and personne! exposure tracking system.
12. Evaluate bicassay and radiochemistry activities.
13. Evaluate the calibration of portable, stationary and laboratory radiation

monitoring equipment.
14 Evaluate the adequacy of the Rt.spiratory Protection Program.
15. Evaluate the Radiological Environmental Monitoring Program.
16. Participate in the Decommissioning Emergency Response Plan.

The PSC Project Assurance and Operations Managers' responsibilities as related to
the Radiation Protection Program include the following:

1. Ensure personnel under their direction are properly tsned in and
comply with radiation protection requi:ements, h| 2. Support the PSC Facility Support Manager in overseeing the
implementation of the Radiation Protection l'rogram, including (but
not limited to) performance of audits and surveillances of their areas
of responsibility, and routine inspections of work areas where their
personnel are involved.

3. Przticipate in the Decommissioning Emergency Response Plan.

The PSC Shift Supervisor reports to the PSC Operations Manager. Major
responsibilities as related to the Ra liation Protection Program include the following:

1. Ensure the safe operat on of plant systems.
2. Ensure planned radiological efnuent releases are properly performed.

! 3. Notify the Nuclear Regulatory Commission, as required.
4. Notify Radiation Protection personnel when changes in plant

conditions could affect radiological conditions.
5. Ensure personnel under their direction comply with the requirements

of the Radiation Protection Program.
6. Participate in the Decommis>ioning Emergency Response Plan.

. 3.2 8
|
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The Westinghouse Project Director is responsible for conductir s decommissioning '

operations in accordance with regulatory requirements related to radioactive ma.erials
and radiatian exposure Major responsibilities as related to the Radiation Protection
Program include the following:

1. Ensure that all project personnel are properly trained in and comply
with radiation protection requirements.

2. Enst.re support for the ALARA program from all project personnel.
3. Participate in the selection of specific Radiation Protection ruls and

objectives for the decommissioning.
4. Support the Project Radiation Protection hianager in implementing the

Radiation Protection Program.
5. Ensure periodic status reports on the Radiation Protection Program are

distributed to project management.
6. Issue or rescind "stop work" orders, as appropriate.
7. Participate in the Decommissioning Emergency Response Plan.

The Westinghouse Site Operations Manager, Technical Services Manager and Project
Control Manager report directly to the Westinghouse Project Director. Major
responsibilities as related to the Radiation Protection Program include the following:

1. Ensure personnel under their direction are properly trainert and comply
with radiation protection requirements.

2. Support the Project Radiation Protection Manager in the |
implementation of the Radiation Protection Pregram.

3. Ensure that exposure and waste reduction techniques are ir.corporated
into work plans and procedures.

4. Ensure radiation protection and ALARA principles are incorporated
into project activities.

5. Ensure that requirunents, methods, regulations and procedures for
waste processing are specified.

2 6. Ensure that craft labor it pvuvided for operation of the waste
processing system, waste segregation and packaging.

7. Participate in the Decommissioning Emergency Response Plan. |

The Westinghouse Project Radiation Protection Manager reports directly to the
Westinghouse Project Director and is res}onsible for laboratory analysis, radiation
protection training, radioactive waste management, dasimetry, respiratory protection,
ALARA and radiation protection job coverage. Major responsibilities related to the

3.2-9
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Radiation Protection Program include the following:

Ensure the implementation of the swon Protection Program4.

policies and pnxedures.
'

2. Review and approve Radiation Protea.sn procedures.
3. Provide an interface for the PSC Radiation Protec* ion hianager and the

Westinghouse Project Director.
4. Ensure adequate staf0ng, facilities and equipment are available to

perform the functions assigned to Radiation Protection personne!.
5. Select and approve Radiation Protection staff members.
6. Ensure that adequate radiation protection coverage (minimum

established ratio of workcrs to Radiation Protection Technicians) is
provided for project personnel during all working hours.t

I 7 Establish goals and objectives for the Radiation Protection Program.
8. Iuue or rescind "stop work" orders, as appropriate.
9. Ensun that locations, operations, and conditions that have the potential

, for causing signincant exposures to radiation are identified.
! 10. Review and approve training programs related to work in radiological
I areas or involving radioactive material.

11. Provide training for personnel to work at Fort St. Vrain including job hspecific Ger'eral Employee Training.
| 12. Ensure proper disposal of radioactive solid, liquid, and gaseous

wastes.
13. P: ovide Radiation Protection input to decommissioning planning.
14. Trend radiation work perfcrmance of project personnel including

contamination and radiation exposure control.
15. Identify and review causes and corrective actions for incidents

| associated with radiation protection.
16. Ensure an effective ALARA Program.

| 17 Serve as a Co-chairman of the ALARA Committee.
! 18. Participate in the Decommissioning Emergency Response Plan.

The Westinghouse Project Radwaste Supervisor reports to the Project Radiation
| Protection hianager. Afajor esponsibilities as related to the Radiation Protection

Program include the following:

1. Coordinate radioactive waste minimization and disposal activities.
2. Classify radioactive waste rnaterial in accordance with 10 CFR 61 in

| preparation for disposal.
|
|

3.2-10
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2. Monitor the packaging and preparation of radioactive material for4

shipment.
4. Schedule and complete shipments of radioactive materialin accordance

with Department of Transportation (DOT) and NRC regulations.
5. Make recommendations to the Project Radiation Protection Manager

conceming site management issues that affect radwaste operxtions and
shipping.

6. Provide training for radioactive waste management.
7. Participate in the Decommissioning Emergency Response Plan.

.

'The Westinghouse ALARA Supervisor reports to the Project Radiation Protection
Manager. Major responsibilities as related to the Radiation Protection Program
include the following:

1. Review of work packages for ALARA consideration.
2. Establish ALARA person Rem tiudgets for project tasks.
3. Coordinate pre-job briefings and mock up training.
4. Track project exposure and prepare project person Rem reports.
5. Serve as ALARA committee secretary.

O 6, Implement the ALARA suggestion program.
7. Coordinate the ALARA exposure history records management system.
8. Perform cost benefit analyses, as required.
9. Provide radiation protection training, as required. '

10. Participate in the Decommissioning Emergency Response Plan.

The Westinghouse Radiation Protection Operations Supervisor reports to the Project
Radia!!on Protection Manager. Major responsibilities as related to the Radiation
Protection Program include the following:

1. Ensure that policies relating to personnel radiation exposures are
established and enforced.

2. Ensure appropriate radiation and contamination surveys are performed
to verify radiation levels and working conditions of the facility.

3. Ensure accountability of all byproduct material.
4. Train technicians to handle all phases of radiation protection work.
5. Review program effectiseness.
6. Issue "stop work" orders, as appropriate.
7. Coordinate the Respiratory Protection Program.
8. Control portable, stationary and laboratory radiation monitoring

! 3.2.I 1
; ,
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equipment.

| 9. Assist in reviewing radiological occurrences to identify root causes.
10. Interface with the Westinghouse training group.
I 1. Prepare procedures for Radiation Protection operations.
12. Review dosimetry and bioassay results.
13. Act as ALARA Supen'isor, as requested.
14. Ensure implemenation of the Radiation Work Permit Program.
15. Participate in the Decommissioning Emergency Response Plan.

| 16. Evaluate potential radiological harard situations.

The Westinghouse Technical Support Supervisor reports to the Project Radiation
Protection hianager, biajor responsibilities as related to the Radiation Protection
Program include the following:

1. Ensure appropriate bicassay samples are taken and results reviewed at
established in'ervals.

2. Ensure records of personnel exposures are maintained.
3. Ensure radiochemical analyses of solid, liquid, and gaseous samples

taken from plant systems and plant environs are perforrned.
4. hiaintain proper reagent preparation and control. g
5. Ensure laboratory quality control.
6. Provide radiation protection training support.
7. Prepare procedures for rr.diochemistry operations.
8. Ensure proper calibration of stationary, portable and laboratory

radiation monitoring equipment.
9. Assist Project Radiation Protection hianager in the review of program

effectiveness.
10. Provide technical direction and oversight in the areas of radiological

engineering, respiratory protection, Radiation Prutection
instrumentation and other areas of the Radiation Protection
organization, as necessary.

I1. Evaluate internal and external dosimetry results.
| 12. Evaluate programmatic deficiencies and prescribe corrective actions.

13. Participate in the Decommissioning Emergency Response Plan.
| 14. Assist in reviewing radiological occurrences to identify root causes.

The Westinghouse Radiation Protection T:chnicians report to a designated Radiation
Protection Supervisor. hiajor responsibilities related to the Radiation Protection
Program include the following:

3.2-12
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1. Conduct radiation and contamination surveys and keep legible records.
2. Identify and post radiation, contamination, hot particle, airborne and

|radioactive material areas. !

3. Prepare Radiation Work Permits to control access to and activities in
radiologically controlled areas.

4. Monitor work to assure compliance with gocx! radiological work
practices.

5. Implement ALARA program requirements.
6. Maintain and calibrate portable monitoring instruments.
7. Issue "stop work" orders as appropriate.
8. Sample various process streams for radiochernical analysis. - ;

9. Verify packaging of radioactive material. ;

10. Participate in emergency response activities as delineated in the
i

approved Decommissioning Emergency Response Plan.

All Project Supervisors have major responsibilities related to the Radiation Protection
Program including the following:

1. Ensure that personnel assigned to work with radioactive mate ial
attend required training.

2. Ensure personnel under their direction comply with radiation
protection requirements.

3. Identify radiation work procedures and practices that need upgrading.
4.- Assign tasks and ensure that workers are prepared for tasks in order

to maintain doses ALARA.
5. Ensure that employees know the radiological hazards of their duties.
6. Ensure that assigned equipment and facilities are designed, installed

and operated to minimize the radiological hazards to personnel.
7. Know the location and the radiological hazards in the work area.
8. Know the exposure status of those for whom they are responsible,
9.- Provide information on projected work activities to th- Radiation

Protection organization.
10 Notify Radiation Protection personnel of any radiological problems

encountered.
I1. Assign tasks to distribute dose among exposed personnel to minimize

the likelihood of_ overexposures and to maintain individual doses
ALARA.

12 Ensure that workers are prepared for tasks with tools, equipment and
training to minimize time spent in Radiation Areas.

3.2-13
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All Project Workers have major responsibilities related to the Radiation Protection
Program including the following:

1. Obey promptly "stop-work" and " evacuate" orders from Radiation
Protection personnel.

2. Obey posted, oral and written radiological control instimetions and
procedures, including instructions on Radiation Work Permits (RWPs).

| 3. Wear TLDs and self reading / electronic dosimeters where required by
postings or as directed by Radiation Protection personnel.

4. Immediately report unexpected exposure and lost or offscale dosimeter
to Radiation Protection personnel.

5. Keep track of personal radiation exposure status to ensure that
administrative dose limits are not exceeded.

6. Rennin in as low a radiation area as practicable to accomplish work.
7. Do not loiter in radiation areas.
8. Do not smoke, eat, drink or chew in radiologically controlled areas.
9. Wear anti-contamination clothing and respiratory protection properly

whenever required by postings or by Radiation Protection personnel.
10. Remove anti-contamination clothing and respiratory protection

properly to minimize spread of contamination.
11. Monitor for contamination when leaving a contaminated area or a

radiologically controlled area and notify Radiation Protection personnel
if contamination is found.

12. Minimize the spread of contamination and promptly notify Radiation
Protection personnel of any known or potential radioactive spills.

13. Do not unnecessarily touch a contaminated surface or allow clothing, ,

tools or other equipment to do 50.
14. Place contaminated tools, equipment and solid waste on disposable

surfaces (e.g., sheet plastic) when not in use and inside plastic bags
when work is fmished.

15. Limit the amount of material that has to be decontaminated or disposed
of as radioactive waste.

16. Notify Radiation Protection personnel of faulty or alarming Radiation
Protection equipment.

17. Report the presence of open wounds to Radiation Protection personnel
prior to working in areas where radioactive contarnination exists and

C exit immediately if a wound occurs while in such an area.
18. Notify Radiaticn Protection personnel upon returning to the site after-

medical administ ation of radiopharmaceuticals.

3.2-14
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19. Assure a mentally alert and physically sound condition for performing
assigned work.

20. Ensure that work activities do not create radiological problems for
others and be alert for possibilities that activities of others may change
the radiological conditions to which the individual is exposed.

21. Do not touch or pickup material in RCA's without a prior survey.
22, Comply with the requirements of the Decommissioning Emergency

Response Plan.

3.2.3.3 Radiation Protection Or,ggnization Staffing.

The Radiation Protection organization will provide appropriate personnel and
resources to verify a radiologically safe working environment. A sufficient number
of Radiation Protection personnel will be present during the various decommissioning
activities to ensure compliance with the Radiation Protection Program and
implementing procedures. Projected Radiation Protection staffing levels are shown
in Figure 3.2-1. The Project Radiation Protection Manager will establish guidelines
for adequate Radiation Protection staffing based on radiological parameters and work
scope.

Radiation Protection staffing levels will be periodically reviewed by the PSC and
Project Rsdiation Protection Manager and the Radiation Protection Supervisors, as
applicabin. to ensure that adequate staffing levels are maintained consistent with

,

currer.t and plarned decommissioning activities. Specific work packages will be
addressed on a case-by case basis (e.g., by the Radiation Protection Operations
Supervisor) to ensure adequate Radiation Protection Technician to worker ratios based

| on the guidelines provided by the Project Radiation Protection Manager.

|

| Contingencies will be in place to adjust staffing levels during the project for routine

| functions and unanticipated radiological events. These staffing contingencies will
i ensure that all work is performed in a radiologically safe and timely manner. Staff

adjustments will be implemented when needed, but only after review and
recommendation of the PSC and Project Radiation Protection Managers and approval
of the Westinghouse Project Director.

Continuous Radiation Protection coverage will be provided for decommissioning work
activities that involve significant radiological hazards, such as the removal of
unshielded, highly activated / contaminated components from the PCRV. For example,

| two Radiation Prottetion technicians would normally be assigned to the PCRV area

3.2-15

|



- _. _. . _.

PROPOSED DECOMMISSIONING PLAN 4/17/92

$SECTION 3

during component removal and handling. Another example is that additional
Radiation Protection tecnnicians may be provided during PCRV concrete cutting
operations, which are expected to run 24 hours a day.

Intermittent Radiation Protection coverage will be provided to decommissioning work
activities that have a minimal potential for significant personnel exposure. The
removal of balance of plant systems is an example of a work activity that will be
monitored periodically by Radiation Protection Technicians.

3.2.3.4 Radiation Prslection Program Manuals

The Radiation Protection Program will be integrated into all applicable
decommissioning work activities. The Radiation Protection Prcgram will be
specifically defined and implemented using a program manual consisting of both
administrative procedures and specific implementing procedures.

The Radiation Protection Program willincorporate four manuals:

1. Radiation Protection Manual
2. Radioactive Waste Manual
3. Radiation Protection Training Manual
4. Off-Site Dose Calculation Manual

The four (4) manuals will contain the administrative and implementing procedures,
which will specify the standards and controls and define corporate and site objectives
for the programs described in each manual. The Project Radiation Protection
Manager will have the responsibility for the development and implementation of these
manuals, followir.g approval by the PSC Project Radiation Protection Manager.

The development and control of Radiation Protection procedures will be in
accordance with the Quality Assurance Plan (Section 7 of this plan) and will
incorporate the following procedural guidelines:

1. Clearly defined scope, applicability, limiting conditions and
precautions.

2. Uniform procedure identification and status (titling or numbering, '

location, and statas for page and revision identification).
3. Consistent format (for organization, instruction step format, instruction

step designation, caution and note format, and page format.

3.2-16
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4 Clearly understood text, using standard grammar, nomenclature and
punctuation; concise instruction steps in a logical sequence.

5. " Hold points" for procedures with unique and/or high personnel risk.
6. Effective grouping of procedures and a clear table of contents for the

procedure binder or manual to allow easy location of a particular
procedure.

,

7. Review, approval, and issuance of temporary changes rad permanent j
revisions,

j
C. Periodic review of procedures. '

9. Controls to make procedure use as convenient as possible and to :

ensure that only approved copies are available. I

Figure 3.2 2, ' Radiation Protection Program Manual Structure", shows the hierarchy
and orgriaization of the Radiation Protection Program manuals c.nd associated
program elements. i

3.2.3.5 Contracted Radiation Protection Services

i

Procurement of contracted Radiation Protection services will be provided in,

O accordance with Section 7, the Quality Assurance Plan, the Radiation Protection
Program, and bid specifications developed for the decommissioning project.

Westinghouse has been contracted to provide the operational radiation protection,
radioactive waste management and final site release survey, either directly or throcgh
subcontractors. Examples-of subcontracted services include: external dosimetry
processing, primary instrument calibration and 10 CFR 61 program sample analyses.

3 2.4 Badiation Protection Training and Ouali6 cation

3.2.4.1 General Considerations

All decommissioning project workers _will be provided instruction in radiation
protection concepts commensurate with the radiological hazards they may encounter

| during the Fort St. Vrain decommissioning project. This training is recognized as
| essential in achieving high standards of performance in radiation protection,
i

The Project Radiation Protection initial training, quabiication and retraining programs
will be developed using applicable guidance contained in NUREG-0761 (Ref.15),
NRC Regulatory Guide 8.27, " Radiation Protection Training For Personnel At

3.2-17i
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'

Light-Water Cooled Nuclear Power Plants", hiarch 1981 (Ref. 22), NRC Regulatory
Guide 8.13, " Instruction Concerning Pre-natal Radiation Exposure", (Ref. 23)
November 1975 and NRC Regulatory Guide 8.29, ' Instruction Conceming Risks
From Occupational Radiation Exposure", (Ref. 24) July 1981. Guidance from these
documents will be incorporated into a Radiation Protection Training hianual, which
will include both administrative and implementing procedures.

Radiation protection training will be provided to three basic work groups:
Non Radiation Workers, Radiation Workers and Radiation Protection Personnel.
Training for each work group will be organized as follows:

Non-Radiation Workers will receive, as appropriate:

1. Introduction to Radiation Protection
2. Non radiation worker indoctrination

Radiation Workers will receive, as appropriate:

1. Radiation worker training
2. Specialized ALARA training
3. Respiratory protectica training

Radiation Protection Personnel will receive as appropriate:

1, Radiation Protection technician training
2. Radiation Protection support staff training
3. Radiation Protection supervisor training
4. Radiation Protection hianager training
5. Radioactive waste management training

All classroom training will be caducted using lesson plans approved by the Project
Radiation Protection hianager and the PSC Facility Support hianages. On the-job
training (OJT) will be administered by a qualification card or equivalent which is
approved by the Project Radiation Protection hianager. Personnel assigned to
perform Radiation Protection training will be qualified as instractors and/or
evaluators in accordance with the Radiation Protection Training hianual.

3.2 18
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3.2.4.? 1ptrodurtion to Radiation Protection
r

All project personnel, visitors and transients granted unescorted access to the
Restricted Area will receive, as a minimum, annual instruction in elementary

;

radiation effects and basic aspects of radiation protection during general employee
orientation. This training will meet the requirements of 10 CFR 19. t

The Radiation Protection crientation training, which will normally be given during
General Employee Training, will include:

1. Instructions to not enter radiologically controlled areas, violate
radiological postings or cross radiological boundaries.

| 2. Discussion of the decommissioning project.
,

3. Brief explanation of radioactivity and the biological effects of
low-level radiation exposure.

4. Emergency response actions.

Personnel will be required to score 80% or above on a written examination.-

Personnel will be required to complete annual requalincation training. The
'

O. requatincation training will give special attention to changes in radiation protection,
emergency planning and management policy.(

|

| Personnel who require access to the Restricted Area' to service and maintain
equipment (e.g , vending machines, office equipment, etc.) or who have had
unescorted access at other nuclear facilities within the last year, will be allowed to
receive expedited project orientation training by: -

' 1, Reading a copy of site specific information covering radiation
protection, emergency response and access control procedure.

2. Signing a statement acknowledging their understanding of the
information provided.

.

|

3.2.4.3 Non-Radiation Worker Indoctrinatica.

All visitors who require access to radiologically controlled areas will receive
|-

_ indoctrination training. Visitor access to radiologically controlled areas will require
- approval of the Project Radiation Protection Manager or designee. This

'

indoctrination training will include:

3.2-19
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1. The requirement that the visitor remain with the escort at all times and
follow diree' ions of the escort.

2. A descriptio. nf the radiological nature and required controls of the
area to be ene ed.

3. The purr ,e and proper use of dosimeters, including how to read
scif rr -aing dosimeters.

4. Pot.' .dal emergency situations and proper actions to take in such
events.

3.2.4.4 Radiation Worker Trainlag.

Personnel requiring unescorted access to radiologically controlled areas will be
required to attend, as a minimum, Radiation Worker training. This training will
provide workers with the knowledge and skills needed to work safely in
radiologically cont olled areas including; radiation and high radiation areas, airborne
radioactivity areas, radioactive material areas and contaminated areas. This training
will be consistent with that outlined in NUREG 0761, Appendix A, " Example
Qualification Standard for Radiation Work Training" (Ref.15). Radiation Worker
training will include:

O;; 1. Biological effects of radiation and the risks associated with radiation
exposure.

2. Information needed to comply with Radiation Protection procedures
and respond properly to warnings and alarms under both normal and
emergency conditions.

3. Information needed to ensure that individuals can maintain their own
exposure ALARA and ensure that ALARA considerations are
appropriately reflected in decisions which affect the exposure of
others.

4. Information needed to comply with Radiation Protection Program
procedures.

5. Discussion of worker rights and responsibilities as identified in 10
CFR 19,

6. Discussion of NRC Regulatory Guide 8.13 " Instructions conceming
Pre natal Radiation Exposure" (Ref. 23).

7. Training in emergency response actions.
8. Discussion of radioactive and mixed waste minimization.

3.2 20
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in addition to classroom training, each participant will be required to demonstrate
their abilities in a practical factors session. This will include:

1. Properly con and remove a complete set of protective clothing
(excludmg respiratory protection equipment).

2. Read and interpret self reading dosimeters.
,

; 3. Read .md interpret radiological survey maps.
4. Follow procedures to properly enter and exit a contaminated area,

including use of proper frisking techniques.
5. Demonstrate understanding and compliance with a Radiation Work

Permit.

Personnel wil! be required to score 80% or above on a written examination.
Personnel who pass the written exam will be required to successfully complete the
practical factors section. Personnel who fall exarns will be evaluated to determine if

additional training is needed, limited duty assignment is appropriate or
disqualification is necessa.y. Radiation workers will be required to complete annual
requalification training. The requalification training will give special attention to
Radiation Protection Program changes, weaknesses observed in project personnel
performance and lessons learned.

| Significant changes in Radiation Protection policies, requirements, techniques, '

procedures and equipment, as determined by the Project Radiation Protection
Manager, will be disseminated in a timely manner to affected personnel or
oiganizations through periodic awareness presentations.

.

Radiation Protection procedures will be developed to allow the Project Radiation
Protection Manager, on a case-by-case basis, to exempt personnel from Radiation

I

Worke* training. Exemptions will only be granted if the following conditions are met:

1. The individual is escorted by a qualified Radiation Worker or has
j documented proof of Radiation Worker training at another nuclear
I facility within the last year.
| 2. The exemption is valid only for the duration of the specific task for
! which access was approved.

3. The basis of the exemption and approval is documented.

3.2-21
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3.2.4.5 Snsialized ALAIM Training

In addition to Radiation Worker training, separate and detailed instruction in
advanced radiation work practices will be provided to those workers performing tasks
that involve potential sign:Ocan _diation exposure or quantities of radioactive,

material. This training will typically include workers involved in:

1. Operations which involve handling righly radioactive components that
have the potential for creating a significant airborne hazard.

2. Opentions which require work in contamination containment devices.
3. Grinding, cutting or similar operations on highly radioactive systems,

components or piping.
4, Work activities that require the use of special tools and equipment for

reducing exposures.
5. Special complex radiation work which involves skills and training

beyond that covered in Radiation Worker training.

Specialized ALARA training may include mock ups, dry runs, pre-job bric0ngs end
other special training classes. This training will normally be attended by all
peuonnel involved with the task, including craft supervision and Radiation Protection
Technicians. The need for specialized ALARA training will be identined during

| ALARA reviews aad/or Radiation Wo k Permit preparation,
l

! 3.2.4.6 Bnpiratory ProtectislainimL

Specialized respiratory protection training will be required for all personnel who use
| respiratory protection devices. Petsonnel using respirators in radiologically
| controlled areas will reqaire Radiation W *ker quali0 cation,

l

Pespirato y protection training will be conducted in accordance with 10 CFR 20,
NRC Regulatory Guide 8.15 (Ref.18) and NUREG-004i (Ref.19). Topics that will
be addressed in respiratory protection training include, but are not 'imited to, tN
fellowing:

1. Instructions that individuals are authorized to wear only the type of
respirator for which they are St tested and trained.

| 2. Discussion of the type of airborne contamination for which the
respirators will provide protection.

| 3. Discussion of construction and limitations of respirator types.

3.2-22
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4. Discussion of facial hair policy and use of approved eye wear.
5. Pre-use respirator inspection.
6. Instructiont for proper donning and fit.
7. Emergency actions in the event of respirator failure including

instructions to leave the area.
8. Practical demonstration of respirator inspection, donning and removal.

i

in addition to classroom training, each participant will be required to demonstrate
their ability in a practical factor session that includes:

1. Inspection of a respirator. )
2. Donning a respirator and performing a negative pressure test.
3. Removing a respirator.

Personnel will be required to score 80% or above on a written respiratory protection
test. Personnel who pass the written exam and are medically quali6cd will be
required to successfully complete the practical factors and fit test session. Respirator
users will be required to complete annual requalification training.

.

3.2.4.7 Radiation Protection Technician Training and Oualineation

Radiation Protection personnel will be selected, trained and qualined to ensure that
they have suf6cient knowledge and practical abilities to implement the Radiation
Protection Program effectively. Qualification criteria and job descriptions will be
developed for all positions within the Radiation Protection organization. This
quallScation criteria will contain the elements outlined in Appendix D of Draft
NUREG 0761 (Ref.15) and will be used to augment Radiation Protection Technician
training.

All Radiation Protection Technicians will be required to participate in classroom and
specific on the-job training (OJT). The Radiation Protection Training Manual and
implementing procedures will ensure that Radiation Protection personnel, who are
selected, trained and quali6ed, have the knowledge and practical skills nxessary to
perform their work.

Radiation Protection Technician qualification and training will include the following:

1. Radiation Protection Training procedures that specify Radiation
Protection personnel qualincation criteria, job descriptions, and

3.2-23
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responsibilities.
2. Review and serification of resumes by the Project Radiation Protection

Manager to ensure t'aat personnel have sufGeient education and/or
experience in thejob functions which they will be assigned. Radiation
Protection Technic'.ans will be required to meet the education and
experience levels speci6ed in ANSI /ANS 3.1 (Ref. 21).

3. Testing of Radiation Pro.xtion Technicians to verify appropriate
knowledge level in radiation protection theory, equipment, basic
mathematics and recognizing unusual situations involving radioactivity.
The test wil', include representative topics listed in Appendix E of
Draft NUREG 0761 (Ref.15).

4. Training m Radiation Protection procedures, the operation and
limitations of survey and count room equipment and methods to ensure
proper .ccord documentation and traceability.

5. Review of revisions to 10 CFR 20 and their impact on radiation
protection activities.

6. Tra'ning in emeigency response duties.
7. Review of major decommissioning work activities and notential

tr.diological hazards that may be encountered.

ORadiation pro'.ection specialists (not qualified as ANSI /ANS-3.1 Radiation Protection

Technician) performing unique radiation protection activities such as dosimetry,
respiratory protection, bioassay, control point monitor, etc., will be provided snecific
task related training. This specialized classroom and/or on the-job training , vill be
commeruurate with assigned duties and approved by the Project Radiation Protection
Manager.

Upon completion of required classroom training, Radiation Protection personnel will
complete on the-job training in assigned duties. Successful completion of these duties
will be documented by the responsible supervisor on the individual's qualification
card. The responsible supervisor will ensure that training has been adequate by
observation of on-the-job performance. Annual Radiation Protection Technician
refresher training, using a structured program approved by the Project Radiation
Protection Manager, will be conducted. This training will be documented ard may
include a written examination.

Additional training will be provided to Radiation Protection personnel if significant
changes occur in Radiation Protection policy, requirements, techniques, procedures
or equipment. This information will be disseminated to affected personnel or
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organizations through periodic awareness presentations and/or required reading.

3.2.4.8 Radioactive Waste hianacement Trainine

Personnel assigned to the task of packaging, loading and shipping raaicactive
materials will be required to attend annual training commensurate with their assigned
duties. This training will be in conformance with NRC IE Bulletin 79-19,
" Packaging of Low le el Radioactive Waste for Transport ,and Burial" (Ref. 25).
The training will int.ade instructions in all applicable Federal, State and local
regulations and burial site requirements for classification, packaging, loading and
shipping of radioactive materials.

3.2.4.9 Radiation Protection Supervisor Trainine and Oualification.

All project Radiation Protection supervisors will be tramed and qualified in their
positions. Radiation Protection training procedures will include supervisor job
descriptions which specify qualification criteria and responsibilities. This
qualification and training program will include the following:

O 1. Review and verification of resumes by the Project Radiation Protection
hianager to ensure that the supervisor has sufficient supervisory and
technical experience in the area (s) for which they will be responsible.
Supervisors designated as the alternate to the Project Radiation
Protection hianager will meet the education and experience
requirements established in NRC Regulatory Guide 1.8.

2. Training in Radiation Protection and decommissioning procedures
associated with their area of responsibility.

3. Training in emergency response duties.
4. Periodic professional Radiation Protection training in the form of

refresher courses, retraining, conferences or continuing education
which enable Radiation Protection supervisors to keep abreast of
current developments in the field.

3.2.4.10 EmiscLEadiation Protection Afanager Training and Oualification

The qualification and training program for the Project Radiation Protection hianager
will include:

3.2-25
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1. Verincation of prior education and experience as required by NRC
Regulatory Guide 1.8.

2. Orientation on specine decommissioning plans, management
organization and decommissioning project procedures.

3. Orientation on the specine design, systems and radiological controls
of the facility.

4. Training in emergency response duties.
5. Periodic professional Radiation Protection training in the form of

refresher courses, retraining, conferences or continuing education
which enable the Project Radiation Protection hianager to keep abreast
of current developments in the Deki.

| 3.2.4.11 PSC Senior Health Physicist Trainine and OualineatiOIL

| All PSC Senior Health Physicists will t: trained and qualiGed in their positions.
Radiation Protection training procedures will include job descriptions which specify
qualincation criteria and responsibilities. This goalification and training program will
include the following:

1. Review and verification of resumes by the PSC Radiation Protection h
| hianager to ensure that the Senior Health Physicists have sufficient

technical experience in the area (s) for which they will be responsible,
l | Senior Health Physicists designated as the alternate to the PSC
'

Radiation Protection hianager will meet the education and experience
requirements established in NRC Regulatory Guide 1.8.

2. Training in Radia.!on Protection and decommissioning procedures
associated with their area of responsibility.

3. Training in emergency response duties.
4. Periodic professional Radiation Protection training in the form of

refresher courses, retraining, conferences or continuing education
| which enable Senior Health Physicists to keep abreast of current

! developments in the Held.

3.2.4.12 PSC Radiation Protection hianacer Trainine and Oualification

| The qualineation and training program for the PSC Radiation Protection hianager
| will include:
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1. Verification of prior education and experience as required by NRC
Regulatory Guide 1.8.

2. Orientation on specific decommissioning plans, managernent
'.

organization and decommissioning project procedures.
3. Training in emergency response duties.
4. Periodic professional Radiation Protection training in the form of

refresher courses, retraining, conferences or continuing education
which enable the PSC Radiation Protection Manager to keep abreast
of current developments in the field.

3.2.4.13 R_ adiation Protection Training Records

The Radiation Protection Training Manual will specify the types of Radiation
Protection training records to be maintained. Records will be maintained in
accordance with regulatory requirements and company procedures. These training
records will typically include:

1. Final written examination grade.
2. Final practical factors evaluation results.

O Description of training completed satisfactorily, references to pertinent3.

lesson plans, course outlines, syllabuses and other subject-specific
descriptive information.

4. Documents indicating qualification verification (i.e., qualification
cards).

3.2.5 Dose Control

Radiation dose control is accomplished by controlling sources of radiation, controlling
access to areas containing radioactive materials, measuring radiation exposures of
workers, establishing exposure lir..its for workers and maintenance of an ALARA
program. Specific elements of dose controlinclude the following:

* ALARA Program Administrative dose control
*

*
Radiation Work Permits Area Definitions and Postings*

*
External dosimefry Respiratory protection*

*
Intemal dose control and monitoring

3.2-27
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3.2.5.1 AIARA Program

All activities at Fort St. Vrain involving radiation and radioactive material shall be
conducted such that radiation dose to employees, contractors, and the general public
are mair.tained ALARA. Project management will establish speciGc goals and
objectives for the Fort St. Vrain decommissioning project ALARA Program. The,

ALARA Program will be based on the guidance provided in Regulatory Guides 8.8
and 8.10 (References 16 and 17) to the degree applicable for decommissioning and
dismantlement.

3.2.5.1.1 ALARA Program Organization and ResoonsibilititS_

The PSC Radiation Protection hianager and the Project Radiation Protection hianager
are cooperatively responsible to coordinate ALARA Program development and
implementation. Specific responsibilities of the PSC Radiation Protection hianager
and the Project Radiation Protection hianager, including their ALARA Program
responsibilities, are listed in Section 3.2.2.

The actual implementation of specific ALARA actions, as incorporated into daily
work activities, will be the responsibility of each individual manager, supervisor and g
worker.

The ALARA Program will be supported by two levels of management providing
oversight and direction. The working level of the ALARA Program organization will
be the ALARA Committee and will be comprised of managers and representatives
of various crafts at the supervisory level, hianagement oversight of the ALARA
Program will be provided by the Decommissioning bafety Review Committee.

The primary responsibilities of the ALARA Committee will be to review
decommissioning work activities for effective dose reduction techniques and
conformance with the Radiation Protection Program policies and procedures.
Additional responsibilities will include reviewing the methods used for
decommissioning, providing guidance and solutions for dose reduction and the
approval of special equipment and procedures used to reduce and maintain the overall
project radiation dose ALARA.

| The ALARA Committee will be co-chaired by the PSC Radiation Protection hianager
| and the Project Radiation Protection hianager. The other members of the committee

will be designated managers and/or supervisors involved in the decommissioning

3.2-28

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



- . _. _ _ . _ _ _ _ -- . _ _ _ _ . _ - _ . _ _ - _ _ _ _ _ ___

4/17/92 PROPOSED DECOhfMISSIONING PLAN
SECTION 3

project. Members will have the appropriate authority and responsibility necessary
to implement an effective AL/.XA Program. The ALARA Supervisor willimplement i

the ALARA Program, serve on the ALARA Committee as a non voting member and
hold the position of Committee Secretary.-

ALARA Committee objectives will be as follows:

1. Ensure that ALARA policy, philosophy, commitments and regulatory
requirements are integrated into all appropriate decommissioning work

- activities.
2. Establish overall ALARA Program goals for the decommissioning |

project.
3. Review and approve the ALARA budgets for specific project

activities / tasks.
4. Review and evaluate individual and collective doses to determine the

degree of success being achieved by the ALARA Program.
5. Initiate corrective actions, as necessary, to ensure accomplishment of

ALARA Program objectives and goals.
6. Review and evaluate project activities / tasks that have dose estimates

above specified action levels. l

- 7. Ensure that necessary resources are provided to achieve the goals and
*

objectives of the ALARA Program.
8. Coordinate efforts of various functional groups (e.g., engineering,

i

operations, technical support and Radiation Protection) to maintain !

radiation dose ALARA.

The next higher level of management involvement in' the ALARA Program will be
the Decommissioning Safety Review Committee. This committee will review,
evaluate and approve major decommissioning operations dealing with radioactive
materials and radiological coi.Jols. This committee will also provide overall direction
to the ALARA Committee for decisions involving financial solutions, administrative
policy and decommissioning methods.

3.2.5.1.2 ALARA Trainine and Instructinn

Commitment to the principles of ALARA will be reflected in all radiation protection
training. Training courses will be evaluated by the Project Radiation Protection
Manager and approved by the PSC Radiation Protection Manager to ensure that
ALARA principles are incorporated into lesson plans.
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3.2.5.1.3 Engineering Controh_

Engineering controls is the term used for the general class of devices and associated
methods used to reduce the exposure of personnel to radiation and radioactive
material. Engineering controls typically include temporary shielding, engineering
access controls, process instrumentation, control of airborne radiation sources, remote

,

surveillance equipment, control of surface contamination, and other work '

improvement techniques.

" Temporary Shielding" will be evalt:ated during the planning phase for activities
involving high dose rates, such as core component dismantlement and removal, The
use of temporary shielding will continue to be evaluated during the implems.tation
phase. The decision of whether to use temporary shleiding will be based on
considerations such as:

1. The effectiveness of providing shielding for the component (radiation
source) or shielding between the source and the worker (shadow
shields),

2. The effectiveness of providing partial shields such as for " radiation
streaming", or "high level" sections of piping, drains, sumps, etc. h3. Estimated dose s vings by the use of shieldinF-

4. Estimated dose expended during shielding installation.
5. Projected cost ofinstalling and removing shielding, including the cost

due to delay of project, if applicable.

" Engineered Access Control" will be evaluated and used to limit access to High
Radiation Areas where it is not practical to provide continuous positive control (e.g.,
Radiation Protection Technician stationed at the ingress /cgress point). Examples of
engineered access controls include:

1. Inaccessible barriers
2. locked gates or doors
3. Barriers with flashing light (s)
4. A combination of the above

" Process Instrumentatia" for systems (e.g., the PCRV water filtration system,,

! radwaste processing systems, etc.), will be reviewed by the Project Radiation
i Protection Staff for instrument location and layout, including such concerns as:

|
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1. General accessibility and associated radiation exposure.
2. Potential radiation exposure due to operation of the system.
3. Potential radiation exposure due to servicing and maintaining the

system / process.

" Control of Airborne Radiation Sources" will be considered for work activities that
have the potential for producing airborne radioactivity (e.g., cutting and grinding
operations). Engineering controls to confine and/or control the source will be
evaluated. Examples of engineering controls for airborne radiation sources include:

1. Existing plant ventilation / filtering systems.
2. Auxiliary ventilation / filtering systems for contaminated components

and for machining and grinding.
3. Contamination control containments.
4. Purification systems.
5. Decontamination equipment.
6. Wet handling of highly contaminated equipment, such as PCRV

components.
7. Air sampling / monitoring instruments located to provide a quick

O indication of elevated airborne levels.

" Remote Surveillance Equipment" (e.g., TV monitors, audio equipment,
"as-installed" photographs and radiation monitors) will be evaluated for use during
decommissioning activities that have the potential for producing high radiation or
airborne radioactivity areas. Such equipment, when used, will allow personnel to
evaluate the radiation or airborne levels, the layout of the area and activities in the
area without being exposed to the radiological coaditions of the
affected area.

" Control of Surface f Aamination" will be evaluated and used to control and contain
the spread of contamination and prevent the spread of radioactive materials to
uncontrolled areas. Examples of methods used to control the spread of contamination
include:

* Containments Glove bags*

*
Surface decontamination Drip pans*

leak control Strippable coatings*

Air curtains and plastic coverings*
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Other engineering controls that ma; fromote work efficiency and reduce radiation
dose to workers will be evaluated. Examples of other engineering controls include:

Adequate lighting*

* Adequate ventilation
* Adequate working space
*

Ease and quickness for installing / dismantling temporary equipment, such
as scaffolding & insulation

* Means of accessibility, such as working platforms, cat walks, and fixed
ladders

*
Removal of components to remote areas, where shielding and special
tools are available in low radiation areas

3.2.5.1.4 ALARA Program Goalsj

Each major task / activity during decommissioning will be assigned an ALARA
(person Rem) goal. Each goal will be established based on the anticipated
person hours, dose rates and dose saving methods employed. The goals will not be
an estimate of the dose to be expended, considering the dose rates and person-hours,
but will be a goal that requires planning and proper execution of dose-saving methods g
on the part of all personnel involved in the task.

The estimated dose from major tasks will be combined with minor and/or routine
tasks (if necessary) to determine the annual and total dose goals for the
Decommissioning Project.

Major activities / tasks will be evaluated during the planning phase. Thh will involve
input from design engineers, the Projxt Radiation Protection Staff and implementing
supervisors to determine an estimaLd ^LARA goal for the task. ALARA goals will
be adjusted as additionaljob reviews, ALARA reviews and task modifications are
performed.

Prior to the start of specific activities / tasks, ALARA goals will be reviewed and:

approved by the ALARA Committee and the Decommissioning Safety Review
Committec, as appropriate.

|
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3.2.5.1.5 ALARA Job Reviews

ALARA job reviews will be conducted for mch activity / task as an integral part of
Radiation Work Permit preparation. (See Section 3.2.5.4) The scope and detail of
the ALARA job review, and the individuals designated for review will depend on the
complexity of the task, the expected radiological conditions and the estimated doses.

Cost benent will be considered in ALARA job reviews where signincant costs may
be incurred to reduce the estimated dose. These costs may be incurred by such
factors as temporary shielding, remote tools and/or surveillance, ventilation controls,
decontamination, etc.

Prejob brienngs and mock up training will be conducted for complicated or high
dose jobs, as required by implementing procedures and/or the specine Radiatian
Work Permit.

In progress ALARA reviews will be required if radiological conditions change
significantly, are unexpected or if the projected accumulated dose differs significantly'

from the estimated value (e.g., greater than twenty Gye percent).

Post job ALARA reviews will be conducted at the completion of activitics/ tasks for
which significant ALARA planning measures were required or accumulated '

person Rem exceeded specified action levels.
Post job reviews wil encourage all personnel involved in the project activities to
provide input regarding the effectiveness of methods used to perform the work. This
input will be evaluated for future work activities to improve work conditions and
maintain worker dose ALARA.

3.2.5,1.6 ALARA Work Practices

In order to complete each individual task and minimize personnel exposures, the
following work practices, as a minimum, will be implemented:

1. Pre-job briefings will be held with craft and Radiation Protection
- personnel to assure that ALARA practices have been adequately
factored into t' e work packages for completing tasks.

2. Personnel exposures will- be monitored on a regular basis for
potentially high exposure tasks to identify any irregularities that may
indicate excessive personnel exposures. In the event that an

3.2 33i
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irregularity is found it will be investigated immediately and corrective
actions implemented.

3. Tag lines will be attached and used when ngging and lifting high
exposure rate components (e.g., steam generators) from the PCRV to
keep workers as far from the source as possible.

| 4. Only essential personnel will be allowed on the refueling floor or
| work area when high exposure ratc components are being removed.

Casual observers will not be permitted.
| 5. Bagging techniques will be developed to minimize exposure.

6. Long-handled wipe tools will be used when appropriate to wipe down
wet components removed from the PCRV.

7. Shadow shields (lead blanket curtains or equivalent) will be used,
where appropriate, to reduce radiation fields at the work stations.

The radiation levels from activated structures inside the PCRV will be measured as
segments of the reactor are dismantled. The measurement of exposure rates at the
individual work stations will be performed and compared with calculation prior to
commencing each individual task. Adjustments will be made in exposure projections
as necessary. Temporary shielding will be used at the work stations to minimize
personnel exposures based on actual exposure rate measurements.

3.2.5.1.7 Administrative Controls

During the Project planning phase, specific work packages and the project as a
whole, will be reviewed by the Radiation Protection staff to ensure that adequate
administrative controls rd Radiation Protection hold points are included. The scope
and detail of the controls and hold points will be a function of the estimated radiation
dose rate levels and the complexity and duration of the
work activities.

Work activities that have the potential for high exposure rates (e.g., greater than 500
mR/hr) or high estimated dose for the task (e.g., greater than 10 person Rem) will
be reviewed and approved by the ALARA Committee.

Work activities, that if not performed strictly in accordance with administrative
controls could potentially produce personnel exposure in excess of regulatory limits,
will require review and approval by the PSC Decommissioning Program Director
and/or the Decommissioning Safety Review Committee.

3.2-34

1
I

!



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

L
l

4/17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

3.2.5.1.8 ALARA Suggestien Program

An ALARA suggestion program will be developed to ensure that all personnel have
the opportunity to participate in identifying potential ALARA concerns or
recommendations to support the project's dose recaction efforts. All suggestions will
receive review and response by the Radiation Potection staff to maintain open
communications on ALARA issues.

AI ARA & pgtion Prol, ram implemendng procedures v n'. address: submitting
ALARA suggestims; reviewing, evaluating and approving ALARA suggestions; and
implementini. and tre.cking ALARA suggestions.

3.2.5.1.9 ALARA Procram Evaluation and Appraisal

ALARA Program effectiveness will be monitored and evaluated on a continuing basis
to determine appropriateness and effectiveness. A variety of feedback mechanisms
will oe in effect to provide information for these evaluations. These mechanisms will
include pre-job, on-going end post-job reviews, and trending of Radiation Protection |
Performance Indicators.

ALARA Performance Indicators will be used to monitor and trend a variety of
indicators to identify those areas where the ALARA progam is performing
effectively and also where problems may be occurring in the Radiation Protection
Program. The need for additional ALARA Performance Indicators will be identified
through the review of ALARA suggestions, radiological occurrences,
radiological incidents, etc. Typical ALARA Performance Indicators include, but are
not limited to:

Respira'or usage as compared to the number of entries to controlled*

areas
* Personnel contaminations

Collective and individual dores*

* Number of positive bloassay results

3.2.5.2 (kcupational Exposure Estim: tic

The total cumulative occupational exposure for the entire decommissioning project
is estimated to be 433 person-Rem, due almost entitely to PCRV dismantlement and
assmiated waste handling activities. The estimated cumulative radiation exposure for |
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| each major activity where the potential for worker exposure exists is provided in
| Table 3.2-1. The estimate of Occupational Radiation Exposure (ORE) for the
| decommissioning of Fort St. Vrain was based on the tasks outlined in PDP Section

| 2.3.

The 433 person-Rem total exposure estimate will be used for planning purposes only
..ad is not considered to be a restricting upper limit. Actual exposures will be
controlled in accordance with ALARA principles (see Section 3.2.5.1). If projections
indicate that the 433 person-Rem estimate may be exceeded during the project,
written notification will be provided to the Decommisshning Safety Review
Committee (See Section 2.4.9) for assessment.

3.2.5.2.1 Assumptions Used to Determine ORE

| The scheduled task durations identified in PDP Section 2.3.5 formed the basis for
| estimating worker time spent in the radiition environments. The estimates of the
| irdiation levels were based on calculated activities for each activated component
| in:ide the PCRV and on estimated plateout activities for contaminated components.
| In determining oersonnel exposures for dismant'ing the PCRV, it was assumed that
| approximately 50% of the task duration time would require workers to be in the
| radiatior. fields. In addition, the radiation fields ac expected to vary for tasks
| performed during dismantlement of the PCRV after the water is removed from the
| PCRV. Consequently, " crew averaged" radiation fields were determined by
| distributing the total exposure estimated to complete the task uniformly among the
| crew.

| The general area background dose rates associated with the BOP systems are,

| | expected to be less than 1 mR/hr. However, it is anticipated that individual
| components such as filter housing, valves and piping that process fluids from the

'

i PCP.V may have radiation levels that exceed this dose rate. Therefore, the exposures
| estimated for the individual systems are based on the removal of some components
] that exceed I mR/hr and are expected to result in the exposures estimated for the

! | individual systems as listed.

| The radiation environments for packaging and shipping radioactive waste are expected
| | to vary over the course of decommissioning operations. The use of shielded transfer
| | containers, the HSF, long-handled tools and tag lines for handling radioactive

| materials and components will be among methods used to minimize worker
| exposures. In addition, shielded shipping containers will be used for packaging
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,u
radioactive waste that exceeds dose limits for shipping. It is expected that worker |
exposures recorded for the packaging and shipping of radioactive waste will result |
from working extended periods in low radiation backgrounds. Consequently, |
personnel exposure estimates for BGP and radioactive waste processing are based on |
experience from similar nuclear industry projects rather than direct dose calculations. |

Actual measurements of radiation levels at individual work stations wi'l be performed
prior to commencing each individual task. These measurements will determine Ll'e
actual radiation environment and the ALARA practices required to complete the task.
The design of the PCRV SF ~ ''* "vstem and the design of tooling will provide
flexibility in radiation pre ca 3 ustment of the PCRV water level and the.

use of underwater manud und terr operating tooling will minimize personnels

exposures.

3.2.5.2.2 ORE Cak alegy:

.

The detailed breakdown of eu. ...ojor activity to the WBS level and the associated |
projected exposures are also provided in Table 3.2-1. The methods for calculating |
the ORE consisted of: |

,

- 1. For PCRV operations only, the time workers spend at the work
station radiation environment was assumed to be 50% of the time

| scheduled to complete the task. The total scheduled time was used in |
the BOP and radwaste handling areas since radiation levels are j

expected to be low in comparison to the PCRV internals. |
2. The " crew averaged" radiation levels were determined by assuming

the total exposures estimated for completing a task would be
L uniformly distributed among the crew.
! 3. The majority of graphite reflector blocks will be removed without the |
'

use of shielded tranrfer casks.
4. The highly activated components, such as boronated pins and large |

| side reflector blocks, will be loaded into shielded containers under |
| water and transferred to the HSF for processing.
| 5. The PCRV water level will be maintained such that the general area
! exposure rate on the work platform will typically be less than '2 |

mR/hr.
6. Personnel exposures for Health Physics (HP) and Quality Assurance j

! (QA) coverage for PCRV decommissioning operations were assumed |
to be 10% (for HPj and 1 % (for QA) of craft personnel exposures for |

|
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| a total of 11 %. An estl . ate of 10% (for HP) was assumed for BOP,
'

| and radioactive waste packaging operations. Radiation exposure for
| QA co"erage of BOP and radioactive waste operations was assumed '

| to be minimal.
| 7. The " crew averaged" dose rate for BOP systems decommissioning is -

| expected to be less than 1 mR/hr, resulting in mi imal exposures. =

1 The exposures listed for each system are estimates based on the "

| potential for worker exposure at work stations in proximity of the
l PCRV shield / pipe penetrations and contaminated components.
| 8. The estitnate of exposures for radwaste handling were based on -

| experience gained from packaging and shipping radwaste in other
| operating nuclear plants. The dose rates are expected to vary. -

| Sources will be shielded to acceptable levels to meet shipping
| requirements.

9. The workers will be trained in ALARA principles to minimize
occupational exposures. "E

9
| 3.2.5.3 Mministrative Dose Control i

Ad'ninistrative radiation dose controls will be implemented to ensure personnel do
not exceed regulatory dose limits, to ensure an equitable distribution of dose among
project workers with similar jobs and to ensure that the collective dose to workers is h
ALARA. "

:

The Radiation Protection hianual implementing procedures will detail administrative
dose control requirements and activities. These procedures will include, but not be
limited to, the following elements:

a

1. An approval system by various levels of supervision and management
which controls both planned and actual doses to individuals as they
progressively (incrementally) approach regulatory or established
administrative limits.

2. Permission to exceed the lower administrative limits (e.g., 500
mrem / quarter and/or 1000 mrem! year whole body dose for aciutts)
wall require approval of the individual's supervision and the Project
Radiation Protection hianager.

3 Permission to exceed the higher administrative limits (e.g., 2000
mrem / year whole body dose for adults) will require approval of the
individual's supervision, the Project Radiation Protection hianager,
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the PSC Radiation Protection Manager, and the PSC
Decommissioning Program Director.

4. The Project Radiation Protection Manager's approval to exceed an
administrative limit will be based on a determmation tnat the dose to
be received oy the individual is ALARA.

5. Adrainistrative controls will be in place and all personncl will be
innructed and tralned in these contruis to ensure that any activity can
be and will be stopped, if necessary, to re-evahate the evolution and
ensure no excessive doses are incurred.

6. Specific administrative limits and guidelines for exposure to the
unborn, visitors, minors, etc.

7. Guidelines & policies goveming emergency dose authorization and
methods for handling overexposures.

3.2.5.4 Radiation Work Perrtlitt

Radiation Work Permits (RWPa) will be used far the administrative control of
personrml entering or working in areas that have, or potentially have, radiological
hazards prcsem. RWPs will zummarize the Radiation Protection controls established

p as part of job p'aning and will be detailed enough to deal with changing (or >

potentially changing; euliological conditions expected during the course of the work.'

RWPs will use current radiological survey information when establishing dose control
measures ar.d will specify any special survey requirements prior to, during and after
the work activity.

An.RWP will be required for the following:

1. -. Entry into or work in a radiologically controlled area.
-2. Entry into Radiation, High Radiation, or Radioactive Materials Areas

locatec' outside a radiologically controlled area.
3. Activities involving equipment, controls, orinstrumentation containing

or suspected of containing radioactive material which are located
outside n radiologically controlled area.

4. When determined by Radiation Protection that radiological centrols
in the form of an RWP are appropriate.

The RWP process will provide a systematic method to evaluate radiological
conditions under which decommissioning work activities will be accomplished,
specify radiation protection requirements and ensure that required worker briefings

f3-
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are given. Acceptable raoiation work practices wi'l be described and sufficient |
Radiation Protection Technician coverage assigned to assure worker protection and
ensure that worker dose is maintained ALARA. RWPs will also provide a method
to record doses for each individual by majorjob or task. The recorded RWP devs
will also allow dose trend analysis and will frequently provide workers with thur
current dose status. The speci6c methods used for dose accountability and trending
will be prescribed in the Radiation Protection Manual implementing procedures, !
Appropriate management approvals for RWPs involving significant projected total '

dose will be established in conjunction with the ALARA Program. RWP preparation
azid approval will be specified in Padiation Protection implementing procedures.

RWPs will typically provide the following information:

1. Description of job or activity to be performed.
2. Anticipated radiological conditions including, as applicable,

contamination levels, radiation levels, airborne radioactivity levels.
3. Reference to, or a copy of, dose rate and contamination level survey

maps.
4. Nember and identification of personnel assigned to thejob or activity

(if appropriate).
5. Monitoring requirements during the job, such as constant radiation

protection coverage, intermittent coverage, air monitoring, etc..
| 6. Special instructions and equipment to minimize exposure to radiation
| and contamination.

7. Protective clothing and equipment requirements.
8. Personnel dosimetry requirements (e.g., whole body, extremity).
9. Estimated exposure time and dose (person-Rem) to complete the task.
10. Actual exposure time, dose and other information obtained dunng the

| task.
| 11. ALARA pre-job briefing elements.
!

RWPs will normally be initiated by the group responsible for the job to be
performed. The RWP reauest will typically include the following information:

| 1. Job description, work package nurrber and if appropriate the purpose
| of the task.

2. Location (s) of work.
| 3. Estimated time to complete the job including, if appropriate, crew

size and work location.
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4. Exposure estimate.
.

RWPs will be documented in a legible and easy to comprehend format, and will be
readily accessible for workers' review. All personnel assigned to a RWP will be
required to read and sign the RWP ve-ifying they will comply with its requirements.
It will be expected that radiation workers be in strict compliance with RWP
requirements. Willful or habitual disregard of RWP instructions wili be cause for
disciplinary action.

RWPs will be classified as Standing or Special, as determined by Radiation
Protection Supervision. Standing RWPs will be used for the performance of routine
activities such as observation, inspection, operator rounds or laundry operations
v here radiological conditions are stable. The Project Radiation Protection Manager
will approve all Standing RWPs. Job specific RWPs will be used for the
performance of a defined activity in specific locations.

Radiation Protection Manual implementing procedures will specify how RWPs will
be maintained and retained. These records will typically include copies of RWPs,
RWP sign-in logs and ALARA review documentation.

.O
V 3.2.5.5 Area Definitions and Postines

- Radiological postings will be provided at the entrance and boundaries of radiological
areas to a.dvise workers of radiological hazards. Methods will also be provided to
c!carly distinguish radioactively contaminated systems and indicate any special
precautions required for work on such systems. Informational postings may also be
used to provide additional radiological instructions to workers. It is the responsibility
of each worker to observe the radiological postings and comply with the indicated
requirements.

3.2.5.5.1 RadiologicaLEostines

A Radiation Area is any area, accessible to personnel, in which there exists radiation,
originating in whole or in part within licensed material, at such levels that a major
portion of the body could receive in any one hour a dose in excess of 5 mrem, or
in any 'i consecutive days, a dose in excess of 100 mrem. Radiation Areas will be
posted " CAUTION -RADIATION AREA". Radiaticn area boundaries will be
designated by the use of barriers, walls, ropes, markings and/or signs.

A-
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A Hich Radiation Area, as defined in the Decommissioning Technical Specification
5.8.1, is an area where whole body dose rates exceed 100 mrem /hr at 45 cm (18
inches) from the radiation source. These areas will be posted " CAUTION - HIGH
RADIATION AREA" High Radiation Areas will be barricaded and conspicuously
posted and entrances will be controlled by requiring a Radiation Work Permit.
Personnel permitted to enter High Radiation Areas will be provided with or
accompanied by one or more or the following:

1. A survey instrument which continuously indicates the area dose mte.
2. A radiation monitoring instrument which continuously integrates the -

radiation dose rate in the area and alarms when a preset cumulative
dose is received (e.g., Digital Alarming Dosimeters (DADS)). Entry
is permitted only after the area dose rate has been made known to,

personnel.
3. A Radiation Protection Technician equipped with a survey meter.

The Rediation Protection Technician will be responsible for
performing radiological monitoring at the frequency specified on the
Radiation Work Permit and for providing positive control over the
activities within the area.

O| As specified in the Decommi:sioning Technical Specifications, radiation areas
| accessible to personnel with radiation lesels greater than 1000 mR/hr at 45 cm (18
| inches) from the radiation source or from any surface that the radiation penetrates,
| in addition to the requirements for High Radiation Areas identified above, will be

provided with locked enclosures to prevent unauthorized entry into such areas. Keys
_

to such areas will be under the administrative control of Radiation Protection
supervision. High radiation enclosures will remain locked except during periods of
access by personnel under an approved RWP which will specify the dose rate levels
in the immediate work area and the maximum allowable stay time for individuals in
the area. In lieu of the stay time specification of the RWP, continuous Radiation
Protection Technician surveillame 0Wr direct observation or remote by use of
closed circuit TV cameras) will be usea m 3rovide positive control over the activities
within the area.

Certain areas accessible to personnel with radiation levels of greater than 1000 mR/hr
may be located within larger areas where no enclosure exists or can be reasonably
custructed for purposes of locking individual areas. In this case, the area will be
roped off, conspicuously posted, and a flashing light will be activated as a warning
device.
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A Contamination Area is an area accessible to personnel with loose surface
beta-gamma radioactivity in excess of 1000 dpm/100 cm or loose surface alpha2

radioactivity exceeds 20 dpm/100 cm . Contamination Areas will be conspicuously2

posted with the radiation symbol and the words " CAUTION - CONTAMINATION
AREA". Contamination Area boundaries will be designated by use of barriers,
walls, ropes, markings, signs and/or step off pads.

An Airborne Radioactivity Area is an area where airborne radioactivity is present,
at concentrations greater than MPC, or 10 MPC-hours over 40 hours. Airborne |
Radioactivity Areas will be conspicuously posted at the entrance with " CAUTION -
AIRBORNE RADIOACTIVITY AREA". Airborne Radioactivity Area boundaries
will be designated by use of barriers, walls, ropes, markings and/or signs.

A Radioactive Materials Area is an area or room in which radioactive material is
used or stored in an amount exceeding 10 times (100 times for uranium and thorium)
the quantity specified in 10 CFR 20. Radioactive Material Areas will be posted
" CAUTION -RADIOACTIVE MATERIALS AREA". Radioactive Materials Area
boundaries will be designated by the use of barriers, walls, ropes, markings and/or
signs.

A Radiologically Controlled Area (RCA) is defined as any of the above defined
areas, . including a Radiation Area, High Radiation Area, Contamination Area,
Airborne Radioactivity Area, or Radioactive Materials Area. RCA boundaries will
be defined by the use of barriers, walls, walls, ropes, and markings. The boundaries
will be clearly marked with posted signs that identify the type (s) of RCA within the
boundaries, and entrance and exit points will normally be posted.

3.2.5.5_2 Informational Postings

A Hot Parti ic Area will be established to identify areu where discrete particles with
high specific activity are located. Hot particle areas will be contained and posted
within a contaminated area as " HOT PARTICLE AREA".

A Hot Spot is where localized dose rates near an item are much greater (e.g., five
times) than the general area whole body dose ratcs. These locations are posted
" CAUTION - HOT SPOT".

- A Restricted Area is any area to which access is controlled for purposes of protection
ofindividuals from exposure to radiation and radioactive material.

m
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An Unrestricted Area is any area to which access is not controlled for purposes of
protection of individuals from exposure to radiation and radioactive materials.
Except as authorized per 10 CFR 20, radiation levels in " Unrestricted Areas" will not
exceed levels that, if an individual were continuously present, would result in an
individual receiving in excess of 2 mrem in any one hour or 100 mrem in any seven
consecutive days.

A Low Dose Waiting Area (1,DWA) is established to identify areas where dose rates
are lower than other locations within the work area. When practical, workers should
be directed to remain in a LDWA unless they are actually needed at the work
location. LDWAs will be posted; " LOW DOSE WAITING AREA".

3.2.5.6 External Dosimetry

3.2.5.6.1 Gsneral Considerations

External radiation dose monitoring will be accomplished through the use of
| thermoluminescent dosimeters (TLDs) and self-reading dosimeters (SRDs) or digital
| alarming dosimeters (DADS). The official record of external dose to beta and gamma
| radiations will normally be obtained from TLDs. SRDs or DADS will be used as a

means for tracking dose Setween TLD processing periods and may also be used as
a back-up to the TLD. TLDs will be processed at a frequency to ensure personnel
dose limits are not exceeded.

A contract dosimetry service will supply TLDs during the decommissioning project.
The dosimetry laboratory will be accredited by the National Voluntary Laboratory
Accreditation Program (NAVLAP) for the radiation type and energy expected to be

| monitored. The laboratory shall participate in a testing program as described in
| ANSI N13.ll, " Criteria for Testing Personnel Dosimetry",1983 (Ref. 26).

Self-reading dosimeters will meet the requirements specified in NRC Regulatory
Gt.ide 8.4, " Direct-Reading and Indirect-Reading Pocket Dosimeters", (Ref. 27)

L February 1973.

3.2.5.6.2 Monitorine ".1ple Body Dose

All project worker will be required to wear external radiation monitoring devices
| whenever they enter radiologically controlled areas. SRDs or DADS will be read

prior to their use and periodically thereafter by the wearer. If a SRD is off-scale or

.

lost under conditions such that a high dose was possible, the individual's TLD will
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be promptly processed and the individual will be denied access to mdiologically
controlled areas. The TLD and SRD or DAD will normally be worn on the trimk j
of the body between the neck and waist in close proximity to each other. Under
certain conditions, where the chest or trunk may not be the location of highest whole
body dose, dosimetry devices may be relocated. Radiation Protection Manual
implementing procedures will specify criteria for reixating whole body dosimetry.

The use of multiple whole body dosimetry will be evaluated whenever work is to be
performed in a non-uniform radiation field and that portion of the body which will
receive the highest dose is not easily determined. In these cases, multiple sets of
dosimeters will be worn on those parts of the body expected to receive the highest
dose. Guidance for conducting the evaluation and criteria for determining when

p multiple dosimetry is required will be provided in Radiation Protection Manual
'

implementing procedures. RWPs will be used to communicate dosimetry
requirements to the workers.

3.2.5.6.3 Monitorine Egremity Dose

Extremity monitoring devices will be used whenever is likely to receive a dose in
G excess of 25% of the quarterly extremity dose limit of 18.75 Rem. Guidance for
V evaluating the need for extremity monitoring will be provided in Radiation Protection

'

Manual implementing procedures.
|

| 3.2.5.6.4 Monitorine Skin Dose

Monitoring of the skin of the whole body will normally be accom.plished utilizing the
| whole body TLD. Calculation of skin dose due to contamination or * hot particles"
j. will be performed in accordance with acceptable models and equations identified in

NRC ~ Bulletins, Regulatory Guides and in published technical literature. The methods

for calculating and documenting skin dose due to contamination and " hot particles"
will be provided in Radiation Protection Manual implementing procedures.,

l

3.2.5.6.5 Dosimetry Ouality Control

Periodic quality assurance checks of vendor supplied dosimetry will be conducted.
[ Tiiese checks will be addressed in Radiation Protmtion Manual implementing '

| procedures. In addition, SRD results will be compared to TLD results. Each
discrepancy greater than 25% for doses over 100 mrem will be evaluated. The
evaluation will include consideration of factors such as energy dependence of the
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device used, survey results, exposure times, doses of other personnel performing
similar work, location of devices worn on the body and clerical errors.

3.2.5.7 Internal Dosimetry Control and Monitorine

3.2.5.7.1 General Considerations

Internal radiation dose is inherently more difficult to measure than external radiation

dose, but is generally much easier to prevent. Therefore, the major emphasis will
be placed on preventing internal radiation dose, provided it is consistent with the goal
of keeping total effective dose ALARA.

The primary methods for controlling intake of radioactive material into the body will
be identifying and minimizing sources of airborne radioactivity and applying
engineering controls to reduce airborne radioactivity concentrations. The use of
respiratory protection will serve as a secondary method of control. Administrative

controls and limits will be established to minimize intakes of radioactive materials.

Radiation Protection hianual implementing procedures will be developed to conduct
a routine bioassay program including criteria for the performance of bicassay, dose
tracking and methods for data analysis and interpretation. The bioassay program will
be based on NRC Regulatory Guide 8.26, " Application of Bioassay for Fission and
Activation Products", (Ref. 28) September 1980, NRC Regulatory Guide 8.9,
" Acceptable Concepts, hfodels, Equations and Assumptions for a Bioassay Program",
(Ref. 29) September 1973 and NRC Regulatory Guide 8.32 " Criteria for Establishing
a Tritium Bioassay Program", (Ref. 30) July 1988.

3.2.5.7.2 Whole Body Countine

Whole body counting will be the primary method used to determine the identity and
quantity of gamma emitting isotopes in the body at any given time. Radiation
workers will receive, as a minimum, a baseline and annual whole body count. In
addition, personnel will receive a whole body count after a suspected intake of
radioactive materials. Radiation Protection hianual implementing procedures will
provide guidance on whole body counter operation, calibration and quality control.
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3.2.5.7.3 Indirect Bioassay

Indgect bioassay (in-vitro) measurements will be made, as necessary, to monitor for
alpha and beta emitting radioisotopes. This method of bioassay will typically be used
only for isotopes which cannot be determined by whole body counting or when
additional information on an intake is required. Urinalysis will be used to assess
personnel intakes of tritium. Radiation Protection Manual implementing procedures
will include criteria for indirect bicassay and methods for data analysis and
interpretation.

3.2.5.8 Empiratory Prgleption Progrant

The Respiratory Protection Program will be established in accordance with 10 CFR
20 and consistent with the guidance of NUREG-0041 (Ref.19). The primary
objectives of the Respiratory Protection Program are personnel safety and limiting the
inhalation of airborne radioactive materials. Engineering controls will be applied to
minimize concentrations of radioactive materials whenever practicable. When
engineering controls eze not practicable, other controls such as increased surveillar,ce,
limitations of working times or use of respiratory protection equipment may be

O appropriate,
d

The Respiratog Protection Program will include the following elements:

.l.. A written policy statement and standard operating procedures.
2. Guidance on proper selection of equip' ment, based on the hazard.
3. Proper training andinstruction to users.
4. Proper fitting, use, cleaning, storage, inspection, quality assurance

and maintenance of equipment.
5. Appropriate surveillance of work conditions. '

6. Regular inspection and evaluation to determine continued program
effectiveness.

- 7. Program responsibility vested in one qualified individual,
.

8. An adequate medical surveillance program for respirator users.
9. Use of only Bureau of Mines /NIOSH - certified or NRC authorized

equipment.
10. Maintenance of a bicassay program.

(3
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3.2.5.S.1 Erogram Administration

The Respiratory Protection Program will be administered by a Radiation Protection
staff member designated by she Project Radiation Protection Manager. Qualifications
of this individual will satisfy the requirements of ANS/ ANSI 3.1. Program
administrative responsibilities will typically include the following:

1. Provide overall program development, technical directiui and the
evaluation of program effectiveness.

2. Provide technical guidance for the control of airborne radiological
contaminants.

3. . Develop procedures, training materials and directives related to the
program.

4 Conduct routine overviews of the program for compliance with
policy, procedures and regulations.

3.2.5.8.2 Respirator User OualifieJLlinn_

Respiratar user qualification criteria will include:

O1. Annual examination by a physician to establish physical and
psychological- capabilities necessary to perform tasks using a
respirator. A medical re-evaluation will be performed annually.

2. Successful completion of respiratory protection training as described
in Section 3.2.4, " Radiation Protection Training and Qualification."

3. Successful quantitative fit test prior to the use of respirators requiring
a facepiece-to-face seal on an annual basis.

4. No _ facial hair between the face and the scaling surface of the
respirator and no facial hair interfering with valve function of the
respirator.

3.2.5.8.3 Bioasuv

Bioassay technioues will be used to determine the amount and type of radionuclides
in the body as an evaluation of the effectiver.ess of the Respiratory Protection
Program,

f
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3.2.5.8.4 Respiratory Protection Equipment Description and Selection

The selection of respiratory protection equipment will be based on work area survey
data and/or expected airborne contamination levels. The need for respiratory
protection will normally be determined and prescribed by Radiation Work Permits.
All wod tasks in contaminated areas will be evaluated for respiratory protection
requirements; Special attention will be given to the requirement for respiratory
protection when the work activity / task involves any of the following operations:

* Thermal cutting Concrete scabbling
* Welding Grinding*

* Concrete demolition

Respiratory protection equipment will be selected to provide a protection factor
creater than that required for the expected peak concentration of airborne radioactive
.aaterials in the work area. Assigned protection factors will not exceed those specified
in 10 CFR 20. If the selection of a respiratory protection device is inconsistent with
the goal of keeping total effective dose ALARA, consideration will be given to
alternative controls or respiratory protection equipment with a lower protection
factor.

| 3.2.5.8.5 Supplied Air Resoiratory Eauipment

Breathing air may be supplied to respirators from compressed air cylinders, air
compressors or the plant breathing air system. All sources of compressed breathing
air will meet the requirements for Grade D breathing air as specified in ANSI /CGA
G-7.1, " Commodity Speci6 cation for Air", (Ref. 31) 1989.

3.2.5.8.6 Eauipmem Insoection and Maintenance

Requirements and techniques for inspection and maintenance of respiratory protection
equipment will be contained in Radiation Protection Manual implementing
procedures. Inspection and maintenance will be performed in accordance with
manufacturers' and regulatory requirements.

Respirators will be maintained and issued in a NIOSH certi6ed configuration. The
certi6 cation for a respirator will be automatically voided if the respirator is not the
same in all respects as certified by NIOSH or if the respirator is not
maintained in a certi6ed condition.

3.2-49,
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Acceptable niethods of cleaning respiratory equipment will be performed in
accordance with manufacturers' specifications and Radiation Protection hianual
implementing procedures.

3.2.5.8.7 Ouality Assurance (OA)

Periodically, respirators will be randomly selected to verify they have been properly
cleaned and inspected. Respirator users will also be randomly selected for whole
body counts to verify program effectiveness. In addition, if there is an indication of
equipment failure or improper use (e.g., positive nasal smear), the respirator user
will be whole body counted.

| 3.2.5.8.8 MPC-Hour Trackine

Administrative and engineering controls will limit the intake of radioactive materials
| | to levels that are ALARA. An administrative limit of 2 hfPC-hours in any one day

| and 10 hiPC-hours in any one week will be established. Radiation Protection hianual
| impiementing procedures will provide guidance on hfPC-hour determination and

tracking.

O3.2.6 Radioactive hinterial Controls

Radioactive material controls will be established to provide for control of radioactive;
material, prevent inadvertent release of radioactive materials to uncontrolled areas,
ensure personnel are not unknowingly exposed to radiation from lost or misplaced
radioactive material and minimize the amount of radioactive waste material generated
during the decommissioning. Radioactive material is defined as material activated or

| contaminated by the operation or decommissioning of Fort St. Vrain and licensed
material procured and used to support the operation or decommissioning of Fort St.
Vrain (e.g., calibration sources, check sources and radiography sources).

The Radwaste Supervisor and the Radiation Protection Operations Supervisor will
share the responsibility for the radioactive material controls.

Detailed radioactive material controls will be described and implemented by the
Radioactive Waste and Radiation Protection hianual implementing procedures.
Specific radioactive material controls include the following-

3.2-50



._. ._ _ _ _ _ _ ~ __ _ .__ _ __ _

l

|

4/17/92 PROPOSED DECOMMISSIONING PLAN )

] SECTION 3

1. Receipt of radioactive material
2. Identification of radioactive material
3. Control and movement of radioactive material
4. Storage of radioactive material
5._ Accountability and inventory of radioactive sources
6. Release of materials for unrestricted use
7. Control of materials entering radiologically controlled areas
8. Preparation of radioactive materials for shipment
9. Radioactive liquid and gaseous release

3.2.6.1 Receiot of Radioactive Matenal

Implementing procedurcs for the purchase and receipt of radioactive material will
include, but not be limited to the following requirements:

1. Requests for radioactive materials will be submitted to the Project
Radiation Protect:an Manager for license verification and inventory
check.

2. Personnel who initiate purchase orders for radioactive materials will <

(p be required to specify that shipmer.ts be marked " Attention: Project
/ Radiation Protection Manager".

3. Picking up, receiving and opening packages identified as containing
radioactive material will be performed in accordance with 10 CFR 20.
The Project Radiation Protection Manager, or designee, wil' be
notified as soon as possible after receipt of any package. The external
surface of the package will be inspected and surveyed. Shipping
damages and other discrepancies will be documented and Radiation
Protection Supervision notified.,

3.2.6.2 Identification of Radioactive MateIial

Implementing procedures will be developed to specifically address the identification
of radioactive material. Each container in which radioactive materialis transported,
stored,_or used in quantities exceeding those given in 10 CFR 20, will bear a durable,
clearly visible hbel, identifying the radioactive contents. This label will contain, as
a minimum, the' radiation caution symbol and the words; " CAUTION OR DANGER
- RADIOACTIVE MATERIALS". The label will provide sufficient information to
permit individuals handling or using the material, or working nearby, to take
precautions to avoid or limit their exposure. Requirements for radioactive material

r
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labeling may be excepted if:

1. The material is uniquely identitied for use as radiological protection
equipment (e.g., respirators, protective clothing, etc.).

2. The material is under the direct control of personnel trained as
radiation workers who are aware of the contents and the associated
radiological hazards.

3. The material consists of radiological samples or sampling equipment
in the custody of Radiation Protection personnel.

4. The material is packaged and labeled in accordance with DOT
regulations while awaiting transport.

5. The material is contained in permanently installed equipment and/or
potentially contaminated systems. Radiation level posting
requirements shall remain applicable.

Radioactive material storage areas will be posted as " CAUTION - RADIOACTIVE
MATERIAL AREA", in addition to postings required for radiation and
contamination, as indicated m Section 3.2.5.5.

3.2.6.3 ['ontrol and Movement of Radioactine Material in the Restricted Area

Implementing procedures will be developed to specifically address the control and
movement of radioactive materials within the Restricted Area. Radioactive material
removed from contaminated areas will be contained, surveyed and labeled to allow
appropriate control of radioactive material. Radioactive liquid samples or sources
will be properly contained and will be transported by, or escorted by, Radiation
Protection qual? N personnel.

Materials which are to be prepared for shipment or storage will be packaged in
containers suitable for shippir3 or storage, as applicable. The materials and packages
will be surveyed for radiation and contamination levels and the package appropriately
labeled to reflect those levels. External surfaces of containers or wrappings containing
radioactive material will be surveyed to ensure that loose surface contamination levels
meet the unconditional release criteria, unless specifically exempted by Radiation
Protection Supervision.

Whenever material or equipment is transferred from one location to another location,
it will meet the radiation and contamination limits of each area through which it
passes or be under the control of Radiation Protection personnel.
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Procedures for the control and movement of radioactive material will include, but not
be limited to, the following provisions:

1. Guidelines for monitoring and handling radioactive material (e.g.,
quantitics, geometries and estimated concentrations will be used to
estimate radiation levels and container requirements).

2. Unique features will be used (e.g., yellow plastic bags, yellow and
magenta tags, etc.) to clearly identify the physical and radiological
parameters of the inaterial.

3. Uncontaminated materials will be separated from contaminated
materials and be labeled, as necessary.

4. Lifting and rigging equipment used for radioactive materials will be
commensurate with the physical and radiological parameters of the
material to ensure safe movement and ALARA practices.

5. Portable tools and equipment that are contaminated will be designated
as such and will be stored in an area separate from uncontaminated
tools.

6. Contaminated tools and equipment will be decontaminated and/or
' discarded when they reach designated fixed and loose contamination
levels.

3.2.6.4 Control and Movement of Radioactive Material Outside the Restricted
L Area
i

Implementing procedures will be developed to specifically address the control and
movement of radioactive materials outside the Restricted Area.

|

Radioactive material being transferred from a radiologically controlled area to another
radiologically controlled area will be properly surveyed and contained and will be
escorted by Radiation Protection personnel.

|

Radioactive materials removed from the Restricted Area to be shipped offsite will be
packaged and labeled for shipment in accordance with DOT regulations. Radioactive

| materials removed from the Restricted Area that are not designated to be shipped will
! be:

-1. Properly contained to minimize radiation levels and/or prevent spread
of contamination.

- 2. Surveyed to determine radiation and contamination levels.

l'
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3. l2beled in accordance with 10 CFR 20 as radioactive materials,
indicating the radiation and contamination levels. Adequate features
and markings will be used to clarify the physical and radiological
parameters of the material.

4. Inventoried (e.g., listed in a log indicating person responsible for
material (s) and where material (s) will be located) prior to leaving the
radiologically controlled area.

5. Controlled by Radiation Protection personnel (e.g., stored in a locked
area and not used or moved without Radiatian Protection personnel's
permission and/or presence).

6. Radioactive material will not be stored outside of the Restricted Area
unless specifically approved by the Project Radiation Protection
Manager.

Radioactive material found uncontrolled and outside the Restricted Area will be
brought to the immediate attention of Radiation Protection supervision. Action will
be taken to ensure that the radioactive material is surveyed, labeled and properly
dispositioned (e.g., returned to the Restricted Area). The incident will be
investigated by the Project Radiation Protection Manager and corrective action (s)
initiated.

,

3.2.6.5 Storage of Radioactive Material

Implementing procedures will be developed to specifically address storage of
radioactive materials. Interim radioactive material storage and liquid processing areas
will require a safety evaluation to ensure compliance with NRC Generic Letter 81-38.

Access to radioactive material storage areas located inside the Restricted Area wiii
be controlled by Radiation Protection personnel. Storage and processing of materials
will * consistent with analyzed activities and radiation levels. Storage areas will be
regt. rly surveyed and inventoried.

Temporary radioactive material storage areas within the Restricted Area will be
designated by Radiation Protection personnel and posted in accordance with Section
3.2.5.5. Consideration for establishing temporary radioactive material storage areas
will include:

1. The number of temporary storage areas and length of storage time in
these areas will be minimized.
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2. Radioactive material storage areas and surrounding areas will be
surveyed on a routine basis.

- 3. Radioactive material will not be stored outside except for short
periods during transit, or if packaged in accordance with DOT
requirements while awaiting shipment.

3.2.6.6 Accountability and Inventory of Radioactive Matenal

Implementing procedures will specifically address the accountability of radioactive
materials. Radioactive material storage areas will be controlled and periodically
surveyed. The status of radioactive material storage areas will be periodically
reviewed and include:

1. A list of storage areas to evaluate the continued need for the storage
areas and/or the materials and the types and radiological parameters
of the areas (e.g., high radiation material, contaminated material,
activated material, etc.).

2. Inspection of materials stored, to evaluate the status of materials and
area controls (e.g., physical condition of containers, access control,
posting, etc.).

Radioactive sources used for calibration, standardization and instrument checks will
be received as indicated in Section 3.2.6.1. Implementing procedures will
specifically address inventory and accountability requirements. Sources will be
inventoried at least semiannually, taking into consideration: radioactive decay;
comparison to Certificates of Calibration; and use and disposal ofliquid and gaseous
sources. The results will be documented and reported to Radiation Protection
supervision.

Sealed sources will be controlled in accordance with 10 CFR 30 through 34. Sealed
sources will be leak tested with the frequencies and criteria far results based on
activity level and type of source. The test will be documented and will be capable
of detecting a minimum of 0.005 microcurie of contamination. Ifleakage is detected
based on established criterir., the Project-Radiation Protection Manager will be
notified and reports will be submitted as indicated in Section 3.2.10.

Sources will be maintained, locked or otherwise controlled when not in use. A
source usage log will be maintained. If a source can not be accounted for during a
-periodic inventory or at any other time, actions will be taken to include the following:
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1. Evaluate the physical and radiological characteristics of the missing
source and evaluate potential hazards to radiation workers and the
public.

2. Report the missing source as required by applicable implementing
procedures and State and Federal regulations.

3. Initiate investigations to locate the source and/or to determine the
reason for loss.

4 Prepare Radiological Occurrence report (s).
-

3.2.6.7 Soecial Controls

Special circumstances may arise during the decommissioning of Fort St. Vrain that
will require special handling considerations for radioactive materials. Examples of
radioactive materials requiring special handling are radiography sources and highly
radioactive waste (e.g., greater than 10 R!nr gamma radiation levels).

Receipt of "special" types of materials / sources require the following actions:

1. Notification of the Project Radiation Protection hianager prior to
bringing the radioactive matcrial/ source inside the Restricted Area

2. Development and approval by the Project Radiation Protection
hianager of a plan of action for control, safe storage and release of
the radioactive material / source (e.g., use existing procedures, develop
temporary procedures, etc.) prior to bringing it inside the Restricted
Area, -

3. Notification of the PSC Shift Supervisor prior to use of a source
(e.g., radiography).

Special nuclear material, fissile material, and highly radioactive waste will be
addressed on a case-by-case basis in accordance with administrative procedures and
applicable regulations. Specific control, accountability and storage, if applicable, will
be specified by the Project Radiation Protection hianager with the cognizance of the
PSC Facility Support hianager. These details will be addressed by the Radiation
Work Permit Program and/or tempciary procedures and action plans, and will
include the following considerations:

1. Use of special containers and/or shielding.
2. Use of special rigging and lifting devices for moving the radioactive
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material / source including any containers as applicable.

3. Temporary evacuation of non-essential personnel and suspension of
activities in the area.

4. Temporary implementa; ion of additional security racasures.
5. Other special considerations for ALARA purpo,es as indicated in

$dion 3.5.1.

3.2.6.8 Release of hiaterials for Unrestricted Use

Procedures for the release of materials and equipment from radiologically controlled
areas will be developed. hiaterial will not be released for unrestricted use if it
contains detectable amounts of radioactive material. Instrumentation, counting times
and survey techniques will be selected such that detection sensitivities are consistent
with the applicable guidance of:

1. NRC Circular 81-07, " Control of Radioactively Contaminated
hiaterials," (Ref. 32) for decontaminated items (e.g., tools and
equipment) and scrap materials.

2. NRC IE Notice 85-92, " Surveys of Wastes Before Disposal fromp Nuclear Reactor Facilities" (Ref. 33) for monitoring of segregated dryd active waste (DAW) prior to disposal to a sanitary landfill.
3. NRC Regulatory Guide 1.86, " Termination of Operating Licenses for

Nuclear Reactors" (Ref. 34), for the loose and fixed surface
contamination levels of items left on the site after decommissioning.

4. Colorado Department of Health, Radiation Controls Division, " Soil
Contamination Guidance Policy," (Ref. 35).

5. 10 CFR 20 and the Decommissioning Technical Specifications for
bulk liquids such as oil, glycol, etc..

3 2.6.9 Control of Materials Enterine Radiologically Controlled Areas

hiaterials entering radiologically controlled areas will require the following controls:

1. Chemicals that may cause the generation of " mixed wastes" (e.g.,
chemicals that can potentially produce hazardous waste) will be
controlled to prevent contamination with radioactive material.

2. Packing material and unnecessary items will not be allowed to
accumulate in radiologically controlled areas.

['
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3.2.6.10 Preparatio_n of Radioactive Materials for Shinment

Packages prepared for shipment, which upon inspection do not meet DOT
requirements, will be evaluated for repackaging and/or storage. Received packages
which do not meet DOT requirements will be reported to the NRC as indicated in
Section 3.2.10 and in accordance with DOT regulations.

Radioactive materip' vill be packaged and transferred to, ar.d received from, other
facilities in accordance with applicable DOT requirements and implementing
procedures. Radiological surveys will be conducted prior to shipping and when
receiving radioactive matenals to verify that the radiation and removable
contamination levels are in compliance with regulatory requirements and are
described on shipping labels and documentation. Examples of surveys that will be
performed are:

1 Contamination surveys for packages received and packages shipped
to ensure that they meet the DOT requirements for smearable
contamination levels (e.g., external beta-gamma and alpha, and
internal beta-gamma and alpha).

O' Radiation surveys (e.g., package contact, vehicle contact, specified
| distances from the package and the vehicle, and normally occupied

positions in the vehicle cab) for the rnaterial and package and for the
| transport vehicle depending on the type of shipment (e.g., LSA,

Exclusive Use LSA, etc.).

Additional elements described in the Radioactive Waste Manual implementing,

| procedures will include, but not be limited to:

|
'

l. Sorting and segregation of materials and processing to an acceptable
| form.

2. Classification of the material in accordance with 10 CFR 61.
3. Receipt suney of vehicles used to transport radioactive waste.

| 4. Packagir.g, labeling and marking of material in accordance with 10
CFR,49 CFR and Disposal Site Criteria.

5. Shipment of material in accordance with 49 CFR and 10 CFR
6. Disposal and off-site volume reduction arrangements.

1

Additional details on radioactive waste management can be found in Section 3.3.
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3.2.6.11 Radioactive Liquid and Gaseous Release Control

Liquid and gaseous effluent releases will be monitored and controlled using installed
plant equipment and guidance provided in the Decommissioning Technical

,

Specifications and Offsite Dose Calculation Manual. Typical process controls will {
include: I

:

*
Sample and analyze the waste stream

*
Calibrate and test instrumentation

*
Monitor the waste stream

* Prepare a release permit
* Complete the release
*

Record types and quantities of material (s) released

3.2.7 Surveillag_

Radiological surveillance will be conducted routinely to identify radiation sources,
determine radiological conditions, and comply with the requirements of 10 CFR 20.
Special surveys will be scheduled by Radiation Protection Supervision as needed to
evaluate radiological conditions in support of decommissioning activities. Elementsd of radiological surveillance program will consist of the following:

1.. Routine surve.ys-general
2. Dose rate surveys
3. Surface contamination surveys

j 4. Airborne radioactivity surveys
L 5. Environmental sampling and analysis
( 6. -Personnel contamination monitoring

. 7. Survey documentation and review

Detailed radiological surveillance requirements and activities will be described in the
Radiation Protection Manual administrative and implementing procedures. These
procedures will specify the types of instrumentation, survey methods, and actions

; required when abnormal radiological conditions are discovered.

! Calibrated instrumentation will be available for the detection and measurement of
alpha, beta and gamma radiation. Air sampling equipment will be available for
general area and breathing zone air samples,

r\V 3.2-59
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Survey and monitoring information will be used by the Radiation Protection staff and
other support groups for:

1. Procedure development, as applicable
2. Decommissioning work packages development
3. Decommissioning engineering design criteria
4. RWP preparation
5. Radiation, contamination and airborne r dioactivity trend analysis
6. Pre-job ALARA planning
7. Pre and post job briefmgs

| Surveillance frequencies will be specified in implementing procedures with
I consideration given to hazards which may be encountered, potential for changing

radiological conditions and frequency of occupation. Examples of surveys and
'

associated frequencier include the following:

1. Active work areas where radiological conditions may change as a
result of work being performed will normally be surveyed for
radiation and contamination at least once per shift or more frequently
if radiological conditions could change (e.g., upon opening a
radioactive system).

| -2. Active exit points from contaminated areas will be surveyed for
| contamination at least daily and once per shift during frequent use.
!

3. Eating areas used by individuals who have worked in radiologically
controlled areas will be surveyed for contamination at least weekly.

4. Storage areas for solid radioactive waste and irradiated / contaminated

components and equipment will be surveyed weekly when material,

and/or personnel have entered the area.
5. All personnel and equipment exiting radiologically controlled areas

will be monitored for contamination.
6. RWP's will normally specify the frequency of Radiation Protection

i technician coverage and surveys required (e.g., continuous,
| intermittent).
!

3.2.7.1 Routine Surveys-General
!

Routine radiation, contamination and airborne radioactivity surveys will be performed
to evaluate radiological conditions and verify radioactive materials are being

| adequately controlled. Survey data will be used for job evaluations, trend analysis,
1
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ALARA pre-planning and informing personnel of radiological conditions. Action
,

levels and associated responses will be established for abnormally high or unusual
survey results. Survey results will be made available to workers entering
radiologically controlled areas. Locations where routine surveys and monitorina will
be conducted includei but are not limited to:

1. Active work areas where conditions may change as a result of the
work being performed.

2. Entry and exit points of contaminated areas (e.g. step off pads).
3. Offices, trailers, shops and trash receptacles outside radiologically

controlled areas.
4. Major pathways iiside radiologically controlled areas
5. Radiation Area boundaries for verification of posting adequacy.
6. Storage areas for radioactive wastes.
7. Entrances to locked High Radiation Areas.
8. Radiation Protection and Radiochemistry laboratories.
9.- Eating and break areas used by personnel who have been working in

radiologically controlled areas.
10. Selected unrestricted areas, if appropriate.

Radiation Protection supervision will routinely review surveys with regard to
necessity and frequency consistent with good radiological protection practices and

| regulatory requirements.

Routine surveys will not normally be conducted in High Radiation Areas er. cept as
directed by Radiation Protection supervision. These surveys will be coupled with, -

or prior to, planned work activities in those areas in order to maintain personnel
exposure ALARA.

!
3.2.7.2 Dose Rate Survevs

Dose rate surveys will be performed to provide specific radiological information on

| beta and gamma radiation dose rates. These surveys will normally be performed with
portable, hand held survey instruments. Dose rate information may also be obtained D

through the use of fixed radiation monitors. Dose rate surveys will be performed to:
j

1. . Assess changing radiological conditions in radiologically controlled
; areas which are frequently occupied.
! 2. Identify localized hot spots.

b] 3.2-61
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3. Provide data for pre-job ALARA planning and RWP preparation.
4. Establish " Low Dose Waiting Areas".
5. Monitor the receipt of radioactive materials.
6. Support the packaging / shipping of radioactive waste.
7. Ensure proper release of materials and equipment for unrestricted use.
8. Monitor unanticipated spills or spread of radioactive materials.
9. Assess radiological conditions during decommissioning work (e.g.,

breaching of a radioactive system, PCRV dismantlement etc.).
10. Provide data for environmental monitoring.
11. Support emergency response activities.
12. Establish and verify radiation area boundaries and postings.
13. Monitor laundered / decontaminated personnel protective equipment

(e.g., protective clothing, respirators) prior to reuse.

Dose rate radiation survey instruments will be calibrated to the radiation (beta,
gamma) being detected to assure an accurate, consistent, reliable and predictable
response to radiation levels.

3.2.7.3 Syr. face Contiimination Surveys

Contamination sarveys will be performed to provide specific radiological data on the
levels of beta-gamma and alpha contamination, and will be performed to:

|
.

1. Monitor personnel and equipment exiting radiologically controlled
areas to prevent the inadvertent release of radioactive materi'

2. Establish boundaries of contaminated areas.
3. Support the radioactive source accountability program (e.g murce

leak tests).
4. Monitor the receipt of radioactive materials.
5. Support the radwaste packaging / shipping program.
6. Ensure the proper release of materials and equipment for unrestricted

use..

7. Provide data for pre-job ALARA planning and ~RWP preparation.
8. Determine radiological conditions during coverage of jobs with

changing radiological conditions (e.g., welding, grinding radioactive
system opening).

9. Provide data for environmental monitoring.
10. Support decommissioning emergency response.

| 11. Assess conditions following the discovery of a spill or spread of
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radioactive materials.
12. Survey TLD's prior to processing,
13. Detect and control *llot Particles".
14. hionitor decontaminated personal protective equipment (e.g.,

respirators) prior to reuse.
15. hionitor applicable areas, such as clean waste dumpf, and landfills,

salvage areas, warehouses, tool storage areas and contractor
buildings.

16. Assist in personnel decontaminz' ion by monitoring for adequate
decontamination techniques.

3.2.7.4 Airborne Radinactivity Surveys

Airborne radioactivity will be measuRJ in areas where personnel may be exposed to
a:rborne particulates and tritium Reptetentative air samplin; will be performed to
provide measurements during work which has the potential for the generation of
airbome radioactivity. Continuous air monitors, breathing zone air samples end grab

i air sarnplers will be used for obtaining air samples. Airborne radioacuvity surveys
will typically be performed:

1. During work operations known or suspected to cause airborne
radioactivity (e.g., gnnding, welding, burning, cutting, hydrolazing,
vacuuming, sweeping or use of compacting equipment).

2. During work that in"olves the bre ich of a radioactive system.
3. Upon initial entry and periodically thereafter mto any area known or

suspected to contain a;rborne radiaactivity concentrations in t.xcess of
25 percent of h1PC. |

4 Immediately followi.ig the discovery of a significant spill or spread of
radioactive materiah or whenever nirbome radioactivity levels are
suspected to have changed.

5. Periodically in radiologically controlled areas where the pot *:ntial for
airborne radioactivity exists.

6. Any time respiratory protection devices or hiPC-hr accounting are !
used to contral internal radiadon exposure.

'7. When continuous air monitoring is p:rformed, hih volume grab
sampla or breathing zone air samples will be periWically taken to
verify that continuous air monitoring of the work area is
representative of the breathing zone (This surveillance will also be
performed for Tritium).

3.2-63
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8. Peiiodically to verify the effectiveness of the Respiratory Protection
Program.

Air sample counting equipment will be available to mes.sure alpha, beta and gamma
emitting radionuclides. Collection efficiencies for air sampling media will be
determined. The trinimum detectable activity (h!DA) for air sampling equipment I

| will be at least one (1) hiPC in one (1) hour for the radioisotopes niost likely to be |
.

present. Air sampling equipment will be calibrated using guidance in NRC l

Regulatory Guide 8.25 " Calibration and Error Limits of Air Sampling Instruments
for Total Volume of Air Sampled", (Ref. 36) August 1980.

J Periodic samples w;ll be ollected and analyzed to verify the adequacy of engineering
controls that are used to minimize airborne radioactivity. Typical controls that will
be veriGed are:

* Room ventilation systers Ponable ventilation systems
*

* Air locks Ventilation hoods*

* Containment devices (e.g., tents, glove boxes, etc.)

3.2.7.5 Environmental Samoline and Analysis. g
Environmental sampling and analysis will be conducted during decommissioniN
The current PSC Radiological Environm?ntal hionitoring Program (REMP) w0 v
continued, in part, speci0cally tailored to determine the effect on radiob;,4
conditions of the environment due to decommissioning activities.

In addition, the Offrite Dose Calculation Manual (ODCM) will provide the
methodologies to assure compliance with Fort St. Vrain Decommissioning Technical
Specincations related to liquid and gaseous radioactive effluents. This program will
demonstrate compliance with 10 CFR 20,10 CFR 50 Appendix A (GDC 64) and
Appendix 1 and 40 CCR 190.

Specinc sample types and locations will be addressed in the REMP and ODCM.
I Typical environmental monitoring techniques that will be utilized, include:

* Area TLDs Soil sample analysis*

* Water sample analysis Vegetation sample analysis
*
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3.2.7.6 Personnel contamination h.lenitoring.

Adequate personnel contamination monitoring instrumentation will be available to
control the spread of contamination and hot particles. Radiation Protr/ tion Manual
implementing procedures will require monitoring upon exitiny radiologically I

controlled areas and will establish acceptable methods for perfor,ning personnel |
frisking. Whole-body contamination monitors (e.g., Eberline PCM 1B) will be used '

at radiological controlled area exits, as appropriate. Sensitivities of these instruments
will be set to detect contamination levels equal to or better than conventional hand
frisking methods (e.g.,5000 dpm/100 cm ). I2

In areas where whole-body contamination monitors are not available, a hand held
frisker will be used to monitor personnel contamination. Typical frisking techniques 1

that will be required include:
|

1. Maintain frisking speed of less than 2 inches per second.
2. Maintain detector to body distance at less than 1/2 inch.
3. Pause (approximately 5 seconds) at the nose and mouth area to check

for indications of inhalation / ingestion of radioactive rnaterial,

p 4. Pay particular attention to feet (: hoes), cibows, knees or other areas
,

V with a high potential for contamination..

| 5. Ensure a total frisking time of greater than 2 minutes to cover at least
10% of the body.

6. Maintain background for frisking at less than 300 cpm.

When background levels are unacceptable (e.g., greater than 300 cpm) for personnel
frisking, acuons will be taken inat include one or more of the following:

1. Move the whole body Gisker and/<- the hand-held frisker (and the
contamination control point) to an area that has an acceptable
background level (e.g., around the comer, behind a column, etc.).,

| 2. Shield the frisking area and equipment to reduce background.
| 3. Frisk for gross contamination levels in the high background area, but

locate the equipment for final frisking at a remote area, and provideL

contamination control for the passage to the remote frisking location.

p
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3.2.7.7 Euncy Documentatinutn.sLReriot

Radiation Protection supervision will review completed survey documentation to
ensure appropriate, adequate and complete information is recorded. The supen-isor
reviewing the survey will ensure that the recorded results are legible in accordance
with Radiation Protection Manual implementing procedures and consistent with
anticipated levels and will determine the reason for any variances. Information that
will typically be included on survey maps or forms is:

* Date and time of survey
* Location of survey
*

A sketch or description of the area or component surveyed
* instrument type and serial numbers
*

Instrument calibration due date
*

Name and signature of surveyor

The results of evaluations will be documented on approved sun'ey forms which will
be made available to personnel entering radiologically controlled areas. Survey data
wi!! contain enough detail to provide personnel with adequate information concerning
radiological conditions existing in the area surveyed. Survey maps will include, as
applicable:

1. Contact and general areas dose rates
2. Contamination levels
3. Airborne radioactivity levels, if applicable
4. Identification of specific hazards (i.e., hot pots)
5. Location of radiological boundaries

Personnel contamination detected on hair or skin will be promptly removed under the
supervision of trained Radiation Protection personnel. Personnel skin and clothing
contaminations will be documented and evaluated to help improve contamination
controls.

Personnel contamination forms will include such items as:

1. Names of ir>dividuals involved
2. Suney results
3. Decontamination metnods
4. Results of decortamination

'

3.2-66

1

__



. _ . - _ . _ . - . - . - . . - - . - - . . . . _ . . - - . . . - - _ . - _ . - _ _ . - - -~

# 17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

5. Body locations where contaminated |
6. Areas worked

'

7 Radiation Work Permit number
8. Corrective action to help prevent recurrence of contamination

Survey records will be filed and maintained sa that previous radiological conditions
can be determined. All original survey records will be maintained and retained in
accordance with 10 CFR 20 and Fort St. Vrain Decommissioning Technical
Specifications.

3.2.8 Instrurnentatio.fL

A sufficient inventory and variety of operable and calibrated portable, semi portable
and fixed radiological instrumentation will be maintained to allow for effecuve
measurement and control of radiation exposure and radioactive material and to
provide back-up capability for inoperable equipment. Equipment will be appropriate
to enable the assessment of sources of gamma, beta, and alpha radiation including the |
capability to measure the range of dose rates and radioactivity concentrations

,

expected. Installed process and effluent rnonitors will be set up and operated using ;

O Offsite Dose Calculation Manual implementing procedures. Calibration procedures '

for process and effluent monitors will be;

implemented and maintained.

Accuracy requirements, remote read out utilization, abrm wt points and conditions,
and types of surveying or monitoring to be performed will be specified in Radiation *

Protection Manual implementing procedures. Remote and special monitoring
equipment will be obtained and calibrated per approved procedures if required during
the decommissioning. '

.

Counting instrumentation is located in multiple labontory facilities providing back-up
capability. Methods to perform manual calculations as a backup to computerized
systems will be contained in implementing procedures.

|

| The Radiation Protection Manual will contain administrative and implementing
procedures for the following activities:

1. Instrument inventory and control
2. Instrument calibration
3. Instrument operating procedures

3.2 67,
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3.2.8.1 10MtmDnit Inventory and Control
!
!

Radiation Protection Manual implementing procedures will ensure that instruments
are calibrated at the required frequency, functioning properly, issued to appropriate
personnel and retumed when necessary. Special use or dedicated instruments will be
marked to ensure they are not used for other purposes. Adequate instruments will
be available for radiation surveillance and associated radiation protection
measurements, taking into consideration:

1. Number of personnel and numbers of separate work areas requiring
surveillance.

2. Frequency and types of surveys or measurements required to support
decommissioning activities.

3. Allowance for repair and calibrations.
4 Efforts to minimize delays in personnel access and egress from

radiologically controlled aras.
5. Dedicated instruments (if any) that will be required for emergency

response.

A minimum instrument inventory level will be established to ensure that g
decommissioning activities will not be limited due to inadequate survey capability.

| Table 3.2-2, " Typical Fort St. Vrain Decommissioning Radiation Monitoring
instruments" lists typical equipment which will be available.

Instruments that are broken or require calibration will be tagged out of service by
Radiation Protection pensonnel. The out-of-service instruments will be separated
from operable instruments and placed in a designated location until they can be
repaired and/or calibrated.

A whole body counter will be maintained onsite and will be capable of identifying
approximately 10% of the maximum permissible organ or body burden from those
gamma emitting isotopes likely to be encountered (e.g., Co-60, Cs 137).

3.2.8.2 Instrument Calibratielt

Procedures for calibration and response checks of radiation monitoring equipment and
air sampling equipment will be prepared consistent with guidance provided in theI

| following documents:

3.2-68
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1.- NRC Regulatory Guide 1.33, Quality Assurance Program"

Requirements (Operation)", (Ref. 37).
2. NRC Regulatory Guide 8.25 " Calibration and Error Limits of Air |

Sampling Instruments for Total Volume of Air Sampled", (Ref. 36). l

3. ANSI N13.1-1969, 'American National Standard Guide to Sampling |
Airborne Radioactive hiaterial in Nuclear Facilities", (Ref. 38). !

4 ANSI N42.14 1978, " Calibration ud Usage of Germanium Detectors |

for hieasurement of Gamma Ray Emission of Radionuclides", (Ref.
39).

5. A NSI N42.31969, "American National Standard and IEEE Standard
Test Procedure for Geiger hfueller Counters", (Ref. 40).

6. . ANSI N320-1979, " Performance Specifications for Reactor
Emergency Radiolcgical hionitoring Instrumentation", (Ref. 41).

7. ANSI N3231978, " Radiation Protection Instrumentation Test and *

Calibration", (Ref. 42).
~

8. ANSI /IEEE Std 3251986, "lEEE Standard Test Procedures for
Germanium Gamma Ray Detectors", (Ref. 43).

The primary calibration frequency for commonly used portable radiation monitoring i

O instruments and por1able air sampling equipment will be every 6 months, after repairs
or modifications or when malfunctions are suspected. Semi portable and fhed
instrumentation will be calibrated at least annually, after repairs or when malfunctions
tre suspected. Instrument performance checks (source checks) will be conducted in
accordar.ce with ANSI N323 as prescribed in Radiation Protection hianual
implementing procedures. At least annu lly, a review of historical maintenance and
calibration trends will be performed for each instrument type. The review will
evaluate instrument performance, and the adequacy of calibration frequencies.

Calibration procedures will typically include the following:

1. Instrument specification and limitations

i- 2. Frequency of calibration
3. Description of operating settings / parameters
4. Environmental limitation (if appropriate)

i 5. References (e.g., instruction manuals, other related procedures,
regulatory guidance, etc.)

6. Required equipment for calibration (e.g., sources, tools, jigs, test
| equipment, etc.)
L 7.- Applicable drawings and schematics

3.2-69
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8. Calibration data forms (including as-found/as left settings, instrument
and source identification, charts, etc.)

12boratory analysis equipment will be calibrated using National Institute of Standards
and Technology traceable sources of appropriate geometries and energics. The
radiochemistry laboratory will participate in an interlaboratory cross-check program.
Documentation of calibrations and cross-checke will be maintained as quality records
in accordance with the Fort St. Vrain Quah ; Assurance Program. Audits of
radiation monitoring ar.d air sampling equipment will also be performed in
accordance with PDP Section 7, the Fort St. Vrain Quality Assurance Plan.

3.2.8.3 Instrument o rating Procedygtm

An operating procedure will be prepared for each type of instrument in use, including
emergency and special use instruments. Different models of equipment from the
same manufacturer with similar features and performance characteristics may be
combined into a single procedure, if the operating characteristics are essentially the
same, (e.g., Eberline RO-2 and RO-2A). Functional checks of portable radiation
monitoring equipment will normally be performed daily or pilor to use on the scale (s)
expected to be uaed. Each scale not function checked will be clearly labeled to
prevent its use.

Operating procedures will typically include:

1. User responsibilities
2. Instrument and detector description
3. User instructions (including battery check, meter zero, range

identification, etc.)
4. Precautions and limitations
5. Identification of proper check sources and associated jigs
6. Performance of source check and/or operational checks

3.2.9 Review and Audit.

To ensure the Radiation Protection Program is effectively implemented and
maintained, an organized system cf review and audits will be implemented in
accordance with the Quality Assurance Plan as defined in Section 7.0,
"Decoramissioning Quality Assurance Plan". Reviews and audits will be conducted

'

by vanous project organizations and include the following components:

3.2-70
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1. Radiation Protection Self Assessments and Reviews
2. Radiation Protection Corporate Oversight and Reviews
3. Quality Assuranca Group Audits

1

3.2.9.1 Radiation Protection Self Assessmtatand Review !

The Project Radiation Protection Manager will be responsible for the quality of work ;
performed by Radiation Protection personnel. The Project Radiation Protection
Operations Supervisor will review for adequacy and approve completed radiation
survey documentation on a day to-day basis.

In order to further assure the quality of the Radiation Protection program, Radiation !

Protection Supervisory Reviews will be planned and conducted by all Project
Radiation Protection Supervisors (including the PSC and Project Radiation Protection

- Manager) on a routine basis. These self assessment / reviews will include in-plant
walk downs to directly observe the effectiveness of the Radiation Protection Program
including, but not limited to, the following:

1. Radiation protection staff effectiveness
,

O 2. Facilities and equipment allocation and use
3. Worker radiological work practices

| 4. Compliance with Radiation Protection procedures, policies and
L specifications

5.- Compliance with Radiation Work Permit and ALARA programs
6. Conformance with project goals such as person-Rem dose, radioactive

waste minimization, etc.
t

Deficiencies and other fmdings will be documented and addressed in accordance with
Section 3.2.10, Radiation Protection Performance Analysis.

L 3.2.9.2 Radiation Protection Corocrate Oversight ttnd Review _
l

L The PSC Facility Support Manager and the PSC Senior Health Physicists are |
|- responsible for overseeing the Radiation- Protection Program to ensure proper
L implementation.

L

Periodic reviews, audits and monitoring of the Radiation Protection Program will be
performed to ensure the following:

L
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1. The Radiation Protection hianual and implementing procedures are
adequate to meet the Radiation Protection Program as oescrited in
Decommissioning Plan.

2. The Radiation Protection hianual and implementing procedures are
being followed.

3. The Radiation Protection Manual and implementing procedures are
adequate to meet the applicable regulations.

4 The Radiation Protection Program objectives are met.
5. The Radiation Protection Program is being effectively implemented

and maintained.
6. The work completed is in accordance with the Fort St. Vrain Project

Quality Plan.

3.2.9.3 Ouality Assurance Group AudiLL

The PSC Quality Assurance group and the Westinghouse Quality Assurance
organizations will conduct planned audits, revL:ws and assessments of the Radiation

Protection Program in accordance with the Fon St. Vrain Project Quality Plan and
| in compliance with applicable items of PDP Section 7.

O3.2.10 Badiation Protection Performance Anahit

The Radiation Protection staff will establish methods to identify radiological incidents
and radiological deficiencies in order to determine root causes and correct errors that
cause radiological performance problems. Detailed performance monitoring
requirements and activities will be described in and implemented by the Radiation
Protection Manual which will consist of administrative and implementing procedures.

3.2.10.1 Radiological Occurrence Reports

Radiological Occurrence Reports will be classified as either a " Deficiency" or an
" Incident". Principle elements of the reporting program will include, but not be
limited to:

1. A Radiological Occurrence Report may be completed by anyone
identifying a radiological occurrence. The report will include
pertinent information relating to the occurrence (e.g., date, time,
individual reporting occurrence, location, observations, etc.).

2. Radiological Occurrence ReIx>rts will be submitted to Radiation
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Protection Supervision for review, and classi0 cation.
3. The Project Radiation Protection hianager and the PSC Facility

Support hianager will approve corrective actions and implement
disciplinary actions, when applicable for designated classes of
occurrences.

4. A root cause evaluation for designated types and levels of occurrences
will be used,as applicable, to determine the circumstances and causes
of the event and to develop short-and long-term corrective actions to
prevent recurrence. The evaluations will be conducted by the
cognizant first line supervisors and managers with assistance from the
Radiation Protection staff.

5. A tracking system for Radiological Occurrence Reports and corrective
actions will be implemented. The reports will be trended and
evaluated priodically to integrate lessons learned, licensee experience
and experience from others - into Radiation Protection program
improvement. Records will be maintained in accordance with
regulatory requirements and company procedures.

3.2.10.2 Eltdiplogical nenciencies

Radiological " Deficiencies" are occurrences involving poor radiological work
practices with relatively minor consequences, but require supervisory action for
proper resolution. Examples of occurrences attributable to Radiological Deficiencies
include, but are not limited to, the following:

1. Failure to comply with radiological posting.
2. Failure to comply with Radiation Protection procedures.
3. Lost dosimetry.
4. Improper frisking.
5. Personnel contamination instances above a designated level.
6. Poor radiological work practices.
7. Improper use of, or problems with, respiratory protection equipment.
8. Eating, drinking, smoking, or chewing in the radiologically controlled

area.
9. Failure to comply with Radiation Work Permit requirements.
10. Unnecessary generation of radioactive or mixed waste.
11. Operation and maintenance of equipment in a radiologically unsafe

manner.

3.2-73
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These types of occurrences will be evaluated for possible deficiencies in areas such
as training, procedures, equipment and human performance. Appropriate corrective
action and follow up will be required by the Project Radiation Protection Manager
or designee.

3.2.10.3 Eadiological incidenti.

Radiological " Incidents" are occurrences that have, or could have 4 e potential for,
violating Federal Regulations and Fort Saint Vrain Decommissioning Technical
Specifications or involve a serious breakdown in the effectiveness of the Radiation

Protection Program. Examples oeccurrences that would be considered Radiological
Incidents include, but are not limued to the following:

1. Radiation exposures exceeding federal limits.
2. Radiation exposures exceeding administrative limits without previous

authorization.
3. Radioactive bodv burdens in excess of 25% hiaximum Permissible

Organ Durden.
4. Unplanned exposures ofli.aviduals to airborne radioactivity in excess

| of 2 hiPC-hours per day or 10 h1PC-hours in any seven consecutive hdays.
5. Significant spills or spread of radioactive materials that affect,

decommissic,ning activities,
d. Lost radioactive materials or radioactive materials found in

uncontrolled areas.
7. Flagrant violations of dosimetry procedures, such as failure to wear

or improperly wearing required dosimetry,
8. Lack of or improper access control for High Radiation Areas.
9. Improperly posted areas, especially high radiation areas.
10. Failure to follow instructions and "stop work" orders.,

11. Damaged or leaking radioactive material shipments.
12. Flagrant violation of Radiation Protection Procedures.

Incidents that are required to be reported in accordance with NRC Regulations will
be addressed in accordance with the PSC Licensee Event Report Program.
Radiological Occurrence Reports involving Radiological incidents will be investigated
and critiqued by a team assigned by the PSC Radiation Protection hianager or the
Project Radiation Protection hianager. The team will normally consist of a PSC

| Senior Health Physicist, a Project Radiation Protection Staff hiember, and the
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affected organization. Appropriate corrective action will be required to prevent
recurrence. Completed Radiological Occurrence Reports and investigations will be
reviewed by the ALARA committee and the Decommissioning Safety Review
Committee, as appropriate, depending on the type of occurrence and the severity.

3.2.11 Radiation Work Practices
.

Standardized radiation work practices and engineering controls will be located in the
Radiation Protection Manual administrative and implementing procedures. Radiation
work practices and engineering controls will aim be incorporated into work
specifications, engineering designs and work packages involving radiation exposure
or handling of radioactive materials as indicated in Section 3.2.5.1. Typical radiation
work practices that will be addressed, include:

1. Radiation exposure reduction methods
2. Radiation work performance methods
3. Use of temporuy shielding
4. Contamination control equipment
5. Work area ventilation

O 6. Decontamination processes
7. Liquid and solid waste processing
8. Control system for conominated tools
9. Use of protective clothing

3.2.11.1 Radiation Exposure Reduction Methods -

Specific work activities / tasks with the potential for trxierate or high radiation
exposure will require that radiological controls be incorporated into planning and
scheduling development, written instructions be prepared, and pre-job briefings be
conducted prior to commencing work and post-job debriefings be conducted for
lessons learned. Radiological conditions that will be considered include:

1. Presence of radioactive liquids.
2. Potential .for high activity sources or contamination (PCRV

disassembly).
3. Potential for creating Hot Particles (PCRV pool work).
4. Trans:ent high radiation levels (e.g. PCRV disassembly).
5. Airbctne radioactivity (e.g. opening a system).
6. Specific radiological evaluations upon occurrence of unusual events

3.2-75
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(e.g., notify Radiation Protection for radiation monitor alarms).
7. Reminder of the need to follow the Radiation Work Permit which

may have special controls associated and therefore longer lead time
!

for Radiation Protection preparation. I

8. Precautions for work when systems are in unusual status or
configuration,

9. Changing of system status which may affect radiological conditions
(e.g., starting and stopping the PCRV water purification system).

Eneineerine Contralt .

l

Radiation Protection engineering controls considered during ALARA reviews and
RWP preparation. Examples of engineering controls will include, but will not be
limited to, the following:

* Temporary shielding
*

Specialty and remote handling tools
*

Contamination control containments
* HEPA ventilation systems
*

Decontamination equipment and techniques
* Remote surveillance systems

3.2.11.2 Radiation Work Performance MethodL

Planning for radiological work is an essential element in assuring an efficient use of
resources, maintaining control of radioactive material, and keeping worker exposure
ALARA. An objective of planning will be to provide adequate time for each affected
department to prepare for radiological work. Planning will typically include the
following considerations:

1. Provide adequate time for work area preparation, including removal
of hazards, in addition to radiological hazards, to provide a safe
working environment.

2. Decontaminate work areas to increase worker efficiency.
3. Install systems to contain radioactive materials.
4. Provide workers with specialized training and other identified

ALARA requirements.
5. Incorporate previous experience on similar jobs.|
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3.2.11.3 Use of Temporary Shielding _

Temporary shielding will be used to reduce dose rate levels near * hot spots" and in
the general area where work is to be performed. Determination as to the type and.

amount will be evaluated by Radiation Protection personnel. An implementing
procedure will be used for tt.: control and use of temporary shielding. Additional
details on temporary shielding is covered in Section 3.2.5, Dose Controls.

3.2.11.4 Contamination Control Ecuipment

Contamination will be controlled by employing a variety of engineering controls
including HEPA ventilation, enclosures, strippable paint, and area / component

L decontamination. Examples of contamination control methods that will be used,
| include:

1. The PCRV will be filled with water to control radioactive particulates
that would normally be released when handled in air.

2. Containment or enclosures of appropriate size, equipped with HEPA
ventilation, will be used as necessary to prevent the spread of
contamination while contaminated graphite blocks and other;

components are being removed from the PCRV or otherwise handled.s

3. A work . platform will be installed on tne PCRV after the PCRV head
has been removed. The platform will be equipped with a
HEPA-filtered ventilation system that will exhaust air from beneath
the work platform. This airflow will minimize the spread of
contamination.

4. A debris collection system will be used in concrete cutting operations
to minimize the spread of contamination.

! 5. Strippable paint or other suitable enclosures will be applied to some
radiologically clean components or areas to prevent
cross-contamination.

Additional contamination control methods will be considered during job planning and
work package review Isolation containments may be used to minimize the spread
of contamination if the surrounding work area is uncontaminated or is much cleaner

. than the work area.
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Rad' tion Protection Manual implementing procedures will provide guidance on the
application and use of contamination control equipment. Examples of equipment
in:lude, but are not limited to:

* HEPA ventilation HEPA vacuums*

* Containments Strippable paint*

* Glove bags Sheeting (e.g. plastic, herculite)*

3.2.11.5 .WcIk. Area Ventilation

Portable HEPA ventilation units will be used in work areas for the control of airborne
contaminants during work activities that have the potential for airbome contamination
generation (e.g., burning, welding, grinding). Periodic tests will be conducted to
assure air Hows are from areas of low potential airborne contamination to areas of
higher potential contamination. Containments or tents may also be used in
conjunction with HEPA ventilation to control airborne contamination. Radiation
protection implementing procedures will provide instruction on the use and control
of portable HEPA ventilation units.

3.2.11.6 Decontamination Proersrs_ h
Various decontamination processes will be employed during dece missioning to
prevent the spread of contamination, minimize the potential for internal uptake and
reduce the associated radiation levels for ALARA purposes. Examples of
decontamination processes which will be used, include:

* Scabbling Abrasive blasting*

*
Hydrolazing Ultrasonic cleaning*

*
Strippable coatings HEPA vacuuming*

*
Chemical cleaning Hands on decontamination

*

3.2.11.7 Liguid and Solid Waste Processine

Process controls will be applied to the identification, collection, processing,
packaging and disposal of radioactive waste to ensure compliance with state and
federal applicable regulations. Radioactive waste processing and controls are
addressed in Section 3.3.
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3.2.11.8 Control System For Contaminated Tmb. i

Storage areas and hot tool cribs will be identified for the project, and wili be used
for the storage of reusable contaminated tools, components, equiprnent and materials.
This designated storage will help to prevent the spread of contamination and maintain
radiation doses ALARA. Implementing procedures will include the control and use
of contaminated tools and equipment.

,

'

3.2.I1.9 Mea Posting
'

Supplemental postings will be used to provide additionai information to workers.
These postings will be used in conjunction with the required posting and may contain
the following types of information/ instructions.

1. Contact Radiological Protection for Entry
2. Hot Particle Controls Area
3. Frisk Hands and Feet Prior to Exiting
4. Potentially Contaminated Area (e.g., in overheads)
5. Internal Contamination te.g., inside electrical panels)

O 6. " Keep Out" Radiography in ProgressV 7. Radiation Work Permit Required for Entry

3.2.11.10 Description and Functions of Proteglive Clothing _

Protective clothing will be provided for personnel working in contaminated areas and
will be required as specified on RWPs. Se:ection and use of protective clothing will
be based on known and expected contamination levels in the work area, as well as
the expected working conditions. Protective clothing requirements will be specified
en Radiation Work Permits. To ensure the proper
control and use of radiological protective clothing, they will be used as indicated by
Radiation Work Permits. Instructions for the proper donning and removal of
protective clothing will be addressed as part of Radiation Worker Training.

Containers for the disposal of used protective clothing will
normally be placed at the exits of contaminated areas. Used protective clothing will
be treated as potentially contaminated and handled as such.

Implementing procedures will be developed for the control and laundering of
contaminated protective clothing. Reusable protective clothing will be used whenever

Od 3.2-79,
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possible. Laundry will be monitored for acceptable residual contamination levels
pnor to reuse.

I

I
:
,

O
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TABLE 3.21
OCCUPATIONAL RADIATION EXPOSURE (ORE) ESTIStATES

(PCRV DISH 1ANTLEhiENT ACTIVITIES)

SC}lEDULED WORKER CREW AVO.

WORK FXIOSURE RADIATION WORKrJL

Dl3CRII" TION OF WORK ACTIVITY TIME TIME * FIELDS EXIO$URE

(Per Hrs) (Pet 41rs) (Per41rs) (Per Hrs)

' ICRV INITIAL PREPARATIONSIS A5$Df BLY

Modify Main Crane 682 341 0.1 0.03

| Detendon ICRV Tendons 25,590 12,795 0.1 1.28

Remove Cort Dements with FHM

PCRV Region Coruaraus Devices 2,208 1,104 1.7 1.88

Renove Metal Clad & CRD Blocks 12,267 6,134 0.4 2.45

llelium Purification Cor ponent Wells 2,013 1,007 1.0 1.00

$USTOTAL 21,381 6.64

SHIELDF.D ACCESS TO ICRV

O Seal PCRV Conting Tut >cs A Tendon Cornluits 4,110 2,055 1.0 2.06

i Center Access Penetration 1,190 595 1.1 0 65

PCRV Shield Water System 4.980 2,490 1.0 2 49

Airborne Contamination Control System 3,633 1,816 0.3 0.54

Cut ICRV Top llend 21,660 10,830 1.1 11,91

Flood PCRV 180 90 0.6 0 05

ICRV Cavity Shielded Work Platform 1,325 663 ? .0 0.66

$UBTOTAL 18,539 18.36

DISMANTLE ICRV CORE COMFONENTS

Defueling Doments 16,683 8,342 1,7 14.18 .

Replaceable armi Permanent Hex Reflector Blocks 16,683 8,341 3.7 30.86

large Side Renector Blocks 27,782 13,891 3.6 50.00

| Borot ted Spacer eternents 16,683 8,342 1.9 15.85

Hastelloy can llex ReDettor Blo6ks 8.341 4,170 6.8 28.36
I Core suppoet Bloets anJ Posts 2,780 1,390 1.8 2.50

f SUBTOTAL 44.476 141.75

*-
Exposure work time (morker efficiency)is estimated to be 50% of scheduled work tirne for PCRV tasks where the potential for
radiation exposure emists.

\
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TAllLE 3.21 (Continued)
OCCUPATIONAL RADIATION EXPOSURE (ORE) ESTIMATES

'

(PCRV DISMANTLEMENT ACTIVITIES)
_ . _ - --

,
=

_ _ _ _

$CilEDULED WORKER CREW AVG.

WORK EXPO $URE RADIATION WORKER
DESCRin DN OF WORK ACTIVITY TIME TIM C" FIELDS EXIO$URE

(Per-lirs) (Per Hrs) (Pet Hrs) (Perdirs)

CORE BARREL, INSULATION & CSF D/D

Core Barrel and 24 Outer Keys 4.913 2,456 9.2 22.59

24 Core Barni to Oraphite Lower Key Renoval 952 476 13.3 6.33

24 Cors Barrel to Oraphiu Upper Key Removal 1,624 812 10.0 8.12

Core support Flout 7,762 3,881 12.5 48.51

Top CSF insulation 1,350 675 11.2 7.56

g rUTAL
_ _ _

8.300 93.11

PCRV LOWER PLENUM D/D

12 Steam Generstor Pnmary Modules 14,686 7,344 0.8 5.88

12 steam Getierator Secondary Modules 7,594 3,797 4.7 17.85

4 Helium circulaiot Prirnary Modules 1,056 528 11.1 5.86

415eOnn circulator Secondary Modules 1,144 572 3.5 2.00

CSF Colunuu,1mer Plenum Floor, and Supparts 1.144 572 22.2 12.70

PCRV Inside Top, Ikit. & Si6 InuuhtioWPintes 3,388 1,694 5.7 9.66

SUBTOTAL 14,507 53.95
uss: .--

FINAL PCRV DYSM ANTLE, DECON & CLEANUP

Rernove Beltline Activated Corgrete 17,284 8,642 1.7 14.52

DeconInst PCRV Liner 984 492 0.8 0.39

PCRV Wall & Liner Penetrations; 7,404 3,702 0.2 0.79

PCRV Safety Valve lastrumentation & h iping

| Demobilite and Cle,nup Area 1,440 720 0.3 0.22

Decon PCRV for Final Release survey 1,440 0 0.0 0.00

SUBTOTAL 13,556 15.92
:s ,,en

HP & QA COVERAGE (115) 13,283 36.26,

CRAND TOTAL . PCRV ORE 134,042 366.00 |

'' -
Exposure work time (worker efficierwy) is estirr.rtes, to be 50% of scheduled work time for PCRV taats where the potential for
radiation zy.onte custs.

O
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TAllLE 3.21 (ContlHued)
OCCUPATIONAL RADIATION EXPOSURE (ORE) ESTIMATES

(BOP DISMANTLEMENT ACTIVITIES)

SCHEDULED WORKER CREW AVO,

WORK EXIOSURE RADIATION WORKER
DESCR!PilON OF WORK ACTIY11T TIME TIME * FIELDS IXIOSURE

(Per Hrs) (Per-Hrs) (Per-Hrs) (Per-lirs)

ADIOLDolCAL CH ARACEERIZATION 7.279 7,279 <1 0.25
BOP DISMANTLEMLNT OPERATION

- -

System 13 fuel Handling System 4.648 4,648 <1 0.22
'

System 14 Fuel Storage Wells 3,742 3,742 <| 0.10
System 16 HSF ATC and ESWs 4,477 4.477 <1 0.10
S) stem 23 Helium Purification System 5,448 5,448 <1 0.23
System 46 Reactor Plant Cooling Water 1.500 1,500 <1 0.06
System 47 Purification Cooling Water 250 250 <1 0.02
System 61 Decorna.nination System 3,4 93 3,493 <l 0.10
Systern 62 Uquid Waste System 10.610 10,610 <l 0.25

,,

i System 63 Gas Waste System 9,94 B 9,949 <1 0.13
System 72 Resetor Building Drsin 4.577 4,577 <l 0.02
System 73 Reactor 11 ant Ventilation 1.694 1,694 <l 0.02
5 stem 93 I & C Piping, Instavmentation, & 1,370 1,370 <1 0.02

3

Structca External to PCRV

Contaminated Laundry Facility & Radoaste Compactor 930 930 <l 0.01
HP coverage (10%) 5,997 0.15

'

SUBTOTAL DOP 65,963 1.68

RADWASTE PROCESSING AND SHIPPING 30,050 30,050 VARIOUS 59.43
HP Covenge (10%) 3,005 5.94

l SUBTOTAL 33,055 65,37

GRAND TOTAL . PCRY, BOP RADWASTE PEG 233,000 433.06

*-

I- Exposure work tirne (worker efUsierwy)is estimated to be 100% of wheduled work tinr for BOP and Radweste tasks shers the
potential for radiation exposure exists.

G
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TA11LE 3,2 2

TYPICAL FORT ST. VRAIN
DECOMMISSIONING MONITORING INSTRUMENTS

MANt'I ACit'RLR MODI.L SA%10 RANGL SLNSillVi1 Y RADI AllON
DETIC11D

_

IK)SIMITEM |
.

LEA N/A Self-readmg dosarrwter 0 - 2W rnR S nJt Osmna
~

(A N/A Self-nadirig donimeter 0 2N nA 3 rnR Gauuna

_
IN)RTAiti.I: SIIRVI:Y hil''llM l

D>crbne RO2 Air kun charrher m ath 43 to MRo nJuhr U.S mR'hr purumum, Osnma Does rate
RO-2A bets windom, bauery 45 to 0-50,(o0 to kev to 3 MeV beta daae rate

powered nChr i 20%

D erbrw it D $ A/D Air ion chanher w uh 0.1 to 19W nJUhr A 0.5 nWhr nurumum, Osmina done rate
bets window, banery 0.01 to 199.9 %r 80 lev in 3 MeV beta done rite
pow ered i20%

Dierkne RO-7 Air ion charrber * sth 0 to 20,MO lUhr Vanes based on Gamne dose rate
RO-7BH renwte driewtor (to 500 prthe
l'.0-7LD ft) with beta mind.m.
RO7BM benery pometed

( ' Die hin Tele tector Punable high range gamma I ne nnnhncer 80 kev to J Mev Genuna done tite
( 61120 donc rate instrunwnt mith ranges to loro IUhr 1 20 %

e atending prthe ar61 two

energy cornpensated GM
deteckws

_ LA)W LEVEL CONT _AN._ilNATIO.__N METEILS.

Derline D320/ OM aurvey meter,1.4 to 2.0 1 to 24,0(O cpm Approximately 6% for Ikta
HP-190A mg/cn/ l-irwh end winJaw l in6h Tc-99 plated

unec:npensated GM deuctor emert

Derluw PAC-40-3! Alphs aurvey rneur; four 0 in 500,000 cpm 50% of 2 pi for Al ha onlyf
AC-21 decade hrrky (tin) meter distnbuted plated

with alpha gas flow alpha source
proporthmal dessetw

[berline PAC 4V Alpha survey r>wtar; four 0 to 2,000,0txhrm 20 to 30% of 2 pi for Alphs only
AC 3 duade lin-log (tm) rrwter a distributed plated

mith alpha scintillation alpha sourte
detutor depending on windtw

thithawas
- - - _ ,

i

O
,
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TAlli.E 3.2 2 (Continued)
TYPICAL FOltT ST. YRAIN

DECOS1511SSIONING AIONITOltING INSTitUhlENTS

h14NtTACIYRER MODil NetE RANGE SENSI1IVITY RADIAllON i
DETI:CTID

11)W LEVEL IX)SE RATE METIRS |
Imdlum Model 19 Ponable gamnu rate meter 0-23 to 4$(00 pRtr Energy dependent Os.nrra nady

pR nuter mith iraernal Nal in 5 rangee
scintillation detector

1

'

PERSONNEL FRISKERS

Eberline RM14 Frisker, pan:ake OM mith O $(U to 0 50.00 5(40 dpnt 100 cm' heta (101)./

alarm, AC or battery spm ge nina (11)
crerstion j

Dwriine TG01B Contairutation nonitor N/A 30IO - 30 0 lieta, gamna
|

dem/l(0 cm'
IRT PM 4 Portal Mosutor N/A Varies with bkg and Beta, gamnu

rrnic of operation

Dwrbne RM 15 Single channel count rate 4500 to 45l0,0to $(un dpnv100 cm' Iteta (101)
rneter, OM pancake pnd e, cpm Gamnw (11)
with alertn, AC or battery

tverstbn

AIR SAMPLERS
. a

RaDeCo ll 8W/l Portable AC pouered air 3 R*/ man N/A N/A
sampler

Buck Buck $$ Portable banery powmd c00 $000 sc/ min N/A N/A
Pump air sampler

Eberline PINO I A Airmonitor 10 - 10' cpm Co-137 5 cprdt for Deta particulate
l lx10 " pci/cm'
| 3.67 cpm %r for

I al0 " pCi/cm'

RASP lew Air sampler 0.1 to 5 ft'/ min N/A N/A
Voluma

'

Staplex High Air sampler 10 ft'/ nun N!A N/A
Volunw

AREA MONITORS
g-

Varic.w Various Ana Monitor Variable based on 40 kev ta 1.3 MeV Genutu donc rata
pntes - 201

O

tF
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TAllLE 3.2 2 (Continued)
TYPICAL FORT ST. VRAIN

DECOMMISSIONING MONITORING INSTRIJMENTS

MANLTACTL'RER MODEL TYPE Or DI: TIC 10R

SAMPLE ANALYSIS AND cal tilRATION LAllORATORY EQUlPM13T
_

Hardiaw T ASC 1 A6 $ohd State Dete5 tor |_

Tennelec L A 5100 oss flow pngmruonal

D+erline ILC d OM detector

Canberts spettnim F Senes Ocu Detector

lic(Lman 3801 Liquid Scintillatmt

Besknan Shadow Chair $odsum loJide Detectors
or equhalent

Varicuss Various Air sampler cahbrators -

MDil'RADCA 2025 Radiation Morutor used as a tretisfer
instrument

Various Vanous RmJiation sources with traseability
to NIST

J.L Shaperd 89-1 Shielded calibratian sourses
musers

1
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3.3 RADIOACTIVE WASTE MANAGDIENT

This section adoresses the technologies, equipment, and procedures to be
implemented for the management of radioactive waste during the Fort St. Vrain
(FSV) decommissioning project. These technical approaches are based upon
experience and a6:ms facets of p!anning, decontamination, packaging, storage,
transportation, volume reduction or beneficir.1 reuse, and final disposition of the waste

. materials, while minimizing secondary wastes.

In developing the Radioactive Waste Management Program, many elements were -

considered, including the following:
,

1. End use of the facility
2. Location and availability of disposal facilities
3. Potential for offsite release during D/D cperations
4. Preventing contamination of uncontaminated areas
5. Use of existing buildings to support the waste packaging operatiom.
6. Methods of approach related to waste type, waste class, and impact ont

safety

g4 7. Cost effectiveness
W S. Logical approach to the D/D operations

9. Ensuring that the occupational exposures are maintained as low as
reasonably achievable (ALARA)

10. Minimizing the impact on the health and safety of the general publics

11. Maintair,ing flexib:lity for waste management to Clow for unexpected
wastes ard changes in available technology

,

12. Effecti,'e implementation of a Process Control P. ogram for rLdioactive
wastes

This sectior, contains a description of the following activities asse:iated with the
ruticactive waste management progmm;

* Spent fuel dispr.1 (3.3 D
* Radioactive Waste prooming (3.3.2)
* Radioactive waste disposal (3.3.3)
* Disposal of non-radioactive wastes (3.3.4)

3.3-1
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| 3.3.1 Defueling3Lt!g Independent Spent Fuel Storage Installatim

Although not related to proposed decommissioning plans, the following information
is provided on the ultimate disposition of the Fort St. Vrain spent fuel.

| Due to the uncertainty of shipping of spent fuel to Idaho or other DOE facilitics, PSC
| pursued an alternate plan to license, construct ano operate an Independent Snent Fuel
| ''torage Installation (ISFSI)in accordance with 10 CFR 72. The NRC issued PSC
j an Environmental Assessment of No Significant Impact for the ISFSI on February 1
| 1991 (Ref. 44), and PSC commenced construction on the same date.

|

| The ISFSI facility is located immediately adjacent to the curre.. it' The ac-a
| location is outside the plant's existing Protected Area, approximately 1500 feet
| northeast of the Reactor Building. The ISF3I, using the Modular Vault Dry Store
| (MVDS) System, is designed to store up to 1482 fuel elements, t.p to 37 metal clad
| reflector blocks (MCRB's) and up to 6 neutron sources.
I

| Following review of PSC's application, the NRC granted PSC a 10 CFR 72 license
| on Nove nber 4,1991 (Ref. 45). PSC commenced defueling to the ISFSI on
| December 26,1991. Defueling to the ISFSI is on schedu!e to allow completion of
j defueling by mid 1992, which will allow decommissioning to commence not later
| than mid 1992.

; 3.3.2 Raftsttive Waste Processing

3.3.2.1 Pronram Descrintion

For materials that may contain licensed radioactive material, radiological surveys will
be performed to determine the extent of the contamination or activation. Based on

these results, options for dt. contamination or disposal, packaging, and processing will
be determined.

|

Onsite packaging or processing of radioac..ve waste prior to transportation will be
performed in areas appropriate for these activities. Examples of such areas are the
Hot Service Facility (HSF), the gas waste compressor rooms (Reactor Building level
1, el. 4740'), .ae Compactor Building, and the Fuel Storage Building.

Items not considered for decontamination or items that, following decontamination,
are considered to have too high a specific activity for offsite volume reduction, will

| . 3.3-2
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be packaged and shipped directly for disposal at a licensed burial facility. Greater
than Class C (GTCC) wastes, if any, will be packaged for onsite stosge and
subscquent shipment to a designated storage or disposal facility. >

Radioactive wastes are expected to be categorized as follows:

1. Potentially contaminated or requiring minor spot decontamination:
These include potentially contaminated materials that: 1) appear to be
uncontaminated; 2) all surfaces are easily accessible; and 3) have a
small surface area-to-weight ratio will be surveyed to determine if the
material can be released for unrestricted use without decontamination
or with minor decontamination effort. For example, a small surface
area with only spot and/or smearable contamination can easily be
decontaminated by such means as wiping, grinding, or e aving the
hot spot.

2. General contamination with accessible surfaces and a low
area-to-weight ratio: Materials with readily accessible surfaces for
puiposes of surveying and decont2.mination, and that possess a low
surface area to-weight ratio may be shipped directly to a licensed

G.- offsite processing facility for decontamination of the surfaces and final
U disposition.

3. General contamination / inaccessible surfaces /high surface
area-to-weight atio: Smaller metallic semp or metals with
inaccessible surfaces for performing surveys (e.g., previously sheared
material).will be assumed to be contaminated and be packaged for
shipment for further processing at a licensed facility or shipped
directly to burial.

, 4. - Activated: Activated materials and high specific activity raaterials
'

(primarily concrete, metals and graphite components), will either be
packaged and shipped direct for disposal or to a licensed facility for
further processing and volume reduction.

Radioactive materials as categorized above will be evaluated to determine the-
optimum method for release, deconta.nination, or shipment offsite for further
processing or for burial. The following onsite and offsite methods will be
considered.

!

[ J. Onsite processing ofliquid wastes.
L 2. . Onsite processing, release and disposal options for tritiated liquid |

3.3-3
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| wastes.

3. Onsite filtration of airborne wastes.
4. Onsite decontamination.
5. Onsite waste volume reduction.
6. Onsite packaging.
7. Offsite decontamination.
8. Offsite volume reduction.
9. Offsite repackaging / consolidation for disposal.

3.3.2.2 Onsite Processing of Liould Waste 1.

During the Fort St. Vrain decommissioning project, contaminated water will be
generated through several processes (such as diamond wire cutting, flooding of the
PCRV, rinsing of contaminated components removed from the PCRV) and through
decontamination operations. Flooding the PCRV will put into solution radionuclides
that exist in the PCRV as a result of activation and plateout. Of primary concern are

| tritium and the gamma-emitting isotopes Cs-137 and Co-60. Expected releases of
| tritium from graphite components into the PCRV shield water is discussed in PDD
| Section 3.1.5. Tritium processing, release and disposal options are discussed in the
j following section (Section 3.3.2.3).

| Releases of PCRV Shield Water will be processed through the PCRV Shield Water
| System where filters and demineralizers will substantially reduce the concentration
| of radionuclides, with the exception of tutium. As shield water is released, it will
| be replaced with clean water.

| Initially, water to be released will be transferred to a liquid waste holdup tank in the
| existing Radioactive Liquid Waste System (System 62) for sampling and analysis.
| After the water in the PCRV has been processed to the extent that the concentrations
j of Co-60, Cs-137 and Fe-55 in the entire PCRV water volume are less than
| approximately 1.0% of the 10 CFR 20 MPC limits, the water will be sent directly
| to the discharge line, where it will be diluted with blowdown flow and released.
| Liquid effluent is diluted by a minimum factor of 110 before discharge to the
| Goosequill Ditch. The liquid waste holdup tank will not be used. At that time, the
| entire PCRV will be considered a process tank and releases will be made directly to
| the dilution point, as long as no activities are in progress inside the PCRV that could
| stir up additional contaminants.

3.3-4
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Operating simplicity of this system will minimizc the radwaste movement, handling
and perconnel exposure. Spent resins and filter media requiring stabilization will be
processed in accordance with the Process Control Program (PCP). The PCP shall
contain the current formulas, sampling, analyses, tests, and determinations to be
made to ensure that processing and packaging of solid radioactive wastes based on

demonstrated processing of actual or simulated wet solid wastes will be accomplished
in such a way as to assure compliance with 10 CFR Parts 20,61, and 71,49 CFR
100, State regulations, disposal site burial requirements, and other requirements
governing the disposal of solid radioactive waste. When possible, this will be done

'

inside the disposal package or liner to minimize additional waste handling prior to
disposal.

3.3.2.3 Tritium Processing. Release and Disnosal Options
|

1
A. Tritium Release Alternatives |

|
Since tritium cannot be removed from the water by processing, it must either be |
diluted to releasable levels or disposed of as radioactive waste. The release option |
v,;.s chosen for the low tritium concentrations expected in the PCRV Shield Water |

-pd System. The PCRV Shield Water System, discharging to the existing Fort St. Vrain |
plant liquid effluent stream, was selected as the best passible release path for tritium j
in the PCRV shield water. In addition, occupational and public doses from effluent |
discharge operations are the lowest of all the alternatives evaluated. This effluent |

.

discharge path was fully analyzed in the Fort St. Vrain FSAR and the original |
Supplement to the Environmental Report (Ref. 46), and the impacts during normal |
plant opergions were determined to be acceptable to the NRC. Moreover, the PSC |
environmental monitoring program, which complies with the Regulatory Guide 1.21 |
(Ref. 47), has confirmed no significant impacts to the environment due to discharges |
of tritiated water over the last fifteen years of operation. |

l
The current tritium discharge pathway is modeled by the Fort St. Vrain Offsite Dose |
Calculation Manual (ODCM) from this release pathway. This pathway currently has |
adequate measuring ati monitoring capabilities for the anticipated discharge level |
(both water quantity and curie content). This pathway provides acequate water to !
dilute the anticipated quantity of tritium to below 10 CFR 20 limits. |

I
,

In summary, the discharge of tritium to the existing Fort St. Vrain liquid effluent |
stream provides. the most advantageous method for tritium release during |
decommissioning. In addition, it is an accepted and demonstrated safe method that |

- 3.3-5
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| will minimize both occupational and public doses.
I

| B. Solidi 6 cation oL11ighlylritiated Water
|

| In the unlikely event that the amount of tritium entering the water greatly exceeds the
| expected levels, and the effluent discharge release method cannot be used, alternate
| disposal methods are available. In this case, after tritium pickup by the water is
| complete and suitable containers are in place, a feasible contingency plan is to
| remove the water from the PCRV in its entirety and solidify it for disposai. An
j acceptable solidification process would be to use Aquaset, which has a solidification
| cfficiency of 45 gallons in a 55 gallon drum and requires about I hour per drum.
I

| Appropnate radiological controls would be implemented during the solidification of
j the tritiated water to maintain external and internal radiation exposures ALARA.
| Because of the increased costs and inability to continuously improve water quality,
| the solidification method would not be used unless the tritium level greatly exceeds
j expected levels. Solidification of highly tritiated water is discussed here to
| demonstrate that suitable technology is currcatly available, and to establish a
j bouncing cost for disposal should the preferred method not be suitable.
i 9| C. Tritium Rekase and Monitoring
|

| The PCRV will be filled with approximately 325,000 ge.!!ons of water. No discharge
| will be made until the trend of tritium concentration is determined. The initial
| concentration of tritium in the PCRV (approximately 5 days after fill)is estimated to
| be less than 0.40 pCi/mi, baed on 500 Ci of tritium diluted in 325,000 gallons of
{ water.
I

| The Decommissioning Technical Specifications require that the PCRV water be
| sampled and analyzed daily for tritium concentrations during the initial fill of the
| PCRV. Sample frequency may be reduced to weekly after the tritium concentration
| has decreased to less than 0.1 pCi/ml. Limits have been established in the
| Decommissioning Technical Specifications to assure that tritium activity
| concentrations in the PCRV Shield Water System will not exceed those postulated in
| the decommissioning accident analyses.,

I

| Or.ce the trend of tritium concentration in the PCRV is established, discharge will
|begin. Water from the PCRV will be processed through the PCRV Shield Water
| System and a side stream will be transferred to a liquid waste holdup tank in the

3.3-6

.

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



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

4/17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

!

|existing plant Radioactive Liquid Waste System (System 62). The tank will be |
sampled for tritium and other principal radionuclides. Based on sample results and |
the limits prescribed in the Fort St. Vrain Offsite Dose Calculation Manual (ODCM) |
(Ref. 48), an allowable release rate will be determined. This method of redundant |
monitoring will ensure that the desired discharge concentration (less than MPC)is not |
exceeded. Tritium in liquid effluent will be released within the following limits: |

|
1. EPA Safe Drinking Water Standards in 40 CFR 141 (20,000 pCi/l |

average concentration), at the downstream sampling location located |
approximately 5 miles downstream of the effluent discharge location. |

2. 10 CFR 50 Appendix I limitations on doses to individual members of |
the public (1.5 mrem whole body per quarter,3 mrem whole body |
per year). |

3. 10 CFR 20 MPC limits on concentrations in effluents released to |
vnmstricted areas. |

|
Administrative controls will be implemented to ensure that the above limits are met. |
The above standards also ensure compliance with the 40 CFR 190 EPA public dose |
limits of 25 mrem per year. ,

,

Q l
*

,

After sampling, the liquid in the liquid waste holdup tank will be initially discharged |,

! at a rate from 1.4 10 gpm and diluted by the cooling tower blowdown flow prior |
to release to the surrounding surface water. The minimum cooling tower blowdown |
flow of 1100 gpm defined in the ODCM will ensure a dilution factor of more than |
100. Figum 3.3-1 shows a representative decrease in PCRV tritium concentration |
assuming a discharge of up to 10.9 Curies oer day (2000 gpm cooling tower j
blowdown discharge) until tritium concentrations drop below levels where this rate |
can be maintained without requiring dilution to meet'10 CFR 20 limits. Tritium |
concentration will continue to be reduced, and after approximately 3 months of |
effluent discharge operations, the PCRV water tiitium concentrations will be low |
enough to allow direct discharge to the environment (i.e., less than 10 CFR 20 MPC |

: -limits). Discharge at a slower rate (1100 gpm, resulting in a release rate of 6 |
'

|: Curies / day or less) would extend the time to reach the 10 CFR 20 concentration |
limits.

|

|
Water consumption requirements to support the dilution of the vessel water may |
range from the minimum flow rate of 1100 gallons per minute to a flow rate of more ]

'

than 2000 gallons per minute. Existing site capacity can accommodate these |
- requirements and no additional water sources are required. Makeup water is obtained |

3.3-7
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| from ditch water diverted from the South Platte River and St. Vrain Creek and is
j supplemented by water from a system of six shallow wells.
!

| The cooling water blowdown line (normal discharge path) flows to a diversion box

| from which the flow can be directed to the South Pintte River via the continuation of
| Goosequilt irrigation ditch or to the St. Vrain Creek via a slough. Further
| downstream from the plant, the Goosequill irrigation ditJ flows into the Jay Thomas
| irrigation ditch and the combined stream flows into a 25 acre farm pond. Tim
| overflow from this pond flows into the South Platte River close to its confluence with

| the St. Vrain Creek. The drainage path via Goosequill ditch and the pond is
| normally used.
1

3.3.2.4 ErJkalq_of Airborne Contamination

Plant gaseous effluent liltration and monitoring systems will be operated ar.d
maintained as described in the Decommissioning Technical Specifications and the
Offsite Dose Calculation Mamtal.

The HEPA filter penetration and bypass acceptance limits in the Technical
Specification surveillances are applicable based upon a HEPA filter efficiency of
95 %. The HEPA filter bank will be tested using the test procedure guidance in
Regulatory Position C.5.a and C.5.c of Regulatory Guide 1.52 (Ref. 49), with a flow
rate of at least 17,100 cfm to verify that the fiiter penetration and bypass
leakage test acceptance criteria of 1 % is met.

The replacement frequency of the HEPA filters in the existing Reactor Building
ventilation - exhaust system is also identified in Decommissioning Technical
Specifications, and is based upon either high exhaust radiation readings (or alarm) in
the ventilation exhaust duct, or upon exceeding the maximum allosvable pressure
differential (which indicates that the filters are filled with dust).

Effluent monitoring of the reactor building exhaust will be accomplished and reported
using installed plant equipment and established procedures. Supplemental effluent air
monitoring in the form of air samples for areas or operations remote from the
Reactor Building with air discharge capabilities will be maintained. Manitoririg
capabilities include beta / gamma radiation measurement of samples.

3.3-8
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3.3.2.5 O_nsite Decontamination Techniaues

Onsite decontamination techniques will normally be used for processing and volume
reduction of solid wastes. Solid wastes will be processed in accordance with written

precedures. A general plan for solid waste processing is to initially identify the
waste at the point of generation as to the type of material and exposure rate, and
segregate the material to allow for decontamination onsite or packaged for shipment
to an offsite vendor for volume reduction or to an approven disposal site.

Standard industry decontamination techniques will be used and may include the
following:

1. Strippable Coatings: Strippable coatings may be used to lift
particulates from contaminated surfaces. A strippable coating is
applied " wet" to a surface in a manner s milar to painting a surface.
Additives in the coating are designed to attract and combine
chemically with radioactive conta ninants. Once the coating is dry, the
contaminant is locked in the dried . lating. The dried coating is easily
" peeled" to allow stripping of the film containing the contamination.

/N The stripped film can then be packaged and buried as a solid waste.O Strippable coating may also be used to protect surfaces from becoming

| contaminated.

| 2. Chemical or Solvent Decentamination: Chemical decontamination is
utilized principally for batches and is best used on a pu,Juction basis
for large volumes of similar materials, but may result in a hazardous
radiologically contaminated mixed waste. Chemicals used for
decontamination will be evaluated for hazardous constituents using 40
CFR and Material Safety Data Sheets (MSDS). Decontamination
chemical wastes could possibly include acids, caustics, detergents and
non-hazardous solvents. The specific chemical for a particular
application will depend on the material to be decontaminated. Acids

| or bases may be neutralized and solidified or used for water chemistry
control in the PCRV water clean-up system. Detergents and other
water based solvents will generally be associated with damp rags or|

wipes. If a mixed waste stream is identified, a treatability study will
be performed to determine if it can be made non-hazardous. At this

; time, no mixed wastes bave been identitled. Furthermore, no
i processes are planned to be used during decommissioning that will

create a non-treatable mixed waste.
|

3.3-9
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3. Dg Abrasive Imoingement; Dry abrasive impingement (e.g.,
sandblasting) is effective for removing heavy or tightly adhering oxide
films.

4 Fixatives: The application of fixatives may be used to fix transferable
contamination prior to cutting or packaging.

5. Vacuum Cleaning: HEPA filtered vacuum cleaners may be med in
areas of high gross transferable contamination.

3.3.2.6 Onsite Radioactive Waste Volume Mininization

Project management and performance level personnel will incorporate radioactive
waste minimization practices into work procedures. Performance indicators will be
developed to track total radioactive waste generated during decommissioning. The
actual volume of waste generated for an evolution will be compared to the pre-job
estimate for that task. Radioactive waste volume reduction and minimization
techniques discussed below will be used as appropriate.

1. Personnel Training. Affected personnel will receive Radiation Worker
training. This training will identify work techniques to prevent
unnecessary contamination of areas and equipment, practices for reuse
of materials, and policies to prevent the unnecessary generation of
mixed or radioactive wastes.

| 2. Prevention of Waste. Unnecessary generation of radioactive and
mixed wastes will be controlled by procedures established to evaluate

and control chemicals brought onsite, and prevent unnecessary
packaging, tools and equipment from entering radiologically controlled
areas.

3. Reuse of Materials Typical materials reused during the
decommissioning include contaminated tools, equipment and clothing.
Contaminated tool and equipment storage and issue areas will be
raaintained. Protective clothing and collection bags will be laundered,
repaired and made available for reuse.

| 4 Segregation and Packasine. Waste material after collection will be
identified at the point of generation as to type of material, exposure
rate and contamination levels, if known. At the segreption/ packaging
facilities, the waste will be further segregated as to form and expected

| end process. Liquid wastes will be separated from solid wastes.

|
,

3.3-10

|

|
|



_ .___ _ __ -_

4/17/92 PROPOSED DECOMMISSIONING PLAN

b[ SECTION 3

3.3.2.7 Onsite Waste Packaging

Radioactive waste packaging at Fort St. Vrain will be performed in areas that
minimize radiation exposure to personnel, control the spread or contamination, and
are adequate for packaging activities. Examples of potential onsite waste packaging
areas are:

* Reactor Building refueling floor
* Hot Service Facility
* Compressor rooms (Reactor Bldg., El. 4740')
* Fuel Storage Building
' Tem;xirary facilities designated for waste packaging

Waste packages will be selected for each waste stream that meet the requirements for
transportation and disposal. Examples of the waste containers that may be used are
drums (52-gallon, 55-gallon), boxes (2'x4'x6', 4'x4'x5'), liners, high integrity
containers (HIC's), sea / land containers, shielded casks, and other specialty
containers. The capacity and weight limitations of each container are governed by
the activity levels, form and classification of the enclosed matenals. The waste

[] container to be used will be determined by the size, weight, classification, and
V' activity level of the material to be packaged. Guidance for selection of appropriate

packaging will be provided in redioactive waste procedures. In all cases, packaging
selected willcomply with requirements specified by 49 CFR,10 CFR 71, and the
Disposal Facility Site Criteria, as
applicable.

To the maximum extent practicable, voids in disposal containers will be filled with
oth; .'ecommissioning debris. This will re're the total volume of waste for
disp _ al. Therefore, since voids in packages are filled with wastes that would
otherwise be packaged separately for burial, a superior waste form is produced,
efficiency is maximized, and project cost, disposal site allocation usage, and
transportation risk are minimized. Alternatively, the onsite use of a mobile super
compactor may be a cost effective means of volume reduction. After appropriate
waste segregation and packaging have occurred, the waste will be transported directly
for disposal or transported to an offsite licensed facility for further processing and
final disposition.

(Dw../ 3.3-11
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3.3.2.8 Offsite Shioments of Radioactive Materials for Further Processing

Cost benefit analyses will be performed to determine if it is more cost efficient to
process certain radioactive materials at an offsite facility specializing in the treatment
of these materials. Bascd on the results of these analyses, a significant amount of
radioactive material generated during the decommissioning project may be shipped
to a licensed volume reduction facility.

Methods described be'o.v are examples of volume reduction processes that may be
employed.

1. Incinerable material may be transferred to a licensed incinerator
facility for burning. This may include such materials as paper, certain
plastics, lubricating oils and solvents. When required by regulations,
EPA characteristic tests (or other analyses) will be performed to verify
acceptability of a material for incineration.

2. Low specific activity metals may be transferred to suitably licensed
lacilities for either melting and consolidation, or decontamination and
release. A variety of decontamination options exist including abrasive
(grit blasting), chemical and ultrasonic cleaning metnods. h

3. Volume reduction by compacting or super-compacting.

Waste packages sent to offsite facilities will primarily be sea / land containers selected
to meet the requirements of transportation and receipt at the offsite processing
facility. Voids in transport containers are not a critical concern. However, efficient
management of transportation resources will be an important consideration to
minimize project costs and reduce the total number of shipments made. Only
radioactive materials that are acceptable according to the individual license (s) of the
reeciving facility will be transported to that offsite prvcessing facility.

Radioactive material control and accountability procedures to accurately track
material originating from Fort St. Vrain during receipt, sorting, processing, and
packaging for disposal will be developed and implemented. Only offsite processing
facilities which provide adequate radioactive material control ard accountability
procedures will be selected to perform decontamination, volume reduction or waste
processing services.

3.3-12
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3.3.3 Radioactive Weste Disposal

3.3.3.1 Procram Description

The radioactive waste disposal program will follow 10 CFR 20 and 10 CFR 61, the
disposal site criteria, and other applicable Federal and State regulations. Radioactive
waste processing, packaging, and shipping activities at Fort St. Vrain will be
performed in accordance with written procedures. Similar operations performed at
offsite facilities will be controlled as directed by local requirements and specific
facility licenses. Radioactive waste may be stored onsite, subject to approved safety
evaluations, storage and separation criteria established in 3ection 3.4 and 10, and
applicable State or NRC guidance.

Negotiations are currently underway between the Rocky Mountain Compact (RMC) |
Board and the Northwest Compact Board that will allow access for LLRW generated |
from RMC member states to the existing Northwest Compact disposal facility |
beginning in January 1993. The proposed contract for disposal access is still under |
review by the Northwest Compact Board and has not yet been signed. |

|(N GTCC waste, if any, will be stored in the adjacent ISFSI or in a structure which
- \b meets the design requirements to handle GTCC waste. The waste will be stored until

| such time as it can be transported to a facility licensed to accept the GTCC waste.
!
'

3.3.3.2 ProiectuLRadioactive Waste Generation

Tables 3.3-1 and 3.3-2 identify the radioactive wastes that may be shipped for further
processing. The pre-volume reduction totals and estimated number of waste

y containers are delineated on Tables 3.3-3 and 3.3-4.
L

The initial estimate of the processed and volume reduced mJioactively contaminated
| waste for disposal is.l(X),072 cubic feet, with 99,219 cubic feet from the PCRV and
| associated operations, and 853 cubic feet from the balance of plant (BOP). The

waste from the PCRV consists of activated concrete, graphite blocks, other activated
| components, miscellaneous equipment and piping, and concrete rubble. PCRV waste
| -. is contaminated principally with Fe-55, tritium, and Co-60. : te waste from the BOP

consists of tanks, pumps, HVAC filters, and miscellaneou equipment and piping.
There may also be radioactively contaminated asbestos. After processing and volume
reduction, it is estimated that the volume of radioactive waste will be segregated into
the following categories:

,

3.3-13
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CLASS VOLUMF (CUBIC FEET)

A 70,768

B 28,293

C 1.011
,

Due to uncertainties in the analysis, as much as 400 cubic feet of Class C wastes
may be reclassified as GTCC. Waste volume estimates will change as ongoing
planning and decommissioning operations proceed.

3333 Classification of Radioactlye Wastec q

Classification of radioactive waste is required by 10 CFR 20,10 CFR 61, and
disposal site requirements.

A Waste classification compliance prograr. will be developed and implemented i

to assure proper classification of waste for disposal. This program will ensure
that a realistic representation of the distribution of radionuclides in waste is
known and that waste classification is performed in a consistent manner. Any of
the folle.ving basic methods, used individually or in combination, will be used to
achieve this geal: materials accountability (including process knowledge and
activation analysis), classification by source, gross radioactivity measurements, and
measurement of specific radionuclides.

333.4 Transoortation Plan
_

Packages and packaging for radioactive materials and waste will meet all
applicable regulations and requirements.

Before packaging waste for shipment from Fort St. Vrain, each package will be
inspected to ensu.r it meets all applicable design and/or certification
requirements and that it is not damaged or impaired. A bar code capable of
being read by computerized scanners will typically be affixed to the container and
the corresponding tid as an aid to inventory and to trad individual containers.

The majority of radioactive material and waste shipments performed during the
decommissioning project will be done by truck. In some cases, approved shielded
casks will be employed due " radiation levels or limits for quantities of
radioactivity in a package. Tat.es 33-3 and 3.3-4 provide preliminary estimates

3.3-14 >
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for the number of packages anticipated during the decommissioning project.
Tables 3.3-5 and 3.3-6 provide preliminary estimates for the types of packages
anticipated during the decommissioning project.

Special shielded shipping containers may be used for the steam generator primary
assemblies. The removal process and shipping container are described in Section
2.3 of this plan. It is anticipated that the shipping container with the steam
generator and grout will be ship [x Ly rail for disposal at the Richland burial
site.

Transportation surveys and documents will be prepared prior to any shipment
offsite. To determine isotopic inventory and concentration for classification,
onsite personnel will assess each loaded shipping container prior to transport.

The actual routing of shipments may vary with weather and highway conditions.
Additionally, local and state restrictions pertaining to radioactive material
transport may affet some route selections, particularly in congested metropolitan
areas. The carrier is responsible for selecting the appropriate route, which must
conform to applicable federal, state, and local shipping, in accordance with DOT

( and NRC regulations.

| 3.3.3.5 Mixed Waste Contingency Plan
!

Except for lead shielding, no sources of mixed waste are known to exist onsite.
No chemicals ~ or other . substances are anticipated to - be used during
decommissioning operations that may become hazardous wastes. It will be
necess3ry for project .nanagement to authorize the use of any chemical or othern

L ' substance that may become hazardous waste. If mixed waste is identified,it will
!~ be classified and stored onsite until regulations allow declassification or
; . disposition.

L- If mixed wastes are generated, they will be managed according to Subtitle C of
RCRA to the extent it is.not inconsistent with NRC handling, storage and
transportation regulations.

If. technology, resources and approved processes are available, PSC and the
Westinghouse . Team-will evaluate the processes for rendering mixed waste

.. "non-hazardous" to determine its adaptability to Fort St. Vrain decommissioning
activities. PSC does not intend to petition the EPA to delist any mixed waste.

p
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However, if PSC determines it is necessaiy to delist any mixed waste, the
procedures outlined in 40 CFR 260.20 and 260.22 will be used to exclude that
waste form from regulations.

3.3.3.6 lYaste Storage _Easilitici.

Waste storage facilities planned for use during decommissioning activities include:

1. The Independent Spent Fuel Storage Installation (ISFSI) may be
used for greater than Class C wastes (GTCC), if any, pending
approval of an appropriate disposal site. (No GTCC wastes are
currently expected.)

2. The Fuel Storage Building may be used as a processing and storage
area for dry low level wastes.

3. The Compactor Building may be used as a processing and storage
area for dry and dewatered low level wastes.

4. The Reactor Building may be used for the storage of liquid and
solid wastes.

5. Trailers and sca/ land containers may be stored and used onsite to
house dry and solidified low level waste. h6. Selected yard areas may be useJ for short term storage of packaged
waste staged for transport.

The activity levels of wastes stored in these areas will be controlled to levels as
evaluated in an accident analysis.

Safety evaluations have been perforrned that assess and permit storage of low
level radioactive waste on the Fort St. Vrain site consistent with the guidelines
of NRC Generic Letter 81-38 (Ref. 50) and the kandard Review Plan
(NUREG-0800), Appendix 11.4-A (Ref. 51). The Fort St. Vrain Technical
Specifications permit possession and use of byproduct, source, and special nuclear
material in quantities as required pursuant to 10 CFR 30,40 and 70.

!

Due to the building seismicity and other drainage and collection requirements for
the storage of wet radwaste, PSC does not intend to store wet / liquid radwaste
outside the Reactor Building. The Reactor Building was designed and built with
drainage systems that route spillage to collection points / sumps that are monitored
for radioactivity and properly processed. Other forms of radwaste may also be
stored in the Reactor Building without significant concern, due to the building's

1
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additional features relative to fire detection and suppression, and its filtered
ventilation system.

The Compactor Building is a steel building constructed on a concrete foundation,
with its own " wet pipe" fire suppression and fire detection systems. This building
has two concrete basins that may be used to store barrels of dewatered wastes,

consistent with the recommendation of NRC Generic Letter 81-38 (Ref. 50).
Other dry and solidified wastes may be stored in this building in amounts

- consistent with limitations of the decommissioning accident analyses. A radwaste-
compactor, with a self-contained HEPA filtered ventilation sptem,is also housed
in this building.

The Fuel Storage Building will also be used to store packaged dry and solidified
low level radwaste. A safety evaluation has determined that no increase in an
accident probability will result from radwaste storage in this location. As stated
in the decommissioning accident analysis, a fire detection system will be provided
before combustible radwaste can be stored in the Fuel Storage Building.

Trailers and sea / land containers have been evaluated to house dry and solidifiedp radwaste. Accident scenarios have been postulated and the total allowable activity
U levels for storage are controlled accordingly. Yard fire hydrants are available for

use if necessa:y.

Certain large radioactive components (such as helium circulators packaged for
shipment) may be stored outside within the protected area while awaiting
chipment offsite. Tie-down systems will M considered for components stored
outside, and will be installed when needed. Steps will be taken to protect
containers from external corrosion as required.

3.3.4 Disposal of Non-Radioactive Waste

Non-radioactive wastes will be disposed of by release to appropriate disposal
facilities such as land filis, scrap yards and scrap recovery facilities. Material.s
that are inappropriate for surface surveys, such as resin fines, will be sampled and
appropriately analyzed. Materials found to be non-contaminated will be disposed
of as non-radioactive waste.

C)(> 3.3-17
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TABLE 3.3-1
PCRV WASTE CLASSIFICATION

AND VOLUME REDUCTION

-__

| (CVMPONENT A 8 C H) FTASERI INCINERATE CVMPACT MEl.T OVERfR1

Reetna ennstraint ded-en X X
RCD Pine X X

*tel C# ;Mi.bhTton X X

)C$.Q* 'Ju W?JR B h

|W4 k ..*ditC4L... _. ;_.,, X X X

9 b. F & J Q E }locki X_

'h:MiMXhlOdes;,,, X
,

b M C M M i * ... X
.

| tC (-[dih.e $4M1h.. X X

%;fata.DsAu&ak't X X
t1rrer rencetor k e y e X x X

Site spacer hka ehron pina
Boroa Pins X X
Blocks with pi>4 removed X X

Bottom ref, blocks w/lbstelloy cans
llastelloy cans ' X X
Blocks without Hastelloy cana X

f owee reflector keve X X

Core suemrt blocis X X,

Core succeet co<i. X X X

CSP suncert colu- we X X X
Met,) on larre site reflector X X X
Mise steel beneath CSP X X X
Core harrel X X
l.ower cienum insulation - X X
S; lies Blocks X X

Concree * lop X

| -QP X
o . .;a. - xl'
! - Rubble -X X
' Mioc. Inconel parte (CSP) X X

(brxw a cuttine debeie X X

Helium curifien (PCRV head) X
, X

Helium difiu en X X X-
-

; Helium circulaton X X

t. He Cire Shutoff valve awmbly X X
= Helium bellows X X

' Steam Generston X

! ower Floorternurtenances X X X
Platform / ooie liib cranen X X Xt

,

[ -. Crane cable /drund bucket inverters - X X
~

Resin X X
l MMellancou, enft waite~ X X

| Rem-tne fwheine yn!v- X Y Y
_ __

(1)- Due to urcertainties in the anaiysis, some Class C wastes may be reclassified as Greater Than Class C
wastes.

f

I'

,, . __ _ __



.

PROPOSED DECOMMISSIONING PLAN 4/17/92
SECTION 3

TABLE 3.3-2
CONTAMINATED BOP WASTE CLASSIFICATION

AND VOLUME REDUCTION

__

DECON DEVN
m4fPONFNT A B C ST A Pfif7F INetNFRAT rnupgri MFI T OVFFFill t $rTF @ MFO

Miscellaneous son waste X X

Reettor lentation Vatve X X X
Refueline sleeves X X X
Refueline s!ceve sand X OT
Sand fmm FSWs X OT
ATC X X
ATC und X o'F
F5W und X 07
Hot Service Feeility X X
H5F sand X STAB
Core Suconn Vent fibers X X
Gasenus Wace succe tanka X X
Gasenus weste scree ennk sand X OT
Liouid drain tank X X
Gas wnte vacuum tank X X
Gu wagte vacuum tank sand X o/F
Gu waste comrressors X X
Gas seste compressor sind X orp

Liauld maniine tank X X
Lies:M wace monitor tank X n/F
Liauld wine deminersfiren X X
Liauid wave receiven X X
twuid wece receiven sand X 05
Llauid wave numn sand X orp

-
Liould transfer numns X X
Liould wace some rumps X X
Liauid waste resins X OT
Liould weite filters X X
Decon solutinn tank X X
Decon solutinn tank und X oT
Decon reevele rump X X
Decon ch mical succiv nump X X
Purified helium finen X X
Helium remnvil filter X X
Helium retter units X X
HVAC fiften X X
Small & %e bare nicine X X X
FHM X X

| FHM enmconents X X
FHM sand X n/F

,

|

| Solid wace enmpactor X X
-_

; System 21 Comnonents X X X
System 24 Components X X X
Svstem da Componente X X_ X
System 47 Cnmpanente X X X
i;ye m il ene,wm. Y Y Y_

l

. _ __ __ _ - - _ _ - _ _ _ .- _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _
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TAllLE 3.3-3
PCRV WASTE VOLUME ESTIMATES

s.b vowME NO.OF
COAO'ONENT CIAM (TJNTACT LAA NUMM3 GT*;** NW AINUL4

Recion e +cena devices C 70 No 54 115 2

RCD Fins

|Metal Contml Rod Redeeton C 300 No 37 dal 3

Metal Block - Nnuentrol rod B 3no No 276 2n24 13

( Defueline Elements A Contem Yes 1482 72m 75

Teo renector enchite bincks A 04 No 1215 1515 g

Bonom reDeeto, enchite bi wks A 05 No 1215 1414 5 >

Radiai redector renehn block s A 04 No 4A0 1003 9e

Larre side renector blocks B < 30 Na 312 12An0 50

Half-size reflector blocks B < 30 No 312 2160 g

Itreer ndector keys A 01 No 24 102 2

Side spacer blocks w/borun pins 30 1152
; Boron Pms B 60 No 309792

|Binets with eins removed A <3 No 1152 J 93 to '

Bottom ref, blocks w/Hastelloy cans 300 176
Hastelloy cana C ;0000 No 2006i
Blocks without Hanettov cann A 05 276 R16 14

Lower redector kevn B 1000 Na 14 180 1

Core succort blixks A <01 Yes 61 14AA 14

, Core surenr1 posts A <01 Yes IR3 174 2
' CSF svenort columns A <0i Yes it 636 7

Metal on larve side n0cetor A <01 Yes 24 06 1

Mise steel beneath CSF A <01 Yes 960 10

Core berret A 0 (r2 Yes 1 1400 31

Lower clenum insulation A <01 Yes 440 In
Silice Blocks A 0t Yes 503 12

Concrete - Tct A < 0.2 Yes 3744 9
-

- CSF A <0.015 Yes 6240 15
- side A <0.01 Yes 18720 45
- bbble A <0 015 Yes 706 16

Misc , Inemel rarts (CSD A 04 No 415 5

Concrete cutting debris - top A < 0.2 Yes 210
CSF A <0.015 Yes 200 8

- side A <0 01 Yes 325

Helium curifien (I'CRV head) A 0 15 Yes 10 4RO 5

Helbtm diffusen A < 0.1 Yes 4 1752 4

Helium cirtutstan

He Cice Shutoff valve assembtv A <01 Yes 4 102 2

Helium betinws 4 <01 Yes 12 1560 I?
Sican Genernion A 2 yes 12 2n736 12

Thermmoucles & ruide tubes B $0 No 105 1

Lower Floor'accurtenances A < 0 01 Ye- 12n0 42

Piatferm/ tools liih ersnes A <0 01 Ye= 576 6

Cnne esble/ drum'3 bucket invenera A < 0 01 Yes $12 5

Mis:elhneous Containe's A <0 Of Yes . 288 3

9
- PCRV Water System A <0 01 Yes 2nto 2

hsins - entidify shic. bury A* 15 No 20 2720 20

M*cellaneous enn woue A <0 n1 Ye, !?nno 125

| PCRV Terrys 3j3 g77 373

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ - ._-
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TABLE 3.3-4
BOP WASTE VOLUME ESTIMATES

k %r VOLL'ME No.OF
CUMPONENT CLA15 CONTACT 13A NUMB 12 (TT)" CONTAINERS

__

Reactor isolation vs!ves A < 0 01 Yes 5 960 10

Refueling sleeves A < 0.01 Yes 2 192 2

Sand from FSWs A < 0.01 Yes 750 Note i
FS W Sand A < 0.01 Yes 225 Note 1

Helium reteneration pit sand A <0.01 Yes 135 Note i
ATC sand A <0.01 Yes 15 Note 1
HSF A < 0.01 Yes 384 4

HSF sand A < 0.01 Yes 500 Note 1

Core support vent fihern A < 0.01 Yes '5 2

Gas waste surre tanks A < 0.01 Yes 2646 2

Gas waste vacuum tank A <0.01 Yes 1 980 1

Gas wasta compressors A < 0.01 Yes 2 2058 2

Uquid drain tank A <0.01 Yes 1 20 i
Liquid waste mordtor tank A <0.01 Yes 1 576 1

Uquid waste deminer31iren A <0.01 Yes 2 192 2

Uquid waste receivers A < 0.01 Yes 2 1152 2
-

Liquid transfer pumps A < 0.01 Yes 23 Note 1 _
Uquid waste sump pumps A <0.01 Yes 2 96 I

Uguid weste filters A <0.01 Yes 2 5 Ncte 2
Decon solution tank A <0.01 Yes 2 15 2

Decon recycle pump A < 0.01 Yes 1 366 1

Decon chemical supply pump A <0.01 Yes 1 2 Note 3

Puri6ed Wlium filters A <0.01 Yes 2 14 Note 3

Helium removal fiher A < 0.01 Yes 1 % i
Helium getter units A <0.01 Yes 2 4 Note 4
HVAC filters A < 0.01 Yes 1030 1

FHM A < 0.01 Yes 192 2

FHM sand A < 0.01 Yes 420 Note i
Small and large bore piping A <0.01 Yes 576 6

Recetor Building Drain system A < 0.01 Yes 125 1

lastrumentation & contmts A <0.01 Yes 225 2_

System 21 Components A < 0.01 Yes 1.080 2

System 24 Components A < 0.01 Yes 13,000 3

System 46 Cornponents A <0.01 Yes 9,000 10

System 47 Components A < 0.01 Yes 200 2

System 73 Components _A _ < 0 01 Yes 1,600 2

| hP_IQTALS
_

3R.871 M

* - Pre-volume reduced quantities

N xes:
1. Will be used as overfill
2. Will be packaged with liquid transfer pumps
3. Will be packaged with Decon solution tank
4. Will be packaged with henium removal fiber

_
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TABLE 3.3-5
PCRV WASTE CLASS AND CONTAINER TYPE

LAA L14 SH!!2Dtb
COMPtWe(f A B C STD NON4TD TYPE A TYPEB CASK VAN
w. __

Recinn conh cem Y Y

RCD hns X X X

Metal Control Rnd kenectors X X X

Metal Bhwk - Non-enntrol rod X X X
Defuelirg Elements X X
Top renector rrschhe blmka X X X

lutom reDector graphite himka X X X
Radial rencetor craphite blocka X X X
Large side renector Shwks X X X

Half-si7e renector bkxks X X X
Upper renector keys X X

Side gocer bim ka w/ boron pins

Baron Pms X X X

Blocks with rina renvwed X X

Bonom rd. blocks w/Hastelloy cans

Hastelloy cans X X X
Blacks without Hastelloy cans X X X

} _t_ ewer renectar keys X X X
(j Core support blocks X X

_C ve support posts X X
CSF suppon columns X X

Metal on tare _c side renector X X
Misc steel hencath CSF X X
Core barwl X X
Lower plenum insulation X X

~

Silica Rkxks X X X
Con: rete Top X X

- CSF X X
- side X X
- Rubble X X

Misc. Inconel parts (CSF) X X

Concrete cuttint debris X X
Helium puri6eri(PCRV heso X X

Helium dhers X X
Helium cireutators X X
He Cire Shutoff vstve susembiv X X
Helium betim s X X
Steam Generatorn X X
Lower Floor /appurtenaces X X

Platform / tonis liih trenes X X

Crane cable /drunt'3 buc ket inverters X X
Resing X X

[ Misce!!aneous soft woue X X
t,' penetne Inlation valve X X_,,

Refueling Sleeves X X

i
|

_ _ . _ - _ _ . - _ _ _ _ - _ __. _ _ _ _ _._ _ __ - - _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ - - - - - - _ . - . _-
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TABLE 3.3-6
BOP WASTE CLASS AND CONTALNER TYPE

IJLA L14 Shit 1LFD j

CUMPONENT A B C STD NON STD !)TE A TWEB CA5K VAN

Mire!!ar.rous scfi s aste X X |
Reactor isniation valves X X
Pefueline sleeves X X
Refueline sleeve sand X X
FSW sand X X
ATC sand X X
ESW sand X X
llSF X X
HSF sand X X
Core suonovi vent filters X X
Gas waste sutre tanks X X
Gas waste surre tank sand X X
Gas waste vacuum tank X X
Gas w este vacuum tank send X X
Gas waste compreamrs X X
Gas waste comeressor sand X X
Liould drain tank X X
Liould wa<'e mon 90r tank X X
Liauid waste manPar tent isnd X X |

Liould wntte demineralizers X X
Liould waste receivers X X

! Liauld weete receiver sand X X
Llauid same sumn and X X
Liauid transfer currss X X
Liauid waste sumn rumos X X
Liould waste revins X X y

Liauid weste filter? X X
Deeon snfution t nk X X
Decon solution tank sand X X
Decen reevele cumn X X
Decon chemical sueniv rumn X X

| Purified helium filters X X
l

| Helium remova! filter X X
'

Helium retter units X X
HVAC filters X X
Small and !a ce bore ricinc X X
FHM comennents X X
FHM sand X X

| Sofid waste comenctor X X
System 21 enmoonents X X
System 24 components X X
System 46 comnnnents X X
Svstem 47 comennents X X
Svstem 73 components X X

O

- -- -- -- - - - -- -



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

.-

v. y (.r'

,

. .e
.350 e

t m 0, .a-'

$'
8" ~' ASSUMPTIONS:( y-

Blowdown Discharge at 2000 gpm with~

W. Tritium Levels up to .001 uCi/cc.
c. 250 -

b 6.p g ~

! g j. 2m -

l a >,

g 'M

{ 150 -

a 3 o,

s E 3Q F
| wg- 100 -

@
b -

N b<
50 - O

h K
s b
*

O I I I I I~ ' ' I I ' ' ' ' ' ' ' ' ' ' ' bf 0 50
a 100 y f.150

%s go
m.

oEzmz

i

. .

,
_ - - _ _ - - _ _



_a ,, .e __,, ,. _A _ .4 - .., -4.. - t __. w .J a-_. #. _.,a

PROPOSED DECOMMISSIONING PLAN 4/17/92

0SECTION 3

:

|

i

I

INTENTIONALLY LEFT BLANK

O



.. - _ _ _ _____

I

4/17/92 PROPOSED DECOMMISSIONING PLAN
O SECTION 3
V

3.4 ACCIDENT ANALYSIS

3.4.1 Introduction and Descrintion of Decommissioning Accidents

Tne purpose of this section is to evaluate the impact of potential Fort St. Vrain
decommissioning accidents on. the health and safety of the public. The activities,
equipment and circumstances associated with decommissioning are different from
those eva'uated in the Fort St. Vrain Final Safety Analysis Report (Ref. 52) for
power eperations and refueling. Therefore, accidents analyzed for decommissioning
are different from those evaluated for power operations and refueling.

The risk of accidents resulting in a radiological release during decommissioning
activities is considerably less than during plant operation, due to the removal of
irradiated fuel from the Reactor Building. Since the reactor will be defueled prior
to the commencement of decommissioning operations and all fuel will be removed
from the Reactor Building, only non-reactor accident scenarios will be evaluated in

this section. The focus of these decommissioning accident analyses will be on public
health and safety.

I
v The following postulated accident scenarios have been analyzed, considering

activation levels and isotopic composition of components to be processed, and the
anticipated dismantling activities:

1. Dropping of contaminated concrete rubble
2. Conversion construction near PCRV dismantlement
3. Heavy load drop
4. Fire
5. Loss of PCRV shielding water
6. Loss of Power
7. Natural disasters
8. Dropping of a Steam Generator Primary Mcdule |

The components with the highest activation levels were used in the accident analyses.
Therefore, accidents that were analyzed bound the radiological consequences from
other postulated accident scenarios. In evaluating the postulated accidents,
conservative assumptions were made when data or knowledge to support more
realistic analyses were lacking. Conservatism in this context is defined to mean that

() 3.4-1

|
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the radiological consequences from the postulated accidents will be overestimated
rather than underestimated.

A frequency-consequence diagram (Ref. 52) is shown in Figure 3.4-1; this figure
defines three regulatory regions which are bounded by consequence limits established
in 10 CFR 50 Appendix I,10 CFR 100, and the EPA Protective Action Guidelines
(Ref. 54). Postulated sccidents are assigned to one of the regions on the basis of
their predicted consequences. The three regions are defined as follows:

1. Anticipated Operational Occurrences (AOOs) - events that are
expected to occur once or more in a plant's lifetime and whose dose
consequences are analyzed in the plant's Safety Analysis Report (SAR)

| to demoastrate compliance with 10 CFR 50 Appendix I criteria.
|

| 2. Design Basis Events - events which are not expected to occur in the

lifetime of the plant but may occur in a large population of plants.
These events are analyzed in the SAR to demonstrate compliance with
criteria established in 10 CFR 100.

3. Emergency Planning Basis Events - events that are not expected to
occur in the lifetime of most plants. The consequences of these events
are analyzed in the EPA Protective Action Guidelines (Ref. 54) to
establish criteria for emergency planning and environmental protection
assessments.

As shown in Figure 3.4-1, the decommissioning accidents or evenk ualyzed in this
section are generally calculated to fall in the regions of the Design Basis and
Emergency Planning Basis Events, Ae to the relatively low probability of the
decommissioning accidents.

A capsule summary of the acciderit stenarios is given in Table 3.4-1. A summary
of postulated accident dose consequence is presented in Figure 3.4-2. The doses to
an individual 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, as defined in Section 9 of this plan) from

| these scenarios are presented in Table 3.4-2. From this table, the limiting accident
is a fire resulting in a whole body dose of 121 mrem and a dose of 215 mrem to the

3.4-2
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organ (lung). These doses are well within the 25 Rem whole body dose and 300
Rem to any specific organ guidelines established by 10 CFR 100. These doses are
also a small fraction of the one vem whole body dose and five kem to any specific
organ guidelines ched in EPA Protective Action Guidelines (Ref 54).

The follow!ag natural disasters were considered in the accident analyses and are
discussed in Section 3.4.9.

__ _ _ __

. -
-.

.

External Event Mitigating Feature Radiological Consequence I

-

Earthquake tew Probability Nos pwulated; See

(,f Occurrence Section 3.4.9

liigh Winds. Boundal by Tornado See analysis in

ilail Section 3.4.9
__

Rainfall. Flood - Site location No release

Rance Fire Plant buffer No release I
_

The activity concentrations of the various components used in the following accident
\ analyses were - derived from the detailed neutron activation analysis (Ref. 2),

described in Section 3.1.4 and p ovided in Appendix II. Where chemical impuritiesi

were involv-d ir, neutron acti,ation reactions. the maximum impurity leve:s permitted
by tiie pertir.ent specilications were conservatively assumed to exist. For hnpurities |
not govere.ed by spe.:ifications, nuclides ofinterest were assumed to be present in the |
gra%ite in concentrations that were considered to be conservative. With the |
exception of tritium concentrations, the radioisotope concentrations of interest used

in the accident analyses have been taken directly from the activation analysis.

Tritium concentrations predicted by the activation analysis were considered extremely
unrealistic for the following reasons:

1. In the activation analysis, the dominant source of tritium was from
activation oflithium impurities. '1he activation analysis assumed that
no tritium formed by lithium activatica migrated out of the graphite
into the primary coolant. ri:e lithium concentration assumed to be
present prior to irradiation in the graphite blocks was based on the
maximum soncentration permitted by the specifications. In actuality,

'
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lithium is relatively volatile and tends to migrate out of tne graphite
during the high temperature graphitiration process. Therefore, it is
consideied probable that the lithium impurity concentrations in the
graphite used to form the large side reficctors and side spacer blocks
were an order of rnagnitude lower than the madmum speci6 cation
limit.

2. Tr.e large graphite side reflectors and side spacer blocks were exposed
to relatively low temperatures (300' - 500' C) during reactor
operations. These low temperatures preclude a signincant amount of
tritium from being chemically absorbed in the graphite and retained.
Since tritium has a small atomic radius, it is likely that titium formed
by activation of lithium (Li-6 and Li-7) will migrate out of the
graphite. Due to this temperature dependence of chemical absorption,

it is considered that tritium concentrntions are two or three orders of
i

magnitude below those predicted by the activation analysis,

In the presence of moisture, hydrogen atoms from wc moleculess.
compete with and replace tritium atoms at active carbon tites in the g

| graphite matrix, releuing tritium from the graphite. During FSV
1

| reactor operation, a number of moisture ingress events occurd, int

L | which measured tritium levels in the primary coolant increased
| signincantly. This was probably causcd by exchange of hydrogen in
| the water with tritium in the graphite. Before the graphite blocks are

removed from the PCRV, they will be submerged under water when
| the PCRV is flooded. Exposure of the irtad:ated graphite to moisture,
| both during reactor operation and after core defueling, is expected to
| result in tha release of a small but noticeable portion of the total

tritium.

Based on the effects noted above, it is considered that a value of 10 Ci/g of tritium
represents a conservative estimate of tritium concentration in the large side reDector
and side spacer blocks (Ref 55). While this concentration is a factor of

i- approximately 40 below that projected in the activation analysis for these blocks, it
provides a more realistic representation of the tritium concentration of the graphite
bkcks after they are removed from the PCRV. Tnerefore, a tritium concentration
of 10 Ci/g in the large side reflector and sija spacer blocks is assumed for the '

| 3.4-4

|
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postulated decommissioning accident scenarios, with the exception of the loss of |,

PCRV shicMing water accident. The loss of PCRV shield water accident analysis |
) conservatively assumed the graphite blocks contained the levels of tritium predicted |

by the activation analysis, and that all of this tritium (nearly 100,000 Curies) |
migrated out of the graphite inta the PCRV shield water. |

3.4.2 Assumptions

!

l The following are the major aswmptions used in the analysis of postulated accidents
which may occur during the dismantling activities:

>

r,

1. The reactcr is defueled and all irradiated fuel is removed from the
Reactor Building.

[ 2. Since all fuel is removed from the reactor, there will be no neal for
L shutdown /cooldown systems such as decay heat removal.

| 3. The Reactor Building V:ntilation system will remain operable,
| providing fPtration cf effluents to the environment, while the potential
| exists for drop of an activated graphite block.

O.
The analyses for some of the accidents conservatively assume a Curie4.

content that exceeds allowable Curie contents for a Low Specific
Activity (LSA) Type A-2 waste container, as specified in Table A-1r

of 10 CFR 71.
5. A worst case atmospheric dispersion factor of 3.53 E 2 sec/m hasi

been calculated and is used in the accid:nt ansdyms, with the exception
of the tornado accident, which utilizes an atmospheric dispersion factor
of 4.59 E-4 secim'. 1nese atmospherie dispersion factors were-

calculated using the guidelines presented in Regulatory Guide 1.145
. (Ref. 56) and are based on a minimum distance to the !

decomminioning EPZ of 100 meters. The atmospheric dispersion

'

factor of 4.59 E-4 sec/m' represents the annual average dispersion
factor for Fort St. Vrain, and is considered to be conservative in the '

= cuent of a tornado.
"

6. All releases to the environment are assumed to be ground level
_

releases,
m

{ 3.4-5

_
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3.4.3 Dropping of Contatninated Concrek_Rubhle_Atridral

3.4.3.1 Idc111fication cf Cause

After the majority of the PCRV top head concrete is removed in large pieces by
| diamond wire cutting, a thin wafer of concretc (two to three inches of concrete just

above the PCRV top head liner) will be removed by utilizing a mechanical breaker
| to break up the concrete as described in Section 2.3.3.7. This accident scenario

,
| assumes that radioactivity is releascd from the drop of the rubblized concrete
| produced fmm this activity and prepared for shipment in a transport container The
| drop of the transport container occurs due to a faulty crane or operator citor.

3.4.3.2 AccidenLD_.c3cription

An activation analysis performed for Fort St. Vrain (Ref. 2) shows that the highest
concentration of radioactivity in the PCRV concrete is in the six inch increment of
the PCRV top head immed'ately above the top head liner as shown in Table 3.4-3.
The values in Table 3.4-3 are based on three years decay, the approximate time
frame in which the dismantling work is expected to take place. The percentage
contribution of activation products within this concrete is given in Table 3.4-4. As
shown, nearly 100 percent of the total activity is accounted for by the nuclides listed.

| Only two to three inches of mucrete will rema.in adjacent to the PCRV top head liner

| when it is being removed. However, six inches of concrete were conservatively
| assume:1 to remain for case of determining concentration of activation products, since
| the activation analysis evaluated concrete in six inen increments. A portion of this
j concrete will be rubblized to enable access to the PCRV liner for thermal cutting.
| It is conservatively assumed that 10% (approximat^1y 7,500 lbs.) of the concrete on
| top of the PCRV top head liner is rubblized and packaged in a transport container
| that is then dropped in the Reactor Building. The resulting impact is assumed to
| cause 1% of the activity in the concrete to be released to the Reactor Building
| atmosphere.

Iron and cobalt are trace cons:ituentt in cements and aggregates. Therefore, the
activation products Fe-55 and Co-60 will occur in the concrete of the PCRV,
although in much smaller coricentrations than in the steel rebar. However, none of

3.4-6
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the activation products embedded in the rebar is assumed to be released in this

postulated accident since the rebar, unlike the concrete, would remain intact upon
impact. Of the entire PCRV,5.8% by weight (2% by volume)is rebar. Based on
the Activation Analysis (Appendix 11 of this plan),32.83 Curies of Fe 55 and 1.43

|

Curies of Co-60 are contained within the concrete of the six inch thick concrete wafer |'

adjacent to the PCRV top head liner. The remaining activity, shown in Table 3.4-4 | )
(excluding the Co-60 and Fe 55) comprise 8% of the total activity in this 6 inch !

wafer (7.86 Curies), it was conwrvatively assumed that the remaining activity was
9.83 Curies (10% of total), and that 60% of this activity was Eu-154 and 40%
tritium, since tritium comprises approximately 40% of the activity and Eu-154 has

|
the highest dose conversion factor of all the other isotopes involved. |

The airborne activity was calculated to be 32.8 millicuries of Fe-55,1.43 millicuries
of Co-60,3.93 millicuries of tritium, and 5.90 millicuries of Eu-154. No credit was

taken for paniculate filtration by the Reactor Building ventilation system. The major
exposure pathway was assumed to be air inhalation by an adult standing at the EPZ
(100 meters minimum) and was assumed to occur over a two hour period. The dose

conversion factor used for tritium was 1.58 E-07 mrem /pCi inhaled for whole body
and lung, which received the highest organ dose. The dose conversion factors used,

-

for Eu-154 were 6.48 E-05 mrem /pCi for whole body dose and 5.84 E-04
mrem /pCi for the lung. The dose conversion factors used for Fe-55 were 4.93 E-07

mrem /pCi for whole body dose and 9.01 E-06 mrem /pCi for lung. The dose
conversion factors used for Co-60 were 1.85 E 06 mrem /pCi for whole body dose
and 7.46 E414 mrem /pCi for Itng. These dose conversion factars were taken from

NUREG-0172 (Ref. 57). Th adult breathing rate was 3.47 E44 m'/sec (Ref. 52,
Section 14.12).

3.4.3.3 Analvsh of. Effects and consequences

The whole body and lung doses to an individual standing at a point on the EPZ 100
L meters from the Reactor Building were calculated to be 4.92 mrem and 58.9 mrem,
I respectively. The whole body dose was 0.01 mrem from tritium,4.68 mrem from
( Eu 154,0.20 mrem from Fe-55, and 0.03 mrem from Co-60. The lung dose was |
| , )1 mrem from tritium,42.2 mrem from Eu-154,3.6 mrem from Fe-55, and 13.1 |-

"

| mrem from Co-60.
|

1

&

O 3.4-7
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3.4.4 Conversion Construction Accident Near PCRV Dismantlement

3.4.4.1 Identincation of Caum

1. Crane Failum An evaluation was performed on the potentialimpact
of a construction crane toppling which would impact the Reactor Building. Due to
the proximity of the planned new steam generator building to the Reactor Building,
it will be possible for a crane boom to strike the Reactor Building above the refueling i
floor level.

!
!

A crane boom is relatively light and fragile. An i npact with the Reactor Building
is not expected to cause structural damage to the building. Additionally, LSA
containers outside the Reactor Building will be protected if they are stored within the
fall radius of the construction cranes. At worst, the crane boom could drape over the
reactor siding. No radiological impact is expected from such an accident. This
accident is bounded by the heavy load drop (Section 3.4.5) and tornado (Section
3.4.9).

| 2. Explosion / Fire Due to Natural Gas Line Leajn There are plans to
| repower Fort St. Vrain with a natural gas-fired boiler. Accidents can be postulated

during decommissioning activities involving a natural gas line leak resulting in an
unecefined vapor explosion or fire, or an explosion of the gas-fired boiler itself. The

| decommissioning and repowering schedulcs have been reviewed. There are over

| three years between completion of the removal of highly radioactive components
| (graphite blocks) from the PCRV and introduction of natural gas on site to supply the
| gas boiler, In the event of a slippage in the dismantling schedule, administrative

controls will be implemented to prevent charging the gas fired boiler natural gas line
on site concurrent with handling of the activated graphite olocks from the PCRV.
Therefore, given the actual schedule and administrative. controls, an explosion or fire

| due to a natural gas line leak associated with the Fort St. Vrain conversion project
^

is not credible during the decommissioning process.

| Natural gas wells and collection pipeline facilities are located in the vicinity of Fort
| St. Vrain. In 1991, extensive analyses were performed to determine potential effects
| of accidents involving natural gas releases on the Reactor Building. These analyses,

| | which are documented in References 58 through 63, concluded that worst case

| | postulated detonations of unconfined natural gas vapor clouds resulting from pipeline
1

3.4-8
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'ruptures would not affect the structural integrity of the Reactor Building, and the |
Reactor Building blowoff panels would remain in place. The NRC also arrived at |

'

this conclusion, as documented in the NRC safety evaluation contained in Reference |
'

64. |

|
As a result of the concerns associated with natural gas facilities in the vicinity of Fort |
St. Vrain Decommissioning Technical Specifications contain a restriction on the | :
introduction of new natural gas sources into the vicinity of Fort St Vrain. This |

'

restriction precludes the introduction of natural gas to supply the conversion boiler, | -

or any other new natural gas source, within 0.5 miles of the location where activated |
graphite blocks are stored without prior NRC approval. PSC shall submit an analysis |

-of any proposed new natural gas source demonstrating that the new source will not |
present an unacceptable hazard to the activated graphite blocks or to the equipment j,

or systems needed to protect the activated graphite blocks. |
:

Accidental release of activity caused by a posMated explosion 'of a container of
flammable gas, such as those used to support decommissioning (e.g., propane or
acetylene tank or bottle), *vas taken into consideration. Flammable liquids and gases
will be administratively controlled curing decommissioning and conversion to prevent,

use or storage of substantial quantities of flammable liquids or gas near areas
containing highly activated wastes. However, even if it were postulated that an
explosion did occur near radioactive waste containers, this event would not produce
consegnences exceeding those analyzed in this section for a heavy load drop, tornado

'

or fire. This conclut.lon is based on the relatively small size of the missiles resulting
from such a postulated explosion, and the relatively large amounts of activity '

'
postulated to be released in the above mentioned accidents.

3.4.5 Heavy Load Dron Accident
'

.

; The 6ismantling of the PCRV will be accomplished with the aid of three types of
L hoist systems. These systems include the main Reactor Building bridge crane, the
j auxiliary 17-1/2 ton hoist on the bridge crane, and three 1-1/2 ton jib cranes on the

refueling floor level. The Reacter Building crane will be re-reeved to allow the 170
ton main hook to travel from the refueling floor to ground level. _ An elevation view
of the PCRV work area is shown in Figure 3.4-3. There will be many heavy loads|

| removed during the dismantling process. These lifts include:
|

L

3.4-9
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1. I.arge side eflector blocks.
|

2. Large concrete sections,
3. Steam generators.

|
4. Helium diffusers. !

5. Concrete Core Support Floor or CSF sections

The accident scenarios developed for heavy load drops in nuclear power plants
consider the dropping of a heavy load (e.g., fuel shipping cask) on a vey large ;

radionuclide inventory such as fuel or spent fuel (Ref. 65). In the case of Fort St.
Vrain, all fuel will have been removed from the Reactor Building prior to ;
commencement of dismantling operations. Therefore, the full spectium of heavy load
drop accidents is much less severe than in an operational nuclear power plant.

|

The most severe heavy load drop accident is postulated to consist of dropping the
component containing the largest inventory of dispersible radioactive material. Table

3.4 5 has been compiled to show the vanous components and their respecti.c
radioactive inventories. Sampling will be performed prior to waste movement to
determine and verify the radionuclide composition and total Curie content. Review

of this table indicates that the large side reflector blocks contain the largest
| dispersible radioactive inventory. The use of an entire large side reflector for this

accident analysis is conservative since the predicted activity inventory exceeds the
LSA Curie limit specified in 10 CFR 71 Table A-1, for Type A-2 waste containers.

The drop of a heavy load onto a highly radioactive component was evaluated and
determined not to represent the worst case scenario. For instance, the dropping of

| one of the 312 !arge side reflector blocks back into the PCRV might crush portions
of adjacent reflector blocks. However, since all highly radioactive components are
kept under water unless they are being removcd, the debris and its attendant activity

| would remain in the water. This activity would be cleaml up in the PCRV Shield
| Water System, described in Section 2.3.3.6 of this plan. Any " slosh" created by the

block drop would drain back to the PCRV cavity or drain dowa inside the Reactor
| Building, eventually to the Reactor Building sump and keyway, which have a capacity

of approximately 350.0(X) gallons. These accident scenarios are bounded by the Loss
of PCRV Shielding Water accident described in Section 3.4.7.

| As discussed in Section 2.3.3.10, the 270 ton concrete CSF will be removed from

) | the PCRV by ra' + the entire CSF to the top of the PCRV with specially installed
|

3.4-10

|

|
|

. - . --. - . , . -.



_ _ - _ _ _ _ _ _ _

4/17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

high apacity jacks. Since the activated gaphite blocks would have beca removed
from the PCRV prior to removal of the CSF, and since the CSF concrete is predicted
to contain only 6 Curies of activity, a heavy load drop during this operation does not
have the potential for release of significant quantities of radioactivity, if the entire
CSF is raised by high capacity jacks, drop of the CSF is not considered credible
since such an accident would require multiple jack failures.

3.4.5.1 Identincatinn of Cause

A heavy load drop accident is a relatively low probability event. A failure of the
hoisting cable could cause a drop of the load. In accordance with Reference 65, the
probability of this event is on the order of 1.0E-5 to 1.0E-6 per demand (hoist lift).
The loss of the crane brakes could be due to mechanical failure, operator error, or
an incorrect maintenance operation. Since the Fort St. Vrain Reactor Building bridge
crane does not qualify as a Single-Failure-Proof crane in accordance with
NUREG-0554 (Ref. 66) guidelines, the loss of crane brakes is postulated as a
credibic failure mode.

3.4.5.2 Assidsnt Descriptica

A
For this accident it is postulated that the Reactor lluilding bridge crane is hoisting one
of the 7,'.2 large side reflector blocks. These blocks vary in .N from $22 lbs. to |
2030 lbs., and the largest (2030 lbs.) was assumed to be involved in this accident. |
It is currently planned to section these reDector blocks into smaller pieces for
packaging in LSA shipping containers. However, it it, conservative to assume that
a single reDector block may be transported intact in its own shipping container.

After appropriate radiation surveys and removal of any surface contamination, the
container with the single unsectioned side refle. tor block is lowered down the
enlarged equipment hatch. Failure of the crane is postulated at this point. This
results in the side reflector block container falling approximately 100 feet to the level
of the truck leading bay. The shipping container ruptures, spilling its contents on the
truck loading bay floor. Administrative controls will be in place that will prevent the
tractor of the tractor trailer from being in the loading bay during lowering of the
container, and will ensure that all the truck loading bay doors are closed. Itis
conservatisely assumed that one percent of the activity of the largest reflector block j

is dispersed from the drop. The dust is postulated to remain airborne and will escape

3.4-11v
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the immediate area through the Reactor Building ventilation exhau.t. Credit is taken
for decontamination afforded by the Reactor Building ventilation system.

The Fort St. Vrain activation analysis (Ref. 2) indicates that the mr.jor contributors
| to the activity in these large side reflector blocks are Fe-55, tritium, and Co-60. The
I total activity in an average large side reflector block has been calculated to be 1477
| Curies, as shown in Table 3.4 5, with the largest Hock containing 2250 Curies. A
| one percent release for this secnario results in 22.5 Curies becoming airborne in the
| Reactor Building. Of this amount,22.24 Curies are Fe-55,0.09 Curies are tritium
| and 0.17 Curies are Co-60, These activ' ties are based on a three year decay period.

Credit is taken for a 95 percent filter efficiency for Fe-55 and Co 60. Tritium is
released unfiltered (Ref. 52, Section 14.12). The major exposure path was assumed
to be air inhalation to an adult standing at a point on the EP2.100 meters from the
Reactor Building.

The dose converrion factors in mrem per picocurie inhaled were obtained from
Regulatory Guide 1.109 (Ref. 67) and arc a follows:

ISOTOPE TOTAL BODY LUNG

Tritium 1.58 E47 1.58 E 07

Fe-55 4.93 E-07 9.01 E-06

Co-60 1.85 E-06 7.46 E.04
_

3.4.5.3 Analysis of Effectiand Consequences

The whole body and lung doses to an individual standing at a point on the EPZ 100
me'ers from the Reactor Building were calculated to be 7.10 mrem and 202 mrem,

| respectively. The whole body dose was 0.18 mrem from tritium,6.72 mrem from
Fe-55 and 0.20 mrem from Co-60. The lung dose was less than 1 mrem from,-

'

| tritium,123 mrem from Fe-55, and 79 mrem from Co-60.

3.4 12
,
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3.4.6 Eits

3.4.6.1 Identification of Cause

During decon missioning and repowering activities, there are many possible fire
mitiators that could result in a release of radioactive materials. These possible fire

initiators include:

1. Fires started from cutting torches.
Fires associated with component processing activities on the refueling2.
level.

3. Electrical fires.

The most likely initiator has been determined to be a cable tray fire started from a
The fire would be quickly

spark during PCRV tendon cutting operations.
The

extinguished by the fire watch on duty for the tendon cutting operations.
radiological consequence of this accident would be negligible since the cable trays
contain virtually no radioactivity contamination.

The release of activity from u fire involving a contamination control ient was |

considered. However, potential consequences from this accident would be much less|

than those associated with a fire involving activated graphite blocks. The materials |

that will be used for these tents (typica'ly "Herculite") will be fire retardant and not |

propagate flames, and the activity collected on the surface of a contamination control|

tent would not be expected te approach the activity inventory of activated graphne |

|
blocks, discussed below.

The postulated fire accident involves a are enveloping LSA waste containers. The
greatest exposure for a fire accident to occur is during the approximate six month
period when the highly radioactive large side renector blocks and side spacer blocks
are being removed from the PCRV.

LSAControls will be implemented prior to the storage of the LSA containers.
containers will be limited to groupings with activi:y levels limited such thtt the dose |

'

consequences resulting from a fire involving a single group of LSA containers will|

not exceed those identified in Section 3.4.6.3, using the same assumptions as those|

used in Section 3.4.6.2. Sufficient spatial separatca will be imoosul to preclude fire |

3.4-13
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propagation to an adjacent group of LSA containers. The packaging of these boxes

and/or diums is planned to be completed inside the Reactor Building. Temporary
storage or staging of these containers prior to shipment is also expected. Itis

|
assumt.d that interim radioactive material storage will be available for up to 15 LSA

|
boxes and 200 drums in the former Fon St. Vrain Fuel Storage Building.

,

Fire detection capability will be installed in the LSA container storage area ior to
the storage of tb: LSA containers. There will be no uncontrolled co...oustible i

materials in this bundmg. The controls defined above will be implemented prict to
j

the stc, rage of the containers to limit the grouping of LSA packages containing '

combustible materials. These controls will ensure sufficient spatial separation is
available to preclude fire propagation to an adjacent group of LSA cantainers and
precludes the possibility of a fire with consequences greater than that which is
analyzed,

3.4.6.2 AgrjAent Descriotion i

For the fire accident it is postulated that a tractor trailer begins to transport packaged
waste from the Reactor Building truck loading bay to an off-site burial
ground /ptccessing facility. The shipment is conservatively postulated to consist of
230 side spacer blocks with their boron pins removed. There are 1152 side spacer
blocks to be removed during the decommissioning process.

It is postulated that an engine fire develops on the transpon tractor and the fire
spreads to the tractor's diesel fuel tanks. Bawd on work at the Waste Isolation Pilot
Plant the frequency of an unsuppressed truck fire is in the range of 1.0 E 4 to 1.0
E-5 per year (Refs. 68, 69). The tractor diesel fuel 1:uiks may contain a combined
capacity of up to 300 gallons of fuel. The fuel tanks are postulated to rupture from
the heat and engulf the entire tractor trailer and the LSA containers in a diesel feel
pool fire. It is conservatively assumed that graphite side spacer blocks are enveloped
by the diesel fuel fire.

A fire involving 300 gallons of diesel fuel spilled onto a relatively flat surface will
burn out within thirty minutes. The resultant fire temperature will be bounded by the
ASTM-El19 (Ref. 70) standard fire curve. Most of the graphite will be exposed to
temperatures well below the fire temperatures due to insulation provided by adjacent

,

graphite blocks and some protection afforded by the shipping containers. ,

!

3.4-14
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Under these conditions, it is conservative to assume that 50 percent of the graphite
inventory on a shipping trailer is oxidi. :d during the 30-minute fire. It is assumed
that all of the tritium in the oxidized fraction (50 percent of the total tritium
inventory), is released. In addition to tritium release, it is assumed that 0.015
percent of the balance of the radionuclide inventory is released in the form of I

particulates (Ref. 71). The accident ir assumed to occur at ground level immediately
outside of the Reactor Bu;lding truck load ng bay. The radioactive inventory for the,

! 230 graphite side spacer blocks is calculated to be 3,706 total Curies. ';his total
inventory consists of 3556 Curies of Fe-55,122 Curies of tritium and 28 Curies of

Co-60. Fifty percent of the tritium is assumed to be released (approximately 61
Curies). The additional release of the remaining radionuclides will be 0.534 Curies !
of Fe-55 and 0.004 Curies of Co-60. The atmospheric dispersion factor, breathing
rate and dose conversion factors are the same as those used for the heavy load drop
analysis.

.

3.4.6.3 Alnalysis of Effbets and Consecuences

The whole body and lung doses to an individual standing at the EPL v r e calculated
to be 121 mrem and 215 mrem, lespectively. As described in Section 9 of thisO plan, the EPZ is a minimum of 100 meters from the Reactor Building, the Fuel
Storage Building, and the route planned for transport of activated graphite blocks
between the Reactor Building and the Fuel Storage Building. Therefore, these doses
are applicable at the EPZ, whether the graphite block fire is postulated to occur in
the Reactor Building or its truck bay, or in the Fuel Storage Building or on the
transport route anywhere between these two buildings. The whole body dose was
118 mrem from tritium,3 mrem from Fe-55, and less than one mrem from Co-60.
The lung dose was 118 mrem from tritium,59 mrem from Fe 55, and 38 mrem
from Co-60.

3.4.7 Less of PCRV Ehieldine Water Accident

3.4.7.1 Identification of Causes

During a portion t4 the Fort St. Vrain decommissioning, the PCRV cavity will be $

Dooded with water. This water will be circulated and purified by the PCRV Shield |
Water System (Section 2.3.3.6) to gradually decrease the mdivactivity in the water. | ,

This system is expected to be in operation during the period wnen the PCRV internals

'
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are being removed.

| This accident scenario assumes that there is a leak or rupture of the PCRV Shield
| Water System piping resulting in a liquid release due to a mechanical impact or a

mechanical failure of a weld or Dange.

3.4.7.2 Accident Descrigtion

| This accident scenario assumes that a muhanical failure of the PCRV Shield Water
| System piping to the PCRV cavity occurs, resulting in a pipe rupture. Tritiated water

with dissolved cesium, iron and cobalt would be spilled into the Reactor Building
sump and keyway. Assuming the worst case (complete emptying of the PCRV),
calculations indicate that 423,500 gallons could fill the Reactor Building
sump / keyway, and Dood the basement floor to a height of two feet. This water would

be 49 feet below grade and wujd be contained by the Reactor Building sump / keyway
and walls. No credit is taken for the Reactor Building ventilation system for this
accident scenario.

| In order to conserv:.t nly r.iaximize the consequences c!this accident, an extremely gi

| large amount of water was assumed for the PCRV inventory, reDecting the PCRV
| full of water and empty of most of its contents, includir.g the core. This assumption
| results in overflow of the Reactor Building sump / keyway to the Reactor Building
| basement, thereby increasing the surface area of water available for evaporation by
| approximately a factor of five.

Since the non-gaseous activities will be retained in the spilled water, tritium (released
through evaporation) is the only signiDeant activity available. This will be
evaporated from the surface area of the spilled water in the Reactor Building
basement.

The PCRV liqu.d release will not scep through the sump concrete searrc as the water
table is well above the 49 foot below grade level. To date, no known in-leakage of
ground water has been observed into the Reactor Building sump.

The Reactor Building is approximately 120 feet long and 76 feet wide, which
conservatively provides (neglecting equipment) a surface area for the spilled water
of 9120 square feet (848 square meters). From Westinghouse Report WCAP 11002

3.4-16
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(Ref. 72), the best fit evaporation rate at 70 percent relative humidity and wind speed
of 1 m/sec is 0.046 g/m2-sec or 0.046 cc/m2-sec (assuming 1 gram = lec of water).
It is predicted that tritium levels in the PCRV water will be less than 1000 Curies.
However, for this analysis, it is conservatively assumed that the theoretical maximum

amount of tritium is transferred to the PCRV shielding water from the graphite
bkv:ks, which is approxiniately 1 E+5 Curics. Therefore, the tritium concentration
in the spilled water is calculated to be 62.4 Ci/cc.

With an evaporation rate of 0.046 cc/m2-sec and a tritium concentration of 62.4 '

pCi/ce, the tritium release rate is about 2.5 mci /sec over the 848 square meters of
surface area. Over a two hour period,18 Curies would be released. For offsite dose
analysis resulting from this quantity of tritium release, the same breathing rate,
atmospheric dispersion factor and dose conversion fectors as stated previously are
used.

3.4.7.3 Analysis of Effects and Cor.seauences

Since the dose conversion factor for tritium is the same for whole body and lung

O doses, the dose to an individual standing at a point on the Erz 100 meters from the
Reactor Building was calculated to be 34.8 mRom for a two hour period.

3.4.8 Loss of Power

During. the plant decommissioning, power will be normally supplied by off-site
sources. No backup power is assumed available during a loss of power. The,

'

primary machinery using power during the decommissioning is identified in the -|
following table. |

L
,
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Pumps: Demolition Tools:

Deionim! Water System Plasma Arc Torch

Fire Water Pumps Diamond Wire Cutter

Service Water Pumps Water Jet Cutter

Water Treatmert Dr.ils

PCRV Cleanrp Water Pump Mobile L,aundry

PCRV Work Platform

Lighting: HVAC:
Underwater Lighting Ventilation Fans

Building HEPA Filters / Fans

Plant Area HEPA Vacuums /

Portable Cleaners

, Cranes

3.4.8.1 Identincation of Caugs

This accident postulates the loss of off-site power due to weather related events.
Such events could ir.clude downed power lines due to strong winds or heavy icing h
conditions. The likelihood of this occurrence is remote smce off-site power can be
supplied to the site through six separate lines.

3.4.8.2 Accident Dex; int!crt.

Loss of power would re: ' m We t ss of plant ventilation (HVAC) systems, lighting,
| plant water systems, and rve N n power. Decommissioning activities would cease

until power is restored.

!

| . Loss of power to the PCRV Shield Water System pumps will not result in a
| radioactive release since the now of bleed water from the PCRV will be stopped (see

; Section 3.3.2.2 for a description of this precess). While loss of ventilation will force

personnel from radiological control areas, no off site consequences are anticipated.

i

j. The postulated accident scenario is the loss of power to the HVAC while a large side
reflector block has been removed from the PCRV for cutting. These graphite blocks

| will be grappled and hoisted by a jib crane to the HSF or a refueling floor work
| station where the blocks will be cut into section: in preparation for packaging into

1
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1.SA containers. The loss of power is assumed to occur after the cutting / cleaving
operation.

it is assumed that these processing operations (kerfing debris) are performed in a |
local containment on the refueling floor, and will release 1.5 percent of the total |

activity of a single large side reflector block, it is conservatively judged that the
cornbination of radiological controls in place at the work station (e.g., confinement
throu;;h tenting) and tte confinement function provided by the Reactor Building itself
will result in retention of 99 percent of the Fe-55 and Co-60 kerfing debris in the
Reactor Building. It is therefore assumed that one percent of the Fe-55 and Co-60 |
in the kerfing debris and 100 percent of the tritium in the kerfing debris are released
at ground level from the Reactor Building. No credit is taken for the Reactor
Building ventilation system.

The total activity in an average large side reflector block has been calculated to be |
1477 Curies, as shown in Table 3.4-5. A release of 1.5 percent of the radioactive j

material is assumed from the kerfing debris in a sing:" block. Of that amount, one
percent of the Fe-55 and Co-60, and 100 percent of ti.s 'ritium is released, resulting
in a total of 0.31 Curies released to the environment. This total release consists of

Ox 0.219 Curies of Fe 55,0.091 Curies of tritium and 0.002 Curies of Co-60. These
activities are bard on a three year decay period.

The major exposure path was assumed to be air inhalation to an adult standing at a
point on the EPZ 100 meters from the Reactor Building. Tne atmospheric dispersion
factor, breathing rate, and dose conversion factors are the same as those used
previously.

3.4.8.3 AnaMti.of Effects and Co.asecuences:

The whole body and lung doses to an individual standing at a point on the EPZ 100
meters from the Reactor Building were calculated to be 1.54 mrem and 40 mrem,
respectively. The whole body dose was 0.18 mrem from tritium,1.32 mrem from
Fe-55, and 0.04 mrem from Co-60. The lung dose was 0.2 mrem from tritium,
24.2 mrem from Fe-55 and 15.6 mrem from Co-60.

3.4 19
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3.4.9 Natural Disasters

For the effectt. of natural disasters, the following external initiating events were
considered:

1

1. Earthquake: The Reactor Building is designed to withstand the Design I'

Basis Earthqua.ke of 0.10 g horizontal ground acceleration tt the site without unsafe I

damage or failure to function. For decommissioning, it is required that the Reactor
Building continue to perform its confinement function following a seismic event. The
seismic qualification of the Reactor Building will be maintained during
decomrnissioning. No other new or existing systems or equipment are required to
function during or following an earthquake.

The most severe event which could result from a large carthquake is considered to
be a drop of a radioactive waste container holding a highly activated graphite block
(see heavy load drop accident). However, the simultaneous occurrence of an

earthquake and the hoisting of a heavy load is not considered credible (a probability
of less than 1 E 6 per year, from Ref. 65). The consequences of this simultaneous

carthquake and heavy load drop scenario were not analyzed due to the low probability gof such an event.

|

| 2. Tornado and Wind Effects: From Reference 52, Section 14.1.2, the
basic design wind velocity for the plant is 100 mph. The equipment and structures
exposed to wind load are designed to support design wind load combined with
functional loads within the specified allowable stresses.

The tornado danger at the plant site is extremely remote. However, the Reactor
Building was designed to withstand wind loadings developed by a tornado of 202 mph

. (total horizontal wind velocity) without exceeding yield stresses in the basic building
| structure. The Reactor Building was also designed to withstana a maximum tornado
! of 300 mph (total horizontal wind velocity) acting on the full area of all structures
| and a drop in atmospheric pressu.e of 3 psi within a period of 3 seconds, without
! exceeding ultimate stress levels in the main structural members. Above the 202 mph

wind speed, the siding on the Turbine and Reactor Buildings above the turbine deck
and refueling floor levels may be carried away, but the basic building structure will
not collapse.

|
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3. Floods: From Reference 52, Section 14.1.3, the plant site is protected
from excessive ru,off and Good by design of the yard drainage system. Grade level
is approximately 17 feet above the highest observed Good level, and from 10 to 13

feet above the maximum probable Good level. The walls of the structures extending
below grade level are watertight, and buoyancy effects were taken into account in
their construction. Therefore. there will be no further consideration of accidents due
to ! boding during decommissioning activities.

4. Range Fire: The Fort St. Vrain site is located in an area of Weld
county devoted to agriculture. The site itself is mostly surrounded by corn Helds.
Within the plant exclusic, area is a fire buffer area consisting of maintained grass
and ornamental landscaping. A 20 foot wide concrete pad rinus the site. Therefore,
a brush or range fire is not a credible accident during decommissionirig activities.

3.4.9.1 Identincatioltef Causes

The risks from a tornado at Fort St. Vrain during decommissioning are quite low for
two reasons. First, the probability that a tornado will strike the site is diminishingly

p small. Second, the plant specine vulnerability to a tornado and its consequences are
N also small. Unlike an operating .uclear power plant with active safety systems to

contain large quantities of radioactive materials at high energy le/cis, all spent fuel
will be removed from Fort St. Vrain and the PCRV will essentially be a passive
container of radioactive material. Possible loss of power, which could be caused by |
a tornado, is specifically analyzed in Section 3.4.8.

The Reactor Building roof and siding above the refueling Door are designed to
withstand a tornado with a wind speed up to 202 mph. The probability of
experiencing a tornado with wind speeds above 202 mph during decommissioning is
extremely low based upon information and methodology provided in the draft
Individual Plant Examination of External Evems (IPEEE), NUREG-1407 (Ref. 73).

Based on the work of Abbey and Fujita (Ref. 74), the continental United States was
broken down into 20 distinct tornado hazard regions. These regions were generalized
into 4 broad areas shown in Figure 3.4-4, ranging from a highest risk in region A to
the lowest risk in Region D. The Fort St. Vrain site is classi6ed into Region C.

3.4-21
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Reference 75 is used to establish the occunence rate for different classifications of
tornadoes. The National Severe Storms Forecast Center (NSSFC) national database
for the years 1950 - 1978 was used as the basis for the occurrence rate analysis. The
NSSFC data are categorized by Fujita N en>ity scales (F-scales). To predict thet

probability that a tornado with maximum windspeed will strike a nuclear power plant
requires adjusting the F-scales for: tornado reporting trends, F-scale classification

errors, path length intensity variation, and occurrence rates and windspeed
relationships adjusted for intensity variation. The adjusted, or updated, tornado
scales are denoted by "F'". Tornado wind velocities for the F- and P'- scales are
compared as follows:

hi AXIhiUhi WINDSPEED hi AXIhiUhi WINDSPEED
F SCALE INTERVAL (hf Pil) F'-SCALE INTERVAL (hiPil)

F0 40 72 F'O 40 73

F1 73 112 F'l 73 - 103

F2 113 157 F'2 103 - 135

F3 158 - 206 F'3 135 - 168

F4 207 260 F'4 168 209

F5 261_.318 F'S 209 - 277

The following evaluation demonstrates the low probability of occurrence of a tornado

with wind velocity exceeding 202 mph at Fort St. Vrain, by comparing the frequency
of occurrence of tornadoes in Weld County with the NSSFC data. The occurrence

rate of a F'4 tornado is 3.4 E-6/ square mile / year (Ref. 75). According to the
National Weather Bureau's historical data for Weld County from 1950 through 1987,
there was only one tornado in the F3 range. That single F3 tornado is the only
tornado in the vicinity of Fort St. Vrain of the 256 tornadoes recorded by NSSFC for
all of Region C that had estimated windspeeds greater than 158 mph (Ref. 75).

_

| Based on this sample from the population, it can be inferred that the probability of
'

a tornado at Fort St. Vrain in the F3 range is much less than 3.4 E 6/ square
mile / year.

The occurrence rate for a F'S tornado in Region C is 3.5 E-7/ square mile / year (Ref.
75). The National Weather Bureau's Weld County data show no tornado occurrence

with intensity of F4 or greater. Thus, the 56 F4 and nine F5 tornadoes recorded by

i 3.4-22
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NSSFC all occurred outside the Fort St. Vrain area. '

From this data, it can be concluded that the probability of occurrence of an F4 or
greater tornado is less than 3.5 E-7/mi2/yr. According to the draft IPEEE " Plants
Designed Against NRC Current Criteria", these events pose na -ignificant threat of
a severe accident because the current design criteria for wn d tre dominated by
tornadoes having a frequency of exceedance of about 1 E-7. The following section
contains a specific accident analysis for a postulated tornado with winds less than .CJ
rnph.

3.4.9.2 Accident Description

Temporary storage or staging of radioactive waste containers prior to shipment is
expected. It is assumed that interim radioactive material storage will be available for

15 LSA boxes and 200 dnims in the Fon St. Vrain Fucl Storage Building (Section
2.2.1.3). Calculations demonstrate that neither forces generated by 202 mph wind
loading, nor the impact from the tornado-driven design basis missile, will result in
breach of the walls or roof of this building.

|. In this scenario, it is assumed that a 202 mph tornado strikes the Fort St. Vmin site.
At this lower wind level, the walls of the Reactor Building enclosing the PCRV will

I remain intact.

The toraado-driven design basis missile is a 12 foot x 12 inch x 4 inch thick fir '

;

| plank, weighing 105 pounds, wh'ch impacts and penetrates the Reactor Building
above the refueling floor level. It is assumed that this missile strikes and ruptures a

| container with 46 graphite side spacer blocks. It is conservatively assumed that one
percent of the activity in the container is dispersed and released to the environment.
No filtration credit is assumed.

The total radioae'ivity inventory for th. 46 side spacer blocks is approximately 741
Curies. This total inventory is comprised of 711 Curies of Fe-55,24.4 Curies of

l tritium and about 5.5 Curies of Co-60. Assuming a one percent release results in
7.41 Curies released to the environment. These activities are based on a three year
decay period. The major exposure path was assumed to be air inhalation to an adult

standing at a point or the EPZ 100 meters from the Reactor Building.

3.4-23
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The atmospheric dispersion factor used was an annual average Fort St. Vrain
dispersion factor of 4.59 E-4 sec/m', calculated for 100 meters (the minimum
distance to the EPZ), and assuming ground level release. This is considered very
conservative, since during a tornado or in the wake of a tornado the atmospheric
dispersion factors would be much more favorable. The dose conversion factors and
breathing rate used are the same as those stated previously.

3.4.9.3 Anahsis of Effects and Consequcnces

The whole body and lung doses to an individual standing at a point on the EPZ 100
meters from the Reactor Building were calculated to be 0.58 mrem .d 16.8 mrem,
respectively. The whole body dose was 0.006 mrem from tritium,0.558 mrem from
Fe-55, and 0.016 mrem from Co-60. The lung dose was less than 0.01 mrem from
tritium,10.2 mrem from Fe-55 and 6.6 mrem from Co-60.

| 3.4.10 Droppine of a Steam Generator Primary Module
|

| 3.4.10.1 Identification of Cause
I

| As stated in Section 3.4.5.1, a heavy load drop is a relatively low probability event. g
| A failure of the noisting cable could cause a drop of the load. In accordance with
| Reference 65, the probability of this event is on the order of 1.0 E( 06) per demand

>

| (hoist lift). The loss of the crane brakes could be due to mechanical failure, operator
I ;rror, or an incorrect maintenance operation. Since the Fort St. Vrain Reactor
i Building crane does not qualify as a Single-Failure-Proof crane in accordance with

| NUREG-0554 (Ref. 66) guidelines, the loss of crane brakes is postulated as a
] credible failure mode. The dropping of the component with the largest inventory of
j dispersible radioactive material, the large side reflector blocks, was postulated and
| analyzed in Section 3.4.5. Credit is taken for decontamination of the particulate
| afforded by the Reactor Building Ventilation Exhaust System. HowcVer, no credit
| has been taken for the Reactor Building ventilation exhaust system in a postulated
| steam generator primary modu.e drop accident. Therefore, this accident scenario

I assumes that radioactivity is released from the drop of a steam generator primary
I module due to the loss of the crane brakes.
I

| l

!

3.4-24

1

,- .._ ---



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

4/17/92 PROPOSED DECOMMISSIONING PLAN
SECTION 3

3.4.10.2 Accident Description |

|
It is postulated that the Reactor Building crane is hoisting one of the steam generator |
primary modules. After appropriate radiation surveys, the steam generator primary |
moaule is lowered into the enlarged equipment hatch. Failure of the crane is |
postulated at this point. This failure results in the steam generator primary module |
falling approximately 100 feet to the level of the truck loading bay, and possibly into |
the Reactor Building basement, should it break through the truck loading bay floor |
slab. It is conservatively assumed that one percent of the activity plated out on the j

surface of a single steam generator 9rimary module is dispersed from the drop. The |
activity is postulated to remain airt.orne and escape the Reactor Building unfiltered. |

|
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 (Ref. I1) were used. The |
projected plateout levels on the reheater, superheater, economizer and evaporator tube |
bundles of all 12 steam generator modules are presented in Table 3.1-5. |

|

O Table 3.15 identines projected plateout levels of six key radionuclides that are either j

fission products or come from fission products (Sr-90, Te-127m, I-129, I 131, Cs- |
134 and Cs-137). In addition to the six key radionuclides associated with fission |
products discussed above, it is also necessag to consider 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 (Ref. 76). 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 3.4-6. I

; 3.4-25
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| It was then conservatively asnmed 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, although the steam generators
| are not scheduled for removal until about two years into decommissioning, or about
| 5 years after reactor shutdown. The radionuclides 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 3.4 6. No credit is taken for particulate filtration by the
| Reactor Building ventilation system. The major exposure pathway was assumed to
| be air inhalation by an adult standing at the EPZ (100 meters minimum) and was
| assumed to occur over a two hour period. The dosc conversion factors were taken

| from NUREG-0172 (Ref. 57).
|

| 3.4.10.3 Analysis of Effects and Conseauences

I

| The whole body and organ doses to an individual standing at a point 100 meters from
| the Reactor Building were calculated to be 8.3 mrem whole body and 90.7 mrem
| to the maximum organ (lung). A breakdown of the doses produced by individual
| radionuclides is presented in Table 3.4-7.

3.4.11 Summary

The results of the preceding accident scenarios, postulated for Fort St. Vrain
decommissioning activities, indicate that the radiation exposures to the general public
will be very low. These evaluations have determined that, in all cues, the
radiological consequences at the EPZ (100 meters minimum) are well within the 10

CFR 100 guidelines of 25 Rem whole body dose and 300 Rem to any specific organ.
These doses are also a small fraction of the one Ren: whole twy dose and five Rem
to any specific organ guidelines cited in the EPA Protective Action Guidelines (Ref.
54).

These scenarios are considered to have a low probability of occemce and their
radiological consequences bound other less severe accidents scenarios. Therefore, it
is concluded that the Fort St. Vrain decommissioning activities do not pose any undue
risk to the health and safety of the eneral public,s
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TAllLE 3.4-1
,

SUMMARY OF ACCIDENT SCENARIOS

ACCIDENT DESCRIPTION

Dropping of Contaminated Concrete Rubble from PCRV top head concrete is
Rubble dropped during processing

Conversion Construction Near PCRV Natural gas explosion / crane falling.
Dismantlement

,

Heavy lead Drop Container drop to loading bay.

Fire Truck diesel fuel pool fire.

1.oss of PCRV Shielding Water Pipe rupture in the PCRV Shield Water
System.

Less of Power Release of graphite cutting debris from
refueling floor work station.

Natural Disasters Tornado-generated missile striking I.SA
waste container.

Dropping of Steam Generator Prirnary Drop of Steam Generator primary module to
Module loading bay during handling.O

,

,

10,

1

r-

I'
.
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TAILLE 3.4-2
DOSES TO AN INDIVIDUAL AT TIIE EPZ (100 METER Af!NIMUM)

DUE TO POSTULATED ACCIDENTS

_

2 IlOUR DOSb (mrem)

ACCIDENT W}iOLE DODY ORGAN DOSE
DOSE

| Dropping of Concrete Rubble 4.92 58.9 (lung)
' ~

| Heavy Load Drop 7.10 202 (lung)

Fire 121 215 (lung) '

__

l.oss of PCRV Shielding Water 34.8 34.8 (lung),

i less of Power 1.54 40 (lung)

| Natural Disaster (Tornado) 0.58 16.8 (lung)

| Dropping of Steam Generator 8.30 90.7 (lung)
Primary Module

O

|

|

.
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TABLE 3.4 3
CURIE TOTALS IN ACTIVATED PCRV CONCRETE

(3 YEARS DECAY-DATA FROM REFERENCE 2)

LOCATION DEPTil CURIES

Top licad Asial Up ist 6 inches 9.83 E + 1

2nd 6 inches 2.56 E + 1

3rd 6 inches 2.52 E + 0

4th 6 inches 2.70 E 1

5th 6 inches 3.68 E-2

6th 6 inches 6.35 E 3

7th 6 inches 1,31 E 3

8th 6 inches 2.85 E-4
_ . m=

|Radial 16t 6 inches 8.89 E + 0

2nd 6 inches 3.13 E + 0
_ \ 3rd 6 inches 3.66 E 1

- 4th 6 inches 4.10 E 2

5th 6 biches 5.94 E 3

6th 6 inches 1.08 E 3

7th 6 inches 2.31 E-4

Sth 6 inches 5.22 E-5

Core Support Floor Axial ist 6 inches 5.69 E + 0
Down

2nd 6 inches 3.80 E 1

3rd 6 inches 3.33 E 2,

4th 6 inches 3.60 E-3 -

5th 6 inches 4.66 E-4

6th 6 inches 7.67 E-5

7th 6 inches 1.42 E-5

Sth 6 inches 3.08 E-6

- 9th 6 inches 6.69 E-7

10th 6 inches 1.25 E 7
!
t

i O

w ----m-7 m- -e-+--1 - --w--w-+- --- -- N ---f -

m e rr vw e-- m
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TAllLE 3.4-4
PERCENTAGE CONTRil1UTION OF ACTIVATION PRODl! CTS

IN FIRST 6 INCilES OF TOP IIEAD CONCRETE
6

(3 YEARS DECAY-DATA FROM REFERENCE 2)

$10NITICANT NUCLIDL$ PERCENTOfTOTAL |

11-3 2.89

Ca-41 0.05

C4-45 0 18

Fe-55 89.29

Co-60 3.43

Cs-134 0.24

Eu-152 3.51

Eu 154 0.36

TOTAL 99.95
rw

M O n MO Op head Concrete.. .

,

l

t

|

|

!

|

9
i

,

,mm w '"
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TABLE 3.4-5
WASE VOLUME / ACTIVITIES-

ESTLMATES FOR TIIE PCRV
,

(D C E '' i ,3-YEAR DECAY PERIOD)
, - - . n.u ., ., .,

as 3Y f NUMBER TOTAL CITRJES/
CUklE5 TIT.Mmur m .3 wc; m or u se w a

Ric as i Devite o - | 84 122 1.4

afetal Clad Mflector ir - 37 9 00 624.- - ,

. Metal clad reflector block ., ''.T 270 173000 640
4.- -

Defueling blocks 1482 <0.01 /
ie p .,.. ,e ;

| b .hp reflector graphire h.wks 589 2700 4.58

|: p &ntom rcSector grape-e blocks
. . _ . - .

,-

902 } 4000 4.43. .n. . e.-

Radin! seflectnr hex graphite blocks - 396 -3300 6.3
jemonble and pertxnent -

_

Large ref'ector blockt 312 354500* 1477= |,

( Half. size reflector blocks 96 83700 872
"

A Upper reflector keys (carbon steel) - M 0.02 <0.01
-- - . y ,.

| Side spacer blocks (no rods) 11 0 13550* 14 !

Boron rods - 309792 36300 . f,.12 '

c-~ Lower reflector keys (Hastelloy) d 470 19.6

Core support blocks -

61 120- .2.0,

Core support posts -- 183 36.5 0.2

Core support floor columns 12 1 0.06

_ Misc. steel from beneath CSF - 2 /=

Metal on lange side aflectors 24 -0.02 < 0.01 -

L Core Barrel 1 8.4 -- 8.4

L ' Lowr Plenum insulatica < 0.01 - /| , . . -

Silica blocka (25,000 lbs) 250
i,

Coocrete - top 130

Concrete - CSF
.

6 ,

b Concrete - side 12 -
'

.

Misc. Inconel partz on CSF' 15

M values are difierent than those values computed in the activation analysis (Ref. 2), as!:
*

'7 explaind in PDP Section 3.4.1

.

'
,,

' W ~ a'- a'.- - - - - - - - - _ _ . - - - . - - - - _ . - . - _ - . _ - _ - - - - - - - - -
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TAllLE 3.4 5 (Continued)
WAS fE VOLUME /ACTIVIT)ES
ESTIMATES Folt Tile PCitV,

(BASED ON A 3-YEAR DECAY PERIOD),)
.

_ _ _ _ _ _ ____ --.

ITDt!SYSTD1 fM1BER TOTA 1. CURitS ITBt
r C JRIESe, - - - - m/mm__ -

,

11astdloy cans 20061 3800 0.19
_

Concrete cutting debris - tor , 15

Cencrete cutting debris - CSF 0.45
- Concrete cutting debris - side 0.44

lielium purihers in PCP.V head r, 10 0.> 6.0
11e'ium diffuscs 4 20 5 l
helium circulator shutoff valve assy 4 2 0.5_

_

llelium aellows 12 20 1.66 '

'Unimsoup?cs & guide tubes 0.9
{

Steam y-ntratars 12 52.1 4.34

| 1.owet floor appurtenances 's 2
3

Platform / hand! g tools / jib cranes <0.01
Cree ca' hlde;n"3 bucket inveners <0.01a

Hdim circulators 5 0.13 0.03, ,

% F
'

g Gisfice valva
_

415 11.237
2

h Control rod drive assembly 44 233 5.3

( Control gabsomer assimbly
_ __

'88 2.8 0.03

| CSF Kaowoci 4 Cover plates 90 40

L5F tiner 142 142

Padial PCRV 1mer 10 10

Top c'over plates 5.7 5.7
- ,

.i, Top Kaowool < 0.01 < 0.01 g
_

Top iiead liner 105 105

t

1
_ ._ ._ _ _ . _ _ _ _ . . _ _ _ _ . _ _ _ _ . _ _ _ - - - -
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TABLE 3A-6 |
INVENTORY OF RADIONUCLhDES |

ON ONE STEAM GENERATOR MODULE"' |

1

I. __ _
.

INff1AL llA15-Life 3 YEAR DECAY

LSOTOPF ACTIVITY (pCD (years) ACTIVfTY (pCD

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 +05 |,

Co-60 5.71 E + 05 5.76 E + 00 8.48 E+05 |

-

x

M1-63 II 9.31 E + 04 9.20 E +01 9.10 E + 04 |_ e.

Er M 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 |

!

AgiIOm I 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 j 4

Cw-137 5.71 E+05 3.01 E + 01 ' 33 E+05 |k . - - - . .

f~ Ce-144 2.18 E+05 7.78 E-on 1.50 E +04 |,

D Pm-147 1.83 U + 05 2.62 E +00 8.42 E + 44 j
.

*

Y-90 continues to be producM %m the radioactive decay of Sr 90-

* ~

NucCdes that contrit,ute at least 0.1 % to the offsite rJiological consequences (Wholei -

! bedy or maximum orgra)

.

l

.

'

o

iv

-
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| TAllLE 3.4 7
I

| CONTRIBUTION TO OFFSITE
) | RADIOLOGICAL CONSEQUENCES

i

GNIFICANT % 11 0 NUh{ ORG AN

ISOTOPE DOSE (traem) DOSE . LUNO (mrem)

| Mn-54 1.47 E 3 3.28 E-1
_

| Fe-55 l.46 E-1 2.66 E + 0
_ _ _

| Co-60 1.92 E-1 7,75 E + 1
_-

| r Ni43 2.02 E-2 2.49 E-1

| Sr90 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

| Ce-144 4.22 E-2 1.79 E + 0 j

| Pm-147 3.30 E-2 6.80 E-1
_

| Other <0.01 0.10
,

| TOTALS 8.30 90,7

.

9

-
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Figure 3.4-1 Whole Bely Exposure GuidelinesO at the Emergency Planning Zone (EPZ).,
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|

,

i

1000

202.0 121.0 216.0
E Whc>lo Body Dese

'

g Organ Dose
.

100 - 58.9 90.7
; ,

i 34.8 34.8 40.0 -

E fy 16.8
'

!
5" 10 8.3s 4,9 7.1 I

t e -

,
,

1 r
.58

1

.1 i i i i -

i
Rubblo Heavy Load Drop ~ Fire

PCRVBreact) Loss of Power Tornado S.G. Drop

Postulated Accidents

'

!

,

Figure 3.4-2 Dose Consequences from Fort St. Vrain
,

Postulated Accidents
|
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SFETION 4
O FINAL RADIATION SURVEY PLANb

4.1 INTRODUCTION

The purpose of the final radiation smvey will be to demonstrate the effectiveness of
'

the decommissioning and to provide documentation that contaminated materials,
structures, areas and components have been successfully removed / decontaminated to

acceptable levels to permit .elease for unrestricted use. The final radiation survey
to release the Fort St. Vrain site, facilities and installed equipment for unrestricted
use will be performed following the completion of the decontamination and
dismantlement activities.- Materials and equipment deterinined to be free o.
radioactive contamination will be unconditionally released on an on-going basis.

All radiological surveys will be conducted in accordance with approved procedures
|: using techniques that determine the effectiveness of a particular dismantlement and/or

decontamination effort. These smveys will indicate when no further decontamination

is needed and indicate that the equipment, area or structure has been prepared for
unrestricted release.

This section describes the proposed methodology and criteria that will be used in
performing the final surveys. This includes definition of residual radioactivity limits

-O (including background evaluation), radiation survey methods, material release criteriad and site release criteria.

4.2 FINAL RELEASE CRITERIA

The release of the site, faciPties and materials remaining on site will be based on
proper application of surfH contamination, soil / water concentrations and exposure

| rate release criteria- WEO cach criterion introduced below has been derived in a
L manner unique to its radiological category (concentrations, contamination or
| exposure), the basis for each - criterion is the same as the objective of the
i decommissioning effort itself, to insure that the final disposition of Fort St. Vrain

will not pose a significant threat to the general hea'th and safety of the public and can
E be released for unrestricted use.

i

|- 1. Limits for Loose and Fixed Surface Contamination: Criteria to allow
| release for unrestricted use for both loose and fixed surface

contamination have been established in NRC Regulatory Guide 1.86
" Termination of Operating Licenses for Nuclear Reactors" (Ref.1).
These limits for acceptable surface contamination levels were
established in 1974 and are cu'Tently accepted as practical criteria

4-1
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when considered in light of the ma7imum sensitivity of commercially
available portable radiation survey equipment. All final surveys for
surface contamination on materials, equipment and structures at Fort

St. Vrain to be released for unrestricted use shall be based on this
criteria.

2. Limits for D_irect Exoosure While no formal criteria exist that establish
an acceptable level of direct exposure, the NRC has provided interim
guidance which directs licensees to use a limit of 5 R/hr above
background for reactor-generated gamma emitting isotopes as a
limiting level for direct exposure from " residual" radioactivity (Ref.
2,3,4). This recommended limit of 5 R/hr is also consistent with
statements within NUREG-0586, " Final Generic Environmental Impact
Statement on Decommissioning of Nuclear Facilities" (Ref 5).

While this criteria will be of use for certain unique evaluations, it is
expected that the NRC Regulatory Guide 1.86 criteria will be the most
restrictive for the majority of material, equipment and facility release
for unrestricted use.

3. Limits for Total Concentrations in Soil and Waten In February 1990,
the NRC released NUREG/CR-5512 " Residual R.adioactive
Contamination from Decommissioning" (Ref.6) for comn :rc In this
report, a generic pathway model is used to derive the potential total
effective dose equivalent (TEDE) to an individual in a given
population group from unit radionuclide concentrations of residual
contamination. In consideration of this document, the effective criteria
for the tc tal concentrations of radioactive materials above background
in soil and water will be based upon those establic.hed in NUREG/CR-
5512. The use of these concentrations (or methodology ued to obtain'

these concentrations) will ensure an average total effective does
equivalent of less than 10 mrem /yr to an individual in a given
population group.

4. Limits for Unrestricted Release of Decontaminated items: Equipment
i and materials found to be free of radioact.vc contamination as
L

described in NRC Circular 81-07 (Ref. 7), " Control of Radioactively
Contaminated Materials" and NRC IEN 85-92 (Ref. 8), " Surveys of
Wastes before Disposal from Nuclear Reactor Facilities" will be

|-
f
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unconditionally released. Equipment and material that are found to be
contarninated and cannot be decontaminated will be handled as
radioactive waste. These contaminated materials will be packaged and
shipped in the most cost-effective way to a radwaste volume reduction
facility or to a burial site for final disposition.

4.3 SURVEY METIIODOLOGY

The survey methodology provides the framework for the design of survey techniques
and procedures to accomplish the objective of demonstrating that the Fort St. Vrain
site meets all applicable radiological criteria prior to its release for unrestricted use.

The final radiation survey will be performed after dismantlement / decontamination
have been completed and will be based on categcrizing portions of the plant and site
into areas where a high, medium or low probability will exist of finding measurable
amounts of residual radioacuvity.

Areas with a high probability of residual activity will include such areas as the

p(/ PCRV, fuel storage facility, HSF and radwaste compacting building. Surfaces in
these areas will be systematically surveyed.

Stadstical methods, described in NUREG/CR-2082, '' Monitoring for the Compliance
with Acommissioning Terminatian Survey Criteria" (Ref. 9), will be used to
osernine systematic, stratification or random survey techniques. The initial site
chmeterization survey (See Section 3.1.5), decontamination surveys during ~

dectamissioning, and routine healdi physics surveys will be used to determine those
plant areas in which there will be a high, medium, or low probability of finding
residual radioactivity.

Areas with a medium probability of residual activity will typically inct de balance of
'

plant areas (where contaminated equipment had been removed), ventilation systems,
and contaminated equipment storage. A stratification survey technique will be used
in these areas. Floors and walls up to two meters above the floor will be surve>M (systematically. Surveys of the ceiling and remaining wall surfaces will employ
random survey techniqaes, since the en ~re area will have been previously
decontaminated and will have a low probabi.ity of being contaminated.

(3
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Areas with a low probability of residual activity will include such areas av the ground
and structures on. side the reactor building, roof, and walls of the reactor building
above the operating floor, and other working areas inside the plant. Surveys of these
areas will employ random survey techniques.

4.3.1 Preliminary Survey _

The elements of a preliminary survey program have been incorporated into the site
characterization study (See Section 3.1.5). Data obtained from the site
characterization study, reviews of historical radiological data and on-r.oing
radiological surveys will be utilized to develop the final radiation survey plan. This
approach will provide sufficient data to preclude the necessity of developing a
separate preliminary survey.

| This approach will provide the level of detail necessary to determine the appropriate
surveys, analyses and logica' division of the site into separate survey units or grids
(See Section 4.3.3).

4.3.2 Backcround Determination

Background levels of radiation will be determined principally by taking radiological
measurements at an area (or areas) remote enough to be beyond any 6ctea6!e
influence of the plant, but close enough to the plant to be representative. Background
measurements will include both " instrument background" and naturally occurring
radioactive materials including enhanced backgmund radiation levels due to fallout.
Efforts will be made to find a site and structure that meet the above conditions and
approximate the physical characteristics of Fort St. Vrain. The sampling scheme,

! (sample locations, number of samples, etc.) will be based on guidance from
'

NUREG/CR 2082 (Ref 9).

The sampling methodology to be used when determining the independent radiological
background will be based upon collecting multiple samples of soil and direct
instrument readings. Since background levels may vary from point to point, each
type of background sampling will be statistically analyzed to determine if a single
numerical representation of the background type will be valid. Fu.- example, it is
expected that background gamma dose ra'.es at all elevations inside buildings will be

I statistically equivalent to the background gamma dose rates at ground level in the
I buildings. If statistical differences in background levels are found at some elevation
i

(or area), different background levels will be assigned to those areas. Statistical

! 4-4

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



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

4/17/92 PROPOSED DECCJ IMISSIONING PLAN
.O SECTION 4-U

analyses of data, including treatment of.aiomalies, will be performed based on the
guidance ofITUREG/CR 2082 (Ref. 9).

Radiological background types that will be evaluated include:

1. Direct surface beta, gamma and alpha contamination.
2. Direct gamma ex isure rate readings on contact with the surface.
3. Direct gamma exposure rate readings at a fixed distance (one meter)

from the surface.
4. St rface soil contamination.
5. Sub-surface soil contamination.-

As part of the background characterization study, the minimum detectable activity
(MDA) of --the instrumentation will also be evaluated to ensure that the
instrumentation is sensitive enough to respond to levels as specified in the final
release criteria. NRC Circular 81-07, " Control of Radioactively Contamint'ed
Materials" (Ref. 7) and NRC IEN 85-92,." Surveys of Wastes before Disposal from
Nuclear Reactor Facilities" (Ref. 8) provide guidance for the determination of the
MDA of the survey instrumentation.

(%.) The effects of concrete and other shielding (buiWag geometry) within the Fort St.
L Vrain facility that lower the background dose rate relative to the remote area readings

will also be addressed and evaluated. Water and soil samples will also be taken ai
the remote location (s) for background evaluation.

Results of this study will be documented and the formal report and final interpretation
will be the basis for background baselines.

4.3.3 Grid Survev Techniaue

To assure that all areas of a surface .tre adequately surveyed, a rectangular or other
appropriate geometric grid will be superimposed on all surfaces being surveyed.
The grids may be physically marked on the surfaces or, as a minimum, the grid
corners will be labeled. The primrq purpose of the grid is to aid in repeatability of
measurements in the event that furtna evaluation of data is necessary.

The grid dimensions will vary from one to three meters on a side per grid for indoor
areas and certain outdoor areas (such as rooftops) and from three to fifty meters on
a side per grid for soil and equipment lay-down areas. The soil grid will be laid cut

4-5

.

, - -. , , - -



|

PROPOSED DECOMMISSIONING PLAN 4/17/92
SECTION 4

- using stakes as markers to define grid patterns. Radiation survey maps will be
developed and included in the procedures for radiological survey.

Detailed development of grid survey techniques and procedures will be basd upon
guidance from NUREG/CR-2082 (Ref. 9).

4.3.4 Special Surveys

Final survey plans are typically based on the assumption that the majority of the
original. equipment will be removed as part of the decommissioning project.
Decomraissioning of Fort St. Vrain is unique in that the final survey prograra will
include the release for unrescricted use large amounts of equipment and materials that
will be re-used following the conversion of the facility or left in place. Electrical

| conduits, pipes, drains, equipment, and associated support equipment will require
different survey methodology than a formal grid survey methodology. For these
types of surveys, special techniques will be developed.

Due to the large amount of equipment and materials planned to remain in place in the
Reactor Building, special surveys will not encompass 100% of all piping, conduits
or systems on site. For most secondary systems, this approach will be warranted due
to the operational history of the facility and past operational surveys. In general, the
number and type of measurements will be based on the accessibility and the
probability of contamination for a particular area, system, or equipment. Itis
expected that the site characterization survey and on-going surveys during the
decommissioning will define the extent of special surveys.

Techniques and procedures will be developed to ensure proper surveys of all
equipment and material types (motors, vessels, piping, etc.). Equipment or material
found to be above the release criteria levels specified in Section 4.2 will be
decontaminated or dismantled for disposal.

| 4.4 INSTRUMENTATION
i

Instrumentation to be used for the final site survey will be of such types and ranges
to ensure that measurements can be performed within the final release criteria limits.

Portable field instruments will be chosen for their sensitivity, durability, case of use,
accuracy, and portability. This class of instruments will typicc!1y include:|

4-6
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1. Ratemeters with thin window GM tube detectors (" pancake" Type) I,

L sensitive to gross beta radiation.

| 2. Ratemeters with scintillation or air proportional detectors sensitive to
gross alpha radiation.

3. R meters sensitive to gross gamma radiation.
4. Ratemeters with scintillation detectors sensitive to gross gamma

radiation.
5. Portable multichannel analyzer with HPGe or GeLi detector for field

gamma spectral analysis.
6. Portable scaler (s) with detectors sensitive to alpha, beta and or gamma

radiation.

L2boratory 'nstruments will also be chosen for their sensitivity, durability, ease of
use, accuracy, and stability. This class of instruments will typically include:

'

1. Multichannel analyzer with HPGe or GeLi detector (s) for gamma
spectral analysis.

-2. Liquid scintillation counter with adjustable window (s).
3. Scaler (s) with scintillation or gas flow proportional detector sensitive

to gross' alpha radiation.
\ - 4. Scaler (s) with GM or gas flow proportional detector sensitive to bet'.-|

L gamma radiation.

Instruments will be calibrated, maintained and repaired in accordance with procedural
requirements. Calibration sources to be used for calibration of both field and
laboratory instrumentation will be traceable to National Institute of Standards and
Technology (NIST) or equivalent standards. Procedural guidance will also be
provided for a quality assurance and control program for all instruments used as part
of the final survey plan.

4.5 DOCUMENTATION

Survey data will be presented in a manner that will allow the final radiological
condition of the site to be completely and accurately depicted. This will allow parties
to ascertain the radiological condition of the site without further analysis of the data.
Clear and accurate documentation will be provided to ensure acceptable agreement
between the final survey, independet verification survey (Section 4.7), and the NRC
confirmatory survey.

4-7
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4.5.1 Survey Documentaliga

| Procedures will be developed to provide guidance in the documentation of
measurements and analytical results. Survey maps will be used when considered
appropriate, or survey information will be documented on survey forms. Information
that will typically be included on the survey maps or forms is:

1. location of the measurement or sample.
2. Date and time of the measurement or sample.
3. The name of the surveyor, sampler or analyst.
4. Description and purpose of survey or sample,
5. Description of sampling equipment, including calibration dates.

| 6. Analysis date and time (if applicable).
7. The analytical error (if applicable).
8. Units of measurement or analysis.
9. Unique conditions pertaining to the survey or analysis.

All original survey data shall be retained and placed in PSC archives at the
termination of the project.

4.5.2_ Radioloeical Survey Report -

At the completion of the decommissioning effort, a radiological survey report will be
developed to document the findings and conchisions of the final survey. This report
will provide the basis for securing approval for the termination of the 10 CFR 50
license.

The radiological survey report will contain an overview of the radiological condition
_ of the site and structures, a detailed presentation of the data in the form of tables and

figures, and interpretation of results relative to the decommissioning release criteria.
It will also describe the residual radioactivity in the remaining structures and systems
to characterize the final facility and site radiological condition.

:

4.6 QUALITY ASSURANCE

The objective of quality assurance, as applied to the final radiation survey plan, will
be to ensure confidence in the sampling, analysis, interpretation and use of the data

_ generated from the final survey. Quality assurance for the final radiation survey plan
will be an integral part of the overall decommissioning QA plan and will be governed

4-8
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by Section 7 of this plan.

4.7 INDEPENDENT VERIFICATION

A third-pany independent verification of the final survey will be performed as an
audit of the final survey plan. This independent verification will include selected
measurements, sampling and analysis as required to confirm validity of the final
sun ey.

The independent verification program will also require formal program developmer.t
to remove possible juJgmental factors and prevent skewing of the final results. The
independent verification program will be of similar structure (although an a smaller
scale) as the final survey plan.

O<

4-9

_ _ _ _ _ _ _ _ - _ - _ - - - - - - - - - - - - " " - - - - " " ~ - - - - - - ~ - - ~ ' ~ ^ - - ^ ' - - - - - - - - - - - - - - - - ' ''^



PROPOSED DECOMMISSIONING PLAN 4/17/92

h|- SECTION 4

4.8 REFERENCES FOR SECTION 4

1. NRC Regu:atory Guide 1.86: " Termination of Operating License for Nuclear
Reactors." June 1974

2. NRC Memorandum P.B. Erickson (NRC) to Seymour H. Weiss (NRC);
Subject: " Summary of Meeting with Public Service Company of Colorado
(PSC) To Discuss Preliminary Decommissioning Plan of June 30, 1989,"
dated August 24,1989.

3. NRC letter, John F. Stolz (NRC) to Dr. Roland A. Finston (Stanford), dated
March 17,1981.

4. NRC letter, James R. Miller (NRC) to Dr. Roland A. Finston (Stanford),
dated April 21, 1982.

5. NUREG-0586: " Final Gene & Environmental Impact Statement on
Decommissioning of Nuclear Facilities." August,1988.

6. NUREG/CR-5512: " Residual Radioactive Contamination from
-

Decommissioning." Draft Report. January,1990

7. NRC Circular 81-07: " Control of Radioactively Contaminated Material."
May,1981.

8. NRC Information Notice 85-92: " Surveys of Wastes Before Disposal from
Nuclear Reactor Facilities." December,1985.

9. NUREG/CR-2082: " Monitoring for Compliance with Decommissioning
Termination Survey Criteria." (ORNL/HASRD-95). June,1981.

4-10



- , , - . - - - -- - -- - . - . - - - - - . . . . .

.
- SECTION 5

O DECOMMISSIONING FIXED PRICE CONTRACT
AND FUNDING PLAN-

5.1 INTRODUCTION

The Decommissioning Cost Estimate (Ref.1) and this Funding Plan were developed
. to provide the NRC with assurances that suitable financial guarantees are in place to
successfully fund the decommissioning of Fort Stc Vrain. - Section 5.2 provides a
description of the fixed price contract between PSC and the Westin;;h_ouse team to
accomplish the decommissioning activities, reference to the detailed decommissioning _
cost estimate provided to the: NRC in Reference _1, and an -update to the
decommissioning cost estimate (Section 5.2.3) to account for adjustments that have
become necessary due to the delay in defueling the reactor core.

Section 5.3 provides details of the financial instruments, agreements and trust funds
that will be implemented to support the Fort St. Vrain decommissioning efforts.
Section 5.4 identifies those funding instruments available to PSC that may be used
to actually fund the decommissioning efforts, separate from the financial guarantees

_ ,

required by_10 CFR 50.75(e) and NRC Regulatory Guide 1.159, as identified in
Section 5.3 of this section. Section 5.5 identifies the criteria that PSC will use as the
basis to ' update the Decommissioning Cost Estimate and Funding Plan.

t
,

The NRC has completed its review of this Funding Plan (Ref. 2). In completing l-

their review,- the NRC staff noted that the funding assurance mechanisms are |*

acceptable and in compliance with 10 CFR 50.75(e)(1)ii and iii. |

5.2- . DECOMMISSIONING - CONTRACT AND DETAILED COST
ESTIMATE4

,

; As noted in Section 2.1,- PSC has selected the -DECON opt on for earlyi

decontamination, dismantlement, and decommissioning of the nodioactive portions of ;

the Fort St| Vrain Nuclear Generating Station. In order to accomplish this project,
PSC released a Request for Proposal to several highly qualified companies for the .

-

7 purpose of receiving competitive bids on 6e-project. Four qualified bids _ were
~

received and, based on a thorough evaluation for technical and financial acceptability,-
_

PSC. selected a project team of Westinghouse and MK Ferguson to decommission
- Fort St. Vrain, with Westinghouse as the lead contractor. PSC and the Westinghouse
team have reached agreement on a final contract to perform the decommissioning

ork.w

5-1
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The selection of the Westinghouse team as a result of the competitive bid process
resulted in a total cost estimate of $137,129,000, which 'ncludes the Westinghouse

| contract price of $100,460,000 for the decommissioning of Fort St. Vrain. This
decommissioning cost is inclusive of escalation and PSC expected costs and was
based on commencing physical decommissioning activities in January 1992. A
detailed cost estimate was prepared which provides a detailed breakdown of these I

costs. This detailed cost estimate was submitted to the NRC in Reference 1. Figure
1.3-1 of Reference 1 provides a summary of the project costs based on the major j
decommissioning activities.,

!
The use of a firm 6xed price contract greatly reduces the level of uncertainty in the {
decommissioning cost. By use of the competitive bid process, an accurate method
has been utilized to determine the real cost for decommissioning, based on the !

identined scope of work and assumptions. The bid process and resulting contract ;

commits both PSC and the Westinghouse team for the project scope and cost. |
l

Certain restrictions and limitations exist when only a cost estimate has been prepared I

as a basis for evaluating decommissioning costs and as a basis for the
decommissioning funding plan. A cost estimate is limited in that it is only a study
to determine reasonable estimates ofindividual costs and involves no commitment on
the part of the cost estimator to meet the estimate during the actual performance of
the work. A firm 6xed price contract goes beyond this phase, in that a contractor
is bound under a contractual obligation to perform this established scope of work at
the price they have bid.

|

[

Receiving bids from four qualified bidders was equivalent to receiving four
independent cost estimates. Since each bid used a different decommissioning
methodology, this approach exceeds any regulatory guidance for financial assurance
and is beyond that required by the Decommissioning Rule,

in evaluating the four bids, detailed assessments of the actual decommissioning work
and methodology were conducted to ensure that the bidders had adequately identifW
and accounted for the work to be performed. Detailed evaluations and cross
comparisons were also conducted to ensure that the bidders had adequately addressed
technical support requirements, project management and control, radiological waste
handling, radiation protection, facilities and support requirements, quality assurance

I and project documentation and closeout. Areas of uncertainty were identified and
clarified with the bidders, including evaluations of pricing contingencies regarding
waste volumes, contamination levels, etc. The use of this competitive bid process,

5-2
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the high quality of the responses received, and the detailed bid evaluations that were
conducted, provides significant confidence in the cost estimate as well as the overall
decommissioning approach and the work scope, Therefore, PSC is confident that all
major tasks have been identified and included within the Westinghouse team fixed
price contract.

5.2.1 Maior Assumptions. Bues. and Scone of Fixed Price Contract

The following information is provided to identify the basis of the fixed price contract
between PSC and the Westinghouse team to decommission Fort St. Vrain. A detailed

breakdown of the Westinghouse team proposed scope of work is provided in
Appendix I of this plan. The following major work activities and necessary support
activities will be performed:

1. Decontaminate in place, and/or remove and decontaminate, and/or
remove and dispose of the contaminated and activated materials inside

the PCRV and those that form the PCRV structure.
2. Decontaminate in place, and/or remove and decontaminate, and/or

remove and dispose of the contaminated portions of the plant systems
outside of the PCRV.

V 3. Survey and cleanup the site as required, including the evaporation
ponds and effluent blowdown flow paths.

Decontamination and decommission:ng activities will be performed to the extent
necessary te decontaminate all radioactive portions of the plant to the final release
criteria specified in Section 4.2 of this plan. All other materials remaining as part
of the PCRV structuu, in the systems outside of the PCRV and on the site after the
final radiation survey will be confirmed to be below these release limits and will
remain on-site.

As noted in Section 2.4, PSC is responsible for overall project management and
licensing interface with the NRC Major PSC responsibilities include:

1. - Overall control of the project
2. Access control
3. Overree radiation protection activitics
4. Oversee quality assurance activities
5. Licensing coordination
6. - Operation and maintenance of required plant systems

5-3
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7. Responsibility for the finalindependent radiation survey
8. Engineering configuration control overview

The following are major assumptions included in the basis of the Orm 6xed price and
the detailed cost estimate:

1. The current facility design and layout is as described in Section 2.2 of
this plan and as shown in Figure 2.2-1, and no major modi 6 cations
are anticipated.

2. Radionuclide inventories, activation analyses, and estimated dose rates
are as described in Section 3 of this plan.

3. PSC will supply utilities to the contractor, including electric power
and water, and the cost for these utilities is iacluded in the cost
estimate.

4. No mixed waste or contaminated asbestos exists.
5. Burial charges are based on the current disposal rates in effect at the

Beatty, Nevada, disposal site until the end of 1992. A contingency
has been added for burial of radioactive waste at the Richland,
Washington, disposal site after 1992.

6. No cost allowances were included for major schedule delays caused by
uncontrollable and unforeseen events. Appropriate contingencies are
included to account for project uncertainties.

7. Existing plant equipment will be utilized when determined to be cost
effective and technically sound to operate and maintain.

8. Steam generators will be shipped offsite and disposed as complete
units.

9. No radioactive comamination exists on site work areas outside the
reactor building. This is being veri 6ed by site radiological
characterization. Contingencies have been included for cleanup of any
radioactively contaminated soil or radioactivity in the ponds, ditches
and sewage lagoons.

10. Costs associated with plant closure activities are not included in the
cost of decommissioning activities.

11. The cost and Curie estimates contained in Reference 1 represent PSC's
best estimate. However, an increase by an order of magnitude in dose
rates will not affect the work planned or the decommissioning cost
estimate.

12. The contingency includes escalation in accordance with the estimate

for Consumer Price Index for All Urban Consumers (CPIU) for all
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materials, labor, disposal costs, and services through March 1995.

PSC and the Westinghouse team will continue to validate these assumptions during
the planning phase. Where necessary, appropriate contingency plans will be
identified.

5.2.2 Decommissionine Cost Breakdext1

As a part of the Exed price contract, the Westinghouse team detailed cost estimate
was derived in conjunction with prepaiation of the detailed Work Breakdown

,;

Structure. Figure 1.3-1 of the Fort St. Vrain Decommiss'oning Cost Estimate (Ref..

1) summarizes the upper tier of tasks developed for the decommissioning Mn :ct for
both Phase I and II. The tasks are categorized into two phases, as de. . Sed in
Section 1.2.5 of this plan. Phase I includes all of those actions associated with the
planning and engineering of the project. Phase 11 includes those actions involved
with implementation of the work. The specific activities involved in each phase may
overlap in calendar time. Each of the specific activities involved in a task is outlined
in Appendix I and is discussed in detail in Section 2.3.

7(d Consistent with the guidance of Regulatory Guide 1.159 (Ref. 3), waste disposal costs
are summarized in Figure 3.2-1 of Reference 1. The volumes of these materials can

be found in Section 3.3. Burial costs are based on waste burial at Beatty, Nevada
and reflect current rates for that facility. Within the overall cost estimate, PSC has
included those additional costs that will result due to waste disposal at the Richland,
Washington, disposal site, following closure of the Beatty, Nevada, disposal site.

_

5.2.3 Update to the Decommissionine Detailed Cost Estimate
,

Due to problems with defueling, the start of physical decommissioning activities has
been delayed from January 1992 until August 1992. _ As a result of this delay and
other cost adjustments, the Decommissioning Cost Estimate has been increased from
$137,129,000 to $157,472,700. As of September 30, 1991, decommissioning
expenditures have totalled approximately $10,542,000. Other pertinent assumptions
rer. ril as outlined m Section 5.2.1 above. Major adjustments to the
decommissioning cost are identified in Table 5-1 and justification for these
adjustments is provided in the following paragraphs.

(1) Project Delav Costs: The original PSC/ Westinghouse team contract
price was 5100,460,000 and was based on a decommissioning start

5-5
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date of January 1992. Westinghouse has proposed an additional fee
of $5,309,200 to accommodate the delay in decommissioning start date
until August 1992. This delay cost will provide funding for proposed
Phase I planning activities, as well as extending Westinghouse team
resources during this extended planning period. PSC will also
recognize increased costs for decommissioning staff during this delay
period. PSC costs associated with this delay period are estimated to
be approximately $383,100. In addition, PSC has approved one
contract scope change modification for an additional $210,000 for
Westinghouse team efforts in the preparation of the "etailed
Decommissioning Cost Estimate (Ref.1).

(2) letter of Credit Fees: The original Decommissioning Cost Estimate
did not account for any fees and expenses associated with a financial
guarantee. Based on a declining balance, four year term, irrevocable
letter of credit in the amount of $125 million, the total fees and
expenses associated with this financial facility are estimated to be
approximately S2,000,000.

(3) Cost Adiustments for LLRW Disposal: The original Decommissioning
Detailed Cost Estimate assumed a LLRW volume of 127,964 ft' (See

hRef. 1, Figure 3.2-1). The LLRW cost estimate also identified
approximately 2035 ft' of this volume that will be used as overfill in

i other disposal packages as void space fill material. The remaining'

3
volume of 125,929 ft may be processed (including volume reduction),
packaged, and shipped for disposal at a licensed LLRW disposal

i

facility. Based on this volume, the original Reference I cost estimate
for LLRW disposal was: $7,878,219 for curie and weight surcharges,
cask handling fees, and disposal costs; $2,022,827 for transportation

.

costs; and $1,924,827 for disposal container purchase and cask rentals.
These costs are future value dollars, escalated to the date of
expenditure, and based on disposal fees currently in effect at the
Beatty, Nevada, disposal site.

| Assuming the access contract with the Nonhwest Compact (identified
| in PDP Section 3.3.2) is executed and PSC gains access to the LLRW

disposal site at Richland, Washington, an adjustment to the cost
estimate has been included to account for any increased costs that may
result. A contingency of $12,441,400 has been added to the
Reference 1 LLRW cost estimate to account for possible increases in
waste disposal costs. Included in the contingency are assumptions for

5-6
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a fee to be paid ($1,300,000) to the Richland, Washington, facility by
the RMC, and allowance for an expected step increase in the base
disposal fee (to $19,019,600, based on an allowance of up to $140/ft')
anticipated in 1993 when the final provisions of the LLRW Policy Act
Amendments of 1985 are scheduled to take effect, and then escalated
at a rate of 10% per year for the duration of the decommissioning.
The estimated costs for container rental and drum / box container costs
are not expected to be affected by these increases. Additionally, the
increase in transportation distance from Beatty, Nevada, to Richland,
Washington, (120 miles)is relatively small and has been accounted for
previously (See Section 5.2.1, . Assumption No. 5). This adjustment
increases the total estimated LLRW disposal cost (plus contingency)
to $24,267,300 in future value dollars escalated to the date of
expenditure.

5.3 DEC051511SSIONING FUNDING AND FUNDING GUARANTEES

Financial assurance to support these decommissioning costs will be provided by a
combination of assurances, including the following:

(1) Use of the existing external decommissioning trust fund, with a
balance of approximately $28.0 million as of September 30,1991;

(2) Use of a guarantee method (an irrevocable 'atter of Credit in the
amount of $125 million) authorized by 10 CFR 50.75(e)(3)(iii) for the
unfunded balance of the decommissioning costs.

These funding assurance mechanisms a*e discussed in the following paragraphs.

5.3.1 Decommissionine External Trust Fund

PSC has set aside funds for decommissioning in external trust accounts that had a
combined value of apprcximately $28.0 million as of September 30, 1991.
Representative trust agreements for the external trusts were forwarded to the NRC
in Reference 4 and have been included in Appendix 111. No funds remain to be
collected from ratepayers.

O s->
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5.3.2 Deggpmissioning Irrevocable Letter of Credit

In order to provide suitable funding assurance for the unfunded balance of the
decommissioning costs identified in Table 5-1, PSC has entered an agreement to
obtain an irrevocable Letter of Credit in an amount not to exceed $125 million. In
Appendix III, a copy of the form of the irrevocable letter of Credit is provided, as
well as the la.tter of Commitment that binds the institution issuing the facility to sign
the irrevocable letter of Credit when the NRC issues its final approval of the
Proposed Decommissioning Plan and the satisfaction of other conditions as set forth

in the letter of Commitment. The commitment to issue the letter of Credit expires
on November 14, 1992, or is subject to renegotiation after that date. PSC has
reviewed the qualifications of the lending institution, and has verified that they are
in compliance with the criteria of Section 2.3.3 of Regulatory Guide 1.159 (Ref. 3).

Specific terms of the facility include the following:
-

(1) Declining balance during physical decommissioning activities, based
upon the contractor milestone payment schedule. Use of the declining
balance approach is consistent with NRC treatment of Part 50
licensees that use decommissioning external trust funds and with NRC
treatment of Part 72 licensees.

(2) Effective date of agreement is dependent upon final NRC approval of
the Proposed Decommissioning Plan.

(3) PSC is the obligor of the facility.
(4) The NRC is the beneficiary of the facility. A draw on the letter of

Credit facility requires signatures by both the NRC and PSC and may
occur only in the event that (1) PSC is in default in the performance
of the Decommissioning Plan; or (2) if the Letter of Credit is
scheduled to expire within 60 days and the NRC has not received a
satisfactory financial assurance in substitution for the Letter of Credit.

An engineering evaluation was perfo:med by an independent third party engineering
organization at the request of the facility issuer te validate PSC assumptions.
conclusions, and estimated costs for decommissioning.

5.3.3 Decommissionine Standby Trust Acreement

As required by Section 2.4 of Regulatory Guide 1.159 (Ref. 3), PSC has also entered
an agreement that will establish a " Standby" Trust Fund to receive funds from the
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irrevocable Letter of Credit, should it become necessary to execute the Letter of
Credit. A copy of the unsigned Standby Trust Agreement is also provided in
Appendix III, as well as its corresponding Letter of Commitment. The Letter of

|

,

Commitment binds PSC and the institution that will administer the standby trust fund
|

to sign the Standby Trust Agreement when the NRC issues its final approval of the
Proposed Decommissioning Pian. PSC is the beneficiary of the Standby Trust
Agreement. In the event of a default by PSC under the Standby Trust Agreement,
the NRC is authorized to administer the Standby Trust Agreement.

5.4 DECOhlh11SSIONING FUNDING INSTRUh1ENTS
(Submitted for Information Only)

PSC intends to meet its cash payment requirements under the Proposed
Decommissioning Plan through any or a combination of the following: (1) issuance
of first mortgage bonds; (2) medium term notes; (3) sale of assets to PSC Colorado

'

Credit Corporation; (4) issuance of short term unsecured debt; and (5) sale of PSC
preferred and/or common stock.

PSC has substantial financing resources available, including a " shelf' registration

O statement and a secured medium-term note program filed with the Securities and
Exchange Commission pursuant to which PSC may offer up to $300 million in first

| mortgage bonds and $108 million in medium-term notes, respectively. It also has
'

regulatory authority to issue up to $300 million of short-term debt, which includes
$150 million immediately available and $150 million available on a 5-day notice
under a committed $300 million credit facility. This facility would be available to
fund its requirements on a short-term basis. In addition, PSC may sell approximately
$150 million of assets to PS Colorado Credit Corporation. All necessary regulatory
approvals'for the issuance of these bonds and the sale of assets have already been
obtained. PSC also has access to the equity markets and can sell preferred and

.
common stock.

The approximate additional amount of each type of equity security that may be issued
as of this date is as follows:

,

|

| Preferred stock Par value -$100.00 $145 million
| Preferred stock Par value -525.00 $ 65 million

Shares of Comann stock Par value -$5.00 84,544,221
(authorized and unissued at July 31. 1991)

5-9
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The issuance of the equity securities requires the authorization of PSC's Board of
Directors and the Colorado Public Utilities Commission, but PSC does not foresee
any impediments to obtaining necessary approvals by the Effective Date. PSC is
presently issuing approximately $45 million per year of its common stock under its
dividend reinvestment and stock purchase plans.

PSC's outstanding first mortgage bonds are rated BBB+ and Baal by Standard &
Poor's and hioody's, respectively. PSC's securities are not on " credit watch" and
no downgradings are anticipated at this time. Based on PSC's recent experience in
the credit markets and its view of the equity markets, PSC does not anticipate any '

difficulty in obtaining the funds necessary to meet its external financing requirements.

5.5 UPDATES TO TIIE DECOM511SSIONING FUNDING PLAN

Per the requirements of Regulatory Guide 1.159 (Ref. 3), PSC and the Westinghouse i

team will review the projected cost for decommissioning once a year. The 1

decommissioning cost will be adjusted for any changes in projec:ed inflation rates,
as well as any changes in or effects of force majeure events on project scope which
may revi2 the overall cost of decommissioning, Adjustments to the
decommissioning cost due to technological and status changes, or major project scope
changes will be made according to the changes experienced. Based on these annual
reviews of decommissioning cost, the decommissioning funding plan will also be
reviewed and revised accordingly.

Since the project is scheduled for completion within 39 months after commencement
of physical distrantlement and decommissioning activities, adjustments will be made
as frequently as deemed necessary for successful funding of the project. The NRC
will be informed of any changes exceeding 15 percent (plus or minus) to the
decommissioning cost.

!

t
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5.6 REFERENCES FOR SECTION 5

1. PSC letter, Crawforc' to Weiss, dated June 6,1991 (P-91198); Subject: " Fort
St. Vrain Decommissioning Cost Estimate".

|

2. NRC letter, Weiss to Crawford. dated January 27,1992 (G 92015); Subject: |
" Fort St. Vrain - Decommissioning Funding Plan", j

3. USNRC Regulatory Guide 1.159, " Assuring the Availability of Funds for
Decommissioning Nuclear Reactors," August 1990.

l
;

4. PSC letter, Crawford to Weiss, dated February 15,1990 (P-90039).

O
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TAllLE 5-1
UPDATED DECOMMISSIONING COST ESTIMATE

(Future Value Dollars, Escalated to Date of Expenditure)

_ _ _

4

1. COST OF PHYSICAt DECOMMISSIONING ACTIVITIES: i

Westinghouse Contract Cost (Ref.1) $ 100,460,000

Wtstinghouse Delay Costs 5,309,200

Westinghouse Scope Changes 210,000

PSC Deconunissioning Cost (Ref.1) $ 36,669,000 )

PSC Delay Costs 383,100 j
2. LETTER OF CREDIT FEES: $ 2,000,000
3. LLRW DISPOSAL COSTS:

Revised LLRW Disposal Cost $24,267.300

Less Original LLRW Disposal Cost 11,825,900

INCREASE IN LLRW DISPOSAL COSTS $ 12.441.400

TOTAL COST OF DECOMMISSIONING $ 157,472,700O TOTAL DECOMMISSIONING EXPENSES TO DATE ($ 10.542.000)

REMAINING COST OF DECOMMISSIONING $ 146,930,700

DECOMMISSIONING GUARANTEED FUNDING
1. EXTERNAL TRUST FUND BALANCE (9/30/91) $ 28,000,(00
2. IRREVOCABLE LETTER OF CREDIT 125.0(0.000

TOTAL AVAILABLE FUNDING $' 53,000,000

0

.
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O |DECOMMISSIONING TECIINICAL AND ENVIRONMENTAL
SPECIFICATIONS

=6.1- INTRODUCTION

The Decommissioning Technical Specifications (DTS) applicable to the Fort St. Vrain |
'

decommissioning effort were originally prepared and submitted to the NRC on |
December 21,1990 (Ref.1). Following review, the NRC provided PSC with a |
Request for AdditionalInformation related to the DTS in Reference 2. PSC provided j
responses to the NRC questions in Reference 3. A complete revision of the original |

. DTS was provided to the NRC on August 31,1991, in Reference 4 to incorporate |
the PSC commitments and responses made in Reference 3. A further revision to the- |
DTS was forwarded to the NRC in Reference 5. These Decommissioning Technical' |
Specifications (DTS) include environmental specification requirements, consistent
with the guidance provided in DG-1005 (Ref, 6) and 10 CFR 50.82(b)(5).

The Fort St. Vrain DTS have been proposed as an amendment to the Fort St. Vrain |
Operating License, D.PR-34, in accordance with the provisions of 10 CFR 50.90.

;

When approved by the NRC, the DTS will supersede (upon completion of defueling |
'

. and approval of this decommissioning plan), in their entirety, the existing technical |
'

and environmental specifications that are currently provided as Appendices A and B
to the Fort St. Vrain Operating License.

6.2- DTS LL\ LITS AND CONTROLS

The DTS address activities related to Fort St. Vrain ilecommissioning after all fuel,

has been removed from the Reactor Building. During decommissioning, the primary
- concerns are containment- of radioactive. materials and control of public .and
occupational exposures.

With no fuel in the reactor building, there are no requirements for reactivity control
or decay heat removal. Accordingly, the DTS do not retain any of the following , |
requirements that are currently included in the Fort St. Vrain Operational Technical
Specifications:

- - Reactivity control -
- Primary or secondary core cooling,

- Plant protective systems
- PCRV integrity
- Auxiliary electric power
- Fuel handling

,
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The decommissioning accident analyses provided in Section 3.4 identify the
equipment and procedural controls relied upon to minimize radiological exposure to
workers and the public. These controls, such as assuring appropriate levels of
Reactor Building confinement integrity and radiation monitoring during handling of

| certain contaminated and activated materials, are reflected in the DTS, as appropriate.
| Minimum equipment functional capabilities and performance levels have been

identified, together with periodic surveillance requirements.,

The DTS also include Administrative Controls to ensure that required programs are
| implemented during decommissioning. The key elements of the Ac..ninistrative J

Controls include the following:

1. Organization
2. Decommissioning Safety Review Committee
3. Programs and procedures, including a Radioactive Effluent Controls

Program and a Radiological Environmental Monitoring Progra. to
replace the current environmental specifications

4 Reporting,

g 5. Records retention

O

.
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6.3 REFERENCE FOR SECTION 6

1. PSC letter, Crawford to Weiss, dated December 21,1990 (P-90367); Subject: |
" Decommissioning Technical Specifications". |

2. NRC letter, Erickson to Crawford, dated June 7,1991 (G-91121); Subject: |
" Fort St. Vrain Proposed Decommissioning Plan - Request for Additional |
Information".

| .

3. PSC letter, Crawford to Weiss, dated July 30,1991 (P-91248); Subject: |
" Response to Request for Additional Information - Decommissioning |
Technical Specifications and Representative Cost Estimate". |

4. PSC letter, Crawford to Weiss, dated August 30,1991 (P-91278); Sutjc-t: |
" Decommissioning Technical Specifications". |

5. PSC letter, Crawford to Weiss, dated March 19,1992 (P-92115); Subject: |
" Decommissioning Technical Specifications". |

- ,O 6. " Standard Format and Content for Decommissioning Plans for
V Nuclear Reactors," Draft Regulatory Guide DG-1005, September 1989.
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SECTION 7
(] DECOMMISSIONING QUALITY ASSURANCE PLAN
x_./ .

7.1 POLICY STATEMENT

Public Service Company of Colorado (PSC) will establish and implement a Quality
Assurance Plan for the Fort St. Vrain (FSV) Decommissioning Project.

This Quality Assurance Plan is based on the requirements of 10 CFR 50 Appendix
B as they apply to decommissioning activities and is responsive to other applicab!e
regulatory requirements, and industry codes and standards. The goals of the Quality
Assurance Plan are to provide protection of the health and safety of the project
personnel and the public, and to comply with regulations and commitments made to
the NRC, including the control of personnel exposure to radiation, control of
radioactive material, control of radioactive material shipment, and final radiological
survey.

Project procedures shall provide for compliance with approp;iate regulatory,
statutory, and license requirements. Specific quality assurance requirements and
organizational responsibilities for implementation of these requirements shall be
specified.

Compliance with this plan and project procedures is mandatory for personnel with
respect to Fort St. Vrain decommissioning activities which may affect quali*y and the
health and SIfety of project personnel and the general public. Person.nu shall,
therefore, be familiar with the requirements and responsibilities of the plan that are
applicable to their individual activities ar.d interfaces.

7.2 - INTRODUCTION

This Quality Assurance Plan is applicable to and is structured to assure that the
reguhtory requirements as identified in the Proposed Decommissioning Plan, the
requirements of the Decommissioning Technical Specifications (DTS), the
requirements of the Radiation Protection Program, the packaging and shipping of
radioactive materials, and the final radiation survey are conducted in a controlled
manner.

7-1,
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7.3 ORGANIZATION

!

7.3.1 General

The Quality Assurance organizations of PSC and the Westinghouse team have the ;
authority and organizational freedom to identify quality problems; to take action to
stop unsatisfactory work and control further processing, delivery, installation or use
of nonconforming items; to initiaie, recommend, or provide solutions; and to verify
implementation of solutions. The persons and organizations performing qt lity
assurance functions report to a management level that assures the required authority
and organizational freedom are provided, including sufficient independence from cost
and schedule. The individuals assigned the responsibility for assuring effective
execution of any portion of the Quality Assurance Plan have direct access to the
levels of management necessary to perform quality assurance functions.

7.3.2 PSC Organization

The PSC Organization is explained in Section 2.4 of this decommissioning plan.
Section 2.4 provides organizational charts, together with a summary of the authority
and duties of key decommissioning staff members. PSC has overall responsibility for g
the Quality Assurance (QA) Plan implementation, and is responsible for verifying the
effective execution of the plan. PSC performs oversight of the Westinghouse team
implementation of the plan through reviews, audits and monitoring activities
(surveillances).

7.3.3 Westinghouse Team Organizatica

7.3.3.1 Dhmlity Assurance

The Westinghouse Nuclear and Advanced Technology Division GNATD) Quality
| Assurance Manager has direct access to the Energy Systems Business Unit Vice

President and General Manager to ensure the independence of the QA function. The
Quality Assurance Manager reports to the Westinghouse Project Director for
administrative direction and implementation of the Quality Assurance Plan. The
Quality Assurance Manager and the Project Director are responsible for assuring
effective execution of the Quality Assurance Plan. MK-Ferguson personnel will work
under the ENATD QA Plan during decommissioning activities and therefore the
. NATD QA organization will apply. Westinghouse Scientific Ecology GroupW

MSEG) will implement their NRC approved 10 CFR 71, subpart H, QA Plan, which

7-2
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includes a completely independent QA organization, for packaging and transporting
|radioactive material.

7.3.3.2 Key D commissioning Staff Memben

The Westinghouse decommissioning staff is explained in Section 2.5 of this
decommissioning plan. . Section 2.5 provides organizational charts, together with a
summary of the authority and duties of key members.

7.4 QUALITY ASSURANCE PLAN

7.4.1 General Requirements

1. The Quality Assurance Plan shali be:
a. Documented by written procedures.
b. - Carried out throughout the decommissioning project in

accordance with those procedures. ,

2. The plan shall include identification of the following:
a. The structures and activities to be covered,

p b. The major organizations participating in the plan, together with
v the designated functions of these organizations.

3. The plan shall provide control over activities affecting quality and the
health and safety of project personnel and the general public.

4 Activities affecting quality shall be accomplished under suitable
controlled conditions. Controlled conditions include the use of
appropriate equipment, suitable environmental conditions for
accomplishing the activity, and assurance that all prerequisites for the
given activity have been satisfied.

5. The plan shall take into account the need for special controls,
processes, test equipment, tools, and skills to attain the required

_

quality, and the need for verification of satisfactory implementation.
6. The plan shall provide for indoctrination and trairing of personnel

performing activities affecting quality to assure that suitable
proficiency is achieved and. maintained.

7. The adequacy and status of the plan shall be regularly reviewed.
8. ~ Management of those organizations participating in the plan shall

regularly review the status and adequacy of that part of the plan which
they are implementing.

9 The plan will be implemented for the fm' al radiological survey to

_
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assure confidence in the sampling, analysis, interpretation, and use of
data generated. it will apply to all aspecs of the survey plan, from
personnel quali0 cations to sampling and field measurements, handling
and storing samples, sample reduction, reporting, and records
turnover.

7.4.2 [iCat nlDescriptio.r1

1. This Decommissioning Quality Assurance Plan has been established to

govern those activities that may affect the quality of the project,
including the health and safety of the project personnel and the general
public.

2. This Decommissioning Quality Assurance Plan shall utilize the
following documents to meet its objectives.

The Westinghouse Fort St. Vrain Decommissioning Projecta.

Quality Assurance Plan which provides the details of the
Quality Assurance Plans and procedures that will be utilized by
each Westinghouse organizational team member,

b. Westinghouse required procedures at the project implementing
level,

c. PSC oversight process and procedures

7.4.3 Westinchouse FSV Decommissioning Project Ouality Plan

1. The plan shall define the QA plans and procedures that will be used
by each Westinghouse organizatioral team member.

2. The plan shall be issued and approved by Westinghouse and PSC.
3. All changes to the Project Quality Plan shall be governed by measures

commensurate with those applied to the original issue.

7.4.4 Trainine

Training programs shall be established for those personnel performing activities
affecting quality such that they are knowledgeable in the quality assurance documents
and their requirements, and proficient in implementing these requirements. These
training programs are described in Section 2.6 of this decommissioning plan.

7-4
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7.5 DESIGN CONTROL

Consistent with Section 7.2, when operating systems required for
decommissioning / dismantling activities, waste packaging activities, or shipping

i

activities require design or modification of existing design, controls shall be applied
commensurate with regulatory requirements and the potential impact on quality, and '

the health and safety of project personnel and the general public.

Appropriate provisions of design control shall include the specifying of design input,
the correct translation of input in design documents, the verification of design by !

persons other than the originator, and the assurance tnat changes to the design are '

properly reviewed, controlled, and documented.

7.6 PROCUREMENT DOCUMENT CONTROL

Consistent with Section 7.2, measures shall be established to assure that applicable
regulatory requirements, design bases, and other requirements that are necessary to
assure adequate quality are included or referenced in the documents for procurement
of material, equipment, and services, whether purchased by PSC or by its

p/ contractors or subcontractors. To the extent necessary, procurement documents shall
require contractors or subcontractors to provide a Quality Assurance Plan consistents

with the contractor's potential impact on quality and the health and safety of project
personnel and tht, general public.

7.6.2 Technical and Ouality Recuirements

,

1. The Quality Assurance Plan shall contain provisions for controlling
procurement of material, equipment, components, and services.

2. Procurement documents shall contain specific technical and quality
requirements, as appropriate.

3. Procurement documents shall contain provisions that establish the right
of access to vendor facilities and records for source inspection and
P.udits as appropriate.

4. Procurement documents for processing, packaging and transporting of
radioactive materials shall specify the license, certificate, or other
NRC approval authorizing use of the package. The procurement

! documents shall specify the documentation requirements referenced in
the license, certificates, or other NRC approvals as applicable that
relate to the use and maintenance of the packaging and to the actions

7-5
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to be taken prior to shipment.

- 7.6.3 Review and Anoroval

Documents, and changes thereto, initiating procurement of equipment, components,
or services shall be approved by appropriate management personnel and shall be

l
subject to a quality review to ensure applicable regulatory requirements, design bases,
quality assurance, and other requirements are adec,uately satisfied prior to release.

7.7 PROCEDURES AND DRAWINGS

!

7.7.1 General Reguirements

1. Procedures, and drawings of a type appropriate to the circumstances,
shall be provided for the controi and performance of activities which
are important to quality, health, and safety.

2. Procedures and drawings snall include appropriate quantitative or
qualitative acceptance criteria for determining that important activities
have been satisfactorily accomplished.

O7.7.2 Procedures

1. Procedures of a type appropriate to the circumstances shall be
provided for the performance of activities which affect quality, health
and safety, or regulatory requirements.

2. The following typical procedures shall be provided as appropriate.
This list includes procedures whose implementation is subject to
oversight in the QA plan and procedures for executing QA functions.
a. Calibration procedures,
b. Radiation protection procedures.
c. Special process procedures,
d. Work packages that provide work instructions accompanied

with pertinent technical data to perform a specific task,
Radioactive material processing, packaging and transportinge.

procedures.
| f. - Audit procedures.
L g. QA surveillance / monitoring procedures.

| h, Administrative control procedures.
| i. Emergency response procedures.

7-6 '
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j. Inspection procedures. ;

k. Training /quali6 cation / certification procedures.
1. Procurement procedures.
m. Design and design document control procedures.
n. Nonconformance/ corrective action procedures.
o. Quality Records procedures.
p. Access control procedures.
q. Material / equipment control procedures.
r. Final site survey procedures.
s. Fire prevention / protection procedures.

7.7.3 Drawines and Technical Manuals

Controlled drawings and technical manuals of a type appropriate to the circumstances
may be used as procedural documents.

7.8 DOCUMENT CONTROL

7.8.1 General Requirements

1. Measures shall be established to control the is' e of documents,
such as procedures, drawings and specification, ding changes,
that prescribe activities affecting quality.

2. These measures shall assure that documents, including changes, are
reviewed for adequacy and approved for release by authorized
personnel, and distributed to and used at the location where the
prescribed activity is performed.

7.8.2 Procedure Control

1. Procedures shall be controlled to assure that current copies are made
available to personnel performing the prescribed activities. Procedures
shall be independently reviewed by a qualified person and shall be
approved by a management member of the organization responsible for
the prescribed activity.

2. Significant changes to procedures shall be reviewed and approved in
the same manner as the original.

7-7
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7.8.3 Radioactive Shipment Packace Documents

All documents related to a specific shipping package for radioactive material shall be
controlled by appropriate procedures. All significant change.s to such documents shall
be similarly controlled.

7.9 CONTROL OF PURCIIASED MATERIAL, EQUIPMENT, AND
SERVICES

7.9.1 Leneral Requirements

1. Consistent with Section 7.2, measures shall be established to assure
that purchased maierial, equipment and services conform to the
procurement documents. These measures shall include provisions, as
appropriate, for vendor evaluation and selection, objective evidence of
quality furnished by the vendor, surveillance at the vendor source, and
inspection of products upon delivery.

2. The effectiveness of the control of contractor services shall be assessed
at intervals consistent with the importaxe of the service.

O7.9.2 Vendor Evaluation and VerificatiGD

The adequacy of vendor's Quality Assurance Plan specified in procurement
documentation shall be verified prior to use when appropriate. Vendor adherence to
their Quality Assurance Plan shall also be verified as appropriate.

7.9.3 Receiot Inspection

1. Commensurate with potential adverse impacts on quality or health and
safety, material and equipment shall be inspected upon receipt at the
plant site prior to use or storage to determine that procurement
requirements are satisfied.

2. Material, parts, and components that are to be utilized for packaging
and transporting of radioactive riaterials shall be inspected upon
receipt to assure that associated : o arement document provisions have
been satisfied.

3. Measures shall be established for identifying nonconferming material,
parts and components.

;
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7.10 IDENTIFICATION AND CONTROL OF MATERIALS, PARTS AND
COMPONENTS

1. Consistent with Section 7.2, measures shall be established for the ;

identincation and control of critical materials, parts, components, and i

equipment.
2. These identification and control measures shall be designed to prevent

the use of incorrect or defective material, parts, components, and
equipment.

7.11 CONTROL OF SPECIAL PROCESSES
.

7.11.1 General Reguirements

Measures shall be established to assure that spes rocesses, including welding and
nondestrs ctive examination, are controlled and accomplished by qualified personnel
using quali6ed procedures in accordance with applicable codes, standards,
specifications, criteria, and other special requirements.

7.11.2 Welding Procedntes '

Welding activities shall be performed in accordance with quali6ed procedures. Such
procedures shall be qualified in accordance with applicable c(vjes and standards and
shall be reviewed to assure their technical adequacy.

7.11.3 Welder Oualification
L

Measures shall be established to assure weldir:g is performed by qualined personnel.
!

7.11.4 NDE Procedures

Nondestructive examinations (NDE) shall be performed in accordance with
procedures formulated in accordance with .mplicable codes and standards and siull
be reviewed to assure their technical adequacy.

; 7.11.5 b'F Personnel Onalificatipn

Measures shall h established to assure nondestructive examinations (NDE) are
performed by personnel quali6ed in accordance with applicable codes and standards.

! O
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7.12 INSPECTION

7.12.1 General Reauirements

1. Measures shall be established for inspection of appropriate activities
to verify conformance with the documented prxedures and drawings
for accomplishing the activity.

2. An inspection hold point requires witnessing or inspection. Associated
work shall not proccel beyond a hold point without prior consent.
The specific hold points shall be indicated in appropriate work
c'ocuments.

7.12.2 Radioactive Material Pat}; ages

Measures shall be established which assure that packages utilized to ship licensed
radioactive inaterial offsite are inspected in accordance with the applicable
requirements.

7.12.3 Insocction Procedures

ORequired inspections shall be performcd in accordance with appropriate procedures,
Such procedures shall contain a description of objectives, acceptance criteria, and
prerequisites for performing the inspections. These procedures shall .also specify any
special equipment or calibrations required to conduct the inspection.

7.12.4 Personnel OualificaliOD

Personnel performing required inspections shall be qualified based upon experience -

and training in inspection methods. Required inspections shall not be performed by
individuals who performed the activity or directly supervised the activity.

7.13 TEST CONTROL

Measures shall be established to assure that tests necessary to assure quality, health
and safety are controlled and accomplished in accordance with approved procedures.

| 7-10
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7.14 CONTROL OF MEASURING AND TEST EQUIPMFMT

hieasures shall be established to assure that appropriate tools, gauges, instruments
and other measuring and testing devices used in activities important to quality, health
and safety are properly controlled, calibrated and adjusted at specified periods to
maintain accuracy within necessary limits, and maintain traceability to National
Institute of Standards and Technology (NIST) or other known standards.

7.15 ll ANDLING, STORAGE, SillPPING

7.15.1 ilgneral Regyltements

hicasures shall be established to control the handling, storage, and shipping of
radioactive materials.

7.15.2 Badioactive_hiaterial Stotagg

1. Areas shall be provided for storage of radioactive .. aterial that assure.

physical protectica, as low as reasonab!y achievable radiation exposure

O to personnel, and control of the stored material.
2. Handling, storage, and shipment of radioactive material shall be

controlled based upon the following criteria:
a. Established safety requirements concerning the handling,

storage, and shipping of packages for radioactive material shall
be followed.

b. Shipments shall not be made unless all tests, certifications,
acceptances, and final inspections have been completed.

c. Procedures shall be provided for handling, storage, and
shipping operations.

7.15.3 Shipping and PackagiDa

Shipping and packaging documents for radioactive material shall be consistent with
pertinent regulatory requirements.

7-11
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7.16 INSPECTION, TEST, AND OPERATING STATUS

7.16.1 Radle;tetive hiaterial and Sv31tintfenDguIation Controls

1. Appropriate controls shall be established for the control of radioactive

material, systems connguration, as well as personnel exposure.
2. Inspection, test, and operating status of equipment and cornponents

associated with radioactive material, system con 0guration, and
}wrsonnel exposure shall be established based upon the following
criteria:
a. Inspection, test, and operating status for radioactive material,

system configuration, and personnel exposure shall be indicated
and controlled by established procedures.

b. Status shall be indicated by tag, label, marking or log entry,
Status of nonconforming items or packages shall be positivelyc.

maivained by established procedures.

7.17 NONCONFOIOllNG MATERIALS, PARTS OR COMPONENTS

1. Consistent with Section 7.2, measures shall be established to control hmaterials, parts, or components that do not conform to requirements
in order to prevent their inadvertent use or release for shiprnent.
These measures shall include, as appropriate, procedures for
identincation, documentation, segregations, disposition, and
noti 6 cation to affected organizations.

2. Nonconformance items shall be reviewed and accepted, rejected,
repaired, or reworked in accordance with documented procedures,

7.18 CORRECTIVE ACTION

1. hieasures shall be established to assure that conditions adverse to
quality, health and safety are promptly identined and conected.

2. In the event of significant conditions adverse to quality, the measures
shall assure that the cause of the condition is deteimined, and
corrective action taken to preclude repetitiors. These conditions shall
be documented and reported to appropriate levels of management.

7-12
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7.19 QUALITY ASSURANCE liECORDS

1. Sufficient records shall be maintained to furnish evidence of activities
imponant to safe decommissioning as required by code, standard,
specification or project procedures. Typical records would include:
a. Proposext Decommissioning Plan
b. Procedures
c. Reports
d. Personnel qualification records
c. Radiological and environmental site characterization records,

including final site release records
f. Dismantlement records
g. Inspection, surveillance, audit and aswssment records

2. Records shall be identifiable, available, and retrievable.
3. Requirements shall be established concerning record collection,

safekeeping, retention, maintenance, updating, location, storage,
preservation, administration, and assigned responsibility. Such
requirements shall be consistent with the potential impact on quality,
radiation exposure to the workers and the public, and applicable

O regulations.
4 Records shall be reviewed to ensure their completeness and ability to

serve their intended function.

7.20 AUDITS

7.20.1 Ogneral Refluirements

A system of planned audits shall be carried out to verify compliance with appropriate
requirements of the Quality Assurance Plan and to determine the effectiveness of the
plan. The audits shall be performed in accordance with written proce<h'res or
checklists by trained and qualified personnel not having direct responsibility in the
areas being audited.

7.20.2 At.dit Recous

1. Reports of the results of each audit shall be prepared. These reports
shall include a description of the area audited identification of
individuals responsible for implementation of the audited provisions
and for performance of the audit, and identification of discrepant

7-13
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areas.

2. Audit reports shall be distributed to the appropriate level of
management and to those individuals responsible for implementation
of audited provisions.

7.20.3 Audit Corrective AcliOD

1. Measures shall be established to assure that discrepancies identified by
audits are resolved. These measures shall include notification of the
manager responsible for the discrepancy, and verification of
satisfactory resolution. 1)iscrepancies shall be resolved by the
manager responsible for the discrepancy. Higher levels of
management shall resolve disputed discrepancies.

2. Followup action, including re audit of deficient areas, shall be taken
where indicated.

O

7-14
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SECTION 8
DECOhlMISSIONING ACCESS CONTROL PLAN

,

8.1 BASIS FOR ACCESS CONTROL PROGRAM

The Fort St. Vrain Decommissioning Access Control Plan is based on the
i

requirements of 10 CFR 20.105 and NRC Regulatory Guide 1.86 (Ref.1). The Fort
St. Vrain Access Control Plan is necessary to be responsive to the following
requirements:

1. Prevent unauthorized access to restricted radiological areas and during
radiological events or emergencies.

2. Contact local law enforcement and emergency service organizations to
_|

respond to:
i

a. fire or explosions; '

b, personnel disturbance;
c. acts of sabotage or perceived threat;
d. civil disturbance; '

e. medical emergencies

This Access Control Plan identifies those controls and procedures related to access
to the decommissioning site. Access control requirements for radiologically
controlled areas within the decommissioning site are addressed in Se: tion 3.2
Radiation Protection Program.

This Access Control Plan has been developed to provide an adequate Industrial |
Security Program to prevent sabotage (intentional or unintentional) to internal or
external decommissioning systems or radioactive waste storage, and to prevent theft
of company or contractor materials.

I
8.2 SITE ACCESS CONTROL ORGANIZATION

Access control personnel will be properly trained and demonstrate understanding of -

decommissioning area access control requirements and responsibilities. Access
control personnel will be unarmed and equipped for continuous onsite and offsite
communications. The PSC Facility Support Manager is responsible for site access
control which includes (1) decommiss oning area access control,|gatehouse and
vehicle access) and (2) emergency, medical and fire reporting.

Local law enforcement authorities will receive familiarization briefings on procedures
and plant layout, and arrangements will be made for their se: vices if needed.

8-1
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8.3 ACCESS CONTROL PilYSICAL SECURITY MEASUllES

L decommissioning area will be surrounded by a continuous permanent fence that
will provide a physical barrier to prevent unauthorized access to restricted areas.
Access control personnel will normally be located in the persontel access gatehouse.

Personnel access gatehouses will be located at the main plant entry for the
decommissioning area or other suitable access points. A vehicle access gate will be
krated in the immediate vicinity of the personnel access gatehouse at the main plant
entry. Use of the vehicle gate will also be controlled by access control personnel.

Access will be controlled within the Fort St. Vrain decommissioning project and
permitted only to those authorized by the PSC Decommissionirig Program D ecctor,
the Westinghouse Project Director, or their authori7ed representatives. Lists of
individuals with authorized access will be prep;ued and will be controlled.

Access for decommissioning workers will be controlled through positive identification
(e.g., picture badges, positive identi6 cation, controlled access lists or other means)
to ensure access to the decommissioning site restricted area is provided only to

hauthorized individuals.

Access to the restricted area does not guarantee access to radiological controlled
The radiation protection staff will continue to administer the radiologicalareas.

controll 4 area access control program, as was done during operations and defueling.
Specine requirements that must be met prior to accessing radiologically controlled
areas are identined in Section 3.2.

All persons passing through the gatehouses will be required to demonstrate valid
access authorization. All other plant gates associated with the controlled
decommissiorring area will be required to be kept locked or continuously monitored.
Locks and keys for tht' decommissioning area gates will be controlled.

Visitor access to the decommissioning area must be approved by the PSC
Decommissioning Program Director, the Westinchouse Project Director, or their
designated representatives.

Repairs to physical barriers and equipment will accomplished in a timely mannt.

8-2
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8.4 COMMUNICATIONS '

Telephone service will be available at the main plant entry personnel access gatehouse
to contact local law enforcement authorities and other local emergency services.
Radio communications will be available between the plant control room and access
control personnel, in the event it becomes necessary to limit access to the
decommissioning area or ifit becomes necessary to contact local emergency services.

8.5 PROCFDURES

Written procedures will be prepared and implemented to provide the access control
personnel guidance for the following routine occurrences:

1

!
,

1. Personnel access control
2. Vehicle access control
3. Communications equipment and routine testing requirements
4 Surveillance / inspection of decommissioning area physical barriers
5. Record keeping requirements

O Written procedures will be prepared and implemented to provide the access control
'

personnel guidance for the following abnormal occurrences:

1. Fire or explosion
2. Site evacuation
3. Site radiological emergencies
4. Personnel disturbance
5. Acts or perceived threat of sabotage
6. Civil disturbance
7. Suspected or confirmed intrusion sabotage attempt
8. Breached security area barrier
9. Unidentified person in security area
10. Medical Emergencies
11. Theft of material

The content of these procedures will include (1) criteria for identifying abnormal
conditions within the decommissioning area; (2) access control personnel actions; and
(3) required notifications,

j 8-3
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8.6 REIT.RENCES FOR SECTION 8

1. Regulatory Guide 1.86: " Termination of Operating License for Nuclear
Reactors". June 1974.

O
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FORT ST. VRAIN ACTIVATION ANALYSIS

I. ELIEODUC' PION

This report cummarizes the results of the activation analysis
performsd for the Fort St.. "Jrain (FSV) Pre-stressed Concrete i

tReactor VGesel (PCRt.') and internals. Tnis analysis determines |the isotopic composition, magnitude, and extent of residual
!radioactivity 41 the PCRV c.nd internals which would be present
{af ter operation thrNgh 232 Ef fective Full Power Days (EFPD) jin Cycle 4. The information previded in this report is for !use in decommissioning plannir.g activities. The results !presented in this report includa dose rates inside the PCRV at

various times after shutdown, and the curie inventory for 1individual components and for the overall PCRV.
II. Dr.CKGROUND

i

1

-

The FSV gknorating station ceased operations on August 18,
1989. Defueling of the ruactor core to the Fuel Storage Wells
has commenced. To date, twenty-five regions have been
defueled and replaced with boronated refueling blocks. The
fuel is currently being stored on sita in the FSV Independent
Fuel Storage Installation (ISFSI). Final disposition of the
fuel has not been determined. The fuel may be sent to Idaho
National Engineering Labeiratory (or another DOE f acility), or
may remain in the ISFSI until a high level waste repository is
available.

In order to accurately plan activities for decommissioning, an
estimate of the extent and isotopic composition of residual
radioactiv!ty must be predicted. In early 1988, PublicService Company enlisted the services of Ebasco's Advanced
Technology Grcup to develop a computer model for the FSV
reactor and train PSC personnel on model development and the
use of all computer codes associated with the activation
analysis.

The necessary compater codes were installed on PSC's IBM
mainframe by PSC personnel. PSC personnel worked with Ebasco
in the development of the models used to analyze the PCRV.
Additionally, Ebasco gave several training sessions covering

i the topics listed in Table 1.

1
I

O
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III. ANALYSIS METHODOLOGY

A. Code Descriptiong

The computer codes installed on the IBM 3090 included
transport, activation, and radiation shielding codes. In
a:Mition to these codes, several utility codes to handle
data note and output were developed by PSC personnel.
Table 2 lists t).e ccmputer codes and data libraries that
were installed on the IOM mainframe.

ANISN and DOT are multi-group, one- and two- dimensional
discrete ordinates computer codes with anisotropic
scattering. REBATE is an activation code for the
calculation of activation product production rates for,

one- or two- dimensiona) multi-group neutron flux
distributions. ORIGEN is an isotope generation and
depletion code which calculates the buildup, decay, and

O' processing of radioactive materials _using only a single
point thermal neutron flux input ano spectrum modifiers
to account for the higher energy flux distribution.
ISOShLD is a point kernel integration code which performs
gamma ray shielding calculations for rad!onctive sources
in a wide variety of source and shield configurations.
Volume 1 of Appendix A includes user's manuals, sample
problems, and installation problems / comments pertaining
to PSCis IBM version of the codes.

Four utility codes were developed by PSC for data
handling. SITERED processed REBATE output into a format
which provided the isotopic inventory of the activation
products for each component. SRCEDOS1 also processes
REBATE output to develop the gamma source input for
ANISN. SRCEDOS2 reads ANISN output and calculates dose
rates within the PCRV. POSTREB processes the REBATE
nutput to a more readable format.

.r'\
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B. palculational Senueneg

The analysis was divided into three models: Radial Axial i

Up, and Axial Down. The calculation sequence was s,imilar
for all three models.

The calculational sequence involved the use of the ANISN,
REBATE, SITEREB, SRCEDOS1, and SRCEDOS2 codes. Figure 1
shows a flow chart for the activation analysis process.
Volume 2 of Appendix A details the analysis steps and
computer files used.

The first step in the calculational sequence was to
determine the neutron flux throughout the reactor core
and the PCRV. The BUGLE-80 cross section data library
was collapses to 16 group cross sections, using the
CO)9tAND code. These 16 group cross sections were used as
input to ANISN. Neutron fluxes taken from the GATT fuel

*

accountability were used in setting the proper neutron
source input to ANISH (Ref.1) . The spatial neutron flux
in the reactor through the 1014 CATT regions, over six
layers, was searched for the blocks on the edge of the
core with the highest flux. A radial traverse from core
center line to the maximum flux block was used to set
fuel nuclide number densities to the radial ANISN niodel.
This same method was used to determine the fuel number
density inguts to ANISN for the Axial Up and Axial Down
analyses.

The 16 group neutron fluxes were normalized to match the
4 group GATT fluxes. This was accomplished by collapsing
the ANISN flux output to 4 groups for comparison with the
GATT results. The group structure of the neutron source
ANISN input was then redefined (if necessary) and the
proceas zspeated until the GATT and ANISN (4 group)
fluxes were within a factor of 2. Figure 2 shows the
agreement between fluxes for tne radial case. 'Ihe flux
ration for the axial cases are shown in Figures 3 and 4.

The final 1-D r3utron flux for all three cases is shown
in Figures 5 through 7. Further details of the ANISN
neutron flux calculations can be found in Volume 2,Section 1 of Appendix A.

O
:
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The second step in the analysis was to determine the
activation of the selectea PCRV components due to the
neutron flux previously calculated. The activation of
pCRV internal components and concrete was calculated with
the REBATE code and some auxiliary utility routines. The
input to REBATE included the neutron fluxes from ANISN,
material number densities of the components, power
history of the reactor, and geometry of the components.

.The details of the REBATE model are discussed in *

Volume 2 of Appendix A.

The material number densities for the components are
discussed in Section III.D of this report.
The actual and projected power history of the reactor was
used to determine the input neutron flux pulse. A 704
power pulse was input for a time equivalent to operation ;
through 232 EPPD in Cycle 4 (corresponding to the August-

18, 1989 shutdown date). All internal components were
-conservatively assumed to have resided in the PCRV for

_ the entire reactor operating lifetime (890 EFPD).
The total curies of each component were calculated from
the REBATE output using the SITERED post processing
utility code. This code processed the REBATE output to4

determine the activity of each component as a function of
time.

The third step in the analysis included the ccmputation
of dose rates inside the PCRV. The REBATE gamma flux
output was processed with the SRCEDOS1 code to an
acceptable format for the ANISN gamma ray transport
calculation. This calculation required the use of the
ANISN code for the determination of the spatial gamma ray
flux resulting from the radioactive decay of the
activation products in the various components lef t within
the confines of the PCRV. The SRCEDOS2 code transformed
the 11 group gamma ray fluxes as a function of space into
radiation dose rates within the PCRV.

The TSO data sets used in the activation analysis and
some users notes are included in Attachment 1.

O
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C. Corp.utational Models
The analysis was performed using three l_-D models:
Radial, Axial Up, ar.d Axial Down. The Radial neutron
flux model extended from the fuel outward through the
PCRV concrete. The Axial Up and Axial Down neutron flux
models contained components from the fuel through the top
head, and from the fuel through the core support floor,

| respectively. The neutron activation models originally
assumed that all fuel and removable reflectors had been
removed from the PCRV, and that air had replaced the
helium within the PCRV. Volume 2 of Appendix A details
each model, input variables, and assumptions used in the
analysis. Revisions to the activation models were
performed to include removable reflector blocks. The
major components modeled for the activation analyses in
all three directions were:

Radial Axial Up Axial Down
Side Removable Upper Removable Lower.

Reflectors Reflectors Removable
Reflectors

Permanent Metal Clad Core Support
Reflectors Blocks Blocks / Posts
Boronated Spacer Region (Helium
Blocks Constraint Plenum)

Devices
Core Barrel Lower Orifice Silica Block

Valve Assembly Insulation

(Helium Plenum) (He).ium Plenum) CSF Cover
Plates /Kaovool
Insulation

Cover Cover Plates / CSF
Plates / Insulation Kaowool Liner / Cooling

Insu)ation Tubes
PCRV Liner / Cooling PCRV CSF
Tubes Liner / Cooling Concrete /Rebar

Tubes

PCRV Concrete and Top Head
Rebar Concrete /Rebar
Reflector Keys

O

_
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Radial Model
T

The Radial model consists of eight basic components
listed above. The removable side reflector hexagonal
elements are located just outside of the active fuel.

| These blocks are constructed of H451 or H327 graphite. ,

|
A typical block is approximctely 31 inches in height, and
14 inches across the flats.

,

Beyond the hexagonal removable reflectors are the large
| permanent graphite (HM) side reflector blocks. These

blocks are irregular in . shape (see Figure 8), having
average approximate volume of 3.358E+05 cc each.

Between the large reflectors and the core barrel are the '

!
boronated side reflector spacer blocks (Figure 8) . These
blocks are constructed of HM graphite and contain

-boronated stainless steel rods which were designed for i

neutron shielding during power operations. The number of
rods varies with core location of the spacer blocks.*

The core barrel (Figure 8) is located just beyond the
-

boronated spacer blocks and serves as lateral restraint>

of the fuel and reflectors. The barrel is constructed of
carbon steel, consists of three sections varying in
thickness from 2.25 inches to 2.75 inches, and isapproximately 29 feet in height. The coro barrel is
modeled in two sections because the upper 12 feet is
constructed of a slightly dif ferent material than the
bottom two sections.

,

Class A kaowool insulation and cover plates (Figure 9)
cover the inside of the PCRV liner. The insulation.is aceramic fiber material and -the cover plates are
constructed of carbon steel.

The PCRV liner (Figure 9) is a 3/4-inch carbon steel
plate vessel in the form of a right circular cylinder, 31-
feet inside diameter, and 75 feet in height. Carbon
steel cooling tubes are welded to the outside (concrete
side) of the liner. These tubes provided cooling to the
concrete during power operations. The liner and cooling
tubes were modeled homogeneously for the activation
analysis.

O'
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The PCRV concrete serves as the primary containment of
the coolant. Tt varies in thickness from 9 feet to 15-
1/2 feet, ana .J apprcximately 106 feet high. The PCRVis modoled as a homogeneous mixture of concrete and
rebar.

Two final components modeled are the carbon deel side
reflector block keys (Figure 8) which connect the core
barrel to the large side reflectors and the carbon steel
metal shell for the top-most, large side reflectors
(half-length reflectors).,

Axial Un Modelj

The Axial Up model includes seven basic components.
Adjacent to the fuel are two layers of removable graphite
reflectors (including removable reflectors in a control
rod column) . The keyed metal plenum elements or metal

* clad blocks (MCB) were analyzed. The blocks are located
on the top-most level of the core area (see Figure 8) and
provide structural stability and neutron shielding during

| power operations. All MCB blocks are hexagonal in shape,
approximately 15 inches in height, and 14 inches across
the flats. The central column MCB (Figure 10) is
constructed of stainless steel. The side MCBs, with and
without coolant holes (Figure 11), are constructed of
carbon steel.

The region constraint devices, RCDs, (Figure 12) provide ~

restraint of fuel regions during power operations. The
RCDs are located on top of the MCBs, keying together fuel
columns between regions. The triangular main body of the
device is made of carbon steel, approximately 5 inches
thick. The " legs" of the device are approximately 7
inches in length and are composed of inconel.

The orifice valve assembly (Figure 13) is located just
above the central column MCB (or keyed control rod
element). The lower portion of this assembly, primarily
composed of carbon steel, is modaled as part of the Axial
Up model.

The final three components (kaowool/ cover plates, pCRV
liner / cooling tubes, and PCRV concrete /rebar) are modeled
as previously discussed in the Radial model.

O
I
l
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Axia1 Down Model

The Axial Down model includes five components. Directly
beneath the active core, there are removable bottom
reflectors (Figure 14) . These include hexagonal graphite
reflectors, graphite reflectors containing boronated
Hastelloy-X cans, and graphite transition reflectors
which channel coolant to the core support blocks. The
core support blocks and core support posts (Figure 14)
are pern.anent components which lie directly below the
removable reflectors and act as support for the fuel and
reflectors. Three layers of Class C silica insulation
(blocks) are located above the cover plate /kaowool which
are just above the CSF liner (Figure 15) . The CSF lineris a 3/4-inch carbon steel liner covering the 5-foot
thick concrete /rebar core support floor.

D. Material Compositions

The material compositions of the components were taken
from a varict;* of sources. In most cases, the material
composition and densities were taken from component

O. drawings which referenced the standard specification
(AISI, ASTM, ASME, stc). Information on the trace
element material composition of reactor components was
difficult to obtain. Reference 2 was used in the
assumptions of trace elements for concrete. Hand
calculations for material compositions and document
references are located in Attachment 2. The material
composition data base is included in Appendix D.

In general, the reactor internals are made of carbon
steel and graphite. Very few components are composed of
stainless steel. The presence of trace elements (such as
cobalt, niobium, and europium) in steels and concrete
could have a large effect on long-term dose rate of PCRV
components. Assumptions for these and other trace
elements in various materials are discussed below,

bv
i
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Stainless Steels

Reference 2 indicated from LWR samples that in stainless
steel components, the co-60 ranges widely, more than an
order of magnitude. Nb-94 samples also had a wide
variability, but the average concentration was an order
of magnitude below that of co-60. For this analysis, it
was assumed that any stainless steel component had a
cobalt concentration of 0.2%. This assubption was based
on informatice ? rom previous activation studies (Ret. 3) .
The two components modeled that were cc tructed of
stainless steel were the center column mott slad blocks

i and the boronated rods in the spacer blocks. In e.ch
,

'

case, the cobalt level was assumed to be 0.2%. A! comparison of this value (Attachment 3) was made with
sample data from Reference 2. NUREG/CR-3474 showed that.*

the cobalt range for type 304 stainless steel ranged from
229 to 2070 ppm with an average of 1414 ppm. The 0.2%
cobalt val.se in the analysis equated to approximately
2000 ppin. Therefore, the assumption of 0.2% cobalt for
stainless steel was assumed adequate.

The niobium Invel-in stainless steel was specified for
the metal clad blocks in the material standard. The
niobium level for the boronated rods in the spacer blocks
is not listod in the mat'erial specification and ware
assumed to be negligible. Since NUREG/CR-3474 indicated
the possibility of high levels of niobium in stainless
steel, a separate analysis was performed to verify this
assumption. The average niobium concentration specified
in NUREG/CR-3474 was used as the concentration level.
The analysis showed (see Attachment 4) that at 5 years
af ter shutdown, the curie concentration of Nb-94 was six
orders of magnitude less than Co-60, and 3 orders of
magnitude less at 60 years. Europium was not included as
a trace element in the stainless steel because NUREG/CR-,

'

3474 indicated that its presence in stainless steels was
very low.

|

. .
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,

Inconel

The-pins on the region constraint devices were the only
components modeled that were constructed of inconel.
Both the cobalt (1.0%) and niobium (5.13%) levals wereryecified in he ASME material standard and used-in the
analysis.

Carbon Steels

The cobalt level in carbon steels was' assumed to be 0.0'2% -

(Ref. 3). Similar comparisons as performed with the
stainloss steel were performed (Attachment 3) . In carbon
steels, the cobalt range was for 93 to 151 ppm with an

-

'

average of 122 ppm. The analysis for the PCRV liner and
core barrel used approximately 200 ppm. Therefore, the
assumptions of_ 0.02% cobalt- for carbon steel were'

conservative. -. Niobium and . europium traces were
-

,

considered negligible for carbon steel.

. f] . Concrete
'

Q,) '!

The : major . material . constituents for the concrete and
rebar were taken from FSAR values. Since no sample data
was available to - determine - trace elument abundancies,
average values from NUREG/CR3474-sample values were used.

,

Europium was included as a trace element in the concrete
with_a c.55 ppm abundancy.

>

Grachite
o

Activation.of graphite components ~was considered __to be-
due to irradiation of impurities only. 'Iable 3 lista the .

,

impurities used in the analysis. Cobalt was also assumed
- to be present. Its concentration (ppm) was assumed to be
0.01% of the iron content for HI)! graphite, or 0.20 ppm.
Removable reflector graphite was assumed _ to - have the
highest impurity level for H327.or H451; graphite. The-

t cobalt level' was assumed to be 0.1 ppm for removable
reflector graphite. Thesa assumed Co-60 impurity levels

! in the HLM graphite, and the H-327 or H-451 graphite,
j were based upon recommendations of Mr. Parvin Lippincott
L of Westinghouse Electric Corporation.

,

O

v
!
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Kaowool and Silica Insulation

Material compositions for the Kaowool and Silica block
insulation were taken from the FSAR and material
reference documents.

IV. RESULTS

The results of the activation analysis are presented in two
sections: dose rates in the PCRV with various components
removed, and the activity (CURIE inventory) for thespecified components.

A. PCRV Dose Ratea

Radiation dose rates due to activated material within the
PCRV were calculated for a variety of scenarios in which-

various, components were itemoved. These dose rates are
for an individual " standing" in thu very center of the
reactor cavity after the fuel and removable reflectors
have been removed. Since the calculations were performed
using three 1-D models, the total doce is the sum of the

j dose rates from all three directions. The dose rates
| were criculated for a time 5 years after shutdown, and 60

years after shutdown.

After the defueling and removal of the defueling blocks,
the components which remain in the radial direction
extend from the large side reflector through the
concrete: in the Axial Up direction from the cover
plate /kaowool through the top head concrete, and in the
Axial Down direction from the core support blocks through
the core support floor.

Tables 4 and 5 indicate the contribution of each
direction at 5 and 60 years af ter shutdown. With all the
components remairing in the PCRV, the major contribution
at both S and 60 years is from the radial direction.
This is-due to the high dose rate from the boronated
spacer blocks.

l

.
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The large side reflectors provide shielding from the
boronated spacers. If the large reflectors are removed,
the radial dcsc rate is as high as 230 R/hr at 5 years,
and 0.16 R/hr at 60 years. This clearly indicates that
dismantlement must be entirely performed remotely at 5'

years, and portions performed remotely at 60 years.

The dose rate in the PCRV reactor volume la dominated by
the dose contributions from the radial components until
the boronated spacer blocks are removed. If the spacer
blocks are removed (leaving the core barrel), the radial
dose rate drops to 0.02 R/hr (at 5 years) and to .009
R/hr if the core barrel, cover platea, and insulation are
removed.

The Axial directions do not have major contributions to
the total dose rate until the liner / concrete is exposed
in all directions (i.e. the spacers, core barrel, cover
plates / insulation, and core support) are removed.

In the Axial Down direction, the core support posts and
p) blocks shield the reactor space from a higher dose rate
( due to the core support floor liner, cooling tubes, and

concrete. The dose rate at 5 years with the CSB
remaining is about 0.06 R/hr, but with only the liner and
concrete remaining, the dose is about 0.25 R/hr. The
Axial Up contribution when the coverplates/ insulation are
removed is approximately 0.44 R/hr.

A. Residual Limit _.g

No formal limits on activation exist fer unrestricted
release. Informal guidance by the NRC cuggests that a
dose of below 5.0 micro R/hr would be an acceptable
limit. Table 4 and 5 indicate the approximato depth of
concrete in each direction which would require removal to
obtain this limit.

B. Component Curie Inventory Summary

The analysis determined 'the total activity (curies) of
each component described in Section III.C. Table 6
summarizes the total isotopic and curie level for each
permanent component and the entire core. Appendix C
contains a more detafled curie inventory by isotope for
each component.

t
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In the large side reflectors, the activation products are
due to the impurities in the graphite. Few high energy
gamma emitters are present in the large side reflectors.
The total activity is cor. posed primarily of tritium, co-
60, Ca-41, Fe-55, and Ca-45 (short term). In the dose
rate from the PCRV liner and cooling tubes, Co-60 is the
primary contributor to dose at 5 and 60 years. In the
long term, Fe-59 and Ni-63 become more important.

The metal shell for the large side reflectors is located
only at the top of the core. Typical isotopes for metals
are present. Co-60 is again the dominant gamma emitter,
and Fe-55 contributes to the total activity.
The spacer blocks are the primary contributors to the
dose rate in the PCRV. This is due to the high amount of
Co-60 in the boronated rods and the large number of rods.

'

Co-60 is the major gamma emitter at both 5 years and 60
years after shutdown. Stainless steel may potentjally
have niobium as a trace element. Niobium was not
originally included as a trace element in the boronated
rods, but a separate analysis shows that when an average
value for niobium is included (see Material Composition
section), its concentration is negligible in terms of
dose rate and total activity. Other contributors to the
total activity are Ni-59, Ni-63, Fe-55, and C-14, all of
which are beta emitters. Ni-63 has the highest
concentration and, due to its long half life, will be a
major constituent in long-term waste disposal.
The core barrel is divided into three sections of
different thicknesses. The top portion is constructed of
a slightly dif ferent type of carbon steel than the bottom
and middle sections, and was therefore modeled
separately. In the upper section of the core barrel, the
dose is from Co-60 with some contributions from Mn-54 at
5 years. Co-60 is primary dose and activity contributor
for the upper core barrel at both 5 and 60 years. Other
contributors include Mn-53 and Fe-55, and Fe-59 in the
short term. In the lower section of the core barrel, Co-
60 is again the dominant gamma emitter at both 5 and 60
years af ter_ shutdown. Fe-55, Mo-97, and Nb-94 make minor
contributions to dose and activation in both the short
and long term.

O
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The cover plate /kaowool mixture is considered together
since the cover plates and inculation are layered in most
places in the PCRV and would be removed simultaneously.
The dose rate from the cover plate /knowool mixture in the
upper portions of the PCRV is dominated by the Co-60 in
the cover plates. The mixture also contains Ca-41, Fe-
55, Ni-63, and C-14 which may dominate in long-term
disposal considerations.

The PCRV concrete /rebar mixture contains many activation
products due to the trace elements in the concrete.
Reference 2 lists potential problem beta and gate
emitters. The major gamma emitters listed are Co-60,
Eu-152, Eu-154, Ag-108m, and Ba-133. At 5 years after
shutdown, the concentrations of Co-60 and Eu-152 are
relatively close. Together, they dominate the total
dose. Co-60 is the primary dose contributor in the
short-term since it has higher energy gammas. In the
long term, the Eu-152 will dominate. At 5 yt U s, se
concentration of Eu-154, Nb-94, Ag-108m, and Ba-133 . ;e
at least an order of magnitude below that of Co-60 and

] Eu-152. Ba-133 is not included in the REBATE library,(V but an ORICEN2 run was performed by Ebasco (Attachment S)
to determine its concentration relative to Co-60.
Beta emitters listed in Reference 2 were H-3, Be-10, C-
14, Ni-63, and Tc-99. Tritium has the highest
concentration at S years. Although not nentioned in the
reference, Ar-39 has the next highest concentration. The
other beta emitters listed are several orders of
magnitude less than the tritium.

Isotopes decaying by electron capture are also listed:
N1-59, Mo-93, and Ca-41. Of these three, Ca-41 is the
most abundant. The PCRV concrete also has a high
concentration of Fe-SS. Mo-93 and Ni-59 are several
orders of magnitude less than Ca-41 and Fe-55.

The Hastelloy-X cans located in the lower reflector
blocks contain Co-60 as the primary dose contributor,

nv

|
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The core support blocks (PGX graphite) are very similar
in material composition to the large permanent
reflectors. H-3, Ca-41, and Fe-55 are again the dominantisotopes in the long and short term. Ca-45 again has a
relatively high concentration at 5 years but decays
rapidly, such that very little remains after 60 years.

The three layers of silica blocks are located just above
the cover plate /kaowool on the core support floor. Fe-55is abundant in large quantities at 5 years, and Ni-63 at
60 years, C-14, Ca-41, and Ni-59 are also present in
traces. Co-60 is the dominant gamma emitter.

The central column metal clad blocks contain high
concentrations of Ni-63, Co-60, and Fe-55 at 5 years.
Other isotopes present in the MCBs are Mn-54, Ni-59, and,

Nb-94.

The surrounding MCBs are constructed of a different
material than the center column. They are high in Co-60
and Fe-55, but have low concentration of Nb-94 relative
to the center column.

! The orifice valve lower section has a relatively low
activity level. Co-GO is the primary gamma emitter.

The RCDs contain fairly high concentrations of Co-60, Fe-
55, and Ni-59 at 5 years. Primary dose contribution is
from Co-60 in both the long and short turm.

V. CONCLUSIONS

The primary dose contributor in the PCRV is Co-60. Cobalt ispresent in the majority of components. Other gamma emitters
such as Nb-94 and Eu-152 contribute to the dose, as well. Inthe PCRV concrete, Eu-152 becomes the dominant gamma emitter
in the long term.

The total activity of the PCRV and internal components is on
I the order of 8.0E5 curies at 3 years after shutdown, as shownin Table 6. The large graphite reflector contributes

9
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| approximately 65% of the activity. Tritium, co-60, and Fe-55
(short term) are the dominant nuclides in the reflectors.
Ni-63, Ni-59, Ca-41, Ar-39, and Mo-93 contribute in varyingdegrees to the total activity. Long-term disposalconsiderations will be affected by the long-lived nuclides.

The results of this analysis show that the dismantlement of
the reactor and internals without the use of remote techniquesis impossiole at 5 years af ter shutdown. The high doses from
the boronated spacer blocks prevent human access for even,

short periods of time. Dose rates from the spacer blocks are
approximately 230 R/hr when no shielding is provided by the
large reflectors. If the spacers are removed, the dose rate
from the top would limit access since dose rate ranges from
0.4 - 0.2 R/hr (dependent on remaining components).

The depth of concrete requiring removal to meet the 5 micro
R/hr limit is about twice as high at 5 years as at 60 years.

af ter shutdown. Approximately 2 ' would require removal in the
Radial and Axial Down directions, and 3 ' from the top head at
5 years after shutdown.

U
If the PCRV were dismantled after the 60-year SAFSTOR period,
dose rates of approximately 0.2 R/hr would allow the use of'

remote techniques with very limited acceso during the removal
of the spacer blocks. Once the spacer blocks are removed, the
maximum total dose rate would be on the order of 0.5 mR/hr,
allowing access into the PCRV.

The required depth of concrete removal at 60 years would be
approximately 6"-8" in the Radial and Axial Down directions.
The top head would require 16"-18" of concrete to be rermcVed.

-_ .. ______ -
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TABLE i

Topic:, of Instructional Sessions

Session Tooic

1 Nuclear Data Libraries

2 Transport Equation Multigroup Library,
AMPX Modular Code System; Activation
Data and Radioactive Def.ay Data

3 ANISN and its Input Data Preparation;
Activation Calculation Sequence;
00T 4.3. Options

4 Activation Analysis

S ORIGEN and fts Input Data Preparation;
ISOSHLO and its Input Data Preparation

.

O

O
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TABLE 2

List of Nuclear Codes and Data Libraries

; Code-No., Code Title Type of Code

CCC-254- ASISN Major Nuclear Codes for
CCC-429 DOT IV Version 4.3- Radiation Transport

PG-2561 REBATE Activation Analysis,-Isotope
CCC-371- ORIGEN anc Activity Generation Codes

CCC-79 ISOSHLD Radiation Shielding Code

;- .PSR-63 AMPX-!! Nuclear Data Utilities
PSR-110 00QDP Angelar Quadrature Sets
DLC-75 BUGLE-80 Nuclear Data Library

.
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O
TABLE 3

Graphite :mpurities

PGX .ATJ H451 H327 HLft

' Sulk
Density 1.76 2 0.06 1.73 1.74 2 0.025 1.77 2 0.04 1.8 : 0.04E (g/cc)

_

Pean
Impurity

,

, Level '

(ppm)*

A3h 4900 0.158% 100 130 4200-

B 2 1.25 2 1 3
Fe 1900 10.1 9 20 2000
Va 14 6.25 7 42
Ti 28 14.75 6 39
Ca 190 290 30 95 i
Si 62 60 35 65
Al 66 28.5 15
Ba 34 50 25 '

S 310 3.3 3 3 58
Li 2 (0.001% 0.036 0.1 2
Cu 1.5
Mg 1.5
N 1.25
Ni 0.75 -

Ag 0.5
Zr 1.3

All impurities in ppm except for Ash and Li in ATJ which are in (%). ~
*

<

References:

1. For PGX, H451, H327, and HLM: " Graphite Design Manual," M Document
GA906374, Issue A, August 1984 (proprietary)

2. Ash and Li for ATJ: Industrial Graphite Engineering Handbook, Unio'1
Carbide, 1970 edition

3. Rest of ATJ: "Pechanical and Chemical Properties Changes of ATJ Gruphite
Af ter Oxidation in He/ Steam Mixture", GA Document DAD 10526 Karl Koyama
et al, October 1977
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TABLE 4

PCRV Dose Rates at 5 Years After Shutdown

Radial Gama Dose Rate (R/Hr)

All components (Lg. Reflector 9.7E + 1
through concrete)

No large reflectors (Spacers Concrete) P.3E + 2
Core Barrel - Concrete 2.lE - 2
Liner + Concrete 8.8E - 3
Concrete Only 4.5E - 3

Minus 22" Concrete 6.3E - 6
Minus 24" Concrete 3.4E - 6

Axial Up

All components (Kaowool Concrete) 1.7E - 1
Liner & Concrete 4.4E - 1O Concrete Only 1.7E - 1

Minus 34" Concrete 4.4E - 6
Minus 36" Concrete 2.6E - 6

A;:ial Down
~

All Components (CSB CSF) 6.lE - 2
Liner + Concrete 2.5E - 1
Concrete 1.8E - 2

Minus 20" Concrete 5.3E - 6
Minus 22" Concrete- 2.7E - 6

O
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O
TABLE 5

PCRV Dose Rates at 60 Years After Shutdown

Radial Gama Dose Rate (R/Hr)

All Components (Lg. Reflector - Concrete) 6.9E - 2
No large reflectors (Spacers - Concrete) 1.6E - 1
Core Barrel - Concrete 1. 4 E - 5
Liner + Concrete 6.2E - 6
Concrete Only 1.lE - 5

Minus 6" Concrete 6.6E - 6
Minus 8" Concrete 3.5E - 6
Minus 10" Concrete 1.7E - 6

.

Axial Up

All Components (Kaowool - Concrete) 1.2E - 4
Liner + Concrete 3.lE - 4
Concrete Only 4.5E - 4

Minus 16" Concrete 4.lE - 6
Minus 18" Concrete 2.0E - 6

Axial Down

All Components (CSB - CSF) 4.3E - 5
Liner + Concrete 1.8E - 4
Concrete 6.6E - 5

Minus 4" Concrete 1.0E - 5
Minus 6" Concrete 4.3E - 6
Minus 8" Concrete 1.8E - 6

0

. - - - - _ - - -
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2 SAstNs LOA 05 SAS 5.18 'MVS/XA JOB T1368A sfEP SAS
PUT 353 'ACTIVATIO4 ANALYSIS DATA'; 9:00 TUESDAY, JULY 11, 19@46

47 PUT ; 0056000048 PUT. : 0057000049 RETURHs 005*0000
00*90000NOTE:

AT LEAST ONE W.D FORMAT WAS TOO SMALL FOR THE NUMBEtt TOBE PRINTED.
THE DECIMAL POINT MAY BE SHIFTED b1f THE'3EST' FORMAT.

NOTE: 969 LINES WERE WRITTEM TO FILE PRINT.NOTE:
DATA SET WORK. TEMP HAS 26 OBSERVATIONS AND 97 VARIABLES. 28 OBS/TR".NOTE:
SAS USED 776K MEMORY.THE DATA STATEMENT USED 0.20 SECONDS AND 776K AND PRINTED PAGES 1 TO 26.NOTE:

NOTE: SAS INSTITUTE INC.
SAS CIRCLE .

PO BOX 8000
CARY, N.C. 27512-8000
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, SAS 9:00 TUCSDAY, JULY II, 1989

ACTIVATION ANALYSIS DATA

COMPONENT- REFLECTCR BLOCK KEY
LOCATION: FIXED OR REMOVABLE:
DESC: KEY FOR THE CORE BARREL AND LARGE METAL CLAD SIDE REFLECTOR
REF DWGS; RIl05-705 SHTS 182

.

COMPOSITION REF: ASME-SA20lGB
COMPONENT VOLUME (CMem3):

I.59090E+04 ONE KEY .

3.C1816E+05 24 TOTAL CORE .

. .

'

COMPONENT DENSITY (G/CH2):
7.85000E+00 MET HAND .

,
CALCULATION NUMBERS: ' C06 V06

~

ELEMENT WEIGHT FRACTION NUMBER DENSITY
C 0.00280 1.10200E+21
MN 0.01035 8.90700E+20
P 0.00035 5.34300E+19
S J.00040 5.89900E+19
SI 0.00283 i.76400E+20
FE 0.98307 8.32300E+22

| CD 0.00020 1.60500E+19
. .

. .

. .

. .

. .

. .

l . .

1 . .

. .

. .

COMMENTS:
.
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Sai 9:00 TUESDAY, JUL/ li, 1989
ACTIVATION ANALYSIS DATA

COMPONENT: LARGE SIDE REFLECTOR METAL JACKETLOCATION: FIXED OR REMOVABLE:DESC:
METAL JACKET FOR KEYED LARGE SIDE REFLECTOR (TYPE 1 - TYPICAL)

REF DWGS; R1701-701
-711
-710

COMPOSITION REFs SA387 GRC
.

COMPONENT VOLUME (CMu*3):
(GRC=GR11 PER TELECON W/ E DUPONT, QA)

1.61780E+03 ONE ELEMENT .

3.88272E+05 24 TOTAL CORE .

COMPONENT DENSITY (G/CH2): .

7.86000E+00 MET HAND .

CALCULATION NUMEERS: " V10 C07
-

^

ELEMENT WEIGNT FRACTION NUMBER DENSITYC 0.00170 6.70000E*20MM 0.00525 4.52400E+20P 0.00035 5.34900E+195 0.00040 5.90650E+19SI 0.C0650 1.09600E+21CR 0.01250 1.13800E+21MO 0.00550 2.71400E+20FE 0.96760 8.20200E+22CD 0.00020 1.60700E+19
.

.

. .,

.
.

. .

*
.

*
-

a
,

,

-
j .

CDMMENTS:

6
.

1
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Sa$ 9:00 TUE3 DAY, JULY 11, 1989 e

ACTIVATION ANALYSIS DATA

COMPONENT: PCRV LINER
LOCATION: FIXED OR REMOVABLE:
DESC: PCRV LINER AND COOLING TUBES HOMOGENDUS MIX

REF DkGS; SYSTEM DESCRIPTION SD-11-2 PAGE 5 0F 7
R1102-300 REV F
R1102-200 REV H
R1102-100 REV D

COMPOSITION REF: A537 GRB (LINER) A537 (TURES)
.

.

COMPONENT VOLUME (CMan3):
1.60000E+66 TOP HEAD
7.00000E+06 SIDEWALL

.

1.39000E+06 CSF (TCP)
.

9.65000E+05 CSF (SIDES)
.

COMPONENT DENSITY (G/CM2): .

7.86000E490 TYP FOR CARB0rd STEEL .

O ^

CALCULATION NUMBERS: VC1 VC- 10
'

ELEMENT WEIGHT FRACTION NUMBER DENSITYC 0.00240 9.45900E+20MM 0.01310 1.12900E+21P 0.00035 S.34900E+19$ 0.00040 S.90700E*19SI 0.00333 S.61300E*20CU 0.00365 2.71900E820
N1 0.00265 2.13700E+20CR 0.00270 2.45800E+20MD 0.000S5 6.19400E+19FE 0.97037 8.22600E+22CD 0.00020 1.60700E*19

. .

.
.

. .

.

. .

. .

COHMENTS: THE COMP OF THE LINER S COOLING TUBES ARE CLOSE (TUBES - SA106 CRB)
50 THE MIXTURE WAS AS$1 ED TO BE ALL A537 -

.

e G G
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SaS; 9:00 TUESDAY, JULY 11, 1989
ACTIVATICH ANALYSIS DATA

COMPONENT: CORE BARREL TOP
LOCATION: FIXED OR REMOVABLE: *

DESC: TOP PORTION OF CORE BARREL (TOP 12* - 2.25")
REF DWGS; R1105-505 REV D

1 R1100-500 REV K
,

.

COMPOSITION REF: ASMESA201 GR8 (ASTM 515/516)
COMPONENT VOLUME (CMan3):

5.50850E+06 TOP .

.

COMPONENT DENSITY (G/ M2):
'

7.85000E+00 MET HAND! .

CALCULATION NUMBERS: " C08 V04
'

er ELEMENT WEIGHT FRACTION NUMBER DENSITY
C 0.00300 1.18100E+21MN 0.01035 8.90700E+20
P 0.00035 5.34300E+19
5 0.00040 5.89900E+19SI 0.00283 4.76400E+20
FE 0.98305 8.32300E*22
CD 0.00020 1.60500E+19 .,

'

. .

. .
>

.. .

. .

. .

.

. .

. . ,

. .

. .

COMMENTS:

. i
_

,

i

i

'

!

. _. - - . , .
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SOS 9:00 TUESDAY, JULY 11, 1989
ACTIVATION ANALYSIS DATA

COMPONENT: CORE BARREL BOTTOM / MIDDLE
LOCATION: FIXED OR REMOVABLE:
DESC: BOTTOM OF CORE BARREL

HIDDLE 8'- 2.50", BOTTOM 9' - 2.75"
REF DWGSs R1105-505 REVD

COMPOSITION REF: ASMESA387 GB
4

COMPONENT VOLUME (CHan3):
4.08350E+06 MIDDLE
5.05720E+06 BOTTOM

.

.

.
.

COMPONENT DENSITY (G/CH2): '

, 7.86000E+00 MET HAND .

CALCULATION HUMBERS: " CD8 V04 '

ELEMENT WEIGHT FRACTION HUMBER DENSITYC 0.00170 6.70000E*20MN 0.00525 4.52400E+20F 0.00035 5.34900E+195 0.00040 5.90700E*19SI 0.00225 3.79300E+20CR 0.00975 8.87700E+20MO 0.00525 2.59100E*20FE 0.97485 8.26400E+22CD 0.00020 1.607COE*19
.

.

.

.
.

. .

-
.

-
.

. .

. .

COMMENTS:

6
.

m

.

e G #
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Sa5 9:00 TUESDAY. JULf 11, 1989
ACTIVATION ANALYSIS DATA

3MPONENT: RCD-PRIMAPY
.fa!ATION: FIXED OR REMOVABLE: - - >

SPLC: REGION CONSTRAINT DEVICE ON TOP OF TOP REFLECTORS
IRIMARY STRUCTURE Duty - PINS ON A SEPAai C Gs5ERVATION*ti DWGS; 90R1701-874 ISSUE C
-873 ISSUE D
-872 ISS'*E B
-Sil ISSUE Bt

-870 ISSUE A
t'haPOSITION REF: SA515 GR70 '

G MPONENT VOLUME (CMa*3):
1.00210E+04 ONE DEVICE .

i

8.41738E+05 84 TOTAL CORE . *

COMPONENT DENSITY (G/CM2):
7.35000E+00 MET HAND .

CALCULATION NUMBERS: ' C01 V11 '

ELEMENT WEIGHT FRACTION NUMBER DENSITYC 0.00350 1.37800E+213 MN 0.01250 1.07600E*21
'

P 0.00035 5.34300E*190 0.00040 5.89900E+19SI 0.00280 4.7140CE+20FE 0.98025 8.29900E+22
. CD 0.00020 1.60500E+19.

'
.

.

-
. |

-
.

.

.

.

-
.

.

-
..

-
.

COMMENTS:
i

O .

f

1

e

r

f

f
.

,



]

'

. . .m m me
.

SAS 9:00 TUESDAY, JULY 11, 1989 10
ACTIVATION ANALYSIS DATA

COMPONENT: TCP REFLECTOR NCR
LOCATION: FIXED OR REMOVABLE:
DESC: TOP METAL CLAD REFLECTOR FOR A NON CONTROL ROD REGION, ALSO SAME

COMP FOR METAL CLAD SIDE REFLECTOR AND REFLECTOR KEYS
REF DWGSs 90R1701-310 ISSUE J 90R1701-340 ISS ?90R1701-320 7 -347 F90R1701-327 E -324 D90R1701-150 H

.

COMPOSITION REF: ASTMA387 GRD (GRD=GR22 PER TELECON W/ E DUPONT, QA)
COMPONENT VOLUME (CMEm3):

6.70500E+03 ONE ELE, COOL, PRI PT 6.66100E+03 DNE ELE,$IDE, F . PT

1.40805E+06 210 TOT CORE, ",, " 4.39626E+05 COR TOT, SIDE, '''

8.65200E+03 TOT MET, 1 ELL COOL .

5.51000E+03 TOTAL B GRANULES
COMPONENT DENSITY (G/CH23-

.

7.86000E+00 MET HAND .

^

CALCULATION NUMBERS: C04 V08 V09
'

ELEMENT WEIGHT FRACTION NUMBER DENSITY
C 0.00150 5.91200E+20? MN 0.00450 3.87800E+20
P 0.00035 5.34900E+19
5 'O.00035 5.16800E+19
SI 0.00500 8.42800E*20
CR 0.02250 2.04900E+21
MO 0.01000 4.93400E+20
FE D.95560 8.10000E+22
CO 0.00020 1.60700E+19

. .

. .

. .

. .

. .

. .

. .

. .

COMMENTS:
.

6

O O O
-
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SAS 9:00 TUESDAY, JULY 11, 1989 !
ACTIVATION ANALYSIS DATA

COMPONENT: RCD PINS
LOCATION: FIXED OR REMOVAELE:
DESC: REGION CONSTRAINT DEVICE PINS

REF DWGS; 90R1701-872 ISSUE B

COMPOSITION REF: ASME-SA637 GRADE 718 (UNS 0778)
e

COMP 0HENT VOLUME (CMan3)r
4.21000E*02 ONE PIN
1.263GOE403 PER RCD
1.06087E+05 84 TOTAL CORE

.

.

COMP 0HENT DENSITY (C/CH2): '

8.19000E*02 TELE W/ INCO .

CALCULATICH HUMBERS: ' VC2 '

ELEMENT WEIGHT FRACTION RUMBER DERSITYC 0.00080 S.28600E+20MN 0.00350 3.14300E+20
- SI 0.00350 6.14700E+20'' P- 0.00015 2.38900E+19S 0.00015 2.30800E*19CR 0.19000 1.803SOE+22-CD 0.01000 8.37000E+20NB 0.05130 2.72400E+21TI 0.00900 9.27200E+20B 0.00006 2.73800E+19CU 0.00300 2.32900E*20MI 0.51500- 4.32900E+22FE 0.21360 1.88700E+22

. .

.

-
.

.
.

COMMENTS: DENSITY REF - TELECON W/ MR. BREIT2IG. IRCO.
O

.

-



o vm on m..

*

SAS
9:00 TUESDAY, JULY 11, 1989

ACTIVATION ANALYSIS DATA

COMPONENT: INSULATION AND CD IR PLATES / CSFLOCATION:
FIXED OR REMOVABLE:DESC:

itOMOGEN005 MIXTURE OF COVER PL ATES AND KA0 WOOL LW THE TOP OF THECSF - THIS DOES NOT INCLUDE THE SILICA FDAM BRICKSREF DWGSs 90-R1104-900

COMPOSITIr" REF: AI5Il020 (CVPL),INCONEL 600 (FAST), GAMD-9074 (KAO) 3

COMPONENT ILUME (CMuu3):
3.23900E+06 COMPOSITE HIXTURE .

.

.

COMPONENT DLoaITY (G/CH2): *

7.48000E-01
.

CALCULATION NUMBERS: ' VC8 '

ELEMENT WEIGHT FRACTION
_

Al
-

NUMBER DENSITY0
' ' '

.
3.25300E+21

SI 9.19500E+20
FE

. 8.98700E+20
TI 8.49900E+21.

CA
. 2.21100E+;9

1.85300E+18.

NA
. 6.70800E+18B

2.389C9E*18.

C
. 8.01700E+19MN
. 4.01700E+19P

5
. 6.159CAE+18

CO
.

7 . 4 64 0 2f'+ 18-

CR
.

2.64400Z+15NI
7.55700E+19

CU
. 1.80300E+19

4.76100E+17.

.
.

COMMENTS:

-
.

I

e O O
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Sa5 9:00 TUESDAY, JUtf 11, 1989

ACTIVATION ANALYSIS DATA

COMPONENT: INSULATION AND COVER PLATE - PCRV TOP HEAD
LOCATION: FIXED OR REMOVABLE:
DESC: HONOGENDUS MIXTURE OF COVER PLATES. INSULATION AND FASTENERS FOR THE

PCRV TOP HEAD
REF DWGS; 90-1104-104

90-1104-250

,

COMPOSITION REF: K A0 WOOL (GAMD-9074), AISIl020 (CVPi), MITRIDED C STEEL (FAST)
COMPONENT VOLUME (CMa*3):

8.33500E*06 TOTAL FOR COMP .

- .

. .

.

CGMPONENT DENSITY (G/CM2):
.

1.16000E+09 CALCUALTED .

CALCULATION NUMBERS: " VC4
'

ELEMENT WEIGHT FRACTION NUMBER DENSITY
4.L . d.94300E+20
SI
FE

. 8.73100E+20

. I.06700E+22
TI . 2.15100E+19"
CA . 1.80300E+I8
NA

I
. 6.52400E+18

B
0

. 2.32300E+18

C
. 3.16590E*21

nN
. 9.98400E*19

4.91200E+19.

P 7.74300E+13
5 . 9.34900E*18
CQ , 2.03400E+18

L . .

j .
. .

. .

. .

CGHMENTS
.

O

1
;

|
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|

'

|
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.. . _ _ . _ . . - .- - i
- o

~~

!



J
=

.

Oe
e
M

a
M
M

.

9:
3
7

.
>
4
A
M
W
3
e

o
o.
P ^

>
M
4
W
w

M J
W W
Q W
M >
M M

> Uw >u a wooNenen~ommeeA W MNNN====NNaamMA H+++++++++++++W M EWWWWWWWWWWWWWZ M ...* . . WoconocococcomH H AconococoooccoM NfcN@M@cg4mfoW 2 kN-feso@e+eJMewO a

W N.M. N. O.N. M. N. o.w.h.o.o.M.A a m4 M W . . . .
EmmpNweNkswMeMNN W M N D4 A k u 2Q M W e

M Z eM W AM > =M r
M WWM s3>- Ua4 OM a AmA w A a4 4 4 a E W$ Z 0>Q o O > E4 OE o U 4 oWE4 3 4 M2 kW o a p >c 4mW <t 4 U (JM a > M w a 4> Ak4 = o 4 m4 o .J m 6 U w> k A aw Wo A. A o >.. . .. . . . .. . . . . . . .> >WW > u o *Ju QMW U + + c4 UM> w W W Mwo o o o Wo u N o ao n 32 o~M mo u4 * Man NM >a

M M o. . . . E M.2 o wo em U .o o on mom NM
M 3 MN 4E O => o e e U w M N4 4 WW w m Ea w oo > W WD mM -W W m EsMWwdd 2 3M W MM kt M E W4MWWU&mOWE As ,U% > Ek WD M b dM M e e KJ Z 2 WM on o Wo we Z> C 2= A o oHat * MW k M220 M WZ Z > a

MWou O MW W 42M 3 MZ M J H
Zo>= Q oo O D

I A4U AA A U W
| EUM A EE E a K

EOCW W C0 o 4 oUs4 W UU U U U

s

i 3
! 3

_")
'd

0 It



9
a8

9
1

,

I
I

f ,

t
U

O
J
,

Y
A
D
S
E
U
T

0 _.)0 _.D .:

9 E
_T
_C _

E _

L
GF ES NC
E

F SO A
BP

-
O T
T A Y
N L T2210- 9000 _

S+++7e1222 _
I222O E ++*+++E NEEEEEEEEEG T . ^N S E000000000 -D000000000I

T N 000000000
T O R221799513E R L E553323007A S R S B .

. . . . . . . .T A M617692941A S C 3 U
D FT. N8S F 1S O OI :P LS E T LY LS N A5 L BT Ua A SAR O R

4

S N TVO M O NA AOP A F OEMPN SEU L L I
O RS L A T

O
I T A T C000005000T SRE M O A000501G00A OOR S T R050110552V P O F558000000(I DC 4 0 T 710000000T RE 0 0 0 H000900000

.

' ~ * * * * * *C OXE 0 + + GA OIT 6 E E ILFI 0 0 EF N L 0 :0 S WP E :0 )0 CT A N)0 27 VR R O36 M4O G C* . . C 'P Na8 /8P R 6 IM GU O 09 C
:

( S TS- F 05 ( R N71 Y E EE S - - :E T B M1RE N IUDR T 04 FM I M ENCFCMSSCCO A 0D EU S U LCE 1I RL N N ES 1I O ERR NV D NT O OT:S ; IT T INNO S TN N T :EOP G IE E A SNI W SN N L TOT: D OO O U HPAC PP P C EMCS F MM M L MOOE E CO O A MCLD R CC C C O
C

-

.,.

a
r b

-

-

r
e

ou
n

. e I
!

L

.

_

-
.

_
_

_
_
.

,



_ . . . . . _

, .. . .

.

eunu m am. .s

SAS 9:00 TUESDAY, JULY 11, 1989 - 1 -.

ACTIVATION ANALYSIS DATA

COMPONENT: PCRV CONCRETE AND REBAR (0851 0F 4)
LOCATION: FIXED OR REMOVABLE: F .

'4
DESC: 110HOGENOUS HIXTURE OF CONCRETE AND REEAR

REF CWGS; R1102-100 REV D
FSAR SECTION 5.5.2.2

r

COMPOSITION REF: A431,A432,A305 (REDAR); NUREG/CR-3473 PG 53 (CONCRETE) i

COMPONENT VOLUME (Chum 3): 1

1.44000E407 TYP T0P LAYER 5.37000E+07 4TH 6" $1DE LAYER |

4.90000E+07 IST 6" SIDE LAYER 5.530COE+07 STH 6" SIDE LAYER !

5.06000E+07 2ND 6" SIDE LAYER 5.68000E+07 6TH 6" SIDE LAYER |
5.22000E+07 3RD 6" SIDE LAYER 5.84000E+07 7TH 6" SIDE LAYER |

COMPONENT DCcS?TY (G/CMZ):
3.49200E+00 CALCULATED: (2%) 2.40001E+00 CONCRETE

s.2s(7.86)+(.8)(2.4) 7.86000E+00 REBAR.

CALCULATIc4 NieBERS: VCd

atEMENT WEIGHT FRACTION NUNDER DENSITY
1.59000E+22H .

4.30000E+220 .

NA . 1.3800CE+21,,

HN 5.13600E+20'
.

AL . 3.42900E+29
SI 1.05600E+2.'.

2.58800E+20K -

4.47200E+21CA .

3.GJ000E+21FE .

S 5.9800PE*19.

P . 3.15200E+20
CU 4.44000E+18.

B . 1.34800E+18
1.21500E+18

| CO .

6.99000E+18i N .

2.62000E+1B| CL .

| SC 3.79000E+17

COHHENTS: VOLUMES BROKE IN 6" LAYERS
.

e

&

e O 9
. .
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Sas 9:00' TUESDAY, JUtf 11, 1989. 1 1..

T''aTION ANALYSIS DATA

COMPONENT - PCRV CONirFTE Asir * ? f t1 ' (055'? 0F 4)
LDCATION: .~fXEP '* /EMOVAILE:
DESC

REF DWGSs,

COMPOSITICH REFs
COMPONENT VOLUME (CMuw3):

8.99000E+07 TOTAL CSF VOLUME .

.
.

. .

COMPDHENT DENSITY (0/LM23:
*

-
.

~

CALCULATION NUMBERS:
'

ELEMENT WEIGHT FRACTION NUMBER DENSITY,< TI 1.24000E+20.tv LI 1.17000E+18.

V 6.00000E+18.

CR 6435000E+18.
'*NI 5.71000E417.

EN . 4.37000E+18GA . 5.13G00E+17
AS .' 4$6:000E+17
SE 5,36000E+16. '

BR
RB

. 1.40000E*i7
2.040CSE+18.

SR 2.5S000E*19.

Y 1.06000E+18.

ZR 4.14000E+16.

. .

. .

COMMENTS:

..
_

6

_ .. . _ _ _ . _ _ - _ .
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SQS
9:00 TUESDAY, JULY 11, 1989

ACTIVATION ANALYSIS DATA

COMPONENT: PCRV CONCRETE AND REBAR (OBS 3 OF 4)LOCATIDH
DESC: FIXED OR REMOVAELE:

REF DWGSs

COMPOSITION REF: 5

COMP 0HLNT. VOLUME (CMuh3):
*

.
.

r.

.

COMPGNENT DENSITY (G/5M2): "

'

CALCULATICF NUMBERS ~

ELEMENT WEIGHT FRACTION NUMBER DENSITYNB
.

MO
.

2.57000E*17
PD 6.00000E+17

9 . 1.75000E+17'' AG
. 1.17000E+16CD

SN 1.75000E+16.

SR 4.080COE+17.

1.05000E+17,

CS
. 7.58000E+16BA

C 5.54003E+19.

LA 3.16000E+19.

CE 7.58000E+17.

SM 1.42000E+18.

EU
- 1.17000E+17

3.21000E+16.

.
.

~
.

.
.

COMMENTS:

.

m

9

e O .*
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SAS
9:00 TUESDAY, jut Y 11, 1989

ACTIVATION AHALYSIS DATA

COMPONENT: PCRV CONCRETE AND REBAR (OBS 4 0F 4)LOCATIGHz
'

DESCs FIXED OR REMOVABLE:

.REF DWGS2

COMPOSITION REF: .

COMPONENT VOLUME (CMww3):
.

-
.

.
*

.

COMPDNENT DENSITY (G/CM2): "

*

.
'

CALCULATION NUMBERS: '

ELEMENT WEIGHT FRACTION NUMBER DENSITYLU
HF 1.57000E+16. *

. TA I.28000E+17.

i\ l'
. 2.57000E*16

PB 8.16000E+16.

TH 3.56000E+18.

U 2.04000t+17.

0 1.57000E*17.

3.18000E+22.

.
.

*
.

~
.

*
.

*
.

*
.

~
.

~
.

~
.

COMMENTS,

G
.

1

_
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SAS 9:00 TUESDAY, JULY 11, 1989 2.

ACTIVATION ANALYSIS DATA

COMPONENT: STEAM GENERATOR
LOCATION: FIXED OR REMOVABLE: R7
DESC: INCLUDES SUPERHEATER II, REHEATER AND THEIR CENTRAL SUPPORT'STRUCTI5RE

REF DWGS 72-B-001-0076
-0077
-0078
-0087
-0102 *

COMPOSITION REF: INCOLOY 800 (ASSUMED FOR ALL INCLUDED PARTS)COMPONENT VOLUME (CHKw3):
1.48000E+07 TOT FOR TUBES 8 SUP .

*
.

COMPONENT DENSITY (G/ M2):
*

7.94000E+00 PER TELE W/QA .

CALCULATION NUMBERS: ' VC7
'

ELEMENT WEIGHT FRACTION NUMBER DENSITY
N1 0.32500 2.65000E+22!? CR 0.21000 1.93000E+22
FE 0.43700 3.74000E+22
C 0.00100 3.98000E+20

,

MN 0.00015 1.31000E+19SI 0.01000 I.70000E+21
CU 0.00750 S.64000E*20
AL 0.00380 6.74000E+20'

11 0.00380 3.80000E+20
CD 0.00200 1.62000E+20

.
+ .

. .

| : :

| -

COMMENTS:
\ .

.

i

e

1
1
1

9 9 8|
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SAS
9:00 TUESDAYa. JULY 11, 1989' '

ACTIVATION ANALYSIS DATA

COMPONENT: CORE BARREL. KEYSLOCATIDH*.
FIXED OR REMOVABLE:

DESC . KEYS THE CORE BARREL AND LINER TOGETHER
REF DWGS; RIl00-500

R1100-504
R1100-506

COMPOSITIDH REFs'
COMPONENT VOLUME (CMaw3): ASTM A387 GRB (COMP PER TELE W/ E DUPONT QA)

i

1.90000E+06 24 TOTAL KEYS .*
.

COMPONENT DENSITY (G/CM2):
7.85000E+00

CALCULATION NUMBERS: ' VC9

ELEMENT WEIGHT FRACTION NUMBER DENSITYC 0.00170 6.69200E*20MN 0.00530
P 4.56100E+200.00035 5.34200E+19$ 0.00040n

5.89800E+1911 SI 0.00230 3.87200E+20CR 0.00980 8.90900E+20'MD' O.00530 2.61200E+20CD 0.00020, 1.60400E+19FE 0.97470' 8.25100E+22
*

.
*

.

*
.

~
.

*
.

*
.

*
.

COM*1ENT S : ,

i-
.

l

. . .
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SAS
9:00 TUESDAf,' JULY 11, 1989

ACTIVATION ANALYSIS DATA

COMPONENT: ORIFICE VALVE
LOCATIDH:

FIXED OR REMOVABLE:
DESC: ORIFICE VALVE AND LOWER GUIDE TUBE
REF DWGS) D1201-500

COMPOSITION REF:
COMPONENT VOLUME (CMem3): ASTM A53 TYPE S GR 8 ( ASSUMED AS TYPICAL FOR ALL)

t

1.59200E406 37 TOTAL CORE .
*

.

COMPONENT DEHSITY (G/CH2):
7.6S000E+00 ASTM

CALCULATION NUMBERS: ' VC- 11

ELEMENT WEIGHT FRACTION- NUMBER DENSITYC 0.00300 1.18100E+21MN 0.01200.3 1.03300E+21P 0.000S0 7.63200E+19
*>

S 0.00060 8.84700E+19CO 0.00020 1.60400E+19FE 0.98370 8.32800E+22
*

.

*
.

'
.

*
.

*
.

*
.

*
.

*
.

*
.

*
.

.
.

COMMENTS:

"
.

e

I

e O O
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SAS 9:00 TUESDAY, JUL( 11, 1989 .

ACTIVATION ANALYSIS DATA

COMPONENT: SILICA BLOCKS - CSF
-LOCATION: FIJED CR REMOVABLE:
DESC: THREE 3" LAYERS OF SILICA BLOCKS , TWO DIFFERENT DENSITIES - ONE

,

COMPDSITE DENSITY ASSUMED I

REF DWGS; 90-RIl04-900

:

COMPOSITION REF: MASSROCK 8 GLASSROCK FOAM (FSAR)
COMPONENT VOLUME (CMam5):

9.51700E+06 COMPOSITE MIXTURE .

. .

. .

COMPONENT DENSITY (6/CM2):
1.17700E+00 COMPOSITE MIXTURE ,

*
CALCULATION NUMBERS: VC- 12

~

ELEMENT WEIGH 1 FRACTION l. UMBER DENSITY
0 . 7.35800E+22
SI 1.17600E+22'

.

FE 1.0250PE+19.

TI. 1.35900E+19.

CA 1.12200E*18.

NA 4.06100E+18.

8 1.44600E+I8.

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

COMMENTS:
,

.

i
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SAS 9:00 TUESDAY, JULY 11,'I989
ACTIVATION ANALYSIS DATA

COMPONENT: LARGE SIDE REFLECTOR - HLM GRAPHITELOCATION: FIXED OR REMOVABLE: F
DESC: HLM GRAPHITE IS USED IN THE LARGE PERMANENT SIDE WEFLECTORS
REF DWOS; GRAPHITE DATA AND INPURITY DATA CDME FROM GA

1COMPGSITION REF: GRAPHITE DESIGN MANUAL,GA DOC 906374,ISS A,8/84,PROPRIETORY
COMPONENT VOLUME (CMuw3):

4.68100E+07 PCRV TOTAL VOL . FR0tt FSAR TAB 3.5-1I.95000E+06 AV PER BLK(24 TOTAL) .

COMPONENT DENSITY (G/CH2):
'

1.80000E+00 GRAPH DESIGN MAN .

'

CALCOLATION NUMBERS:
'

m
ErEMENT WEIGHT FRA IION NUMBER DENSITY 03 *% CA

B 5.000 5 4.;t.173E+47- SusE q
FE 3 0cooo h9448eE+19- 3 twE -Se V 76.00 00 42.' b 6 U40E4.18- E+ .9 9 E - &''

TI 71.0#000 39 av4&76eE438 % g.eSe_'+CA 354i% 9.52600E118- 5SI II8 95 4,GM40E418- z mC 4PE 4At 8 .00000 %- T C"E^19
BA 4 . 00000 ;iht L(c?cns417 6 84 E -b
S 9.00000 58 2,442GSD1(I ' ~4
LI 4,00000 2 6r34+79E4 % i 28E - L

,

: : 3.ue4
ce, .

'7
-

-

: ; L toB E "I
. .

. .

COMMENTS:
~

~

m

e O G
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SAS
9:00 TUESDAY, JULY 11, 1989

ACTIVATION ANALYSIS DATA

COMPONENT: HASTELLOY-X CANS Aff tw G# R A PH iT C C H N V t /H 5N)LOCATIDH: B
FIXED LR REMOVABLE: RDESC:

BORONATED CANS IN BOTTOM REFLECTCRS (NDN CONTROL. ROD O'*LY)TUBES ONLY - DOES t!OT INCLUDE END CAPSREF DWG%; 90R1701-ZT4, ISSUE E 70R1701-Z72-355
-350
-440
-275

COMPOSITION REF: abs-5588B
COMPONENT VOLUME (CNum3):

'

4.13000E+00 9NE Cf.H
8.2E520E+04 TOTAL CORE

.

.

.

COMPONENT DENSITY (G/CMR):
8.23000E+00 MET HAND

,

CALCULATION NUMBERS: " C05 V03
/ g,qp,gELEMENT WEIGHT FRACTION . Oto%

CR. N'IMBER DEKSITY [ O mbt ( De M y0.22000
0.49000 2.09700E+22 D'''NI
0.0150C 4.?3700Et22 O I'90 ~lCD

0.09000 1.2(200E*21MO

0.00600 4.65bO3E+21 pg 2.4 % C '3"'
1d

0.02000 1.61600E+20 1[a 1. t Z. t_ ~~ gAL

0.15800 3.67400E421FE

0.00150 1.40260E'22 Ti 1.D2 I ~, ~EC
6.17000E+20

,

'
g,g

{.
.' 5 7.c o E - 6~

L.'
, t.n E -8
.

," * b l * 3 0 N ~~
.

-

c a_ 4. 0 8 E ~+-COMMENTS: % Ifl&k41 Onhg
.

X* $ ci pM(c . tambH bl6h'l'S - L4)fiqbIfd b ff C -@ [ p p . b.y

tc-2o
,

t

1
, .
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sus 9:00 TUESDAY, JULt 11, 1989
ACTIVATION ANALYSIS DATA

CDNPONENT: Memovolle 'Re ficetov 6mphMc. ( H 8.37_7[]+ 951 miA
ICNs FIXED OR REMOVABLE:

REF DWGS; I

|
!

COMPOSITION REF:. '

COMPONENT VOLUME (CHun3):
.

-
.

COMPONENT DENSITY (G/dM2),

CALCULATION NUMBERS:

ELEMENT -4410!!' "PACTIOh* NUMBER DENSITY
o+ . ms/ b -c m

6 - 2. I. 9 4 E -4

q go S.'75 E - F(*
,

cm .=o + 84 5 - 7
3 3 9. Bo E - 8

LI c.) . 1.s E -8
Co o. | 118E-9
V } I.44 E - 3
p; to 1. 31 C - 4

<s- 35 151 E- b
se

COMMENTS: Ac tual hunber d e n s i Yic i LAS tCb O *> input to RE 6 ATE
cie weinwQby the C,ropMic Lbbvne Froc Hon of ihc -

~

bloc <. S ec Conculo u'on J C.-Cno and C-LC) bc cIe tut 15,

"

' ~

g e 9
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SAS- '9:00 TUESDAY,.' JULY 11,[1989.|.:
.

a

ACTIVATION ANALYSIS DATA' '

" COMPONENTS, CORE SUPPORT BLOCKS -PGX. GRAPHITE.
. LOCATION: . FIXED OR REMOVABLE:- F

~

:DESC: CORE SUPPORT ~ BLOCKS'ARE JUST ABOVE CORE SUPPORT POSTS.,

REF DMGSt-
, .;

~ ' :,

' COMPOSITION REF: .-GRAPHITE DESIGN MANUAL GA DOC'906374-(PROPIETARY)
COMPONENT VOLUME (CMuu3):

4.17780E+0S IRREGULAR BLOCK.
'4.69280E405 HEXAGONAL BLOCK

.

.

" .
' . 24.IRREC BLCK 37JHEXAGONAL BLKS..

- 2.73900E+07-TOTAL ^ VOLUME CSB
; COMPONENT DENSITY (G/CM2):

.

1.76000E+00 GRAPHITE DESIGN MAN .

CALCULATION NUMBERS:
.

ELEMENT "EIhP FRAC 449N NUMBER DENSITY - OkoM h M-B- 4.00007 Z
- ~4r9221 ef + 17- ' - - 8 * *"* ' '. *>' T.. FE 36 6 Woo <4.99450E419 3+ 4 EW V 27.00 0'W A41850E+1 W- 2.9 6 E -7'

TI 54.0 00 zit h49%eE+16 ---- ... w. r.oE - }CA 36849o 9 'rttESEAle - _ .,. . D 3 E ' b -SI 120 62 4E2 Seals E . 'N E - fa'AL: .12e ub 5 47menr+ta
,

g ,g g'S 601 ~10 1.a"'anr.1
..

3 ,

LI. 4.00000 g- 6,1A830E*17 ,

g
Co , t1 -.

! 3 9tE4
. .

. . .

. .

. . 1

i

COMMENTS: WEIGHT FRACTIONS ARE IN PPM.

!
,

"
.

$ ,,|
'

;

1

.!,

'

L

. . ,

-- -

_ - . . ._
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ANISN - Heutron Flux Calculation - **R1

T8284

I
. . . . . . . ......... . ..... ........

Radial ANISN. DATA (RADIALRl) REBATE. DATA (RBTRADRl)

Axial Up ANISN. DATA ( AXUPRI) REBATE. DATA (RBTUPRI)

Axial Down ANISN. DATA (DOWNR., REBATE. DATA (RBTDWNRl)

o

.

O

......

The ANISN runs for the neutron flux were not redone for Rev. S.
**

-

:
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REBATE - Activation Calculations - RS
T1% B

RADIAL Input _ Output
________________ ___________ ... .
EREBNT . DATARS ( ) 'GE BAT. L133 R5 ( )

All components TOTGRDRS- TOTGRDR5-(Large Reflector to Concrete) **TOTRDR5C **TOTRDR5C

-Top.of Core Barkel RCBTOPR5 RCPTOPR5

'demoveMc S'dc TcHecbri B R E SAT. D AT A % (GR PH R D R4) REEBAT.Ll31Rb(GRPH RDIA
.

AXIAL UP

All Components- TOTGUPR5 TOTGUPRS= ,

(Top Non-CR MCB to Concrete)
.

-Top CR MCB TOPREFRS TOPREFRS

RCD UPRCDRS UPRCDRS

Upper _ Orifice Valve UPOVR5 UPOVR5-

- 'h emova ble. Tc p G m phde
Acft ecwv 5

'

E8EPATbo1 ARb(GRPHuP66) 1%EBAT.LIS3RLpnPHuPRb)

-

AXIAL-DOWN=

All Components TOTGCNRS- TOTGDNRS
(CSB _: to ' CSF) **TOTDNRSC **TOTDNR5C:

Hastelloy Cans.:
1 Metal,Only HASTXMR5 HASTXMR5-Graphite-Only~ 1W6AT DATARL(CJNDN M RPCS AT.CATA%(mpg bN 9h =

Semceeble Go%W
C,rophile %eflec4 ors

76EP AT. DATA %(GR P8 bN RL) -RRE GAT, DATAgt,(GRmoNAb3

** TOTRDRSC-and TOTDNRSC were added to correct impurity levels
~1n MLM graphite used in the large side-reflectors and corec- core-support blocks.

G
4
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SRCEDO61 - Garma Source Calculations - R5
T I565

RADIAL Input Output
...................... .....................All components :

5 years REBA d.L133R5(TOTGRDR5)ANI .DATAR5(TRAD5RS)30 years REB E. L13 3R5 (~ 9TGRDRS) AN N. DATAR5 (TRAD30R5)'60 years
ATE. L13 3R5 MdfGRDR5) Alf SN.DATAR5(TRAD60RS)100 years

BATE.L133R5(TOTGRDRS) pISN. DATAR5 (TRAD00R5)
BRElhT SAN \EN

AXIAL UP,

All Components _:
5 years REBA .L133R5(TOTGUPR5) ANI . DATAR5 (TUPSR5 )30 years REB E. L13 3R5 (*. 3TGUPR5 ) AN N.DATAR5(TUP 30RS)g ~g 60 years TE.L133R5(TOTGUPRS) SN.DATAR5(TUPGOR5)i ) '100 years EATE.L133R5(TOTGUPRS) ISN.DATAR5(TUP 00RS)

s ,

REEEAT RAN\sN

AXIAL-DOWN

All Components :
5 years REBA .L133R5(TOTGDNR5) ANIS . DATAR5 (TDWN5RS)30 years RE E.L133R5(TOTGDNR5) ANI N.DATAR5(TDWN30RS)60 years TE.L133R5(TOTGDNR5) SN.DATAR5(TDWN60RS)100~ years BATE.L133R5(TOTGONR5) ISN.DATARS(TDWN00R5)

HREBAT RAMISV

|

|
:

; ,-
$>
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I G

.
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ANISN - Gamna Flux Calculations - R5

SRCEDOS2 - Dose Rate Calculations - R5

T i%8

ANISN ANIS; tput / SRCEDOS2
Input SRCEDvS2 Input Outpot

............... ............... ........ ........
RADIAL BANISN.DATAR5( ) QSDOS2.DATARS( ) kRE B AT . L13 3R5 ( )

All Components :
5 years RALL5R5 RALL5R5 All outputs
30 years RALL30R5 RALL30R5 listed in
60 years RALL60R5 RALL60R5 member R5 DOS 2.

100 years RALLOORS RALLOORS

Liner-> Concrete RLINSR5 RLIN5R5
(5 yrs)

Liner-> Concrete RLIN60R5 RLIN60R5
(60 yrs),

Spacers-> Concrete RNLG5R5 RNLG5RS
(5 yrs)

Spacers-> Concrete RNLG60R5 RNI4360R5
(60 yrs)

Core Barrel-> Concrete RCB5RS RCB5R5
(5 yrs)

Core Barrel-> Concrete RCB60R5 kCB60R5
(60 yrs)

Concrete only ( 5 yrs) RCONSR5 RCON5R5

Concrete Only (60 yrs) RCON60R5 RCON60R5

Concrete ( 5 yrs) R55Mll R55Mll
(Minus 11 int.)

Concrete ( 5 yrs) R55M12 R55M1.2
(Minus 12 int.)

Concrete (60 yrs) RS60M3 R560M3
(Minus 3 int.)

Concrete (60 yrs) RS60M4 RS60M4
(Minus 4 int. )

Concrete (60 yrs) R560M5 RS60M5
(Minus 5 int. )

ls

.

-- -
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.

rx ANISN - Gamma Flux calculations - R5
i \

SRCEDOS2 - Dose Rate Calculations - R5

Ti%B

ANISN U ISN Gutput / SRCEDOS2
Input SRCEDOS2 Input Output

............... ............... .................
AXIAL UP RANISN.DATARS( ) SSDOS2.DATAR5 ( ) uEMT. L13 "lR5 ( )

All Components :
5 years UALL5R5 UALLSR5 All outputs

30 years UALL30R5 UALL30R5 listed in
60 years UALL60R5 UALL60R5 member R5 DOS 2.100 years UALLOOR5 UALLOOR5

Liner-> Concrete ULIN5R5 ULINSRS
(5 yrs)

Liner-> Concrete ULIN60R5 ULIN60R5
(60 yrs),

,

5 Concrete Only ( 5 yrs) UCON5R5 UCON5R$

Concrete only (60 yrs) UCON60R5 UCON60R5,~,

( Concreto ( 5 yrs) U5R5M17 U5RSM17
(Minus 17 int.)

Concrete ( 5 yrs) U5RSM16 U5R5M18
(Minus 18 int.)

Concrete (60 yrs) U60R5MS U60R5M8 ;

'(Minus 8 int.)
Concrete-(60 yrs) U60RSM9 U60R5M9

(Minus 9 int.)

O
h

,

l

. ..
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i

l

|

hANISN - Gamma Flux Calculations - R5

SRCEDOS2 - Dose Rate Calculations - R5

79548

ANISN ANISN Output / SRCEDOS 2
Input SRCEDOS2 Input Output

............... ............... .................
AXIAL DOWN R ANISN.DATAR5( ) ESDOS2.DATAR5( ) Mc BAT . L13 3R5 ( )

All Components :
5 years DALL5R5 DALL5R5 All outputs30 years DALL30R5 DALL30R5 listed in60 years DALL60R5 DALL60R5 member R5 DOS 2,100 years DALLOORS DALLOORS

Liner-> Concrete DLIN5RS DLINSRS
(5 yrs)

Liner->Concreto DLIN60R5 DLIN60R5
(60 yra)8

Concrete Only ( 5 yrs) DCON5R5 DCONSR5

Concrete Only (60 yrs) DCON60R5 DCON60R5

Concrete 5 yrs) D5RSM10 D5R5M10
(Minus 10 int.)

Concrete ( 5 yrs) DSR5Mll D5RSMll
(Minus 11 int.)

Concrete (60 yrs) D60R5M2 D60R5M2
(Minus 2 int.)

Concrete (60 yrs) D60RSM3 D60R5M3
(Minus 3 int.)

Concrete (60 yrs) D60R5M4 D60R$M4
(Minus 4 int.)

|*
h
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Activation Analy$f 8 Notes'

(Fron RFBATE runs through dose Rate Cales)
~

,% Code Functiu JCL Notes,k

M)
-

C ATE C Mputes Activi *lon for FT02 REBATE cross - -Usually done for
input to SRCE0051 sections several time-periods

FT06 Output
i

'

FT01-ANISN neutron -$oN times has
flux input uncerflows

FTOS-REBATE input deck

11368. WALKER.CNTL(REBATE) SYSU71 - Decay Library

SRCEDOS1 Calculates source for- FT01 - frput (REBATE )input to iNISN output FTOS)

T1368. WALKER.CNil.(SRCED051) ,I$f;TotalIntervals; TIMES

ANISH calculate flux input FT04 - 8 cross-sections -FT05 deck is a handma.to SREE0052 FTOS - Input Deck from SRCEDOS1
,

FT07 - Output Flux output-edit 17"
array and 8$$ array

-Ends on "end of file"
error

-Be sure to edit outpu '

deck to change all "R -

to ""'s
T1368. WALKER.CNTL.(ANISNGAM)

<

9

SRCEDOS2 Calculates Dose Rate FiO1 - Flux input -Cot normalization
(FT07 from ANISN) factor from ANISN rur

FT03

FT06 - Output -W111 end on "End of
Record" error if outt

FT05 ' DOSE'; Total is written to 80 LRE:Intervals; file
Nonnalization
Factorv

T1368.4ALKER.CNTL(SRCE0052)

SITEREB Activation of Components FT01 - Input REBATE file
(5.+100 yrs Edit) FT02 - Decay Library

, FTOS - Output
SITEREBJ Activation of Components FT05 Volumet Title / Concents;p' (3 -* 60 yrs Edit) Desired Intervalsd T1368. WALKER.CNTL(SITEREB/SITEREB2)

,

a86

i

?4

|
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.
>

0POSBQ Activation of Components FT01 - Input REBATE file
FT02 - Decay Library
FT03 - Output

TlJ68. WALKER.CNTL(POSTREB)
__

p

)

$

O
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