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PROPOSED DECOMMISSIONING PLAN ;

SECTION 1 ;

.O 1

D- I

SECTION 1
SUMMARY OF PLAN 2

;
1.1 DESCRIPTION OF DECOMMISSIONING PLAN AND DECOMMISSIONIN3 i

ALTERNATIVE-
.

I

1.1.1 Introduction
,

* By letter to the Nuclear Regulatory Comission (NRC) dated December '

5,1988 (Ref.1), Public Service Company of Colorado (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. Vrain operations early." '

At that. time, PSC began decomissioning : planning to support
premature decomissioning, resulting in submittal of the Preliminary a,

Decomissioning Plan to the NRC on June 30, 1989.-(Ref. 2)
*

This Proposed Decomissioning Plan is submitted by PSC in accordance
with the requirement of 10 CFR 50.82(a), which requires submittal of

,

the Proposed Decomissioning Plan "within 'two years following ;

permanent cessation of operations." PSC previously . provided a
f ' target date of October 31, 1990, for submittal' of the Proposed 1

'

\ Decomissioning - Plan. !

The Proposed Decomissioning Plan represents a departure from'PSC's !,

p Preliminary Decomtssioning Plan (Ref. 2) in that, .after [
consideration of _ financial risks, regulatory - environment, and

L . uncertainty of other issues, PSC- has selected the DECON alternative i

L for imediate dismantlement.and decomissioning of Fort St. Vrain. '

b
.

Through a~ competitive bid process, PSC has selected a' team headed by 1
J .the , Westinghouse Electric Corporation to carry out the-
4 ' decomissioning of Fort St. Vrain on a' fixed - priceL basis.

'

|. Coincident withi decomissioning, the' Fort St. Vrain plant may . be j

L-
'

:. converted to a-fossil-fueled facility (See Section 5.5). '

L' |1.1.2 Backaround
I .. . .

18, 1989. On August 29, 1989,
a

L -Fort St. Vrain was shutdown on August .

the' PSC' Board - of Directors reviewed and confirmed the; Executive:
s

| Management decision that Fort St. Vrain would not be. restarted, and
that PSC would pursue the decommissioning of Fort St. Vrain. '

'

4 iThe dedsion to. permanently shut. down and decomission Fort St. I^y- vrain was - based on related technical and financial considerations. -t
.

i
- ProblemsL were identified with the control rod drive assemblies and 1

.

'1.1-1

J
;

,J. . _ _ . _ _, _ . , . . . . , . . . _ . . _ . . . _ . . . . . . _ . . . _ , _ , . . _ , . . . _ _ . , . . . _ - - , _ . . . _ . . - a



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

f

A ,

PROPOSED DECOMMISSIONING PLAN
SECTION 1 ;

O;
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. i

n . Coupled.with these technical and fuel cycle considerations, Fort St.
Vrain had previously been removed from the rate base as a result of
a 1986 Settlement Agreement between PSC, the Colorado Public
Utilities' Comission (CPUC), the Office of Consumer Counsel (OCC)
and. other parties. With the exception of limited funds to be

. collected , for: decomissioning, the removal of Fort St. Vrain from ,

the regulatory rateLbase left PSC shareholders responsible for
further operating and decommissioning costs of Fort St. Vrain.

:1.I'.3 L Contents of the Procosed Decomissionina Plan h
.

.
.

'

The Proposed Decomissioning Plan has been prepared to be-responsive-
'

L to the requirements of 10- CFR 50.82(b) and the guidance of Draft j
l: 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 !
i,

L
1- "Sumary - of Plan" provides a brief description of the

,

proposed plan and background information related to the
decision to decomission Fort St. Vrain. - Information ; is-

provided to describe - the major' activities involved in the i

dismantlement and decomissioning;of Fort St. Vrain,. and the: ,

pr.ojected project: schedule.- The cost to. decomission Fort,
r

St. Vrain Lis . identified, -as well- as status of- - the
availability ' of funding. Details- are provided in Section
1.4 onc 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 2.2 provides a description of Fort St.
Vrain -- and identifies major site factors, and identifies-

" contaminated . or activated structures . and . components which ,

1,1 2 I:o

!

u _. ._ _ . _ . . _ _ _ - . _ _ _ . . _ _ . _ _ _ . . ___ - - - ._
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Section Descriotion

will be removed during decomissioning. The major2. .
(cont.) decomissioning activities, schedule and exposure estimates

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). i

Decommissioning training requirements are identified in '

.[ Section 2.5.

3 " Protection of Occupattonal and Public Health and Safety" I

describes the ."as-is" radiologicai status of the Fort St.
Vrain facility (Section 3.1). The decomissioning radiation
protection organization is described in Section 3.2, and J

proposed methods of managing radioactive waste, including
'"

offsite transportation and . disposal, are discussed in
Section 33 The analysis of postulated bounding
decommissioning .c:4 dents is provided in Section 3.4.,

4 " Final- Radiation Survey Pl an" provides the purpose,
' 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' "Decomissioning Fixed Price and - Funding Plan" provides a
description of the decomissioning fixed price contract,

n- major : assumptions and bases usedL to derive' the
' decomissioning cost, tables' containing a breakdown of. the
decomissioning cost, and status of decomissioning funding.,

Provisions are also identified for updating. both the
decommissioning cost and the funding plan..,

~6- "Decomissioning-Technical and Environmental. Specifications"
provides the methodology and philosophy that will be used to-

-develop the decommissioning technical specifications.- These
specifications will be submitted to the ' NRC in the near

' future.
!

7 "Decomissioning Quality- Assurance Plan"- provides the QA !

plan' which will be effective during decomissioning.

8 '' Decommissioning . Access Control Plan" identifies those
access control requirements to be administered during the

O- decomissioning process once all spent fuel has been removed i

from the Protected Area. This' access control plan will

1.1-3
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O
Section Description

8 replace the existing physical security plan during the
(cont.) decomissioning period.

9 "Decomissioning Emergency Response Pl an" provides an
overview of the basis for emergency responst during the
decomissioning process. Accidents evaluated in Section 3.4
will be used as the basis for this plan, which will be-
submitted to the NRC at a future date.

10- "Decomissioning Fire Protection Plan" provides an overview
- jof fire protection provisions which will remain in effect

during decomissioning. Accidents evaluated in Section 3.4 j

are the basis for this section also, and a separate
Decomissioning Fire Protection Plan will be submitted to
the NRC at a future date.<

- Appendix I, " Westinghouse Team Scope of Work", provides a detailed
description .of the proposed Westinghouse team decomissioning and<

-

| dismantlement 1 activities. Appendix II, " Fort St.- Vrain Activation -
Analysis", provides the results of the analysis to identify

activation levels and isotopes for- Fort St. Vrain components.

.

k

O
1.1-4

1
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U f. 2 MAJOR TASKS, SCHEDULES AND ACTIVITIES

I 1. 2.1: Description of Ma_ior Activities ~

'

The major-dismantlement.and decontamination activities to be
~

,
-

: performed during 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 (BOP) systems.,

3. . Site cleanup and final site radiation survey.

i : Site cleanupz- is described in Section 2.3 and the- final site
radiation, survey-is described _in Section 4.

.

-1.2.2 - S*te Final Release Criteria
,, ,

The' release of th'e: site,: facilities and materials will be based- on-
properiapplication of release criteria for: surface contamination,

L soil / water' concentrations and exposure rates. C uria-- for both,

M loose ;and L fixed surface contamination to. allow releue for.

- unrestricted use have been establisheddin; Regulatory ' Guide - 1.86'?,- '''

i " Termination ;of Operating = Licenses for Nuclear Reactors" (Ref.L 4). - '

g{ Additional interim- NRC guidance .has been provided which directs.

licensees -to :use 'a limit of 5 microR/hr above background (at one> '

if ; meter),for reactor-generated gamma-emitting: isotopes.-

4, x ; +

:PSC has ' committed |to: comply | with Reg. Guide 1.86 :and interim JNRCL
guidance when decontaminating! the Fort St.MVraini site,. to k allow'-"

#,
, -

,

f release of the' site for; unrestricted use and eventual termination of-,

!5 thel 10 CFR :50 license. : All decommissioning activities, schedules,-
'

.
Land costs or fixed prices are based on-' decontamination to.the above'

r,

limi t's .'

o , . .

T.;

7' .

Decontamination and Dismantlement of the-PCRV-7.2.3!
E '

@ The L major 1 ecommissioning task is the- dismantlement .and!d

A decontamination ofc the ~ radioactive portions of, -the' Prestressed

hh' | ,
Concrete 1Reactop Vessel (PCRV) ~. Section: 2.3 provides a

'

comorehensive description of the steps neces'sary 'to dismantle and-q

i decunt'aminate the PCRV. PCRV dismantlement- activities will: begini
'

tonlyj after all spent fuel has been removed from' the Reactori
: Building.

,' l.2-1 '

''
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', h
'

_PSCL and. the' Westinghouse team have evaluated _- technical options-

s

1
,.' . avail _ablee for< dismantling radioactive portions of the PCRV, and |a

a,- | decision nas- been made that' the ber.t technical approach is to flood -
? ,the 'CRV1 with water,- (nd perform - the . majority - of dismantlement . 1
E actulties : submerged. _ This will: allow the most direct access to d

highly ra'dioactive portions of the PCRV, while affording the maximum
|^ shielding benefit.
!

F
The'' description and sequence of- major activities associated with jW PCRV dismantlement is described in Section 2.3. a

/w :

l '. 2 . 4 ' Decontamination and Dismantlement of Contaminated Balance of
'

'4 Plant Systems
a

For. the' purposes of, this ' Peoposed Decommissioning Plan, ba. lance off
plant systems' ; refer to -those. contaminated or potentially- H,

centaminated" plant sys.tems outside . the PCRV. Decontamination and
dismantlement of contaminated' or- potentially contaminated balance of -

';
'

: plant systems;willf be! performed by ;one of the; following approaches:
;

L(1); decontamination. in place, (2) removal; and _ decontamination, or - i
;

o

w (3)1 removal"and disposa11 as radioactive- waste. Systems < which are- y, contaminated orf potentially_ contaminated above releasable limits j
. ,

requiring. decontamination and dismantlement-are described.in Section- ~ '
,

2 .' 3 . -
"

'g , ,.

41.2.5 1 Schedule ~for Decommissionina: Activities 1

k 1The schedule for decommissioning 1 activities is provided in Sectionam m
? 2.3.5.2_.andi Figure 2.3-16. .The Decommissioning _ Planning Phase has I

4 1already commencedi and will- be- an! estimated 18" months inLduration,- .l,

"'

consisting ~~ of initial site ~ characterization, : preparation' of1 work, i7^

@ 1 scope | planning,1 work : spec'.fications . and " procedures, and equipment Jf sand Tmaterial: staging. 1
#

[ The Decontamination r.d Dismantlement Phase 'is- estimated to be 39E

_ months 11n duration, and is- scheduled to commence 1 after (1) NRC. jy ,
,

'

1 approval of the Proposed Decommissioning Plan -and (2) completion of J,

:

?f 4 |defueling. 'Some component remo' val activities will be conducted
: priori to commencement ' of the Decontamination' Land Dismantlement; j

.

Phase,.'as described in.Section-1.5.-*

: *

,y 2 Decommissioning of- Fort St. Vrain, including site, cleanup and final-.'

: site radiation survey is expected to be completed by April 1995. j
,

.

1.2-2
.

,,,.a a . . . . . , . , . ,
. . . , . . . , . , ,
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%Q. i

1.3 FINAL COST:AND AVAILABILITY OF FUNDS !

1:.3.1: Decommissionino Cost

, Through the competitive bid - process described in Section 5.1, PSC5 '

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, results in a total !
decommissioning cost of $137,129,000 based on the' anticipated year
'of expenditure:-(inclusive of escalation). Of this amount, the j

Westinghouse team's firm fixed price is $100,460,000. PSC's costs,-

as overall project manager .and licensing: coordinator, .are estimated i

to be, $36,669,000. _ Assumptions used as the basis for:these costs
are identified in.Section 5.3. The proposed Westinghouse team Scope ,

of Work is provided in Appendix 1. '

The use of: a firm fixed price contract greatly reduces-'the level of. J
uncertainty?in the decommissioning cost. . Additionally, receiving a

g. bids 1from- four- qualified > bidders is equivalent to receiving four-'

,

!. ~ U)
independent. cost' estimates, each utilizing a . _ .'di f ferant- I:

: decommissioning ~ methodology, which exceeds any,NUREG evaluation 1and 1

-is beyond that required - c, the Decommissioning Rule.. Use of- this
competitive' bid ' process cand responses received from the' qualified i-

bidders has increased PSC's confidence that the entire scope of the
decommissioning; .has been . identified and included' in them

decommissioning work scope. - Therefore, based ..on discussions
provided in LSection L5, PSC' is ' confident that the' Westinghouse team .4

. fixed price :is sufficient and' all. major tasks Lhave. been identified' y,

and included in this plan.
,

[ D1.3.2 -Decommissionina Fundina Plan

* ~As.of September 30,=1990,- the Fort St. Vrain. decommissioning trust'
fund balance was approximately $19.8- million.- Under terms of the
1986' Settlement- Agreement.: funds -in.the amount of approximately -$2.5,

million remainn to obe collected from : PSC customers by the end of
-1991.- !

!

i I
.

A. final decision has not been made on the funding plan for Fort St.
f 'Vrain' decommissioning. Section 5 .' 5 provides .a discussion 'on

,

possible decommissioning funding alternatives being pursued by PSC
.

Land commits PSC to' notify the NRC of the projected funding plan once
I ongoing funding alternatives are finalized.

1.3-1
-
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] SECTION 1

i.

1.4- . REGULATORY BASIS FOR- ADMINISTRATION OF THE PROPOSED ;

' DECOMMISSIONING PLAN ,

_ !
This _ Proposed Decommissioning Plan has been prepared and subMtted
to be.= responsive to the requirements of 10 CFR 50.82 and the
guidance of Draft Regulatory Guide DG-1005, " Standard Format and j'

-

'Content- for Decommissioning Plans for Nuclear. Reactors" (Ref. 3).
The Proposed Decommissioning Plan is intended 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 1
"

changes occur. :This plan is to be a key component of the licensing, 1-

'basis of Fort St. Vrain.during decommissioning as described below.
,3;

F '. The : following - documents shall constitute- the . decommissioning
-licensing basis ' of Fort' St'. Vrain, effective. following the removal i

.

4 of all nuclear fuel from the Fort St. Vrain Reactor Building : and '

( receipt of NRC; approval to commence decommissioning:
E <

,

. l. . This NRC-approved Proposed Decommissioning Plan including:.o

a. -Applicable L N.RC decommissioning .'regul ations - as
identified in this plan,' and.

%}<$( -b. NRC- regulatory guidance _ applicable to_ the
i *

, _A -decommissioning of. Fort St. Vrain as' identified 'in this j,

p1 an'..
.

. f,,
A 2. The NRC approved Fort. St. . Vrain 10' CFR 50:1icense and the

Decommissioning Technical. Specifications. . j
. 3. Licensing' basis correspondence' between. the NRC ;and, PSC j<

related to the decommissioning of Fort St. Vrain, i
~

'

' '"_
This/ Proposed - Decommissioning Plan, following _its; approval by - the-

NRC and| the removal _ of alli nuclear fuel; from< the Fort St. 'Vrain-'
>

Reactorf Building, shall' supersede and' replace :the Fort St. Vrain'-
.

LUpdated Final. Safety Analysis Report- (UFSAR, Ref. 5). Following the
''

,

'

.
completion .of defueling, the final: revision of , the. Fort ' St. Vrain-

*
UFSAR then Jin effect:- shall! be : retained: as 'an historical document

"

only,- and < all' of the ' operational descriptions :and' commitments 1
m therein shall be: superseded in their entirety by this Proposed

L Decommissioning Plan.' Essential' safety. features and functions which .
|will; be ; relied 'upon- during decommissioning. are . described and
included.inuthis plan.-

t

For, the purposes; of the Fort St. Vrain plant decommissioning, ' the
provisionsiof 10 CFR 50.59 and 10 CFR 50.71(e) shall apply. to-and be

_

. implemented by 'thisi ' Proposed Decommissioning .Pl an - and the: .4

g dp Decommissioning = Technical Specifications. Any Proposed
' Decommissioning Plan change or activity which involves an unreviewed

'1.4-1
,

4
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safetyEquestionias< defined-in 10 CFR 50.59 or requires a change to
t.he Decomissioning Technical Specifications shall require. approval-

_ by.the NRC prior to implementation.-

1

Any Proposed Decomissioning Plan changes or activities that do not
involve 'an- unreviewed safety question and do. not- require a i

Decomissioning _ Technical Specification - change, as determined by - ;

performing _ aJ10 CFR -50.59 safety- evaluation, may be implemented by i_

__

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 Decomissioning -P1an changes. made under the provisions of !

10 CFR 50.59'and- the- results of the associated 10 CFR 50.59. safety .

'- evaluation..
.. . .

. . \
Likewise, Proposed Decommissioning Plan updates shall be submitted. |
toithe:NRC at least' a'nnually 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:decomissioning
and:constituteLa part;of this Proposed Decommissioning Plan, shall
be1 administered under the applicable provisions of the regulations. ! {
.as: described cin- following . Proposed Decomissioning Plan- (PDP):-

sections:'
,.

"

EL&li APPLICABLE REQUIREMENTS /PDP SECTION

k, -Quality ' Assurance' Plan (2) 10 CFR -.50.54(a), 10 CFR 50-
Appendix B, = and 10 - CFR 71,

'

2 'Subpart H as : described in.<

JPDP Section 7- ,

* Access Control Plan (2): PDP Section 8
1

' Decommissioning Emergency Response PDP.Section-9
P1an(l) qg

iFireL Protection Plan (l); 10 CFR 50.48(a) and ' 10' CFR '
'

<

50 Appendix.A Criterion.(3), d
b as described in PDP' Section !. -

M 10- y, ,

Final Radiation , Survey Plan (2)' 10- CFR 50.82(b)(3) as !

described in PDP Section 4- 'i
7> ,

*4 = Decommissioning' Funding Plan (l) 10 CFR 50.82(b)(4).. as -

' '

+
, described in PDP Section 5 1

L
1
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Notes:
,<

'

-(1) P1ans which will be ' submitted to . the N.1C= for - approval i

'. separate from_ this Proposed Decomissioning Plan. .
(2) Plans which are included in this Proposed Decomissioning

Plan for NRC review and approval..,
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p SECTION 1

if '

1.5 DECOMMISSIONING CONTROLS DURING THE TRANSITION PERIOD PRIOR TO ,

x - - f|
. APPROVAL OF THE PROPOSED DECOMMISSIONING PLAN

'1.5.1- Introduction- '

This section- describes the decommissioning controls that will apply to j
plant closure activities during the transition to the Decommissioning- |,

Technical Specifications (DTS) and the Proposed.~ Decommissioning Plan ;

: (PDP) . control s'. !

:The decommissioning of Fort St.. Vrain (FSV) involves many planning and- ;'

preparatory activities that will be performed prior to approval of the j1
_

PDP. Thef requirements .and : controls that govern these plant closure, ,

activities: are
,

.

contained largely in the operational Technical.,

Specifications-(TS) and in 10.CFR.50.59.
s

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

. ill1 remain generally: unchanged. until the DTS (see ' Section 6.1)-. arei jw, ,

approved _and. implemented. _ Pending NRC. approval, ;the DTS may be .|
- jimplemented concurrent:with .the PDP approval. or it may occur at a :later:

1[c[.k ' time. . Decommissioning activities, therefore, may have to be initiated - 3

LN lunder the then current TS controls.
< 4 m , q

' Decommissioning hall be considered to begin 'with the - first physical-
' activity to remove contaminatec equipment from Fort St., Vrain .- after all :

fuel 'has sbeen. removed .from the Reactor Building and after NRC approval
? of the PDP. '. Activities performei prior to_NRC approval of the PDP;are H~

'considered plant | closure'activitit.s, in preparation for decommissioning.- j'

In Reference 6, th' NRC stated that a licensee must:1(1) comply with.the'- e

N , requirements' of. its operating license and. the regulations Lapplicable to . 1
'

N 'whatever; mode or : condition the ' plant _might 'be. in' 'at a given time; and j~,

. (2)? refrain from taking any- actions that . would . materially and':'

demon |strably -_affect the methods' or options.- available' for-L"'
1r

% ' decommissioning,; or that: would .substantially1increaseL the " costs - of ' '

/ decommissioning, prior to NRC approval of a decommissioning plan '

LFort St. Vrain;is ; permanently shut-down, cooled down.andLdepressurized.=N

:Junder L these .' pl ant conditions, PSC considers. that1 performing plant< >

s

u ~ closure 1 activities is within" existing licensee authority provided they-
p' LdoLnotLrequire .a change toithe ' Fort- St. Vrain Technical: Specifications

'

or ~10.CFR150 license, do not involve an-unreviewed safety -question as
-

'.~ defined 4 in 10. CFR :50.59, do not limit the choice of reasonable
'

I decommissioning alternatives -(i.e., SAFSTOR, DECON, or ENTOMB), and do
p'"' not substantially increase the Lcosts of FSV decommissioning. PSC will

'

s

in 1.5-1
1

,

F f

-,. . - . - __ - _ ____ ,_ a - _ _ _
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.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 ;s

submitted' for NRC approval, prior to their accomplishment. PSC.

considers : these actions . to - be fully in compliance with applicable--

regulations and license requirements,
i-

1J5.2: Comoonent Removal Activities -
3 ,

y1 Prior to the initiation of actual decommissioning activities, PSC may
'

* '

complete-the: removal of numerous components from the PCRV, including the L>

.

M . helium circulators, control rod drive and orifice assemblies. (CRDOAs), }'

metalz clad reflector blocks -(MCRBs) and the region constraint devices '

(RCDs). These" activities ' are performed as plant: closure activities,"

3

outside_ the scope of:the- Proposed Decommissioning Plan. Some_of these !
f comp'onents may- be removed prior to the completion of defueling, . if the

'

fcomponents have - no- required -nor .useful function during any planned or
; postulatedi defueling or" shutdown 1 conditions'. In addition,- several

" component" removalp activitiess may be performed in_ the interest of
technologystransfer L with ;the Department . of Energy (DOE),: including -

,

, removal! of a steam generator: ring headerL and himetallic weld sample (s), -{
Land removal of high temperature helium purification system components. |

!

.0ther ~ plante closure. _ activities beyond the scopeL of the Proposed i

10ecommissioning PlanJare evaluatedtagainst the following' criteria:'
:

u-

,1L !If; the' . activity a requires; a change .to -the Fort St. Vrain d-

4Technicall . Specifications or -involves an unreviewedi safety :-

4 , question',5 as determined? by .a -safety { evaluation performed . in| 1
'accordancef with" the provisions ' of L101 CFR 50.59,: prior NRCl

'

,yy 2 approval must_ be obtained. . !

2.> ' LIf the - activity has an . adverse environmental- impact, in:that it
_disturbsl environs not previously disturbed during pl ant - '

[' , f ' construction or, operation, prior NRC approval..must-be obtained.,

3.; If the activity.; precludes . any of the allowable 1 decommissioning .!E alternatives 1 (SAFSTOR,: DECON, or ENTOMB),-~ prior: NRC' approval- ;
* -

'

.must be obtained.?

<J S - 4 '. ; If the: activity -involves any significant increase in the total !
,

radiation exposure? required for. decommissioning, to the extent
thati a revision 'to the -Proposed Decommissioning- Plan is d

:

c required, prior NRC approval must be obtained.

'

l.5-2
,
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/ :1.5.3 . Transition to Decommissionino Controls,

'

1

p After. all nuclear fuel has been remo'ved from the Reactor Building, the- j
'

controls _on. plant closure activities will not be' needed to ensure the
! safety of -the: core,1 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 :

1 its 10 CFR 50 license, and regulations: such as 10 CFR 50.59 will still
L ' apply..

cThe transition to decommissioning controls will- be relatively smooth -'

1

m -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 pursuant
: - to 10:CFR 50.59. The' DTS will include Administrative Controls, such as ;
N._. .organizationalL requirements, a ' ::afety review committee, procedural

.

<

,

. requirements,Jrecord keeping requirements,;and reporting requirements.
,

i

Upon'NRC approval of the PDP, decommissioning controls will be phase'd-in. H
E in a controlled manner,'as follows: ,

. .. t

j 1. 'Surveillances 'and: preventive maintenance activities :for
'. equipment no longer required to.be operable will be suspended.-:u-

2. New ' decommissioning ' design' controls may be_ implemented which !

will: . incorporate revised requirements for 10. CFR- 50.59 ' '

evaluations'and configuration management.
,

'wa t

3. Procedures _ that are no-longer needed will be ' deleted or placed a
|in ia. category which requiresLno: additional maintenance of the- J<

sprocedure. '

,,

4.i Procedures that: relate' to radioactive effluent controls will bei' *'

,

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. H
<

x5. > After approval of thej DTS, implementing-- procedures -will be' N
7- revised accordingly. 1

1.5.4- Mobilization' Activities

. . in preparation for _ the. actual' start of decommissioning activities, it
n imay: be desirable to install certain equipment items such as material
V' ' handling and water purification equipment prior to formal approval of

' the PDP,
.

.

1.5-3
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,

Thesei mobilization activities may: be performed while there ' is stili-

nuclear. fuel > being ; removed from the Reactor Building, provided . e'ac1
+- -activity is evaluated for its impact on the defueling operation.. Alsc,

any physical modifications 'to.~an existing Fort St. Vrain system (e.g. ,
'

~

piping connections, power connections) ~ will be treated = in accordance
.

with the then current Fort St. Vrain Quality Assurance Plan.

t
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.;c Operations _",(P-65422).

.
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f, Subject ." Fort St. Vrain Preliminary Decommissioning Pl an" ,
.(P-89228).

3.; Draft: Regulatory Guide DG-1005:" Standard Format and Content for !4

Decommissioning Plans for Nuclear Reactors" -(For Comment),. '

i! September,11989.
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d' 4.- USAEC Regulatory Guide l'86i" Termination of 0perating Licenses.

.

for. Nuclear Reactors", June 1974.
' '

++
.. .

.. .. . . ..
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' dated July 22, 1990.-

W. 6i J NRCLMemorandum~.and Order,H CLI-90-08, dated October.17,1990. -

~ .

.j;

O c.y'y.

s e u

.

.
|, >

. N

.

f

-i,

.g1

i >y

*

s

*'
.

7
:.,

5

'

l.6-1 |

f q

~
.

_ ___ _ _ _ _ _ _ _ _ _ _ . _ __ _



. . . - - . . . .. . . - - - ..- ..- . . -
,

!
'

, ;]4 s

. ;
7

I'

)6[ _ .

- PROPOSED DECOMMISSIONING PLAN:
'

1

i,
. SECTION:1

| - . ,.. 0 )|

,

i

3 j

-l

?

-
4

|.

|. ,

'

1

1

,

i

r

>

>

d

i
i1 '

.15-:

p y
''' INTENTIONALLY LEFT BLANK'

'' '
,

j,
s

'
> - ;

, . \
.

'-(:' I

4 s

>

lAJ
'I

&

Y

Iy

: { -

,
'

4
'

.

_

j' .1-'
i

2 % %
'

.[:
,

'

'' t ,,$3
3

. }

4$ +
.

s

T
,

'- '
,

l .v i,
1

$,
I_ \

O
1,6-2

s

t

|i, h ' #
'

'

- ' 4 ge , w. , - , - ,- . , ,. - , , , - , , . . . , ~w-- , - -. , , , - a.- w- .- w ,ws4



.. -e
I t.' .f , ' -

'

)

h| 5 I

' PROPOSED DECOMMISSIONING PLAN

SECTION 2,. . ,

.

,
-

.{W SECTION 2
_

1

CH0 ICE OF DECONNISSIONING ALTERN/.TIVE
.AND DESCRIPTION OF ACTIVITIES !

'

2.1 - DECOMMISSIONING ALTERNATIVE:

PSC hasiselected the DECON option for decommissioning Fort St. --!; Vrain. PSC's objective -is the immediate dismantlement an( ac

. decommissioning - (DECON) of the Fort St.- Vrain Nuclear Generating
'

j
' Station =to release all site areas for unrestricted use. To.

1|
, .

' - accomplish? -this objective, the following - activities will be
1accomplished:ss :

~

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

- 5]
2. - Decontaminate. and/or dismantle those portions .of the , PCRV,

structure 1and'' radioactive balance-of-plant; systems. which
e' ceed . limits for' -unrestricted release- of residual- 1x-

radioactive' materials.'

,
- 13. Ship a11 radioactive waste offsite for disposal.

: -4. . Perform , a final site radiation survey to confirm thata all y
site' areas can be~ released for unrestricted use.

5. Terminate =the,10'CFR 50' license, j'
..

. Fort 1St. Vrain: will be decontaminated to levels which meet the
- l|. criteria of ~ USAEC . Regulatory Guide 1.86 " Termination of Operating L

:. n ' Licenses for Nuclear Reactors" (Ref. 1) and :NRC . interimL guidance - 1

identified-in'Section 4.2.. >

,
,

,

1

Itiis expected that'~ PSC- will operate ? and maintain: Fort St. Vrain- 9,1 .

, under,a110 CFR 50. Possession'Only License during, decontamination and-
.

i" '

dismantlement activities. Once ~~ decontamination and dismantlement . )
' activities | are completed and a final site survey has, been performed- i

to confirm. site release .for unrestricted use, PSC will' apply' to the:
- NRC|tof terminate the;10 CFR 50 license,

i

1[ , '

t

aW i

O
| 2.1-1
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M '

? 2.2 ' FACILITY DESCRIPTION'

^

m:

2.2.1 : General 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 northsof Denver and three and one-half miles northwest of the

J town of Platteville in Weld County, Colorado. I-

>
" The- site consists of -2798 acres owned by PSC. During the plants~

Loperation.. approximately one mile square within the- site area wasq .. -

' '

:designatsdLas the exclusion area,L and the licensee maintained,

complete'controlc over this area. The completed facility is shown in
3Figure,'2.2-1... The: basic installation consists of a- Reactor i

Building . a Turbine Building, cooling towers, and an electrical l

switchyard.-

.
'2.2.1;1 RAactor Buildina'

L ,

1;The : Reactor : Building _ (Figures 2.2-2 and- '2.2-3) houses the- ,

. < g%
. prestressed concrete reactor _ vessel (PCRV), fuel handling area, fuel

.

D storage wells; .(FSWs),; fuel: shipment preparation facilities,-LM (decontamination ;and radioactive liquid and gas waste processing: 1
: eqaipment,7and most reactor'. plant. process and service systems. They

,

' building is able.to withstand wind-loadings developed by a 100 mph q
wind' or?a' tornado' of 202 mph total' horizontal wind- velocity without-

'

exceeding yield stresses.:, _t

U'o 'The PCRV and nuclear, steam. supply: system '(NSSS)Lare~ located in the j-

[ ,
lwestIportion : of. the. Reactor Building.. The east -. portion |of g the A

''

| Reactor:Buildinghouses|auxiliaryandsupportfsystemsandfacilities:"

- such Las -the~ FSWs, the chot service facility (HSF), - the < equipment-
.

. storage |-wells 1(ESWs), storage and -1aydown areas; for> various- pieces ~|
>

V of : equipment,- radioactive gas and iliquid waste storage: facilities,,

( and!the loading ports for the sp'ent fuel shipping casks -(SFSC). i

_
_

, -

m
fG (The1 basement 1 area of the Meactor . Building contain's - the. ' building . [

'

j isump/ keyway. The volume of-the sump / keyway is'approximately;44,600- 1h, cubic : feet. --
-

't
,,, ,

Thel Fort St. Vrain React <>r Building is presently. designed to
with' stand the' Design . Basis ' Earthquake (DBE) of 0.10 ;; horizontal-- !

"

L ground acceleration' at the site without unsafe damage.or failure to'

ip function. During decommissioning, the Reactor Building willL .'

'tj" continue to be required to perform its confinement function '

y - following a= seismic event.
.

', 2.2-1
.

.E
|
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;;;

.!G X iThe decommissioning of. Fort St. Vrain will _ not involve any major- ]-

--modifications to the Fort St. Vrain Reactor Buildir- without
( verification? of the seismic qualification.- Other than .tne Reactor i

f Building,1 no ; additional seismic- analysis- of _ individual C
_

L: -decommissioning tasks and removal activities will be required,
t* _2.2.1.'2;-Turbine Buildina

'

. -
. +

i
K The~ Turbine Building- (Figures 2.2-2' and 2.2-3) houses the turbine

'

| generator with condensing, feedwater, and other auxiliary. systems. !
iIncluded inL the Turbine' Building .is- an ' auxiliary bay. area housing '

the reactor plant ;ventihtion, equipment, the controlled personnel- 4
HE : access to the' Reactor Building,;and an area housing .the control room H

and imiscellaneous' electrical services. The Turbine Building .also
. houses: a service and~. office . area which provides space- for

' '

miscellaneous shops, auxiliary' steam' _ system components, and_ - i
"

1 administrative offices'.'

!'

^ 2.2.1.3. Fuel Storaae Buildino-
+w

h: The FortiSt. Vrain. Fuel -Storage- Building is a single 11evel concrete
. structure | located east of the Reactor Building (see Figure 2.2-4). hb.

, cThe' buildingEis constructed of prestressed concrete panels and twin-

o -

Ltees, Land 51ss designed Lto"withstan.d. a 202-_ mph tornado wind and can~
i

L, ;withstan'd the~' design ' basis; tornado _ missile. This building will:be- j
>

W Lused; for: decommissioning. support. - 1'

>
.

''/'I
'

2;2.21 ~ Prestressed ~ Concrete - Reactor Vessel' (PCRV) and Intern 41, h

Components->

j1 .

$< The PCRV :(Figures L2.2 .5 'and 2;2-6), which containsathe NSSS, is a. *

W t' reinforced concrete : structure.. prestressed with steel - tendons.- i,

Following ' defueling,, the PCRV ewill contain ..the EmajorityL of . the. *
< >> c
*' remaining radioactiv'e materials:in the Reactor Building. 1
4' u
at ,

f
t The FortESt. ;Vrain systems associated with? the PCRV are. as follows: j.. , _

p .;
T ';; System 11'- PCRV: and -Internal; Components )

' System 12 Control: Rod Drive and Orifice Assembly :|* '

; System 17&. . Reactor Reflector and Defueling' Elements !
' t . System 18>

f System 21, Helium Circulators
System 22.' Steam' Generators !

System 23. Helium Purification System
,

,
_ 2.2-2

~

!<
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,

LThese ' systems make up the ' primary reactor vessel and internal core l*

components located within the PCRV. These systems and components
,

~'are discussed further in this section and in Section 2.3. j
C Portions of. the- PCRV concrete and rebar are expected to remain ~!,

>' : activated due to- direct irradiation from the reactor core. Highly' l
- -

,

radioactive ~ components _- will remain inside the PCRV until removed
,

during:PCRV' decontamination and dismantlement. i

i
1 Physically, the 15-1/2-foot thick heads and the 9 foot thick-

Leoncrete walls are constructed around a 3/4-inch thick -low-carbon-
# strel .-liner which forms; the internal' cavity. The-liner is anchored.*

4

,

to the concrete at frequent intervals.. A core support floor (CSF) i
p it. 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 "

.prestressingitendons (448 total) are located in conduits embedded in |

. the L PCRV concrete. - ' Tendons are positioned both circumferential1y ic '

'

; 1and: vertically, along- the PCRV. side walls. There are also tendons
.T .acrossLthe top and bottom heads in a criss-cross arrangement, j,

L

.

[ y The reactor core arrangement within.- the| PCRV::is shown in Figure,

'2.2-7. The top layer of the core arrangement consisted .of . -(
a

hexagonal _1y shaped metal clad reflector blocks-(MCRBs) with openings q
for 37Jcontro1J rod pairs. The- MCRBs; provided. an inlet plenum for :i

7 the ' reactor coolantito the : active core. -Region: constraint ~ devices
,

.

A . (RCDs) were located on top'of.the MCRBs and' mechanically interlocked ;
I 'the top 11ayer (not shown on Figure 2.2-7). . Hexagonal top reflector- 3

,y' ~ ,
: . elements with coolant channels are located directly below the NCRBs~- .-

my ]' and above the active. core region.
; . n
f, The active core was divided into 37 regions :and consisted' of 1482- j
H fuel elements.- ' Individual fuel elements. were hexagonal -in cro'ss j
b "section and - aligned withEthe coolant - channels from the reflector. "'

.

c elements and:MCRBs. : During reactor defueling, the^ fuel elements-are
4 being' replaced with defueling elements of identical shape and size. - .!
L Hexagonal reflector elements- are also located < to the ' sides. of and

,

'below the active corecregion. Many of the bottom reflector elements ;- -

,

contain boronated graphite'in Haste 11oy cans,

& Radially outside of and immediately adjacent to the top, side and.t

,

% bottom hexagonal reflector elements are the large irregular-shaped
side ' reflector blocks. Between the side reflector blocks and the.

|

h 2.'2-3g ,

!: j,

mx .
. _ _ .. _. ______________________o
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,

$

core' barrel- are the boronated side reflector spacer blocks that |

contain' boronated steel pins and were used for shielding. . |-

1: ,
'

Immediately outboard of-the core barrel is a helium interspace area. ;,

Outboard ofJ this interspace area is an outer metal insulation cover ,
m

K plate, - Kaowo_ol: .(thermal) insulation, an. inner- metal insulation---

[ : cover, another layer of' Kaowool, and then the PCRV - carbon steel
P liner.. JSee Figure . 2.2-8 for a general arrangement of the thermal:
L barriers.
L .

.

1
E Below the core region- containing the defueling elements, the. CSF r_

wille bear " thei. weight of - the. defueling elements and ~ reflectors: 4,

: through- the core support posts and the core support blocks. - The CSF -
also .is the~ bottom. termination ~ point of the core barrel and has 12-
penetrations,|for the 12 . steam generator modules. The CSF is>

# - supported from1the , bottom head of the PCRV with 12 core support
floor columns (See Figure |2.2-9). '

+, ,
.

.

6The lower : plenum -is below' the CSF -and - houses the steam . generator
| modules 1(12),- circulator diffusers -(4), circulators (4) the CSF I
support) columns (12) and the lower floor. A number of- instrument J

h,and ; equipmentc penetrations and wells ' exist. in' the PCRV, heads and.
sidewalls.

2.2.3.- ' Balance of Plant Contaminated Componentt 1

?The following is a' list of. the systems that _are considered to be the d
potentially: contaminated balance i of ! plant- systems ' outside of the

|~

PCRV at:FortlSt Vrain: '

; c'
K ~ System-13; LFuel Handling' Equipment 4,

: System 14? Fuel Storage Facility
System 16; iAuxiliary Equipment- ,

System 21, Helium circulatoriAuxiliaries !
4

. System 23 | Helium Purification ~ Auxiliaries- dE . System 24 ; Helium. Storage System
.

.

'

i

6 System 46? Reactor Plant Cooling Water System
System 47! Pur.ification Cooling. Water System

. System 61 -Decontamination System
' System-62; TRadioactive Liquid Waste System- '

System 63 Radioactive' Gas Waste System
System 72L . Reactor Building Drain System
System 73 Reactor Building Ventilation System

. System 93. Instrumentation and Controls
.

$

2.2-4 ,
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: System.15,-fuel and reflector shipping equipment, consists primarily* '

'W -of, they shipping . casks, . _ truck-trailers, . spent fuel container, snd
'

- ' cask lifting _ apparatus; and is not a part of the decommissionin;.

. project.=
'

.

These equipment items will'.be retained under their
,X separate- 10 CFR 71_ license or will- be disposed of at some time. in i

the futurei '

,

* A brief[ summary 'of the major components in' each.of the-above balance
'

4 Lof. plant contaminated systems is as follows:

,2.2.3,lL Svstem 13 - Fuel Handlino Eauioment

# The fuel handling-equipment that remains contaminated. includes the'
- i

fuel handling machine .(FHM, Figure 2.2-10), four reactor isolation i
'

valvesL(Figure 2.2-11)'and two refueling sleeves (Figure 2.2-12). I

|
2.2.3.2 System 14 - Fuel Storaae Facility

,

i,

'

LThe. fuel. storage facility (SeeL Figure 2.2-13) consists of nine fuel i

L, istorage wells constructed:of carbon steel tank structures', i
'

:N J2.2.3.3 System 16 - Auxiliary Eautoment

k
. . .. .

,

The1, auxiliary equipment,- consists of Lthe Auxiliary Transfer : Cask'

p 4,

i' . . (ATC,-' Figure i 2;2-12), o ten .ESWs (Figure 2.2-14), Ethel HSF (Figure i
<

,

'2.2 15)'sandtthree shielding; adapters-(Figure 2.2-16).
''

'
,

|) 1 ,;, , .
,

,

s

W LTheM ATC Lis; most f commonly used _ to ' transfer the control rod drive ~,
.

!P " assemblies,1 refueling sleeves and the' shield plugs.; The ten :ESWs-

1>f Lare carbon steel- structures embedded :in concrete" used to storeithe:
>

[ icontrol rod " drive' assemblies and the refueling - sleeves. The' . 'HSF, .
*'

[I
,

h 4 g|/w constructed-of- concrete and steel;shieldingLplates, consists of two
,' ~ ~

worky areas gused: for ? inspection,- repair, maintenance, , testing and ' i,

'decontami_ nation work.
f .

|| LFigure 2.2-16 shows a. general 1ayout ati the location;of the.'various' ,

# a

Ksc fuel handling' and storage system- components,- and associated- 'i
! # X, l. auxiliary equipment'on.the refueling floor,

.

'2.2'3.41 System 21'- Helium Circulator Auxiliaries- apq .

MN LThe- auxiliary equipment for: System 21 was used to provide a. supply,

y. Lof high pressure water for the helium circulator bearing -lubrication
jp| _ and a ' supply _- of. purified buffer helium to prevent in leakage - of:
G' ; bearing water into the primary ' coolant. The major equipment items

! include buffer helium recirmlators, heat exchangers, filters,
'-

,

2.2-5 l
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pumps, . helium dryers, chemical injection = _ components, containment
.

tanks, sand compressors-(See Figure 2.2-17). |
3 , ;

,

2.2.3.55 System 23 - Helium Purification Auxiliaries
,

l'
,

. _ f
The System 23 auxiliary equipment was used to assist -in. purification-.

' of- the L helium' used as the_ primary reacter coolant. The major
m T equipment- items- include filters, heat exchangers, compressors, and-

"
. _

. dryers (See Figure 2.2-18). !w '

'

2.2.3.6 System 24-- Helium Storaae System-'
,

c ;

(., |The' primary purpose:of.the helium storage system was to provide for
"

! both storage'and transfer of helium from the reactor vessel and ths'

i .' storage. tanks. ; In' addition, the helium. storage sy.. tem was used 'in .'
-

' testing the control rod: reserve shutdown.-system'and for various Fl:M-. '
,

. . purging operations.; The primary equipment--items includeia heliumf
. ;, " transfer compressor, storage = tanks, surge tank, oil adsorber, and:

..
'p

[ high! pressure. helium supply tanks.(See Figure 2.2-19). 't'
1- ,

'2.2.3.7:: System 46 - Reactor' Plant Coolina Water System. '

O 'iK _ The reactore plant 1 cooling 1 water system (Figure ~ 2.2-20) provides-
,

icooling; water for' process heat: removal from all-. auxiliary equipment _- [
in)the reactor p1 ant. Three;< loops are provided- that form ithe. PCRV- i

-

, -

W4 circuit) (liner 1 cooling ' tubes)', J the - PCRV auxiliary circuiti (closed ||
'

loop forevarious' systems / components) and .the service' water circuit 1m ,

i* ' ;(open Ll oop E: for? various ' systems / components) . - The _. major equipment.''
,

.-

' ~ 1 temsl i ncl ude Esurge ? tanks , - pumps , demi neral i zers , filters,- heat'
'

s -exchangers, chemical' injection' (tankmand pump)' and_ recondenser
(a' chiller.

:2.2.3.8~ System 47 :Pu'rification Coolina Water System

* The jurification cooling. water system (twoloops) .provides' cooling -o.

swatersto the helium-purification system heat exchangers. The major a-

_

" componentsi are . pumps,- expansion. tanks,' exchangers and associated- :; ,

Lpiping-(See Figure 2.2-21)~- !,

7..
|p. .y ,
''p.' '.

'2.223.9 : System 61 ! econtamination System-Dm e

e , ,

'

The - major ; equipment -items include a ' water heater, a drying. air
_,

" heater, a. filter . pumps,a solution tank and a chemical injectioni 1
-

.

1 system (See Figure 2.2-22).
.]

,!
'2.2-6

t
,

he - ., n , w -e e. > , ,,..-,-.p. e ,,- ,, g v -s



. _ _ _ _

i

PROPOSED DECOMMISSIONING PLAN

SECTION 2'

p1 -

-

2.2.3.10 System 62'- Radioactive Liouid Waste' System
,

1 . The major equipment items in this 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

u 2.2-23).-

2'.2.3.11 Sys' tem 63 --Radioactive Gas Waste System

.The major equipment--items in this system'_ include pre-filters,
filters, exhaust blowers,; tanks (vacuum,- . surge, and drain), and-

. compressors (See Figure 2.2-24).,

'

2.2.3.12 System 72 - Reactor Buildina Drain System

9 The;ReactorLBuilding 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
filtersL(SeeFigure2.2-25).

. .

2'.2.3.13 System-73'- Reactor Buildina Ventilation System

The.; Reactor Building HVAC system . ventilates various areas of- the
'

ReactorLBuildiiig with - heated or : cooled . air. ! All ventilation air,
-

whether outdoor or : recirculated, is filterede before distribution. -'

In.; addition,L the: _ reactor plant HVAC| system maintains b'uilding -

' pressure 1 differential control and collects: radioactive leakage to-.

- mi.nimize exposure of personnel to airborne contamination. As-shown
in Figure 2.2-26, this system consists-of severaltair handling units

. and filters. . The only-' part. of the system . considered - to .conthin -
possible contamination is , the reactor Lvent exhausti system. . Thes

S reactor plant. exhaust' filters are composed of banks' of moisture,

separators, HEPA'filterst and charcoal: absorbers. Each bank contains.-

16 individual HEPA elements.'

.:
2'.2.3.14 System 93 - Instrumentation and Control

The portions of the instrumentation and control system :that are of.
interest are the moisture-monitors and the area radiation' monitors..

2.2.4 . Site Characteristics

X 2.2.4.1 Demoaraohv2

LThe population density in the- rural areas surrounding the site is
.relatively low. The nearest resident is located approximately

2.2-7

,, - . . . , , . . - , , ,



. . . . _ . . _

'

+

g = PROPOSED DECOMI' SIONING PLAN
J

S
*

SECTION 2.,

one-half mile north of the Reactor Building, with the nearest town'

of Platteville located approximately 3-1/2 miles southeast. This is
well' outside the ' proposed EPZ of 100 meters from the Reactor
Building. The population of Platteville, based on preliminary 1990
census : figures, -is 1515. _ The nearest population centers with a

-

population over 25,000 are Greeley (60,399), Longmont (51,288), and
Loveland (37,173), all based on preliminary 1990 census figures.

2.2.4~.-2: Geoaraohv and Land Use

The' site is located in -Weld County, Colorado. The area surrounding-,

i 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 ' atithe ; plant is 4,790 feet. --The foothills of the Rocky-,

:

j Hountains-start to rise about twenty. miles west.of the' site, and the'
~

~

Continental- Divide is. prominently identified by: Long's Peak,-located
: forty. miles:directly west of the site.

-The- South Platte- River and St. Vrain Creek both pass through-

h
'

portions of; the site. ~ These . two streams, which join | near 'thea

northern tip of the. site, are not large'enough to be used for' water
' transportation.o

:ThefgeneralL area; andL1and'use surrounding the site is. predominantlyg'

-ogricultural; .The major farm productsc include grain, ' feed ' corn,o
N . sugar beetsJvegetables, beef- cattle,- sheep and. turkeys. There_is

also a limited amount of dairy farming.in the area.

'The:-industri' l' facilities' in the idmediate' area are-_primarily_a -

nlocated in the town of : Platteville. : . There' are 14 oil / gas wells
withinya Eone mil'e radius: of L the ~ Reactor- JBuilding on Company _.7 _

-

: proper.ty;
%

'

s i2.2.4.3 Geoloav' and Seismoloav
,

|The geologic structure .of the general ' area in which the site is:-

n 3'

locatedisishowninFigure.2.2-28. The area;11es on the east flank
Lof-the Colorado' Front Range which is a complex 1y faulted anticlinal
. arch :on which are- s'uperimposed 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
Mesozoic' sedimentary rocks.

2.2-8
l
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;[The regional- structure of this part of Colorado is characterized by,f
''

sedimentary rocks dipping eastward into the Denver Basin. Along the *

mountain . front the regional structural 1 pattern is interrupted by
relatively small, 'en echelon anticlines that. plunge to the ->
southeast. ~ In. addition 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

1

recognized primarily in coal mines, located generally east of I
Boulder. These faults have a northeast-southwest orientation. Both- jy

' . groups of faults are relatively high angle faults. j

? The ifaults 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 f'ield examination. and photo interpretation 1-

of; the. area- surrounding the site location failed to indicate any
. evidence of recentimovement along any of the known faults. There is,

L no known evidence of any- recent1 seismic . activity in the immediate
'

p . area to.have caused any subsequent movement. .t
o

- .- .
. .

.. ;
4 The < subsoils'.at the site are St., Vrain-Platte- River alluvial sands- '

L' < and gravel, overlying. Pierre shale bedrock. Generally, 3 to 8 feet
'

-of loose to ,veryfloose clean sands -(with occasional silty and clay' - -
-

. lenses)1 are underlain 1by .30 to 35 feet ofE medium dense, fine,

|,j : alluvial Lsands.: : These sands are underlain with? 4 to - 11x feet of j'

medium densen toldense, slightly elay,- sandy gravel._ Continuing' :i
) :under i the . gravel,1 ' hard ' to .- very hard interlayered sandstone and. H,

D' claystone bedrock .isifound at depth 46' to 51 feet., FreeLwater was
foun'diat a ' depth- of n about 23(feett Estimated contourr of the.

L jsurface of the bedrock an_d the free water level?are shown in Figures' l,

2.2-29; andt 2.2-30. The - shallow loose sands are capable Lof. 1

supporting only11ow' foundation pressures, the medium dense sand will
' '

- . support moderate foundatio'n pressures, and the bedrock-will support,..
'

, ,

'high foundation pressures.' 1

;2.2.4.4 'Hydrolooy
,

'

j'
'

The: site' location:isLbetween the South Platte River and St. Vrair.
'

Creek about stwo. 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 shallow wells:are

'

located on.the site area.>

q
Q Flow of ground water on the site is toward the alluvial ' deposits. of-

Lboth the South =Platte River and St. Vrain Creek. The contours of'

,

2.2-9
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% W
v .the C wateri --table indicate that- the flow of ground water is !

'N
'

predominately toward the South Platte River Valley _ (Figure 2.2-30)..

,

-Much of the ground water comes from the South Platte River and St.-

L

Vrain Creek,c such that the water table changes with the flow rate
sy ; (ele'vati.on) in the two streams. Total precipitation, mostly-in the '

.

form of? rain,.'in the South Platte Valley is small and contributes
s .relatively little to the ground water.

o

2.2.4.4.1. Plant' Water ~ Sunolv

' When the plant'- was operating,; cooling water for. the plant was
supplied by the main : cooling tower . and' the service water tower.

g Make-u'p' water; for 'the . main cooling tower _ was obtained from water
P divertedi from . the South Platte River and St. Vrain Creek, and

supplemented 1by water from a' system off six shallow wells. .Make-up
.

water for the : service water tower is supplied 'by the domestic water- t
'

system, with back-up i from the shallow well system. Potable _ water<,
_ ,

andzwater for closed systems in|the plant, - such as the secondary |

[h
-

" coolantisystem,fis' supplied by the domestic water line, which is !,

hN connected to La main ~of the local water district. The local water-

L : district is.the Central Weld County Water. District, whose source. of-
( supply 9 s" Colorado Big ? Thompson Project water from Carter Lake, iit

which is? . located about ' twenty.~ miles west of the site. The
arrangement of:the various water- supply systems is shownLin Figure- i

q,9 2.2-31.
$ . _ .

. Plant Effluent :i2'.2.4.4;2
. .

>J

s' / .. ..
. :

L Liquidieffluent from the:plantLis discharged primarily.from either Lj
1

_

the: plant building drains orLthe cooling tower blowdown line. [y
. ,

% q
J

'
~

Miscellaneous turbine plant drains such as floor drains, the Turbine'
g Building sump, and yard f drains, are normally- directed to the South ii

-

.

@ P1atte Riveri via the continuation of. the Goosequill ditch to the- ;
o

b % farmfpond. L A. diversion box is provided in - the Turbine : Building g
idrain fiine so - that. effluent can normally be . directed into the 1

'

i Goosequill . ditch. Under abnormal conditions which prevent discharge. ,

'M via;the Goosequill ditch,' effluent.is alternatively directed to the '.os

L.* (St. (Vrain Creek ^ vial a: slough. The reactor plant drains flow to a ;
$ ; diversion box from which the flow can be directed to the South *

h' %. !
- Platte River via the continuation of the Goosequill ditch or to the*

- ,

St.iVrain Creek'via a slough.
]

Further downstream from the plant, the Goosequill irrigation ditch j'
'

flows into the Jay Thomas irrigation ditch and the combined stream -*

flows into~ a 25 acre farm pond. The overflow from the farm pond,

2.2-10
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- f1'ows into the . South Platte River close t'o its confluence with the
St. Vrain Creek. .The drainage path via the Goosequill ditch and the

_

pond is normally used.
~

v Three lined _ evaporation ponds (total surface area of 3.6 acres) are
- y present and were_. utilized -to receive chemically treated effluent

(primarily produced | by periodic regeneration of- . plant,-
> demineralizers)^ while the plant was operating. Two ponds are

located a'ifew hundred feetz northeast 'of the' plant building. The
J - .other pondLis: 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 atL Henderson and 1Kersey . is' shown on Figure 2.2-31. The,

b ' plant : site is located just upstream of the junction _ with the St,
Vrain Creek,Ladjacent to the-Jay Thomas Ditch.

.

Analyses for; the reactor- site were conducted on the amount of
- diversion ' andistream (flows : of' the nearby water ways. From . these

original analyses, it.' was- concluded that effluent from the . plant-
-_ ould be carried primarily by the South Platte River except duringw-

the- irrigation. season with allowance for reservoir storage.-
cEffluent in irrigation water would enter _ ground water in the
: alluvium and= would eventually- be transported tack > into._the strata
= bed off the' South - P1atte River. There .have1 been - no significant-

-

changes Lin thel waterway flows' or' diversions to. require new analyses.

The sources of:public water supplies within thirty miles of the site:

J W
. '_ . 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 ini the : alluvium Lof the' South Platte River: Gilcrest: and-
LaSalle.; Itihas been common practice for farmers to obtain domestici <

wateri from Hshallow''' 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.

LdistrictLis the source of domestic water for the plant.

'2.2'4.5 Meteorolooy
. -

2.'2'.4~.5.1 ~ General- Climate

_
The s general climate around the Fort ' St. Vrain reactor site is

, - typical of the' Colorado eastern-slope plains region. In tnis.

.
semi-arid region the precipitation averages 10 to 15 inches a year,
mostly from " thunderstorms in late spring and summer. The annual

_

_ 2.2-11

1
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.
;
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free water ~ surface evaporation rate is about 45 inches per year-
i

'(Ref. 2). I

!'

The wind records show no doe.inant direction, although winds out of i
the north by northeast segment do occur with the greatest frequency. !
The winds are generally light' (10 mph),. with higher velocities !.

,

occurring dur_ing-various atmospheric disturbances. |
!

The -weather :isi generally mild. Most seasons are characterized by :

low humidity _ and f sunny days, with occasional, short-lived storm: la.
bringing precipitation into- the area. Relative - humidity averages
about -40. percent -during the day and 65 percent at night. Thermal i

radiation -losses resulting from lack of_ cloud cover. provide
considerable variation in' temperature- from night to day. Although ,

snowfall _ may; be- significant, the- snow cover .is usually melted in- a
t few' days.-

,
..

b 2.2.4.5.2 : Severe Weather i.

!: ,

Tabulated belowtare temperature and precipitation 1 records for three I
,

cities' within 120: miles of Fort St.. Vrain. (see Figure 2.2-27). The
recordingiperiods were '1973-1988 (Brighton).- 1931-1988 (Longmont) :7
and 1967.-19881(Greeley).

.

lonamont- Greelev
;

Briahton "

,

Max. Tempf (degrees F) 101 106' 103
"

Min.sTemp. (degrees'F) .-23 ~ -36 - 225'

Max.'Precip,c- Day (in.)' 2.73- ;4.04 3.20.

: Max Snowfall. - Month (in.) 22.1- 32'1- 37.3'.

. :)
'

'

- t.
'

. Based on information extracted'from archived. weather data collected i<

*,' from. Fort St. , Vrain's 60 meter meteorological' tower for the period- j1
,

|, ;1986:through 1989,othe'following. weather extremes were observed. j
'

. . . -t

. Maximum. Temperature- = 104 degrees F- j, . :

Minimum-Temperature = -26 degrees F !
-Maximum Wind Velocity 48 mph - at._ wind L direction 6.5.=

,

degrees (NNE) g
,

Seasonally, winds tend to be strongest in the late winter and
spring, the seasori with .high chinook frequency, and again in .the
summer, when thunderstorms occur frequently. g

2.2-12
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Strong winds, especially under chinook conditions, have been
observed on variou: occasions in eastern Colorado. The chinook
winds are strongest immediately to the east of the mouh* dn ridgeo

and diminish rapidly over the plains with increasing d:st. See from
the mountains.

The measurement records at the site from July 1986 to December 1989
reveal a prevalence of northerly at.d 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 C0101 has moderate thunderstorm activity. The
region near fort S, irain averages 50 days / year in which thunder
and lightning occu The majority of these thunderstorms are
present f rom late st . ing through the summer.

The fort .St'.- Vrain site is located in a region thPt typically
experiences-5 tornadoes per year per 10,000 square miles. The peakn - ,

tornado activity occurs :in .the month of June. . According to the
National Weather Service, 117 tornadoes occurred in Weld County

| durirg the period 1950-1987.

>

g

O
,
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TABLE 2.2 1

PUBLM WATER SUPPLIES WITHIN THIRTY MILES OF
FORT ST. VRAIN

Opwnstream in the Plette River Valley

Distance Deputation type of
tsjjgg heleinality it,rygg| M tource of tuactv

5 10 Gilcrest 382 Wells Altwls of south Platte River
10-15 Lasalle 1,300 Wetts Altwtua of south Platte River
10 20 Groeter 39,000 surtnee Cache la Poudre River; Colorado tig

thanpson Project; Nunn and Deadman Creeks

Other Municipalities

34 Platteville 950 Wells Allwlm
5 10 head 900 surface Big Thonoson River and St. Vrain Creek

10 15 Johnstown 1,200 surface Big Thonpaon klver
10 15 fort t wton 4,000 Welis Altwim of south Platte River
10 15 Frederick 1,500 surface Boulder Creek

. trol Loremont 50,000 surface North and south St. Vrain Creek
10V.# Loveland 30,000 surface sig Thonosen River
10 15 terthoud 3,200 surfsee Big Thonpson River

,

15 20 hue.on 540 Wells Altwim
15 20 trighton 13,000 Wells Attwim of south Platte River
15 20 tele 1,375 surface south toulder Creek
15 20 Windsor 1,500 surface Greeley
20 25 talon 1,500 Wetts Attwlm
20 25 KeenestaJrp 475 Wells Laramie and f ox Hitto formations
20 25. troomfletd 20,000 Wetts Fox Hills sandstone
20 25 Lafayette 10,000 surface south toulder Creek, Woneke Reservoir
20 25 , Loulavitte 6,000 surface south toulder reek

- 20 25 Lyons. 1,340 surface horth st. Vr.,in Creek

- 20 25 .flanath 150 surface Greeley
20 30 Fort Collins 80,000 surface- Cache la Poudre River
25 30 South Adams Water- 25,000 Wetto Attwtum of south Platte Alver

and sanitary Dist.
(Connerce City)

25 30 Lochbule' i,0(e0 Wetts At| Wl a of south Platte River
25 30 North huron Water 80 Wetts Fox Hills sandstone,

Dist. tnear
troomfletd)

25 30 Northwest utitItles 15,000 WetIs Arapahoe and Fox HIita formations;
Conpany att wl s of south Platte River

25 30 ' Federal Heights - 8,000 Wells Arapahoe and Fox Hills formations
25 30 Wettelnater 60,000 surface Clear Creek Wetts Arapahoe and fox Hitta

(N forset tons i

25 30 Boutder- 96,000- suriace North toutder Creek
25 30 Jamestown, 230 Gromd At twium

.

!

_ m
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PROPOSED DEC0m!SS10NiNG PLAN I

SECTION 2

'

. TABLE 2.2-2

HOURS AT EACH Wim SPEED AND DIRECTION j
!

PERIOD OF RECORD: 1986-1989 '

STABILITY CLASS: All Classes

Wind Speed (mph) at 10m Level |
Wind t

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

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 $26.77 584.33 231.54 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 g>
SW. 1204.10' 1537.78 157.65 24.11 5.54 2.27 2931.45- W r

WSW 867.01 '1113.02 166.28 62.69' 11.57 6.03 2226.60 :

W 369.11 263.26 75.50 0.46 26.98 10.84 796.15
5 WNW 205.06 169.15 84.86 90.29 29.78 20.91 600.05.

NW 278.20 299.73. 160.76 87.95; 29.96 8.83 865.43~

3 .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.,

L

. Total- 10496.91 '11673.87 3629;04 1351.23 371.11 129.23 27651.39

Periods of calm.(hours): 1241.77

. Hours of missing data: 1728.56

q

|\

_
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PROPOSED DECOMMIS$10NING PLAN
SECTION 2

TA8LE 2.2-3

FREQUENCY OF DISTRIBUTION FOR [ACH WIND SPEED AND DIRECTION |

PERIOD OF RECORD: 1986-1989 i

STABILITY CLASS: All Classes i
,

Wind Speed (mph) at 10m Level I

Wind
Direction 1 - 3 4-7 8 - 12 13 - 18 19 - 24 >24 TOTAL j

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 l

NE 0.029 0.035 0.013 0.004 0.001 0.000 0.081 1
1

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' O.027 0.009- 0.002 0.000 0.000 0.059 -

i

SE 0.019 0.021 0.008 0.002 0.000 0.000 0.051
SSE 0.023 0.024 0.010 0.002 0.001 0.000 0.060

i
S 0.032 0.029 0.008 0.002 0.001 0.000 0.072

3 SSW

b
. 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 'O.006 0.003 0.003 - 0.003 0.001 0.022 [
NW - 0.010 0.011 0.006 -0.003 0.001 0.000 0.031 !

NNW. 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 0.049 0.013 - 0.005 1.000 's

i

Periods.of. calm fraction: 0.045
Fraction of missing data: .0.063 !

t
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1 PROPOSED DECOMMISSIONING PLAN
SECTION 2

'

2.3 DECOMMISSIONING ACTIVITIES, PLANNING AND EXPOSURE ESTIMATES

'

2.3.1 Introduction

Decommissioning ~of Fort St. Vrain includes the dismantlement,
decontamination and disposal of radioactively contaminated or
potentially contaminated material and components within the PCRV,
and .n contaminated or potentially contaminated balance 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 activities in preparation for

,
,

decommissioning (see Section 1.5).'

(#

A description of the facility and site- characteristics is provided
in Section 2.2. 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. Th'e specific tasks.to be performed to accomplish this goal are

.

-discussed in this section. . Although personnel _ conducting the
'W _dismantiing' activities.will be exposed to' radiation above background y, (); levels, thefdismantling and decontamination activities. have been

'

; developed to , limit, exposure to and- control radioactive.~ material in 'o

order to maintain occupational. doses as- low as reasonably
Lachievable (ALARA). _ ' Exposure estimates to' accomplish the individual
tasks 'and Loverall project.are also provided.

To Jaccomplishc the: decommissioningi of - Fort St. Vrain, -substantial
.

| Lportions? of L thel 'e'xtsting - plant . will be . dismantled .and removed.s

:However, Reactor and Turbine Building components' and structures ;
'

which are.not radioactive above releasable limits will remain.

'Tbe' decommissioning; project _isdivided'intothreemajorworkareas:-

1. Der:ntamination and' dismantlement of the PCRV;-
~2. ' Decontamination and: dismantlement- of' the contaminated or -

potentially contaminated balance of. plant _ systems.,4

3. . Site- cleanup -and final . site _ radiation survey. -'

.

a

(Site cleanup involv'es pre- and post-decommissioning surveys of. the
,

site,c and. the7 radiological decontamination necessary' to meet the_ f

3'~ regulatory, guidelines to allow release for unrestricted use. These
. -

activities are: - discussed in, detail in Section 4 and .are not ,

A ' addressed in this:section 1
.

9!d.
F ;
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|

PCRV Decontamination and Dismantlement Activititti
l

The following are the major activities.involveit in dismantling and
removing the radioactive portions of the PCRV. These activities

.will be discussed in further detail in the followng Section 2.3.3:

1. Initial PCRV Preparation
2. Steam Generator. Disassembly J

'

a. Initial' Preparation'

#, 'b. Removal of Steam Generator Secondary Assembly
3. Removal of Activated Components using the ATC and FHM i

-4._ Detensioning-and Removal of Pretensioned Tendons
5. . Flooding of the PCRV
6. PCRV Top Head Concrete and Liner Removal
7. : Dismantling PCRV Core Components'

8. - Removing the Core Barrel ,;.

9. Removal of. the Core Support Floor>

10. Disassembling:the PCRV Lower Plenum-
11 ;. . Final; Dismantling, Decontamination, and Cleanup Activities

M J A technicali evaluation is provided _ in Section 2.3.2 which provides
the basis forJthe technical approach selected to decontaminate and

~ dismantle the PCRV. .A brief . description is also provided to-

,

jidentify various techniques which were considered for removal of the q>

PCRV-activated concrete.:~ 4

:

Balance of Plant System Decontamination and Dismantlement Activiti.itiL
y_ . -

.
.

l
-

'

: The balance; of plant systems that 1are contaminated oripotentially _*
.

. . contaminated above releasable limits and may. require decontamination
f or -dismantlement Lare identified in' Section 2.2.3. Worki activities.
M associated with .these ' systems ~. are discussed in paragraph; 2.3.4 of |

,this:section.
,, ,

1

: 2.3.2 - Technical Anoroach Selection '

+ 2.3.2.'1"00tions ' Considered for Removal of the PCRV.
' '

"Keyfelements ofithe decommissioning plan include the techniques to*'
" : be - used r to! remove theEinternal ' components from the 'PCRV and ' to 4,4

remove the activated concrete from'Lthe PCRV structure. This
'L E 1 technical a'pproach cis o based on filling -'the - PCRV -'with J waterJ for
w ishielding1whilecinternal components :are being removed and, using

. '
Ldiamond-wire cuttings to' remove the activated concrete from the .PCRV -

~

-

7 : structure. These methods provide' the decommissioning projectL with-' '

-

:the coptimum, schedule,3 cost, ALARA, risk, and safety considerations
.

<

1w -
<
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| V '

for decommissioning the PCRV. A detailed description of the PCP.V
disassembly techniques and the basis for selecting them are
described below.

ITwo basic methods to disassemble the PCRV were considered: (1)
I in air (dry) disassembly, and (2) filling the PCRV with water to

provide shielding. Two possible methods of in-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 refueling penetrations in the top
hea , and partially remote disassembly from a massive shielded workd

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 Disastembly:

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

p than predictable results. Although use of remote operations would'

Q 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

i

due to potential breakdowns or delays, lack of reliable backup I

techniques, and lack of adequate contingency plans. Design, :

fabrication and testing of specialized robotics would also have to |
| occur in a relatively short period of time, which could cause
| unnecessary delays in the project schedule. Additionally, removal
I of the CSF would be extremely difficult, since it is too massive

(270 tons) for practical remote removal. I

2.3.f.l.2- Partially Remote. In-Air Disassembiv:

L Partially remote in-air disassembly of the PCRV relied upon a
| massive shielded werF platform. that would be required to protect
!- workers from radiation exporure during disassembly. Access ports

would be required in this platform through which hand-held,
| pole-type tools could be inserted to perform the disassembly when

the platform is properly indexed over the work location. Using thisI

approach, radiation exposure would be increased because of the
extended stay times resulting from restricted tool access. Removal
of the top head ar.J the top of the PCRV liner for installation of

O the work platform would be difficult because of high radiationd levels and would probably require remote operations.

2.3-3
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2.3.2.1.3 Floodina the PCRV:

The final 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 disassembly to be !
completea 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. Dismantling operations are greatly |
simplified. by "N of sight" manipulations as a result of direct |
viewing of the eattre cavity.

.

2.3.2.1.4 Conclusion: |

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
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 Techniaues Considered for Removal of Activated PCRV

Concrete
,

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 method 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 minimized to 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 determined to
be less desirable for removal of activated PCRV concrete for the
following reasons (these techniques may be used for other
applications during the decommissioning project): (1) r pandinga

grout and explosives could be used to break apart the PCRV concrete,
but were less desirable because of the heavy reinforcement of the g
concrete and the presence of the PCRV liner on the face of the
concrete; (2) Thermal techniques were evaluated but were less-

2.3-4
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desirable due to Sol positioning difficulties, which could cause
cost and schedule concerns; (3) Mechanical 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 PCRV Dismantlement and Decontamination

2.3.3.1 Overview of PCRV Dismantlement Activities

The major decommissioning task is the dismantlement and
decontamination of the radioactive 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 following paragraphs represent preliminary planning and may 1

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 l
|

-

L to- dismantle and decontaminate the PCRV. Initial dismantlement of j

Lo . the PCRV will include removal of. selected PCRV internal components '
-

'V and removal of portions' of the steam generators. The selected j
Linternal' PCRV components _ will be removed from the upper portion of !

L ,the PCRV using the fuel handli g eachine (FHM) and Auxiliary |
| , Transfer Cask -(ATC). These components may include the 37 :ontrol

rod - metal clad reflector blocks (MCRBs), 270 non-control rod
hexagonal MCRBs, and certain helium purification components.
Simultaneously, the non-contaminated portion of the steam generators
-(also called the steam generator secondary assemblies) will be
-removed from the lower portion of the PCRV to provide access for |

detachment of the contaminated steam generator primary ~ assemblies I

(See Figure 2.2-6).
l

To facilitate the removal of the remaining reactor core components, I,

R the reactor cavity will be flooded with water. As discussed in-
Section 2.3.2, flood.ing the PCRV will provide shielding for the

|

L workers associated .with PCRV dismantlement activities, After the I-

"
steam generator secondary assemblies are removed from the bottom of
the PCRV, theE PCRV bottom- head and side wall' penetrations will be

b sealed, a water cleanup and clarification- system will be: connected,
|

L and the. PCRV will be flooded.

To gain entry to the PCRV cavity, a plug of concrete will be removed
from the top. head of the PCRV. Selected PCRV- prestressing tendons 1\ (See Figure 2.2-6) will be detensioned or removed. The top head l

plug will be cut into sections of appropriate size such that the
,

L 2.3-5
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weight and dimensions will allow them to be handled with the Reactor -

Building crane and permit th~n to be moved out of the building.
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 i

liner insulation.- A detailed oiscussion 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 liner and concrete have been removed. Working from this <

platform,. workers will remove core components, including the
remaining MCRBs, defueling elements, hexagonal reflector blocks,

,; large side reflector blocks, side spacer blocks, core support blocks|
L and core support posts. This activity is described in Section

2.3.3.8.
,

O'nce the core internals have been removed, the core barrel (a large
'

carbon . steel cylinder) will be removed by cutting it . into pieces
s

: 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 30-foot diameter, 5-foot thick disk of
reinforced concreteL -within - 'a 3/4-inch steel casing weighing
approximately 270 tons. The CSF will be segmented into manageable
pieces-and removed using the Reactor Building crane.. To segment the
CSF and separate it from the CSF columns and the helium ducts, a
variety of cutting techniques : (including plasma torches, abrasive
water _ jet, diamond-wire .saw 'and . core boring) will be used as

|| appropriate. 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 discussed 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 beltline concrete is the PCRV region that'was adjacent
to the reactor core. It is estimated that this activated region is

L defined by-a cylinder with an 18 to 24 inch wall thickness and a
! height of 40 feet. This section of PCRV sidewall will be removed by

cutt,ing and removing vertical segments. The activated liner plate,

2.3-6
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insulation and cover plates will be removed with the concrete.
These activities are discussed 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 iower floor 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 discussed in Section 2.3.3.12.

2.3.3.2 Initial PCRV Preparation

Initial tasks to be completed in preparat on for dismantling the
PCRV will include acquiring tooling, setting up training mockups,
installation of the PCRV water cleanup and clarification system, and
craft personnel training in accordance with Section 2.6.

Preparation activities include any modifications or revisions to
existing facilities and equipment and installation of new facilities
and equipment that would be necessary for their use in supporting
the decommissioning operations. No major facility modifications areO required that will affect the safety of the facility.

Preliminary plans involve enlarging the refueling deck equipment
hatch and truck bay door to allow passage of larger items. Pl ans
also include re-reeving 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 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. A water cleanup and
clarification system, installed to nidintain water purity in the

- flooded PCRV, will be discussed in Section 2.3.3.6.

2.3-7



,

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

L
p
W

r

a'
.

PROPOSED DECOMMISSIONING PLAN

-SECTION 2:

i Following helium circulator machine assembly removal, as identified
in Section 1.5.2 -(See Figure 2.3-1), each of the four helium

i

circulator PCRV' penetrations will be sealed by installing a closureE t

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

2.3.3.3 Steam Generator Disassembiv

2.3.3.3.1 Initial Steam Generator Disassembiv
,

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 penetration. The primary assembly is' contaminated and the
secondary assembly is not expected to be contaminated. However, in ;

. order to remove the primary assembly, the secondary assembly must
first be removed from beneath the PCRV.

The removal off the _ insulation from the steam generator secondary-i

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 insulation will:be tested for _ asbestos -content.. If asbestos is
present, appropriate controls will be implemented for removal 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) steamf
generators to=be removed.

2.3.3.3.2 Removal ~of Steam Generator Secondary Assemb1v

- Removal of- the steamL generator secondary assemblies = '(See Figure
!2.3-2)< will- be accomplished in' the reverse of the original

construction : installation sequence. The- steam generator secondary
assemblies are expected to be free of contamination;

1

The Marmon clamp (See. Figure 2.3-2) will be removed from the lower. |

end of the steam generator secondary. assembly. .This will _ allow
withdrawal of the hot reheat piping from the steam generators.
Because of the length of the hot reheat pipe, it will be severed
into several sections as it is being withdrawn from the ' steam

'

generators.

The cold . reheat pipe will then be severed by remote operations at !

the threaded connection below the primary closure dome. Severing

2.3-8
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,

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. t

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-lowered 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 installation operations. ,

% _In order to detach the primary assembly from the penetration liner,
the final step will be to cut the penetration liner below the flange

? .
joint, at the primary closure dome,- cutting from the uncontaminated

L J side of- the~ penetration into the contaminated PCRV lower plenums
'' area. . The ' cut will be ~ made in several steps, with- support shims

[ installed to maintain vertical support for the steam generator
L, primary . assembly once it has been severed from the penetration
p liner.:. The steam generator primary assembly is also stabilized by *

K the ; steam generator shroud connection to the lower floor and- the<

helium duct connection to the CSF.

Each 'of the - twelve steam generator primary; assemblies will be
detached from their respective- penetrations in the = above sequence
and 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,
,

IWhen cutting operations have been completed, the interior o_f the
' penetration.. liner may be sprayed with: a strippable coating to ease

.^
ifuture decontamination operations. A new secondary closure -plateo

will.be welded in place to seal'the penetration liner in preparation3
R 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..- x

Still photographs and video recordings will also be made to assist

2.3-9 -
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in mockup design and training for eventual dismantlement of the PCRV '

lower plenum.

2.3.3.4 Removal of Activated Comoonents Usina the ATC and FHM

Selected activated components will be removed from the PCRV using
the ATC and the FHM. Use of this equipment will provide shielding
while transferring highly radioactive components from the PCRV to
shipping. casks with minimal personnel exposure. The 37 control rod
MCRBs and the 270- non-control rod hexagonal MCRBs will be removed
from the PCRV by the FHM, Removal of certain components in the
helium purification wells and penetrations, and placement of the

.

1refueling sleeve, will be performed by the ATC.

As identified in Section 1.5.2, the RCDs, CRD0As, MCRBs and high I
'temperature helium purification equipment may have been previously

removed.i= |

!- 2.3.3.5 Dgtensionina and Removal of Pretensioned Tendons
|

Concurrent with operations _ discussed _in Sections 2.3.3.2 through |

2.?,3.4 is the detensioning of circumferential tendons in the top |
head and the -detensioning and removal 'of the top crosshead and 1

longitudinal tendons as. necessary (See Figure 2.2-6). -Temporary
scaffolding will be erected to facilitate- tendon removal. Removal |.

will be accor.plished by detensioning, in conjunction with thermal
cutting. j

u

2.3.3.6 Floodina- of the PCRV

2.3.3.6.1. Preparation for Floodir,a the PCRV

Once operations described in Sections 2.3.3.2 through12.3.3.4 have
been completed, activities may proceed to flood the PCRV. A network,

| 'of PCRV liner cooling tubes (System 46) 'and the tendon tubem 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 contamination, the liner. cooling tubes-and selected tendon 4

tubes will be sealed with grout or other suitable sealant.

.Before flooding the vessel, all FCRV penetrations (including

)
_ instrument penetration internal components and other items such as
the thermocouples routed through the core support blocks) will be
removed and the penetrations sealed. A PCRV low point penetrationo

k will be sealed with a specially designed closure before the PCRV is
|

2.3-10 l
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flooded. This closure will provide piping connections for the water
n - cleanup and clarification system described below.

2.3.3.6.2 Installation of the Water Cleanuo and Clarification
System

After verifying that the steam generator and helium circulator ,

j- penetrations are sealed, the water cleanup and clarification system
L will be installed. Thewatercleanup/clarificationsystem(See
L Figures 2.3-4 and 2.3-5) 'will consist of two 50 percent trains of

parallel equipnient. Typically the system will be operated using
both trains of . equipment, but it can be operated at reduced capacity

,

(one train only) to permit routine maintenance. Figure 2.3-4 is at

pictorial view diagram of the planned system.'

Each train of equipment- will consist of.a coarse strainer designed
to remove gross debris and to protect downstream equipment. A

standard. dimension process pump-will provide the driving head for,:

l' the purification flowrate through two banks of filters located
L downstream of the pump. A prefilter will remove larger suspended

'

; soli.ds, and 'a final filter will provide the degree of filtration-
'

necessary to ensure acceptable water clarity. Suitable valving and3
'

cross connection between trains will enhance system flexibility and1

availability. In .. addition _ to , the capability - for - full-flow

filtration of the PCRV water inventory. the system design' will' also'

,

include _ partial (side stream) demineralization for controlling
dissolved = solids. " Feed and bleed" connections for adding.- clean

'

' makeup water and for- removing contaminated water will also be |

:provided to control' tritium. (Tritium-and liquid; release is -|
discussedL further in Section 3.3).- Chemical addition: tanks are-

.

< included in. the' design for chemistry and pH control, and- to suppress
. biological- growth. _The' ' system design; will also include |

instrumentation,, controls and sampling- points. .-These will enable
proper operation in monitoring the system and effectiveness of its
components. The' purified water will return to the top of the .PCRV
cavity by means of a distribution header designed to minimize local
velocities and turbulence to maintain underwater visibility.

The equipment .will be appropriate for the radioactive nature of the-
process fluid. Equipment that can generate a high radiation field,;
such as filters, will 'be shielded and provided with remote handling
capability. Equipment fluid ' drains and leakoffs will be collected, .
treated and disposed of as discussed in Section 3.

2.3-11
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2.3.3.6.3 Floodina the PCRV

The PCRV will be flooded well before operations that require
shielding are scheduled, to allow time for the water chemistry to
stabilize and turbidity to be eliminated by filtration. The PCRV
will be flooded to a level that radiological conditions necessitate

L to provide ample shielding when the PCRV top head concrete is
removed.

2.3.3.7 PCRV Too Head Concrete and Liner Removal

It is planned that the PCRV top head will be cut using diamond wire
techniques, and removed in several sections which can be handledg

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- 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 radioactive material.

The PCRV top - head sequential cutting operations consist of the
- following major- activities (the. number and shapas of these sections
. may ; change based on ' detailed engineering evaluation during the'

~ lanning phase):-p

' ~

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 horizontal core ' drilled holes.-
(Figure 2.3-6).

;3. Thread the diamond wire through the intersection points of
the cored holes to make a loop to allow cutting : of the
concrete.(Figure 2.3-7).

4. Insert shims (as needed) in the kerf.-of the diamond wire
cut area to prevent closing of the gap due to the-weight of-
the concrete'.

5. Make eight inclined core drilled holes to' intersect with
.the horizontal cut kerf (Figure 2.3-8).

6. Make the four vertical sectioning cuts using - the diamond
wire method (Figure 2.3-9).

7. Make the six vertical tapered back cuts using the diamond
wire method.

8. Rig the sections for removal.
.

2.3-12
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Removal of .the eight sections of tophead concrete, of which the
lower portions 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. The eight concrete
sections will be moved to a waste processing area for further
sectioning, segregation and preparation for disposal.

The diamond wire cutting system consists of a ' wire with collars
containing a diamond-matrix, 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 on 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,
l

,

In order to remove the remaining concrete layer and liner plate with
attached insulation, the following - steps will be performed.
Concrete will be: removed providing a- circular trough around the
outer. periphery of. the reactor cavity (See Figure 2.3-10) . . Two

p additional parallel troughs will be formed, dividing-the disk into
T |three. segments.- This.will provide access to the top side of the

liner for thermal cutting of the liner and removal of insulation.
After the insulation is removed, a final thermal cut will be made to
sever the remaining insulation cover plate, thereby ' penetrating
through to . the _ PCRV cavity. Prior -to freeing the segments, they
will . be . adequately- supported. .The concrete / liner / insulation disk,'

after'possible-further segmentation, will be removed and placed in a
waste processing area for| further -sectioning, segregation- and
preparation for_ disposal.. Removal of the' top head .section provides

-an access opening to the PCRV cavity. '

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.- It' is currently planned to have
multiple . workstations on this platform. This platform will also be-
_provided with underwater lights capable- of being- positioned to

.

D assist the workers with removal activities,

i:
l' 2.3.3.8 Dismantlina PCRV Core Components

. (
.

'Following the removal of the PCRV top nead and installation of the-

work platform, dismantling of PCRV co e components will take place.
| x

' These activities will include the removal of the reactor internals.
within the core barrel down to the CSF. Several reactor components

|_
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are highly radioactive and will require special handling. These
highly radioactive components (500 mrem /hr or greater) will be
specifically identified and special handling procedures developed
for their removal . PCRV core components will be disassembled and
removed from the top down using manually operated grappling tools or
power-operated hoisting equipment operated from the work platform
(See Figure 2.3-11).

The initial task is to remove the 24 upper reflector ? eye. which
must be accomplished in order to remove the side reflectar Diocks.
The keys will be detached by removing the five nuts per rey or by
thermally cutting the keys.

Removal of the approximate 5000 graphite blocks from the core
(defueling elements, reflector blocks and core support blocks) will
occur top-down, layer-by-layer, starting from the center and working
out to the outermost boronated spacer blocks. Removing the
graphite blocks from the reactor will require several handling
tool s . The handling tools will be comprised of remotely-engaged end
effectors connected to a hoist by a cable. The cable and hoist
arrangement will allow working with a shielding bell when required.
A long-handled pole, capable of being remotely attached or detached,
will position the end effector on the piece to be lifted. The
graphite blocks will be removed from the core using the handling
tools as described below.

1. Defueling elements, hexagonal reflector elements and the
remaining six MCRBs: An end effector t:ith a remotely
operated grapple, similar to the Fort St. Vrain
fuel-handling machine grapple mechanism, will engage the
central lifting hole in the elements. The e'ements will be
removed vertically from the PCRV.

2. Large side reflector blocks: The tool will ift tne blocks
by use of the two existing b wdling hales. The end
effector will use remotel" apandabk en11ets to engage the
holes.

3. Boronated side spacer reflector blocks: The tool will
attach to the blocks using remotely threaded lifting
points. The block will be lifted vertically and then
transferred to a separate handling tool to remove the
boronated pins. The boronated pins will later be removed
using a shielding bell to transfer the pins for waste
disposal packaging. The blocb will be moved to the waste
processing area.

2.3-14
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4. Hastelloy can reflector blocks: The end effector will be
.the same type as used for the defueling elements. The.

blocks will be lifted vertically using the same lifting rig -
or transferred to a separate handling tool and then >

removed. Several ' methods (e.g., suction or spearing the
. cans with a pick) could be used to remove the Hastelloy j

cans from the graphite reflector blocks. If it proves to l
ibe impractical to remove the cans, the blocks containing

the Hastelloy cans will be disposed of as a higher class of I
radioactive waste.

5. Core support blocks: Remotely expandable collets will be
used to engage the lifting ' holes. The end effector will
accommodate the various hole spacings and sizes for the

,

inner.ar.d outer support blocks. |

6. ' Core support posts: The end effector will grip the outer
diameters of the posts.

| p)_
" . 7. Lower post seats: The end effector will grip the- inner
( diameter of the seat.

Since th'e graphite blocks. have been immersed .in water, appropriate
steps will be taken in handling: and packaging the blocks to wipe, 1

drain, or dry. the ' blocks as necessary to -assure compliance with- |
shipping and disposal regulations.

a.
. Estimated contact. dose. rates for the graphite blocks is provided in
Table; 2.3-1. The graphite blocks with estimated contact dose rates f
of 500. mrem /hr or less can be handled: unshielded- and prepared for - 1

radwaste shipment. Graphite blocks with boronated pins, Hastelloy 1

cans, or other components reading ' over -500 mrem /hr will require 'I
Ishielding or remote handling. These components will be drained and
I

L transported directij- to the hot service facility (HSF) or
D appropriate shielded area'for packaging in an appropriate cask for
! subsequent shipment and disposal.

Afterf removing:the-graphite blocks, the 24 lower reflector keys will
- be - removed. - The lower. keys, which are made of Hastelloy X, will
.have estimated radiation levels of 10 Rem /hr at 1 meter.- The lower
reflector keys will be placed in a shielded container under water i

for movement to the radwaste area for packaging and disposal in a j-

O manner similar to that described above. The removal of the lower |

| O- keys allows the core support blocks, posts, and post seats to be

2.3-15 )
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removed. This will be performed underwater with p appling tools
similar to. those used in previous operations.

2.3.3.9 Removino the Core Barrel

The core barrel and core barrel keys will be removed by thermal
cutting. The core barrel will be cut into sections suitable for
hansling and packaging as activated radwaste. The core barrel will i

be sectioned and removed to a level aust above the silica blocks on j

the CSF. :

2.3.3.10 Removal of the Core Sucoort Floor ;

2.3.3.10.1 : Removal of Silica Blocks. Cover Plates and Insulation
from the Core Sunoort Floor (CSF)

|

As currently planned, the water level will be lowered to just above ;

the top surface of the CSF.- Lowering of the water level in the PCRV
-

will be- accomplished by processing - the- water through the
demineralizer ' system of the. PCRV water cleanup and clarification j

_

system. The water will be analyzed prior to discharge.. It 'is i

expected-that the tritium; level will be well: below the unrestricted !

release limit: for_ water discharge '(0.003 microCi/cc), since all of
.

the' graphite -blocks will have been removed. - The water can then be
released directly from the site by directing it to the . cooling tower

-blowdown water line, which is similar to the current liquid waste : <

. discharge route. . '

Asithe water level is lowered in the PCRV, the walls will be washed
down with < clean water to remove residual loose contamination.L A- q
remotely-operated' electro-hydraulic ram hoe will be lowered into the ;

PCRV to break up-the. silica blocks. A: removable seal plate will be 3

-affixed to each of the 12, steam generator penetrations in the CSF to
prevent loose debris from entering the steam generator' modules.

- After the: 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 Lin :
unshielded containers, since radiation levels _ are expected to be
less than'500 mrem /hr. 'The PCRV water level will be.left slightly

,

above the CSF to-minimize the potential for airborne releases during
this operation. *

gAfter the silica block debris has been. removed, the insulation cover
plates will be' peeled up by the ram hoe with a sheet ripping

atta,chment. The cover plates and any loose silica debris can be
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picked up, vacuumed, or scooped up at .this time. The steam
generator penetration seal plates will then -be removed. Other

D mechanical methods for removal of the silica blocks will be
considered.

2.3.3.10.2 Removal of the Core Sucoort Floor

The removal of the CSF from the PCRV has the- following conditions
that must be addressed:,

1. The CSF assembly weighs approximately 270 tons, which
exceeds the Reactor Building crare capability of 170 tons.

,

L 2. Radiation levels above the CSF will increase as the water |
| level is lowered to gain access for CSF removal operations. |

3.- Radiation levels in the lower plenum below .the CSF- are
expected to be 1-2 Rem /hr due to plateout on the . steam

-

generators. These radiation levels prohibit direct, manual,
in-air disassembly of the CSF from underneath.

4. The-CSF is configured with certain attachments that must be
considered in removal operations.

_l
1:

- -1

|. 5. The steam generator lifting structure and insulation on the
' underside of the CSF impede sectioning and scoring required
for diamond wire cutting. )

'

: 6. . .The twelve _CSF support columns, cooling and instrumentation
lines contained within these columns, and the steam

,

generator primary assemblies must:be separated from the CSF 1

before a segment of the CSF can be lifted. I

During the= Decommissioning Planning Phase I, several methods will be
- considered . for CSF removal . The removal methods considered will
include, but not be~ limited to, the following:

p
-

.

' '

l. For cutting and scoring of the CSF insulation: plates -and
liner, pl asma-arc, carbon-arc or other methods will be
evaluated as part of the final procedure development.

2. For concrete cutting of the CSF, diamond wire and high
pressure water jet cutting will be evaluated as part of the
final procedure development.

.
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The steam generator primary assemblies are planned to be
,

disconnected from the CSF using remotely operated cutting equipment '

through the openings in the CSF. The CSF support columns are ;

planned to be disconnected with similar methods or by drilling an
oversize core hole through the CSF at each support column.

While still in the PCRV, the CSF may be sectioned into pieces that I

are within the lifting capability of the Reactor Building crane. As
an alternative, the CSF could be severed from its attachments and

.

'

raised above the PCRV with specially installed high capacity jacks.
Once it is above the PCRV, more access is available for disassembly '

operations and it would be cut or segmented into pieces that could
be lifted and handled. Shielding and contamination control would be
provided as necessary. One or a combination of these methods may be
utilized to remove the CSF. The factors of ALARA and safety will be
of primary consideration in the selection of any method to be
utilized.

2.3.3.11 Disassemblino the PCRV Lower Plenum

lDuring 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.

!

The helium diffuser and shutoff valve assemblies will be removed R

using techniques similar to those described in - the following-
paragraphs for removal of the steam generator primary. 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 floor. The assemblies will be rigged to the -
Reactor' Building crane, removed and transferred to_ the waste-
handling area for processing and disposal. All of the remaining a

components. in the lower plenum will be removed and transferred to
the waste handling area for processing and disposal.

Using standard rigging techniques and devices in conjunction with
the Reactor' Building crane, the steam generator primary assemblies a

will be rigged to secure them before the final severance cut. Once
the steam generator primary assembly has been rigged to the Reactor
Building crane, it will be remotely disconnected by cutting ~ the

4

clamp at the connection of the steam generator shroud to the lower
floor. Any remaining instrumentation or connections between the

2.3-18

|

|



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

,

1

'

PROPOSED DECOMMISSIONING PLAN
SECTION 2

'

steam generators and the lower plenum will be severed remotely.
When these activities have been completed, the steam generator may
be removed from the PCRV cavity by the Reactor Building crane.

Because of the anticipated high contact dose rate associated with
the steam generator primary assembly (economizer, evaporator, and
superheater sections), a special shielded shipping container (Figure
2.3-12) will be required. The following methodology will be
employed to remove and ship the steam generator primary assembly. ;

As.the primary assemblies are lifted from the PCRV by the Reactor i

Building crane, 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 to drain as necessary over the PCRV
cavity. The steam generator primary assemblies will then be moved
to the truck bay. A shipping container will be located in the truck |

Ibay to accept each steam generator primary module as it is- removed
from the PCRV. 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 -
hal f-cylinder. Structural supports will be welded to the half'

3
'- section of culvert to provide structural support.

Support | saddles will be mounted inside the culvert and serve a dual 1
,

L purpose. . First, the saddles provide a means of attaching the steam -l
'generator primary assembly to.the culvert and transmitting the load ;

to the structural supports on the outside of the culvert.- Second,
= the saddles will keep the steam generatorg primary assembly centered

,

in the culvert with an annular space of about 8' inches between the ;

! inside diameter the culvert and the outside diameter of the steam
generator primary assembly.

1

The primary assembly will be lowered through the refueling deck' I
access hatch to-the truck bay, then transferred to the packaging and
shipping area. The partial shipping container 'with the steam
generator will be moved to the F2ckaging and shipping area, 'and- the -
top half of the container wi" be installed.- If- required, the
annular portion -of the steam generator between -the shroud and the :
tube bundle support 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
l' primary assembly. If necessary due to the high contamination
: . - levels, the 8 inch annular region between the outside of the steam

generator shroud and the inside of the culvert will be. filled with
A grout for shielding.
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The combined weight of the shipping container, steam generator. |
assembly, and grout will be approximately 191.000 pounds. If actual
contamination levels in the steam generstor primary assemblies are
lower than expected, 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.

With the steam generators removed, all of the significant radiation
sources 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 the
insulation and insulation cover plates on the PCRV liner and'
penetrations. These features will be removed utilizing hands-on
tools and will be processed for disposal. The Knowool insulation
removed in this activity will most likely require removal of the
absorbed water to . assure compliance with shipping and disposal
regulations. The removal of the absorbed water will initially be
accomplished by pressing or squeezing the wet Kaowool, or others

suitable drying techniques as required.

During thest final dismantling activities, the dose rates inside the g'

PCRV lower' plenum will be significantly lower than during previous W :
. operations since the largest radiation source,.the steam generators,

_ _ ,

will have been removed. It is estimated that the general area i

. radiation level will be low enough to allow activities to be
.

performed in'.the lower plenum manually, - which will ~ increase i

productivity and still be ALARA acceptable. q

2.3.3.12. Final Dismantlina. Decontamination. and C1.eanuo Activities

The following activities are included in this task:
1

'

1. Scoring and cutting the PCRV sidewall insulation and liner.
2. Cutting.and removing the activated concrete in the beltline,

region of the PCRV (See Figures 2.3-13 and 2.3-14). '

3.- Removal and/or. decontamination of all. remaining
contaminated concrete. ,

4.. Decontaminating the PCRV lower plenum liner.
5. -Performing the final survey of the PCRV.
6. Demobilization .and - decontamination of the PCRV D/D tools.

and equipment.
7. Disposal of the water cleanup and clarification 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 u part of each unit. Diamond wire

'
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icutting 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 methods a
before the concrete is cut with the diamond wire technique. This'-

9 prevents the diamond wire from entangling in the steel seal sheets
and insulation, i

Tendons which must be removed for access of the diamond wire will be
detensioned and removed. Other tendons detensioned to relieve" '

p' compressive stress on the kerf of the diamond wire cut will be left
in place.i

m
Circumferential tendons at the elevations of the horizontal cuts

L 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 2.3-13. 1

..

h) -
The inner row.of. vertical PCRV tendon tubes are suitably positioned
for _ removing the beltline activated concrete (see figure 2.3-14).i'

. However, in .the event |that these ~ tendon tubes prove to be unsuitable
for the initiation of diamond wire cuts, new vertical holes will be
core drilled.

Communications down . the vertical tendon tubes. or new core drilled
L' 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: 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 final

1

back cut _ is made between the adjacent tubes- or holes. These
sections will' be moved to a radwaste: processing area for further
cutting and-preparation for disposal.

. The water cleanup. and clarification. system- will be dismantled and
decommissioned similar to balance of plan piping system. The system!.

L will be drained;and the water processed as liquid waste.as discussed
j in Section: 3.3.2.2. The piping and components rtill be

decontaminated,- dismantled and packaged- for disposal. The
demineralizers will be the last items taken out of service.- The

.
demineralizer resins will be solidified in the liners using a mobile

O cement solidification system and disposed of as radioactive waste.
V The demineralizers will be leased equipment, and will be

. decontaminated and packaged as necessary for return to the owner.
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Following the' removal of the activated beltline concrete, a final l
cleanup and decontamination of the entire PCRV cavity will be
performed. Decontamination methods may include conventional wiping
techniques, scabbling, scarifying, vacuum sand bl ast, or a

,

hydrolaser method, depending on the degree to which the 1

contamination is fixed on the surface. A survey of the PCRV will 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 wiih . other appropriate penetration caps and'

guardrails will be installed in compliance with good industrial
safety practices,

i

!
2.3.4 Contaminated Balance of Plant System Dismantlement and i

Decontamination

2.3.4.1 Introduction i

The decontamination and dismantlement of contaminated or potentially
.

contaminated balance of plant systems will be done by either (1)
decontamination :in place, (2)- removal and decontamination, or (3)

'

remova1' and disposal as. radioactive waste. Systems that are-

.

contaminated or potentially contaminated above releasable L11mits
requiring decontamination or dismantlement include the-following:

1. System 13 - Fuel. Handling System -
2. System 14 - Fuel Storage System
3. -System 16 Auxiliary Equipment |

4.; System-21 - Helium Circulator Auxiliary Equipment
5. System 23 - Helium Purification' Auxiliary Equipment
6. System 24 --Helium Storage System

.7. System 46 - Reactor Plant' Cooling Water System
8. . System 47 - Purification Cooling Water System
9. System 61 - Decontamination ~ System

10. . System 62 - Radioactive Liquid Waste System i

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' I

coincide with fluctuations in critical path PCRV activities to level ;

project manpower and to minimize competition for use of plant
equipment.
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In - general, contaminated or potentially contan.inated piping,
components, structures, 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 structures 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 used 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. Decommissio'ning Project demonstrated that

- contaminated or potentially contaminated piping and components can
_

be quickly- removed by plasma-arc 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

. mechanical methods, such - as handsaws - and hacksaws. As piping is
removed, the open- ends will be covered and the piping segments will-

: be placed in LSA containers. . All piping, instrumentation,- valves,
and fittings will be loaded into the waste containers.

' Piping will be removed by following contro11ed' steps -in accordance
with project procedures- and radiation work permits. System tagout
procedures will be followed to de-ene'rgize 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 controis will include saddle tap valves-

for draining residual water, drip containmats to capture metal
filings,zHEPA 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.

O
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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 satisfies the i

'release criteria identified in Section 4.2 will be capped, tagged,
and abandoned in place. Piping that does not meet the release
criteria will be internally decontaminated by scrub brush or j,

pipe-turning tools, such as a boiler tube cleaner, and internally ;4

wiped with moist rags until it meets the release criteria. If it is

' embedded n' ear the surface, the pipe may be removed from the concrete !
'with a concrete coring tool.

2.3.4.2 System 13 - Fuel Handlina System

The contaminated fuel handling equipment at Fort St. Vrain includes ,

the FHM, four RIVs, and two. refueling sleeves. However, the l

residual radiation- and contamination levels for this equipment are
' low enough;to allow manual-disassembly on the- operating floor. The.

operation is planned to proceed as follows:

Fuel Handling Machine (FHM) - The FHM will be disassembled into its ~!
component -parts as necessary for decontamination or disposal. The i'

four counterweight columns will be removed and lowered to the deck
by the Reactor; Building- crane, along-with the top platform. Before i

separating bolted components, sleeves will- be attached to maintain a
,

contamination envelope. The body of the FHM will be decontaminated - |

.on the operating floor, and if tree release limits are achieved, it,

. will be left there. :If further disassembly is required for release,
the 1ead shot will be removed, -and- the body will be segmented for
segregation of uncontaminated material' from the contaminated 'l
material. The contaminated scrap will be disposed of as described:
in Section 3.3.

Reactor Isolation Valves If these valves cannot be readily-

decontaminated by manual means, the valves will. be removed.from the
.

operating floor. The lead shot shielding,-which is not expected to |
.be activated or contaminated, will be removed through mechanically !

drilled holes in the shield blocks. The valves will then be
disposed of.as described in Section 3.3.

Refueling Sleeves These will be decontaminated by hydrolaser-

techniques or sandblasting, then surveyed and released as clean
scrap.

O
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2.3.4.3 System 14 - Fuel Storace Facility

The fuel storage facility consists of nine fuel storage wells (FSWs) 1
'

in concrete pits. Each of the nine inner storage wells will be
-decontaminated, surveyed and the top access plugs replaced. The

,

outer wells and the reactor plant water cooling system are not |
contaminated and therefore, no outer well decontamination or -

dismantling _-is expected to be required for the decommissioning
_ project. Before or after decontaminating the FSWs, some of the
reactor plant water cooling system' piping at- the bottom of the FSW a

concrete pits will be removed and cut open for survey. J

' Decontamination of the FSWs is based on high-efficiency particulate
,

air -(HEPA) filtered _ vacuuming to - remove loose contamination, and
| sandblasting' or hydrolaser techniques to remove the residual !
''

contamination. A ~ high-volume, portable HEPA-filtered vacuum unit
will be connected to a special vacuum head for use in_ each of them ,

cloverleaf-shaped _ wells. Flat surfaces will be - vacuumed with a_ '

7
| conventional' vacuum head. Residual contamination will 'be removed by

. _

sandblasting or by use of a hydrolaser from the operating floor and -

p from within the well. . Spent sand will be coll *cted- in catchments-
-

.

Q placed at the bottom of the well. . The wel' _.. pipe _ will provide
the necessary water' drainage during hydro'*st. oporation. After the
initial. sandblasting or_ hydrolaser process, the /ive standoff plates
at the bottom of the wells will be removed by e. worker equipped with t
an-impact wrench. This. will provide access ti the bottom plate for

.

final decontamination and release _ surveys- an the well and drain
piping..

- The well plugs will be decontaminated and replaced and sealed after
. :

the release surveys have been completed.

2.3.4.4- System 16 - Auxiliary Eauioment '

This equipment consists. of the ATC, 3 shielding. adapters, 10
equipment storage wells (ESWs),-and the HSF.

ATC - All components. above the top base (32 ' ft. 11 in above the
operating floor) will be . removed by' the_ Reactor Building crane. A

containment sleeve will seal the contaminated ports in the cask and-
hoist assembly floor as they are separated. The hoist cover and

~

lift extension will then be lowered to the operating floor and
disassembled with'n a contamination control envelope. The

'

. components will be packaged and shipped for burial or to a licensed
facility for processing and final disposition. The ATC will be

,

decontaminated onsite. The internal bore of the ATC will be J
1

2.3-25 l
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decontaminated by sandblasting or by use of a hydrolaser to the free
release criteria. After internal decontamination, the Reactor

Building crane will be used to lay the cask body over onto the
operating floor for disassembly and decontamination of the bottom
flange. When all surfaces meet the free release criteria, it will

be lifted by the Reactor Building crane and returned to storage on
the operating floor.

!

Shiecjing Adapters - There are three shielding adapters which will ,

be decontaminated by manual means.

The ten ESWs are internally contaminated and will beESWs -

decontaminated and- abandoned in place. After the plugs have been
removed, the ESWs. will be HEPA-filter vacuumed similarly to the
FSWs. A special vacuum head will be connected to a high-capacity,
portable HEPA-filter . vacuum unit and -lowered into the wells to
remove' loose contamination. Sandblasting or use of the hydrolaser
will back=up the vacuum technique. Catchments at the bottom of the
well will collect spent sand. Decontaminaticn water will drain
through the well drain line. After decontamina#. ion, the wells will |

1be surveyed for release for unrestricted use. The top access plugs
will be decontaminated and replaced and sealed. '

HSF - The walls of the HSF will be decontaminat'ed by sandblasting or
use of a hydrolaser. Before decontamination, all equipment will be

*

removed, packaged and shipped for burial or to a licensed facility
for- processing = and final disposition.- -The HSF- will .be ;

decontaminated by appropriately dressed decontamination workers. ;

HEPA-filtered ventilation will -be used to maintain. a negative j
-pressure in the hot cell during- decontamination. All exposed i

surfaces will be HEPA vacuumed before the free release surveys are -
conducted.

2.3.4.5 System 21 - Helium Circulator Auxiliaries

The helium . circulator. auxiliary equipment is not expected to be
contaminated above releasable limits . based on historical survey
data. _ However, this system will be ~ surveyed to determine the
acceptability for unrestricted release. The cleanup requirements
will then be determined and performed before release.

2.3.4.6 System 23 - Helium Purification Auxiliaries

The portions of the helium purification system outside the PCRV are
not expected to be contaminated above releasable limits based on
historical survey data. However, this system will be surveyed to

2.3-26
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'

,

y
determine the acceptability for unrestricted release. The cleanup
requirements will then be determined and performed before release. I:

:

2.3.4.7 System 24 - Helium Storaae System

The-helium storage system is not expected to be contaminated above
4 releasable limits based on historical survey data. However, this i
'

system will be surveyed to determine the acceptability for I

unrestricted release. The cleanup requirements will then be
' determined and performed before release,

i 2.3.4.8 System 46 - Reactor Plant Coolina Water System
'

p The reactor- plant cooling water system is not expected to be
i

'

contaminated above ' releasable limits based on historical data. - j
However, this system will be surveyed to deterrine the acceptability '

for unrestricted release. The cleanup reOirements will then be
li determined and performed before release. j
1 '

, 2.3.4.9 System 47 - Purification Coolina Water System

|S Q |
i'Q The purification cooling water system is not- expected to be'

_

'
- contaminated above releasable limits based on historical survey-

data. However, this system will be surveyed to determine t he --
acceptabilityi for unrestricted free release. The cleanup

~ requirements will'then be determined and performed ~before release,
m,
# 2.3.4.10' System 61 - Decontamination-System

L The decontamination system will be surveyed. to determine the' extent-

W and ~ location of' radioactive contamination. The decontamination j-

'

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 LSA shipping
containers.

,

2.3.4.11 System 62 - Radioactive Liouid Waste System--

|The radioactive liquid waste system will be surveyed to determine
the extent and location of radioactive contamination. The

- contaminated radioactive liquid waste system components are small
and will be packaged with contaminated piping during removal They

D, include: the two liquid transfer pumps, the two liquid wa: e sump
b^ pumps, the two liquid waste filters, and the two liquid waste

demineralizers. The liquid waste monitor tank and the two liquid

2.3-27
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'

waste receivers may be decontamin:sted and abandoned in place,
shipped- as one piece containers or segmented and packaged in LSA
shipping containers. The liquid waste sump will be considered for '

decontamination to free release levels and abandonment or
segmentation and packaging. 1

2.3.4.12 System 63 - Radioactive Gas Waste System ,

The radioactive gas waste system will be surveyed to determine the
extent and location of radioactive contamination. The large
components such as the two gas waste surge tanks, the gas waste
vacuum tank and the two gas waste compressors 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. ,

;
'

2.3.4.13: System 72 - Reactor Buildina Drain System

The reactor ' building drain system is not expected to be
'

-radioactively: contaminated above - releasable limits based on
.

historical- survey data. However, a survey _ - will be conducted - to
determine .the presence of radioactive contamination. Radioactive
:.:ntaminated piping or components will be either removed and shipped
in LEA containers, or _ decontaminated to free release criteria and
left in place.-

'2.3.4. R h item 73 - Reactor Buildino Ventilation
,

' The Reactor Building ' ventilation system is not expected to. be
contaminated above releasable limits based 'on historical survey-
data ~ This system- will- beJmaintained _ during ~ decommissioning to.

protect it and other plant-systems against radioactive contamination-
and toJ provide : ventilation .for decommissioning operations.- The
ventilation system will be included in the site radiological
assessment performed during the project planning phase.

2.3.4.15 System 93 - Intrumentation and Controls.
1

The' contaminated radiation monitors and moisture monitors will be
removed during PCRV dismantling. Consequently, they will not be

.

. considered as part of the Balance of Plant workscope. Other
instrument interfaces - to contaminated or potentially contaminated

Isystems will be-addressed with the respective systems and all '

interfaces will' be either removed or verified to be below free-

release limits.

2.3-28
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1

2.3.5 Decommissionina Schedule '

I

. The individual tasks making up the decomissioning effort have been 1p
.

L delineated using a work breakdown structure (WBS) approach, Figure J
2.3-15 is a schedule of the major decomissioning tasks which
includes PCRV: and balance of plant system dismantling and
decontamination, and site decomissioning. .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 B0P 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 decomissioning 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
:A 2. Decomissioning planning
iQ 3. Work specifications and procedures

'

4. Quality assurance plan
;

5. Radiation protection program
L, 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.-

2.3.6, Occuoational Exoosure Estimate.

Based on the tasks outlined in Sections 2.3.3: and 2.3.4, estimates
.havet been performed._to determine the duration- of each: task.-
Estimates have also been performed to determineL the- average ,

radiation levels in the areas that each of these: tasks will be' ''

, u -

performed. Estimates of the radiation levels -were performed based'

,

on _ calculated activities for _each activated component and on
h estimated plateout ' activities for contaminated components. These
L calculated radiation levels. were then- reduced in accordanca with
H standard ALARA considerations that reflect ' the benefits of

maintaining maximum distance from the source and utili .ing the
shielding introduced by the water system or other local shielding.

2.3-29
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Actual measurements of radiation levels at individual work sites
will be performed prior to commencing each individual task. These
measurements may necessitate changes in work procedures. The design
of the water shielding system for the PCRV dismantlement and
decentamination activities provides some flexibility in radiation'

protection, through adjustment of the water level.
!

The projected exposure for each major activity involving radiation !

exposure is given in Table 2.3-2. 'The total cumulative exposure for
the entire decommissioning project is estimated to be 433 ]
person rem, due almost entirely to PCRV dismantlement and associated i

waste handling activities.-

The 433 person-rem total exposure estimate will be used for planning
.Lpurposes only.and is not considered to be a restricting upper limit.

Actual exposures will be controlled in accordance with ALARA !

principles _(see Section 3.2). If projections indicate that the 433 '

person-rem _ estimate- may be exceeded _ during the project, written
#notification will _ be provided to the Decommissioning Safety Review

Committee _(See Section 2.4.9) for assessment. q

l
<

1
!
i

sj

,

O'
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TABLE 2.3-1
ESTIMATED CONTACT DOSE RATES

FOR LRAPHITE BLOCKS

ESTIMATED
CONTACT TRANSPORT

NO. OF DOSE CASK

GRA0HITE BLOCK DESCRIPTION BLOCKS Bal[ RE0VIRED

1) Defueling Blocks 1,482 <1 mReWhr No

2) Top Reflector Blocks 1,215 500 mReWhr No

3) Bottom Reflectors 589 500 mrem /hr No

4) Radial Reflectors Hex. 480 500 mrem /hr No

Removal & Permanent

5) Large Side 312 (10 Rem /hr Yes
Reflector Blocks

6) Reflector Keys 24 <1 mRe#hr No

7) Side Spacer Blocks..

with Boron Rods 1,152 30 Rem /hr Yes
without Boron Rods 1,152 <1 uRem/hr No
Boron Rods 309,792 60 Rem /hr Yes

8) Bottom Reflector Blocks
(a) with Hastelloy Cans 276 300 Rem /hr Yes
(b)withoutHastelloy 276 500 mrem /hr No

Cans
(c)HastelloyCans 20,061 10,000 ReWhr Yes

9)- Core Support Blocks 24 1,000 Rem /hr Yes
Hastelloy Keys

10) Core Suppor+ Blocks 244 <1 mrem /hr No
and Posts

11) MCRBs (Non-control rod) 6 300 ReWhr Yes

.

O
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TABLE 2.3-2
PROJECTED PERSON-REM EXPOSURE FOR

THE FORT ST. VRAIN DECOPMISS10NING PROJECT

..
,

ESTIMATED

WORK ACTIVITY * PERSON PERSON
HOURS HOURS

2.3 PCRV DISMANTLEMENT AND DECONTAMINATION

Initial preparation / disassembly 11,310 7
:

Remove PCRV concrete top head 18,205 20

Dismantle PCRV core and core barrel 79,230 160

Remove core support floor 3,245 105

Remove steam generators and helium diffusers 1,750 25 j

D/D PCRV Lower plenum 4,290 29 |

' Final PCRV dismantlement, decontamination
and cleanup 12,075 20

SU8-TOTAL 130,735 366

2.4 CONTAMINATED SYSTEMS D/D (80P) f
Initial preparation / characterization 1,920 <1 !

Dismantle /decon operations 28,308 1 |

SUB-TOTAL 30,228 2
|

2.6 WASTE PREPARATION, PACKAGING, SHIPPING
AND DISPOSAL

Radioactive waste less than 50 mR/hr 21,036 22
,

Radioactive waste greater than 50 mR/hr
'

to 500 mR/hr 2,510 19

Radioactive waste greater than 500 mR/hr 9,509 24

SUB-TOTAL 33,055 65 t

TOTAL 194,018 433

* Person-hours only for those tasks where the potential for measuring
radiation exposures exists

,

,
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| Figure 2.3-1 Helium circulator Installation
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2.4 DECOMMISSIONING ORGANIZATION AND RESPONSIBILITIES

2.4.1- PSC Comitment

Public Service' Company of Colorado (PSC) is fully comitted to
compliance with the existing license and applicable regulatory
requirements during all phases of the Fort St. Vrain
decomissioning. PSC's comitment to the safe decomissioning of
the ' far 'ty will be accomplished with diligence and quality
service. Corporate principles, policies, .and goals will be

'

followed to ensure performance excellence, management competence,
and high standards in every facet of the decomissioning project.

2.4.2 PSC Decommissionina Oraanization and Functions t

The PSC Decomissioning staff for the Fort St. Vrain Nuclear
Generating Station is shown in Figure 2.4-1. The manpower level is
approximately 60 people including the key staff members and all
performance level people. Overall .onsite control and i

responsibility for all decomissioning activities for both PSC and
. contractor personnel rests with the PSC Program Manager for

.Decomissioning. Within the PSC organization, four main groups
,

report to the Program Manager for Decomissioning. The groups
consist of the Project Assurance Manager, Facility Support Manager,
Operations Manager,- and Engineering . Manager Decomissioning.

,

Contractor reporting requirements and lines. of authority are r

identified in Section 2.5. j

During the decomissioning process, PSC will retain responsibility :

for the 10 CFR 50 license and therefore will maintain the following- -!
responsibilities.:-

1. Overall management oversight of all decomissioning project
activities.

2. Sole point of. contact .with all regulatory agencios within - '

the Federal, State and. local governments.
P 3. Overall responsibility for all licensing activities. ,

.4. Overall management of those plans and programs-required to
comply with licensing _ requirements, including: access
control, radiation protection, Decomissioning Emergency
Response Plan, fire protection,- Quality Assurance,
maintenance and operation of- existing plant systems,
training and configuration management.

The key decommissioning staff members perform the functions
described in the following subsections.

2.4-1 ;

i
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2.4.3 PSC Coroorate Vice-President. Nuclear Ooerations

The Corporate Vice President, Nuclear Operations, provides the
corporate support at the corporate executive level and has the
authority and responsibility to ensure that all activities to carry
out decomissioning are performed safely and within applicable
regulations.

The Vice President Nuclear Operations shall have a minimum of
fifteen years executive experience in waste management,
decontamination and decomissioning, and nuclear operations. He

must have a formal education in an engineering or physical science
field. Knowledge in the areas of regulation and compliance,
decomissioning 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 Proaram Manaaer for Decomissionina

The Program Manager for Decomissioning is directly responsible to
the Vice . President,. Nuclear Operations. 'The Program Manager for
Decomissioning coordinates and oversees all decomissioning
activities. This position provides direction to the surport groups
to . ensure- radiological: and industrial safety, comp iance with*

regulatory requirements, cost-effectiveness, and interf aces for PSC .
Labor: Relations of the decomissioning project. The Westinghouse
Team Project Director will report to this position.

The Program Manager for Decomissioning shall have a minimum of ten
years- responsible plant experience with formal teducation in an
Engineering or Physical Science field.. A signific ant -technical''

background to' have good working knowledge 'of plant principles of
operation, maintenance and : engineering' . principles. Additional
knowledge in the areas of regulation' anc' compliance,
decomissioning techniques and applied radiat'.on protection
programs are required.

'2.4.5 Pro.iect Assurance Manaaer

The Project Assurance Manager is responsible.for Quality Assurance
oversight, auditing functions, licensing and regulatory compliance,
and overall industrial _ safety. This position reports to the Vice
President, Nuclear Operations, on quality assurance matters.

~ The Project Assurance Manager shall have a minimum of five to eight
-years ex)erience in a responsible position that includes

2.4-2
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| |coordination, direction and supervision of personnel, a formal !
'

education in an Engineering or Physical Science field, and a
working knowledge and understanding of plant design and operation
and construction practices is required. A balance of experience in
quality assurance related activities and in regulatory / compliancei

requirements are preferred.

2.4.6 Facility Suonort Manaaer

| The Facility. Support Manager is responsible for Radiation
'

Protection the ALARA, the Access Control and Training programs.
This position is also responsible for managing support areas of
records control and retention, PSC training, PSC materials and
facilities.

,

The Facility Support Manager shall have a minimum of five to eight
p years experience in. a rasponsible position that includes

nordination, direction and cupervision of personnel. A formal
' intion in Engineering or thi Physical Sciences or the equivalent

# *ience in a _ science or engineering subject is- preferred.
c il training in radiation prttection is required.

-(' ,

2.4.7 Doerations Manaaer-

The' 0perations- Manager is responsible for the overall conduct and I
f . management of operations and maintenance functions. These i
L responsibilities include system operations, testing and 1

surveillances, system maintenance, lay-up and turnover. I|

The' Operations Manager shall have 'a minimum of _ eight years of
~

responsible power plant experience of which five must be nuclear
power plant experience, including coordination, direction and j
supervision of personnel. A thorough working knowledge and i
understanding of plant design and operation ~ and maintenance- 1
functions (including instrumentation and control maintenance |activities) are required. |

i
2.4.8 Enaineerina Manaaer. Decommissionino |

The Engineering Manager, Decommissioning, is responsible the 1
administrative and technical functions of the decommissioning 'l
project. Responsible areas include management of contract work, -I
technical assistance, evaluation and administration of contract

.- changes, project scheduling and overall general contracts. This
\ position is also responsible for the general oversight of field

2.4-3
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work, preparation of sr.gineering evaluations and coordination with
operations.

The Engineering Manager, Decommissioning, shall have a minimum of a
Bachelor's Degree in Engineering or the Physical Sciences and have
a minimum of three to five years of professional level experience
in nuclear services, nuclear plant design and operation, including
cor-"~ 'lon, direction and supervision of personnel. A working

and understanding of decomissioning techniques,knt e

sch u iing and contract administration is required.

2.4.9 Decommissionina Safety Review Committee

The DSRC is composed of the Program Manager for Decomissioning
(Chairman), Facility Support Manager, Engineering Manager
Decommissioning, Operations Manager, Project Assurance Manager and
the Westinghouse Team Project. This comittee reports to the Vice
President of Nuclear Operations. The function of this comittee is
to monitor decommissioning operations to ensure.that they are being
performed safely. This comittee will review and audit major

decomissioning operations dealing with radioactive material and-
radiological controls. In addition, they will review work packages
and procedures involving expected high radiation levels, reports,
reportable occurrences under 10 CFR 20 and 10 CFR 50, and changes

'made in accordance with-10 CFR 50.59.

h:i
6

|

@

2.4-4
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Q
2.5 CONTRACTOR RESPONSIBILITIES

1

2.5.1 Westinahouse Team Oraanization and Functions

This section describes the responsibilities, work scope, and
qualifications of the Westinghouse team that will perform the
decomissioning. Since PSC retains overall licensing
responsibility, the PSC and Westinghouse team interface will be
structured to clearly - demonstrate PSC compliance and control as

1required. Westinghouse will, as a minimum, obtain approval of top
level project procedures, plans and programs that could have an I
impact on license compliance or safety. |

2.5.2 Westinahouse Team Scone of Work

Based on a competitive bid selection process, PSC selected the
Westinghouse team to perform the decomissioning, dismantlement and - r

decontamination of Fort St. Vrain. This team is an affiliation of
Westinghouse and MK-Ferguson Corporations. Westinghouse is the
overall lead organization for the program.

Within the Westinghouse team, . Westinghouse will be responsible' for'

overall project management. In addition, Westinghouse will also be
responsible for decomissioning engineering, licensing support, and
will provide the project quality plan throughout the project. The
overall responsib111 ties of each of the Westinghouse team members
are sumarized in Figure 2.5-1. The Westinghouse Quality. Assurance i

organization, responsibilities and reporting lines of communication
are ' described in Section 7 of this plan and depicted in Figure !t

L 2.5-2.- MK-Ferguson will' provide ' the site labor, labor management
",

L and supporting infrastructure for decomissioning.
t .

The Fort St. Vrain decomissioning project will' be conducted'in two
|- major phases. A detailed breakdown of the. Westinghouse team scope

of work-is contained in Appendix I of this plan,

2.5.3 Oraanization of the Westinahouse Team

This section identifies the Westinghouse team organization and their
-

responsibilities in the Fort St. Vrain decomissioning 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 MK-Ferguson have a strong commitment to the project and to.

'\. operating in a safe, environmentally sound, cost-effective and
responsible manner.

2.5 1
1
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The Westinghouse team Organization Chart, Figure 2.5 2, shows the
interrelationship of the positions within the Westinghouse team

|
| project organization. Descriptions of the responsibilities and ;

i qualifications are provided in the following paragraphs. 1

2.5.3.1 Fort St.'Vrain Westinahouse proiect Director

, The Project Director is the most senior and responsible management
L position in the Westinghouse team project organization. The

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
responsibic for Westinghouse team personnel, plant safety,
prevention of environmental occurrences, quality assurance, project
integrity, costs, schedule, etficiency, and technical output of the |
overall program.

|

The Project Director will be responsible for project 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.

t

Other duties and responsibilities include the following: '

1. Establish project manning requirements, organizational !-
|
' structure, scope, and necessary 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 meets applicable regulatory
standards.

6. Direct all phases of site work, including preplanning, ;
mobilization, training, temporary facility erection,
decontamination and dismantling activities, conversion, and

. project closeout.
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 for entire project.

9. Enforce adherence to the project policies and procedures,

r

2.5-2
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2.5.3.2 Technical services Manaaer

The Technical Services Manager is responsible for engineering,
Westinghouse team quality assurance, licensing support, and
radiological and environmental control activities. The Technical
Services Manager reports directly to the Westinghouse Project
Director. A requirement for a Technical Services Manager is based
on the need for quality engineering and technical support services
to ensure successful on-site operation. The Westinghouse team
Quality Assurance Manager reports to the Vice President and General
Manager, Energy Systems Business Unit, on quality assurance matters
and to the Technical Services Manager for administrative direction
and implementation of the Quality Assurance Plan.

The Technical Services Manager 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
processir.g and waste management, radiochemistry and health physics
for the' D/0 effort and waste disposal activities.

: Duties of the Technical Services Manager. will consist of managing
department manpower and' funding allocations. The Technical Services .

. Manager also ensures that technical aspects of the project are done
in a safe, disciplined, and quality manner.

Other duties and responsibilities of the Technical Services Manager
> include the' following:

1. - . Perform the engineering necessary to support work package
~ development, including tooling design, prepare material
lists.

2. Ensure proper review / approval of engineering documents,
purchase orders, field design changes, and other documents,
as required.

3.. Maintain engineering team to provide design engineering
support.

4. Provide input to establish an engineering schedule / budget
and continuously- monitor cost / accomplishments against

, established budget and schedule.

O .

Advise the project manager of changes in plans or changed5.
conditions affecting costs or schedules.

2.5-3
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2.5.3.3 Doerations Manaaer

The Operations Manager is responsible for the performance of all
dismantling, decontamination, and conversion activities in a safe,
disciplined, and quality manner. The Operations Manager reports
directly to the Westinghouse Project Director.

The Operations Manager is responsible 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 required
to complete all production. tasks, and for identifying end
integrating the operations department scope of work, budget, and
scheduist.

Other duties and responsibilities of the Operations Manager include
the following: h

1. Manage the day-to-day activities of the project team at the
site as well as the subcontractors.

2.. Prepare work packages and specs for the modification or
removal of plant structures.

3. Prepare and manage work packages for decontamination,
dismantling, and asbestos removal and disposal.

-4. Estimate field activity costs and record them.
5. Prepare procedures and specs for modificatirins,

deenergizing, or removal of electrical power, liohting and
~switchgear, and-systems operation.-

6. Prepare and manage work packages for the modification and
removal of piping, components and systems, including HVAC.

S' 7. Supervise project procurement.
8. Manage project site industrial _ safety program and medicalm

facilities.

9.- Ensure that training-is provided to the work force.
10.- Provide work package document control.

_

11. 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
1
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2.5.3.4 Proiect Control Manaaer

The Project Control Manager is responsible for all scheduling,
project control and reporting systems, and the integration of
reports at the project level. The Project Control Manager reports
directly to the West 4nghouse 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
Control Manager will also address any schedule variances, including
outlining the probl em, providing potential solutions, 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 significant management tool.

Other duties and reenonsibilities of the Project Control Manager
include the following:

1. Prepare and evaluate productivity 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. Maintain 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.
11. Establish and perform audit activities, as required

- (financial, schedules, progress).
12. Prepare and verify project invoices.

e

2.5.3.5 fatprite Commitment

Executive corporate 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
2.5-2). The Westingh,use Project Director will report to the Vice- 9 President and General 1anager, Energy Systems Business Unit.

.
.

2.5-5
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IThe' fort St. Vrain decommissioning project has been assigned a high
priority .within MK-Ferguson. - The Operations Manager is responsible

- for MK-Ferguson's project scope, and reports to the Executive Vice
_

President, MK-Ferguson.
i

I2.5.4 Westinahouse Team Oualifications and Exnerience'

l

The. Westinghouse --team has extensive and comprehensive experience
performing all the activities necessary to successfully decommission ,

Fort St. Vrain'. Expertise in each 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 2.5-1. !

Westinghouse and MK-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 J4

L _4. AEP (D..C. Cook)= Steam Generator Repair Project
L 5. AlW/A4W Nuclear Reactor Prototype. :3

' 6. Shippingport Plant Modification- !

L 7;. Savannah River
| .

f This shared' _ experience . will promote a cohesive approach, {

b : productivity, close integration under Westinghouse project s

- management,.and. consistency in the. Fort St. Vrain project. -

. 2.5.4.1 Site Release Experience- l'

I i
' The. Westinghouse. team;has successfully achieved the unrestricted 1

release .of the facilities listed in Table 2.5-2.-

,

p ,

,
.

- MK-Ferguson currently :is the DOE contractor for. the Uranium Mill
'

Tailings _ Remedial: Actions 1 Project (UMTRAP).. This effort, . hichw

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.- ;

''

L

_ Westinghouse personnel ' were. contributors = to the- document " Final-!-
'

Consolidated Implementation: Plan for' Site Release, Rev. 1". This:

L - plan was used to direct site release activities at the Shippingport
Decommissioning Project. Westinghouse personnel have actively

' - participated in final site characterization and final report ;

preparation activities.

,

2.5-6 4
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2.5.4.2 Radioloaical Protection Experience

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 activities. -Examples of facilities where plus have been ;
'successfully implemented include:

Limerick Generating Station '

--

Peach Bottom Atomic Power Station-

'Nine Nile Point Unit 1-

Waterford 3 Steam Electric Station-

' Salem Generating Stationf
-

.

,

Rancho Seco Nuclear PlantE =

Pilgrim Nuclear Power Station t-

E.I. Hatch Nuclear. Plant 5-

Shoreham Nuclear Power Station-

-Westinghouse and MK-Ferguson are experienced. in developing ALARA
.

; programs; antti evaluating methods of reducing occupational radiation !

exposure -(ORE) ..-
.,

1. Westinghouse'ALARA Programs: :i,

Developed dose models- for tracking exposure by task,-:

identifying . areas: .where. . improvement is needed, and-
developing. cost effective' solutions.

Sponsors the . Radiation Exposure Management seminar, an-

-international symposium for communicating and - discussing
? ORE- topics among plant -health physicists and ALARA

engineers from' plants designed by Westinghouse and others.

; Farticipates 'in Electric _ Power Research Institute -(EPRI)-

'. cooperative: programs, aimed at identifying and reducing '

radiation. sources'in nuclear plants. |
. . . =!

L Performed ' radiological acessments. for various plant sites'- |-

L and licenses, including National Nuclear Corporation,
L, -Mitsubishi Heavy. Industries and NIRA/SOPREN. ]

- Provided onsite ALARA consultation and coedination during.

L San :Onofre and- Millstone steam generator sleeving,
'A Connecticut Yankee refueling, Krsko (Yugoslavia) steam

|
'

.

2.5-7
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generator maintenance, and Point Beach steam generator-
replacement.

2. MK-Ferguson ALARA Programs: )
l

ALARA. program results achieved at three operating nuclear. i-

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
man-rem.

Construction management services for |the construction,1
-

' modification, decontamination and decommissioning of

}
various sites, . including Savannah River, Knolls Atomic

- Power Laboratory, INEL, UMTRAP,- and the Weldon Spring.
" remedial action project. >

Cdnstruction ALARA/ health physics, chemical decontamination |
-

-

,

! program management and radioactive- waste management
.

.

services . for. the recirculation . system piping replacement i
'project at the Vermont Yankee Nuclear Power Plant from'1984

to 1986.-

*
iFull-scope construction support and construction management-

services for the decommissioning of the Shippingport
station reactor.

!

J .5.4'.3 Waste Handlina and Packaaina Exoerience- k2

Westinghouse' has' experience, in providing effective- packaging and -
safe 1 transportation of - these. ' packages. , In 1989,; Westinghouse
subsidiaries- made' over- 7001 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 L ability to handle,.
package; and - transport' transuranic (TRU) . waste | for many. years at:L- >

4 - Hanford. Washington; . Savannah River, South Carolina; West Valley, a
P New . York; Shippingport, Pennsylvania; Oak Ridge, Tennessee; Fernald,
L Ohio; - Ottawa, Illinois, and Montclair, New Jersey, = as : well as-' at
L more than 60 other nuclear sites throughout th'e United States.. This- t

expertise precludes the problems associated with inadequate
'

,

packaging or -labeling, and ensures that transport equipment is in.
.

top condition and drivers are trained and dedicated to safe 'and ;

2.5-8
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efficient hauling of radioactive waste. This expertise and
techniques, combined with a complete array of in-house equipment and
capabilities, will provide a comprehensive waste management program,

- of which packaging and transportation are integral parts. Table
-

2.5-3 highlights _the experience 'the Westinghouse team has in
handling, packaging and disposing of various ' types of wastes !

expected to be involved'in the Fort St. Vrain project. 1

MK-Ferguson has been responsible for handling and packaging of
radtoactive materials / waste on various pro 3ects 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. -;

MK-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-

!

,g total.. decontamination. and removal of existing systems and ;

._ g . components used to' process expended fuel preparatory to: !-

vitrification. All materials were catalogued, packaged and -
.

- shipped for long-term storage without incident.

; Westinghouse- has: demonstrated the ability to - handle, package, and -

itransport greater-than-Class-C -waste 1(GTCC), for customers such as ,

Monsanto Corporation in Dayton,. Ohio. Westinghouse also developed ' !;

- the~ procedures for , handling ~ the GTCC waste expectedt to be' *

-_

= encountered during decommissioning of the mixed 1 oxide = facility at
|Nuclear Fuel Services-in Erwin, Tennessee.

!

,,

.f
s

!
f

"
.
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TABLE 2.5-2

FACIL.ITIES APPROVED FOR UNRESTRICTED RELEASE

REGULATORY

COMPANY DESCRIPTION AUTHORITY

'

Monsanto Corporation Source Fabrication US NRC

Dayton, Ohio Facility

Watch Dial Facility Radium Watch State of
0hawa,-Illinois Dial Facility Illinois

Exxon Nuclear Uranium Laser- US DOE

Corporation Enrichment Equipment-

Richland, Washington

> . Hittman Nuclear, Inc. Contaminated Equipment- State of
Columbia, Maryland Handling and Repair Maryland

Facility

,

Smith, Kline and French- Radioisotopes US NRC

Swedesboro, Pcnnsylvania- Research Facility

Shippingport Nuclear-Plant US Naval Reactors /US DOE US DOE-1

Shippingport, PA- Facility

Numanco, Inc. Source / Calibration - State of
Prairieville, LA Facility - Louisiana

Miles Pharmaceutical Isotopes / Process US NRC

New Haven, CT' Facility

O
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TABLE 2.5-3

WASTE HANDLING AND PACKAGING EXPERIENCE'

CLIENT PROJECT

Upjohn Manufacturing- Underground storage tank leakage
Barceloneta, PR assessment

Weber USA, Inc. Ground water quality assessment
Sanford, NC

Goodyear Tire.&~ Rubber Remedial investigation and
'

Danville, VA~ feasibility study

First Union National Bank Asbestos survey / removal
Charlotte, NC

,

Gould, Inc. -Asbestos survey
LCleveland,OH-

'Kenal Peninsula. Borough Air monitoring and sample analysis
;Soldotna, AK program

IT Corporation Volume reduction
0ak Ridge, TN-

' .New York Power Authority Radioactive waste reduction and
disposal service

| State of New Jersey ; Volume reduction'and' waste-
LTrenton,' . NJ disposal

Carolina Power & Light : Radioactive waste reduction and
disposal

| Virginia Power --Radioactive waste reduction'and>

disposal

: Department of Energy- Waste and hazardous material--
. Idaho Chemical Processing handling and treatment
Plant-

. Georgia Power Company- - Health' physics, waste and
4 ~ radiological services

Louisiana Power & Light Health physics, waste and
radiological services

Philadelphia Electric Co. Waste and radiological services

1

,

5
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TABLE 2.5-3 (Continued)

. WASTE HANDLING AND PACKAGING EXPERIENCE

CLIENT, PROJECT

Long Island Lighting Co. Waste and radiological services

Public Service Electric & Gas Radiation protection training

Union Electric Preoperational health physics
appraisal

DOE-WIPP. Waste packaging and transportation-

<,

O

,

\;. <

>

O'
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lt.' M; MK-FERGUSON WESTINGHOUSE

' PHASE I: .l

j!

* Project Management Procuresent Project Contro| ,

Safety General Administration
- QA Plan j

Licorsing/Permittire
* Health, safety & Erwirorveent

.

- i
,.

* Engineering Site Preparation Site CharacterlantionI

l' specification Decomunissioning Plan

h Training Program Project Manuals
'

' - Specifications
Asbestos & LicpJid Weste

,

Testing & Treintry Program
Engineering Plannire

,

'
* PCRV D/D Design / - Core Symort Floor / * Preparation / Disassembly

SpectfIcations/ Barret/ Insulation shle',~ 4 Accessg

Procedures Diementle Core'

Lower Plenun Diementte/Decon/Clearsap
,;

Options
Procedures for Selected Systems'

.

!

|-,

* System D/D Design / : Disassembly Tools Tools / Equipment i~

. Specifications / Diementting spec. Site Clean e
~

; ,

'

''\ Procedures & Procedures
,

* site Clean @ , - Demobilization

(- Specification / Procedures' * BackfitL Option
- ProcochJres

* solid Weste Management

Plan
J

PHASE II:
,t

* Project Management '- General ProjectControl.
Administration - QA

- Site Engineering - Licensing /Perinit ting

Project Closecut - Health,- Safety and Erwironnent

\ ' Site Preparation . LicpJid Weste Disposal i* Conmen Facilities / -

!

services Testing & Traintre Deconteelnation

- Procurement - Radiological Surveys / Access
[.

j.

o . )
n

'k
i

FIGURE 2.5-1'

'O- WESTINCllOUSE TEAM RESPONSIBILITIES
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MK-FERCUSON WESTINCHOUSE
PHASE II! (CONTINUED) I. , . ,

l
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Deconteelnetton * Shielded Access
-* Core Sprt Flcer/
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* Lower Plenun
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Decontaminetton Disasseely

* Dismantling
,
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teckfill option
p
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,
_
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Westinghouse _ Energy PSC Executive
-Systers Business Unit Program Manager Vice President
VP and General Manager Decommissioning MK-Ferguson

. .

. . ,

.............. .

Fort St. Vrain.

Project Director.

| ,

.m' | | |
*

'

Technical Project Control Operations-m- .

Services Manager Manager. Manager.
,

.

t

Quality.

-Assurance '
.....

' Manager
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Figure 2.5 2
Westinghouse Team Organization Chart

,

I
r

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



. PROPOSED DECOMMISS?0NING PLAN
'

SECTION 2
'

'

.

'

).

INTENTIONALLY LEFT BLANK

O

.

O'

.



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

#

PROPOSED DECOMMISSIONING PLAN

(7 SECTION 2
J,

2.6: TRAINING PROGRAM

i

Allt personnel who may require access to the work areas or a
radiologically 1 controlled area associated with - the Fort St. Vrain

-Decommissioning, whether PSC employees,> contractor employees, or
visitors, shall receive appropriate training commensurate with the
potential hazards to which they may be exposed. q

2.6.1 General Employee Trainina

General Employee Training (GET) will be pro.vided to all personnel
assigned to decommissioning on a regular basis. This training will

'
include:

l. Site orientation / Access Control.
~2. Introduction to Radiation Protection. 4

3. Fire protection.
4 ~. Quality assurance.

- 5.- -Industrial- safety.
|. 6. Emergency response,

n
Q 2.6.2 RadiationWorkerTrainina

.

Basic ' radiations worker training shall- be - provided to persons who -

routinely work;in radiologically controlled; areas of the project.
Basic radiationiworker 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. j

In' additionJ to a elassroom presentation of the topics identified
. above, . participants 'in basic radiation worker training. are required

,

'

1to participate in the'following demonstrations:
.c

1. . The proper procedures for donning and removing a complete ,

set of ' protective clothing (excluding respiratory I

O protectionequipment).
1

2.6-1
'l

;

l
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I '2. The ability to read and interpret self reading dosimeters.'

'._
3. Proper. procedures for entering and exiting a contaminated

area,-including use of proper frisking techniques.

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
L 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- Soecific Job'Trainino

L _ Specific job training will be provided to selected workers based
upon their- job _ assignments and their. need to- know. Training

: - programs- shall' assure the following:--

L1. Personnel- responsible - for performing activities are
instructed- as to the; purpose, secpe, 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
.g training programs-are documented.

,

Examples of this training are as follows:-

1. Respirator training.
Personnel whose: work assignments require them to use
respiratory protection devices receive training in the
devices..that. they are required. to- use. The . training
program' follows the! requirements of 10 CFR 20.103' and

_

Regulatory Guide'8.'15, " Acceptable Programs for Respiratory-
L Protection" (Ref. 3). 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 worker training.
3. Mock-up training.

'

4.- Training on use of special tools or equipment.
5. Work package briefings.

_

- 2.6-2
m
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6. Fire watch.
7. Radioactive material transportation training..

8. LHealth physics technician training.
Training and qualification of health physics,- technicians

,

and supervisors :will be conducted in accordance with ANS
"

3.1-1981 (Ref. 4) .
9. Fire brigade training. 1

~2.6.4 Non-Radiation Worker Indoctrination [

All z non-radiation z workers who require access to. a radiologically e

controlled area will receive an appropriate indoctrination prior to-,

entering the. area. This indoctrination will include as a minimum:

.1. The requirement that non-radiation- workers remain with 1
,

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;- 1The ' purpose and. proper use of dosimeters, including how to
_

read a self-reading dosimeter and the' appropriate exposure ;
-

limits. ;

4. ; Potentia 1| emergency situations and proper actions to: take .

fin such events.,

12.6.5 .Trainino Records-

E Recordsj of training: will: be maintained which will include -traineest (
_

. name, . date of training, type: .of training, . test' results, ;
'

authorization for' protective equipment use, and instructors name. A
q 111st.of qualified instructors will be maintained.

Training records will be organized in several ways, to allow either'
:a listing:of anLindividuals qualifications or li. stings of personnel
; duef for retraining. The interval between ~ training and retraining

.

will be identified as appropriate, in training procedures. *

|

|
i

-

'

2.6 3
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SECTION 3
PROTECTION 0F OCCUPATIONAL

AND PUBLIC HEALTH AND SAFETY

3.1 FACILITY RADIOLOGICAL STATUS.

3.1.1 Facility Ooeratina 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 prolonged

~ tartup testing, low-power operation and plantperiod of s

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 radioactive effluents resulting in significant
: residual radioactive contamination. either onsite or offsite.
. However , there have been a few- routine plant. operations ! that may
have Lresulted 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 cm2) of loose surface contamination
will have accumulated on horizontal surfaces. The lower portions of
these wells are inaccess'ible 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 thanc 5,000,000 dpm/100 cm2 Periodic 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

9 ' piping from the HSF (See Figure 2.2-15).
,

3.1-1

.
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3.1.2 Radiation Sources

3.1.2.1 Descriotion of Instrumentation and Survey Techniaues

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 :cch of the radiation
source), or at a distance <from the_ contact reading (approximately 16

,

inches from the source of radiation). ;

Instrument Scale Ra.n.ne/ Switch Settinas

Eberline R0-2 mrem /hr- 0-5/0-50/0-500/0-5000 .

Ludlum 19 microR/hr 0-25/0-50/0-250/0-500/0-5000 .

i Fixed contamination surveys were performed using Eberline RM-14/15
h friskers which measure beta-gamma contamination in counts per minute
L (cpm) using a scale of 0 - 500 cpm with switch settings of x1, x10,
Li x100, and x1000-(::%00 available on the RM-15 only).| Conversion from

~

L cpm to disintegrations per minute (dpm) uses a conservative counting
| efficiency of ten percent. Survey;results are reported:in units of

.

'

E 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 ix

h typical MDA for these instruments is approximately ten dpm. Results.
are reported in units of dpm/100 cm2.~ .(100 cm2 is the' area over
which the wipe / smear is taken, approximately four. square inches). '

|1 . Radiological surveys in the past have shown that alpha contamination
| ~ (both fixed _ and loose surface) is not present above ' natural
1, background levels at Fort St. Vrain. Spot checks for alpha
| contamination are performed on a routine basis to confirm this. 1

Generally, the results of these surveys demonstrated that greater
.than 95% of the plant areas have radiation levels corresponding to

3.1-2
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natural background (in the 0.004 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 background levels are
noted.

Additionally, fixed contamination levels are generally less than
1000 dpm/15 cm2 and loose surface contamination levels of less than '

-

1000 dpm/100 cm2.- Most survey results are less than 100 dpm/100
cm2 In some locations, tritium may he present as fixed
contamination. Due_ to the low energy beta activity emitted by
- tritium (Eavg = _0.005 MeV), normal survey methods will not detect
the . tritium and therefore actual tritium levels are not measured,

_

Fixed ' contamination is typically imbedded within the first fewr

L centimeters of concrete surfaces.

The contribution to area radiation levels from facilities, rooms and
'structures where various components are undergoing routine plant '

maintenance activities were not included in the survey results dues -,
,

to the~ temporary, transient nature of such activities.

L Figures 3.1-1 to L3.1-19 provide specific results: of these area7_ O
-

_(M
radiation surveys. Table 3.1-1 provides. a summary of the survey
results with a description of the major.' contributors to .the
radiation levels. LReactor 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-lyby system number for each elevation on which they are located.

- 3.I'.2.2 Turbine Buildina Survey Results
,

,

General area radiation . levels throughout the' Turbine Building are
primarily due o to . natural background. Contamination levels (both i

fixed and loose) are'less than 1000-dpm/100 cm2. in all locations and
generally less than 100,dpm/100 cm2 Piping from the- potentially
internally cuntaminated Systems 11 and 73 extends. from level 7 (El~. !

4829')sto the roof of the Reactor Building. '

.
_

3.1.2.3 Radiation Sources Outside the Reactor and Turbine
Buildinas-: ,

Radioactive materials are stored on a temporary basis inside
Sea-Vans and cargo trailers. -The locations of these trailers are
' indicated on Figure 3.1-21. Varying amounts of radioactive

O materials may be stored in these trailers, .but external radiation;

levels are typically less than 0.2 mrem /hr.

3.1-3
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-The only permanently contaminated area outside the Reactor and i
'

'

-Turbine Buildings 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 radioactive waste compactor. Loose
surface contamination levels are generally less- than 100 dpm/100 !

cm2 The compactor contains loose surface contamination of 50,000
dpm/100.cm2 and fixed contamination levels of 50,000 dpm/100 cm2,

_ i,

There.are two concrete bunkers in the Compactor Building which have
loose surface contamination levels of 5,000 dpm/100 cm2 and fixed
contamination levels in the first few centimeters of the concrete
averaging approximately 20,000 dpm/100 cm2. 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. i

L 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-

y trace amounts-of tritium, Co-60, Cs-137 and Cs-134.

ORoutine surveys Ldo 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 piping from -)>

,
.

;this facility to the Radioactive Liquid Waste System'(System 62).
,

3.1-3' Current Environmental Radioloaical Status.

3'.1.3.1 Beta-Gamma Radiation-in Surroundina Environs'

>

W The. environmental radiological status of the site and surrounding
I areas has - been monitored- during the- entire pre-operational,

operational, and post-operational phases of the plant through the
Radiological Environmental Monitoring Program (REMP). This program4

,

* : includes surveillances in surrounding areas to gather environmental !g

p.. data in the following areas: external gamma activity levels, air
sampling data, wattr sampling data, milk data, aquatic pathways, and 4

food products. $smple locations are. locat'ed near the site
boundaries and in ottlying areas. Details of the' results of these

|. surveillances can be-found in Reference 1 and in past REMP 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

3.1-4
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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).

Environmental radiation surveillance data from all past REMP 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 outside the'

controlled area boundary. Each station contained packets _ with two
chips ?of CaF (Dy),. which are identical to those used in ,the REMP.2
The measurement 1 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 from the TLD packages was 0.32
mrem / day. _ .This value is not statistically different from the mean-

G 'value found' in the D1989- REMP report (Ref.1)- of 0.38 mrem / day for
.the Fort St.- Vrain facility area. Reference 1 indicatedithat 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 o direction. A particulate filter for gross beta,

analysis and an activated charcoal cartridge for I-131;or noble gas -
. radionuclide analyses f were in. the sample line.. ' Tritium in
' atmospheric water vapor is collected passively by silica gel at:each.
of these locations. Sampling' methodology was identical ' to that
. utilized in the. REMP. Fort St. . Vrain _ operational; tochnical

_

. specifications no longer require measurement off gross' alpha
: activity. ! Gross _ beta activity measured lin -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)/m3,'+

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

9 (Ref. 1). It is concluded, therefore, that based on the current

radiological data and past REMP data, the reactor air effluents of
L

3.1-5

.,

._



, . ... . - . - . . -.. _- .- - . - _ _ _ .

>

;

I
,>

PROPOSED DECOMMISSIONING PLAN 1

:SECTION 3 l
J

particulate fission products or activation products are not a source
of dose commitment for the Fort St. Vrain environs population.

. 3.1.3.2 Soil Samoles

Soil samples were taken at 124 locations ins'de 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 i

to a constant density, and sealed in the quart container. After a ;

three week 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 sto approximately 150 centimeters in '

._

L< depth. The core samples were collected in polyethylene tubes, which
Ewere. frozen and sectioned off.to obtain samples at various depths,

0 | The deep core samples were analyzed using the same techniques;as the
.

soil samples.
2 ,

L 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

;

p the entire front.-range of Colorado and other reactor-generated "

v. fission products or activation -products were not present in' the
'* samples,

p 3.1.3;3:Results of REMP Surveillances

Tritium -is the only radionuclide that was -detected in concentrations
above background in= any effluent pathways. that could be . attributed.
to; reactor operation. Since tritium is released'as tritiated water, l,'

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 [.

iT values of downstream surface water ;was not statistically greater
'

than upstream concentrations. Tritium concentrations measured in 1
J milk were all less than the lower limit of detection (LLD).

L -However, slight increases in the downstream tritium levels, which
j were discussed in the 1986 REMP report, showed that the radiation i
J dose commitment that can be calculated as a result of the increases

;

L 3.1-6
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was found to be negligible as compared to natural background
radiation dose rates.

The REMP 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 REMP data, the most recent characterization data both inside and
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 Inventory

3.1.4.1 Activated Components within the PCRV
1.

An ' activation analysis (Ref. 2) was performed for the PCRV and
L associated internal components and is provided in Appendix II. The
| analysis was. performed to estimate the isotopic composition,

magnitude and extent 6 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

.

Inon-removable (fixed) components.

3.1.4.1.1 Comouter Codes
i .i

The activation analysis required the use of several computer codes
~

and various input data libraries. The ANISH 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. A). Finally, gamma doses (in air) within the PCRV were
calculated using the REBATE, ANISN and other data manipulation
codes.

3.1.4.1.2 Material comoositioni

Material compositions of components were determined from a variety
of sources. In most cases, material compositions were identified

L 3.1-7

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



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

!

I
PROPOSED DECOMMISSIONING PLAN
SECTION 3

from component drawings which referenced standard material
specifications. Assumptions for the number densities of trace
elements, such as europium (Eu), cobalt (Co), and niobium (Nb), were

,

based on design manuals, previous analytical investigations and l

recent regulatory guidance (Ref. 5). In general, the reactor
internals are made of carbon steel, graphite or concrete. Few major
components are made from stainless steel or Inconel. Details of the
actual compositions and trace element assumptions are found in i

Reference 2, which is provided in Appendix II.

3.1.4.1.3 Comoutational Modgli

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 to be i

insignificant with the exception of the activat un of the top of the i
steam generator modules due to neutron streaming effects (Ref. 6).
Descriptions.of each of these models are provided in the following

'
. paragraphs.

O.
I 3.1.4.1.4 Radiat D dg.1

The "Radis1" model consists of the following components:
e

1. Side removable reflectors
2. Large 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) graphite side reflector elements are
located just outside of the active core (See Figure 3.1-23). These
elements will be removed during defueling.. A typical block is
approximately .31- inches in height and 14 inches across the flats.
These reflectors were modeled in the neutron flux calculations, but
not in the activation calculations.

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.

3.1-8
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Between the large permanent side reflectors and the core barrel are
ithe boronated side spacer blocks (Figure 3.123). These graphite

blocks contain botonated stainless steel pins which provided neutron
shielding during power operations. The number of pins vary with i

respect to the blocks position relative to the active core region.

The core barrel (Figure 3.123) is located just beyond the boronated
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 approxin tely 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 Knowool insulation
and cover plates (Figure 3.1-24) cover the inside of the PCRV liner. t

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 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.

The PCRV serves as containment of the nuclear steam supply system i

(NSSS). The concrete walls vary in thickne: s from 9 feet to 15-1/2
feet, and the vessel is approximately 1061 tet 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 Model ,

t

The " Axial Up" model included the following components: :

l 1. Metal clad reflector blocks (MCRBs)
2. Region constraint devices (RCDs)

; 3. Lower orifice valve a:sembly '

c 4. Kaowool insu; stion and insulation cover plates
( 5. PCRV liner and cooling tubes

6. PCRV top head concrete and rebar

3.1-9
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The MCRBs are located on the top most level of the core area (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
primarily 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) provided 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.

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.

3.3.4.1.6 Axial Down Model

The " Axial Down" model included six components:

1. Removable bottom reflectors
2. Core suppor'. blocks and core support posts
3. Silica bicek insulation
4. Kaowool insulation and insulation cover plates
5. CSF liner and cooling tubes
6. CSF concrete and rebar

Directly beneath the active core are removable hexagonal bottom
reflectors (Figure - 3.1 29). These include graphite reflectors,
graphite reflectors containing boronated Haste 11oy-X cans and
graphite transition reflectors which channel coolant from the bottom
reflectors to the core support blocks. The core support blocks and
core support posts (Figure 3.129) 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 3.1-30). The CSF liner is a

3.1-10
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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 sumarized in Table
3.1-2. Detailed results can be found in Appendix II. The nuclides
of importance 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 components. The dominant gama 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 PCRV.

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 components are the largest contributors to

- the overall radionuclide inventory. No credit was 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 Knowool/ cover plate assemblies. 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 gama emitter, while Eu-152 and Eu 154 are the dominant
long term gama 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, 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 11. i

:

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 <

O- which must be removed to achieve the recommended release limit for
unrestricted use (5 microR/hr above tackground). Table 3.1-3 lists

3.1-31
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dose rate estimates for each direction; therefore, the total dose

inside the center of the PCRV (in air) is the sum 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 individual located in the center of the PCRV.

3.1.4.2 Plateout Analysis for PCRV Internal comoonents

3.1.4.2.1 Plateout Analysis Bases and Computer Codes

A plateout distribution analysis of radioactive nuclides produced in *

the reactor core was performed for the PCRV and internal components
(Ref.7). The purpose of this analysis was to estimate the plateout '

I
concentrations and distributions in the primary coolant circuit.

| Analyses were conservatively performed from the beginning of cycle
.

(BOC) I to the end of cycle (EOC) 5. The axial and radial core
power distributions through fuel cycle 5 were calculated and used

'

with flux distribution data as input to fission product release

I codes. Full-cora fuel and graphite 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.
'

Plateout distributions were calculated using the PADLOC (Ref. 8)
computer code. The PADLOC code performs a mass transfer calculationi

; 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 t

describe the sorptive capacity of the primary circuit materials for
,

the radionuclides of concern.

3.1.4.2.2 Plateout Analysis Methodoloav
j

i

L Typically, the two dominant sources of fission products released
from the core'are heavy metal contamination (heavy metal outside the.
coated fuel 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 particles.

3.1-12
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Calculations were performed for the following key nuclides: Sr-90,
1-129, 1-131, Cs-137, Cs 134 and Te 127m. The source terms for
fission product plateout analysis include 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 also results
from the release and subsequent decay of its precursor contributor,
Xe 137. Cs-134 has no gaseous precursor. Similarly for Sr-90,

there is a direct Sr-90 metal release as well as the contribution
,

from it Kr 90 precursor. Only direct release contributions are
considered fro I-129, I-131 and Te-127m.

3.1.4.2.3 Plateout Analysis Results
:

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 includes not only
the core graphite and structural components (which are also
activated), but also the steam generator modules, helium circulators
and Knowool insulation. The preliminary results of the plateout
analysis ~ are shown in Tables 3.1-4 and 3.1-5. Table 3.1-4 lists the
plateout concentration (C1/cm2) on primary circuit components for
the key nuclides, Cs 137 and Sr-90. Table 3.1-5 identifies the
integrated plateout (C1) of primary circuit components for the
following nuclides: Cs-134, Cs-137, 1-131, I-129, Sr 90 and
Te 127m. Additional information on the analysis results, analytical
models and comparisons with measured data are located in Reference
7.

Additional plateout analyses will be performed to predict primary
system inventories based on the actual end of life burnup. The

- accuracy of the predicted fuel performance and gas release will be
assessed by comparison to measured R/B (Release to Birth Rate) data.
The accuracy of the predicted fission metal release data will be
assessed by comparison to measured plateout probe data. Predicted
aforementioned assessments to provide best estimates of total
plateout inventories. Plateout distributions and concentrations
will then be calculated for the primary circuit. This study is
scheduled for completion in January 1991.

3.1.4.3 Contaminated Systems. Structures and Components

In August 1990, comprehensive radiation and contamination surveys
were performed in the Reactor and Turbine Buildings to identify the9 major contributors to radiation levels above background. Due to
on-going maintenance, defueling, and component removal activities in

3.1-13
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progress at the time of the survey, it should be noted that
radiation and contamination levels may vary due to the movement of I

various radioactive components. Additionally, certain PCRV internal !

components may be removed from the PCRV prior to commencement of I
Idecommissioning activities which may change radiation and

contamination levels 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 sunarized in Table 3.16. This analysis is based upon
past survey results, activation analysis, plateout analysis and 't
general estimation of contamination levels occurring in the 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,

OtSection 3.1.2 contains a detailed summary of the radiation survey t

p results. These surveys 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,

l
!

3.1.5 Jattial Site Characterization Plans

The initial site radiological characterization will be performed to
determine the radiological status of Fort St. Vrain balance of plant

. systems, auxiliary systems, buildings and site within approximately
1000 feet of the Fort St. Vrain. facility. Radiological measurements i

for direct radiation, residual contamination (fixed and removable)
will be conducted and recorded. Samples will be taken from 5|

L strategically selected locations, analyzed and recorded. Results !

! from current Fort St. Vrain radiological data will be used as part
of the initial characterization, where appropriate.

The results of the initial site characterization will assist in the
| determination of final 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

3.1-14
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waste management, assessing potential hazards during the
decontamination and decommissioning work, for determining safety
controls, and accurately scheduling the decommissioning activities. l

l

!
l

l

?

.
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TABLE 3.1-1 ~-
:

RADIOLOGICAL SURVEY SUPMARY
Reactor Guilding:

Internetly Source of Cantamination Levels
Radioective medietlarV Radietlen toose Fleed

Levet fievetlan Systems Contaminet ton tevels (ar/hr) (0pm/100 M ) (DM V15 c.23

Levet 13 4916'-8" 46, 47
i

tevet 12 4906'-8" 46, 47

Levet 11 4881'-0" 11, 12, 13, Shine through Gen. Aree - 0.044
14, 15, 16, FsW's and ESW's

1

'21, 23, 46,
47, 72, 93

Level 10 4864'-0" 11, 13, 14, New Fuel toedirg Gen. Aree - 0.8 30,000 5,000 -
16, 21, 23 Port Contact - 6.0 10,000

46, 47, 72
93 not service (see results from Level 9 lietow)

Facility

Purge vacume Ptape Gen. Aree - 0.032

o

tevet 9 4849'-0" 11, 14, 16, Regeneretion Gen. Aree - 0.15
21, 23, 46, system

47, 61, 62,
63, 72, 93 Not service Gen. Aree - 0.5 100,000 10,000 -

Facility 50,000
,

tevet 8 4839'-0" 11, 14, 16, Accese to not Gen. Aree - 0.5 50,000
23, 46, 47, Service Facility

61, 62, 63,
72, 93 Not service G m. Aree - 50 100,000 10,000 -

Facility S g Contact - 200 50,000

Levet 7 4829'-0" 11, 14, 16, Irradisted Gen. Aree - 2.8

i 46, 61, 62, Thermoctmples Contact - 4.0
63, T2, 93

Levet 6 4816*-0" 11, 46, 61, Get/Licpid Weste G e. Aree - 0.02
62, 63, 72, System Piping Contact - 1.2
N

<

, . _ _ . - - . . , . . . . - _ - , _ - - _ . . _ _ _ --
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PROPOSED DEC0fMISSIONING PLAN,

SECTION 3

TABLE 3,1-1(Continued)
RADIOLOGICAL SURVEY SUpmARY

Reactor Sulldirg:
Internetly Source of Contaminetton Levels
Radioactive RadiatlerV Radiation Loose Flmed

level Elevation systems Contaminat ion Levels (or/hr) (DMV100an2) (OPsV15 ce23

/100cm2

Level 5 4791'-C* 11, 4 ,61, Ges/ Liquid Weste Contact - 0.25 5,000 -
62, 63, 72, systen Piping 10,000

93

Level 4 4781*-0* 4 , 47, 61, Decontamination Gen. Aree - 0.5 600 500 -
62, 63, 72 system Contact - 3.0 1,000

II
,

Level 3 4 7718-0" M, 47, 61, Decentaminet ten Gen. Aree - 0.4 1,400 100 -
62, 63, 72, Lew *y Contact - 2.2 500

93

Floor of veutt 500 -
Containing T-6101 1,000

Levet 2 4756'-0" M, 47, 61,

62, 63, 72, i

j 93 '

Levet 1 4740'-6" 21, 4 , 47, Gee Weste Coe ressor 100 -
61, 62, 63, Oreins (3) 500

72, 93
4

Lipid Weste Sisy 5,600 30,000

Level 1 Setow Floor 72 Reactor Sullding Step 100 - f
. Level 500

||
'

|

|
r

i

! - ;

I
i

| 9 O O
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TABLE 3.1-2
|

ACTIVATION ANAt.YSIS RESULTS

(Total Curtes Three Years After Shutdown) reed

Fixed Components: N-3 C-14 Co-41 Co-45 w 34 Fe-55 Fe-59 Co-60 mi-59 Wi-63 ub-96 As-110 Ew-152 Eu-154 Others Curfee

| 0.01 8.43

| 1. Core serret - - - - 0.11 T.28 <0.01 1.03 - - <0.01 - - -

<0.01 142.29

( 2. CsF Liner - - - - <0.01 139.98 <0.01 2.27 <0.01 0.06 <0.01 - - -

- - - =0.01 IM.m

3. PCRV Liner
- - - - 0.08 110.34 <0.01 4.34 <0.01 0.03 <0.01

<0.01 89.524. C5F/Koouoot inouto-
tion and Cover Pietes - <0.01 4 .01 - <0.01 87.20 <0.01 2.24 <0.01 0.08 - - - -

5. CSF SiLIce Btocts - <0.01 4 .01 - <0.01 266.54 <0.01 6.33 <0.01 0.22 - - - - 4 .01 253.sp

tien and Cover Pietes - <0.01 <0.01 - 0.01 5.57 <0.01 0.44 - - - - - - 0.01 6.856. PCRV Keouool Inoute-

side Reflector. - - - - <0.01 0.01 <0.01 4 .01 - - - - - - 4 .01 0.01- T. Metal Shett-Lerge

8. terge side Reflector

- - - - - .21 527216.90and Pemenent
Nemegonet Stocks 82557.70 - 20.11 77.44 0.30 441114.00 <0.01 3446.24

9. Core Sepport stocks 47.19 - <0.01 0.01 <0.01 6 9.15 - 0.54 - - - - - - 4 .01 116.9p

10. Reflector Keys - - - - <0.01 0.01 <0.01 <0.01 - - - - - - <0.01 9.01

0.26 6625T.7511. Doronsted Spacer

clocks 11531.50 1.02 0.81 3.12 <0.01 47208.60 <0.01 7097.13 2.81 392.45 - - -

596,1M.75

TOTAL

Removebte Components:

0.06 18651.70 <0.01 4342.75 2.08 290.39 0.18 - - - 0.01 23087.20

<0.01 - - - <0.01 172454.441. Metet Cted stock-CR - - - -

2. Metet Cted stock-not - - - - 0.52 169668.20 <0.01 2786.29 .- -

- - - <0.01 122.13
- - - <0.01 0.07 71.85 <0.01 48.93 0.01 1.27 0.01

- - - - - - <0.01 ,4M.983. Region Constreint Device
4. orifice volve - - - - 0.17 299.25 <0.01 115.56

<0.01 3719.48

5. Reflector stock with 1.38 - - =0.01 0.07 301.45 <0.01 3607.48 0.67 88.35 <0.01 - - -

postettoy Cars
199,878.15

total

(

- - - - --
--

- _ _ _ _ _ _- - - _
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PROPOSED DECOMISS10NING PLAN
SECTION 3

O TABLE 3.1-3

PCRV DOSE RATES IN AIR
AT 5 YEARS AFTER $HUTDOW

Gamma Dose Rate
Radial Rem /Hr

All components (from large side 9.7E + 01

reflector to PCRV concrete)
Large side reflectors removed 2.3E + 02

(from spacers to PCRV 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

Axial U0

O
All components (from Kaowool 1.7E - 01

insulationtoPCRVconcrete)
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 removed 2.6E - 06

Axial 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 1.8E - 02
20" PCRV concrete removed 5.3E - 06

22" PCRV concrete removed 2.7E - 06
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PROPOSED DECOMMISSIONING PLAN
SECTION 3

TABLE 3.1-4

ESTIMATED PLATE 0UT CONCENTRATION ON
MAJOR PRIMARY CIRCUIT CONPONENTS

AT E005

Plateout Concentration

Sr-90 Cs-137
dpm/ dpm/ l

Component 100 cm2 Ci/cm2 100 cm2 Ci/cm2

Lower Reflectors 1.llE07 5.0E-08 2.22E08 1.0E-06

Steam Generator ** 2.22E07 1.0E-07 3.33E08 1.5E-06
(ReheaterSection)

,

Circulator 4.44E07 2.0E-08 5.55E07 2.5E-07

Circulator Outlet 3.33E05 1.5E-09 9.99E05 4.5E-09 i

hCore Barrel Annulus 2.22E06 1.0E-08 7.77E06 3.5E-08

Upper Reflectors 2.00E07 9.0E-08 4.44E07 2.0E-07 ;

,

Highest estimated concentration on the component*
.

Steam generator component with the highest estimated plateout ;
**

concentration. -

|

3

t

O
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TABLE 3.1-5

INTEGRATED PLATEOUT IN EACH PRIMARY CIRCUIT COMPONENT AT EOCS

BRANCH Cs-134** Cs-137** I-131* I-129* Sr-90* Te-127m*

NAME (Curies) (Curies) (Curies) (Curies) (Curies) (Curies)

Active Core 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Lower Reflector 1.510E+01 1.326E+01 6.077E-03 1.037E-08 5.820E-01 3.196E+01

Core. Support-Blocks 3.668E-01 3.224E-01 2.923E-04 4.987E-10 1.028E-02 5.664E-01

Core Exit Plenum 8.166E-02 7.195E-02 2.028E-04 3.461E-10 1.937E-03 1.000E-01

Steam Generator Inlet 1.617E-03 1.443E-03 9.125E-03 1.557E-08 1.7703-02 8.049E-01

Steam Generator Reheater 1.029E+01 8.771E-01 6.272E-01 1.066E-06 4.527E-01 1.923E+0!

Superheater 2.699E+00 2.305E+00 1.478E+00 2.516E-06 1.544E-01 6.909E+00

Economizer 7.513E+00 6.339E+00 2.788E+01 4.341E-05 2.244E-02 9.067E-01

Evaporator 7.398E+00 6.879E+00 1.120E+03 4.868E-04 8.131E-03 1.696E-01

Steam Gen. Outlet Plenum 2.277E-02 2.272E-02 1.164E+01 2.531E-05 6.615E-04 4.924E-04

Circulators 1.458E-01 1.388E-01 4.432E+00 7.501E-06 8.754E-03 3.305E-03

Circulator Outlet Plenum 5.385E-03 6.882E-03 6.929E+00 2.5073-05 1.274E-03 1.161E-04

Core Barrel / Liner Annulus 1.196E-01 1.886E-01 4.172E+01 8.176E-05 5.435E-02 2.579E-03

Core Inlet Plenum 1.4103-02 3.302E-02 1.943E+01 7.128E-05 1.315E-02 3.041E-04

Upper Reflectors 8.109E-01 2.448E+00 2.702E-01 6.322E-07 1.069E+00 1.752E-02

Side Reflectors 1.053E-03 5.767E-03 1.761E-01 5.441E-07 1.838E-03 2.210E-05

Purification System 1.106E-03 2.902E-03 2.853E+00 3.542E-04 1.293E-03 2.404E-05

TOTAL (EOCS) 3.530E+01 3.290E+01 1.237E+03 1.100E-03 2.400E+00 6.067E+01
1.1003-03 2.234E+00 5.739E-02

TOTAL (3 YEARS DECAY) 1.290E+01 3.071E+01 -

* Based upon the source rate calculated from the xenon data using the square root of half-life dependence.
**Plateout distribution based upon sorption isotheres for unoxidized alloy steel surfaces.

_.
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TABLE 3.1-6

ESTIMATED CURIE TOTAL AT FSV

(ThreeYearsAfterShutdown)

NOTE: The systems listed below are those systems which are known
to be contaminated, on-going maintenance, defueling and
component removal may transfer contamination to other
systems and/or locations.

Total Curies

System From From Loose
No. System Activation contamination

11 PCRV and Internal 7.94 E+05 2.54 E+02
Components

12 Controls Rods and Drives 2.93 E+04 N/A

. 13 Fuel Handling Equipment N/A 1.32 E-02

14 Fuel Storage Facility N/A 3.08 E-02

16 Auxiliary Equipment N/A 1.33 E-02

17 Reactor Ret..ovable Reflector 1.37 E+06 N/A

21 Primary Coolant N/A 9.66 E+01

22 Secondary Coolant N/A 9.80 E+03

23 Helium Purification N/A 4.27 E+00

61 Decontamination Systems N/A 1.57 E-05

62 Radioactive Liquid Waste N/A 6.00 E 05

63 Radioactive Gas Waste N/A 1.20 E-04

* Includes an estimate of loose surface contamination due to
activated corrosion products.

O

.
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LEGEND: All Radiation levels in areWhr

* Denetes contact radiation reading
( ) denotes radiation level an 18 inches

Circled numbers indicate loose surf ace contamination
survey point (all values (100 DPN/100 cm2 unless a
value is adjacent to the circle)

,
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Figure 3.1-1 Compactor Building Radiation Survey
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L[G[ND: 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 OPM/100 cm2 unless a
value is adjacent to the circle)
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Figure 3.1-2 Radiochemistry Laboratory Radiation Survey
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LEGIND: All Radiation levels in mrem /hr
* Denotes contact radiation reading
( ) denotes radiation level an 18 inches

Circled numbers indicate loose surface contamination
survey point (all values <100 DPM/100 cm2 unless a
value is adjacent to the circle)

O- Figure 3.1-3 Turbine Building Radiation Survey -
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Level 5 (Elev. 4791') '



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

i

PROPOSED DECOMMISSIONING PLAN
SECTION 3

I e.eir e- , e.se. e. ee.
,

8
g,g,g QLIXILARY CLCCTRIC~ g' e.see Room

_J 'g e.ses e.een g
e.se. '' /

e. m
IIIIIIIIIII mmu

~

/. ,s e.ese -,, 'i,
-q

f 5ff""M1 g,ggg [
e.ses L I Je. ass>

e. ellgg
e.k ' , , , , , 8=

g
- e.eir

|g8"
si

@e7e15 ,;e ele
e,see CONDCNSCR g,gg3 _,,,,,

l 1 e.ses
"'

.
e.see ,.

e. ass e.ses

e.ses e.mb

@e. me. m ,,,n
.. = e.see@ g e. ele ,

e.ses I |
""

"" 8.ses e. m %-

e.sec
''

i T-3te2 e.ses

f'@ -

''""#e.ses e. ele ,
_

a e. ele- -e.ses
e ees 5,

Ne.ses * 6 .e _,:a g
| |1 T-31el e.ses

."'". f-Re. m
.

p , ,,,
'' bL- i e.ses m mnie

e.ses

-N

LEGEND: All Radiation levels in area /hr
* Denotes contact radiation reading

i ( ) denotes radiation level an 18 inches'

Circled numbers indicate loose surface contamination
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Figure 3.1-4 Turbine Building Radiation Survey -

Level 6 (Elev. 4811')
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LEGEND: All Radiation levels in mrem /hr
* Denotes contact radiation reading
( ) denotes radiation level an 16 inches

Circled numbers indicate loose surface contamination
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Figure 3.1-5 Turbine Building Radiation Survey -
Level 7 (Elev. 4829')
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LEGEND: All Radiation levels in area /hr
* Denotes contact radiation reading
( ) denotes radiation level an is Inches
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value is adjacent to the circle)

Figure 3.1-6 Turbine Building Radiation Survey -
Levels 8, 10 & 11 (Elev. 4846', 4864', 4884')
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LEGEND: All Radiation levels in aree/hr* Denotes contact radiation reading
( ) denotes radiation level an 18 inches
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Figure 3.1-8 Reactor Building Radiation Survey -
Level 1 (Elev. 4740')
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Figure 3.1-9 Reactor Building Radiation Survey -
Level 2 (Eley. 4756')
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* Denotes contact radiation reading
( ) denotes radiation level an 18 inches
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Figure 3.1-10 Reactor Building Radiation Survey -
Level 3 (Eley. 4771')
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LEGEND: All Radiation levels in aree/hr-
* Denotes contact radiation reading
( ) denotes-radiation level an 18 inches

Circled numbers indicate loose surface contaminaticn
survey point (all values <100 DPM/100 cm2 unless a
value is adjacent to the circle)
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Figure 3.1-13 Reactor Building Radiation Survey -

Level 6 (Elev. 4816')
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Figure 3.1-14 Reactor Building Radiation Survey -
Level 7 (Elev. 4829')
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Figure 3.1-15 Reactor Building Radiation Survey -
.

Level 8 (Elev. 4859')
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9Figure 3.1-16 Reactor Building Radiation Survey -
Level 9 (Eley. 4849')

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



_____.
_ _ _ . . . _ . . . . , ,

PROPOSED DECOMMISSIONING PLAN
SECTION 3

g, Lr -e' -

| $
,

g e . e>
i I&y 9 A

o,, I
..

c g .
1 0k.o

oS o So -M~"
8OmO mO ,

0 ! b't)08*

g
F POI E

o i i

''*e -

e%
v H

e v
,l

.
..

k Ip ,

g g e.ess e es4 e.sas =

i m ii rg am--

9 C,, _p''.,'i' e rc: :9E i t9 b

7- b 2 E 5_
' '

. e.

4. N 1 NEg
O 0 0 0 | 5

} ]92
-

I '

O O O*
e r,3_

,td,l 000 ;e
,

a i * a
@ W-, e.ees r-g

LEGEND: All-Radiation levels in eres/hr
, !- * Denotes contact radiation reading

( ) denotes radiation level an 18 nches
Circled numbers indicate loose surface contamination
survey point (all values <100 DPM/100 cm2 unless a
value is adjacent to the circle)

9 Figure 3.1-17 Reactor Building Radiation Survey -
Level 10 (Elev. 4864')
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Figure 3.1-18 Reactor Building Radiation Survey - -1
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! . Figure 3.1-19 Reactor Building Radiation Survey -'

| Levels 10 & 11 (Elev. 4864' & 4881')
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3.2 RADIATION PROTECTION PROGRAM

3.2.1 Introduction

The primary objective of the Fort St. Vrain radia' tion protection
program is to protect workers, visitors and the general public from
unwarranted exposure to radiation or to radioactive materials during
the decommissioning of Fort St. Vrain. In order to meet this
objective, efforts will be made to reduce and maintain personnel
exposures and radioactive effluents to levels that are ALA%.

To accomplish this objective, project management will be responsible
for the following activities:

1. Ensure that each supervisor implements their responsibility
'to integrate appropriate radiation protection controls into
all work activities.

'2. Maintain a comprehensive radiation protection program by
providing sufficient staff, facilities and equipment.

3. Ensure the indoctrination and training of all radiation
workers in procedures and practices- applicable -to. their
work, to assure that each individual understands and
accepts -the responsibility to follow all procedures,
naintains individual radiation- exposures ALARA, and

' minimizes 'the generation of radwaste during work
activities.

4. Implement a program for minimizing the generation of
radioactive wastes (radwaste).

The radiation protection organization will be responsible for the
following activities:

1. Perform a thorough radiological hazards evaluation of work
involving personnel radiation exposure or the handling of

.

. radioactive materials.
2. Develop any procedures which nay be necessary to implement

the requirements of this document.
3.. Provide appropriate surveillances to- verify- a

radiologically safe working environment.
4.- Control the movement and storage of radioactive materials

which are _used or produced during decommissioning
activities.

5. Health phy:tes and other project supervisory personnel will
thoroughly evaluate undesired occurrences related to

O radiation protection and will formulate methods to preclude
their recurrence.

3.2-1
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3.2.1.1 Resoonsibilities

t Responsibility for implementation of the project radiation
protection and ALARA programs reside with the PSC Program Manager
for Decommissioning and the Westinghouse team Project Director.

A PSC Radiation Protection Manager will be designated, will report
to the Facility Support Manager, and will be responsible for the
control and maintenance of the radiation protection program. A
Westinghouse team Radiation Protection Manager will also be
designated. This individual will administrative 1y report to the
Technical Services Manager, but will implement the radiation
protection program as directed by the PSC Radiation Protection
Manager. Responsibilities of these individuals will include:

1. Coordination of all revisions to the radiation protection
program.

2. Coordination of a two year review of the manual to ensure
-its continued applicability and accuracy.

|- ~3.2.1.2. Manaaement Oversicht

OMeasures will be implemented to provide oversight to ensure,that thet-

L radiation protection program. functions effectively. These measures
L are- designed to assure radiation protection goals are met and the
'

policies' _ outlined in this manual are properly- implemented.
|- Management- oversight operates at several levels from first line
L : supervisors through the Program Manager / Project Director via several

-mechanisms, including-the following:

.1. Personnel management practices to assure that individual
personnel are qualified for their assigned responsibilities
and their job performance is monitored.

2. Active management involvement in . review and approval of
radiation protection program performance goals and results.

L 3. A formal program to identify, report, evaluate and provide
j '' corrective actions to problems and deficiencies.
J 4. - Emphasis- on management tours and review of operations and.
L practices.

5. Comprehensive QA and audit systems.
6. Tracking. of program improvement action items and

commitments to ensure that they are completed in a timely
fashion and with proper documentation.

7. Establishment, monitoring and reporting of performance
indicators for radiation protection.

3.2-2
o
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3.2.1.0 f5eview and Approval of Performance Goals and Results
1

Management review of radiation protection performance is provided by !
'

management involvement in the Decommissioning Safety Review l

Committee. This committee will review program status, dose I

projections, performance indicators and proposed goals. Further
definition of this committee, membership and responsibilities is
contained in Section 2.4.9.

3.2.2 -Exoosure Control

3.2.2.1 Personnel Exoosure

1. External Whole Body Monitoring

External radiation monitoring will be accomplished through the use
of personal dosimetry, including thermoluminescent dosieters (TLDs)
and self-reading pocket dosimeters (SRDs). The official record of._

accumulative external dose received by individuals will be obtained
L from the TLDs. The SRDs will be used as a back-up to the TLD and >

Lp provide a means for tracking exposure between TLD processing
,Q peri ca,s .

' Dose information from sources other than the TLD may replace or
-

supplement TLD results as -described in radiation protection
procedures _. Such action may be necessary if the TLD result is
unavailable due to loss or damage, or if the TLD result is suspect.
In these cases,- the action taken and- the ' justification for such 1

actions will be documented as required by radiation protection
_

procedures.

2. Special Monitoring

Extrerity monitoring devices will be issued whenever workers meet ,

the criteria specified in 10 CFR 20.202. Specific criteria to
determine the need for e>tremity monitoring and for determining .the .i

' extremity dose ~ will be identified in radiation protection
procedures. Extremity monitoring will be accomplished using TLDs or
equivalent.

,

L
L Monitoring of the skin dose is normally accomplished with the whole

body TLD. Instructions will be provided in radiation protection-

procedures and on Radiation Work Permits (RWPs) as to requirements
p and the proper method for wearing the TLD to properly measure skin

-

\ doses. Guidance will also be given in procedures and specified on
RWPs for the use of protective clothing to reduce skin exposure.

3.2-3
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Where it is suspected that the whole body TLD does not provide a
proper measure of the skin dose, calculations or additional TLDs
worn at the area of localized exposure will be used to determine the
dose. The dose due to skin contamination will be calculated using
industry accepted computational models.

Whole body badging with multiple dosimeters will be required when
work is performed in a non-uniform radiation field and the portion
of the body which will receive the highest exposure is not easily
determined. RWP instructions and job- briefings will be used to
communicate the requirements to the workers.

3. Internal Exposures

Internal radiation exposure control is accomplished by establishing
exposure limits and administrative exposure controls, by monitoring .

workers for internal radioactivity, by identifying and controlling
sources or potential sources of airborne radioactivity, and by the
use of engineered controls. Identifying and controlling sources is
discussed in the Section 3.2.2.3, and the use of engineered controls

: is discussed in Section 3.2.3 (ALARA) and 3.2.5 (Respiratory
Protection).

.The bioassay program performs as a quality control check on the
success of .the radiation protection and respiratory protection
programs in preventing internal radioactive contamination of
workers. Bioassay examinations will include whole body counting (in

g vivo) and radiobioassay of excreta (in vitro), when necessary. The

! bioassay program will also be used as an aid in determining the
H extent of an individual's exposure to airborne concentrations of

radioactive material. ;

Radiation protection procedures for bioassay include the development
" of detailed criteria for the performance of bioassay, as well as

methods for data analysis and interpretation.- The methods and
techniques prescribed by these procedures follow the guidance found

'in NRC Regulatory Guides 8.9, 8.20 and 8.26,

_ hole Body CountingW3.a
|

Whole body counting is the measurement of the radiation from the
body using an external detector. It is used to determine the
identity and quantity of gamma emitting isotopes in the body at any
given time. All decommissioning project workers who are issued TLD
dosimetry will receive a baseline count, an annual count, and
periodic counts based on exposure to airborne contamination.

3.2-4
.
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Evaluations after suspected intakes will be performed as required by
radiation protection procedures.

1

3.b Indirect Bioassay

To aid in determining intakes, indirect bioassay (in vitro)
measurements may be made. By measuring the quantity of
radioactivity in urine or fecal samples at specific times, an
individuals intake and internal dose can be estimated. This method
of bioassay is typically used when the intake cannot be determined
by whole body counting or when additional information on an intake
is required. In vitro measurements will be made when specified by
radiation protection procedures.

.

3.2.2.2 Dosime+rv Proaram

The dosimetry program involves both the monitoring and regulation of
radiation exposure. Personnel monitoring devices will be required
for all personnel meeting the conditions specified in 10 CFR 20.202.
Administrative dose. control- limits will be used to ensure that
individuals-do not exceed the exposure limits specified in 10 CFR
20.101 and 10 CFR 20.103. The administrative limits will also used
as a management tool to ensure that individual and collective doses
are maintained ALARA. Administrative dose control levels will be
established in such a manner that increasing levels of exposure
require increasing levels of management approval. --

3.2.2.3 Radioloaical Surveys

Radiological surveys are performed to meet the requirements of 10
CFR 20.201 and the following objectives:

1. Cor.tinuously assess the radiological environment at the
project site.

2.- Effectively specify controls to ensure personnel are made
aware of radiological hazards.

Radiological surveys will be conducted to idantify and measure
external radiation, airborne radioactivity and surface
contamination. Evaluations will be made for the various types of
radiation (gamma, beta and alpha) that may be encountered at Fort
St. Vrain.

Radiation protection procedures will specify the types ofO instrumentation and the methods to be employed when performing
surveys and taking samples. Instrumentation will be available for

3.2-5
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the detection and quantification of hot particle sources and the
measurement of alpha, beta and gamma radiation. Sampling equipment I

will_ be available which allows the sampling of the air breathed by l

workers. Counting equipment will be available to measure alpha,
beta and gamma emitting radionuclides.

1

The results of surveys will be documented on survey forms which will
be made available to the workers who will be entering a radiological
controlled areas. The survey form will contain, as applicable, a

L sketch or map of the area, contact and general area dose rates,
contamination levels, identification of specific hazards such as hot
spots, and'the location of radiological boundaries.

A supervisory review will be performed on all surveys to ensure that
the surveys ~ are appropriate and that all information is properly
recorded. The supervisor reviewing the survey will ensure that the
results are consistent. with those anticipated and determine the
reason for any variance.

Survey frequencies will -be based on. the hazard- that may be
encountered, the potential for changing radiological conditions, and
the frequency of. occupation. Surveys will' be performed to provide 1

positive verification that radioactive materials are being
L adequately controlled and are not spreading to uncontrolled areas.
L Survey frequencies will be specified in radiation protection

procedures. '

| 3.2.2.4 Contamination Control
. .

i

' Contamination control is required .in order.to minimize the number
.

and ' volume of- contaminated areas, tools, and components within the
project, and to - minimizo the potential for creating mixed wastes,
Major elements of this program include . area surveillances,y

' containment, identification and control of hot- particles,
decontamination of areas, tools and equipment, reuse of contaminated atools within radiologically controlled areas, leak - detection and
repair, and the use of- performance indicators in. trending data to

,

measure program effectiveness.

Guidance will also be given in procedures and specified on RWPs on
the' use of protective clothing to prevent personnel skin
contamination.

O
3.2-6
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3.2.2.5 Area Controls

Areas containing radiological hazards will be posted and designated I! in such a manner that personnel are made aware of the presence and i

extent of radiological hazards in the area. Areas will be posted )
based. on the evaluation of survey results and the requirements of )
10CFR 20.203.

1. Access to Radiologically Controlled Areas-

Access (control points) will be specifically identified and
controlled in a manner that will preclude inadvertent entry of
unauthorized personnel. The use _of RWPs will provide administrative

,

r

control for access. Manned control points or escorted access may be !

instituted based on the nature of the work to be performed and the
radiological hazards. The access control point will .-also. ensure
that personnel entering the radiologically controlled area- meet the I

requirements of the governing RWP. Equipment at the access control
,

point-may include:
1

1. Personnel contamination monitors,3~g- 2. GM friskers.
L 3. Protective clothing.

4 .- Respiratory protection equipment.

2. Radiation Work Permits

' A Radiation Work Permit (RWP) will be used to inform the radiation,

j' worker of the. radiological hazards, provide instructions and
! administratively control personnel entering or working in areas that
L have or potentially could have radiological -hazards present, which

:if ,not controlled properly, could present a ' potential ~ hazard to
. personnel working in the area. Work techniques will be specified in=
such a manner that the exposure for all personnel (individually and--

collectively) will be maintained ALARA. Radiation work practices
will be considered when procedures are developed for work which will!

take place in a radiologically controlled area.

Procedures will specify that the RWP identify personnel involved in
the job and describe the job to be performed, protective clothing

j and equipment, monitoring requirements, and any special instructions
or cautions pertinent to radiation hazards in the area.

,n The RWP will list the radiological hazards present in the work area,
'V including area dose rates and the presence and intensity of hot

spots, loose surface contamination, and other hazards as

3.2-7
?
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appropriate. Radiation, contamination, and airborne surveys will be
performed as required to define and document the radiological
conditions for each job..

RWPs will be approved by an increasing level of radiation protection
supervision based on anticipated hazards in the work area and the
collective dose commitment (person-Rem) for the job. RWPs for jobs
with low dose commitments and relatively low radiological hazards
will be -approved at the health physics supervisor level, while RWPs
with a high dose comitment or significant raoiological hazard are
approved at the Facility Support Manager or Profect Manager level.

3. Central Issuing Facility

A centralized location will be manned by radiation protection
personnel to enable them to assist individuals in obtaining RWPs and
personnel protection equipment.

3.2.3 .Decommissionina ALARA plan

, - The decommissionin'g project staff is comitted to conducting all
activities associated with the decommissioning of Fort St. Vrain
site in a manner that will not compromise.the health and safety of
employees or the general public. During.the decommissioning of Fort
St. Vrain, . radiation exposures of both occupationally exposed
personnel and. the general public will be maintained at levels which
are as low as reasonably achievable (ALARA) and which are in
compliave with 10 CFR120,

3.2.* .1- ALARA proaram ElementsJ

.Several program elements have been developed to provide a mechanism
for the introduction of ALARA concepts into project activities on a-
daily basis. Specific elements include:.

1. Engineered Controls
2. Radiation Work Permits
3. Task.ALARA Budgets
4.- Job Briefings
5. Implementing Procedures-
6. ALARA Suggestion Program
7. Cost Benefit Analysis
8. Training and Use of Mockups
9. ALARA Performance Indicators
10. Management Involvement
11. ALARA Committee

3.2-8
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- Descriptions of the ALARA program elements are provided in the
following paragraphs.

; 1. Engineer :i Controls

Engineered controls is a term which describes the general class of
devices used to reduce exposure by reducing time spent in radiation
areas or by limiting the exposure of personnel to radioactive
material. Examples of engineered controls include, but are not

L limited to, such items as temporarv shielding, specialty tools,
contamination control containments, ventilation systems,
decontamination, and remote surveillance systems.

2. Radiation Work Permits (RWP)

p In addition to the normal controls specified by the RWP, RWPs will
__ also be used as a source for obtaining exposure information, RWPs

will be written in a manner which will allow tracking collective and
'

individual exposurss, and person hours spent in RWP areas. This
_ will also allow exposures and person hours to be tracked by job,

area of the project, and craft or job category. In addition, the

O RWP will be used to determine the amount of time spent working in
respirators and protective clothing.

_

-
The knowledge gained by analyzing the various parameters will be
used by the radiation protection staff to identify areas requiring
increased attentior, or opportunities for dose savings. The
information will be treaded to assist in identifying problems or to
demonstrate the adeqtacy of ALARA measures which have been
implemented.

3. Task ALARA Budgets

Each major decommissioning task will be assigned a person Rem or
4LARA budget. Each budget will be established based on the
anticipated person-hours, area dose rates and dose saving methods

-

employed. The established budgets are not an estimate of the
person Rem commitment, but represent a goal that will require

. planning and proper execution of the task to attain.,

-

The radiation protection organization, in conjunction with work
supervisors and planning engineers, will determine ALARA budgets for
major tasks. An action plan will be prepared for achieving these
goals. Progress in meeting the budgets wili be reviewed by the

.

ALARA and Decommissioning Safety Re'<iew committees.

_

3.2-9 i
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4. Job Briefings

1 Prior to starting any job or day's work, the man in charge shall
call the entire crew together for a conference or " job briefing''.
The job briefing shall include an outline of:

1. The work to be done.
2. Each crew member's part in the job.
3. The hazards known or anticipated during the work.
4. The methods to be applied in protecting against such

hazards.

The men in charge shall ask for and encourage questions, comments
and suggestions during the briefing, and the briefing shall continue i

until each crew member understands the items covered so there can be l

no possibility of misunderstanding. If during the course of the I

work, changes in the plan become necessary, the crew members who are
affected by the change must be called together and the change,

properly explained.

5. Implementing Procedures

The various facets of the ALARA program will be effected by
implementing procedures. These procedures will describe the process
of ALARA budgeting and approval, describe the methods used for dose
tracking and trending, describe planning and use of engineered

j controls, and describe integration of ALARA planning into job
planning and project modifications.

The radiation protection organization will review all
decommissioning project work proceF.cs that could affect personnel[

| exposure, contamination cont ro'i , or radwaste generation. This
I review takes place prior to final approval and identifies ALARA

concerns, exposure reduction techniques, and ALARA hold points.
,

6. ALARA Suggestion Program

An ALARA suggestion program will be developed to ensure all
employees have the opportunity to participate in identifying
potential ALARA concerns or recommendations to the projects exposure
reduction effort. All suggestions will receive review and response

| by the radiation protection staff to maintain open communications on
ALARA issues.

O
3.2-10
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7. Cost Benefit Analysis

i Justification of radiation exposure reduction efforts may require I
comparison of costs and other impacts with expected benefits of the 1

action to determine what level of protection is " reasonably
achievable" . Budget limitations may require that dose reduction )
actions be prioritized. For these reasons, rational methods such as
cost benefit or value impact analysis will be used to aid in
decisions regarding dose reduction actions.

8. Training and the Use of Mockups

Basic radiation worker training will acquaint all personnel assigned
to work on the decommissioning project with the ALARA program. This
training will define the ALARA concept, identify ALARA

responsibilities and present examples of ALARA practices.

Radiation protection personnel training will be provided to
personnel in the radiation protection organization to enable the
staff to provide assistance to other groups in the design and
identification of ALARA measures to reduce exposure.

Mock up training will be given to individuals for complicated or
high exposure jobs. This will ensure problems with the work plan or
exposure reduction techniques are identified and solved prior to
actual performance of the job.

9. ALARA Performance Indicators (APIS)

APIS are used to monitor and trend a variety of factors or
indicators which give a good overall view of the ALARA program.
APIS identify those areas where the ALARA program is performing
effectively, as well as problem areas. APIS will be identified and
implemented by radiation protection procedures. Examples of typical
APIS include:

1. Respirator usage compared to the number of entrMs
into controlled areas.

2. Rate of personnel contaminations.
3. Collective and individual exposures.
4. Number of positive bioassay results.

10. Management Oversight

Frequent visibility of and oversight by management personnel at the
radiation work areas will promote an awareness of and concern for

,

i 3.2 11
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the necessity of strict adherence to radiation protection

i
procedures,

11. ALARA Committee

The ALARA committee will provide functional support to the radiation
protection program and is responsible for development of ALARA task
budgets, reviewing proposed engineering controls, reviewing ALARA
suggestions, reviewing work packages, trending performance
indicators, reviewing radiological occurrences and appropriate
industry events, and supporting training activities.

3.2.3.2 Individual Responsibilities

ALARA is also the individual's responsibiiity. Irdividual worker
responsibilities include the following:

1. Responsible for maintaining their individual exposure
ALARA.

2. Responsible for assisting coworkers and others in
maintaining their radiation exposure ALARA.

3. Compliance with radiation protection program requirements.
4. Limiting the release of radioactive materials to ALARA

levels.
5. Reporting any unusual or deteriorating radiological

conditions to the radiation protection staff.

3.2.3.3 Manaaement Responsibilities

Project management will provide guidance and direct the
implementation of ALARA policy as described in this section.
Project management will establish priorities and allocate resources
to ensure a coordinated and effective approach to the minimization
of individual and collective doses, and minimize the release of

radioactive material while maintaining a high level of project
safety.

3.2.4 Surveillance Procram

A project radiological surveillance program will be established to
efficiently assess the radiological environment at the project site
and effectively specify controls so that personnel are made aware of
radiological hazards. The major elements of the surveillance
program are radiological surveys, area access controls and RWPs (see
Section 3.2.2.5 fcr discussion of RWPs).

3.2-12
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3.2.5 Resoiratory Protection Proaram

3.2.5.1 Introduction

The existing NRC approved Fort St. Vrain Respiratory Protection
Program will continue to be used during the decommissioning project.

3.2.5.2 Etoaram Descriotion

The PSC and Westinghouse team Radiation Protection Managers are
designated to be responsible for directing all aspects of the
respiratory protection program.

It is the intent of project management to minimize personnel
exposure to air contaminated with radioactive dusts, mists, fumes,
gases, or vapors. The primary means to achieve this goal will be to
prevent or mitigate the hazardous condition at the source. Every
reasonable effort will be made to achieve this objective by the use
of engineered controls, including process modification, containment
and ventilation techniques. Respirators may be prescribed at the
discretion of supervision while controls are being instituted or

O evaluated or where effective controls are impractical.

Major elements of the respiratory protection program include:

1 Procedures
2. Training
3. Medical screening
4. Fit testing
5. Respiratory protection equipment maintenance records
6. Issue records
7. Compliance with air quality standards _ for supplied

breathing air
8. Bioassay program
9. Quality Assurance

3.2.6 Eadioactive Materials Control

Radioactive materials will be controlled through the use of
inventory and accountability procedures. The radiation protection
organization will be responsible for surveillance, posting and
access control to all radioactive materials areas as well as,

inventory and accountability of radioactive calibration and
reference standards. Control of radioactive materials other thanO calibration and reference standards is described in Section 3.3.

3.2-13
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3.2.7 Radiation Protection Facilities and Eouioment

3.2.7.1 Introduction

Project management will provide facilities, equipment and

instrumentation adequate to permit the staff to function
efficiently. The facilities and the types and quantities of
equipment to be provided will be adequate to meet the needs of the
project.

3.2.7.2 Facilities

The following facilities will be required by the radiation
protection organization:

1. Sample counting facilities.
2. Whole body count room.
3. Dosimetry issue and reading area.
4. Instrument issue, storage and calibration areas.
5. Decontamination facilities.
6. Access control areas.
7. Protective equipment cleaning, storage and issue areas.

3.2.7.3 Eouioment

The following equipment will be required by the radiation protection
organization:

1. Whole body counters.
2. Sample counting equipment.
3. Personal monitoring equipment.
4. Portable survey instruments.
5. Dosimetry and dosimetry processing equipment.
6. Personal protective equipment.
7. consumables such as smears and decontamination supplies.

3.2.8 Assessment and Reportina

3.2.8.1 Identification and Correction of Problems

A system will be established for identifying and reporting radiation
protection problems and for instituting corrective actions. The
system will include provisions for: identification, reporting,
investigation, evaluation, identification of root cause, and
implementing corrective actions. Problems and resolutions will be
documented. Supervisory involvement in resolution and corrective

3.2-14
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actions will be required as appropriate. Procedures will be
developed which implement these provisions.

,

Examples of potential radiological problems include but are not
limited to the following:

1. Violations of radiation protection procedures or
regulations.

2. Failure of personnel to follow RWP requirements, posted
instructions, or instructions of radiation protection
personnel.

3. Uncontrolled spills or releases of radioactive materials in
controlled areas.

4. Lost or off scale dosimeters.
5. Damage to personnel protective devices or to radiation

protection equipment and instruments.
6. Personnel skin contaminations and potential or actual

internal deposition of radioactive materials.

L 3.2.8.2 fjpgram Reviews ,

/~'N
:] A comprehensive system of planned and periodic reviews will be.' implemented to verify compliance with all aspects of the radiation

protection program. Reviews will be performed in the following
areas:

1. Access Control to Radiation Areas
2. Radiation Surveys
3. Airborne Radioactivity Monitoring
4. Contamination Control
5. Respiratory Protection
6. Radiation Protection Training
7. Personnel Monitoring
8. Bioassay Program,

|- 9. Review of ALARA Program implementation and Effectiveness

!
At least once every two calendar years, a technical review of thel

radiation protection program will be condev.ed by technically
! qualified personnel who are independent of the project radiation
i protection program. This review will encompass the elements
! delineated above.

3.2.8.3 performance Indicators

O
Based upon nuclear industry practice and the recommendations in NRC
and INP0 guidance documents, several parameters have been selected

3.2-15'
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O
to aid in monitoring radiation protection performance goals. Goals
for performance indicators will be recommended by the project staff
and approved by the ALARA committee. Key overall indicators will
include:

1. Annual collective dose.
2. Percent of project radiologically controlled area entries

in respirators.

3. Rate of personnel clothing and skin contamination events.
4. Percent of jobs for which the measured collective dose

varies from the pre job estimate more than 25%.
5. Number of radiological incident reports.

O
'

O
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3.3 RAD 10AC11VE WASTE MANAGEMENT

This section ' addresses the technologies, equipment, and procedures
to be implemented for the managemc -t of radioactive waste during the
Fort St. Vrain (FSV) decommissioning project. These technical
approaches are based upon experience and address facets of planning,
decontamination, packaging, storage, transportation, volume
reductinn or beneficial 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 off site release during D/D operations.
4. Preventing contamination of uncontaminated areas.

;
5. Use of existing buildings to support the waste packaging !

.

operations.
6. Methods of approach related to waste type, waste class, and

impact on safety.
7. Cost effectiveness.
8. 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 public.
11. Maintaining flexibility for waste management to allow for

unexpected wastes and changes in available technology.

This section contains a description of the following activities
associated with the radioactive waste management program:

1. Spent fuel disposal (3.3.1)
2. Radioactive waste processing (3.3.2)
3. Radioactive waste disposal (3.3.3)
4. Disposal of non radioactive wastes (3.3.4)

i

3.3.1 Soent fuel Disposal

Although not related to proposed decommissioning plans, the
following information is provided on the ultimate disposition of the
Fort St. Vrain spent fuel. The preferred plan for disposal of all
Fort St. Vrain spent fuel is to ship the spent fuel to a DOEO Facility in Idaho.

.

3.3 1
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The original Three Party Agreement (Ref. 9) between PSC, General
Atomic (GA) and the Atomic Energy Commission (AEC) provided storage I
for eight segments of Fort St. Vrain spent fuel at the Idaho l
National Engineering Laboratory (INEL) facility. To date, PSC has i

shipped three segments of spent fuel to INEL as a result of three |

previous refuelings. In 1988, the agreement was modified (Ref. 10) )
to clarify the intent of the agreement and to assure the storage of j
five remaining spent fuel segments (approximately 1242 fuel 1

elements) at DOE Idaho, pending reprocessing or transfer to the
federal high level waste repository (HLWR). Under terms of the
existing Three Party Agreement, PSC is responsible for the interim ,

storage of one segment of fuel (approximately 240 fuel elements) i

until the HLWR is available, now estimated to be available to

receive Fort .%. Vrain spent fuel in approximately 2020. The
commitment to receive the ninth segment of spent fuel will be
formalized in a contract with 00E.

The shipping schedule for the Fort St. Vrain spent fuel is planned
to commence early 1991 and be completed in late 1991. Based on DOE
verbal commitments, the shipping schedule will include the
acceptance of the ninth and final segment of Fort St. Vrain spent ,

fuel.

.Due to the uncertain schedule for shipping of spent fuel to Idaho or
other DOE facilities, PSC is pursuing an alternate plan to license, ,

construct and operate an Independent Spent Fuel Storage Installation
(ISFSI) in accordance with 10 CFR 72. To support this alternate
plan, a 10 CFR 72 License Application was submitted in Reference 11.

The ISFSI facility will be located immediately adjacent to the
current site. The actual location will be outside the plant's
existing Protected Area, approximately 1500 feet northeast of the
Reactor Building. The ISFSI, using the Modular Vault Dry Store
(MVDS) System, is designed to store up to 1482 fuel elements, up to
37 MCRB's and up to 6 neutron sources. Utilizing the ISFSI
alternative plan, defueling would be completed by mid 1992, which
would allow decommissioning to commence not later than mid 1992.

3.3.2 Radioactive Waste Processina

3.3.2.1 Proaram Descriotion

On site radiological surveys will be performed to determine the
extent of contamination or activation, and options for
decontamination or disposal processing and packaging. Waste that
requires processing on site prior to packaging for transportation

.

3.3-2
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will be processed in the Hot Service Facility (HSF), the compressor
rooms (Reactor Building level 1, el. 4740'), and/or the Fuel Storage
Building. Exact requirements will not be known until the
radiological surveys have been performed and evaluated.

Items not considered for decontamination or items that, following
decontamination, are considered to have too high a specific activity
for off-site volume reduction, will be packaged and shipped directly
for disposal at a licensed burial facility.

Greater than Class C (GTCC) wastes, if any, will be packaged for
on-site storage and subsequent shipment to a designated storage or
disposal facility.

Radioactive wastes are expected to be categorized as follows:

1. Pot ent iall y contaminated or minor soot decontamination

reouired:

! Potentially contaminated materials that: 1) appear to be
q uncontaminated; 2) all surfaces are easily accessible; and
Ig 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
removing the hot spot.

2. General contamination with accessible surfaces and a low
area-to weiaht ratio:

Materials with readily accessible surfaces for purposes of
surveying and decontamination, and that possess a low
surface area-to-weight ratio may be shipped directly to a

,

| licensed (,ffsite processing facility for decontamination of
I the surfaces and final disposition.

3. General contamination / inaccessible surfaces /hiah surface
| area-to weiaht ratio:j
,

i Smaller metallic scrap or metals with inaccessible surfaces
for performing surveys (e.g., previously sheared material)

- (~) will be assumed to be contaminated and be packaged for
V shipment for further processing at a licensed facility or

shipped directly to burial.

I 3.3-3
|
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4. Activated:

Activated materials and high specific activity materials
(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, decontamination, or
shipment offsite for further processing or for burial. The
following onsite and offsite methods will be considered:

1. Onsite processing of liquid wastes.
2. Onsite filtration of airborne wastes.
3. Onsite decontamination.
4. Onsite waste volume reduction.
5. Onsite packaging.
6. Offsite decontamination.
7. Offsite volume reduction,

8. Offsite repackaging / consolidation for disposal.

3.3.2.2 Onsite Processino of Liouid Wastes

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 ccncern are tritium and the gamma-emitting isotopes Cs-137
and Co-60. Based on data analysis and research of tritium release
rates from graphite, tritium pickup by the water is initially
expected to be relatively large.

After the initial tritium pickup by the water, the leach rate is
expected to stabilize at a level below 0.5 Ci/ day a few weeks after
the PCRV is flooded. This lower rate will not present any handling.

problems because the PCRV will remain sealed or otherwise
controlled. The tritium cannot be removed by mechanical means, and
therefore normally will be discharged by controlled releases to the
normal effluent pathway by a controlled bleed and feed procedure via
the cooling tower blowdown line. The outlet stream from the
demineralizers will be routed to the cooling tower blowdown line,
and makeup water will be added to the system. After one to two
months of water cleanup and clarification system operation, the

3.3-4
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total tritium concentration in the PCRV is expected to reach an
equilibrium level well below the unrestricted release limit for
water discharge (0.003 microCi/cc).

During unforeseen instances or circumstances that preclude use of
the normal discharge path, the water may be directed to interim
short term storage until a controlled discharge can be performed.

Other radionuclides (particulates) can be removed using the water
system with ion exchange resins or particulate filters. The
contaminated water will be purified to releasable levels as Mined
in 10 CFR 20 Appendix B by means of the disposable demineralization
and filtration system, which is a part of the PCRV water cleanup and
clarification system described in Section 2.3.3.6.

Operating simplicity of this system will minimize the radwaste
movement, handling and personnel exposure. Spent resins and filter
media requiring stabilization will be processed in accordance with
the Process Control Program (PCP). When possible, this will be done
inside the disposal package or liner to minimize additional waste

i handling prior to disposal.g
(

3.3.2.3 Release of Airborne Contamination

Some low-level airborne wastes may be generated during
decommissioning. Disposal of airborne radioactive wastes will be
accomplished by filtration (of particulates) and disposal of the
filter as solid waste.

3.3.2.4 Onsite Decontamination Technioues

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 similar
to painting a surface. Additives in the coating are
designed to attract and combine chemically with radioactive
contaminants. Once the coating is dry, the contaminant is
locked in the dried coating. The dried coating is easily
" peel ed" to allow stripping of the film containing the
contamination. The stripped film can then be packaged Lad
buried as a solid waste. Strippable coating may also bea) used to protect surfaces from becoming contaminated.C|

|
|
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2. Chemical or Solvent Decontamination: Chemical

decontamination is utilized principally for batches and is
i best used on a production basis, for large volumes of

similar materials, but may result in a hazardous
radiologically contaminated mixed waste (See Section
3.3.3.5). There are no current burial grounds for mixed
wastes. However, with the proper selection of technologies
and chemicals, certain mixed wastes can be converted to a
solidified non hazardous waste product that is classified
only as radiological waste.

3. Dry Abrasive Impingement: 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 used
in areas of high gross transferable contamination.

3.3.2.5 Onsite Waste Volume Reduction

Several waste types and forms will be generated during
decommissioning and radwaste processing operations. These include
waste generated from sectioning of contaminated or activated
components', general waste such as consumables, filters from the
decontamination or sizing operations, secondary wastes from
decontamination, or beneficial reuse processing such as sl ag,
abrasives, and solidified liquids. Waste minimization is an
important consideration in handling and processing radioactive
wastes. Therefore, the waste minimization and volume reduction
techniques discussed below will be used as appropriate.

Waste minimization practices shall include:

1. Personnel training to minimize anste generation.

2. Segregation of Radioactive Waste

Known radioactive waste will be separated from potentially
non radioactive waste.

O
3.3-6
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3. Waste Handling

Waste handling procedures will be implemented that will
maximize packaging efficiencies of containers, utilize
reusable containers and clothing, and streamline waste
collection and transport processes.

4. Facility Lay-down Areas

Lay-down areas will be selected to maximize the ease and
efficiency of waste handling. Selection of the lay-down
area will consider proximity, adequacy of space, waste flow
paths, lack of interference with other decommist,ioning
activities, and minimization of the spread of
contamination.

5. Radioactive Waste Monitoring Equipment

The most effective methods and equipment for monitoring the
processing of radioactive materials will be used. This
will assure the adequacy of operation, waste segregation,n

I and confidence that the equipment will perform as required
and expected in the station environment.

Project management, task supervisors, and performance level
personnel will incorporate radioactive waste minimization practices.
Performance indicators will be developed to track total radioactive
waste generated during decommissioning and the actual volume of
waste generated for an evolidion will be compared to the pre-job
estimate for that task.

3.3.2.6 Onsite Waste Packaaina

Radioactive waste packaging at Fort St. Vrain will be performed in
areas that minimize radiation exposure to personnel, control the
spread of contamination, and are adequate for packaging activities.
Examples of potential onsite waste packaging areas are:

1. Reactor Building refueling floor
2. HSF

3. Compressorrooms(ReactorBldg.,El,4740')
4. Fuel Storage Building
5.- Temporary facilities designated for waste packaging

O
V Waste. pickcges will be selected for each waste stream that meet

requirements for transportation and disposal. Shielded casks will

3.3 7
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be utilized as required for reducing the radiation dose rate to
levels as directed by regulation or to meet equirements for package
type (i.e. Type A or Type B containers).

To the maximum extt.nt practicable, voids it disposal containers will
be filled with other decommissioning debris. This will reduce the
total volume of waste for disposal. 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 more cost effective means of
vrlume reduction. When appropriate waste segregation and packaging
have occurred, the waste will be transported directly for disposal
er transported to an offsite -licensed facility for further
processing and final disposition.

3.3.2.7 Offsite Shioments of Radioactive Materials for Further.

Processino

; Based on cost benefit analyses, a significant volume of radioactive
material generated during the decommissioning effort may be shipped
offsite to be volume roduced by one of the methods described in the
following paragraphs.

Waste packages sent to offsite facilities will primarily be sea / land
containers selected to meet requirements for transportation. and
receipt' at the 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 number of shipments made.
Only radioactive materials which are acceptable according to the
individual license (s)> of the receiving facility will be transported
to that offsite processing' 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 that
provide adequate radioactive material control and accountability
procedures will be selected to perform decontamination, volume
reduction, or other waste processing services.

O
^
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3.3.3 Radioactive Waste Disoosal

3.3.3.1 Prooram Descriotion

The radioactive waste disposal program will follow the regulations
established in 10 CFR 20 and 10 CFR 61, the disposal site criteria,
and other applicable Federal and State regulations. The waste will
be processed, packaged, and prepared for shipment. Radioactive
waste may be stored onsite on an interim basis, subject to the
storage and separation criteria established in Sections 3.4 and 10.

GTCC waste, if any, will be stored in the adjacent ISFSI or in a
structure which 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 Pro _iected Radioactive Waste Generation

The initial estimate of the processed and volume reduced
radioactively contaminated waste for disposal is 100,072 cubic feet,
with 99,219 cubic feet from the PCRV and associated operations, and<

O. 853 cubic feet' from the balance of plant (BOP). The waste from the
-

'

V 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. The waste from the BOP consists of tanks. *

pumps, HVAC filters, and miscellaneous 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:

'

[hn Volume (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 i

will change as ongoing planning and decommissioning operations
proceed. Tables 3.31 and 3.3-2 identify the radioactive wastes

_p- that may be shipped for further processing. The pre-volume
.V reduction totals and number of waste containers are delineated on

Tables 3.3-3 and 3.3-4.

3.3-9 '
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3.3.3.3 Classification of Radioactive Wastes

Classification of radioactive wastes will be determined by direct '

survey, isotopic analysis for the presence of radionuclides and
determination of the concentrations of these radionuclides relative
to the _ weights of components or component parts. This
classification will be performed in accordance with 10 CFR 61
requirements prior to transportation.

'3.3.3.4 Transoortation Plan

Before packaging waste for shipment from Fort St. Vrain, each
package will be inspected to determine its adequacy for retaining
the radioactive contents and its proper condition for shipment. Bar
code capable of being read by computerized scanners will typically
be affixed to the container and the corresponding lid.

! Waste will be packaged into waste packages that meet 49 CFR and 10
CFR 71 requirements. Certain wastes may require use of an approved
shipping cask due to radiation levels or limits for quantities of
radioactivity Trucks will be the primary method of transportation
during this decommissioning project, h
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 shipped by 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. Waste class and shipping
containers are identified in Tables 3.3-5 and 3.3 6.

The actual routing of shipments may vary with weather and highway
conditions. Additionally, local and state restrictions pertaining ,

to radioactive material transport may affect 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' regulations. Trained

. personnel will inspect and oversee shipping, in accordance with DOT
and NRC regulations.

3.3-10
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3.3.3.5 Continaenev Plans (Mixed Waste)

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 necessary for project management to authorize the use of any
chemical or other substance that may become hazardous waste. If

mixed waste is identified, it will be classified and stored onsite

until regulations allow declassification or disposition.

3.3.4 Discosal of Non Radioactive Waste.

Non radioactive wastes will be disposed of by release to appropriate
disposal facilities such as land fills, scrap yards and scrap
recovery facilities. Materials that are inappropriate for surface
surveys, such as resin fines, will be sampled and apnropriately
analyzed. Materials found to be non-contaminated will be disposed
of as non-radioactive waste.

O

O
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Table 3.3-1
PCRV WASTE CLASSIFICATION

AND VOLUME REDUCTION

A g C >C N bit 00pPACT MELT OVERFILL
~

I Region constreint devices X X

RCD Pins k X

Metet control Rod Reflectors X X

Metet block * non control rod X X

Defueling elemente X X X

top reflector graphite blocks X

gottom reflector preshite blocks X

Redlel reflector greshits blocks X

Large reflector blocks X X

1/2 site reflector b!ks X X

Upper reflector keys X X X

Elgagrblocksw/boronpins , ,
sfockswUhpinsremoved X X

gttom o g blocks
awhoNons X

Lower reflector keys X X

Core s@ port blocks X X

Core s@ port posts X X X

Core support floor cot e ns X X X

Misc steel beneath CSF M X X

.

Metal en Large side reflector X X X

- Core barrel X X

Lower plenum insutetton X X

Silice blocks X X

Concrete * top X

Concrete * CSF X

Concrete a side X

Concrete r@ble X X

Misc. Inconel parts (CSF) X X

Concrete cuttire debris X X

Hell a puriflers (PCRV head) X X

Heli m diffusers X X- X

Hell a circulaters X X

He Clrc shutof f velve essenbty X X

Heli m bellows X X

Steam generators X

Lower floor /eppurtenances X X. X

Platform / tools /jlb cranes X X X

Crane cable /dem/3 bucket invrtr X X

Resins X X

MisceLLeneous sof t weste X X

Reactor isolation velve X X X

:

-.
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Table 3.3 2
CONTAMINATED BOP WASTE CLASSIFICATION

AND VOLUME REDUCTION

A B C >C N'
N k COWACT IELT OVERf lLL E

miscellaneous soft weste X X

teactor isolation volves X X X

tefueling sleeves X X X

Refueling sleeve send X une es e/f
Send from fSWs X use et o/f
ATC X X

ATC send K une as e/f
($W send X use es off
Hot service feclLity X X

NSF tend X use stab.
Core support vent flLters X X

Geseous weste surge tanks X X

Geseous weste surge tank send X use as e/f
LisJid drein tank X X

Gas weste vacuda tenk X X

Gee weste vacuJa tank send X use et o/f
Gas weste compressors X X

Gee weste conpressor send X use es e/f
Ll wid monitor tank X X

Ll w id weste monitor tank send X une es e/f
LleJid weste domineralisers X X

'Llostd weste receivers X X

LieJid weste receivers send X use es e/f
LieJid weste susp send X une se e/f
LieJid trerefer samps X X

LisJid weste sump pungs X X

LisJid weste resins X use es o/f
LleJid weste flLters X X

Decon solution tank X X

Decon solution tank send X use es e/f
Decon recycle pump X X

Decon chemical s@ ply snap X X

Purifled heliun filters X X

Nellun removal flLter X X

Nellun getter units X X

HVAC filters X X

$meLL & Large bore piping X X X

FHM X X

FHM Conpanents X X

FHM send X use es c/f
Solid weste compactor X .X

9
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SECTION 3
Table 3.3 3

__

PCRV WASTE VOLUME ESTIMATES

C'bC1 L&A NUMBER VOLtME (FT3)* (DNAINRS b "
ITEM /SYSitm class O

kegian constraint device & rin C 70 84 33.6 235.2 34

metal control rod reflecto s >C 3000 No 37 12.7 401 100
--

metet btock non contro'. rod B 300 Wo 276 81.2 2025 270 800/10800 ==

Defueling blocks A Contam. 1482 4661.5 7200 75

Top Reflector graphite blocks A' O.5 1215 983.8 1515 16 368/982

tottom reflector preg ilte blocks A* O.5 1215 918.2 1614 15

Radial reflector ps m. & ravbte A' O.5 480 1236.0 1903 20 200/600

gLarge reflector bloct.s 8* 0.5 - 10 No 312 1377.5 12600 1680 570/7975

1/2 sl e reflector '2 Locks B* 0.5 10 No 312 275.5 2160 288 570/7975
upper reflector ke/s (carbon steeli A <0.05 24 13.4 192 2

Side Spacer blocks w/ boron rod: 30 1152 1553.8

boron rods B 60 No 309792 197.8 495 66 146/1921

Blocks w/rocte removed A* <0.1 No 1152 1553.8 2393 25 2995/14976

tottom ref. blocks w/Hestelloy cans 300 276 529.7 h
hastettoy C 10000 No 20061 2.9 375 50 O / " 54 --

Blocks with cena removed A* 0.5 276 529.7 816 8 274/822

Lower reflector keys (Hastelloy) 8 1000 No 24 3.6 180 24 24/336
~

Core support blocks A* <0.1 61 935.5 1468 15 20/100 .

Core support posts A <0.1 183 113.0 174 2
_

pres @portfLoorcolmns A 12 360.0 636 7 "

Mtse, stoet f rom beneath C$F A <0.1 %D 10
- Metet on large side reflector A <0.1 24 13.8 % 1

.. Core barrel A .02 1 517.0 1400 31

Lower plan e insulatton A <0.001 918.2
--

silica blocks (25,000 lbs.) A 0.5 335.5 503.? 12 /300
Concrete top A <0.2 3744 9

Concrete caf A <.015 6240 15

Concrete side A c.005 18720 45

Concrete r@ble Jackhanner A 706 16

Misc. inconet parts on tsf A 0.4 153 415 5

Concrete cuttire debris top A 210 210
~

Concrete cuttire debris est A 200 200

Concrete cutting debris - side A 325 325 8 total debris
Helium purifters in PCRV head A 10 480 5

'

Helim dif fusers A <0.1 4 1752 4 Fitt with LSA
Heli m circ. shutoff vetve assantly A <0.1 4 192 2

heti m beILown A 12 1560 12
-

Thermoco @tes & guide tubes B 105 14

stsom generetors A 12 20736 12

Lower f|oor/oppurtenanceo A 1200 42

Platform / handling tools / jib cranes A 576 6

Crane cable /dem/3 bucket inverters A 512 5

Mobillae trucks & initial containers
Grochite b|Ock drying equipuent

"Resins solidif y, ship, bury A 20 2720 20

Misc. soft weste A 12000 125

PCRV TOTALS 111,535 3095

* Pre volume reduced quantity. _

=

zu
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Table 3.3 4 ,

BOP WASTE VOLUME ESTIMATES

,

CDk 11Nkt bITEM /SY$ FEM CLAtt ChkCT LSA IRMBER b VOLtME (f f 3)* N
esactor toolation vetves A 5 7B5 960 to |

Refuellrg sleeves A 2 160 192 2

Sand frm fweL storage wetis A 750 )
Sand from eestament ate so wells A 225

'

Sand from hetlue regen ilon plt A 135 18

Am illery transfer ce* send A 15 2 I

Not cett facility A 384 4

Sand from hot colt fedlity A 500 67

Core support vont filters A 8 15 2

Geseous weste surge tanks A 2 1872 2M6 2

Liguld drain ter* A 1 20 20 1

Geseow weste voc e tank A 1 676 980 1 )
Geseous weste conpressors A 2 1200 2058 2 |
Liguld weste sonttor tank A 1 520 576 1 |

Liquid weste dominerall ers A 2 56 192 2
! Liguld weste receivers A 2 1960 1152 2

Ligutd weete sep (send) A 22.5 |

Llautd transfer pWys A 2 5 % 1

Liguld weste sump pwpe A 2 16

Lieuld weste filters A 2 6 15 2 i

Decon solution tenk A 1 100 360 1
'

Decon recyte insp A 1 3
'

Decon chem supply pe p A 1 3
''

Purified Hellum filters A 2 14
'

Nellun removal fliter A 1 16 % 1

Hellus getter units A 2 40

HVAC filters A

fuel handling machine A 192 2

fuel handling machine send A 420 56

$asti and Large bore pipire A 576 6

TOTALS 12577.5 185

* Pre-volume reduced quantities. J

L

'

|.

|
|

|

|..

L

1 O
.

|
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Table 3.3*5
/N WASTE CIASS AND CONTAINER TYPE FOR PCRVU

A B C PC h $fD 11PE A TYPE B CASE

Region constraint Oevices X X

9 ACD pins X X X I

'

Metal control rod reflectors X X X

Metal block non control rod X X X

Defueling blocks X X

Top reflector graphite blocks X X X

jBottom reflector graphite blocks X X X

Radial reflector graphite blocks X X X |

Large reflector blocks X X X

1/2* site reflector block X X X

user reflector keys X X

$1de spacer blocks w/ boron rods:

Boron rods X X X
~

Blocks with rods removed X X

$/'0 4 5 tis w/hestelley cens8

Mastelloy cens X X X

Blocks without cens X X X

Lower reflector keye X X X

Core saport blocks X X

Core support _posta X X

Core sport floor colums X X

Misc. steel from beneath cef X X.,

[j.
Metet on large side reflector X X

\ Core barrel X X
,

'

Lower plen e insutstion X X

$ltice blocks X X X

Concrete * top X X

Concrete * caf X X i

Concrete elm X X

Concrete rubble X X

Misc. Inconel parts on est X X X

Concrete cutting debris X X

Nei tuo purif ters in PCRV head X X X

Hell a diffuners X X

Nellun circulators X X

Helium circ. shutof f velve easy X X

Hellun bellows X X

Steam generators X X

Lower floor /sppurtenances X X

Platform /hendl. tools / Jib cranes X X

Crane cable /druv3 bucket
inverters X X

Resins X X X

Miscellaneous sof t weste X X

Reactor isolation velves X X

Refueling sleeves X X

5

d
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Table 3.3 6
VASTE CIASS AND CONTAINER TYPE FOR BOP

A e C >C b M 10 TYPE A TYPE g CASK "M
Miscellaneous soft weste M X

Reactor isolation velves I X

Refueling sleeves X X

Refueling sleeve send X X

Sand from fuel storage wells X X

Auxillery transfer task send X X

Send f rom ogJipment storage wells X X

Hot service facility X X

serut from hot service f acility I X

Core s @ port vent fitters X X

Geseous weste surge tanks x X

Geseous weste surge tank send X X

LieJid drein tank X X

Geseous weste vacuum tank x x

Geseous weste voeuun tank send X X-
'

Geseous weste compressors x x

Geseous weste compressor send X X

LloJid weste sionitor tank X X

LisJid weste sionttor tank send M X

Lissid weste cleminerettaers x X

LimJid weste receivers X X

LigJid weste receiver send X X

LigJid weste siuup send X X

LisJid trerafer puups X X

LigJid waste siusp gamps X X

LisJid weste resine X X X

Limaid weste I'llters X X

Decon soluttet tank X X

Decon soluttet tank send X X

f Decon recyte imme X X

|:
Decon chemical s@ ply pulp - X X

Purified hellun filters X X

Hellun removal filter X X

Hellus getter mits X X
' NVAC filters X X

Small and large bore piping X X

j- Fuet hendting enchine conponents X X

' Fuel handling machine send X X

Solid weste tospector- X X

O'

- _ _ _. _ -
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PROPOSED DECOMMISSIONING PLAN

[ SECTION 3

3.4 ACCIDENT ANALYSIS

3.4.1 Introduction and Description of Decommissionina Accidents

1

The purpose of this section is to evaluate the impact of potential
'

Fort St. Vrain decomissioning accidents on the health and safety of
the public. The activities, equipment and circumstances associated
with decommissioning are different from those evaluated in the Fort
St. Vrain Final Safety Analysis Report (Ref. 12) for power
operations and refueling. Therefore, accidents analyzed for
decomissioning are different from those evaluated for power
operations and refueling.

|

The risk of accidents resulting in a radiological release during I
decommissioning activities is considerably less than during plant
operation, due to the removal of irradiated fuel from the Reactor I

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

r decommissioning accident analyses will be on public health and
t safety. )

The following postulated accident scenarios have been analyzed,
considering activation levels and isotopic composition of components
to be processed, and the anticipated dismantling activities: '

l. 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

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 the radiological consequences from the

I
postulated accidents will be overestimated rather than-

| underestimated.

3.4-1
.
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A frequency consequence diagram (Ref. 13) 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 1,10 CFR 100,
and the EPA Protective Action Guidelines (Ref. 14). Oostulated
accidents 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 (A00s) - 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 demonstrate compliance with
10 CFR 50 Appendix ! 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. 14) to establish
criteria for emergency planning and environmental
protection assessments.

As shown in Figure 3.4-1, the decommissioning accidents or events
analyzed in this section are generally calculated to fall in the
region of the Emergency Planning Basis Events, due to the low
probability and low' consequences of the decommissioning accidents.

A capsule summary of the accident scenarios is given in Table 3.4-1.
A summary of postulated accident dose consequences is presented in
Figure 3.4-2. The doses to an individual located off site (100
meters from the Reactor Building) 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 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 Rem whole
body dose and five Rem to any specific organ guidelines cited in EPA
Protective Action Guidelines (Ref. 14).

The following natural disasters were considered in the accident g
analy:es and are discussed in Section 3.4.9. W

3.4-2

_ _ . .
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External Event Mitiaatina Feature Radioloaical Consecuence '

Earthquake Low Probability- Not postulated; See
of Occurrence Section 3.4.9

High Winds, Bounded by Tornado See analysis in
Hail Section 3.4.9

Rainfall, Flood Site location No "elease i

Range 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
provided in Appendix 11. Where chemical impurities were involved in
neutron activation reactions, the maximum impurity levels permitted
by the pertinent- specifications were conservatively assumed to

4

4
_

. ith the exception of tritium concentrations, theexist. W

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:

A
1. -In the activation analysis, the dominant source of tritium

'
,

was from activation _ of lithium impurities. The activation
ianalysis - assumed that no- tritium formed by lithium

activation migrated out . of ' the graphite into the- primary
coolant. The lithium conc'entration assumed; to be present i
-prior to irradiation in the graphite . blocks was based on 4

the maximum concentration permitted by the : specifications.
In actuality, lithium is relatively volatile and' tends to

migrate out of; the graphite during the high temperature. i

graphitization = process._ Therefore, it- is considered
probable that the lithium impurity concentrations in the
graphite used to form the large side reflectors and side
spacer blocks were an order of magnitude lower than the
maximum specification limit.

'2. The large graphite side reflectors and side spacer blocks
were exposed to relatively -low temperatures (300-500
degrees- C) during reactor operations. These low
temperatures preclude a significant amount of tritium from
being chemically absorbed in the graphite and retained.
Since tritium has a small atomic radius, it is likely that

3.4-3
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tritium 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 concentrations are two or three orders of magnitude
below those predicted by the activation analysis.

3. In the presence of moisture, hydrogen atoms from water
molecules compete with and replace tritium atoms at active
carbon sites in the graphite matrix, releasing tritium from
the graphite. Before the graphite blocks are removed from
the PCRV, they will be submerged under water when the PCRV
is flooded, which is expected to result in the release of a
substantial fraction of tritium.

Based on:the effects noted above, it is considered that a value of
10 uti/g of tritium represents a conservative estimate -of tritium
concentration in the -large side reflector and side spacer blocks-
(Ref. 15). -While this concentration is a factor of 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 blocks after_ they are removed from the
PCRV. 'Therefore, a tritium concentration of 10 uC1/g in the large
side.. reflector and side spacer blocks is assumed for the postulated'

-decommissioning accident scenarios.
,

3.4.2 Assumotions

The following are the major assumptions used in the analysis of
postulated accidents which may occur during the dismantling
activities:

1. The reactor is defueled and all' irradiated fuel is renved
from the Reactor Building.

2. Since all fuel is removed from the. reactor, there will-_be
no need for shutdown /cooldown systems such as decay heat ~
removal.

3. - The Reactor Building ventilation system will remain
operable, providing filtration of effluents to the
environment, while the potential exists for drop of a large
activated graphite block.

4. The analyses for some of the accidents conservatively
assume a Curie content that exceeds allowable Curie

3.4-4
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contents for a low Specific Activity (LSA) Type A-2 waste J
'container, as specified in Table A-1 of 10 CFR 71.

5. A worst case atmospheric dispersion factor of 3.53 E-2

sec/m3 has been calculated and is used in the accident
analyses, with the exception of the tornado accident, which
utilizes an atmospheric dispersion factor of 4.59 E-4

sec/m3 These atmospheric dispersion factors were i

calculated using the guidelines presented in Regulatory
Guide 1.145 (Ref.16) and are based on an exclusion area
boundary (EAB) of 100 meters. The atmospheric dispersion
factor of 4.59 E-4 sec/m3 represents the annual average
dispersion factor for Fort St. Vrain, and is considered to.

L be conservative in the event of-a tornado.

'6. All releases to the environment are assumed to be ground
level. releases. i

3.4.3 . Drono'ina of Contaminated Concrete Rubble Accident
!

3.4.3.1 Identification of Cause
,

'

After the' majority of the PCRV top head concrete is removed in large.
pieces by diamond wire cutting, the last six inches.(just above the

- PCRV top; head liner) .will be removed by utilizing a mechanical-

breaker to break!up the concrete around the. perimeter of the PCRV
top head liner, enabling the removal of the remaining concrete wafer-
in : sections. This accident scenario assumes that radioactivity is
released from the drop of a rubble transport container due to a
faulty crane or operator error.

3.4.3.2 Accident Description

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 immediately' above
the top head liner as shown in Table 3.4-3. The values in Table i

'

-3.4-3 are based on three years decay, the approximate time frame.in
which th'e . 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 J

activity is accounted for by the nuclides listed. Assuming that the
Fe-55 and Co-60 are not released to the atmosphere from a concrete

/N' ' rubble accident (since these activities are embedded in the rebar), |

\ the remaining activities available for release represent less than
eight percent of the total. However, it is conservatively assumed

3.4-5
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that ten percent of the total activity resides in the concrete. It

is also assumed that, of the total releasable activity in the
concrete rubble, 40 percent is due to tritium and 60 percent is due
:to the remaining nuclides.

Since Eu-154 has the highest inhalation dose conversion factors for
whole body and organ doses (the highest of the nuclides in the 60
percent)', it is assumed _that all of the activity of the remaining
nuclides (60 percent) consists of Eu-154.- The analysis also

conservatively assumes that ten percent of the concrete in the
six-inch thick concrete segment is involved in the accident. Of

:
this amount, only one percent of the tritium and one percent of the,

,

Eu-154 are assumed to be released.

The airborne activity was calculated to be 3.93 millicuries of
tritium and ' 5.90 millituries of Eu 154. No ' credit was taken for
particulate filtration by-the Reactor Building ventilation system.

: The' major, exposure patt. day- was assumed to be air inhalation by an
adult standing at the EAB (100 meters) and was assumed to occur over

_

a two hour _ period. LThe dose conversion factor used for tritium wasi

-1.58~ E-07. mrem /pCi inhaled for' whole body and any organ. The doset

conversion-factors used-for Eu-154 were 6.48 E-05 mrem /pCi for whole'

body dose and 7.40.E-04' mrem /pCi for_ bone (the highest inhalation
_

organ dose). These dtse conversion factors. were taken from
NUREG-0172 (Ref. 17). The adult breathing rate was 3.47 E-04 m3/sec
'(Ref.;12,.Section14.12)~.

3.4.3.3: Analysis of Effects and Consecuences-

The'whole body _and bone doses to an individual standing at the EAB
were calculated to be 4.69 mrem and 53.5 mrem, respectively.- The
whole body _ dose- was 0.01' mrem from tritium and 4.68 mrem from

. Eu-154. The bone dose was all - from Eu-154 since tritium does not
have a dose conversion factor for bone.

3.4.4 Conversion Construction Accident Near pCRV Dismantlement

3.4.4.1 Identification of Causes

1. Crane Failure:'

An evaluation was performed on the potential impact 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 floor level.

3.4-6
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- A.= crane boom is relatively light and fragile. An impact 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). s

2. Explosion / Fire Due to Natural Gas Line Leak: ;

Fort St. Vrain will be repowered by a natural gas-fired boiler. The
most severe accidents that can be postulated during decommissioning
activities involve a natural gas line leak resulting in an '

unconfined vapor explosion or fire, or an explosion of the gas-fired
boiler itself. The decommissioning and repowering schedules have |

been reviewed. There is -over a year between completion of the- !

removal'of highly radioactive- components (graphite blocks) from the
PCRV and introduction of natural gas on site. In the event of -a
slippage in ,the dismantling schedule, administrative controls will
be implemented to prevent charging the gas-fired ~ boiler natural gas9 line' on site concurrent with handling of the activated' graphite -
blocks from the .PCRV. Therefore, given the actual schedule' and ,

administrative controls, an explosion or fire due to a natural gas |

line leak.is not credible during the decommissioning process'.-

'
J Accidental' release of activity caused by a postulated explosion of a
container of-- flamable gas,. such as- those used to- support-

,

.decomissioning (e.g., propane or acetylene- tank _ or bottle), was ;

1taken . into consideration. Flammable liquids and gases will bej ,

sadministratively controlled during decommissioning and conversion to 1
prevent use _ or storage of substantial quantities of flammable !

liquids or. gas near areas containing highly activated wastes.
lHowever, even if it were postulated that an explosion did occur near

radioactive ~ waste containers, this event. would not- Produce ;

consequences exceeding those analyzed in _ this section for a heavy
load drop, -tornado or fire. This conclusion is based on the a

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. ;

43.4.5 Heavy Load Droo Accident

9 The dismantling of the PCRV will be accomplished with the aid of
three types of hoist systems. These systems include the main
Reactor Building bridge crane, the auxiliary 17-1/2 ton hoist on the

3.4-7



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

PROPOSED DECOMMISSIONING plt.N

SECTION 3

bridge crane, and three 1-1/2 ton jib cranes on the refueling finor
level. The Reactor 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:

1. Large side reflector 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 very large radionuclide inventory such as fuel
or spent fuel (Ref.18). 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
spectrum of_ heavy load drop accidents is niuch less severe than in 6.n

s - 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 various . components and their respective radioactive
inventories. Sampling will be performed prior to waste movement to

- determine. and verify- the . radionuclide composition and total Curie- 7

content.. Review- of this table indicates that the large side
-

- reflector blocks contain,the largest 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 240 large ; 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 removed, the debris and its
attendant ' activity would remain in the water. This activity would
be cleaned up in the PCRV water cleanup and clarification system,
describea in Section 2.3.3.6 of this plan. Any " slosh" created by
the olock drop would drain back to the PCRV cavity or drain down
inside the Reactor Building, eventually to the Reactor Building sump

'

3.4-8
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and keyway, which have a capacity of approximately 350,000 gallons.-

The,;e accident scenarios are bounded by the Loss of PCRV Shielding
C Water accident described in Section 3.4.7.

~

!

As< discussed in Section 2.3.3.10, alternatives for removal of the
,

270-ton concrete CSF from the PCRV include sectioning it into pieces
within the PCRV, and removing the pieces by means of the Reactor
Building _ crane, or raising the entire CSF above the PCRV with
specially installed high capacity jacks. Since the activated i

graphite blocks would have been 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 j
such an accident would require multiple jack failures.

3.4.5,1 Identification 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

| t accordance with Reference 18, the probability of this event is on '
,

the order of 1.0E-5 to 1.0E-6 per demand -(hoist lift). The loss of
'

:

Lthe 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.19)-

: guidelines, the loss of crane brakes is postulated as a credible
failure mode.

.

;

3.4.5.2 Accident Descriotion
..

For this accident it is postulated that the Reactor _ Building bridge
crane is hoisting one of the 240 large side reflector blocks. It is

_

currently planned - to section these reflector blocks into smaller
, pieces for packaging - in LSA shipping : containers. However, it - is

conservative- to assume that a single reflector block -may be
transported intact'in its own shipping container.

L

After appropriate radiation surveys and removal _ of any surface
contamination, the container with the single. unsectioned side

3reflector 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

,- V the level of the truck loading bay. The shipping container
' ruptures, spilling its contents on the truck loading bay floor.

3.4-9
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Administrative controls will be in place that will prevent the
tractor of the tractor trailer from being in the loading bay during

i lowering of the container, and will ensure that all the truck
loading bay doors are closed. It is conservatively assumed that one
percent of the activity of a single large reflector block is
dispersed from the drop. The dust is postulated to remain airborne
and will escape the immediate area through the Reactor Building
ventilation exhaust. Credit is taken for decontamination afforded
by the Reactor Building ventilation system.

The Fort St. Vrain activation analysis (Ref. 2) indicates that the
major contributors to the activity in these large side reflector
blocks are Fe-55, tritium, and Co 60. The total activity in each of
the large side reflector blocks has been calculated to be 1477
Curies.- A- one percent release for this scenario results in 14.77
Curies becoming airborne in the Reactor Building. Of this amount,
14.6 Curies are Fe-55, 0.06 Curies are tritium and 0.11 Curies are
Co 60. These activities are based on a three year decay period.
Credit is taken. for a 95 percent filter efficiency for Fe-55 and
C0 60. : Tritium is released unfiltered (Ref.12, Section 14.12).
The major exposure path-was assumed to be air inhalation to an adult
standing at the 100 meter EAB.

The dose conversion . factors in mrem per picocurie inhaled were
_

obtained~ from Regulatory Guide 1.109 (Ref. 20) and are as follows:

Isotone Total Body kR9n

Tritium 1.58 E-07 1.5B 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 Effects and Conseauences.

The whole' body and lung doses to an individual standing at the EAB
.were calculated to be 4.66 mrem and 133 mrem, respectively. The
whole body dose was 0.12 mrem from tritium, 4.41 mrem from Fe-55 and
0.13. mrem from Co-60. The lung dose was less than 1 mrem fromt

tritium, 81-mrem from-Fe-55, and 52 mrem from Co-60.

O
l

3.4-10
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3.4.6 Ekt
I- 3.4.6.1= Identification of Cause

During decommissioning and repowering activities, there are many
possible fire initiators that could result in a release of
radioactive materials. These possible fire initiators include:

1. Fires started from cutting torches.
2. Contamination control tent fire.
3. Fires associated with component processing activities on

the refueling level.
-

4. Electrical fires.

The most likely initiator has been determined to be a cable tray
fire started from a spark during PCRV tendon cutting operations.
The fire would be quickly extinguished by the fire watch on duty for
the tendon' cutting operations. The radiological consequence of this*

-accident would be negligible since the cable trays contain virtually
no radioactivity-contamination.

The postulated fire accident involves a fire 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 reflector blocks- and side spacer blocks are being removed

-from-the PCRV.

Cont'rols will' be implemented prior to the storage of the LSA
. containers. LSA- containers will be limited 'to groupings with no
-more than;the equivalent curie content of 230 side spacer blocks.
Sufficient spatial separation will be imposed to preclude fire

'

. propagation to an adjacent group of- LSA containers. The packaging
of these boxes and/or drums is planned :to be completed inside the
' Reactor Building. Temporary storage or staging of these containers
prior to . shipment is also expected. It is assumed. that interim
radioactive -material- storage will be available- for up to 15 LSA

'

boxes and 200 drums in the former Fort St. Vrain Fuel Storage:
Building.

Fire detection capability will be installed in the LSA container
storage area prior to the storage of the LSA containers. Theta will
be no uncontrolled combustible materials in this building. The
controls _ defined above will be implemented prior to the storage of
the containers to limit the grouping of LSA packages containingG combustible materials. These controls will ensure sufficient
spatial separation is available to preclude fire propagation to an

3.4-11
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adjacent group of LSA containers and precludes the possibility of a
fire with consequences greater than that which is analyzed.

-

3.4.6.2 Accident Descriotion

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 / processing 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 transport
tractor and the fire spreads to the tractor's diesel fuel tanks.
Based 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. 21, 22). The tractor diesel fuel tanks 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 fuel 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-E119 (Ref.
23) 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.--

Under these conditions, it-is conservative to assume that 50 percent
of the graphite inventory on a shipping trailer is oxidized 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 particulates (Ref. 24). The accident is assumed to occur
at ground -level immediately outside of the-Reactor Building truck
loading bay. The radioactive ~ inventory- for the 230 graphite side
spacer blocks is calculated to- be 3,706 total Curies. This total

'

inventory consists of 3556 Curies of Fe-55,122 Curies of tritium
and 28 Curles of Co-60. Fifty percent of the tritium is assumed to
be released (approximately 61 Curies). -The additional release of g
the remaining radionuclides will be 0.534 Curies of Fe-55 and 0.0042 W
Curies of Co-60. The atmospheric dispersion factor, breathing rate

3.4-12
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and' dose conversion factors are the same as those used for the heavy
load drop analysis, r

3.4.6.3 Analysis of Effects and Conseauences |

'

The whole body' and lung doses to an individual standing at the EAB
were calculated to. be 121 mrem and 215 mrem, respectively. 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 Loss of PCRV Shieldina Water Accident

3.4'.7.1 Identification of Causes
,

During a portion of the Fort St. Vrain decommissioning, the PCRV q

- cavity will be. flooded with water. This water will be. circulated
and purified by the PCRV water cleanup and clarification system
(Section 2.3.3.6) to gradually decrease the radioactivity in the

.

water. This system is expected to be in operation during the period
,

||r when the PCRV internals are being removed.;

I i.
! - This accident.. scenario assumes. that there is a -leak or rupture of ;

the: PCRV water cleanup and clarification piping _resulting in a
'

liquid ' release du'e to a mechanical impact or a mechanical failure of
.a weld or flange. '*

3.4.7.2- Accident Descriotion

-This- accident scenario assumes that:a mechanical failure of the-PCRV
. water cleanup and J clarification system piping ito the PCRV cavity
occurs,1 resulting in a pipe rupture. Tritiated water with dissolved i

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 flood the basement floor ~to a j'

height of ~ two feet. This water would be 49 ~ feet below grade andu

would be contained by the Reactor- Building sump / keyway and walls. i

No credit..is' taken for the Reactor Building. ventilation system for |

-.this accident scenario.

Since the - non-gaseous activities will be retained in the spilled

p _
water,- tritium (released through evaporation) is the only

_

significant activity available.. This will be evaporated from the
|V surface area of the spilled water in the Reactor Building basement.

3.4-13
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The PCRV liquid release will not seep through the sump concrete
seams 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 (Ref. 25), the best fit
evaporation rate at 70 percent relative humidity and wind speed of 1
m/sec is 0.046 g/m2-see or 0.046 cc/m2-sec (assuming 1 gram = Ice of'

water). It is predicted that tritium levels in the PCRV water will
be less .than 100 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

- blocks, which-is approximately 1 E+5 Curies. Therefore, the tritium
- concentrr.cion;in the spilled water is calculated to be 62.4 uti/cc.

. With. an. evaporation rate of 0.046 cc/m2-sec and a tritium
co1 centration ~ of 62.4 uti/cc, the tritium release rate is about 2.5

( r.Ci/sec.over the 848 square meters of-surface area. Over a two hour
period, 18 Curies would be released. For offsite dose analysis4

resulting from this quantity of tritium release, the same breathing.

rate, atmospheric dispersion factor. and dose conversion factors as
stated previously are used.

.

3.4.7.3 Analysis of Effects and Conseauences

Sin'ce the dose conversion factor for tritium is-the same for whole
'

body and lung-doses, the dose to an individual standing at the EAB
was calculated to be 34.8 mrem-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 will be:

Pumps:
.

Demolition Tools:
Deionized Water System Plasma Arc Torch
Fire Water Pumps Diamond-Wire Cutter
Service Water Pumps Water Jet Cutter
Water Treatment Drills g
PCRV Cleanup Water Pump Mobile Laundry W

Cranes PCRV Work Platform

3.4-14
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Lighting: HVAC:
Underwater Lighting Ventilation Fans t

1- Building HEPA Filters / Fans
Plant Area HEPA Vacuums /

Portable Cleaners

3.4.8.1 Identification of Causes
|

This-accident postulates the loss of off-site power due to weather ;

related events. Such events could include downed power lines due to
strong' winds or heavy icing conditions. The likelihood of this
occurrence _ is remote since off-site power can be supplied to the ;

site through six separate lines.
<

L
.

'

3.4.8.2 Accident Descriotion

Loss .of power would result in the loss of plant ventilation (HVAC)
-systems, lighting, plant _ water systems, and demolition power. ;

Decommissioning activities would cease until power is restored.
,

Loss of power to=the PCRV water cleanup and clarification pumps will ;g) .not result in a radioactive release since the flow of bleed water to;
,

*
L the evaporation ponds will be stopped- (see- Section- 3.3.2.2 for a
H description of this process). While loss of ventilation will force

personn_el from radiological control areas, no off-site consequences
are anticipated. a

i

_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 an'd hoisted by
_

a jib crane' to_ a- refueling floor' work station. ' At 'a work station a; "

blockcwill be cut into sections in preparation for packaging into ;

LSA- containers. The loss _ of power is assumed to occur after the
cutting / cleaving operation.

It ' |is , assumed th'at these- processing operations '(kerfing debris)
~

-

release: 1.5 percent _ of' the total activity 'of -a single large side-

reflector block. It is conservatively judged that the combination-
7of radiological ' controls in place. at the' work station-(e.g.,- ;

confinement through tenting) and the: 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 assumed that one percent of the Fe-55 and Co-60-in

n- 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.
;
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The total activity in each of the large side reflector blocks has
been calculated to be 1477 Curies. A release of 1.5 percent of the

S radioactive material is assumed from the kerfing debris in each
block. Of that amount, one percent of the Fe-55 and Co-60, and 100
percent of the tritium is released, resulting in a total of 0.31
Curies released to the environment. This total release consists of
0.219 Curies of Fe-55, 0.091 Curies of tritium and 0.0017 Curies of
Co-60. 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 the 100 meter EAB. The atmospheric dispersion factor,
breathing rate, and dose conversion factors are the same as those
used previously.

3.4.8.3 Analysis of Effects and Consecuences:

The whole body and lung doses to an individual standing at the EAB
were calculated to be 1,54 mrem and 40.0 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.

3.4.9 Natural Disasters
,

For the effects of natural disasters, the following external
initiating events were considered:

1. _ Earthquake.

The Reactor. Building is designed L to withstand ' the Design Basis
Earthquake' of 0.10: g horizontal ground acceleration at the site-

without unsafe 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
decommissioning.- .No other new or existing systems or equipment are
required to action during or following an_ earthquake..

The most severe; event which could result from a large earthquake is
considered'to be a drop _ of a radioactive waste container holding. a
highly. activated graphite block (see heavy load drop accident)..

liowever, the simultaneous occurrence of ' an earthquake and the
hoisting-of a heavy load is not consioered credible (a probability
of less than 1 E-6 per year, from Ref.18). The consequences of gthis simultaneous earthquake and heavy load drop scenario were not
analyzed due to the low probability of such an event.

3.4-16
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2. Tornado and Wind Effects

- From Reference 12, 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 withstand a maximum
tornado of 300 mph (total horizontal wind velocity) acting on the
full area of all structures and a drop in atmospheric pressure 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 P.eactor Buildings. above the
turbine deck and refueling floor levels may be carried away, but the'

basic building structure will not collapse.
;

|- 3. Floods

From Reference 12, Section 14.1.3, the plant site is protected from
excessive runoff and flood by design of the yard drainage system.

L Grade' level is approximately.17 ' feet above the highest observed
flood level, and from 10 to 13 feet above-the maximum probable flood
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 i

| accidents due to flooding 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
fields- Within the. plant exclusion area is a fire buffer area

.
.-

consisting of maintained grass -and ornamental landscaping. A 20 l

foot wide concrete pad rings the site. Therefore, a brush or range
fire is not a credible accident during decommissioning activities.

3.4.9.1 Identification of Causes

1. .
The risks from a tornado at Fort St. Vrain during decommissioning

Lp are quite - low for two reasons. First, the probability ' that a

|V'
plant specific vulnerability to a tornado and its consequences are
tornado will strike the site _ is diminishingly small. Second, the

|
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also 'small . Unlike an operating nuclear power plant with active
_i safety systems to contain large quantities of radioactive materials

at high energy levels, 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 caused by a tornado is
specifically analyzed in Section 3.4.8.

The Reactor Building roof and siding above the refueling floor 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 Events (IPEEE), NUREG-1407 (Ref. 26).

,

- Based on the work of Abbey and Fujita (Ref. 27), 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 tn the lowest'

risk in Region D. The Fort St. Vrain site is classified into Region
'

.C.

Reference 28 is-used to establish the occurrence 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 intensity scales (F-scales). To predict the
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 F'- scales are compared as follows:

Maximum Windspeed
.

Maximum Windspeed
F-Scale Interval (moh) F'-Scale -Interval (mah)

F0 40 - 72 F'O 40 - 73,

F1 73 - 112 F'1 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'5 209 - 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-

- 3.4-18
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Weld County' with the NSSFC data. The occurrence rate of a F'4
tornado is 3.4 E-6/ square mile / year (Ref. 28). According to the
National Weather Bureau's historical data for Weld County from 1950
through 1987, there was only one tornado in the F3 rango. 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. 28). 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.28). 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 NSSFC all occurred

.,''

outside the Fort St. Vrain area. '

From this data, it_ can be concluded that the probabilitv of
loccurrence of an F4 or greater tornado is less than 3.5 E-7/mi /yr.

According to the draft IPEEE " Plants Designed Against NRC Current
Criteria", these events pose no significant threat of a severe

-

;O accident ~ because the current design criteria for wind are dominated
'

by tornadoes having a frequency of exceedance of about 1 E-7. The
'following-~scetion contains a specific accident analysis for a
postulated, tornado with winds less than 202 mph.

3.4.9.2 Accident Descriotion-

Temporary storage _ or, staging of radioactive- waste containers prior
to shipment :is expected.- It - is assumed, that interim radioactive i

material storage will be available for 15 LSA boxes and'200 drums in -
-the . Fort St.. Vrain Fuel Storage Building (Section 2.2.1.3).
Calculations demonstrate - that neith'er 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. -Vrain site. At this lower wind level, the walls of the
Reactor Building enclosing the PCRV will remain intact.

The tornado-driven design basis missile is a 12 foot x 12 inch x 4
inch thick 5 fir - plank, weighing 105 pounds, which impacts and

A penetrates the Reactor Building above the refueling floor level. It
V is assumed that this missile strikes and ruptures a container with

46 grapnite side spacer blocks. It is conservatively assumed that -

3.4-19
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one percent of the activity in the container is dispersed and
released to the environment. No filtration credit is assumed.

1

The total radioactivity inventory for the 46 side spacer blocks is
approximately 741 Curies. This total inventory is comprised of 711
Curies of Fe 55, 24.4 Curies of 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 the 100 meter EAB.

The atmospheric dispersion factor used was an annual average Fort !

| St. Vrain dispersion factor calculated for the 100 meter EAB
! (assuming ground level release), which is 4.59 E-4 sec/m3 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,

i

3.4.9.3 Analysis of Effects and Consecuences:

h The whole body and lung doses to an individual standing at the EAB
were calculated to be 0.58 mrem and 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 Summarv
. ,

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 determine (l.that, in all cases, the radiological consequences at

.

the 100 meter EAB 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 Rem whole body. dose and five i

Rem to any specific' organ guidelines cited in the EPA Protective .

. Action Guidelines-(Ref.14). '

'

These scenarios are considered to have a low probability .of
occurrence 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 general public.

3.4-20
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TABLE 3.4-1

1 SUMMARY OF ACCIDENT SCENARIOS

ACCIDENT DESCRIPTION

Dropping of Contaminated Rubble from PCRV top
Concrete Rubble head concrete is dropped,

during processing.

Conversion Construction Natural gas explosion /
Near PCRV Dismantlement crane falling.

Heavy Load Drop Container drop to loading
bay.

! Fire Truck diesel fuel pool fire.

Loss of PCRV Shielding Water Pipe rupture in the PCRV
water cleanup / clarification
system.

Loss of Power Release of- graphite cutting

O debris from refueling floor
work station.

Natural Disasters Tornado-generated missile
striking LSA waste
container.

O
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TABLE 3.4-2

DOSES TO AN INDIVIDUAL AT THE 100 METER EAB
DUE TO POSTULATED ACCIDENTS

2 HOUR DOSE (MREM)
ACCIDENT WHOLE BODY DOSE ORGAN DOSE

Dropping of Concrete Rubble 4.69 53.5 (bone)

Heavy' Load Drop 4.66 133 (lung)

Fire 121 215 (lung)

Loss of PCRV-Shielding Water- 34.8 34.8 (lung)

Loss of Power 1.54 40.0 (lung) 1

-Natural Disaster (Tornado) 0.58 16.8 (lung)

,
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TABLE 3.4-3

CURIE TOTALS IN ACTIVATED PCRV CONCRETE

(3 YEARS DECAY-DATA FROM REFERENCE 2)

LOCATION- QEElB CURIES

Top Head Axial Up 1st 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

Radial 1st 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 inches 5.94 E-3
6th 6 inches 1.08 E-3
7th 6 inches 2.31 E-46 8th 6 inches 5.22 E-5

Core Support Floor 1st 6 inches 5.69 E+0
Axial 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
8th 6 inches- 3.08 E-6
9th 6 inches 6.69 E-7
10th 6 inches 1.25LE-7

O
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TABLE 3.4 4

PERCENTAGE CONTRIBUTION OF ACTIVATION PRODUCTS-
IN FIRST 6 INCHES OF TOP HEAD CONCRETE

- (3 YEARS DECAY-DATA FROM REFERENCE 2)

.

_

"

SIGNIFICANT NUCLIDES PERCENT OF TOTAL

I H-3 2.89
Ca-41 0.05,e

'

,

Ca-45 -0.18
Fe-55- 89.29

- Co-60 3.43
Cs-134 0.24
Eu-152 3.51
Eu-154 __Q.Jfi

:- 99.95

-

98.3 curies total-in 1,44 E+7 cc of top head concrete.
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TABLE 3.4-5

3 WASTE VOLUME / ACTIVITIES
ESTIMATES FOR THE PCRV

(Based on a 3-year Decay Period)

ITEM / SYSTEM NUMBER TOTAL CURIES /
CURIES ITEM

Region constraint device & pins 84 122 1.4-

Metal clad reflector block - CR 37 23100 624
Metal clad reflector block - NCR 270 173000 640
Defueling blocks 1482- <0.01 /Top reflector graphite blocks 589 2700 4.58
Bottom reflector graphite blocks 902 4000 .4.43
Radial reflector hex graphite
blocks - removable & permanent 396 3300 8.3
Large reflector blocks 240 354500 * 1477

*
'

; Half-size reflector blocks 96 83700 872
Upper reflector keys (carbon stl) 24 0.0144 0.0006
Side spacer blocks (no rods) 1152 18550 * 16.1 *
Boron rods 309792 36800 0.12O Lower reflector keys (Hastelloy) 24 470 19.6
Core _ support blocks 61 120 2.0
Core support posts 183 36.5 0.2
Core support floor columns 12 1 0.08
Misc. steel'from beneath CSF- 2 /Metal on large side reflectors 24 0.014 0.0006
Core barrel 1 8.4 8.4
Lower plenum insulation <0.01 /
Si_lica blocks (25,000 lbs.) 250
Concrete - top 130
Concrete - CSF 6
Concrete - side 12
Hisc. Inconel parts.on CSF 15
Hastelloy Cans 20061 3800 0.19
Concrete cutting debris - top 15
Concrete cutting debris - CSF 0.45
Concrete cutting debris - side 0.44

*
These values are different than those values computed in the
activation analysis (Ref. 2), as explained in Section 3.4.1;

O
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TABLE 3.4-5(Continued)

WASTE VOLUME / ACTIVITIES
ESTIMATES FOR THE PCRV

(Based on a 3-year Decay Period)

ITEM / SYSTEM NUMBER TOTAL CVRIES/
CURIES ITEM

Helium purifiers-in PCRV head 10 0.9 0.09
Helium diffusers- 4 20 5
Helium cire, shutoff valve assy 4 2 0.5
Helium bellows 12 20 1.66

-Thermocouples & guide tubes 0.8
Steam generators . 12 5676 473
Lower floor appurtenances 2
Platform / handling tools / jib cranes <0.01

- Crane cable / drum /3 bucket inverters <0.01
Helium circulators 5 438 87.6
Orfice valves 37 415 11.2
Control rod drive assembly 44 233 5.3
Control rod absorber assembly 88 2.8 0.03
CSF Kaowool & Cover Plates 90 90

I? CSF Liner 142 142
' Radial PCRV Liner 10 10

Top Cover Plates 5.7 5.7
Top Kaowool <0.01 <0.01
Top Head Liner 105 105
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(3) 1-1/2 Ton Waste Stabilization being'

Jib Cranes Performed in the Hot
Service Facility
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SECTION 4 {
FINAL RADIATION SURVEY PLAN

4.1 INTRODUCTION
'

The purpose of the final radiation survey 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 release 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 determined to be free of 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 surveys will indicate when no fur'6her decontaminationo
1

is needed _ and indicate that the equipment, area or structure has
(y)
,

been prepared for unrestricted release.
,,

|-'
'This section. describes the proposed methodology and criteria that

. ill be used in performing the_ final surveys. This includesw'

definition of residual radioactivity limits (including background ,

evaluation), radiation survey methods, material release criteria and
site release criteria.

4.2 FINAL RELEASE CRITERIA

The release of the site, facilities and materials remaining on site >

L will be based on proper application. of surface contamination,
so.11/ water concentrations and exposure rate release criteria. While
each criterion introduced below has been derived in 'a. manner unique
to its radiological category (concentrations, contamination or,;

L exposure),1 the basis for each criterion is the same as the objective
of. the decommissioning effort itself, to insure that the final
disposition of Fort St. Vrain will not pose a significant threat to :

~ the general health and safety of the public and can be released for
unrestricted use.

Criteria to allow release for unrestricted use for both loose and
c -fixed ' surface contamination have been established in Regulatory

. 3

( Guide 1.86 * Termination of Operating Licenses for Nuclear Reactors"
(Ref. 1). These limits for acceptable surface contamination levels

4-1
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were established in 1974 and are currently, accepted as practical
criteria when considered in light of the maximum 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.

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 microR/hr above background (at one
meter) 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 microR/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 Regulatory Guide 1.86 criteria will be the
most restrictive for the majority of material, equipment and
facility release for unrestricted use.

hIn February 1990, the NRC released NUREG/CR-5512 " Residual
. Radioactive Contamination from Decommissioning" (Ref. 6) for
comment. 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 total concentrations of

radioactive materials above background in soil and water will be
based upon those established in NUREG/CR 5512. The ' use' of these
concentrations (or methodology used to obtain these concentrations)-

-will ensure an. average . total effective dose equivalent of less than-

10 mrem /yr to an individual in a given population group.

Equipment and materials found to be free of radioactive
contamination as described in NRC Circular 8107 (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 unconditionally released. Equipment and material that are
found to. be contaminated 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.

O
4-2
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4.3 SURVEY METHODOLOGY

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 parformed after
dismantlement / decontamination have been completed and will be based
on categorizing portions of the plant and site into areas where a
high, medium or low probability will exist of finding measurable
amounts of residual radioactivity.

Areas with a high probability of residual activity will include such
areas as the PCRV, fuel storage facility. HSF and radwaste
compacting building. Surfaces in these areas will be systematically
surveyed.

Statistical methods, described in NUREG/CR-2082, ' Monitoring for the
Compliance with Decommissioning Termination Survey Criteria' (Ref.
9), will be used to determine systematic, stratification or random

0- survey techniques. The initial site characterization survey (See

Section 3.1.5), decontamination surveys during decommissioning, and
routine health 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
include - 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
surveyed systematically. Surveys of the ceiling and remaining wall
surfaces will employ random survey techniques, since the entire area
will have been previously decontaminated and will have a low
probability of being contaminated.

Areas with a low probability of residual activity will include such-
areas as the' ground and structures outside 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.

O
4-3
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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-going 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 logical division of
the site into separate survey units or grids (See Section 4.3.3).

4.3.2 Backaround Determination

Background levels of radiation will be determined principally by
taking radiological measurements at an area (or areas) remote enough
to be beyond any detectable influence of the plant, but close enough
to the plant to be representative. Background measurements will
include' both " instrument background" and naturally occurring i
radioactive materials including enhanced background 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). i

The sampling methodology to be used when determining the independent j

radiological background will be based upon collecting multiple U

samples of soil and direct instrument readings. Since background |
1evels may vary from point to . point, each type of background 1

sampling will be statistically . analyzed to determine if a single |

'numerical representation of the background type will be valid. . For
,

| example, it is expected that background gamma. dose rates at all
L elevations inside buildings will be statistically equivalent to the

,

background gamma dose rates at ground level in the buildings. If
J

statistical differences in background levels are found at some
elevation (or area), different background levels will be assigned to
those areas.. Statistical analyses of data, including treatment of
anomalies, will be performed based on the guidance. of NUREG/CR 2082..

.

(Ref.9).

O
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Radiological background types that will be evaluated include:

1. Direct surface beta, gamma and alpha contamination.
2. Direct gamma exposure rate readings on contact with the

surface.
3. Direct gamma exposure rate readings at a fixed distance

(one meter) from the surface.
4. Surface soil contamination.
5. Sub surface soil contamination.

!

As part of the' background characterization study, the minimum I

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' 8107, ' Control of Radioactively Contaminated Materials"
.'

(Ref. 7) and NRC IEN 85-92, " Surveys of. Wastes before Disposal from
Nuclear- Reactor Facilities" (Ref. 8) provide guidance for the i
determination of the MDA of the survey instrumentation.

|

The effects of concrete and other shielding (building geometry)
i . within the Fort -St. 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 at the remote f

L 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 Survey Technioue

To assure that all areas of a surface are adequately surveyed, a
L rectangular or- other appropriate . geometric grid will be

'superimposed 'on all surfaces being surveyed. The grids may beo
E physically marked on the surfaces or, as a minimum, the grid corners

will be labeled. The' primary purpose of the grid is to aid in
, repeatability of measurements in the event that further evaluation
of data is necessary.

The grid dimensions will vary from one to three meters on a side per i

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 out using :

?stakes as markers to define grid patterns. Radiation survey maps

7 will be developed and included in the procedures for radiological i

s survey.

.
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Detailed development of grid survey techniques and procedures will
be based upon guidance from NUREG/CR-2082 (Ref. 9).

4.3.4 Soecial 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. Decommissioning of Fort St. Vrain is
unique in that the final survey program will include the release for
unrestricted 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 I
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,

g 'Jthe number and type -of . measurements will be based on the
accessibility and the probability of contamination for a particular
area, system, or equipment. It is expected that the site
characterization survey and on-going surveys during the
decommissioning will define the extent of special surveys. l

l

Techniques and procedures will be developed to ensure proper surveys I
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

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, ease of use, accuracy, and portability. This class of
instruments will typically include:

1. Ratemeters with . thin window GM tube detectors (" pancake"
|Type) sensitive to gross beta radiation.
1'

2. Ratemeters with scintillation or air proportional detectors

4-6
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sensitive to gross alpha radiation.
3. MicroR meters sensitive to gross gama radiation.
4. Ratemeters with scintillation detectors sensitive to gross

gt'nma 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.
.

^

Laboratory instruments 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

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

l sensitive to beta-ganna radiation.

Instruments will be calibrated, maintained and repaired in
accordance with pre:.edural 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

1 - condition of the site without further-analysis of the data. Clear
and accurate; documentation will be provided to ensure acceptable i
agreement between the final survey, independent verification survey
(Section4.7),andtheNRCconfirmatorysurvey.

4.5.1 Survey Dccumentation

L 4

Procedures- will be developed to provide guidance. in the
documentation of measurements and analytical results. Survey maps

,o will be used when considered appropriate. :,r survey information will
( be documented on survey forms. Inforr.4 tion that will typically be

included on the survey maps or forms is:

4-7
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1. Location of the measurement or sample.
2. Date and time of the measurement or sample.
!. 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 measuremar.t 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 Radiolooical Survey Report

At the completion of the decommissioning effort, a radiological
survey report will be developed to document the findings and
conclusions 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 servey 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 by Section 7 or this plan.

4.7 INDEPENDENT VERIFICATION

A third-party 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 u required to confirm validity of the final survey,

4

48

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



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

PROPOSED DECOMMISSIONING PLAN
SECTION 4

The independent verification program will also require formal l
program development to remove possible judgmental factors and
prevent skewing of the final results. The independent verification
program will be of similar structure (although on a smaller scale) )
as the final survey plan. l

'
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SECTION 5
DECOMMISSIONING FIXED PRICE

AND FUNDING PLAN

5.1 DECOMMISSIONING FIXED PRICE-

As noted in Section 2.1, PSC has selected the DECON option for early
decontamination, dismantlement, and decommissioning of the i
radioactive portions of the Fort St. Vrain Nuclear Generating l

Station. In order to accomplish this project, PSC released a j

Request for Proposal to several highly qualified companies for the
purpose of receiving competitive bids on the 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 is currently negotiating I

the final contract for the decommissioning work with the
Westinghouse team. +

The. selection _ of the Westinghouse team as a part of the competitive f

bids resulted in a total cost of $137,129,000 for the
( decommissioning of Fort St. Vrain, inclusive of escalation and PSC

,

expected costs. The following table provides a breakdown of the t

i
project costs based on the major decommissioning activities: i

,
. TOTAL t-

.

DECOMMISSIONING ACTIVill [Q11

Planning / Preparation- $23,613,000
Decontaminate / Dismantle 96,621,000
Package, Ship & Burial Cost 15,715,000
Final Radiation Survey 1.180.000

.

' TOTAL COSTS $137,129,000

Estimated annual decommissioning expenditures are identified in -
Tabic 5-1, in future value dollars.

'

5.2 DECOMMISSIONING COMPETITIVE BID PROCESS

The use of a firm fixed price contract greatly reduces the level of
uncertainty of the decommissioning cost. By use of the competitive
bid process, an accurate method _ has been utilized to determine the ,

| 'p ultimate cost for decommissioning. The bid process and resulting-

(j contract commits both PSC and the Westinghouse team for the project
scope and cost.-

|
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Certain restrictions and limitations exist when only a cost estimate i
has been prepared 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 of individual 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 fixed 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 is equivalent to
receiving four independent cost estimates. Since each bid utilized
a different decommissioning methodology, this approach exceeds any;

L - regulatory guidance for financial assurance and is beyond that i

I required by the Decommissioning Rule.
'

In evaluating the four bids, detailer' assessments of the actual
decommissioning work and methodology stere conducted to ensure that
the bidders had adequately identifi0d and accounted for the work to
be performed. Detailed evaluatiors 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 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, 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 work scope. Therefore, PSC is
confident that all major- tasks have been identified and included
within the Westinghouse team fixed price.

Since the basis for the cost is predominately a firm fixed price, it
,

is unnecessary to provide detailed tabulations of staff years, labor
,

rates, inflation rates, number of waste containers, etc., as is
normally found .in a decommissioning cost estimate. This section
outlines the major cost categories for PSC and the Westinghouse
team.-

In order to provide the NRC with assurance of the adequacy of the
cost to decommission Fort St. Vrain, PSC will submit to the NRC a

,

copy of the signed and executed contract when available. This '

.

5-2 ,
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contract will define in detail the scope of the contract along with
the division of responsibilities.

5.3 MAJOR ASSUMPTIONS, BASES, AND SCOPE 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 1
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.

3. Survey and cleanup the site as required, including the
evaporation ponds and effluent blowdown flow paths.

Decontamination and decommissioning activities will be performed to
the extent necessary to 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
structure, 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.

An noted in Section 2.4, PSC is responsible for overall project
management and licensing interface with- the NRC. Major PSC

responsibilities (and associated costs) include:

1. Overall control of the project
2. ' Access control
3. Radiation protection overview ,

4. Quality assurance overview
5. Licensing coordination
6. Operation and maintenance of required plant systems
7. Responsibility for the final independent radiation survey
8. Engineering configuration control overview

O
53
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The following are major assumptions included in the basis of the
firm fixed price:

1. The current facility design and layout is as described in
Section 2.2 and shown in Figure 2.2-1, and no major
modifications are anticipated.

2. Radionuclide inventories, activation analyses, and

estimated dose rates are as described in Section 3 of this
report.

3. Inflation is estimated and included in the Westinghouse
team firm fixed price. Consumer Price Index (CPI)
inflation factors are applied to PSC costs to adjust for
escalation for the project duration. The timing of the
project assumes commencement of site work in early 1992 and
project completion in mid 1995.

4. PSC will supply utilities to the contractor including
electric power and water and the cost for these utilities
is included in PSC's cost.

5. No mixed wastes exist.
6. Burial charges are based on the current disposal rates in

affect- at the Beatty NV disposal site until the end of
1992. Disposal costs have been adjusted for burial of
radioactive waste at the Richland WA disposal site after
1992.

7. No cost allowances were included for major schedule delays
caused by uncontrollable and unforeseen events.
Appropriate contingencies are included to account for
project uncertainties.

8. Existing plant equipment will be utilized when determined
to be cost effective and technically sound to operate and
maintain.

9. Steam-generators will be shipped offsite and disposed as
complete units.

10. No radioactive contamination exists on site work areas
outside the reactor building.

11. Costs associated with plant closure activities are not
included in the cost of decommissioning activities.

PSC and the. Westinghouse team will continue to _ validate these
assumptions during the planning phase. Where necessary, appropriate
contingency plans will be identified.

5.4 DECOMMISSIONING PRICING BREAKDOWN

The Westinghouse team firm fixed price was derived in conjunction
with preparation of the detailed Work Breakdown Structure. Table 4

.
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52 sumerizes the upper tier of tasks developed for the'

decommissioning project for both Phase I and II. The tasks are
categorized into two phases. 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. An outline of each of the specific activities
involved in a task is outlined in Appendix ! and is discussed in

'detail in Section 2.3.
4

Consistent with the guidance of Regulatory Guide DG-1003 (Ref.1),
waste disposal costs are summarized in Table 5 3. 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 WA disposal site, following closure of the Beatty NV ,,

disposal site. ;
'

5.5 DECOMMISSIONING FUNDING PLAN

As of September 30, 1990, the Fort St. Vrain decomissioning trust
' fund. balance was approximately $19.8 million. Under terms of the

1986 Settlement Agreement, funds in the amount of approximately $2.5
million remain to be collected from PSC customers by the end of
1991.

'

A final decision has not been made, however, on the funding plan for
Fort St. Vrain decomissioning. Discussions are underway between !

~PSC, the Westinghouse team, regulatory agencies and other interested
I parties, to evaluate options for repowering Fort St. Vrain as a '

| convt ' %nal fossil fueled generating unit. Several activities,
'

incluutng a comprehensive resources generation study, are underway
which are necessary prerequisites to the eventual funding plan to

| decomission Fort St. Vrain.

The following organizational options are being considered and the
final _ result will have bearing on the exact nature of the .

decommissioning funding plan:

1. Converted plant included in rate base
2. - Converted plant out of rate base, with fixed price for

generated power
( 3. Independent Power Producer (IPP)

'

' 4. PURPA Qualified Facility

5-5
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PSC is confident that with each of these four options, adequate
funding of decomissioning, along with repowering of the plant, will
be achieved. When these negotiations are completed, PSC will notify
the NRC of the projected plan to accomplish funding for the Fort St.
Vrain decommissioning. Until the DECON funding plan is submitted
for NRC review and approval, PSC will continue to maintain the
SAFSTOR option for backup purposes and will maintain the level of
funding previously committed to the NRC in Reference 2, the updated
SAFSTOR Financial Plan.

5.6 UPDATES TO THE DECOMMISSIONING FUNDING PLAN

Per the requirements of Regulatory Guide DG-1003 (1990), PSC and the
Westinghouse team will review the projected cost for decommissioning
once a year. The decommissioning price will be adjusted for any
changes in projected inflation rates, as well as any changes in or
effects of force majeure events on project scope which may revise
the overall price 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
price, the decommissioning funding plan will also be reviewed and
revised accordingly.

Since the project is scheduled for completion within 39 months after
1

commencement of physical dismantlement 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 (plus or minus) 15 percent to
either the decommissioning price or the decommissioning funding
plan. !

,

O
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TABLE 5-1

ESTIMATED ANNUAL DECOMMIS$10NING EXPENDITURES

1

(Future value dollars escalated to the date of expenditure) |

;

i

lf18 EE WESTINGHOUSE IQLQ

- 1990 $ 4,656,000 I

1991 18,957,000 |
1992 [ PROPRIETARY ] 34,991,000 l
1993 ( ) 35,537,000
1994 [ DATA ) 29,312,000
1995 13.676.000

p .

O TOTAL 36,669,000 100,460,000 137,129,000

i
.

.
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TABLE 5-2
FORT ST. VRAIN

DECOMMISSIONING & DISMANTLEMENT
COST BREAKD0WN

(Escalated Future Values)

1. Project Management & Support
2. Engineering
S. Common Facilities & Services
4. PCRV Dismantling & Decontamination [ PROPRIETARY ]

[ ]
a. Initial Preparations and [ DATA )

Dissassembly
b. Shielded Access
c. Dismantle Core
d. Remove Core Support Floor, Barrel

and Insulation
e. Dismantle & Decontaminate Lower

Plenum
f. Final PCRV Dismantlement and

Cleanup

5. Dismantle & Decontaminate Contaminated
Balance of Plant Systems-

6. Site Clean-up
7. Waste Preparation, Packaging, Shipping,

and Disposal

|

PROJECT TOTAL $100,460,011

i

'

|
l

9
|

|.

.
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TABLE 5-3

RADI0 ACTIVE WASTE
PACKAGING, SHIPPING & DISPOSAL COSTS

(Escalated Future Values)

PACKAGING SHIPPING SISPOSAL
WASTE ITEM [211 (Dil CD11

Metal Block - Non Control Rod
Defueling Blocks
Graphite Blocks
Spacer & Reflector Blocks
Core Support Material
Concrete
Helium Circulators / Systems [ PROPRIETARY ]
Steam Generators [ ]
Lower Floor / Appurtenances [ DATA )
Resins
Gas Waste Surge Tank
Gas Waste Vacuum Tank

O Liquid Was.e System
Metal Control Rod Reflectors
Core Barre 1~
Silica Blocks
Region Constraint Devices
Reflector Keys
Platforms / Cranes
Balance of Waste

TOTAL COSTS EACH COLUMN

. TOTAL PACKAGING, SHIPPING & DISPOSAL COSTS $11.493.128

O
E
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SECTION 6
DECONNISSIONING TECHNICAL AND ENVIRONNENTAL

SPECIFICATIONS

6.1 INTRODUCTION

PSC is developing a set of proposed Technical Specifications
applicable to Fort St. Vrain decommissioning activities, and will
submit them for NRC approval via separate correspondence. These
Decommissioning Technical Specifications (DTS) will include
environmental specification requirements, consistent with the
guidance provided in DG-1005 (Ref. I) and 10 CFR 50.82(b)(5).

The Fort St. Vrain DTS will be proposed as an amendment to the Fort
St. Vrain Operating License. OPR-34, in accordance with tk.
provisions of 10 CFR 50.90. The DTS will supersede, 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 LIMITS AND CONTROLS

The DTS will address activities related to Fort St. Vrain
decomnissioning &ft6r ali. 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 will
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 -

.The decommissioning accident lyses provided in Section 3.4-
identify- the equipment and edural controls relied upon to

minimize radiological exposur workers and the public. Theses

controls, such as assuring appropriate levels of Reactor Building
confinement integrity and radiation monitoring during handling of

.certain contaminated and activated materials, will be reflected in

61
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the DTS, as appropriate. Minimum equipment functional capabilities
and performance levels will be identified, along with periodic
surveillance requirements. i

The DTS will also include Administrative Controls to ensure that
required programs are implemented during decommissioning. The
elements of Administrative Controls will include as a minimum, the
following:

1. Organization
2. Decommissioning Safety Review Committee
3. Programs and procedures, including a Radioactive Effluent

Controls Program and a RPJiological Environmental
Monitoring Program, to replace the current environmental
specifications

4. Reporting
5. Records retention

| .

O
:

'

|

,!

u

,

,. O
'
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6.3- REFERENCE FOR-SECTION 6

= 1.'" Standard Format and Content for Decomissionin) Plans for
Nuclear . Reactors," Draft Regulatory Guide DG-1005, September
1989.
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x' SECTION 7 j

[ ~' DECONNISSIONING QUALITY ASSURANCE PLAN ;

)7.1- POLICY STATEMENT
\

Public Service . Company of Colorado (PSC). will establish and-

implement' a Quality Assurance Plan for the Fort St. Vrain (FSV) i

Decomissioning . Project. !- 4

!

7 This Quality Assurance Plan is based on the requirements of'10 CFR-
'

' 507 Appendix | B ;as .they- apply to decomissioningL activities and is ''

responsive =to other applic3ble regulatory requirements, and industry
codeOand standards. .The goals of the Quality Assurance Plan are to- 1

'provideLprotection-of the health and safety of the project personnel
and the public,- and:to comply with. regulations and comitments made ;

toi the NRC, including . the control of personnel exposure to l

radiation f control of radioactive material, control of radioactive i,
.

material shipment, :and final radiological survey.
'

o
'' ..i

L. < Project procedures 'shall fprovide L for compliance; with . appropriate, :!
: regulatory,1 statutory,-and license requirements. Specific quality::- 'gi"

,d i iassurance frequirementsL ' and ~ organizational responsibilities for..
'

: implementation of these requirements shall be specified.
. , ,

.
,

\ Compliance'withL this4 pla'n and- project: procedures is mandatory for j,,gu
R' M - personnel .with respect ~ to' Fort' St. Vrain decomissioning1 activities |

'

'

l
.

;which ?may'' affect J qua'lity ? and the /healthE and safety of projects' 4

.

"4 ' ' Epersonne1 ~and : thelgeneral public. Personnel shall, therefore,1be-
1[J amiliar with the1 requirements' and responsibilities:of the plan.that"

f
_

' * , *are applicable (to their individual activities and interfaces, y

$', 17.2 : INTRODUCTION-
-|/

'
+

K,, 1ThistQuality ;Assursce Plan 4is applicable to andds structured to'

assure .'thatL the -regulatory , requirements a's. identified - in E the 4m .
1

.
.

,1: 1 Proposed ' o Decomissioning , ' Plan, the. requirements :of' ..the
J Decomissioning Technical 1 Specifications?(DTS), the . requirements of.. ,,

theLRadiation1ProtectionJProgram, the packaging; and shipping- of 1

'(f
,

,

| radioactive materials,J and the final radiation survey- are conducted
, ' ~ kin 'a:contpolled manner..

'

+,. . .

'
i

"z

,P
,

.

-7 - 1 i

1

j+
,'

1 w l
'

'
1
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7.3- ORGANIZATION'

17.3.1: General
_

J
Ji

i

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 t.ontrol .

further processing, delivery, installation or use 'of nonconforming -m

items;-to-initiate, recommend, or provide solutions; and to verify' :

. implementation _ . of- solutions. ^ The persons ' and organizations1

performing quality; assurance. functions report to a management level
1

f that assures the required authority and' organizational: freedom are
,

provided,tincluding 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' ;

accessz to the levels of management necessary to perform' quality:- i

assurance-functions.-
'

;

7.3.2 PSC Oraanization

b The LPSC Organization is explained fin Section 2.4. of th.is ]
; decommissioning Jplan.JSectiony 2.4 provides; organizationali charts, 9
stogether- with Ea'; summary of the authority .and . duties- oft keyt

7 7 idecommissioning' staff 1 members. .PSC has: overall ' responsibility for: O;
~

.

L : the . Quality' Assurance 1(QA); Plan: implementation, eand|is responsible '

L for? ver:ifying; thet effective? executionE of the- plan. : PSC performs-
'

,|,

L. LoversightSofJ the : Westi.nghouseL term implementation of the' planimj through reviews,1a,u'ditsf and monitoring -activitiesL(surveillan'ces).. '

,

~
3N I l [p.y 37.3.3 m |Westinohouse Team'Oraanization '

1

]>' h7.3.3;l Ouality Assurance
1

,

s,

7 .x

c,
~

' \The(Westingh'ouse LNuclear"andi Advanced Technology Division .1WNATD)'
J

R 1 Qualityd AssuranceE ManagerTreports idirectly) to o thet WNATO Gern.ral . j"
f Ma' nager" and L ultimatelyL to the (Energyi Systems i Business E Unit ~ Vice1' '"

'

' .

;Presidentza'nd Generali Manager to t ensure | thetindependence' of: the. QA '

>

a 1 function. ; The : QualityLAssurance- Manager reports? to the Technica1'.
_

,

Ji, ; Services 1 Manager fort administrative' direction and . implementation; of.
+ thetQuality Assurance L Plan. - The Quality Assurance- Manager and ' the.

. 1w ,

'

a

LTechnical) Services Managerfare t responsible forf assuring' effective; y''
,

f execution' of the Qu'ality Assurance Plan. ~ MK-Ferguson personnel will4 -
'

Jwork;under the HNATD QA Plan during decommissioning; activities and-
'

e therefore ltheL MNATD -QA ' organization will apply. Westinghouse-
. 3

y -Scientific Ecology Group: (WSEG) will ' implement their NRC approved ;

10CFR71, subpart H,-QA Plan, which includes a completely independent ~ r

nw :

7-2 >
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'

QAL organization, for packaging and transporting radioactive
'

. material.
1

% 7.3.3.2- Kev Decommissionino Staff Members.,

The Westinghouse decomissioning staff is explained in Section 2.5 1'

'.'of this decomissioning plan. Section 2.5 provides organizational
f"

.
charts, together with- a sumary of the authority: and duties of key

p members..

L 7.4 -QUALITY ASSURANCE PLAN I
3.

i, ' . 7.4.1 General'Reauirements'u -

1
'

m

1. The Quality Assurance Plan shall' be: 1~

i

a.. Documented by written procedures.'y
'

,

"i* -b. Carried out, throughout- the decomissioning project- in )'
.

,.
'

.accordance with those procedures.:g
m ,

-

The planLshall include identification of the following:- qq.
.

SM a. Thejstructures:andactivitiestobecovered. :!

@' b~ . ? The: major organizations participating in the plan,< .

|togetheri with Lthe? designated functions of these a,

''s
, .,

organizations.:
, ,

a,

M :3. /The plan shall: provide control over activities affecting. !!'

-quality:.and;the health andLsafety of: project personnel 1 and:
~

'
,

,

g othe general public. |
>

,

pp ,

E 4. - Activities affectingequality Ushall'_ be1 accomplished r under ]-m
suitable M controlled: conditions.. LControlled conditions ;,

1, in'clude the use' -of- appropriate ' equipment, . suitable 4
X environmental conditions- for-' accomplishing L the 6 activity, ;l'

,

v and- assurance 1 that. all prerequisites. . fora the J given| j
*

g f | activity:have been . satisfied.- ;
&< ,

,5., ;The| plant shall take- into account .the needT for | special! d,

' ~

g icontrolsk processes, ' test equipment,| tools, and' skills; to- b'

, ~

attain the required quality, -and theineed for verification;
3

6 of~~ satisfactory implementation. 4

_p -6. -The. plan shall provide for indoctrination and training of ,

|G personnel performing activities affecting quality to assure 1

that suitable' proficiency is achieved and maintained,
i

7-3 j
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!

7. The adequacy and status of the plan shall. be regularly [* *

reviewed.- |

8. 1 Management'of those organizations participating in-the plan
shall _ regularly review the. status and adequacy of that part !'

T of.the plan which they are implementing.

9. The plan will be | implement'ed- for - the final radiological
survey to , assure confidence in the sampling, analysis, ;

-interpretation, ' and use of data _ generated. It will apply'
,

to all. . aspects of the. survey pl an, _ from personnel'
,

,
'

qualifications to' sampling and field measurements, handling
and storing samples, ' sample reduction, reporting,- and"

.

records-turnover.~- 1

t

7A.2- General Descriotion

1. ThisD Decommissioning Quality _ Assurance Plan has been '

V, _

- established' to govern those activities; that may affect the*

o
-quality of1the project, including the health end safety +f

g the: project personnel and the, general public
a ,

2. This . Decommissioning Quality. Assurance han. shall utilize .'

f .'.', ' '
-

.

4 the following documents to meet its objectives.
3

.

L,' ;; , > ; aa iThef Westinghouse" Foft ' St.: Vrain ' : Decommissioning ' i

| Project 1 Quality ~ Assurance Plan which provides the- -

.

. details of1the Quality Assurance Plans. and procedures
'

w y

' (that) 'will; bei utilized- by Leach ; Westinghouse:4 '
,

, 4p% .
Lorganizational, team member.;

~

.b.' , : Westinghouse .;requiredi procedures- at :the project" |,
., ,

[P ,^
~

implementing level.a .
,

nt PSC' oversight.processLand procedures,c
w < ,

"A .7.403 iWestinaho'use FSV -Decommissionina Pro.iect Ouality Plan.
,

M n _ _ . . . . .
.b; ' s -]. , :The plan =shall. define the'QA'plansland procedures that will.

,

as.

' ''

y

f % ,, belused by each Westinghouse.organizationa14 eam member. '
tm

9+

,

W ':2.. iThe Lplan shall ? be/ issued and -approved by . Westinghouse - and' '

<

sa PSCl,

!
< 3. A1.1 changes to- the Project Quality-Plan shall be governed*

'by measures commensurate with those applied to the original-'
4

-

y issue.
o

|:. .

'
!

7-4
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7.4.4 Trainina

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.

7.5 DESIGN CONTROL

Consistent with Section 7.2, when operating systems required for
decommissioning / dismantling activities, waste packaging activities,,

-

+
or shipping 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 that 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
contractors or subcontractors. To the extent necessary, procurement
documents shall require contractors or subcontractors to provide a
Quality Assurance Plan consistent with the contractor's potential
impact on quality and the health and safety of project personnel and
the general public.

7.6.2 Technical and Quality Reauirements

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

G quality requirements, as appropriate.

7-5

. . .



~. .. _.. . - - .. . - - - . - . - . _ - . - .- - -

.

. .,

t 1(' \

' PROPOSED DECOP911SSIONING PLAN ~,

SECTION 7i
a ,

.
.

. -

'

, 3. Procurement documents shall contain provisions that-*
,

establish the right of access to vendor facilities and-
. records'for source inspection and audits-as appropriate.

,

f 4. Procurement . documents for- processing, packaging and :
,

0 transporting of radioactive materials shall specify the- '!
' license,4 certificate, or other NRC; approval- authorizing use

"

of .the Lpackage. The crocurement documents . shall specify
: the~.' documentation requirements referenced in the license, !,.

$ .. certificates, or other NRC' approvals as: applicable that (-

? rolate to:the' use and maintenance of the packaging andito 1,

( ~the-actions to be taken prior to' shipment.
1

.7.6.3, Review and'Anoroval ;

M . Documents,.and changes thereto,3 initiating procurement of equipment,.1

''
-

| components, |or ' services; shall he approved by appropriate . management ' i
personnel and shall, be subject to. al quality review toi ensure j, ,

applicable regulatory requirements, design bases ~, quality assurance, '

'

'and other: requirements are adequately satisfied prior |to releasec ;u 4

7.7: 1 PROCEDURESLAND DRANINGS>o
,

h:m+
.'

.
.

. , ?

d
* fdtneral' Reauirements .7.7.1:. '

.( f', cl b i . Procedures,, and T drawings .of L a type appropriate , to f the - j
Tcircumstances,= ;shall| :;be o provided :;forf the : control!,:and i|- , ,

"; Lperformansof activities; which: arejimportant to ' quality, *,,

health, 'and efety.N s '

'

.
.

.

'
A

[, os ; 2.n o Procedures and' orswings ishall: | include, Lappropriate1 ?.

4 W : quantitative' or. Lqualitative acceptance; criteria: for: |
'

,
,

J'i N -determining- that? important- activities- have been a
: satisfactorily accomplished.-,- '

a
n t<

U 77. 7. 2': LProcedures ~ A
'

p. 1,

j''' 1L Procedures ofva type: appropriate'to the circumstances shall- 0
!!n W be:provided for;the? performance of! activities which affect:
K ' quality,Jhealth and safety, ~or regulatory requirements.- qy

,

.

-2.- The ;following1: typical procedures shall be provided -as j,

.appropr,iate. This' list- includes . procedures whose-
'

implementation is- subject to oversight in the- QA plan and-
'

,g
'

procedures for executing QA functions'.
,

1

't ! f j

4 .7-6
:
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*



-, . _- . . . . -. - .._ - - . . . . .- - . . ~

ys ik,
!,,

'
m. 4 -t>

,

*

144 .

< q
'

DEC0fti!SSIONING PLAN 1

o d'; SECTION 7

AM.
3-

a. Calibration procedures. ;

b. Radiation protection procedures.
cb Special process procedures.-

.

,

f
'

'd.- Work packages that provide work. instructions ;
y- accompanied with pertinent- technical data to perform a. j

specific task. r

e.: Radioactive material- processing, packaging and. j
, , ..

. transporting procedures., ,

f. Audit' procedures.
.. . :

g. QA-surveillance / monitoring procedures. -|
' h. . Administrative'. control' procedures.

'

s .i.- Emergency; response procedures'.- ;
m~ ~ ~ ?j. Inspection, procedures. .

.

k. . Training /qualif_ication/ certification procedures,
p '

1. Procurement procedures.
.

(

I
,

E w ,m. Design and, design document control procedures.
cn. Nonconformance/ corrective' action procedures.

j|
'

,'u<

,

'o. Quality Records procedures.
4 =p. . Access control procedures.- 1.

m'' .q.c Material / equipment control: procedures. js o

h th Final (site survey procedures. +q
; M; .s. Fire prevention / protection. procedures. O'

; -

,

4''

o. ;7.7.3: Drawinas and Technical Manuals jpj F a-
. ,

_ _ . _

'

< s^ ; Controlled Jdrawings and technical / manuals:of a jtype. appropriate ) ,s,,
'

;theLcircumstan_ces;may beLused as:procedura1' documents.. 3.
'

'!
'

m ..
. : w . .

9 4
'

jp i7.8 _ DOCUMENT; CONTROL ; ij''

,

h .w . . ..

GeneraIReauirements jY* ' L7.8.li '

(~ ;, .
,.

J ; 1
c

.

$! hlk z Heasures::sha114:be estb1'ished |to control the issuance of'

:,

W" fdocuments,/such assprocedures, drawings aridLspecifications, i,

W < including ' changes,iLthati prescribet activities ,affecting' D'-

{ ' qual i ty'. -
' '

'ym >

Jg
.

6

q
, ,

e9 12. .These measures shall.; assure that documents',> including,
.

changes, are rev'iewed foriadequacy'and' approved for releaseM. 7 t

' . 'j
||1 e ; Jby? authorized personnel, and distributed to and used at-the
|',, location where the prescribed' activity-is performed. ,

p 9, 1

L', E7.8.2 Procedure Control'

1. Procedures-shall be controlled to assure that. current
'' copies; are made available to personnel performing the
m +

.

7-7 |
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.j%

? prescribedi activities.. Procedures shall be independently'

a
, _.

. reviewed by a qualified person and shall be. approved by a |
*

. management member of the organization responsible for the '

prescribed activity.. !
'

.

~ > 1'J |r ,
.

. .

|.2.. Significant changes to procedures shall-. be reviewed and-
' approved in the'same manner as the original.-%9' ,

,

*
, 4

7.8.3 ' Radioactive Shioment Packnoe Documents q
*

,

* A11' documents related tofajsp'ecific shipping package for radioactive i

material shall; be controlled by.~ appropriate procedures. All
. u

L. .f i significant' changes -to such documents shall be'similarly controlled.
, .,

m --

q
|7.9. CONTROL OF PURCHASED MATERIAL' EQUIPMENT, AND SERVICES,

;

n
7.9.1 -General Reauirements : 0

'
i

t+,
~

;i
3 K,' 1. ; Consistent with Section 7.2, measures shallibe established j
i3' Lto assure that Lpurchased material, : equipment 1and~ services / 3,

W ? conform:to,the: procurement' documents. These measuresishall i
' *

%MJ 'includel provisions,f as appropriate, for vendor ? evaluationi >

e#

i A and selectios objective) e'vidence of quality furnished by'
'the vendor,- surveillance at; the,. vendor ' source,- 'and

[y. !inspe.ction of; products;upon delivery. a
u

f.,y w ,= y ,

|k .

The effectiveness sof::the . controlf of contractor. : services [|
>

h)..R ;1 :2. .

.
.

, . .
~

. . ..

SQ,* shall be ? assessed :at: intervals consistent"twithe the "'

importanceioft thelservice. < ' g}g %y m,J
.7.9.2 Vendor Evalua' tion and Verificatign ;

-

w i. . . ,

i $, %
' - - %

,

Assurancer Plan' specified Lin l

s
w l'

;f; . ti

M LThe:| adequacyn of Evendorf s; Quality-

hq Eprocurement -documentation 'shall .be . verified. priori to Juse -when .
'#V : appropriate.f Vendor adherence to: their-Quality Assurance; Plan shall'

.

@ , ,' |also _ b'e ' verified as ' appropriate. -
,

<
-

,m - - . - # q,

h[
'

;7.9.3| Receint Insoection '

1{
'

,

!i:- '

p ., .

T s: ,1.: CommensurateLwith .potentialuadverse impacts on -qualityL ori !
, .. .

,

'

?? Jhealth? and' :. safety,1 material and equipment 'shall be d
'

t inspected upon receipt at the plant site prior to use1or
u storage to -determine that procurement requirements are

~

satisfied, gj
Wi, ,

I

i,;

7-6' '
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.

2. LMaterial,- parts, and components that are to be utilized for' I* '

packaging and transporting of _ radir, active materials shall: l
,

be inspected upon receipt to. assure that' associated .:
procurement document provisions have been satisfied. 1

3.. Measures ~ shall be established for identifying nonconforming ~ !
material,' parts 'and components. jy

7.10" IDENTIFICATION AND . CONTROL' 0F- MATERIALS,- PARTS AND'

: COMPONENTS 1

.|
w 1. ConsistentLwith Section 7.2, measures -shall. be established i

'U for the- identification and control- of critica11 materials,
.

L'5 : parts, components, and equipment. [n:n 1

L' 2. These identification.and control measures .shall- be designed. '!
N to; preventc the use 'of incorrect 'or ' defective material, i,

-parts,: components,.and equipment._ j
q

7311 -CONTROL OF SPECIAL PROCESSES-L

k}W]'
.' _

. ; . - - . , . .
s''

7;11.1 ; General / Reauirements
.

,
- -

'I
L. Measures shalle tse j established to assure that special processes,,' '

O. "
ii.ncluding weld.ing. and nondestructive examination, .are controlled. and i

'

accomplished iby" qualified. personnelt using : qualifled proc'edures -in; jo
W accordancec twith! applicable codes, : standards, specifications, j
|c - criteria,:and =otherispecial cequirements. 9

'
'

(7.11.2; 'Weldina Procedures- 1' +
,

; Welding |: activities. shall be performed in;accordance with qualified ?
*

. procedures. - |Ssch procedures;shall be qualifled in accordance with' q< -

. applicable codes ind standards 'and shall be reviewed to sassure their- ,i,

- technical;adequacyL q
'

4m- .

<

"

(7211.31 Welderi 0ualification q
*w', --Measures shall; .beJestablished- to | assure welding is performed by:, ,

a's qualified personnel..
.

,

s ,

:i
7.'11. 4 : NDE Procedures i

.!4,

pp Nondestructive examinations (NDE) shall be performed in accordance.
,; V withLprocedures . formulated in accordance with applicable codes and ;

~~ ' stan'dards and shall be reviewed to assure their technical adequacy.
)

.
~

f

J,
J i?

,

e
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,

~7.11.5 NDE Personnel 0ualification

Measures'shall be established to assure nondestructive examinations,

(NDE)' are ' performed - by _ personnel qualified _ in accordance with
applicable codes and standards.

- 7.12 - INSPECTION:

7.12.1' General- Reouirement s"

6 1. Measures shall be , establish _ed.for inspection of appropriate
activities? _to verify conformance: with the documented
procedurestand. drawings for accomplishing the activity.-n

<

42.- A'nLinspection hold point-requires witnessing or inspection.
- Associatedf workL shall not proceed beyond a holda point

, ,
-

- without- prior consent. The; specific hold: points | shall be-

indicated?in appropriate work documents.#

-7.12.2 Radi6 active Material Packaaes
;g q,

-Measures shall'be established which assure that packages utilized to g,

cshipOlicensed < , radioactive ~ material offsite - are inspected inL
accordance withi the' applicable requirements.:

_

,

4 :7.12.31.;Insoection: Procedures ,
,

G Required ? -inspections: 'shall" ; be i performed : 'in accordance with,

L appropri ate : procedures . 6 Such procedures ;shall: contain : a description"
'

off / objectives", accept'anceJ crite'ria, ,'and . . prerequisites for-
:s > performing the' inspections These' procedures shall al_so specify any

.

Fi '4 (special E equipmentJ ora . calibrations ~ required 'to : : conduct the-

Jinspection.-
,

m .,,

o 7.12;4i . Personnel Oualification-

,, # m,

'

' Personnel performing Trequiredfinspections shall' be? qualified based,

upon :experiencefand training ~ sin. inspectionimethods. Required
I inspections,shall not- be! performed by individuals who performed the-

activity oro directly; supervised the activity.

W - 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 EQUIPMENT

~'3 ;.
. Measures 1 sha111 be ' established to assure . that appropriate tools,

.

gauges," instruments and other measuring and'tes11ng devices used in !

activities ' important to quality, health and safety are properly ' ;
'

's controlled, . calibrated and adjusted at .specified periods to maintain |
. accuracy 1within : necessary limits, . and mair.tain traceability to ''

" . National Institute of Standards and Technology-(NIST) or other known
e, -- : standards ,

'

.;
, j

;

M2 . 7.15 HANDLING, STORAGE, SHIPPING !
'p
,qi, 17.15.I' General Reauirements !

'

Measures shall be.' established to control the handling, storage, and f, -

_.
shipping of radioactive materials. .~r

. )y '. -|
i, 7.15;2 ' Radioactive Material Storace J
% j, , ,

As :1. Areas'shall? be'provided :for storage of. radioactive material: !,

'y , that (assure : physical ~ | protection, t as' low' :as reasonably !-

,,

%( k ;achie'vable radiation' exposure to personnel, and control of + i

-theistored material'.
'

. . ,
'

w :N 2 2.: ;Handlingn ' storage, aand ; shipment;ofu radioactive o material. j

f --shall be: controlled based;upon the following-criteria:
.

, , -

a , m.
..

ty , q; . D, =-a .; Est'ablished . safety; requirementsL concerning; the' Ei
'

, , . . .handlingE - storage,1 and Dshipping ,of ; packages; for: [
radioactive material 'shall? be followed.- x

-
'*

b. ahipments Tsha11: Lnot; be' imades 1 unless; .allhitests,. n
'

. ' 4 ,

[q J certifications, acceptances, aand! final inspections > a
We| .have!been completed.s

M ,5 c. Procedures: shall. belprovided for handling,1 storage,
and! shipping operations., yy, 1

p.
. 4,

%$ 17.15 ~.3 ~Shiooina'and packaaina' ;
.

gh 4
, ,

% ..
. .

-

"0 : : Shipping | and; packaging documents! for. radioactive material shall be
,

4 >

consistent with pertinent regulatory requirements.. l' ",,
,

.

g-
.w

-.
'

<

h
,

'
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7.16 ! INSPECTION, TEST,ANDOPERATINGSTATUS

'7.16.1 Radioactive Material and Systems Confiauration Controis-

+
l. Appropriate controls shall- be established' for the control'

of. radioactive material, -systems configuration,- as well as
. personnel exposure.~.>

* ^

2. ' Inspection, test, and operating status of equipment and
components associated with radioactive--material,-system

'c configuration', and: personnel exposure shall be established'

.

4 *
.

based upon the following criteria:>

La.- ' Inspection, test, and operating' status for radioactive
material, system configuration, end pers.onnel exposure

!shall be Eindicated - and controlled by established
procedures.

b. . Status - shall : be indicated by tagc label,E marking - or '
, > 1

Llog entry.
~, |c. Status s of -. nonconforming items -orc- packages shall be1,,

positively maintained by established procedures.1'
,

,

7.17 * NONCONFORMING MATERIALS,| PARTS OR COMPONENTSo -

'

, v| , 11.m . Con'sistsnt with: Section 7.2, measures shall ' be: established
e Lto 'controlf materials,1 . parts, orf components that-- do not

,

conformQto . Lrequirements in; torder| .to prevent their-<

inadvertentKusef or; release: for Tshipment. nThese measures_f w e
'

"!' L tsha11L4 f incl ude, .. as; .-appropriate,: procedures- Efor%
'

, "ide6tificatisn, idocumentation, tsegregations, disposition,i

~

/
, , .,

P rand notification to.affected organizations.,

% .

'

,

m,,
_

c2p . Nonconformancec itemsJ shall be L reviewed and accepted,-

. rejected,n repaired, or? reworked ins accordance' with., ,

documented procedures. ,
,

. o.

9 j7;181 : CORRECTIVE ACTION:

I'' il ..- LMeasuresushall bei established ' to assure that conditions
p" : i adversei tol ; quality, health ~ . and' safety. 'are . promptly

. identified and' corrected.-

2. In the event of significant conditions adverse. to quality,'

' the measures. shall; assure that the cause of the condition -'

is determined, -and corrective action taken to preclude.
1

|*

7-12 '
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c . .;

% repetition. These conditions shall be ' documented and [

Q. reported to appropriate levels-of management.
'

w ,
,

.a a 7.19 -QUALITY ASSURANCE' RECORDSp x- ;

'M 1. Sufficient records shall be maintained to furnish evidence .

.

y of activities important to safe' decommissioning as required ,

by code, standard, specification or project, procedures. 'f
, "Typical: records would include -A, ,

#y
.

,

3;

>

g6 a.. Proposed Decommissioning Plan i
wy - b. Procedures' i

p, '

c. ; Reports. .
. . i* -

h
- d.- Personnel qualification records ,:N
- e. Radiological and. environmental site characterization j

records, including final Lsite release records.
'

yN > >

,

N f.: Dismantlement records 1

k:.4 g.1 Inspection, surveillance, audit and assessment' records ]
,

m,

g.' ' l|1/M . J 21: Records'shall be identifiable, available, and retrievable. i

3.- Requirementsi shall' . be : established .concerningi record- $'

%y,
. collection, safekeeping,: ret'ention, maintenance, updating,-J

.

: preservation, administration, and-
,,

location,: storage,o ,

jk, , . assigned . .-responsibility. . Such : requirements shall- be- ,

a
consistent with the potential 1mpactLon quality,1 radiation 4}p '

.
,

1

exposuret to the: workers 1andithe < public, and rapplicable Jli <

j* vg - regulations.;
.

q
'i

~, :
, g,

,

..

- j}g ', 4L ' Records ssha11 be reviewed 1 to ensure their completeness landL3 ~M , ' + { ability to' serve their intended function.
,w

@W: f
. -|

''
7.20. ~ AUDITS.1

fy .
^

:

_| }
]$ 7.' 20; 1, General t Reauirements ,

u
m.v)

,

c' i !
. .

[ ].8 V; !A: system of planned | audits:shall' be carried out to. verify compliance
, ,

s

Qj h ~i? 4
.with; appropriate requirements of the Quality Assurance Plan .and to 'df
determineW the" effectiveness of the L plan. The! audits shall be of

'
~

>

p , *: " < performed- inEaccor~ dance 1with Lwritten proceduresL or ~ 2 checklists by H

M. -trained and qualified | personnel 'not having direct responsibility.. in . q
~

% theJareas-being' audited.

M-c .. .c.p "

, ,
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-;

f 7.20.2 Audit Renorts- ]
'

,

~

.;

1. Reports 'of the results ' of each audit .shall - be prepared.
.These reports- shall, include 'a description of the ; area j

0: audited,. identification of individuals responsible for'. |
implementation- of ~ the audited provisions and for '!,

' performance of the audit, .and identification'of discrepant |
areas. ;g. ,

m y

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 L Audit Corrective Action
m q

l.. tMeasures shall be'' established to assure?that discrepancies |, ,

EJ identified.-by audits Eare ' resolved. These measures ishall; j'

]j.'? 1 fincludet notification of':-the manager responsible' for the
#, ? discrepancy, and ' verification, of satisfactory resolution..,

M L Discrepancies |shall! beLresolved by the. mana'ger responsible L:i
-

- for ( the L discrepancy. - Higher -levelsf of . managementf shall . l
'

R r
' '

4 resolve. disputed! discrepancies. '

-

' &g
.

iFollowup4 action,. including re-audit of deficientiareas,_
. , .

2; .

-sh'all.beltaken where indicated.-' '

D .

> 3,m. ,

s

" ' ^

,

'

d v
JM s i q,

h;c + 3
'

,

[|;- .) , j!,

!l| t ',
a_

|, v
m ;'.

.

kn ,

d.i
,

.]
'
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j !.i >

.
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7
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SECTION 8

. DECONNISSIONING ACCESS CONTROL PLAN'

t

8.1-.'8 ASIS FOR ACCESS CONTROL PROGRAM

- The: Fort St. Vrain Decomissioning Access- Control Plan is based on
, '

the| requirements of 10 CFR 20.105_ and NRC Regulatory Guide 1.86
5 ' (Ref.1).<

o

'

The Fort St1Vrain 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:-
,

. a.: f; ire or explosions;l,, .
'

b.: personnel disturbance;:
. .. ,

,

c Vacts of_' sabotage or perceived threat;
1

.

d. civil disturbance;'

$j ' e. medical. emergenciesi '

..A[ iThis? Access - Connol < Plan i identifie's .those -- controls and procedures _ L
'

C ir' elated toi access 1 to the ?decomissioning : site. Access, controlo

M' requirements for _ radiologically controlled - | areas wittsin othe--

% ,, , udecomissioning: ' site;- arel addressed" Lin] Section 3.2- . Radiation-

,

E zProtection~ Program. y1. < ,

w '
'

^ YRg i )This Access) Control [ Plan has b'eenldeveloped tot provide controls for.

!_ C .

;the following non-regulated areas:1
; , t mv

_. . .. ., .

"f 1.iAniadequate(Industrial Security Program toa preventisabotagef
(intentional. or unintentional)j to c : internal: or external-

,

; . decomissioningisystems(or radioactiveD waste Lstorage, and'- to '

' prevent theft, of company or; contractor. materials.-*
,

-

7 1,

: 2; Conversion? Project:1 ;The - presenceiof significant numbers 1of -'
-

4,c _

f inon-occupational: workers''on a job ' site:immediately- adjacent toL
T :the decomissioning/ dismantlement project necessitates the need
'b, to ensure thatJ access to theidecomissioning project area ~is'

<

W - properly' controlled.-

O
[ 8-1
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8.2 SITE ACCESS CONTROL ORGANIZATION,o

'

* Access control personnel will be properly trained,and demonstrate
: understanding- of decommissioning area access control requirements
and responsibilities.. Access control: personnel will' be unarmed ando

equipped; for continuous onsite and offsite. comunications.. The PSC
Facility. Support Manager is responsible c for. site - access control

. which -includes- (1): decommissioning : area- access . control :(gatehouse
_

and vehicle access)iand-(2)_ emergency, medical: and fire reporting,
Local | law: enforcement; authorities will' receive familiarizatione

briefings) on procedures and. plant layout, and arrangements' will bei<'
.

made for their services 11f needed.

A 8.3 ACCESS CONTROL PHYSICAL SECURITY MEASURES

f9
_ by a continuous-1 : Thei decommissioning ' area. will be > surrounded.

_.

permanente fenceithat : will L provide .a physical' barrierl to ipreventi" >
>

<

' unauthorized access tof restricted areas. Accesst control personnel ^a'
C will/ normally be located:in the ' personnel access gatehouse'i .,

</ .. < .', 'o c
-

. . _ _

, Personnel ; access getehouses will. be located at;the; main plantLentry'

"1'
-

iforetheadecommissioninglarea~ or other suitable L access points'. 1 A '
<e

p:: ,fvehicle accesstgate will'be located |in' the nimmediate vicinity ofethe
i j personnelp access" gatehouse at- the . main plant entry; Use of |the- E

~

ivehicle gate willoalsot be controlled by access contro1Tperso.nnel.N
+- -

2 ,g ,

Access)will be: controlled withinLthe Fort St'. 7Vrain decommissioning-''

'

1projectsand; permitted onlyj to?those1 authorized by the?PSC:LProject.
Managera for Decommissioning,7 the? Westingho' se : Projectn Director, oru

*3;;'.. ;theirl authorized (| representatives. Lists; ^ of . individuals. with
, g

X 1 authorized; access ~willt be prepared and willLbe controlled. .
y,

J ,Accessi forJ decommissioning workers will be controlledOthrough''>

<v positiveL Lidentification- (e.g.,, picture badges, positiveiJ

identification, f controlled taccess lists orf otherf means)~ ton ensure; ,,.
. ,* ; access tolthe _ decommissioning site restricted arealis(provided only'

'm' ; to authorized individuals.
A .

.

the. restricted:iarea- does not' guarantee.< access to
*>

2 'AccessWto:
. .

.

jradiologica1Econtrollediareas. !The radiation protection staff will:*
continue to ; administer the ' radiological controlled area;' access,

'

"contro1~ program, as was done during operations and .defuelingi
~

'
>

_

m Specific ' requirements that must be met prior to accessing,
i radiologically controlled areas are identified in Section 3.2.

, ,

8-2
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s ,

y" A11Epersons passing) through the gatehouses will be requiredL to'' " >'
-

" demonstrate valid access ~ authorization. ; All 'other plant gates - !
,f [ associated withithe controlled decomissioning area will' be required- 16 i

|? to be kept locked or continuously monitored.: Locks and keys for_the
#

'

' decommissioning area gates will be controlled.*

EE' LVisit'or access' to. the decommissioning. area must be approved by the j
- PSC ' Project Manager for Decomissioning,Ethe Westinghouse Project N

,,.
IM> Director,for their designated representatives.

1

Rep' airs toiphysical" barriers- and' equipment will accomplishd in a -
M< timely manner. .'

+

ix;

"4 8.4; COMMUNICATIONS 1

_Telep_ hone? service' will'ibe 'available =at. the main plant entry _ l

F( ' * :per'onnel | access; gatehouse to contact local - law enforcements
,

(', < authorities | -and ' other local. - emergency services. . Radio- :|communications:'will be; available between|the plant | control room'and'*' E
'

-

7Q
.-

| access control personneli in the eventiit becomes necessary to _ limit'* '
,

4! !accesso to the decommissioning area 'or.-if it becomes; necessary to- d[[) : contactilocali emergency ' services.-

% > ..
. ,.

|~
.

<8.5 PROCEDURES. .

' '

,

1a; '. '. 1 .
w

. . .

; Written! procedures will 'be prepared : and_ implemented tof provide the ,!.

~

acces'' controlf -personnel jg'uidance : for 'the: - followingi routine j'

s s''

p' : occurrences:
- a,, ,

, ,

m, -
, "

11. cPersonnel access' control!na 4

$ ' *: ' :2.n(Vehicle' access contro11
~

q

,w, C3.. Communications; equipment and; routine testing requirements:
'4. Surveillance / inspection?of decommissioning area physical

@W I barriers
~ '

l. .

M[
,

y(il(1 5. ~'Recordkeeping requirements-'

-

y
b,

,

II, ; Written procedures willLbe prepared and implemented.to provide .the:
'

%" g caccessL control: personnel guidance- for the~ following abnormal d

D. i occurrences:a

p; +? .
a4

'
H .1. Fire or explosion

2. Site-evacuation
bq 3. - Site radiological emergencies
gQ 4. -Personnel disturbance

,

5. Acts or perceived threat of sabotage
'

8-3 !
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? |_ f ' -

.6.~ Civil disturbance-t

,; s

7'' 1 7. Suspected.or confirmed intrusion' sabotage attempt
'

8. Breached security area barrier
~

- " '

9..L Unidentified person in security area.
10.. Medical; Emergencies -'

>

211.LTh' eft of material:
'

,

R - The ' content; of these procedures will include -.(1) criteria fr.-*

b],9
' identify 3nglan Jabnormal conditions within' the decommissioning area;'

% (2)- access control . ' personnel actions; .and. (3). rerJired.
W~ notifications.c'
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% 8.6- REFERENCES FOR SECTION BL

> .
.

. .
.

.

16
^

1. . Regulatory Guide 1.86: L " Termination of 0perating License for'.
.

Nuclear Reactors"..~ June 1974..
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'

SECTION 9
DECOMMISSIONING EMERGENCY RESPONSE PLAN ,

|

9.1 INTRODUCTION AND REGULATORY BASIS

The Fort St. Vrain reactor was permanently shut down in August 1989. j
PSC evaluated the credible defueling accidents and determined that l

i.the ' required level o f_ - emergency response capability was
_

significantly less than that for the operating reactor. As a
result, _ PSC prepared a_ Defueling Emergency Response' Plan, with a"'

,

significantly reduced level: of emergency response, and submitted it
to the NRC:in 1une:1990.-

*

$The credible' accidents for ' dismantlement and decommissioning'

L - operations have. been evaluated in. Section. 3.4 of this plan. This 4

evaluation indicates -that reduced emergency response capabilities I

are appropriate. for the Decommissioning Emergency Response Plan. As ,

4 .the disaantlement' and decommissioning proceeds, various tasks and ,

milestones' will . be completed such . that' .the associated--postulated
_

accident scenario: will _no longer be considered credible. With:the
f _ . ..

reduction in the, accident scenarios and resultant consequences, the '

.

i& Decommissioning' Emergency Response Plan may be revised- to. eliminate.
,Q Eselected emergency response capabilities.

0 9.2; DECOMMISSIONING EMERGENCY RESPONSE PLAh JPE
j

: 9.2'.]L > Maximum : Emeraencv Action Level (EAL) - ALF8F
.m

"
Based > onL L an. ' evaluation' of, the. credible dismantleme'nt and
decommissioningnaccidents, the accident ~ consequences have. been
compared withith'e emergency classification tables contained ein FSV =
procedures and the guidance.. contained lin NUREGLO654' Appendix- 1 i

.. (Emergency Action. Level Guidelines for Nuclear' Power Plants);and the,-

7

_ ' *. ' EPA Protective Action Guidelines, a
,

The; worst'' case dismantlement and? decommissioning accident has been: ,

identifiedi to; beithe' postulated tractor / trailer = , fire 1 from the'

,

. rupture of 'the- diesel fuel tanks: in :which the trailer _is'.
'

,

conservatively; loaded |with :230 ' side: spacer blocks (boron' pins-
'

.

removed). :These side . spacer : blocks have the highest . potential;
<m releasable Equantitys of : radioactivity. Section .3.4.6 provides a

1 detailed analysis'of this accident scenario. !w ,

4Based- on the conservative assumptions for the percentage of graphite
,

m oxidation,1 radionuclide , inventory and release, the radiological
LA consequences to an individual standing at the 100-meter EAB result -

a
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in _ a. whole .' body . ' and lung _ dose of 121 mrem and 215 mrem,
.

respectively. Therefore, no accident condition will exceed the
,

'

NUREG-0654 guidelines for. an ALERT.
-

9.2.2 EPZ Restricted to Within 103 Meters of the Reactor Buildino

Bised on evaluation of the dismantlement and decommissioning
!

accident consequences in Section 3.4 of this plan, there will be no l

credible means forLoffsite exposures to. exceed a small fraction of
C the EPA Protective Action: Guidelines or to: create the need for

'either. a plume ~ exposure or an . ingestion pathway planning zone. -
Therefore' the EPZ _is designated as an area within 100 meters of the i,

Reactor Building, which is within the owner controlled fence.
,

m = Perimeter monitoring of this onsite EPZ will be performed following ,

'any' potential: radiological. release as' required by the emergency
,~ !, situation 1to' confirm that there will be ; no offsite radiological

,

releases above those determined in the analyses.
'

The 100-meter boundary is sufficient to control access to the onsite - 1
g _EPZ' and willsallow unrestricted use of Weld County: Road '19-1/2. '

9.2.3 ' Offsite Emeraency Resoonse by State / Local' Governments
Eliminated y

|

-;Section: 1.4.! Jof ENUREG-0696,; " Functional Criteria for' Emergency "

JResponse n Facilities",: provides othe following? guidance regarding -

L activation of ERF's:
|
.

i
.

1. ; :"Acttvation ' ofI the onsite TSC and OSC is[ optional - for a -'6'

Notification bofI Unusual' Event emergency [ class,. and- isi.

Lrequired for ALERT and higher classes.V
' -

4 .4
2. Acti'vation of the nearsite EOF is optfonal for Notificatton d

]+ 'of Unusual Event; and : Alert ~ emergency classes, and ~is- ?
c

,

required for Site _ Area Emergency and General : Emergency
,

_ lasses."/ . 'c
y

.

;
,

E 3Therefore,- based on the dismantlement -and decommissioning: accident-
.

consequences,iactivation of 'only the .onsite . ERF's is : responsi_ve ; to i '<

cthe guidance ofENUREGs.0654 and 0696, since no offsiteiconsequences'- L
can LoccurL |that' 'would warranti activation of;offsite - facilities.

f - Overall control of the' remaining ' credible. accidents will be
'

,

L, ;provided by the Emergency Coordinator, located in either the Control.
t

! Room or the; Technical Support Center (TSC).

:
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A
Limiting the EPZ to onsite areas will eliminate the need for offsite I

response by State or local . governments, including elimination ofc,

State = radiological monitoring teams who will no longer be needed to,<

monitor the plume exposure pathway. ;

# . Since the highest emergency classification is an ALERT, no offsite !
# - emergency response is required by either the. State or local

governments,. including :offsite radiological monitoring teams, law ,

- enforcement, rumor control, media relations, and notification and -t
1evacuation 1 support. . Other .PSC agreements _ with local agenciesy

' supporting. onsite activities will remain- in 'effect, including 1
-

a'greements for respon'se to fire and medical emergencies. Periodic
l

. media- briefings and familiarization. regarding radiological
j, emergencies will continue to be' offered. ;

There is 'no need to. supply State and local: government organizations
V i with continuous'Linformation on accident conditions. _PSC.-will'

a - perform initial notification of_ State and local governments and will.
inform- them of, thei nature and istatus of; the emergency. Periodic s

jbutLnot' continuous)_updatesiof accident status and recovery- :
i

>
, ,

c 1| activities :will; be ;provided.'.
.

gj f
a

H : - 9.2.4 PSC Offsite Response Ca'oabilities Eliminated |
'

,.,

1 { + .

Elimination < of the need for !offsite;. response eliminatest.the ,,

p, requirement- forJ offsitel ERF's',--includinghthetForward Comand' Post- Li-

4' '(FCP), athe Executive Comand Post (ECP), 'and PSC- participation at,

therSt'teLEmergencyJ0perations: Center (SEOC),-andiallowselimination '* a

9'. .
ofsthelpositionf of the -Corporate Emergency Director: (CED),; since.
comandf and control: of, the; emergency wilin be restricted to! onsite.% >

.i, '

control? by; the? Emergency Coordinator. Deletion of- these ERF's"and"

' management positionslis consistent 'ith the guidance.of NUREGs 0654;wm,
,

"

Land:0696, which state'that the TSC will perform the functions.of the m,

YW i EOF [FCP]"during an ALERT.
,4 ' - -

#!;< L Additionally,EPSC willj continue to perform initial notification ofL '

the! State and loca1' governments (via the Weld County Comunications -y4 %, .

Wif . ; Center and1 the Colorado ' Department off Health); 'as .well as provide- f*

; L both organizations with periodic. status updates. ]
'.

>

9.2.5 Dissemination of- Emeraency Plan Information to local-
#

4q Residents

%N LThe 'need~ for annual- dissemination of basic emergency planning.-

Q ~information to- the public located within the five-mile radius (the

9-3
>

4

s

_ _ _ _ _ _ _ _ _ _ _ _.d____m_____-_______-____'___ _ _ _ _ _ . _ 4.- v.. . . . . . ~ w h w e' wev ? - t 9



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

.. >

L . -

,
,

'(; 4

'

4 -PROPOSED DECOMMISSIONIM PLAN
L SECTION-9 q

,

approved EPZ for operations) will no longer be necessary and will
not.be a requirement of the Decomissioning Emergency Response Plan. J

9.2.6 Need for the Offsite Emeraency Warnino System

The Emergency _ Warning System, which consists of tone-alert radios 1
and- the Platteville siren to warn local residents of protective j

,

actions, will no longer be maintained as part of the Decommissioning
Emergency Response Plan.

9.2.7 The PCC and TSC will be consolidated under the Control,g
L of the TSC Director (Emeraency Coordinator)-

The onsite emergency = response manpower requirements have been
evaluated as a .- result of the- reduced consequences of remaining
accidents and thes elimination of offsite ERF's, and it has been - 1

determined thatEonsite ; manpower 'may be reduced and onsite' ERF's
; consolidated. - Changes will' be. made to; ERF staffing assignments to 1

'

!reflect-the' reduced communication requirements with- offsite ERF's.-

. Based:onLthi's: evaluation, the TSC and Personnel Control' Center .(PCC).-

,

, i functions will be consolidated in the TSC under' the direction of the :*

j' w yTSC4 Director. Consolidating; the PCC into the' TSC is acceptable' for !

'? Lthec following/ reasons: ~(1) onsite radiological consequences are-
1significantly reduced,7which should allow controlled access toi all'

areas Sir.: and : aroundJ the1 Reactor 1P111dingL within the- 100 . meter EPZ;*

E . 1(2): elimination-- of foffsite comeaicatione responsibilities f reduces' '

.

' Eminimum staffing requirements;.'(3);basedion_ minimum staffing: levelsm'y 3

|( ; iforfanj ALERTKthis consolidation -will not 'causeT congestionfin. the ,

|; LTSC; ar.d-(4) consolidation.will al_ low, the Emergency': Coordinator =(TSC- d
Director):directYeontrol. of 'onsite activitiest including field and - 1

E
~

)in-plant- -.surveis, , search ' and > rescue, t .and plant. recovery steams:
.,

dispatched .to control !and. mitigate = accident consequences. -"
g

Im : As [thetonsite ! EmergencyJ Coordinator,s the TSCLDirector has?always :|>

'

.been1 ultimately respon'sible - for- the ~ functioni of the' PCC, although:
7the! PCC Director;. performed .oversigWandLimplementation of L these J''

duties.- In: consolidating the PCC into:the TSC,( the need for a PCC-n
,$ Director will" be ; eliminated, communications.~ will .be handled more|

directly : andJ effectively,f and thel potential. for = miscommunication:
~

.willLbedecreasedL

'With; the--decrease in severity of remaining credible radiological
Lemergencies,' the' demands on the.TSC Director will be proportionally-
. decreased. .This in turn will allow the TSC Director the (pportunity

~

.to assume direct-oversightLof duties previously performed by the PCC'

9-4 |,
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,

withouto decreasing 'the effectiveness of the emergency response
organization._ Consolidation of the teams into the TSC will allow '

L the TSC Director more direct control of corrective actions, while :
the-reduction in minimum star'ing will prevent this consolidation I

from interfering with .ne_ onsite comnand and control :

,e responsibilities of the TSC.

[ 9.2.8 Elimination of the EPZ Field Team !
<

M 1

Based on the.~ revised accident and radiological consequences, there !
will be negligible offsite radiological consequences. The EAB field
monitoring team will continue to conduct radiological' surveys, but !

J, will conduct these surveys in the immediate vicinity' of the Reactor
Building, within the .100-meter EPZ. There is no need for State
radiologicallmonitoring, there is no need for the EPZ radiological .

''- field monitoring team and it_has been eliminated;

"
9.2'.9 - Distribution of KI Tablets Both Onsi.u and Offsite

'With the EPZ limited: to onsite' areas and _with- negligible short term ,

offsite' radiological consequences,1there is no'. longer any. need to
stock' KI ~ tablets.- Additionally, all I-131 - in the. primary coolant- |o

'? T has undergone wel1 Lover fifty half-li_ves of_ radioactive, decay since
Q the' permanent shutdown _ of- Fort St. ' Vrain' and, would be' non-existent

'

g

3 in any future radiological release from Fort St. Vrain. .
1

"

n.
[* '9.2i10L Notification 'of Conversion- Work _f.QI.fr.R J

W ,

'' Workers' involved;with conversion efforts will' receive information on
e t how to = respond in the .' event of activationTof; the! Decommissioning! ,

) | Emergency 'Re'sponse. Plan;- Response : actions' will' be ' initiated to; a
'

-

' A ensure that exposures of-conversion' workers are-kept ALARAL
. . !

"

L9.2.11 Formal Recoverv Oraanization and Procedures Revised 1'

w

The | .eactor will~ have been shut ^down - andt all fuel. removed.x The-
L formal recovery; procedures required by regulations- will Lbe revised.*

, ..'+A . to reflect: (1)> reduction in the-number of operating systems needed
L .to : maintain ~any 'special? . conditions. for! decommissioning; (2) i

k reduction sins the' severity; of possiblet accident' consequences andi-

m possible radiological: emergencies; (3)- reduced . minimum : staffingc f .o t
L _the:onsiteiemergency respo'nse orga'nization.
N .. l

]Qv
9-5
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SECTION 10
DECOMN!$510NING FIRE PROTECTION PROGRAN

.

1

10.1 INTRODUCTIDN )
|

The Fort St. Vrain Decomissh ting Fire Protection Program Plan ;

(D/FPPP) will be structured to protect the safety of the ;

~ decomissioning workers, minimize the risk and consequences of fire )
damage to .the -property and minimize the release of radioactive ;

contamination to the public. due to a fire involving radioactive ;

materials in order to maintain off-site doses within the guidelines |
of 10CFR100. Radiological consequences of fires involving the '

release of radioactive material are discussed in Section 3.4.6. |

The . D/FPPP. will include the followir J as required to meet the
objectives stated above: fire prevertion, fire detection and fire ,

suppression. The D/FPPP will be under the jurisdiction of the PSC
.

Decomissioning' Engineering Manager and will be administered within |
the Westinghouse team organization,- as appropriate. the The D/FPPP ;

will . identify the appropriate portions of the existing fire 1
L detection, fire barriers, fire doors and automatic water suppression

,

| (s
systems that will be maintained during decomissioning. The '

existing fire pumps, fire water distribution system and associated :
' hose stations will be maintained.. :

L Portable fire extinquishers will be selected, located and maintained
'in the general work and storage, areas. An inventory of fire

extinguishers will be maintained to be issued to those on fire watch i
duty. ' permanent fire protection features will be described in the
D/FPPP -Work areas will be inspected to assure that housekeepitg e ;

being attended to, combustibles are properly stored 'and unnecosar i
combust.ibles' are not being allowed to accumulate in work areas.
The D/fPPP will required the implementation of a Hot' Work Permit !

-system for all decomissioning activities involving an ignition
source such as-torch cutting or spark producing tools. The Hot Work

; Permit system will' include pre-work inspection to assure the area is
! clear of any unnecessary combustibles, the assignment of a trained "

fire watch with . appropriate extinguishers and a -post-work watch
*piriod concluding with inspection of the area. The Hot Work system

. ill: address: the elements of fire prevention, fire detection and.w|

.

. fire suppression in conformance with the requirements of tne D/FPPP.
g

'.The personnel assigned to fire watch duty will be trained on the
duties. and. responsibilities of performing fire watch functions

( ' including the use of fire extinguishers. The fire watch will
extinguish any fires juhed to be within the capability of the :

,

10-1
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' available equipment and wRi report any fire to the PSC Shiftg.
Supervisor. The Shift Supervisor or designee will direct the
fighting of any i' ire where assistance is required and will obtain
the services of off-site fire departments as the situation dictates.

.
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APPENDIX 1
WESTINGHOUSE TEAM SCOPE OF WORK

1.0 PHASE I SCOPE OF WORK

The Westinghouse team scope of work is detailed in this appendix in
the form of a Work Breakdown Structure and supplementing
descriptions.

,

1.1 PROJECT MANAGEMENT AND SUPPORT

'1.1.1 Proiect Control

The Westinghouse team will develop a Project Management Plan and
conduct all direct management of contractor and subcontractor labor
to achieve the project objectives on time and within budget. The

Project Management Plan will provide the required interface,
reportability, and accountability through the FSV Decommissioning
Plan. it will cover the preparation of all required reports, define
the records management requirements, define the coordination
process, coordinate project meetings, and cover the acquiring of

O applicable federal, state, and lo.a1 permits for the Westinghouse
team work scope.'

The Project Management Plan (PMP) will be tailored to the FSV
project application. The PHP will apply to all phases of the FSV
project.

1.1.2 General Administration

This includes support. services, facilities and equipment - required
for the day to-day administration and management of ~ the projes ..
Included are personnel relocation, secretarial services, benefits.
and timecard administration, business systems, computers, and office
equipment and supplies.

1.1.3 Ouality Assurance Plannina

The Westinghouse Decommissioning Project Quality Assurance Plan will
be developed and implemented -including subordinate plans, programs
and procedures during Phase I,

.

1.1.4 Licensina/Permittina

The Westinghouse team will support PSC in developing the overall
Proposed Decommissioning Plan and will provide input to those

1-1
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sections of the plan for which the Westinghouse team is responsible.
This function will also identify required EPA, state and local i

licenses, regulations, and permits required for decommissioning and |
site release. Input to environmental documents and technical

Isupport in responding to questions will also be provided as
required. The team will assist PSC in obtaining approval for the

,

decommissioning of FSV from the Nuclear Regulatory Commission (NRC),
,

Environmental Protection Agency (EPA), state of Colorado, and other
required agencies. This . includes resolution of NRC questions and ;

issuance of revisions. I

1.1.5 Procurement |
.

The Westinghouse team will develop and implement a procurement
management system for acquiring equipment, material, services, and
subcontracts required to conduct the decommissioning project.

1.1.6 linLth. Safety and Environmental finnaaement

I The health, safety' and environmental management program will cover
both radiological and non radiological aspects of the project. A
radiation protection program, based on programs developec by .

Westinghouse at other NRC licensed facilities, will be unis uely !

tailored to_ FSV decommissioning activities. Other non-radiMogical
health and safety programs will be planned as appropriate for
industrial safety operations. A program which incorporates the

.

r

appropriate elements of the health, safety and environmental safety
program will be developed. The program will address both personnel,

L and public safety.

1.1.6.I' Personnel Safety Proaram: The Westinghouse team will
develop and implement a comprehensive safety program that
will include the following:

1.. Personnel 'Trainino: (a) hazardeus waste handling; (b) r

radiological waste handling; (c) asbestos waste handling; (d)
OSHA compliance; and (e) radiation protection and ALARA.

2. Procrams: (a). respiratory monitoring; (b) medical
' surveillance; (c) protective clothing; (d) waste handling and
|- packaging; (e) radiation protection; and (f) waste -

transportation.
.

1.3.6.2 Public Safety: The Westinghouse team will develop an
,

on-site program which will include:

,

I-2
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1. Supplement-to PSC site access control
2. Site monitoring and surveillance prograta
3. Packaging and transportation of radioactive and hazardous

materials in compliance with 49 CFR requirements and 10 CFR 71
4. Disposal of all waste in accordance with burial site criteria

PSC will orovide access control to ensure the general public is not
permitted to enter the controlled decommissioning work areas. The
Westinghouse team will control entry to radiation work areas.

1.1.6.3 Radioloaical Safety: Westinghouse will develop and
implement a radiation protection program to ensure
radiological safety for. the FSV decommissioning. The
radiation protection program will provide the required
protection to on-site personnel, the public, and the
environment. A radiation protection organization will be

e established to meet the needs of the FSV . decommissioning
project. All site personnel will receive initial training
in radiological safety as it relates .to specific
requirements of their assigned function and task.
Radiation- exposure controls will be implemented. These
will-include ALARA engineering, specification of personnel
exposure limits, prework surveys, prework briefings, and
access controls for entry to and exit from a restricted
area. These-will be incorporated into Radiation Work
Permits for each task. The Radiation Work Permit will
define such elements as the respiratory protection
required, radiation shielding, contamination and radiation

f exposure control procedures to safely complete the
assignment. Radiological surveys, personnel dosimeters,-
and a bioassay program will track the effectiveness of the
exposure control program. The Westinghouse team will
establish a routine radiathn monitoring program to provide
'PSC assurance that decommissioning activities are being
conducted in accordance with work package'' specifications,
under_ adequate - control, and in compliance with NRC

requirements. Final radiological records will be turned
over to PSC as part of the decommissioning final report.

1.2' ENGINEERING

Phase I engineering addresses the overall engineering effort that
supports decommissioning. It includes preparation of the
Jecommissioning plan, safety analyses, project manuals, and detailedO procedures.

.
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The Westinghouse team will provide in-depth engineering services for
the project. These services include, but are not limited to, all

design services required for the project.

Specific services provided will include a " safe structure" analysis
of the remaining PCRV structure, tooling and equipment development,
evaluations of designated suppliers and mock-up design. Tooling and
equipment development will include design drawings, equipment
specifications, capacities, and power requirements. PCRV

environmental changes, such as radiation fluence effects and creep
will be evaluated.

1.2.1 Initial Site Charactert 4110D

Radiological characterization will be performed on accessible
systems and plant areas. Asbestos to be removed during
decommissioning will be identified and tabulated. Wastes and
chemicals stored at the site will be identified and tabulated. This
study will characterize the FSV site for the presence of radioactive
materials and hazardous materials.

The Westinghouse team will conduct the initial radiological
characterizations of the PCRV and contaminated systems to validate
contamination and activation data and to plan decommissioning work
.in detail. Insulated systems to be breached will be surveyed for
asbestos. Specific PCRV characterizations include the lower plenum
radiation levels, the depths and extent of concrete activation, and
the activation and curie content of graphite core pieces.

The initial site characterization -will include environmental
sampling on PSC property, exterior to the restricted area. Tritium
monitoring, as well as water and soil sampling, will be conducted to
. determine the content of radionuclides at these locations. The
Westinghouse ; team will ' also perform sampling to characterize the
-site soil and water, including the farm pond, sewage lagoons,
ditches, and evaporation ponds.

The Westinghouse team will perform area radiological surveys for
facilities such as the Reactor Building. Turbine Building, and BOP
areas. Each facility radiological survey will consist of three
component measurements:

1. _ A general area radiation survey reving conducted by walking
through areas with a survey meter

2. Radiation survey meter readings at a fixed distance from
external surfaces of facilities and equipment

1-4
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3. A determination of fixed and removable contamination in
selected areas

The Westinghouse team will perform radiological surveys of plant
systems, in addition to performing a representative contamination
survey profile. Survey results will be documented.

1.2.2 Proposed Decommissionino Plan Develooment

The Proposed Decommissioning Plan will be revised from the SAFSTOR
alternative to the DECON alternative consistent with USNRC Draft
Regulatory Guide " Standard format and Content for Decommissioning
Plans for Nuclear Reactors" (DG 1005).

1.2.3 Proiect Manuals

Project manuals containing pl ans, methods, and procedures for
project configuration control, hazards communication safety,
training, fire protection, and emergency responses will be

developed.

-1.2.4 Site Preoaration Specification

Site preparations include the establishment of temporary facilities
for the. support of decommissioning work and the expeditious flow of
personnel and material, facility layout, warehousing requirements,
and laydown locations. Long lead decommissioning activities will be
identified and planned.

Power, water, and ventilation requirements will be specified.

Contaminated segmentation and decontamination / repacking work areas
will be planned. Shipping facility areas, requirements, plans, and
procedures will be developed.

1.2.5 Decontamination Soecification

A decontamination specification will be- prepired which provides
cost-benefit evaluations -and establishes decontamination methods
based on site surveys and samples for plani systems, equipment and
structures. Support of environmental licensing vill be provided as
required.

1.2.6 Asbestos Removal Specification

The asbestos -removal specification will be developed for the site
consistent with the National Institute of Building Sciences format.

1-5
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Procedures and the engineering co.trols for the FSV decommissioning |
will be developed.

1.2.7 Personnel Testina and Trainina Proarams

Asbestos, radiation worker, safety, waste packaging, and
job specific training programs will be developed.

1.2.7 Liouid Waste Disoosal Soecification
|

A liquid' waste disposal specification will be written for the i

processing of contaminated water in the PCRV, concrete cutting water |
and liquid decontamination wastes. The processing system will be -

specified and operating procedures developed.
,

1,3 PCRV D/D DESIGN, SPECIFICATIONS AND DETAILED PROCEDVRES

1.3.1 Initial Preoarations/Disassemb1v

The planning phase for the PCRV includes initial characterization, )identification of facility requirements, design of special tooling, !
'and the development of dismantling work specifications ar,d

procedures.
7

The Westinghouse. team will develop work specifications based on FSV
.

requirements and experience from - similar- projects. Activity .

specifications will be prepared to. achieve key milestones of the
project. .From these activity specifications, detailed work plans
and procedures will be developed. The planning and preparation in

- development of these specifications will result in work packages
that will ensure proper training- of- people, verification of

. obstructions, availability of required tooling, and contingency
plans.

L

1.3.2 Shielded Access to PCBY-

h Concrete removal. and underwater tools will be specified as well as
the' methods and procedures that provide access to the PCRV cavity.

"

PCRV flooding and work platform' designs will be developed.
.

1.3.3 PCRV Core Dismantlement:

Planning and engineering will be performed to determine methods for
,

| removal _of the .PCRV core. components and delivery to the packaging
L work stations.

1-6
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1.3.4 Core Suooort Floor. Barrel and Insulation Removal

Planning and engineering for removal of the core support floor,
insulation, core barrel and keys, and delivery to the packaging work
station will be performed. j

<

l.3.5 PCRV Lower Plenum !
!
'

Removal of the helium diffusers, steam generators, core support
floor columns, plenum lower floor, flexible columns, and lower
plenum insulation and cover plates will be specified and described 1
in detailed procedures. Special tooling and mockups for removal of j
the steam generator primary and secondary assemblies will be i
evaluated and developed. i

1.3.6 Final PCRV Dismantlement. Decontamination and Cleanuo

The PCRV. activation analyses and test boring will be used to j
establish the activated concrete removal specifications and 1

procedures. Miscellaneous component removal will be planned, as )
. - - well as cleanup, demobilization, and final decontamination, l

1.4 CONTAMINATED SYSTEMS D/D DESIGN, SPECIFICATION AND DETAILED .

'
PROCEDURES

l . 4.1- Disassemb1v Tools -

The planning. phase for contaminated BOP system activities includes ;

initial characterization, identification of facility requirements, :
special- tooling specifications and design, development of

'

dismantling work specifications and procedures, and training
programs. .

j .l.4.2 Dismantlina Specifications and Detailed Procedures

Removal and decontamination specifications and procedures will be '

developed for each of the contaminated B0P systems based on
available data. and-field measurements.

.

1.5 SITE CLEAN-UP SPECIFICATIONS AND DETAILED PROCEDVRES

1.5.1 Tools and Eauioment Specifications
,

1

|7 'If required.: tools and/or equipment will be specified, and
.

E excavation equipment needs will be determined.'

'i17
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,

1.5.2 Site Cleanuo Soecifications and Detailed Procedures

If determined to be necessary, specifications and procedures for
,

cleanup, waste handling of the evaporation ponds, sewage lagoons, I
'diesel storage tanks, effluent ditches, and farm pond will be

developed. I
!

1.5.3 Qgmgbilization

Plans for demobilizing site equipment will be provided.

1.6 SOLID WASTE MANAGEMENT PLAN

Solid waste management programs and procedures will be established.
The Westinghouse team will work with PSC to contract with a waste
burial site for the disposal of low level waste. If required,
methods for handling and disposing of greater than Class C wastes
will also be addressed. Refer to Section 3.3, Radioactive Waste
Management, for more details.

2.0 PHASE !! SCOPE OF WORK

O2.1 PROJECT MANAGEMENT AND SUPPORT

2.1.1 Pro.ieet Control

Project control consists of cost and schedule tracking, refinement- [
to the project schedules, implementation of the project management ;

plan and administrative procedures, administration- of contracts, '

coordination with PSC through the PSC Project Control Manual,
document control and records management, and customer-reporting.

,

2.1.2 General AdministratioD

This . includes support services required for the day-to day-
administration of the project. Included are personnel relocation,

L secretarial services, benefits and timecard administration,
computers, office equipment and supplies.
2.1.3 Oualitv Assurance "

L

L The ' Decommissioning Quality Assurance Plan will continue to be-
implemented for the Phase II decommissioning activities.

O
;

.

| I-8
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2.1.4 Licensina/Permittina

The Westinghouse team will continue to assist PSC in the resolution
of licensing issues, responses to regulatory questions, issuance of
revisions to licensing documents, and permitting activities for all
aspects of decommissioning.

The Westinghouse team will assist PSC in developing a project final
report at the completion of the decommissioning effort. The report
will provide an overview of the project activities, results of the
decommissioning effot'., final site status, and lessons learned.

The final report will contain background information on facility
history and project purpose. It will describe the facility

buildings and systems in terms of pre-decommissioning status for
both radiological and other relev:nt conditions. Th.: initial site
characterization will be the pri oures for this information.
The report' will also define an/ ct ihe technical approach and i

objectives. of the decommiss' effort in terms of the initial ;

site conditions. It will ,cribe all completed work phases 1

c (project management an' engineering; site preparation,
( decommissioning, waste d M asal operations; and final site

radiological characterizat'on), lessons learnsd, pitfalls
'

identified, and other observations and evaluations. The report will
discuss' predicted vertus actual results for cost and schedule, waste ;

volumes generated, and exposure of personnel and the general public.
'

It will also describe the residual radioactivity in the remaining

structures and systems to formulate the final facility and site
radiological condition. The report will review the correlation of
the Westinghouse team final site survey and the independent
third part.v verification survey.

;

2.1.5 Site Enaineering

The Westinghouse site engineering staff will revise the project
detailed procedures and engineering documents, provide technical

' overview of ongoing decommissioning activities-by Westinghouse team
j

personnel and subcontractors, and prepare the Final Decommissioning
Report.

L 2.1.6 Health. Safety and Environmental Manaaement

The Westinghouse team will administer the decommissioning
*

(] radiological health, safety and environmental (HS&E) programs at>

LU FSV. Radiological engineering services will perform ALARA ,

evaluhtions of work practices and worker exposures, classify

.

1-9
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radwastes, and oversee the im,'lementation of the site radiation
protection program; administer tic site release criteria and
implementation plan and the final site release surveys. Liaison
will be provided with the Independent Verification Contractor and l

supporting laboratories. Industrial safety management, first aid,
and contaminated laundry services will be provided. j

2.1.7 Proiect Closeout

Closcout activities include the removal of the temporary structures,
with document turnover to PSC, and the logistics associated with the
' demobilization of the site.

2.2 FACILITIES AND SERVICES
|

2.2.1 Site Preparations

Common site facilities and services are those required for support
of decommissioning activities. Site facilities required to support
decommissioning,. decontamination, waste packaging, shipping,
equipment repair, and storage.are established in accordance with the
site _ preparations specification.

:

2.2.2 Personnel Testino and Trainina Proarams
|

| Asbestos, radiation worker, safety, waste packaging, and
'

job.-specific training programs will be implemented.

2.2.3| Liould Waste Disposal i

Liquid waste disposa1' includes the' installation of the water cleanup
and clarification system (See Section 2.3) as well as its operation '

and dismantling / removal from the site.

2.2.4 Decontaminct.ign

Decontamination will i.9. performed on plant components and plant
structures for unrestrictd, release and the_ site release surveys.

2.2.5 Operations Sucoort

Craft operations support personnel will include crane operators,
_ electricians, carpenters, tool crib attendants, and teamsters to'

perform site support functions.

1-10
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2.2.6 Procurements

Procurement includes the purchase of tools, equipment, vehicles,
supplies, office furniture, and utilities required to support

decommissioning activities in accordance with the procurement
management system.

2.2.7 Radioloaical Surveys and Assessments

2.2.7.1 Pathway Analysis: When the FSV facility has been
dismantled and decontaminated, the Westinghouse team will
assess the residual radioactivity in the remaining
structures, systems, and surrounding environment. From
this information, a pathways analysis may be necessary.
This assessment would identify and evaluate plausible

i

natural . and human induced events that could affect the
'

containment of residual radioactivity in remaining systems,
facilities, and surrounding site and the consequence on any
further release of residual radioactivity.,

L

2.2.7.2 Final Radiation Survev: Upon completing the
decommissioning project operations, the Westinghouse team j

will present the site to PSC in a convition that meets the '

specified release criteria. . The Westinghouse team will .

'conduct- a comprehensive survey befort the PSC selected
third party (independent verification contractor) conducts
the independent verification survey.

The comprehensive. radiological survey will include:
,I

l' PSC property, soil, stream, and pond sediment, and water ;
isampling.outside the fenced area for radioisotopic analysis,

2; PSC property soil, lagoon sediment, and water sampling inside
the fenced area for radioisotopic analysis.

3. Tritium air sampling for both off site and on-site areas. ;

4. Radiological surveys for the PCRV, Reactor Building, and other !

site buildings,
i

NUREG/CR2082 ' Monitor ing for Compliance with Decommissioning j
'Termination Survey Criteria" will be used as a guide in developing a

comprehensive survey p"ogram for quantifying residual radioactivity
and radiation levels.

'

j

All materials remainirg as part of the PCRV structure, in the
systems outside of the PCRV and in the site ponds and waterways

,

|
'

1-11
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after the final radiation survey will comply with NRC release limits
to allow PSC to relinquish its license.

2.3 PCRV DISMANTLING AND DECONTAMINATION

2.3.1 Initial Preoarations/Disassemb1v
l

Special tools are delivered and the work areas prepared. Asbestos '

is removed to allow unhindered access to the required plant
components. The necessary PCRV tendons are detensioned and removed,

,

and the initial removal activities in the PCRV begin. )

2.3.2 Shielded Access to PCRV !

|
Concrete removal and underwater tools are set up in the work areas, '

contamination control is established, and PCRV flooding and the top
head cutting operations proceed. The work platform is installed in
the open PCRV cavity. .

'

2.3.3 Dismantle PCRV Core

Using the work platform, the PCRV core components are removed and
delivered to the packaging work stations as appropriate.

Dismantlement activities will include the following: 1)
decontaminate in place, remove and decontaminate, remove and dispose :
of the contaminated and activated materials- inside the PCRV and i

those that form the .PCRV structure, 2) decontaminate in place,
remove and decontaminate, remove and dispose of the contaminated
portions of the systems outside of the PCRV, and- 3) survey to the
extent necessary to achieve unrestricted use and to eliminate the
requirement for PSC to maintain a 10 CFR 50 license.

,

2.3.4 Core Suonort Floor. Barrel and Insulation

-The core support floor, ' insulation and core. barrel and keys are
removed and delivered to the packaging areas designated.

2.3.5 PCRV tower Plenum

The helium diffusers, steam generators, core support floor columns,
plenum lower floor, and lower plenum' insulation and cover plates 'are
removed and delivered to the appropriate packaging and laydown
areas.

1-12
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,

2.3.6 Final PCRV Dismantlement. Detontamination and Cleanuo

The PCRV activated concrete is removed, along with miscellaneous
components. Cleanup, demobilization, and final decontamination are
performed prior to final release surveys.

2.4 CONTAMINATED SYSTEMS D/D

2.4.1 Initial Preparations /Disassembiv Tools

Asbestos removal will precede any dismantling of systems or
components. Dismantling tools will be delivered to the work areas
and prepared for use.

2.4.2 Dismantlino Operations

Contaminated systems will be removed and/or decontaminated per
procedures developed in Phase 1.

2.5 WASTE PREPARATION, PACKAGING SHIPPING, AND DISPOSAL

The solid waste management plan will be implemented for the
classification, packaging and shipping of radioactive wastes.
The. Westinghouse team will properly package radioactive waste at FSV
and transport it, except for GTCC, either directly to the
appropriate disposal site or to WSEG (Westinghouse Scientific .

Ecology Group) in Oak Ridge, Tennessee. GTCC, if any, will remain
at the FSV site for final disposition. After processing, the waste
will be packaged for disposal at one of. the commercial disposal
facilities. The team will package all waste. in- accordance with a
State of Tennessee-issued Radio:ctive Materials License, PSC's
NRC-issued Radioactive Materials License, burial site criteria, and
other applicable state and federal regulations.

O
i
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. .V FORT 57. VRAIN ACTIVATION ANALYSIS :
,

o\
.I.; !NTRODUCTION

'

..

.
,

's , ,
.

,

This,. report summarizes the results of the activation analysis !!
. performed for.the Fort St. Vrain (FSV) Pre-stressed Concrete -

T Reactorf Vessel (PCRV)andinternals..'Thisanalysisdetermines 1>

,

-the isotopic-composition, magnitude, and extent of residual ,i

ar, : radioactivity >in =the PCRV and internals which would be present II
L !after operation through 232 Effective. Full Power Days (EFPD) in~ '

, ..'* -Cycle 4 The information provided in this report is for use in !
1 decommissioning planning activities. |The results presented in -!,

'' 'this report include: dose rates inside the PCRV at various times,

;;

~ hutdown,:and the curie! inventory for individual |after s,

L
'',,

components and.for the overall PCRV. ''

'!!.'BdCKGROUND) t.

, ,

t

3 The FSV generating station ceased operations' on August ~ 18,1989. jn

v .. ' Defueling of. the reactor core to the . Fuel Storage. Wells has t

? .L ' connenced. ; To:;date,1 twelve ~ regions have 'been defueled and E,

; replaced with boronated refueling ~ blocks. Final disposition :of.
- - the.. spent: fuel has not been determined.- The fuel may be shipped :C' | to :|ldaho - National | Engineering Laboratory or: . another1 DOE . 4

.o
.' -

y\ J' i facility The fuel may also be stored on site in an Independent 'l
3 x Spent Fuel Storage' Installation (ISFSI) until a high. level waste u :,

%.
'

repository;is available, j.

< <
.. . 't

'

.In. order to accurately plan activities for-decomissioning, an j. . .

a:
'

: estimate:of the= extent 1 and> isotopic; composition :of residual
.

radioactivityL must be predictedF In:early 1988. Public Service j
? Company enlisted the. services:ofa Ebasco's : Advanced Technology -ir

Group: to develop a computer model for the FSV1 reactor and: train
,

PSC personnel'on model: development and the use-of. all computer*
, ,

. codes associated with.the activation. analysis.- :;1

,

:Thei'necessary computer codes were installed on. PSC's' fBM''

y mainframe;by PSC personnel. PSC personnel worked with Ebasco in ,;, ,

m the-: ' development' of the- models used' to' analyze..the PCRV.
; Additionally, Ebasco gave several training sessions covering the:' >

,

' topics listed in Table 1.
'
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III. ANALYSIS METHODOLOGY

A. Code Descriptions-

The ' computer codes installed: on the IBM 3090 included
transport, activation, and radiation shielding codes. I n --

addition to these codes, several utility codes to handle
data _ sets and output were developed by PSC personnel. Table0-

, 2' lists the'' computer codes and data libraries that were
~

installed on'the IBM mainframe.
,

=AN!SN and ' DOT ire multi-group, one- and two- dimensional
discrete ordin*tes computer ' codes -with anisotropic
scattering.: REBATE is an activation code for the calculation,

,of activatic, product production rates for_ one -.or two-# '

dimensiont,1 multigroup- neutron flux distributions. 0RIGEN.-.

| iis an isotope generation and depletion' code _which calculatesr"" cthe builoup.: decay, and processing of radioactive materials
using only.a single point thermal neutron flux input and

, spectrum - modifiers, to account for the higher energy flux - -

.. distribution. :ISOSHLD is a point kernel integration code
| 'which performs gamma ray shielding calculations for'

radioactive sources in a wide variety of sou.;.e andT shie*.dc
.

} configurations.' Volumeo 1 of Appendix A: . includes ustr's.-
; manuals,' sample problems, and, installation problems /co ments."

,' ',

, pertaining |toLPSC's IBM version.of the codes.
.-

.,

Four2' utility codes were developed by'PSC'for' data handling. ,
,

'SITEREB processed REBATE output into-a' fomat which provided|'
,,

, , , ,

,k' the Eisotopic ~ inventory of the= activation products for each... ,

' component.: SRCED051 also processes REBATE output- to' develop 'y; p- >

the gama; source : input for ANISN.1 SRCED052 reads ANISN s

;N output and calculates dose: rates within the- PCRV. .POSTREB''

processes the REBATE output to a more readable formate '

,

s
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^ B. Calculational Sequence
< :

The analysis was divided into three models: Radial, Axial -

'Up. and Axial Down.-'The calculation sequence' was similar ,

for'all three models.g
.;

The. calculational ' sequence . involved the use of the ANISN, !
L REBATE 'SITEREB, SRCEDOSI, and SRCEDOS21 codes. ' Figure 1 "

.

shows . a- flow chart for the activation: analysis process.- .

Y LVolume'2 of.: Appendix A - details the analysis steps; and- |
'

,

computer files'used.. ;,

i

LThe~ .fEstl step in the calculational sequence was- to
determine the-netron flux throughout:the reactor' core.~and' j
the-PCRV.n The: . BUGLE-80 cross section', data' library was-'

>

3

| :,< - ' collapsed to:16 group cross sections .using' the COMMAND. > ''

7,O:- code. These! 16 group cross; sections.were used as input to i
e ~

ANISN.' Neutron fluxes taken from' the: GATT fuel !

"' ^ . accountability cwere used in : setting the' proper neutron .s

source, input'to ANISNf(Ref. 1). The spatia 1' neutron flux in *

the ; reactor through the;1014 GATT regions, over six layers,- ,.
" 'was searched for. the blocks on the edge of the core'with:the

@ ~ highest F fluxe : As radial traverse from core center line.to>
, ,

the maximum flux block was used to set. fuel nuclide-enumber '

' densities--.to' the radial ANISN model.''iThis'same method was'x <y ,

used to determine the fuel number density inputs'sto ANISN ;;5 '

.for the Axial Up and Axial Down| analyses.;' ..
_

9 1
o -

g, The 16 group' neutron fluxes were normalized to match the 4' '

-

'f i group GATT fluxes. ' This'was accomplished by collapsing c the - >

N ANISN fluxE output;to.4 groups for comparison with the GATT !
h results. The group' structure of the neutron source ANISN 't

m ;inputx was R then ' redefined E(if. necessary) and the process
Y#. repeated untilithe GATT and! ANISN /(4;! group); fluxes were

' ' .within. a factor of 2.. Figure 2 shows the-agreement between ,

t fluxes for the- radial case.G TheLflux ratios for the axial6 * '

' '0 m; cases |are shownLin Figures 3 and 4. .

.W' d
w: The' fina111-0 neutron flux for all three cases is shown in- ds

" Figures-5 through 7. Further details of the- ANISN neutron ;
'

fluxL calculations can be found in Volumt 2. Section l'of .

*
-

Appendix A. j'\ ,

.
;
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Sj The' second step in the analysis. was to -determine the
,"L . activation.of the selected :PCRV components due to~ the Jneutron flux:previously calculated. The activation of PCRV -

^ ' internal components and-concrete was calculated with' the'
i

;C ' _ REBATE ' code and some auxiliary utility routines. The input: ''

to REBATE' included the neutron fluxes from ANISN, material- i

h1 number ~ densities of the components, power history of the j<
-

, reactor, and geometry of,the components. The details of the. !

REBATE model are discussed in Volume 2 of Appendix A.| : ,

L,,'
4

)
The material number densities for :the components are !

. discussed-.in Section III.D of this report.. ]
*

7, ,

.

~ The| actual and projected power history of. the reactor was ,l.
,

-

.used to determine the. input neutron flux pulse.. A.70% power !
pulseE was _ input for a time-equivalent to operation through 'I
232 EFPD'in. Cycle 4 (corresponding to the August 18, .1989; q
shutdown date)..

.

1
"

' .
<

1
'

<
_

The; total curies of each component.were calculated from the
.

JB,, '
>

'

. REBATE output:using the SITEREB_. post processing. utility- 1V '
-

T ' code., This- code processed the REBATE. output'to determine i,

the activity of each component as a. function of-time.-
,

-

.1

f . The third:Estep inLthe analysis included the. computation of_ |
*

'
.

'

dose rates'inside the PCRV. . -The REBATE ' gama'; flux :- output - t
,~

was processed with the SRCE0051 code to.an acceptable femat'.
.

A forL the ANISNP gamma' ray transport calculation.: This: |
' calculation required E the use1 of uthev'ANISN codelfor thei
determination of the . spatial gamma ray flux; resulting. ' from-'

f,, ,

the-: radioactive ; decay of the : activation products in the
various componentstieft within the confines of0 the -PCRV.-

L' ? LThe 1 SRCE0052 code transfomed the L11 group gamma ray fluxes'
-

.

1 s. -- ' as'a function of space into radiation' dose rates within : the v
''

';
'PCRV.

-

-
' * '

N -The"TSO data sets.used in the: activation analysis and some : j

Q o users. notes-are included,in Attachment l'.
|

4 '

;
,

*
-

.

,

f 5, ;
' '

A. - , . _ _ . -m.. -, . , _ . . . .
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$" ' C. Computational Models;

L,
,

h~N The o analysis was' performed using three 1-0 models: Radial, :'

s " Axial Up. and Axial Down. The Radial neutron ~ flux.-model e

extended :from the fuel outward through the PCRV concrete. 1
The_ Axial.U,3 and Axial-Down. neutron flux models contained i
components ' from. the fuel through the top head, and from the ).

w fuele through|the: core support : floor,Jrespectively. The Li~ ', ineutron; -activation models' assumed : that all fuel 'and. ;.

: removable reflectors had been removed ; from : the., PCRV M and 4
'L -that, air had replaced the' helium within the PCRV.1. Volume 2-' '

>

'

of Appendix A' details. each -model, input : variables - and- is-

* .

'

assumptions'~used in the. analysis. The. major components !

modeled'.for the activation-analyses in s11' three directions,

.

i Radial:
.

9~ Axial:Up : Axial Down : j
1 '

J '
-

L ' Side Removable- -Metal: Clad Blocks; Lower Removable 1
' " '

' Reflectors:
.

. .. Reflectors :

'

Region Con'straint '

Permanent'
.

. Devi ces -;
.

Core Support I
ce ; Reflectors ' Blocks / Posts

.

,/
,,

!
<

'e ,. .. . Lower Orifice
. . . . . d

'

Boronated Spacer Valve AssemblyJ (Helium Plenum)i :
' '

.i Blocks- 4>

*
(Helium Plenum) Silica Block j

. Core Barrel . Insulation. lE
'

. ~ Cover Plates /Kao-
. ., ... ,

~(Helium Plenum). , wool Insulation -CSF Cover Plates /-
'

.

|-( i

~Kaowool-Insulation '"j.' '

Cover. Plates /i PCRV Lir.er/ :
.

' . , . - InsulationJ Cooling Tubes- 'CSF Liner / .. ,

/**u Cooling Tubes
.

:4'

PCRV. Liner /
_

Rebar CSF Concrete /Rebar' Cooling | Tubes
. Top Head Concrete /

. '*
'

iu
, ,.,

*

3
J. - i PCRV Concrete and-

,p , . Rebar

Reflector Keys *

(" -

'

.

&

i

,+ '
. -_ . - : -- _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - ~ ~ - - - --- " - - - - ~ ' a

- _
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|i Radial.'Model i
s - v. . 1

TheLRadial model consists of eight basic components listed 1.

above. The removable side reflector hexagonal elements. are i''

located 1just> outside of the active fuel. These blocks are'
'

,

constructed of. grapHte and' are removed during defueling. -- A
.

'

. typical block is approximately 31' inches'in height, and 14 j
,.

i inches across the flats. These reflectors were modeled in.
the i r9utron : flux. calculations, but,not in the activation- i' '

,
.

calculations since they will be removed.ouring the defueling ;
process.;

.

' ;
!

Beyoni theT hexagonal . removable reflectors are the large - it
>

i ,
permanent graphite side' reflector blocks. These' blocks are - , . i

'
'

irregular ' in shape ' -(See Figure 1 8). having; average- '

1

. approximate volume of 3.358E+05-cc each..>
,,

'Betweeni the :large reflectors and the core barrel are the i
-

p .boronated side reflector spacer blocks (Figure: 8).- These. I
H e blocks are ;. constructed of graphite and contain boronated 1~

n stainless ' steel o rods c which . were : . designed : for neutron
, :" _ . ' ' shielding'Eduring powerf operations. :The number of rods- d
n, AV

. Evaries with core location of the spacer blocks. j
P The ;co're ~barrelt (Figu're 8) Lisi located: just-beyond:the |

lboronated. spacer blocks and: serves as11ateral" restraint of- * :

n :the .-fuel .and1 reflectors. The; barrel,'is constructed of' ,

carbon .. steel.-LconsistsT of three ' sections ' varying in' I
-

thickness' from 2.25- . inches :to ; 2.75, - inches, . and 'is - |
approximately 29 feet in height. The core barrel'is;modeled-
.in: two sections because the. upper 12' feet;is constructed of,

, ,

J y .a slightly:different material' than the. bottom 'two" sections..
|-

[' Class ' A knowool: 'insulationi and, cover plates . (Figu're 9)- ' )_,.

L- # 1 cover the inside.of the PCRV : liner. The: , insulation .is a
Mi4 ceramic: fiber' material and the cover plates are constructed'

'
. ~

* '' of carbon steel. 1
,

,

u
_

y

l!.

.

I; i

ts

3 .

1 __=. _ _. L _______..__ _ ___._ _ _ _ _ __ = _ .- . . . _ . , . . - . .. _ . . - ,-
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The PCRV liner (Figure 9) is a 3/4-inch carbon steel plate j
vessel in the form of a right circular ' cylinder,.31 feet j
inside diameter, and- 75 feet in height. Carbon steel a
cooling tubes are welded to the outside (concrete. side) of- |the liner. These tubes provided cooling to the concrete !E during power operations. The liner and cooling tubes were

|
'

modeled homogeneously for'the activation analysis. j
<

,

The-| PCRV= concrete serves asithe primary containment of the |.

loolant. It~ varies in thickness from 9 feet to 15-1/2 feet,'.
'

and is approximately 106 feet' high.. The PCRV is modeled as '
,

y a homogeneous mixture of concrete and rebar.
:

)1
m Two final components'.modeled are the ' carbon steel side''

reflector block keys (Figure L 8) which ' connect the core '

-

barrel ?to the . large n side reflectors and the carbon steel. 1i,W t metal shell fortthe top-most, large side reflectors . (half :]
,

] lengthreflectors).:'

''.'
'

Axial Up Model<
,

' ''" +' ' ' The Axial.Up model includes.six basic components. As in.thee

Radial. mocal, the' removable graphite reflectors :just above:>
'

,

,

thei fuel were used for neutron flux calculations, but were :
o s

'

=not ~ considered for . activation. . The keyed metalo plenum !( elements or metal clad blocks 1(MCB).were analyzed.' The , !
''

A blocks are: located on the top-most' level of |the coreJ area,

'# (See-Figure"8)andprovide;structuralstabilityandnetron;
-

,
, -

E shielding during< power. operations. - All. blocks are hexagonal J
> > '

,

< ^. in ' shape, approximately : 15 inches'in height and 14tinches .''
across the flats.- The central columni MCB (Figure 10) -is .

,

f'" ' " '
.

~

constructedn of- stainless isteel. The side MCB's, with and 7
without coolant holes (Figure 11), are. constructed of carbon? ;;'

. steel.,
m -. ,g

,

,

4'

1,
, . The. . region constraint devices. RCD's, . (Figure.12). prodide l

'

*', - restraint of fuel . regions. during power operations. The' 1
s

-RCD's E are located on top.of the MCB's. keying fuel columnsm af' between regions together. The triangular main body. of the- 1.a ,.c device 'is . made l of- carbon steel, approximately 5 inches
- thi c k .~ Thej"ltgs" of the. device.are approximately 7 -inches 1|

' '
.

4 in length and are composed of-inconel.
.

*

jy

'Theorificevalveassembly'(Figure 13)islocatedjustabove L! '- x

(.}Q \h'
the central column MCB (or keyed control rod element). The

;
(

l '. '
\;

- . .,

3 i

'

-.

'
>

-

.
,- . - _ _ _ _ _ _ _ _ _ - -
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W ' lower portion of this assembly, primar ly composed of carbon- ?d

'

-

e- xsteel..is modeled as part of the Axial Up'model. M'

p%
.

t
. ,

components '(kaowool/ cover. plates. PCRV'
'

-

!

hgg"p* liner / cooling' tubes,and'PCRVconcrete/rebar)aremodeledas ..

(The ifinal' three*

4:S >

QP 1 previouslyldiscussed in the Radial;model. :)
[ . ,y w y - '

,

.AxialtDownM6 del L,i..T +~'
<
. m

[h - > LTheCIx_ialciDownTmodel' inc1Aes>five components. Directly
'

i .e - v beneath theractiven core, there? are removable: : bottom ~'
'

a,
,

gY f reflect : . . Figure. 14)., fThese'. include | hexagonal graphites 'f(
Ci? ' y ,' 3, reflectu e. : graphitet reflectorsi :containing boronated; l

,

$ 'f .7 LHastellox-XRcans.M and graphiteLtransitionTreflectors which
'

'},

Q @i $!
, ,

:, J "" ~ , ' Behannel coolant ito':the core: support : < blocks. -Theicore1-

4
> e

L d! ; / isupport6 blocks.? and 0 corei support / postsD (Figure ,14) are3 N :5.

h ,i , permanent components which ' lie!directly below the' removablec JJ
'

j &t M:reflectors and Jact as su
: Three layers of ? Class cC'pportifor the' fuel and reflectors.Lsilica.; insulation?:(blocks) ~are-

** *
,

* t

.-located above the! cover
~

iWthe CSFiliner '(Eigure115) plate '/kaowooltwhich are 'just aboveNC W ,
,

W y|.!" ~

~

$ Th'eJ CSFGlinergis'' a, 3/4-inchi q'-
, , . >

: carbon c. steel' liner?coveringithe- 5-foot thick concrete /rebarfs 1., s4

g@QM%qnFn.N'b,w'
. . . .. LE --.

,

, , q corecsupport: floor : c. a
>

,

d''

i'yy;c g \ 0,1 c Material / Compositions h
_

Ej' '
, -

,

a, ,, , u ii.

M::W
e r, ., t

. .
.,p .<

' ''
>f1 n i

tThe? material compositions;of the; components were taken fromj^>
>

,

q q,n :anvarietyf of3 sources.: ' Int mostc cases,, ' the" ? materials we,

[ _. N . '

m : composition and densities were taken from component ~ drawings?
M fwhich: referenced the - standardi specification :(AISI.;7 ASTM.;jM N '!

, : ASMEE.ietci) A Information .oni:the 1 traceaelementLmaterial-'' ' >, ,

: composition' ofTreactor? components was diff.icultito? obtai.n.'

e,MN g> s >
'

Q s e ' Reference n2i wasi:used:inithejassumptions|ofLtrace elements- * ' u
V ,m sdw,

> i
,

, ; for.concreteL LHand cal' ulations forf material; tcompositionsL"
.

5'

c
.

,

7,y ";,
- . r "and ?documenti references |are: located in. Attachmenti2.4The' t

'

,
'

% Emater.ialicomposition;datalbaselis? included in Appendix 18.: 09
'

-, ,
', ,

3%
c I'n 'y , .

y, ,

iT' .q , , ,

"
-

< Tand general.. 'the reactorDinternals f are;made oficarbon ' steel- a
?n ' my ,,MM ,

graphite.;! Very few componentstare composed of . stainless: )

Q % ~i,
, :steelt ";Thei presence: :of2 trace elements such as= cobalt, H' to

s

iniobium,!and. eurorium;in ~ steels and concrete "could1 have 2 a I
e'

d flarge- ef*ect .ont .long-term dose . rate of.PCRV componentsi
~

N1 Assumptions for'these and:other trace elements 'in ,various: A
.

til -materials are discussed below. 4
, , "<, ,

'. ;,

A i 6

m;te |4

/ p . n.[ ;,

nd' }
~ . :.y + ;,

* j,<

i'at i

1|'m' 'M: m+, v.
t .t; .,

. v@, hg w ',, m
.

,',

_ _ __ ,, _ _ _ _ , _.
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''s Stainless Steels-

p

qs Reference 2 indicated from t.WR samples that in stainless
* steel components, the Co-60 ranges widely, more than an

oroer of magnitude. Nb-94 samples also had a wide'
1

d* variability, but the average concentration was an order of
ayA magnitude t,. low that of Co-60. For this analysis, it was
. . " assumed that any stainless steel component -had -a cobalt

MJ concentration of 0.2%. This assumption was based on
m( information from previous activation studies (Ref. 3).
qt
36 The' two components modeled that were constructed of

stainless steel were the center column metal clad blocks andt

j$ the boronated rods in the s>acer blocks, in each case, the
'W, cobalt level was assumed to )e 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_qo 3g C. _ . type 304 stainless steel ranged from 229 to 2570 ppm with an
average-ofs1414 ppm. -The 0.2% cobalt value in the. analysis'

4

i! equated' to: 'approximately- 2000 ppm. Therefore, the
'

u assumption of 0.2% cobalt for stainless steel was assumed
,(W adequate,

m. ,

"Pr The niobium ~ level'in stainless steel was specified for the-

'
% : metal clad blocks in the material standard.. The : niobium

-

7 level! for the -boronated rods in_the spacer blocks is not'

,A listed in the material specification'and was assumed--to be
My negligible. Sincei NUREG/CR-3474' indicated the p' sibility

of high levels of niobium in stainlessL steel. ;a separates

Mf , analysis was - performed to verify this assumption.' The
R7 average niobium concentration specified ~in NUREG/CR-3474 was-

C, -used as' the concentration level. The analysis showed (seem

km #.
. Attachment 4)thatat'S years after shutdown, the ' curie.

i concentration of Nb 94 was six orders of magnitude less than
%, ,C0-60, and 3 orders of magnitude lesstat 60 years.- Europium

'

#1 m was noti. included as a-trace element in the stainless steel

O [Q i;3-W -because NUREG/CR-3474 indicated that its presence ins

% stainless steels was very low,
pgo , s

nGy|m$ph *
-Inconel

M The pins on the region constraint devices were the only
-be components modeled that were constructed of inconel. Both

the cobalt (1.0%) and niobium (5.13%) levels were specified'
4

g
W

.

$

~

' d b eign
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4

4=.

[ iin the ASME= material standard and used in the analysis.
%'

y>4j
'

Carbon Steels,
,

: 'g ,' m:' The" cobaltLlevel in carbon. steels was assumed'toibe 0.02% sli
(Ref? :3)n 3Similar comparisons as performed with the-'

.

:9t ' stainless 1 steel:were performed (Attachment 3) In carbonL
' '

,

steels.,the cobalt = range was for 93 to 151 ppm" with Lan-
E'm , : average tofo'1221 ppm. .The analysis for the PCRV liner:and'

icore barreliused _:approximately 200 ppm. Therefore~ the~~ "
.,,< , ,

&s *. .

Hassumptions; of m 0.02%; " cobalt for Ecarbon ' steel were' '
-

. ' ,
M | conservative.1 Niobium.and Europium traces. wcre' considered-

'4 dnegligible.for carbon = steel.:
'

< 1
wg -

- -
,

,

m -

,
,

~

E1 " Concrete1 1

'

v. e .
' "

, , s - - -

W1p" ;Thejmajor?materialconstituentsfor;the;concNte''andrebar
.E

S-
,

~
.,

''were taken:from FSAR:? values. ' Since . no R sample c data ? was .',
,

O,m Lavailable a tot determine { trace element abundancies, average'
'~

' '
w_

: values,from'NUREG/CR3474:sampleivalues were used.; '. Europium-vg , ,'

! was. included'as .a trace element'in theiconcrete' with a 0.55 +

-
7 *

ppmjabundancyn:gm'J'' 3- ,,

,
<x>

3 Graphite'OCi~. '
1

~m' ,

{M - .pIct10ationiof%; graphite' components |was; considered?tobe.due h
' '

, %", m J R Jto irradiationkof 7 impurities ; only.1 ' Table: 32. lists; the;
! impurities used ;in -the.; analysis',' -Cobalt wasialso' assumed:to~

,

'i ,

Q .| 1O m :be present.1. Lits concentration:(ppm) ~wasi assumed to. be 0.01%i
',

,

& w-
n of.the; iron contenti: % '~

,

', c -;

~ 1 a '

:KaowoolMdtSilicaIbsulation-% |' H
'"

.
, .,

9s- < , , . .. + . , .

andfSilica block Ef Wi < r |Ma'terialO compositions "for" the Kacwool:. 7 ,

mn wg s ninsulation'were-taken from?the FSAR andA material:' reference
- '

, ,

J P documents.
'

. ,
".

.

gq ,

-

1V.7'RESULTS| . w.:e ;f , M > J
>

,jy ;, . +. _+

.jpg , iThe:T resultst:of1 theiLactivation sanalysis arc presented;in_two''
'

,

&n" sections:i. dose ratesiin the-PCRV with various components removed-
g;g : an.d :the iactivity (CURIE inventory)' for'-the; specified-'

'
,

+ ' components.
'
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, . A i PCRV Dose' Rates :!
*

.

- +
. !!,

w Radiation!' dose ' rates <due to; activated material within the 1
4 y 'PCRV were calculated for a: variety; of scenarios-. in which 1'

@M ' '
'' - :,Lvarious, components-: were removed.' 1These dose rates are for'' ds

,

'an; individuals" standing"Lin:the very center of the- reactor
'' cavityt after thei fuel. and; removable.reflectorsihave been ';j

s

M
' ~

x,,

Z' removed 6 Since the! calculations'were.1-D models ithe total dose'is the sum' performed usingc;three' Js

, ' , of the dose rates from"

; all' three. directions,. The dose rates were calculated- for .a ,'y;p c * '

ei V time 15? years zaf ter: shutdown, and 60 years after's.hutdown. "

!v y ,

Ng F H After the:defueling and= removal of the defueling blocks, the .
~

' J>
4

t M . components which remain'in >the radial direction extende from 5.
'

ithe large side' reflector through:the; concrete:: .in the Axiali a@7C'l,L A EUp direction:from-the cover plate /kaowoolc through. the- top. '

4 7|0 . head concrete,Jand'in the ~ Axial'Downiirectionifrorithe core -'

d.

%a : support blocksithrough'the core | support, floor.c ;
'

. D[N
, ' :' .. : , . . ,

. .

d
5

. |
' '

Q f cTablest4, sd 5'indicatesthe contribution of|eachidirection' '

b 'at 5 and 60. years;after shutdown. W1th!all,|thet componentsi 4g
remaining L in :the PCRVL the major ~ contribution at both 5 and-' '

T ,160cyearsais from thestadialTdirection'i tThis;is= due| to the- d
' '

, .
l'

' " high doseirate'.from the boronated spacer blocks. . j.]
,

,

7
_ , ,

,4 m ,

[ ;The?[largeisideitreflectorsMprovideEsh151 ding: from' the- ?
'

L.g
,

. , ,

J :boronated spacers.'|Ifithe/large$ reflectors are removed. thef M
<

4,
,

go ; it. radial 1 dose ratelistaslhighias'230:R/hr,at Siyears', and;0.16- O2
''' '

,

A' * LR/hr; at 60;yearsWThis clearlyzindicates that-disma'ntlement' M
imust:be entirely! performed' remotely;at 5fyears',"and portions M%f '

jr1 , , performed'; remotely at 60| years'.L
'

' ~ " 4'
1 .

da" . [ The dose rate:in' the' PCRV reactorholume isidominated tiy the .
'

'

H 'M ; dose ~ contributions; from;| the U radial L ! components until the . i; ,
'

Lboronatedt:sp(acer0 blocks'aretremoved.2
: lfythe: spacer blocksi? d- -

<

'

are3 removed > leaving the core' barrel)W thelradialLdose : rate d'
.

%' ,N ; - drops toLO.02 R/hr:(at;5 years):and to 2009 R/hrnif;the.coreL "
, o

TW ~ barrel, cover plates, andninsulationcare removed.' yQ
,

n ,,, * y' ,,

.

-. . . . . . . .. ... . . .
c

,
t- ;

a The " Axial; directions do;not have major. contributions to the' '

iW', i totalEdose rateJuntil the111ner/ concrete?.is: exposed: in all, 9
g- directions J(i.eJ'~ thet spacers, core -barrel, . cover 1

.

A[ L #
'

[J 3 plates / insulation, and' core support are removed). y
G, q4

W*J'E is ,

'QY
' '

)
p4 sr -

I * (*g )( '
,

:

'A
L (

3

r 4 ,

y.u ,

hO , 1., '; ..

i

_ - e+ . '
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'E In - the ~ Axial' - Down's direction, s the core-support posts andf'
.~ .m ,

!$fY ' blocks shield the rractor space from a higher: dose . rate. due :
F! ' to - the core asupport floori 1_iner. cooling tubes. and-
.' ' concrete. .The dose rate at 5 years with the<-CSB | remaining'

- i s .- -- about 0.06E R/hr,-but'with only the. liner and concreteL
,

e

( Lremaining b the dose Dis 'about 0.25j R/hr. -Thei Axial- Up"*

! contribution 4 when the coverplates/ insulation'are removed is:-

approximately 0.44;R/hr.i> ,

,..g,
e;

.

.
,

'' W cA ,, Residual? Limits?
': ;;7 ' , ,

4y .NoF formals limitsi on' -activation: . exist ifor; unrestricted,,

L ia, release. Informal-guidance by the NRC suggests that a- dose x
)of' below9 5'.0 micro R/hr: would . bel an: acceptable:. limit. "

4
' '

;

Tables 4-and'5cindicate'the' approximate. depth of concrete in.' ' '
'

, '

1,, ' each -' direction Cwhich t would require removal.- to obtain-this-' ' *, m
'" "MJ L climit.=
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; B. Component Curie Inventory Summary-
a

*m "'* The1 analysisdeterminedthetotalactivity(curies)ofeach:
- component described:in Section III.C. ; Table .6 summarizes T' 'E> o'

M
..

,~theEtota1| . isotopic , and L curie level for each permanent
'

>

,

MS, * component and-the entire core. Appendix'C~ contains' a smore- ,

--

; detailed curie inventory by_ isotope for each component. |2- ,

.

, , u
.

,h(C 'In:-ftheglarge: side reflectors,' the activation' products are-

' duet.to)the:impuritiesjin Ethe1 graphite. Fewc high energys
-

' gamma:Lemitters are Epresentt in' the:large side reflectors. - m,' ' y1 ''

l'Caa411:Fe-55, and. Ca-45.-(posed primarily of- tritium A Co-60,shortsterm).. In the- dose! rate from.-4

;The' tota 11 activity 11s comm4 ,s

'C .

m | the PCRV liner and cooling; tubes,7 Co-60iisi thet cprimary - $,

4 contributor 7 to, Ldoses at: 5.and 60fyears,j "In the. long' tenn,',
.

if(g4 , '
'

,

e
; f ;Fe-59'and.Ni;63jbecome more important.: 1 e'

,
, m : p.

,

gA , . < .. ,, ..
^ > - ' ;s

'1The Ometal; 1she11' ; for 9the L large' side' reflectors 11ssidcated J u'
,

4 6' ' - ,' < Conly;att thei top'of!the core.? Typical; .isotoposi forl metals'
s -

C . ,

N - - 1 + o
' '

' q are:present.q Co-60Lis again the: dominant gamma emitter,:and- *E J Fee 55; contributes to'the totaleactivity.>
- 3

e
' ^

'

.

J
$;pe .' y

' 4|L
,

JThe |spacerdbcks arei E primary contributo'rslo;:the dose'N "

Q
' ' r

t
'

Dratetin:the PCRV. |Thist is4 due"to3theEinsthe:e boronated rods?and:thejlarge:highsamountiofECo-60
1 y .M 4

,

BiU f 'm ; number of-rods i col 60
m Mis?the majorcganna emitte'r at both ?S:tyears handt:60Hyears*4 1 P

9N d ,? aftere ;. shutdown.o :.StainlessOsteelRmaynpotentially o have:
Dniobium'as antrace Helement.?,lNiobiumi wasO notc; originally , ecM .

; m included M asE at trace e element inithe boronated' rods, but a . .

'

4>

:

M'

>ML>a
' Ra , . separate-analysis 'shows: ' that 1whenHan y average hvalue h fori

'

""
~ *

q%"p niobiumEis- included (see'. Material Compositionesection) Kits? W
-

-.

y! - '
,

Econcentration:is negligible in| terms' ofJdose , rate andD totali ; ,'
' '

t, 4

:activityh L0ther. contributors to the total (activity are Ni--* t ' -pn +
,

;59,4Ni-63kFe-55,andLC-14 hall!ofTwhichare'betapemitters; ,'7 s,' >

W iNi-63 Chas;othat highest concentration:and,Edue?tosits"long, ^|'
4

6 1 /y <m Lhalfl11fe, will be!a major | constituent; 1nilong-tennUwaste- J
~

' ,4
,

AE 2 4 ldisposal.n ' ' ' G"
,

.r o .1 x ,

~lc< f:4 a '

W ,'1 j;The. core'b'arrel Lis MIvided into thheeLsections of.'different!
s

p$ J
''

j 'f Kthicknesses; : The top portion >1s constructed of,:al:slightly;' ' ' '
. s

6 y~ different ; type 7of : carbon? steel?than;the bottom'and'middlei --
,-p . sections,'and was,'therefore :modeled separately. ;In:<the

''

. uppery section of'' the core barrel, the dose is from:Co-60-m y a.
' '

, -

with some contributions from Mn-54 at 5 years.: Co-60 is
. s

W
,

primary dose . and . activity contributor for the upper core'

4
-

h t-

0M
"]g |Fi

A : :. . , qc ;4

* I ,
,

3

. .
. .
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T barrel at both 5 and 60 years. Other contributors include
v| Mn-53 and Fe-55, and Fe-59 in the short tem, In the lower'

C section of the core barrel, Co-60 is again the dominant
$ gama emitter at both 5 and 60 years after shutdown. Fe-55,
sc t

Mo-93, and Nb-94 make minor contributions to dose and
activation in both the short and long term.il e

p.
% The cover plate /kaowool mixture is considered together since
DL the cover plates and insulation are layered in most places
?~' in the PCRV and would be removed simultaneously. The dose

rate from the cover plate /kaowool mixture in the uppere

portions of the PCRV is-dominated by the Co-60 in the cover
r plates. The mixture also contains Ca-41, Fe-55, Ni-63, andm

-a, C-14 , which may dominate in long-term disposal
considerations.

M The PCRV concrete /rebar mixture contains many activation;d iproducts due to the trace elemei.ts in the concrete.
Reference 2 lists potential problem beta and gamma emitters.o

The major gamma emitters listed are Co-60, Eu-152 Eu-154'

W Ag-108m, and Ba-133. At 5 years after shutdown, the

*i concentrations of Co-60 and Eu-152 are relatively close.
Together, they. dominate the total dose. Co-60 is the

U primary dose contributor in the short-term since it has
W$ higher energy gammas. In the long term, the Eu-152 will
W< dominate. At 5 years, the concentration of Eu-154,'Nb-94,
f, Ag-108m and Ba-133 are.at least an order of magnitude below
M that:of Co-60 and Eu-152. Ba-133 is not- included' in the

M@M "7' ' (Attachment 5)y
but an ORIGEN2 run was perfomed by Ebasco% . REBATE librar

.to determine its concentration relative to
yQf Co-60.
m>
$ Beta emitters listed in -Reference 2 were H-3, Be-10 C-14'

-ji!f Ni-63, and Tc-99. Tritium has the highest concentration at
5 years. -Although not mentioned in the reference, Ar-39. hasn

*. the next highest concentration. . The other ' beta emitters*

-% listed are several orders .of magnitude less than the

j] tritium.
'

R Isotopes decaying by electron capture are also listed: Ni-
59, Mo-93, and Ca-41. Of these three, Ca-41 is the most"

@y abundant. The PCRV concrete also'has a high concentration
6 of Fe-55. Mo-93 and Ni-59 are several orders of magnitude

__ T less than Ca-41 and Fe-55.

O
_
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~~~
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..hastelloy-x; cans located in the lower reflector blocks

. . .

The'

g contain Co-60.as the primary dose contributor. i
,

'

g gn , MQ' '

r

L l, Thi' coreH support blocks (PGX graphite)!are very similar'in 1,

y ~ Piterial! composition to the large pennanent reflectors.D H2 0JM "

'4
.

3,; Ca-41, =and Fe-55:are again the dominant isotopes in the! i

s

$.m?
yn@|g' , long|and.short|termO Ca.45 pagain.-has'ca relatively high. !*

i%s ~ Leo'ncentration?at- 5 years buttdecays rapidly, such that very - j'

g h, , .littleiremains 'af ter 60; yea rs. j
3<m ,

.

g 1 Thel three layers)of silica blocks are located;just above,the . d
'$;@ g , : cover plate /kaowoM onithe' core-Lsupports floor.- Fe-55 is: 4

''

m t 5. years, and Ni-63 at~60 jcabundantiLin'Llar -quanti ties a

h@Sg _ .a
,

bc :yearsJ.!C-14 <Ca-41 band ~Nia59eare also present: |in traces. !>

* * "" 9 '"" **~ *

,

IR g c iThe!icentral: Ecolumn'Eme'tal; icle'di blocks containihip' " o4
,

's O
,,

W 9(. j , 4,.
; concentrations 1of; Ni-63 ' ico-60, Tand Fe-55: at ' 5 ? years . Other; o

,

Qg 7 isotopes present11n- the MC8s- a, re .Mn-54;, N1-59,'and Nb-94.1:
E *

#. e l t
e <

- n,t
'~ w .

!The surrounding MCBs. are" constructed ~ of a different' material-
.

>[

,

n ,
. . = . . . u ..

'
- - - ?'' '

k, than the; center column.CTh?v; are: high in Co.60 a and .' Fe-55,=
'

'9 < ,
:

''

{',,e W, ibut' have Riow;concentraiton of: Nb-94frelative:to the| center:,

,= column.. ' a7 ,;
,

,

Ad,,, ,

%9 %V % n.'
'

,
- .. .,

; : The? crifice-> valve o lower nsection b has Jai (relatively | low: M i1
,

gg > K '#
. ,

,

W i". b? >m% M iactivity11evel. J Co;60 is - t.he . primary gama L emitter. ' <

, C, %ge& x . ,
.. . . . . y ;

. ,

u
-

- -. .
- -

>

. ,.

h t *. >@ .M JThe'RCDs:contain1 fairly'high concentrations?of Co-60,iFe-55, 9s

JM* * g, ?M' ? O"W.
N and Ni-59:at 5 years :Primarn dose; contribution 11ssfrom?Co-

. i) J60 fin'both the,long and'short term"
'

H'
<

"
,

ng 7 , y( y. -

, , .
,

'3
"# ML , rVh :CONCt.USIONS c' 't >

7 ,1 ~
, x g

M M_ . . t b
.

5
.. . . . . ..

..
.

. . , . . . . . "''l'e /1

-@*. U iThe s primary (dose ( contributoriin the PCRV;isfCo-60'.: Cobaltiisi
.

M,

>y%v , f@e" q|present,in?the , majority of < components;c 'OtherggamaL emitters L -v
gpg Msuch Eas? Nbe94 aand Eu-152 contribute:to the doseijas'well. 'In- n a'

.

wm -theLPCRV concrete, Eu-152' becows the' dominant;gama'emitteriini+q $~ w g ? ^ - ithes.long term'. '
g

y< g
mm - ,-

I

%'f fj@g' x' ' '
Q h; - , .., f . . . .. '

iThe total"acti.vity of the PCRV!and' permanent' internal componentsi y> -

yis.on the order ofe8.0ES curies at 5' years,afterf shutdown.' The ei

-large graphi te' reflector icontributes cto 90F of the activity.1 R

' " i L J@-
m: m g

Tritium, Co 60, and' Fe-55 (short term) are the dominant nuclides 9a

in the' reflectors. ;Ni-63,' Ni-59, Co-41, Ar-39, and Mo-93 J.-

< . ~
'

-.

.

k

:
|-- .t I

i * ~

,

[w 1

@x' j..
|ii >

, , _f.\ h
.

'|
s

. i:M,3 g _' _ _ _ . . _ , , , _ . u a,Li
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i_ = contribute'in varying degrees to the total = activity. l.ong-term,
R disposal considerations-'will- be: affected by the' longer-lived',

t nuclides',
*T: &- '

The CresultsLof;this= analysis'.show that the dismantlement of the.
w x

h4 0,
- ' reactor and-internals without-the use of remote'' techniques is

#. . MrX. . impossible:'atL 5 years after shutdown..-The high doses from thez
. ,

% A' boronated spacer blocks?preventf human' access for':even shortJ
periodsi ofi time.: = Dose:; rates . ' from ~ the ' spacer nblocks are:n|T ? '

|approximately 230 R/hr when no' shielding' is' provided -by the.."" - .-
11arge greflectors.. Ifithe . spacers are removed, the dose rate-
cfrom'thettop would limit access since dose rate ranges from-'0'4' '

.

a
? 0.2 R/hr?(dependent on' remaining components),-* '

g- ,

,
. .

- ,

g [ jheidepth of concrete requirihg removal"to meet the' 5 micro R/hr
'

>

Elimit ist about twice< aschighLat'5 years asn ati 60iyears after- '' "
'

,,

ishutdown.; r Approximately!2'. would require; removal'in;the'Radialt
, '

n'
p*;fM ' * ' - and' Axial:'Down directions,?andD 3'7 rom 1theitop head at 5? yearsf>

"Y C: kafter shutdown'.' ~ ^ m'

>w; > w '; , ;
* lIff?the.. PCRVM wereTdismantlediafterithe 60-year SAFSTOR. period.R *

., '

adosehrates of approximately 0.2 R/hr t would allowL the c use -.ofW|
-

,

J J ,V ,, y f(remote; techniques with' veryllimitediaccess' during the removal of.:'

' ~ Lthetspacer blocks,s 0ncei thef spaceri blocksi-aret removedt the 1W '

My," 2maximumntotal: dose' rate would J be :on the order.of =0.5.mR/hr,'
>

@M / allowing!accesslinto,thePCRV=e
'"'

. ,,
,

tr -
, < .

-w
. u. . i. - . ,

~ -us-

JR ?, m 2The j'requiredWdepth Jof f concrete removalEat 60, years!would bel
",

,
rapproximately;6"-8"Ein the: Radia10andOAxial-!Downfdirections'.;~ '

e

m;g ,, , ig m -

-

1 concrete to be removed.
"

,
, e'f, l'

Ca ". ,'Theltop head would| require 16"-18" of:'
.

,

.
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.1' . Nuclear Data Libraries ;'
>

. ,

.

6#: ,
* 'I

4 ,$' ".

,ff . - 1%. 2,- Transport Equation :Multigroup Library,*: .

'

@' . y: c AMPX Modular Code System; - Activation: i,

%n; . |-r
JData and Radioactive Decay Data. <

+
~;' 23, ANISN;and its. Input. Data Preparation;- y- * ,

m. : Activation'-' Calculation Sequencep Q'

. 00T 4.'3. Options ~?'
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Mjn Q9 ;57 LORIGEN and its: Input. Dr.ta L Preparation;
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4 Code'No. -Code Title Type of' Code-
.,

. , -g ,
'

5 '

; /CCC-254 . ASISN . .

Major Nuclear Codes.fc.-
,

'' CCC-429 DOT IV Version 4.3 Radiation Transport'

y, .
% PG-2561 REBATE Activation Analysis..' Isotope-

,

'/ | -CCC-371: -ORIGEN1 'and Activity Generation Codes .g
.. %.

:1'i. C B I.

g ia - : CCC-79, lSOSHLD' Radiation Shielding Code
r_w.c *

-8'.
C>,

. . -

m:,:: ,- , .
. .

' ' AMP X- l ! ' Nuclear; Data Utilities
..

"' '

iPSR-63L --

' Angular Quadrature" Sets:- PSR-110, 00QDP4 - s .;
1

A :DLC-75;'
< -' BUGLE-80' ' Nuclear Data Library.
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TABLE 3
n- 1

>

Graphite Impurities |'
.<

s' 1

w j
<.

,

'PGX - ATJ H451 H327 HLM
,

h Bulk. ['

,a. Density' .1.76.2 0.06 1.73 l'.74 2 0.025 1.7720.04 1.8 : 0.04 '

" , > i (9/cc).
,-

'

Mean .
N' impurity =

,

. Level'
\ (ppm)*- j'

,

Y > ' " Ash! 4900; 0.158% .100 -130' 4200 j,

,

s ti :B 2: :1.25 2 l' J-3 : !-

o ,. Fe J 1900 , ' 10.'1 : 9: 20 2000, -
,

%M - |Va" ~14
' 14 ~. 7 5 ' 6. - 39 :

* 8.25 '7; :;42 - :'

Tic ~28
.

''~63 i c ,

u3 '- Ca. 0190:- "290' '30 95'
'

-

'

t : St . 62D '60- 35
~

65-'-

r d ' A1.- :66: 28.5- '45 ,' '
,

?' . Ba : 3 341 50 : 25 3
t .

"

, Li; ; 2: -(0.001%' :0.036 i0,1 .
- 38; j~-S' 310'- ~3.3r :3- 13-

,

2'R ,

:Q ;Cu;' L1,5: '
,.

,

4- Mg t
_

1;5 - ,e .. ,

LMo!
'

L 25. fj' '

'

SNi! n0.75[
'

> a
[Agi - 0. 5| - :i>

,1 < "
!Zr" 1.3 ;

.w.
..w '

.
.. ..

'

. . . .
.. a

'; S*[A119mpurities .in . ppm' except for' Ash and Li' O ' ATJ which areLin (%)'.7 7,

. -

- - c ;
,

.-

,
#

. ' =
9 g

+y> . . . ,

!Reforences:: -;dy: '

'
'

$3 . * '||
'

. , L. .. -
.

. - v | ni;ForPGX,H451,H327MandlHLM:l"GraphiteDesigntManual," +GA-Document? ,e. g . ,
'l r/ " , (GA906374'. Issue A' August"1984'(proprietary).' ]

'

,#, , , ,

n,- .

gf4 f2.LAshandlOifor|ATJ: Industrial Graphite Engineering. Handbook, Union ||
t

-

Carbide,"1970, edition*
, ,

>*.<w .. . .. . . . . . i~

|4#
~

,

. 3. Rest'of ATJ: L" Mechanical and'ChemicaltProperties Changes of-ATJ' Graphite.
'

.

?W .Af ter 0xidation in He/SteamLMixture",'GA Document DAD 14526; ~ Karl.:Koyama - T

L: ~

.et|a1i October 1977;
,

-
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n,

- {
5 TABLE 4

>i? PCRV Dose Rates at 5 Years After Shutdown

;J Radial Gamma Dose Rate (R/Hr)

All components (Lg. Reflector 9.7E + 1'

through concrete)
p| No large reflectors (Spacers Concrete) 2.3E + 2

Core Barrel - Concrete 2.1E - 2
Liner + Concrete 8.8E - 3

-w Concrete Only 4.5E - 3

Minus 22" Concrete 6.3E - 6
Minus 24" Concrete 3.4E - 6

Axial Up

All components (Kaowool Concrete) 1. 7 E - 1
Liner & Concrete 4.4E - 1
Concrete Only 1.7E - 1

,

Minus 34" Concrete 4.4E - 6
Minus 36" Concrete 2.6E - 6

V
hk

',yg Axial Down
Lis -

All Components (CSB CSF) 6.1E - 2
Liner + Concrete 2.5E - 1
Concrete 1.8E - 2

V

i. Minus 20" Concrete 5.3E - 6
W* Minus 22" Concrete 2 7E - 6

.

k..

O.
|.

,
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TABLE 5 .Is L m, - -
,

..w e. ,

5;7 'i
)

t ->|
j

t. t
'

PCRV Dose Rates at 60 Years After Shutdown ,'
.*

< J, ., .

, - ,
.,

%,

Og. m!Radiali Ganna Dose Rate (R/Hr)' ' I
. . -

>

-

,

1

['^'
's' .F ,, ,

6.9E -2 l
'

( All C6m'ponents (Lg.: Reflector - Concrete)<

J L No1large. reflectors -(Spacers - Concrete) -1.6E - 1 l-
,

DCore Barrel'-LConcreten 1.4E - 5 J
' '

+

".-
, -Liner;+ Concrete; 6.2E - 6pc wc'

1Cgnerete0nly- 1.1E - 50 ,

n, ,,

' ' j_. ;y s
, ,,,a ., , -

6.6E - 6 - q
,

,-i Minus 16" Concretei,,

4 Minus' .J 8"? Concrete : 3.5E - 6 i
-

' Minus,110" Concrete' -l'7E - 6- |
.

''
-

.
-

,

N < w. ,

~- s-t ,J .,?- jf \

,
1 ;

'A [G_h
~

4

31 <,
i

.. . i s'' * - '-- - sij C g s

f h i-'f[h
' * ' '' 1,$

p' '. . , , . < . .

, ]d
JAxialLUp>

_

p" h M W- @
5 >

,

a, All: Components 7(Kaowoo11-Concrete): '1.2E.- 4' O!>,
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ACTIVATION ANALYSIS WATA-
< ::

~

COMPONENT:' INSE ATION AND COVER PLATE - PCRW SIDES
~

| LOCATION: FIXED OR REMOWABLE:-
1 DESC: COMPOSITE KA0 WOOL, COVER PLATE AND FASIENERS FOR THE PCRW SIBES-

.REF.SWGS;;90-R1194-191
4 90-R1194-239-
4

5

- COMPOSITION REF: AISI1929(CVPL),KA0 WOOL (GApW-9074),NITRIDES C STEEL-(FAST)
# COMPONENT . WOLINE . (CMem3): - . - '

..

! ~3.99599E+07 TOTAL COMP 1 ./
4- 1. ~ .

;: . ...

!.
-

...

L COMPONENT BENSITY'CG/CM2)::
'

1.33999E+99 CALCRATES .

. .

CALCULATION NUMBERS: - VC3
*

ELEMENT WEIGHT FRAL. TION NUMBER DENSITY
AL ;- 8.72299E+29-.-

| -SI 7.. 8.51499E*29
|- FE 't.24899E*22.

: TI: 2.99799E*19.'
CA. -1.75899E+18.

MA- .

2.26499E+18
6.36399E+18,

3 .-
. O .. 3.96899E+21.

C 1.16800E+201 .-

1 MN 5.74699E+18.

P :.. 9.95899E+18-
I S ;1.99499E+19.

| -. CD 2.38999E+18.

- *
p.

. .-
;. .

., .
,

. . .

|
'

COMMENTS:

i
'

- . >

i
r n

'

)

. r

i i

l . s

; .- 3

-!

: 9 . 9 9 1

. L. . .. . , - .. . . . . . . - - . , - ,m.-,_ . ~ - - _ -. , , . . . _ _ . -.-.--_m . , - , . - . - . . . - - . , . - . , _ _ _ . _ . - _ _ . . _ . _ . . . _ . _ . _ . - . _ . .. -
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a .

-'ACTIVATIAN ANALYSIS'BATA ~=- _

._
_-

_. ,

COMPONENT: CORE SUPPORT FL00R POST SEAT 5
~

LOCATIONr FIXE 3 OR REMOWABLE: F'

DESC: POST SEATS FOR GRAPHITE CORE-SUPPORTS PSSTS SETTING ON TOP OF CSF

REF DMGS; R1199-799
.R1194-1596

.

COMPOSITION REF: INCONEL 699 (SMALL AMOUNT-OF CARBON STEEL AT SASE NEOLECTES)
COWONENT WOLUPE (CMNN3)

8.69999E+94 TOTAL FOR ALL 183 SL. .

.
.

.
.

.
.

COfFONENT DENSITY (9/CM23:
S.47900E+99 .

~
*

CALCUL'ATION NUMBERS VC5

ELEMENT NElGNT FRACTION NUNGER DENSITY
NI -9.75999 '6.52099E+22
CR ~ S.15599 1.52099E+22
FE 9.99999' '7.31999E+21
C 9.99159 6.37999E*29
MN -4.99199 9.29999E+19
5 0.99915 2.39999E+19

- SI : 9.99509 9.99999E+29
CU 9.99599 4.91999E*29
CO' O.99299 1.73999E+29

...

...

..

..

..

. .

...

. .
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.$1 14 3I 9.43057 tee 3 - 4791M-Il 4.esetet*ee 6.00000t+se e.000eet+04 0.00006t*e0 e.se;eM eet e.tescotete e.estest*ee
P 15 32 1.23556t+e6 4.6H57t a n t 4. M6 PM *14 2.H it9E-49 4.eeteM*ee t.eeseM+0e 0.69000f*04 0.00044t+e4 0.00000t+es
V 23 52 1.eteht+02 1.99352t*In e.9999M +ee 0.steest*te t.eeeeetese 6.0000et+e9 e.cottetete e.teeeet*ee e.eesteteet
CD to El 2.39445t+e6 2.464tM -te 3.2246et*tt 3.66213t*34 6.66324t*5e e elemet*06 9.teteM*se e teteet+04 e.settet*st
CR to 55 2.le645t*et 1. t?975t *12 e.900eoE+4e e.esteet*ee e.eestet*ee e.see.Woot e.eesteteet e.epetMete e.4eetM*4e
see 25 53 1.16?68 tete 3.M21M 16 3.p21 Male . 3.64tlet 18 3.Hilet 18 1.64ttst-le 3.u tt34 16 3.p tattate 3.p teet*lt
IIM 25 54 1.6156M*07 5.139558 09 4.18171t*1e 7.6516* tall 1.l*95't*12 2.7994tf*16 6.5hett-te 4.3eekt 31 f.4455tt=45

- 8E8 25 M 9.t915M +03 1.tel5M * e4 e.60seM*et e.teseM*40 9.0480et+44 e.00000t*99 e.settet+ee 4.eeeett+0e e.tetettete
fee 25 57 1.e19330 *st - 7.5MFMall e.e eett+ee 0.900044*e0 0.00000t+0e e.testet+et e.94e9M+et 4.teteetete 4.testet+44

- - - sus 25 54 6.6444 M *01 4. Met 4t*13 6.teteM*ee e.e4640t+0e 4.00000t+et e.Seteet+ee 9.esteet*ee s.eetootest e.etetetees
FE 26 55 8.tet9M+47 4.3439M*47 5.e*912t'ee 3.437tFt'es 9.9667H e9 6.796e4(ale 4.3749M*11 1.46764E a lt 3.42210t*19
Ft 26 59 - 3.89649E*06 6.76759E*09 3.249*et*16 4.t9267t F1 2.72291t*33 1.e*S$4t-57 4.eet99teet 4.000eetest e ettestese
C0 27 64 1.6594M *e4 7.093421 09 5.316421 09 4.004321*09 2.1132't*09 S.6574M-le 1.514 bet le 3.90595t*12 1 49tugalt

101AL (C M */CC) 1. 652518 *t 7 6.45tht *e4 1.45335t*ee 1.1175tt*e4 1.1953M*e9 1.9520M *10 2.9264 4 *lt 1.49344t*14

101&L (CURIES) 7.3675M*e1 2.M76M 91 1.71667E*st 4.942371 92 5.3293M 03 4.7030 M * 04 1.3421M * e5 6.6545M *e4

_
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L

_

s

=

L COMP 00eff RASIAL EA0N00L * R$
WOLUE a 2.559eM+e? CC

I ASOYE W0ttaE 15 FOR 90TM LAVt95 eF EA0tIDOL-

L ON 14 Slots GF TE PCRW A40VE TE CSF.

N : (IlfftWWAL 59 TOTORSES)

IsfCLISE NALF* LIFE CONCENT9AT10M (cut!ES/CCI AT TI E
SVu t M (SECOseSi Spe/T80tsM 3.04 VWS 5.00 YRS te.e4 VBS 24.00 TWS ' 34.04 VWS 60.00 YQS 140.e6 YDS
LI ' 3 e , 4.4017M*el 1.21694t 14 0.00000t+44 e . teteM +00 0.00000E+44 0.00000t+et e.teteM +4e e.eeeeM+44 e.ettett+ee

- St . 4 8 3.teeMt*16 1.lt444t*12 0.e0000E+44 0.000eeE+0e 0.00e83t+ee 0.00000t*ee 0.00000t+04 0.00000E+94 0.000tM *04
et 4 - le 7.6456M *13 3.M647E*19 3.M646t 19 3.M64M 19 3.Mo4M*19 3.77044E 19 3.M64 M * 19 3. M enet 19 3.Me 3M *19
8 :5 12 1.997pt-02 5.1 Mitt-13 0.0000et+44 e.steteE+0e e.eeeeeE+ee e.eteett*ee 4.tetett+00 e.teceM *04 4.eeeestete
C ~ 6 14 1.4097eE+11 6.87197t*15 6.M94M *15 6. M 7etE=15 6. M h 7E*15 6. ell 34t*15 6.8471 M 15 6.8223 N*15 6.7644 M *15
F 9 to 1. leet 3E+0! 1.1637N 12 0.000eM+ee e.cootet+ee e.00000t+0e 0.00000t+0e - e.eeteM+et e.eeeestese 4.steett+et
E le 23 3.767tM *01 1.7077M *12 0.00608t*ee 4.00000E+00 e . 0000M* 6e e.e8600E*ee 4.00000E+es - e.0000et*00 9.9000M +ee
NA 11 24 5.41521t+04 4.1329E*10 0.00000t+0e .0.00000t+04 4.00000E+44 0.00000 tete e.0000ef+44 4.eeteet+0e 0.0000et+44
nG 12 27 5.6415M+41 ' 4.8047eE*le e.00000E+ee 0.00000E+44 8.0040eE+04 0.00000E+44 9.00000E+44 4.sete M+et 0.0000et*et
at 13 to 1.!M29t +e t 1.3557et 04 0.eeeeeE+ee e .eeeeM *ee e.settet*ee e.seeeM+0e e.tecosteet 8.eeeeeE+ee e.eettet+ee
op le 37 3.02644t+44 2.96030t=42 1.1444tE*ti 6. M94 e" 18 1.!!79M *43 5. ele 79t*75 4.e400M +0e 0.eetteE+et 0.00000E+e9
AR 10 39 4.444eM +49 1.6tF9tE*17 1.64049t 17 1.59ftt a7 1.57167t 17 1.5318M -17 3.492671 17 1.5el?SE 17 1.2463M 17

-
- CA to 41 8.Sts53t*12 2.9659M 15 2.94567t*15 2,945 S 15 2.9aM9t 15 2.98MM 15 2.94517t 15 2.96439E-15 2.94 Met 15e-
CA to 45 1.426tM+e7 3.36171E*12 3.376eM 14 1.571.:k 15 7.341ME 19 1.643321 25 3.5e l4M *32 3.M7eN 52 a.29% ut-79
CA to of 3.91644t*e5 6.6h 99E-15 0.teteM *ee e.0000s. Se e.eeeeeE*00 0.00000E*e0 0.000ettete 0.00000t+44 e.tetett*tt
SC !! 46 7. 25049t +ee 2.295tet-it 2.6924M *16 6.45196t*19 1.81374 Ear $ 1.43325t*34 1.1325M * ?. e.00000t+44 0.0444Hete
SC 21 47 2.96217t+e5 2.4396tt 12 e.0000et+ee 4.00000t+44 t.00000t*e4 0.00000t+0e e.eceeM*60 0.00eteE+44 4.e649et+44
SC 21 4e 1.H213t*45 6.112971 13 0.00000t+0e e.0000et*e4 4. settee +ee 0.eesset+0e 0.00000t+e0 4.seteeE+fte e.eettet*eeE SC 21 49 3.44449t+e3 2.66957t*13 0.04400t+4e 0.00000t+04 4.eestet*ee 0.400eet+00' e.00000t+08 0. teteM +44 e.00000t*e0

- SC 21 54 1.03147t+02 ).etMIE=14 4.teteet+et e.00000t*e0 e.steteE+44 0.00000E+0e 0.eeetM*00 0.00000t+00 e.setett+te"
TI 22 51 3.4431M +42 3.1984 M 11 e.00000t+00 0.00000E+44 e.eteeM*00 0.0****E* N 8.eeeeM+49 e.eeeeM+ee e.eettet+ee

TOTAL (CnetitS/CC) 1.%eelf 04 6.34953t=14 1.14416t 14 9.0M19E*15 9.8am&4t*15 9.84757t 15 9.420944 15 9.7p M1t 15

- TOTAL (CIAtIES) 3.705ME 01 1.12324t 06 2.92790E*e7 2.5247M *e7 2.Sittet 67 2.53999t*07 2.51317E*e7 2.544166 07
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ee

COneoNtNT t tiDIAL PCtv LINE3 * e5
volunt 7.tetett+et Ct

A60Vt WO;,Lest !$ F0p THE PCIV LjNte AND CDOLING TCE$
e on fME 51 Del 0F TNE PCav a40vt 74 C3F.
e

(INTEeV6L 60 10fes3RS)

MuCLIPC' NALP-LIFE CDMCtKTeatION (CUR]tE/ *C) at T!nt
Sfn 2 N tltCONest SeeJTecuN 3.09 VDS 5.0e Y#$ 10.06 YWS to.te YR$ 30.0e VDS 60.00 ft$ 190.00 795 J,AL 13 28 1.166 F9t + 42 4.6te64 tate e.0000et*ee 4.00000t*ee e.400ent+0e 4.00000f+0e 0.esteet+4e 8.00000teet e.49000t+0e
Si le 31 9.43057t +03 1.05396t'le 0.cosseE+ee e.00000t+ee e.00000t+ee e tecept*ee e.eeeest+ee e.eeeeef+0e e.seeeetets |
P 15 32 1.235 bet +44 2.19 739t *10 3.687 bet *13 7.91716t*49 e.6teCSt+ee e.eesteE+et e 6000et*et e.00000t+0e 4.te000t+ee i

0.00000t+ 0.00000t*00 0.049ett+0e 0.00000f+0e |T! 22 53 3.4432bt+0! 1.66647 tale 4.00000E*e4 0.00000t+0e e.steeet+4e
4.e4897E 0eV 23 49 2. 85746t *e 7 1.854421*l4 8 84459t*15 4.94102E*l6 4. 649 t at *18 21 1.66491t*t4 1.9t??6t*54 9.l*416t-44

V 23 52 2.02064t+02 [.53566t te e.eettet+0e e.eetett+ee e.00000t+0e e.eestet+ee e.teetet+ee 9.cootet+6e s.eseget+ee
W 23 53 1.199 tit +e t s.966?st 13 4.900e0t+0e 0.0000et*e0 0.00000t+0e 0.00000t+0e 0.00000t+00 e.480ett+es 0,00000t+04
V 23 be 5.5e117t+41 3.5ebe6telt 4.eettet*ee e.settet*00 0.0e004t+0e e.teesoteet 0.0000et+6e 0.00000t+0e e.esetet+04
C# 24 51 f .3964 5t e e6 3 5ee94t ce 4.432 bet *2e 5.38756t*36 4.3324bt*44 s.ooteet+04 0.00000E+00 0.00000t+00 e.teseef+ee
CR *4 55 2.80e45f+0g 1.56079t*le e.00000t+e4 8.setoot*ee 9.006eet+ee e.00000t+ee e.90000t+et 0.00000t+44 0,esteet+ee |
NN 25 53 1.16766f*14 1.73857t*17 1.754571 17 1.7385FE*17 1.73857t*17 1.75e57t*17 1.73457t*17 1. 754 b6t a l? 1.73454t*17 ium 25 54 2.61best+47 f.42446E ce 1.97263t*e9 3. 7e 394t *18 5.66664t*12 1.32074t*15 3.042&bt*19 3.93927t*34 1.16305t**4 i

RN 25 b6 9.ftl52t*e3 3.047794-04 4.eGeset+0e 0.00000t+0e e.teecet*ee 4.00000t+6s e.00ecolets e.eetoot+et e.00000t+4s
NN 25 57 1.01935t+0! 9.4543et*19 0.00006t+0e 0.00006t+44 0.00000t+04 4.00000t+0e 0.00000t+09 8.eestetete e.sesett+0e i

MM 25 be 6.6414et+41 ..!!157t*12 e.00000t+0e 0.00000t+ee 0.00000t+0e 0.0044et+0e e.0000et+09 e.eetett+ee s.00000t+ee '

Ft 26 55 4.20292t+e? 3.95247t*e6 1.37159t*06 4.es644t*07 2.12107t*e7 1.4 754 7t.e se 1.02414t*e9 3. 4 5612t * 13 4.ete92telt
FE 26 59 3.49409t+e6 6.41219E*e8 3.e7643t-15 4.06774t fe 2.5799tt*32 1.037971 56 8.testet+ee 6.tectet+0e e.seteet+ee
FE 26 60 3.15 b69t +12 5.56294t*22 5.54267tatt 5.F4275t*tt 5. b6256t * tt 5. b6217t * 22 5.b6176t*22 5. b4863E * t2 5.55909t*22
FE 26 61 3.60001t+e! 6.927271 16 0.e400et+0s e.e eDet+6e e.teetet+ee v.tecoet+et 0.eesset*ee 0.eettet+ea e.coceef+90
CD 27 57 2.54454t+47 t.19437t=12 1.56439t*13 2. e4477( * } 4 1.940 set.16 1 76445t*2e 3.644tst*tt 1.17647t*56 7.75475t*53
CD 27 58 6.15405f +06 1. 0 2709t * e9 2.32194t*le 1. elbe9t ' .7 3. 54 966t * 25 1.e9142t**4 3.5b640tabe 3.teteet+96 e.cootet*se
CO !? 60 1.65945t+04 6.90555t*e4 6.65047E*e4 3.57296t*04 1. 6464 9t * e4 4.949154*e9 1.32494t*99 2.64213t il 1.30576t*13
CO E7 61 5.94eeft+03 8.15657t*13 4.ecotet+es 9.settet+94 0.esettf+t9 0.00000f*e0 e.00000t+ee 0.00000t+0e 0.00600t+00
CD !? 64 8.34eltt+92 6.45679t-12 0.00060t+0e 4.eettvt+0e 0.e0000t se e 0000et+4e 0.seteet+94 9.00000t+e8 9.steett+00
C0 !? 64 2. 99999t +41 1.49550t*15 0.0660et+e9 0.00000t+e8 9.eeeeeE*ee e .- agest+ee e.geteet+es e.segett+ee e.00000t*4e
M1 to 59 f.51053t*12 t.636914 12 f.th46t*12 2.S h41t*12 2.t h64E*12 ,644t*12 2.83619E*12 2.4354 5t *12 2.83447t 12
NI to 63 2.9ee20t+e9 3.53154t*18 3.45237t*10 3.40064C*10 3.27463E*14 ;.L"49tE*10 2.01629t*1e 2.24600E*10 1.66te7E*le
N1 FS 65 9.!!754t*e3 4.6577et*lt e.eeeett+04 0.00000t+ee 0.00000t+ee 0.00etet+ee e.0000et+0e e.tetett+0e 0.00000t+00
CU 19 64 4.62094f+04 1.b4714E*07 c.settet+et e.00000t+0e 0.0000e(+ee e Teocotege e.eeeeef+ee 0.4e000t+0e 0.00000t+ee |
Fe et to 7.te642t+44 1.13etBE*ll 1.2537bl*19 2. 49460t a t t 7.41379tatt 6 66316t*42 3.19e06t + 55 e.eeeest+ee e.sesset+0e
le 40 89 2.42249t+05 1.16949E 13 e.90000t+04 4.eesest+0e e.eeeett+ee e.J6 stet +ee e.0000et+00 e.eetteteet e.00000t+00
ft to 95 4. 74 764t *13 a.46616t*20 6.46617t*te 0.46616t*2e 4.46615t*te 4.46611E*2e 0.66647 tate 4.46595E te 6.46540 tate
FR to 96 5.63554t+44 2.6676tt*14 f.337621 19 9.93746t*23 3.7e277t-3. 5.14e60E 44 7.15677t *65 4.9064eE+et e.eesteE+es
FW 48 97 6.c444et+e4 3.74989t-15 e.eeeettete e.eestet*et e.00000t+0e 0.00000t+ee e eeeeet+ee e.eesset+te e.eeeett+ee
NS 41 91 2.20644t+1e 4.ee123E*17 3.98937t*17 3.94147tal? 3.96181E*17 3.92277E*17 3.66411t*17 3.77e42E-17 3.62399t*17
NS 41 92 8.Se746t+e5 7.54754t*13 3.f te 74t *45 4.62635t*67 0.00000t+0e 0.00000t+ee e.00000f+00 e.0000et+4e 0.00000t+0s

1.17676t 17 1.!!sbet l? 1 12054E *l ? 1.lte31E*17 1 11992t 17 1.11953E*l? 1.11456E*17 1.11641t 17No el 94 6.30154E+11
No 41 95 3.92664t+D6 2.1504 e(-13 4.26e l eE * 23 4. 564 76E * t9 8.85973E*45 3.6540ft*74 e.0000et+0e 0.00000E+00 e.steset*et
Me 41 96 8.2013tt+04 4.004tet*14 4.0006et+et 0.00000t+44 4.00sett+ee 6.0000et+04 e.eestet+ee e.00000t+4e e scoset+ee
No el 97 4.33217 teel 3.82321talt 6.eeteet+se 0.00000t+90 0.00000t+00 e.testet+0e 0.00000t+00 e.0ccett+4e 3.0000et+es
MS 41 94 3.06025t*e3 1.09619t*14 6.eeeeeE+ee 4. settee +0e e.00000E+se e.eetteE+ee 4.e0800E+0e s.00000E+et e.eesittese

- MS 41 100 3.e9994t+et 7.29164E*16 e.teetet+0e 0.04eeeE*40 e.00000E+0e 0.0000et+6e e.00000t+0e e.eeeeeE+ee e.00000t+ee
MD 42 93 2.440 77t +11 9.74333E*le 9.74104E*14 9.73954E*l4 9.7354M a l4 9.72434E 14 9.7te4 M ale 9.69642E*14 9.66660Eale
NO 42 99 2.4151 bt +s5 6.66464E*e9. 8.00000t+0e 0.000eet+0e 4.*ecett+0e 4.teteet+4e 0.04eett+ee 4.eeeest+ee e eesset+et
NO 42 101 8.76292E+42 2.714b4E*09 0.0000 0E + e0 0.00000E+0e e.60eett+0e e.00000E+0e e.00000E+ot e.60000(+00 e 00000t+e4

TOTAL (C1RIE5/CC) 6.54254E*e6 1.42041E*06 4.41047E*e? 2.38930E*07 1.99944E*04 2.6336M*e9 2.5329?E*10 1.69169E*10

TOTAL (Cim!ES) 4.5517eE+el 9.942ME*44 5.M761E+ve 1.61651E*00 1.39961E*01 1.M 35M *62 1.7730M -03 1.l M 1M *e3

O
CONp0E NT GEFLECTOR EEYS * REYS TE CORE MREL Als VE LDS SIM MF

V(r M 3.41420f*e5 CC
: A40VE VOLUE IS FOR TE TOTAL ameGER OF EEYS IN TE CGE.r.
s ONE EEY : 1.5949+4 CC * 24 EEYS TOTAL.'

I t THIS CALC 5AE A3 Al * FILE 18244.ESATE.L133(REFLEEY)
I (INTERVAL 2 REFLEEY )

MUCL'20E NALF* LIFE CONCENTRefleN (CIm1ES/CC) AT !!E
SYM 2 N (SECOND$1 St/TSONN 3.e0 VRS 5.Se vers 10.e4 Vers 20.fo YRS 30.to VRS 60.0e VRS 100.00 VRS
&& 13 F4 1.noet9t+42 1.64529E*15 0.00000E+0e 8.00000E+44 0.eete0E+0e 4.e440et+00 9.6ecetE*ee e.04404t+44 4.coeseteet
51 14 31 9.43057t +03 4. 98549E * 14 0.eesseE*e0 0.00004E+0e 0.00000E+04 0.00000E+4e e.e4440E+0e 0.00000t+0e 0.e0000t+ee
P 15 " 32 1.23556E*e6 1.00645E*13 4.64551E*37 ' 3.62623E*52 0.00000E+0e 0.00046t+0e e.0000eE+0e 0.0000eE+ee e.eessetese
v 23 52 2. 02066E +e 2 3.63216E*ll' 8.00000E+48 0.00000t+ee e.eeeeeE+es'4.eeeeeE+ee e.eeeeet*ee e eeeeeE+et e.eessetese
CR 24 51 2.39.+3E*06 a.76646E*13 6.23147E*t5 7.46577E*33 1.17175E-52 0.00000E+0e 0.00000t+0e e.eestet+4e e.00000E+0e
CR to 55 ' 2.1004bE+02 7. 64493E*14 0.00046E+4e e.te000E*00 - e.0049eE+4e 0.00000E+04 e.00000f+e0 0.00000E+0e e.00000E+6e t

NM 25 53 1.1676eE+I4 5.43452E*21 3.4385tE*21 3.43452E*21 3.4 5453 E * 21 3.43451E*21 3.43elet-21 3.43446E*21 3.43445E*21
MN 25 b4 2.61565E*47 1.0677etalt 4.66720E 13 1.63117t al3 2.4920lE*15 5.41639E 19 1.3575tE*22 1.72600E*33 5.12194t*44
NM 25 b6 9.19152E +43 ;.52311E*e7 0.00000E+0e e.60000E+4e 0.01000E+0e 0.00000E+0e s.000ett+ee e 00000E+44 e.eetett+ee
MN 25 57 1.01933E+et 9.?6464t=34 0.00000E +00 0.00000E*04 e.00000E*ee s.00000E*ee 0.00000t+0e 0.00000E+0e 0.tececteet
NN 25 b0 6. bel 46E+el 6.1%430E*le 0.00000E+0e 0.0340eE+44 0.eee00E**e e.cooteE *ee 8.00000E+04 e. Settee +04 0.eestet+ee
FE 26 55 s.te292t+e? 7.32eSeE*e4 3.te95eE*e4 1.92971E*04 5.64640E*e9 3.53465E-t e 2.45612E*11 4.2445M*15 - 1.92119E*19
FE 26 59 3.894e9E+D6 3.77773E*e9 1.61349E*16 2.39621E*21 1.51995E * 33 6.11519E*54 0.00000E+44 e.00000f+0e e.testet+0e
CD 27 64 1.6594M*04 5.3417E*69 3.597 hee *e9 2.76347E*e9 1.4340M a e9 3.4244 M*10 1 02491E*14 1.9664eE*12 1.elee7E 14

TOTAL (Cim!ES/CC) .2.34647E*e7 3.M919E*e4 2.20612E*44 6.5164M *49 7.36346E*14 1.27052E*1e 1.9747eE-12 1.01009E*14

. TOTAL (CimIES) 8.96929E*02 1.3933M * 02 8.4233*E*e3 2.44426E*e3 2.61136E*H 4.45109E*05 7.53979E*e7 3.4547M*e9
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e o

Cos*0NE NT : 5111ta IN3utat!ON SLOCKS * C5
wouset 9.157elt*es CC

4 440vt W0tuME 15184 70f at VotuNg Dr att INatt terns Da
a 58tita INSULat!DN. i LAYt15 DF GL455PC't 6ND 1 LargR DF
4 masseDCI.
s (INTEpv&L 54 TOTEDNRS)

uuCLlet
NAL F *L.IFE -- 3.t = CDNCINTRAf!DN (CURitS/CCI AT TIN.E1e = a N m CO. 5 5.se 5 1o.0. m 20.0 m 30.6. m 64.06 m ist..e v.5

t LI- 3 4 4.4tlFStael 5.04127t=ll e.tteeDE*De 0.00000t+ee e.0000ef+0e 0.tectet*ee 6.00000E*60 0.00006t+04 0.00000E*e4
-3' Bt 4 8 3.eeD64t 16 - 5.7409?t*13 0.00000E*De 0.0000etets 6.stese(+ee e settet+9e e testetete e.eesset+04 e.cosect*ee

DE 4 le 7.64665t *13 ' 6.39171(ale 6.39179t*18
6.3917et=se

14 6.39169t*18 6.39167talt 4.39166t*14 6.39160t=14 6.39155t*16
4 5 12 1.997b4t * e 2 t .264 E3t * It 0.00000t+et e.coesst e.eteeDE+64 0.06000f+0e 0.0000et+0e e.etetetect e.ecotet*ee
C 6 14 1.60975t+11 3.45b65talt 3.45454 tant 3.453 bet a lt 3.45146t 12 3.64729t*12 3.643ntt*12 3.45466t.13 3.41411t*13- F 9 te 1. leet 3 teel 5.99630t*13 0.06400t*#4 0.0000et+e0 e . e ete tt +et f eteest+et e,eesset*ee 6,eseeeteet e.eteetteet
NE le 23 3.7671stett 6.ftbe9t*13 0.00000t+es 6.0006et+60 e.ee90DE+00 9. 3064t*60 e .setett ete 0.00046t+6e 0.00000f*60
NA Il 24 - 5.41521t+04 4. be662t * te e.eteett+et 6.0090et*e4 4.Deteet+00 e.*eccet+et 8.etetet*00 0.004e6t+0e 4.00000f*00
NE !! 27 5.64155t+0F t.37030s-le e.eeeett+ee 6.00000E+0e e.tettet*te 0.00000t*ee 4.etteet+ee 0.60000t*00 e.coteet*eeAL 13 20 1.36629t+02 5.12199t*D6 e.tesett*ee 0.00696t+0e 0.00000E*e0 0.00000t*ee e.stetet*ee e.00000t+0e 0.eptettese
53 14 31 9.43057t*e3 6.9511 % *12 0.00000t+0e e.eDetet+0e e.Settet+6e e eetestete 0.009ett+0e 0.00000t+ee 0.0000et*e6
P 15 St 1.235 bet * 46 1 59e3btall 1. 5661 ?t * 54 5.7t999t=54 e.00000t+0e 0.80eest+ee 0.00000t+ee e.teetet+se e.eeseet*ee
ha le 37 3.or64+t+06 1 46673t*12 5.63397t*t2 f.97706t*28 6.D4?97t*44 2.46957t*75 e.00600t+0e 0.00000t+0e e cosesteet
AA it 39 4.44+05E+et 7.52e>6t*14 7.4624rt*14 7.424Det 14 7.3269btalt 7.14ttet*16 6 66661E*16 6.44251talt 5.618 tit *14
Ca to 44 2.52e55telt 2.41974t*12 f. eld 64t*!! t.6196't * 12 2.01966t*12 2.01939t*12 f.01924ta12 f.01664t*l2 2.el?96t*18
CA to 45 4.42625t*47 7.75399t4.0 254 5t 'le 7.7eb65t*lt 3.6256et*13 4.69139t*16 3.6941 bt * 23 6.07654t*>e 6.412e6t*50 1,91344(*76CA to 47 3.916ett+45

1.e45521.12
e.seteet+0e e.coceeE*00 0.00000t+44 0.00000t*e0 e.eGeest+0e e.eeeee(+0e n.eestetese*

EC 21 45 7.25e49t+66 12 1.27339E*l6 3. ell 46t*19 6.57610t*26 6. 77647t *39 5.3b631t*52 0.60006t+0e e.etetet se
bC 21 47 f.96217t+05 1.22417t*12 0.00000t+et e.tectet+49 0.00000t*te 4.eGe99 tete e.00000 tete 0.00000 tete e.0000eteet
SC 21 64 1.b4255t+05 f.63220t 13 6.se000t*ee 4.eeeGDt+0e 0.060etE*ee e.00000t*0e e.eeetet+ee e.eeettt+99 4.steett*00
EC 21 49 3.44649t e t) 3 27647E*13 0.oestet*0s 0.00000t+0e e.00660t*e0 e.eeseetett e.eecept*ee e.etteetete 0.00000t+et
EC !! Se 4 031471+0! 4.D4766 tall 6.00006t+6e e.teetet+ee 6.eeeeDE*se e.00000t*t0 e.settet+00 6.teteet ete e.steget*se
il 22 51 1.4431bt+02 4.65766t*e9 e.eeeeeE*De 4.00060t*ee 0.0800DE*ee 0.teeeeE+ee 4.00000t+ee e.settet+es e,sesseteet
W 23 49 f.e5246t*e7 6.334471 16 6.35139E*17 1.37025tal? 2.96Z11E*19 1.344tbt*22 6.46495t = 26 6.6e lt ?t * S6 3.14471t*49
W 23 52 2.0206*E+42 5 01179t*12 c.tesect*04 4.0000et*80 e.tectet*se e.eesset*to 0.00000t+0e e.ee869t+04 0.8000et+00
W 23 63' 1.199trt+42 1 16616t=13 e.e6000t*04 0.etoest+ee 0.00000t+0e 0.00000f+e4 0.0000et+0e e.eeteet+ee e.eetest*ee

- W 23 b4 5. bell?t*e1 1. 20264t *15 0.00000t+90 e.etteet+0e 6.eGe60teet e 00000t*ee 0.00 stet +0e e.eettet*ee 6.06eost*te
CR 24 El 2.39643t*e6 2.9667Dt*e7 3.91440t*19 4. 6446 FE * t? 7.56e&St*47 0.00000t*t4 0.00000t+4e 4.00000t+44 0.0000et*e0
CR 24 55 f.10645t+02 3.14964t*12 c.00006t+0e 0.00000t+0e 0.0090et+00 e.Dee99E*00 e tecteE*00 0.00000t+0e 0.0000et+0e
see 25 53 1.16760E*l4 4.34656t*19 4.34655t*19 S.3465M att 4.14664t*19 4.14652t*19 8.34651t*19 4.34646t*19 6.5464et*19
MN 25 54 2.61bebt+e7 1 444 bet =09 1.lF059Eele 2.!!300telt 3.54449t*l3 7.09105t*17 1. 64175t * 2e 2. 5416 bt .31 6. 9464*t **6 ,

MN 25 b6 4.?9152 tee) 1.28395 tat $ 4.0$$$$t+$e e.eGeeDE+0e 6.00000t+0e e.seteet+0e 0 etetet+0e 0.0000et+00 4,tececteet <

MM 25 57 ).01913t+$2 1.96549(*ll e.00000(+ee e.steset*ee 0.6ietet*ee 4.000stt+ee 0.60000 tete 4.00000t+0e e.eeteet*6e
NM 25 b4 6.66340t*01 2.06706t*13 0.00000t+0e 0.Desset+ee 0.00000E+0e 0.00000E+44 e.00000t+ee e.tecett+ee 4.eestet se
Ft 26 55 4.20292f+47 5.99178t*e5 2.6923?t*e5 1.5 794 bt e5 4.16351t 06 2.09309t*07 2.elellt*e4 6.74445t*12 1. 57246t al6
FC 26 59 3.e*499t+ee 7.Il435t*6? - 3.41597t ale 4.51266t*19 2.6624?t*34 1.15163t*55 0.04600t+et e.eestet+0e e.eceest+0e
FE 26 64 3. Ilbett el t 9.20921t*23 9.209 eft 23 9.20649 tat $ 9. te457t * t3 9.te795 tat 3 9.20734t*23 9.te514t*13 9.2etent*23
FE 26 63 3.64e91t+e! 1.14392t*l6 e.0000et+00 0.00000t+04 e.64600t+et 0.00000t+0e 0.00000t+ee e.eeeestees e.steett+0e
C0 27 57 2.54454f+07 3.65465tal3 2.22272t 14 3.45012t*15 3.27499t=l? 2.95e91t-21 2.6 bee 9t * t5 1. 9+ 51 DE * 17 1.26 tilt *53
C0 27 be 6.154 0 bt * t6 2. 00319E * 10 4.52511t*ll 3.61606t-14 6.St754t*26 2.lt7ett*41 6.93447t*57 e.00000E+04 4.0000eE+00
C0 27 64 1.65945t+04 1 026eet*e6 6.91447t*e7 5.31275t*e7 3.7444bt*07 7.3 be99E * e4 1.47004t*e4 3.77994talt 1.941571 12'
CD 27 61 5.940ertee3 1 62079t*13 0.00000t+0e 0.tettef+0e 0.00000E+4e e.Dettet ete 0.0000et+0e e.00000t+00 6.tettet+et
CO !? 62 4.340ltt*02 4.30950t 14 0.0000et+0e 0.00000t*e6 e.0e440f+04 4.0Co#Di*ee 0.00000f*e0 e.00000t*e4 0.00000t+0e
C0 T7 64 2.99***E*01 . 3.13e24t*16 0.00000E*0e 4.0000DE *ee 0.00000t*e0 0.tecoct+et 0.00000t+00 8.00000t+44 0.00004t*e4
N1 24 59 2.52055t+12 1.71925t*le 1.71918t'le 1.719thtete 1.71964t*le 1.73095t'le 1.71876t*10 1.?!e3SE*10 1.71774t 16
N1 28 63 2.90420E+09 2 45455t*e4 2.39963t*e4 2.36371 tate 2.2762M*e4 2.11046t*04 1.95751t*44 1.56112t e4 1.15454t ce
NI 24 65 9.21734t*e3 4.59566t*15 e.seteeE+0e S.settet ete 0.0440et+0e 0.00000t*00 0.00000t+0e 0.0000et*e4 0.00000t+0e
CU 29 64 4.62094t+64 3.5559tE=64 0.0440et+0e 0.00000E+04 0.00000f*e0 e. tee 66 tete 0.00000t+00 e.60cettee4 0.eettet'se

fa% TOTAL (Clatts/CC) 8.ee644t*45 2.76349t*e5 1.63496t*e5 4.66135t*e6 3.44145t ae 7 $.95544t*04 1.61733L*e4 1.17247t=64

l
| TOTAL (CimitSI - 7.33194t+e2 2.53091E*02 1.69714t+42 4.44524t*e1 3.51404E+ee 5.45341t*01 1.44e99E*01 1.87364t*tt
|

|
|

| / \

V

.
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C0mpoutwt a top utat Covte M ATES * 15
VOLUE i 1.e1100t*e4 CC

4 ASOVE voluut IS F00 totN taVERS OF Covte statt$
e ON TE 10p 4AD OF iME PC1Y.
4

a (3%TE2v14 43 TOT 00 pet 3 3 -

seuCLIBE NALF* LIFE CONCENisation (Cur!!1/CC) at TIE
Svm 2 N (SEC0u0$) Se4JTDOWN 3.00 VDS 5.00 va$ 10.0e TRS 20.00 YWS 90.00 YDS 66.09 VWS 100.0e VWS
AL 13 24 1.3462M * 02 3.el?97t*04 e.eettet*ee 0.00000E+80 0.00000E*e0 0.00000t+00 e.testet+et 6.secesteet e.seaoM*ee
$1 14 31 9.4!e57t+e5 4.Sh32 tale e.400eet+0e 0.00000t+0e 0.00000t*e0 e.eesset+ee e.ecteet*ee e.eescot*ee e.eeceMese
P 15 32 1.25tht * M 1. l e 52M *e9 9.4964M *13 3.94U 2t*44 e.cocest+es e.coeett+ee e.secestece 4.eeeeetese e estosteet
V 23 52 2.etteet+e2 3.293eM all e.ee##M*ee 4.steest+ee e.teccetete e cssetteet e.eeeest ee e eeeesteet e.cocott*ee
CR 24 SI 2.3944 M + M 4.34e pee * 09 5.75254t*21 6.44972t*29 1.0616M *44 0.e0000t+96 e.9eteM*e0 0.eesset+ee e.coteM*ee

-CR 24 55 2. loo 4 M * e 2 2.e7347 tale 4.00000t*e0 e.steest ese 8.00000t+ee 0.0000et+0e 0.eettet*ee e.eeeeeE+et e eesset*ee
sed 25 53 1.36766t+l4 5.63%2t-17 5.43 MIE*17 5.63561t-If 5.635611*17 6. 63kM al ? 5.43559t*17 5. 8355M *17 5. 63551t *17
ire 25 54 2.6156M*07 9.97625t=04 6.llF03E*e9 1.52411E*e9 2.ste4M all 5.4 5464t * 15 1.26442Fale 1 61277t *29 4.76577t*44
IGN 25 M 9.29152t+83 7. 517eeE * e6 0.00000t*e6 0.00000f +0e e.00000t*e6 0.e0000t+0e 8.teteM*ee e.eeeest+ee e.cocett*ee
NN 25 57 - 1.e3935t*02 1.31922E*e9 0.00000t*ee 0 ee00 M+0e 0.eeeeptete 0.00000t+44 e eestetete e.tesect*ee e.eestet+6e
NN 25 54 6.6elteleel 1.421764*13 0.00000t*ee 0.00000t+0e 8.eeteM*ee e.coteet*ee e.eesset**e 6.seteeE+0e 0 eeteM*0s
FE 26 55 6.29292t+e7 1.11907t*e5 5.02637E*e4 2. 9699 8 t * M 7.776ertas? 5.44334 tate 3.75461E** 1.25972E*12 2.9364M *l7
Ft 26 59 3.494eM *e6 4.54497E*e7 2.le324t*1+ 2.4441M-19 - 1. 0294 M * 31 7.360 39t * h 0.eeeeM*00 0.00000f+00 e.eetett*se
CO 27 64 1.H94M * e8 5.64697E*e7 3.93759E*e7 3.02527E*07 1.h53eE*e7 4.19049E*e4 1.12164E*84 2 15244t*10 1.leket 12

TOTAL (CW!!$/CC) 1.94926E*e5 5.43025E*H 3.23396E* H 9.34161t*e7 9.59343E*e4 1.49730E*94 2.16504t*10 1.leh9t*12

TOTAL (CURIt$1 2.18265E*01 5.73977t+00 3.43943E+ee 9.474e4E*e1 1.e1447E * e1 1.54265E*02 2.2464 E *04 1.1M71t H

|

[L

COBeB0Elff a TOP E AD = 440 WOOL * R$
V0uSE :' ?.2700M+06 CC

A40VE WOLUE IS FOR 40TN LAVERS W EASWOOL
ON TE TOP 4AD OF TE PCRV.

I I
, s (IlfftRv&L 44 1010WRS)

{ NuCLIDE ~ MALF* LIFE CONCENTRAfteN (CunitS/CC) AT TI E
SYM 2 m (SECONDS) 30eJT90WN 3.00 VRS 5.30 VR$ 10.00 VR$ 20.00 VR$ 30.00 vet 60.04 VR$ 100.04 VWS |

LI . 3 4 4.4417M ael 2.24943Eall 6.teteM*e6 0.0eteeE+0e 0.94400E +H 0.00000E+04 e.eestetees 4.teteM*e8 4.eee64E+0e I

et 4 4 3.eee64Eale - 2.4121M *11 0.eeeeM +0* e.eeceM+ee 4.00000E+44 e.eeetM+0e 4.00000E+0e 0.0000eE+ee e.coceeE+ee |
'

eE 4 le 7.eeM3E *13 4.54431Ealt 8. 5445 t E *lt e.5443M*1e e.k429E*14 4.54426E*le 4.54424t*14 4.k417E*l8 8. keeM * 10
5 5 12 1.997kf*62 3.49322E*ll 0.00000E+44 0.00000E*00 0.00000E+44 4.eeeeeE*ee e.eeeeM*ee e.ePeteE+ee e.settet+4e |

,C 6 14 - 1.40974E+14 4.89937E*13 4.09759E*13 4.09641E*13 4.0934SE*13 4.48754t *13 4.44164t*13 4.M397E*13 4.44ellE*13 |

F 9 to 1.19423E+81 2.23449E*ll 4.00000E*00 0.00eeM +00 e. tete 0E+44 0.0000M+44 0.00000E+0e 0. 0044M * 64 0.00000E*e0
E le 23 3.76710E+81 3.h457E*11 e .eeceM +44 0.00000E+00 0.eeeeeE+ee 4.00000E+0e 0. 0000M *00 0.0000eE*ee 4.teceM+04 i

tee Il 24 5.41521t+64 1.es43?E*04 0.00000E*ee 0.00000E+ee 6.00000E+ee - e.eeceM+44 0.eeeeM*ee 4.00000E+0e e.esteet*ee "
I

RG 12 27 5.64153E*e2 1.e395eE*e4 0.00000E*00 0.00000E+0e 0.teceM+et - 0.00000E+0e e. settee +et 0.00000(+0e 0.00000E*e6
AL 13 28 1.34629t+e2 0.32284E*e7 0.0000H*00 0.0000M +04 0.00004E+0e 0.00000E+0e 0.teseM+0e 4.000eM +et e.ecotetese
AA le 37 3.02H4E+44 6.53911E*11 2.51179E*2e 1.1272M *26 2.69414E*42 1.1999M * 73 0.00eteE*e4 0.00000E+ee 0.00000t+e4
4A le 39 4.4440M+e9 3.29127E*la 3.2679eE*16 3.25199E*16 3.2094M*16 3.12776E*16 3.04415E 16 2.82127E*16 2.5444ttal6
CA to 41 . 2.5205M*12 1.5992eE*13 1.59924E.11 1.59921E*13 1.59914t*13 1.5990eE*13 1.59447E*13 1.59eelf-13 1.59789E 13
CA 2e 65 - 1. 4 262M * 0 7 1.61459E*le 1.62117E-12 7.kSteE*14 3,52649E 17 7.70053E*24 1.64171E*18 1.75162E-te 3.94434t*F7
CA te of 3.9160eE+e5 3.3323eE*13 4.000e M +0e 4.000eM *00 e te000E*40 e. tete 0E+ee 0.000eeteet e.tecteE*e4 e.00000E+e0
SC 21 % 7.25849E +M 5.00MM *11 5.47195E*15 1.40712E*17 3.9556tE*24 3.1257M *37 2.u995E *50 0.eetteE+0e e.tecost*ee

SC 21 4' 2.96217t*e5 6.34716E*11 0.00000E+00 0.00000E+4e 0.00000E*ee e.eee6M+et 6.00000E+ee e.ecoteE*00 e.Seteet+0e
t SC 21 44 1. 5425M * e 5 1.28644E*ll s.eeeeeE+et 4. 00000E *64 e.ee64M+0e e.00000E*00 0.0000M +ee 8.00000E *e8 0.00000t+0e
' SC 21 49 3.44449E+03 5.91392E*12 e.80000E+0e e .0000eE +0e 0.00000E*e0 0.00000E+0e 0.00000E+00 0.00000E+0e e.00000E+0e -

SC *1 54 1. ell 47t+et 1.92273E*13 e.eeeeeE+ee 4.seteM +0e e.coceM +0e e.eeeeeE+0e e.eeeeM+00 e.eeseM+ee e.eetoM+ee
TI 22 51. 3.4631M*02 4.19341E 10 0.teceM*64 0.eeteM*ee 4.00000E*00 0.0ee64E+4e e.teseM+es e.eeeeeE+0e 4.steseE+ee

TOTAL (CistIES/CC) 8.62786E*e7 2.277ME*lt 7.25363E 13 6.49624t*13 6.44976E*13 6.443HE*13 6.4653M-13 6.44103E.13

TOTAL (CURIES) 6.27936E+ee 1.6572SE*e5 5.27919E M 4.72796E*M 4.7232SE-04 4.71879E*M 4.?tS44E*e4 4.64778E * e4:

1'
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COMP 0NDrt t top NEAD t!Nt* * C5
VOLUNE I 1.64000t*0% CC

8 AB0vt VOLUNE !$ FOR TNE PCRV t!(R &ND COOLING fulES
a ON Td TOP NEAD OF T4 PCWW.
*
I (INfttVAL 45 70fBUPR&)

- NUCliet NALF LIFE CONCENTRATIDN (CUR!t&/CCI 47 f!NE-A-
N ESECON053 $4ff90NN 3.06 Vt$ 5.80 ves 10.00 VRS 26.69 VR$ 34.66 YWS 66.66 veS 100.06 V95$YN

64 1{3
/

te 1.b6629t*02 1.764 4 9t-94 0.00096t*e0 0.00000t*t0 0.99999t*t0 e.6000etese 4. ette tt + 69 e.90000 feet 4.00000teet-L
\g . 51 34 33 9.43457t+03 2.151544 09 6.40660t+08 0.0000etect 0.00etet+0e 6.tetestett 6.tetett+69 e.tetectett e.0000et*e0

P 15 32 1.235 b6E * D6 4.4952 Pt * 09 4.205471 12 1.76375t*47 0.04000t+00 9.tet99t+ee 0.0000et*99 8.tecost+09 9.teetef+0e
II 22 51 3.4431bt*02 1.31605t=13 0.tetett+0e 0.990tetete 0.09499t+90 e.tettet**e 6.00098t*e4 0.ettlet+0e 6. Sectet ete ,

V 23 49 t.852464*07 3. 36914t * 13 3.376011 14 7.26327t*15 1.57446t-16 7.35742t*20 3.45649E*23 3.56920t*13 1.675644 46
V 23 52 2.0te64tet! - 3. t4 54 9E t9 4.steettete 9.4eettfelt 6.0999et*40 0.00000t+04 0.00000t+44 e.tettetett 0.ttetet*00

' V - 23 53 1 1992tt +42 5.65795t*ll 0.0009et+06 0.0000et+04 0.00000t+94 0.0000et+00 6.000ettete 0.settet*04 0.0000 tt e t e
V ' 23 b4 5.56l1Pt*04 6.1647DE-13 4.etecef+0e e.60000E*60 t.Detett*te 6.00000t+0e 6 ettett+et 4.00000f*60 e.etee tt ete
C# to El f.3964 5f +66 1. 95 b64t * 96 8.66306t*18 1.06975t*26 4.419?6t*46 0.00090t*tt 4.0000Dt+49 0.00000t*64 e.00000t+99
CA F4 55 2.Ite4bteer 3.26545t*e9 0.00000t+00 0.tettet*De 0.90etet+6e e.00000t+09 0.0000Dt+et 4.stetetete 0.00000t*t0
NN 25 53 1.16766talt 3.1644 5C a le 3.16445t *16 3.1644 bt *16 3.1644SE*16 3.1644rtal6 3.16447t*16 3.16440t al6 3.164 FEt e l6
NN 25 b4 f.61565t+07 5.b6039t*t? 4.561tState 8.1649Pt*09 1.251071-10 2.9tteet 14 6.61515t*14 4.66504E 29 f.571371-43
NM 25 b6 9.2915tt+03 1.59237t*04 e.tetetteet 9. 0000tt e e t e.00000t+0e 0.00000t+04 4.0000et+66 e.statet*ee 4.est99 tete
NN 25 57 1.01935t+el 7. 047t tt * 09 0.0000et*tt e testet*0s e.940eetete 0,96000t*00 e.60499t+0e e.tettet+et 0.00906(+44
MN 25 be 6.60140t+01 7.70176t*11 4.60000t*te 4.40000t+69 e.40960E*te 0.00094t+00 0.0440ef+44 0.99999t*tt 6.90900t+0e
Ft 26 55 4.tet92t*47 3.40119t*ti 6.t96tbt*05 3.69359t*05 9.75646t 06 6.7655 bt-0 7 4.70117t*04 1.57730f*11 3.67729t 16
Ft 26 59 3.89409t*t6 3.14037E*06 1.52767t*13 2.et?30E*le 1.27464t*3e 5.146228 55 0.0000pt+ee 6.00000t+e6 0.69994t*06
FC 26 - 60 3.15 b69t +12 1.01356t 20 1.e1333t*20 1.01332t*tt 1.01324tatt 1.01321E*tt 1.01314t*2e 1.01293t*29 1.61265t*24
FE 26 61 3.60001E+42 1.l6teft 14 0.00000t+et 0.etet0E*00 0.00000E+00 0.00000t*94 e.00004t+00 6.seteet+0e 4.00940f+00
CO 27 57 f.5443&t+07 4.04327t 11 2.4441bt*12 3.40044t*13 3.66714t*15 3.256tet 19 f.924571 25 2.ler34t 35 1.4121bt 51
CD !? be 6.1540 5t * t6 2. t494 5t =94 5.,4139t 13 4.46061 tale 7.33464t*24 2.3464*E*39 7.76209t*55 0.6006et*00 4.Detett+64
CD 27 60 1 65945t+es 3.72142t*66 f.56616t*e6 1.92b49t*66 9.96266t*t? 2.667121-07 7.14816t=44 1.569971-09 7.05645talt
CO !? 61 5.94607t+t3 1.714664 11 0.teteet+04 0.000ttt+60 e.99008t+0e 0.00000t+44 e.00000t+09 6.09440t+00 't.00000t*00
CO !? 62 4.34012t+0! 1.14199t =10 e.tettet*st 4.00000t*t0 4.0000et*ee 0.00000t+49 9.00000t*06 0.00000teet 6.99600t+04
CO 27 64 2.99999E-91 3.45070E *14 0.00409t+04 4.00000C*e9 0.00000E*t0 9.90000f*00 0.60090t+90 0.0000tt*64 6.60000t+00
NI 26 59 1.52e53t*12 1.666eftelt 1.46605t 10 1.46600E*10 1.46594E-10 1.46 b41E * It 1.66 be9t a l e 1.46530t.10 1.4644etals
NI to 63 2.990tef+49 1.7215?t ce 1.64340t+04 1.65701t+64 1.59645t-04 1.48047t 64 1.37t9? tate 1.994911-04 4.99759t.69
NI to 65 9.21758t*93 9.83719E *11 e.eettet*e6 9.09000t*te 4.000ebt+ee 6.00000E*te 6.06000f*40 0.00000t+0e 6.44000t*00
CU 29 64 4.67996t+44 7.419566 96 e.0000ef+e4 0.00009t*00 0.00090E*00 0.09806t*t0 0.00490t+0e 9.eetett+04 0.00000t+0e
2R 44 to 7.29642t+96 2.25937E*l4 2.54641t*14 5.76667E-fl 1.4421tE*t7 9.722118-41 6.37756t b4 0.00000t+4e 4.te000teet
tm 40 49 2.s!249t+95 2.25377t*!! 8.00000t+04 4.00096t*00 6.00000E+0e 0.00000f*09 0.0909et+0e 0.00000t+96 . 00000t+06
70 44 93 4.74754t*l3 8.64751E*18 1.64751t 18 1.64750E*1e 1.64759t*14 1.64749t*le 1.64744 tale 1.64746t*16 1 t *t*!als
FR 4e 95 5.63554t*te 5.068**E*13 4.660464 14 1.49619ta!! 7.66531E*30 9.40499t-47 1.5617EE 63 4.96496t+00 4 06049t+0e
FR 49 97 6. 94 644E +44 7.06127t *14 9.tetteE+44 9.90060f+tt 6.00000t+46 e.60000t*te 4.00000t+0e 0.0600eE+ 0.00499t+et
MS 41 91 2.29466t *18 7.32719t*16 7.30546t*16 7.29100E 16 7.2b499t-16 7.18350t*16 7.11271E*16 6.904511.0036 6.65637t * 16
No 41 92 4.447+6t+05 1.47b45t'll 6.6675tt*44 1.73225E-65 e.00000t*84 0.00000t+90 9.00009tett 6.te990t*06 9.setett*te
NS 41 94 6.34154t *11 2.lele7E*le 2.10445t 16 2.14049E*16 2.le032tal6 2.17956t *l6 2.17640t*16 2.176 bet * 16 f.17352t*16
No 41 95 3.07664t+e6 4 '76441 12 1. 6454 bt * 21 4.64421t- 26 1.76275t 45 7. 26216t* 75 4.96600E+ee 4.04000t+44 0.00006t+04
MS el 9e 8.2413rt+04 Y . 64549t = 13 0.00000t+00 6.00004t+49 0.00000t+0e 0. 0000 DE * t4 0.0090et+9e 4.00000t+00 4.64004t+ee
NS 41 97 4.33217t+03 7.4betet=13 0.08960t+0e 0.40000t+44 0.060ett+0e 9.00000t+44 8.000e0t+94 0.00000t+49 4.90000E*06
MS 41 44 3.66425E+03 3.42169E*13 0.00000t+04 0.00000t+00 e.960 tee +00 e.00000 tete 6.49000t+04 6.00006tett 4.646t$t*De
Me 41 300 3.099*4f+0e 1.32425t * 14 0.00000E+00 8.00000E+0e e.00000E+99 9.0000eE+04 0.00496t+04 6,eteetE*99 e.00000t+ee
NO 42 93 2.64477t+11 2.9772tf*12 2.97655t*12 2.9764 7t = 12 2.97495Ea12 2.97264t*12 2.97935t=12 2.9654*E-12 2.95454t*12
ND 42 99 2.4151bt+05 2.14t91t 07 0.00000t+0e 0.00000E*te 0.0000eE+et 8.00000t+64 0.00000t+44 0.00000E+04 0.00000t+44
NO 42 101 4.7629tt+0! 1.e5795t*07 0.0000et+49 0.00000E+ee 0.00000E+0e 0.00000E*00 0.00000t+e6 0.00000t+44 e.tetett+et

TOTAL (CURIES /CCI 3.16549t*04 6.55272t*05 3.04463E 95 1.0749et*e5 9.54221t 07 1.3229tE*47 1.24443t*e4 4.25406E e9
TOTAL (Cistltta 5.M542t+0! 1.e4444t+0! 6.ttlett+01 1.71983E+11 1.53315E+0e 2.11667t*tt 1.99749E*02 1.32065E-02

|< COWOWWT 3 REGION CONSTRAINT NVICE, MINARY 000Y * MV 5
'

VOLWWE 4.4t ?6DE*e5 CC
I s A80VE VOLUNE IS TE TOTAL VOLLAE OF TE WCD MINARY B00Y

F M ALL TM SEVICES.
3 64 TOTAL At 1.0021t+4 CC (ACH.
1 (INTERVAL 39 , IPACSRS )

tract!K NALFat1FT CONCENTRATION (Cistits/CCI AT TIE
(SECONDS) Set /Teotst 3.04 YWS 5.0e ves 18.04 YRS 20.00 ves 34.04 YWS 64.64 YWS 100.00 vesSYN ' t

M . 1. 546 t9t +42 2.7643et-04 0.6444et+44 e.eestet+ee 8.00000t+4e 0.00000t+44 0.eteett+et 4.00000t+44 e.cocesteteAL 13 28
53 14 31 9.43057E*t3 4.54592E=09 4.00440t+44 0.00000t+0e 4.00000t+44 0.00000E+ee 0.00000E+ee 0.460tet*et 6.00000t+49
P 15 32 1.235ht + 06 9.39043E*e9 0.06640E 32 3.3435er 47 s.06000t+04 4.0000eE+44 e.steceE+0e s.eeseet+44 e.teteetese
V ' 23 52 2.02864t+02 9.74t94t*lt 4.00000t+04 0.00000t+0e 0.00000E+et 0.00000t+0e 8.0000et+e0 4.00000E+9e 0.0000etete

' ta 24 51 2.3964 5E +46 ' 4.6165eE-te 6.05116Eate 7 t4735t te 1.13776t -47 0.00000E+04 e.80006t*ee 4.00000t+t4 6.0064et+44
CR 24 55 2. le#4 5t +t t 5. 96144E - 09 0.00000t+44 4.t3000t+00 0.00000t+0e 0.000e0t+44 e.teteet+ee e.eeeest+9e e.eeeset+et

. NN 15 53 1.1676eE*14 5.646e4(*16 5.046e4(*16 5.646e4E-16 5.64605t*16 5.64602t*16 5.64641E 16 5.64594t*l6 5. 64594t * 16
' sed 25 54 2.6t hlt+07 1. e4055t * M 4.46629E*64 1.54969E-04 2.42864t*10 5.66449t-14 1.32340t*17 1.68211E*26 4.99169t-43

NN 15 56 9.t9152E*43 2.52677E-04 0.00000E+49 e.00000t+00 e.00000t+44 0.00000E+et 0.000ett+ee 4.000est+44 4.060ett+6e
NN 25 57 1.01933E+0! 1.547entate e.00000t+46 4.0000et+0e 0.00000t+0e 0.00000E+0e 0.tecteE+ee 0.00008t+0e 0.00000f+4e
MN 25 54 6.6414eE*01 1.56461t*10 0.00000t+44 0.00000t*00 0.00040t+0e 0.00000t*t0 0.00004t+40 4.0000et+0e e.000ett+0e
FC 26 55 6.2929tt+47 1.75704t*e4 7.89510t*05 4.6316eE*45 1.22093t*e5 4.44344t-07 5.0951M * e4 1.9779et-11 4.61123C*16
Ft 26 59 3.89409t+e6 5.3772tt*e6 2.54109E*13 3.41076t*14 2.1635et-34 6.70454t 55 e.setett+4e e.eeeeeE+ee e seteeE+et
CD 27 64 1.65963t*e4 6.74490E*e6 4.53946t*06 3.44764E- M 1.te464t * H 4.83123E t? 1.29137t*e7 2.44156E-09 1.tF465t*11

( TOTAL (Cist!!S/CCI 4.41644E-e4 4.15753E-05 4.9eitSE*e5 1.401421*05 1.33151E-M 1.44289t*e7 2.54134E 99 1.27475t*11

|
TOTAL icu.itti 3.7276it..! 7.0550st+ei 4.2,369t.ti i.i?966te.i i.iteett.00 i.5 496t-ti 2.105521 03 1.073t E*e5
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C0ecuter? s aEC10m CON $tes!w? DEU1CE , ttes Only * etvl
v0 Lime : 3.e6440 teel CC

s 660vt v0LUME 15 T* TOTAL WOLumE OF THE ECD LICS
70s aLL THE SEVICES.

(|NTERVAL5 36.26t *3 Ce EacM.
64 Total af 1.:

38 e upef0R5 )s

NUC11eE NALF t!FE CONCENieAT]DN (CUR!ES/CC) ST TIME
Syn g n ESECONOS) $8417DONN 3.00 VDS 5.00 ve$ le.ee yks fe.ee vt$ 30.ee YRS 60.04 VR$ 100.00 YWS
48 3 8 4.4e 174E -el 5.17195E*lt 6.00000t+06 0.eetteteet e.0006eE*ee 6.0000et+ee e.eesset+et e.SeteeE*ee e.oesset*ee
DE 4 e 3.000644 16 7.27597E te e.testet*De 0.60060t+4e 0.00000t+0e e.testet+04 0.0004st ese e.eteseE*se 9,posectete
SE . 4 to 7.84563E+13 f.64944E-16 t.6494M-16 2. 6094 M * 16 2.649e M o l6 2.649421 16 f.60941E 16 2.64979( 16 2.64976tal6
6 5 12 8. 997b4E * 62 2.6664bE 09 0.0000et*e6 e.teseef+ee e teseet+4e 4.eeeeeE+ee e.oeste(*et e.eesteteos 6.coseet*ee
AL 13 to 1.546t9E+et 4. 7329mE * e4 0.00000t+ee 4.tetett*0s e.00000E*04 0.00000E+04 s.eceset*06 e eeseeE*ee e.sveteE*eo
El le 31 9.43057t+03 2.73512E 09 0.44eetE*e# e.80000 tete 0.049ett+ee e.tetteE+ee 0.etteetese e.00000(+0e 0.00000t*e0
P 15 32 1.235b6E*e6 4.994ett 09 4.re996t*32 1.79933E*47 e.0000et+te 0.00e06t+0e e.eeeeeE*00 e eeteetete s.Sectet*ee
CA to 45 1.42625E+e? 2.27tS9t*3e 2.24166E 12 1.96203E-13 4.96316t*17 1.e4344E*23 2.36766E *3e . 2.46547t*50 5.64404E 77
CA to 47 3.91696t+05 1.660eSE 12 0.00000 tete 4. testee +ee e.tege#E+es 4.6460et*e0 0.0000et+44 e.teeteE*ee e.0004e(*t9
SC 21 46 7.25e49E+ee - 4.6000TE-09 E.39619t 13 1.t9311E 15 3.63511E*2r t.47249E 35 t.26943E 44 e.teeeet+es e,90eset*ee
EC !! 47 2. 96217t * 65 5.*l446E 09 e.eeeetE*00 6.ee000E*te 8.00000E+0e e.00000t+04 0.0000et+44 0,00000E*e0 e.esocatees
SC !! 64 1.b4253E+05 1. 05069t * o9 e.0000et+4e 0.tecept'es e.eette(+ee e.oteteE+ee 6.00000t+es e.eeeeeE*e4 e.eetteEste
SC 21 49 3. 4464 *E +0 3 5.46361E te 0.totteE+se e.60000E*00 0.00000C+ee e cooteE*ee 4.seestE*se e.testet*ee e.eetest'oe
SC !! Eo 1.03147Eeet 1.59144E 11 9.000 set +04 e.00000E+e6 e.eeeest eet 9.tescoE+es e.eeegeE+ee e.eetett+et e,tescot+ee
T122 51 3.44315t+0! 2.17676E*e7 e.tescoE+se f.00000E+46 9.66000E+4e e.eestet*ee 0.00cceE*ee 6.ete*et*ee 0.eeteet*0s
v 23 49 2.85246E*07 5.67292t*11 5.6444&E 12 1.2263 bf *12 f.65106E *14 1.23494(*17 5.70964E 21 5.90475E*31 f . 81489E -44
V 23 52 2.92o04E+42 5.21527f 07 0.00000(+0e 4.0e000t+ee 0.00000E+00 9.eette(+es e.0000et*ee e.eeceofete e.eeeeeE+ee
W 23 53 1.19922t *e 2 1. e 19921-08 0.0000ef+0e 0.00000E+0e 0.90ee6E*ee 0.000ee(+0e e.eetect +ee e.teteet*ee 0,egese(*se
v 23 be 5.50117E*e1 1.47621t*19 e.tettet*e4 0. 0000 eE + 0e 0.0000et+ee e.eeeett+6e 0. tee 00E+ee e.eeeeeE*ee e eeeeeE+ee
CR 74 51 2. 3964 3E * e6 4.7366LE 04 6.20053E*16 7.43542E*24 1.16?b6E-43 9.00eseE*ee 4.eetetE*00 0.0000et*ee e.cosse(+0e
CR to 51 2.lettbt+of 2.353171 09 0.00steE+09 0.00009E*00 e.tetteE+ee 0.0000et+ee 0.00000E*e0 e.eetteE+ee 4.oesett+0e Isee 25 51 1.1676e(+14 1.66652E 16 1.66652E*16 1.M6521-16 1.66452t+16 1.66651t*16 1. M651E-16 1.664Let-16 1.6 M4*E 16 i

NN 25 54 f.6 t bebf *e 7 3.21667t a e 7 2.61719E * e4 4.91423E*o9 7.56769(*11 1.75231E.14 4.te97*(*14 5.19992ta29 1. b4 30 *E 4 3
NM 25 b6 9.29152t+e3 1.46959E 64 4.teteet+04 e.eeeeeE+et 4.00000E+0e e.00000(+e0 0.000e0f+90 s.esteet+4e e.cocooE+ee
NM 25 57 1.01935E+42 4.11655E-49 0.00000t+ee 0.809eet+09 0.00000E+0e 6.eestet+6e 0.000+4t*e0 4.eesseE*ee e,segett*44
pu 25 be 6.6elt et e t! 4. lee 37t*11 a.00000t+ee 0.00006E+09 e.00000t+04 e.eeeeeE+ee e ese efsee e.testet*ee e.eeeteE+ee
FE 26 55 8.29292t *e7 ' 1.13336E*64 5.e926et-e5 2.94759E * e5 7.47beeE*e6 5.47236E a t ? 3.*a!a71 94 1. 27 b41E *11 2.97448t*14

2.40216E- 1.1534 eE *13 . 1,52364E-14 9.M499E-31 3.8444*E*55 0. settee +0e e.000eet+e4 e.eeeeeE*4eFE 26 59 3.49409E*64
4.72020E e614 4.72eleE*14 4.72004t*18 4.71964E 14 4.7195LE-14 4.71922t-16 4.7182+f-16 4.71693E*leFE 26 64 3.15569E *12

FE 26 61 3.6ete1E+0! 5.66474E*lt e.00000E+ee e.00000(+ee 0.0068et+00 e.0040e(+0e e.00000E+0e e.tecteE+ee e coegeg*ee
CO 27 57 2.54434E+e7 ' l.66319E 64 1.13942(*e9 1.76641t *l e 1 67643E*It 1.5127eE*16 1.363 ele te 9.971011 13 6.57241E 49
CO 27 to 6.lbe45E+04 1.19696E-05 2.79347E*le 2.1667et-13 3.90941E-21 1.27e95t*16 4.14134E 52 s.eeeeeE+ee e.seteet*ee ,

CO 27 6e 1 65943E+ee 6.3 2446E - 04 4.2616 bt * e4 3.27640E*04 1.69420t a 64 4. 535b8E-e5 1. 23 422(* e 5 2.3297et-07 1.19645t 09 i
'C0 !? 64 b.94ee7E+03 4.9be95E-e9 0.00000E*00 0. 000e tE * 00 0.00000(*ee 0.00000E+44 0.00000t+9e e.60000E+ee 0.8eeseE*e4

CO 27 62 6.54el!E*02 2.06276(=99 e.eesteE*ee e.eeeett+et e.ee000E*e4 e.eeestfece e.00000(*e4 0.00steE+44 8.sete4E+44
CO 27 64 2.99999E*e1 1.64442E It 8.te000E+44 0.000eeE+04 e.eeee4E+ee 8.00e00(*e4 e.08460(+0e e.setetE*se e.setett*6e
M1 28 59 2.52053E +12 1. 02778E-0 7 1.02776E*e7 1.02774E*e7 1. e t?69E * e 7 1. 0276eE-07 1.02751E*e7 1.0272SE*e7 1026494 e7
NI 24 63 .2.90026E+09 1.!!395E-45 1. 96b6E 05 1.1766bt e5 1.13503E*e5 1.05257E*e5 9.76102E 64 7.76445E s6 5.75712t 66
NI 24 65 9.21734E*e3 2.17664E*le 0.00000t*e4 0.eeeeeE*se 4.0000eE+ee e secteE+ee e.eeeeet+et e.eeeeeE+0e e.seetet+ee
CU 29 64 4.62e94t*04 2.19402E*e5 e.0000eE+0e 0.00000t*e0 0.00009t+ee 0.04446t+ee e.00000E+0e e.see86E*ee 6.00000E+0e

'Y 39 49 1.66996t*01 2.11592E*ll 4.teteetete 0.00000E*ee e.8000eE+04 0.00006E+0e 6.eettet*ee e.steseE*e6 e.0000et+6e .

Y 39 9e 2.30241E+05 1. 31594E * e9 e eesseE+ee e.eeeeeE+9t v.6000eE*te 0.00004E+4e s eetett+0e e.eeeeeE+ee e.coeceE*ee |
29 4e 93 4.747b6E+13 1.73453E*le 1.71452E*l4 1.71452E*14 1.71452E 14 1.?!451E*le 1.Pl454E*14 1.71446E*14 1.71645E*lt i

NS 41 92 4.40766E*05 6.172471-09 2.7eb66E-41 7.26678E*63 6.te006t+ee 0.00000E+00 0.00000E+44 0.00ete(+et e.eetteE*00 i

E 44 94 6.30134t*11 4.64709E*e4 4.6466eE-04 4.6462M 04 4.64546E-64 4.64344E 04 4.64221E * 04 4.67734E 04 4.67ee Kae4

TOTAL (CURJES/CC) 1.41579E 03 4.49234E*04 3.69257E-04 1. M 796E-04 5.6576M*e5 2.20904E*e5 4.16693E*06 5.90772E 06

TOTAL (Clet!ESI 1.4944eE+0! $.)?426E*01 3.90421E+el 1.99421E+41 5.98424E*ee 2.33449E+0e S.M MSE-en 6.23273E*01

I
ColeBOENT s SOBONATED 00TTON REFLECTORS WITH MASTELLOY-X CGNS * R5'

WOLUE 6.24520E+04 CC
. A00VE woLUE IS FOR TE TOTAL taestER OF MASTELLOY'a CAIOS ONLY.
t SE CAN + 4.13 CC. 00TTON NCR ELEENTS, 284 ELE N/72 CANS.

CR ELE. 37 W/9 cans. 50TT NCR SIDE ELE, 66 ELE W/72 CANE.
s (!KTERv&LS 23*32 M6STEMR$1

,

|

NUCL!gt NA1F-LIFE C000CENTRAT10N (CURIES /CC) AT TIE .

SYN 2 m ( SE COND$1 SmffDOWN 3.00 VRS 5.00 YR$ 10.00 VBS 20.00 YR$ 50.04 VR$ 64.0e VRS 100.06 VRS
Na 11 24 5.41521E+e4 4.ellb4E*e7 0.000eeE*ee 0.00000E*00 6.00000E+44 0.00et0E+44 0.eeeeeE+ee e.eeeeeE+0e e eeeeeE+ee
MS 12 '27 5.64153E+e2 3.4497eE*e6 0.00000E*ee 0.00000E*04 e.80000E+00 e .00000E +0e e.e400eE+44 e.ecoteE+0e 0.tetettete
AL 13 to 4.34629E+02 1. T7346E = e3 0.00000E+06 e.00000E*44 e.00000E+00 e.et000E*e4 e.eeeett+et 0.00000E+44 0.000stE*00
Il 22 51 3. 6451bE *e 2 1.64753E*e9 e.eeeeeE+ee e.sete0E+0e e.eeeeeE+ee e eeeeeE*ee e.coceeE+ee e.eeeeeE*ee e.eeeeeE+ee
V 23 49 2.852*4E +4 7 1.7695eE*09 1.77299E*le 3.42497t il 4.2M71E*13 . 3.h412E*16 1.se54eE*19 1.64294t*29 4.78961E 43
'V 23 52 2. e2064E +0 2 2.50451E-05 0.00seeE+ee 6.00000E+0e 0.00000E+04 0.00000E+e0 e.eeeeeE+ee e.cosettese e.eceseE+ee
V 23 53 1.19922E+et 4. 22547E *e7 0.00000E+ee 6.00000E+0e e.0000eE+44 0.ee000E*4e e.00646E+44 e.co000E*40 e.0006eE+44
w 23 b4 5.50117E+01 3.33916E*09 e.eeeeeE+0e 8.00080E+00 0.06600E+44 4.00000E+4e 4.eesteE+0e e.00000E+0e e.eeeett+ee
CR 24 El 2.3964 5t * e6 3.40415E-e t 4.66721E *le 5.3502SE*22 8.39951E*42 0.00000E+44 4.00000E+0e e.eeeetE+ee 0.00000E+0e I

ICR 24 55 2. lee 4bE+et 1.59745E*10 . 4.00000E*00 0.00006t+ee e.60000E+44 0.00000E +0e 0.00000E+44 0.seteDE+0e e. settee +et
NN 25 13 1.1676eE +14 3.32047t =15 3.32047t *15 3.32847E*15 3.32047E*15 3.32046E*15 3.326464 15 ' 3.32044E*ll 3.32941E 15
NN 25 54 2.61565E+47 1. 0 744M *05 4.74397E*e7 1.64145E-47 2.b4773E*e9 5.41346E*13 1.Se60eE*16 1.73644E*27 5.1542M 42
NM 25 b6 9. 29152t + 03 3.91240E*e6 4.e0000E+0e e.sete0E+et s.00000E+00 . e.00000E+ee 0.0000et ete e.eee00E*ee 0.00000E+0e
NN 25' 57 1.01953E+02 1.le717t*07 0.00000E+4e e.eteett+ee 0.00000E+0e 0.00000E*00 0.tetett+0e 0.0000eE+ee 0.00000E+e0
NN 25 58 6.beiteE*01 4.23399E*le 0.00000E*00 0.e0000E*00 e.see00E+44 0.00000E+0e 0.00e06E+0e 0.00000E+0e e.setett+4e
FE 26 55 8.26292E+07 8.64349E*e3 3.63220E*03 2.13644E*03 5.4169eE*e4 3.90346E*e5 2.71211E*e6 9.99947t lo 2.1214M 14
FE 26 59 . 3.49409E*46 1.275HE * 04 6.12461E*12 e.09041E*17 5.11214E 29 2.0644eE-53 0.0000eE*ee e.cooteE+4e e . 00000E + 0 e
FE 26 6o 3.15569E +12 1.2111eE*16 1.21106E*16 1.Ille6E*le 1.21102E*16 1.21093E*16 1.21045E*16- 1.21464E 16 1.!!e26E*l6
FE 26 61 3.6440lE+02 1.54315E*10 e. settee +ee 0.00000E+44 0.00000E+44 0. 00000E+0e e.steteE+ee e.eeeeeE +ee 0.00000E+ee

- C0 27 57 2.34438t+e? 4.77787E *e 7 2.92145E*04 4.53532E-09 4.3451eE*11 3.47909E*15 3.49522E *19 2.5h 91E*31 1.64539E 47
CO 27 54 6.13405E+46 5.29770E*04 1.19672E*06 9.M319E*lt 1.72631E*19 5.02517E*35 1.83296E-54 e.00000E+ee e.eeeeeE*ee
C0 27 64 1.65963E + 04 6.le792E*62 4.11272E*e2 3.15982E*e2 1.63492E*02 4.376479 03 1.lfl?4E*e3 2.24417E*e5 1.15476E*e7
CO 27 61 5.94407t+03 3.36442E 07 0.00000E+4e e.00000E+0e e.ee600E*04 0.00000E*e4 0.eee00E+4e 6.00000E+et 0.00000E*e6
CO 27 62 4. 54el!E +42 4.60?llE-64 0.00000E+ee e.0000eE+et e.00000E+0e 0.00000E+04 0.te000E+00 0.00044E+44 e. settee *ee

4.00000E+ee 0.00000E+ e .00000E +ee e.00000E+0eCO 27 64 2.99999E*01 4.ll323E 10 0.00000E+0e 6.SeteeE*ee e.eeeest+0e
4.11419E-66 - 4.19949E.ee64 4.le734E*e6 8.19456E-e4 |NI 28 59 2.52653E +12 4.11164E*06 8.11139E*e6 4.1112SE * p6 4.11090E*p6

NI 28 63 2.90elet*09 1.09eF9E-03 1.06630E*03 1.05034E*e3 1.61146E*e3 9.37902E-04 4.69439E*04 6.93741E 64 5.13434E-04 '

2R 40 to 7.20642E*06 2.1779 5E *le 2.41647t*14 5.57649E*17 1.42669E*23 9.37167E*37 6.14744E*54 e.eeeeeE+0e s.eesteE*e6 |

2R 4e 69 2.42249E*e5 1.92715E*64 0.000etE*ee e.00000E*00 e.60006t+44 0.00000E *ee 0.00000E+0e e. tete 4E+ee 0.00040E*00 i

FR 4e 93 4.74754E+13 ' 1.46el9E 14 1.46019E 14 1.46419E-14 1.66419E*14 1.66eleE*14 - 1.66417t*14 1.46415E*l4 1.46e15E*l4 |

2R 40 95 5.63534E+e6 4.2enteE-09 3.64214E*le 1. k E32t*17 5.63244E*26 0.09731E*43 1.12416E-59 e.te400E+4e 0.00000E+e6
i 2R 4e 97 6.04440E*04 5.5444eE*le e.00000E+44 4.00000E+44 4.ee640E+0e e.00000E+00 0.00060E+0e 0.00000E*00 0.00000E+0e

N6 el 91 2.20644E*10 5.12420E *lt 5.19900E 12 5.09ee9E 12 5. 0 7371E *12 5.02371E*12 4.97421E 12 4.4266eE *12 4.64104E 12'

| No 41 92 4.60746E+45 1.45513E*e? 6.37646E*44 1.Fe640E*41 e.eeeeeE+ee e.00000E+44 e. settee +te e.eeeeeE+ee e.seteeE+ee
! N6 el 94 6.Sel34E*!! 1.93354E 12 1.93334E*lt 1.93325E*12 1 93291E*12 .l.93224t*12 1.93157E*12 1.9 2956E-12 1.92644E 12
1 Ne 41 95 3.02664E+44 4.06326E*04 1.56646E*17 a. 24 796E * 24 1.64232E 39 4.950 79E * 71 0.00000E+4e 0.00000E+0e 0.00000E+0e

N6 41 96 4.20 32E+04 6.16916E * e9 0.00000E+0e e.eeeceE+ee 0.0006eE*ee 6.000etE*4e e.00000E+44 0.64400E+44 0.00440E+4e
Ns 41 97 4.33237E*e3 6.64434E * o9 0.00000E+0e 0.00000E+0e e.tetetE*ee 0.00000E+00 0.00000E*e0 0.00000E+44 0.000etE*00
No 41 94 3. 06e 25E + e3 1.45299E * e9 0.00000E+0e 0.00000E+0e 4.00000E+44 0.00000E+00 0.000eeE*00 e.etcett+0e 6.00000E*ee
me 41 16e 3.99994E+0e 9. 09033E *ll e.00000E+0e e.00000E600 0.00000E+0e 0.00000E+0e 0.00000E+ee 0.00000E+ee 0.eeeetE*ee
No 42 93 2. 64477t + 11 3. E1359E-94 3.4327et-04 3.83211E*44 3.43464E-04 3.4276eE*04 3.42476E*04 3.61592t*44 3.66414E+64
NO 42 99 2.41515E+05 3.6so4 t E * e 3 0.tetteE+0e e.8440eE+44 0.0000EE+04 e.setett+0e 6.004ett+40 e.eteteE+0e 0.60eteE*ee
NO 42 let 4. 76292E +0! 1.67894E*e3 0.00000E+0e 0.00000E+0e 6.00000E+ee 0.000eet+0e 0.00000E+0e 0.00000E+ee 4.00000E+0e
MF 72 176 9.70261E*04 1.19776E *12 1.12005E*12 1.071071-12 9.57774E *13 7.656.4E * 13 6.12416E-13 3.13126E*13 1.20eZ2E 13
NF 72 179 1.09564E*le 6.26134E*le 6. 24164E * 14 6.22727t*14 6.19142E*14 6.12032E*14 6.05003E*14 6.64399E 14 5.54el6E 14
MF 72180 1.94723E+04 7.66f54E*12 e.eeeeeE+ee 0.00000E+0e 0.0006eE+0e 0.00000E+0e 0.00000E*ee 0.0004eE+0e 0.0000eE+0e
MF 72 162 2.64477t+14 5.20216E-19 5.20216t*19 5.24216E*19 5.20216E*19 5. 20215E-19 5.24215E-19 5.20214E*19 5.20212E 19
W 74 tel 1. te964E * 0 7 7.524 39E * e4 3.11537E*10 4.91056E*12 1.05523E 15 1.4 7944E * 23 2.07531E-31 5.72343E 55 0.00000E+0e
W 74 145 6.4 76e lE * e6 6. 04 599E * e4 2. 74944E *e4 3.23149E *Il 1.50544E*le 3.25399E-33 7.04295E*44 0.00000E+44 0.00000E*e0
W 74 147 4.59964E*04 1.27966E 42 0.00000E+00 0.00000E+44 0.00000E+00 e.00000E+0e 0.00000E+49 0.00000E+ee e.00000E*e0
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TOTAL (CURIES /CCI 1.25e64t el 6.54344E*e2 3.47077E*02 1.79305E.01 5.h2e!!*e3 2.05243E*03 7.24320E*04 5. *l .**et * h

t0TAL (Cte!ES) 1.04119E*04 3.79750D 43 2. 44223E * 0 3 1 44554E*e3 4.44254E*e2 1.70044t*e2 6.40121t*01 4.31004t+41

k

|

|

,
\

.COMPOE NT DORONATED SOTTon SEFLECTORS WITH HAST*X CAfSe MAPHITE ONLY * R5
t- WOLunE 1.5262M *e? CC
'

s A80vt v0LUE !$ FOR TE TOTAL InsetR OF MAST *I Cafes. ERA 8HTTE ONLY,
i v!TH TME C1/CC AC11VITY FROM SEGATE MlleC FOR OE McM00D-12ED
t et0CI 0F SItA8HITE + ETAL. TW 10AL VOLLeE TIERE70RE MCOIES

(INTERv&L5 21-32 MASINettS) ( 347 )(4.497+4 )*l . 5262+ 2

ISACLIM MALF* LIFE CONCENTRATION (Clet!ES/CCI AT Tilt
SVH 2 N (SECONOS) settfD0tet

3.te VWS - 5 08 VRS . 6.1997M *44 3.47295E*e4 1.97412E*e4 3.62577E*e9 3.78531E 19
10.0e VWS 20.04 YWS - 30.00 VR$ 60.e8 VWS 100.te VRS

M' 1 3 3.4723Mese 1 0 7445E*e? 9.07299E*84 8.10374E*e4
IE .- 2 6 8.09751E * 01 2.2110NaC 4.tetett+ve e.steceE*e4 0. t e*.t eE +4e e.eeeeeE+ee 0. 00000E +44 e.tetteE*00 e.000eM*06
LI 3 4' e.4017eE * 01 2.4535 Male 0.eeeett+44 0.00000E*00 0.eeceM +ee 8.teteeE*ee 0.00000D00 0.00000E+0e 0.tecteE*ee -
M.4 4 3.eeeME.16 2 090e N ate 0.00000E+44 e.00000D00 e.000eM+0e e.te000E*e0 e.tetett+ee 4.60046t+0e e.eetteE*00
BC 4 .le 7.44M 3E+13 9.12325D17 9.12324Dl? 9.12324t *17 9.12323E*17 9.12320E*17 9.1231M *17 9.12310E 17 9.1230eD l?
B 5 12 1.997hD42 1.310lN*09 0.00000D64 - 0.eeeeM*ee e.seceepee e.eeeeeE*e6 e.eeeeeE+ee 0.0000eE+4e 0.00000E+4e
AL 13 24 1.34629t+et 2. M44M * 09 e.seteM+ee 0.00000E+es 0.000eM+0e 0.00000E+00 0.00000E+0e 4.0000M*00 e . eeteM +49
P 15 32 1.C35ME +M 7.6444Nale 6. M 64M *53' 2.7 M41E 44 0.00000E+0e 8.e4000E+44 0.eeeeeE+00 0.0004M*00 0.00000D 04
CA 20 +5 1.42623E+07 6.71199E 13 6.7395eE*ll 3.1366 Male 1.46543E 19 3.26119E*26 6.99102E*33 7.20165t*53 e.40964E+0e
CA to 47 3.91604E+05 3.09771D15 0.0486M*e4 0.0004M +44 0.eeeeM*ee ~ 0.00000E+et ' e.tetteE +84 c.00000E+0e . 0.0000eE+06
SC 21 46 7.25M 9E*e6 1.9611eE*11 2.2004M*15 6.44490D 14 1.5416et 24 1.21 MIE*37 9.62779D 51 0.00000D 00 e.80000Dee

3.eee 2N * 8.seteM+0e e.se000E+0e 8.teceM+ee 9.00000E+44 e.00000E+4e 4.00000D 00 0.00000E+0e
4.05321E ll

SC 21 47 2.96217D e5
12 e.tecteE+44 e .teteM +44 0.00000E+06 0.00000D 00 0.eeeeeE+0e 0.00000D 00 0. 00006D46SC 21 44 1.5425M +e5

SC 21 49 3.44449E+e3 2.39351E*12 0.00000D 00 4.00000E+0e 0.00000E+44 0.00000D 00 0.00000E*ee 8.04000E*e0 0.00000E+0e
SC 21 5e 1.03147t+42 4.6M44E 14 0.00000E+44 0.00084D00 0.00044E+0e e.teceM*00 0.teteM*e4 0.00000D 00 0.00000E+49
13 22 51 3.40315E+02 1.9M74E*e9 0.00000D00 0.0000M*ee 0.00000D00 0.00000E+0e 0.00000E+e4 e.eeeeeE*40 0.00000D00
W 23 49 2.45246E+47 7.?t399D 15 7.7197eE*16 1.M642E *16 3.6062M*le 1.6424M*21 7.4625M * 25 4.0242M *35 3.82705D 44
W 23 52' 2.62004Det 1.11321E*e6 0. tee 64D ef e.00060D 00 0.0000eE+00 e.ee000E+ee 0.00000D 00 e.cosect+et 0.00000E*ee

'CR 24 51 2.39443E*M 4.2096N *12 5.5177M * 24 6. 6444M * 32 1.0374M * 51 4.eeeeeE+0e 0.00000D 00 0.00000E+00 0.0000eE+0e-
CR 24 55 2.19045E+et 1 44164E*15 0.00000D00 4. 00000D 00 e.94600E+0e 0.00000D40 0.eeeeeE+et 6.04000D00 e. Settee +es
set 25 53 1.1676M *14 3.07090E*20 3.47009 0 20 3. 07049E* 2e 3.07849E te 3.07044E*2e 3.07e44E*2e 3.e FaeM* 2e 3.07644 D 2e
see 25 54 2.61565E+0? 9.962ED11 4.lel95t*12 1.5220$D12 2.3252SE.14 5.4272M *14 1.2 M69D 21 1.61el2E * 32 4.77924E*47
150 25 le 9.29152E +03 3.57509E 18 e.eeeeeE+44 0.00400D04 e.eeeeM+et 8.00000D00 0.00000D00 0.00004E+44 0.tessoE+ee
800 25 57 1.0193M +02 - 1 02M M *12 e.teteeDec 9. settee +et e.00000E*ee 0.000e4E+84 0. 00000D00 0.00000E+04 0.00000E +et
set 25 54 6.60140E*01 7.6349et-15 0.00000E+0e 0.0040e*+00 0.00000D04 0.00000E+44 0.00000E*e4 0.00000 0 04 0.00000D 04
FE 26 55 4.2029 N +s? 7.44691E*se 3.3M14Det 1.973546 04 5.20243E*e9 3.61540E*l4 2.5110M*ll 4.4279eE*15 1.96447E * 19
FE 26 59 3.094e9D 96 1.175e N *e9 5.M19N*17 7.453tM*22 4.727ME * 34 1.94207E*54 0.00000E*ee 9.00000E+44 0.00000D 0 0
CO 27 64 1.05943Dee 5.9514M ale 4.00424D10 3.07955D ie 1.59339D10 4.26M4E*11 1.14197Eall 2.1916M *13 1.12544D 15

TOTAL (Cist1ts/CCI 1.34461F 06 1.24760E*e7 1.01043D07 6.6459E*e4 3.51337E*e4 1.97774E*e4 3.626eeb e9 3.7tS32E*10

TOTAL (CistlE33 2.05210 Del 1.90439E+44 1.542720 04 1. 0143M *04 5.3621M*01 3.0144M *el 5.534eeE*02 5.77715D e3
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R e.

' C3Npos e t CONCattE 4 eaDIAL FleCf 4 INCME$ * e$
votunt 4.teekeE*e7 C - i

a : asovt volunt !$ Foe THE F12ST 6 INCHES OF CONCRETE
h; a; IN TME K1814L DIeECTIDN.
ir s :

| :' (INTERyats 61 63 701Debell

MALF's(ell
. CeNCENTRATION (CUDIES/CC) at TINE 1NUCLIDE IF(.

s tEco $selT90MN 3.04 VWS 5.00 vel 10.00 vos 20.00 ves 3e.08 V9S 60.00 ves 140.44 VW5 i$VM | N.
N a 3, 3.87t35E+04 6.1413tE*e9 5.21776E*e9 4.66836E*e9 3.51364E*e9 1.9972SE*09 1.13579E *e9 - 2.64513E*1e 3.17644E*11 i

NE 2 6 4.097tlE*e1 9.23546Eall e.0000eE+ee e.400e#E+ee e.40040E*e6 0.00000E+44 6.eeeest+44 0.00000E+00 0.0000et*06 i
LI 3 4' 4.4817eE*01 1.65496E*ll- e.ee000E+ee e.00000E+00 e.eeeceE+0e 4.00000E+0e 0.00000E+et e.eee90E*ee e.eeeeeE+4e '

c- SE 4 4 3.see64t*16 - 2.6030eE*13 e 00000E+ee 0.sesseE+0e e.eeeeeE+et e.00000E+00 0.00eteE*00 e.00000E +4e . e.eesteE+ee I
!i et 4 le 7.seh3E*13 1.32tSeE*19 1.32259E*19 1.32254E*19 1.3225eE*19 1.32254t=19 1.32254E*19 1.322&M *19 1.3225M * 19 i

S- $ !! 1.99754E*e 2.26719E*12 e.steteE*0e 4.00eett'ee 0.00eest+0e e.eeeeeE+ee e.eetteE+es 0.00000E+04 0.0000eE+ee .i

C 9 14 }.6097eE*1 3.eSe75t*12 3.er*65t*12 3.0209tE*12 3.02799E*12 3.02344E 12 3. e19 FDE * 12 3.00 tele *11 2.**414E 12 |
F 9 to a . les!SE * e : 1.00416t *1e 0.00040E+et e.seteeE*e4 0.00000E+ee e.eeeeeE*ee e.eeteet+4e o.000 wee +44 0.00000E+0e- 1

NE }e 23 3.76710E+01 1.42537E*10 0.000est+00 e.teeteE+ee e.cooteE+00 0.eeeeeE*ee 0.00000E*ee 4.4460eE+4e #. settee +et j
NA al 24 5.41521E*e4 3.1356eE*e7 e.sete#E+ee e.se000E+et 4.ee000E+0e e.secest+0e e.eeeeeE*ee e.eeeeeE+ee o.eeeeeE+ee
NC !! 27 5. 64155E *0 2 -

3.441stE*e? . e.eeeeeE*ee ' e.coteeE+4e 8.00000E *06
7.f442EE*le 6.00000E + 0e e.00o00E+0e e.Seteet*ee 6.eeeeeE+0e . e.ecoceE+6e -

6.00000E+et e.eeeeeE*ee 0.000eet*ee 0.00000E*e6 0.settet**e e. settee *seAL 13 24 1.566t9E+e2
Si le 31 9.4305M+03 2. 7914 ?t *10 0.00eseE*80 e.eeeeeE+ee 0.00000E*ee e.00000E+et e.eeeeeE+ee 0.00000E+0e e.eesteE+ee
P 15 32 1.235 W +06 1. 4060 5t *10 4. 6419eE * 34 3 62472E*49 0.00000E + et 6.00000E+44 4.e0000E + ee e.secteE+ee e.eessoE+ee
S 16 35 7.60430E*e6 ' 3.91579E *10 6.96710E * 34 f.te394t*16 1.fte53E*tt 3.92964t*35 1.24495E*47 e.00000E*ee e.eeeeeE+ee
S 16 37 3.04e12E+42 6.59490E*14 0.00000E+00 e.tecept*ee 6.00000E+00 0.00000E+00 0.00000E+0e e.eee86t+0e e.eeeeeE+ee

-CL 37 36 9.77641E +12 2.95214t*13 2.95216t*13 2.95215E*l3 2.9521tE*13 2.9520SE 13 2.95196E 13 2.9517eE*13 2.95152E*13
AR 14 37 1.02604E+e6 2.445%E*e9 1.19640E*14 5.45495E*25 1.14446E *44 . 4.097hE *72 e.0000eE+0e e.000e0E*80 4.00000E+4e
6R le 39 8.464 ele *e9 5.13179E 11 5.09t2SE*11 5.066e6E*11 5.te117E*11 4.47146E 11 4.7494tE*11 4.3962eE * ll 3.96b49E*11
6R 14 41 . 6.6614eE+03 3.4473rE*12 0.eester.+ee 4.00eteE+ee 4.se60eE+44 6.eeeeeE+4e e.00000E+0e 0.00000E+4e e. settee +ee
K . 19 44 4.lel46t+16 5 99665t*16 3.9906hE=36 3.99065E*16 3.99e65E*16 3.9996M *16 3.9966 M *16 3.99065t*16 3.9966M *le .
E ' 19 4r 4.4719tt+04 1.lel65E*e4 0.eetteE+0e 4.00000E+00 e.eetteE+ee'4.seteeE*0e e.eeeeeE**e e.eesteE+ee e.o0000E+44
CA to 41 2.52053E+12 e.27303E*11 8.2726tE 11 4.27267E 11 6.2725tE*ll s.2716eE*11 4.2746st 11 e.26a7tE*11 s.26585t*Il

' CA to 45 1.42625E+07 3.36663E*04 3.34037E 10 1.573t9E*11 7.35234t=15 1.68667E 21 3.56659E*24 3.e5236E 44 e.3076eE*?$
CA to 47 3.9164aE+05 1. 64907E *10 e.94000E+ee e.eeeeeE+0e 0.eeeeeE+et e.00000E+4e e.e0000E+ee e.teseeE*00 e.cootet*ee |

SC 21 66 7.25449t + 06 4.49404E*e9 5.27161E*13 1.26330E*IS 3.55133E*22 2.4062SE*35 2.21751E**4 0.0000eE+et e.eessoE+0e
EC 21 47 f.96217t+05 5.96794E*12 4.60000E+ee o.eeeeeE+ee 6.0000eE*06 e.00000E+06 e.04eseE*se 4. settee +e9 0.00000E+64

! e.secteE*e0 0.00000E+e0 e.00000E+0e 0.00000E+44 0.00000E+et 0.00000E+0e e.teoceE+eeBC !! - 44 1.54253E+el .
1.43669E*}36.e 2 797E * s e . 00000E *e0 0.eesteE+08 0.00000E+ee 0.0000eE*00 0.00000E+0e 0.tetett+0e e.eescoE+SC 21 49 3.4464 9E +03

e.ste00E eeSC 21 50 1.e3147t+et 2.4545tE*l4 0. 00000E + 04 0. 000o 0E + 0e 0.00e00E*e0 e.90eett+4e 0.co000E+6e 6.coseoE+ee 60
il 22 51 3.64315E+0! ' 4.64379E*le . 4.00000E+00 e.eeeteE+ee e.eeeeeE+ee 0.80000E+00 0. testee +ee 8.00000E+0e e.coecoE+ee
v 23 49 .2.45246E+e? 4.3457pE*16 4.114e 7E *17 8.475b4E * 1e 1.91069E-19 4.96634E *3 4.19621E*2e 4.27634t*16 2.e39b6t*49
V 23 52 2.ete64E+et 1.27266E*e4 e.00000E+00 0.0000eE+0e e.00000E+4e 0.06 ecee +ee e.eeeeeE+ee 0.000e0E +4e e.eceseE+ee
W 21 53 1.199ttt +et 3.55010E*14. 4.00000E+00 e.eeeeeE*0s s 00000E*ee 4.00080E+et e.seeceE*ee 4.teetti+0e e eesteE+et(

V 23 54 - 5.54117t+41 4.37tteE*16 e.00000E+48 0.0000eE+0e 0.00048t*04 4.eee80E+ee 4.000etE+ee e.eeeeeE+ee e.secoeE+ee
CR 24 El - 2.39e43E+e6 2.05734t*D9 2.69665t*21 3.tt97tE*P9 5.07etet*49 e eeeeeE+ee e.eeseoE+ee e.eesteE+ee e.seteoE+ee

l : CR 24 55 2.40045E+02 - 3. f4363E * 11 e. settee +4e o.ee000E+66 0.000etE*ee 6.00000E*06 e.00000E+00 -e.00000E+00. e.eeeeeE+0e
NN 25 53 1.1676DE+14 - -3.e6256E 19 3.06235E*19 3.06235E*19 3.06235E*19 3.06234E*19 3.86234E*19 3.46232E*19 - 3 te230E*19
NN 25 54 2.61565E+e7 4.ee tl 6E *10 3.26436E*11 6.12196t*12 9.3527eEal4 2.let93E-17 5. e*446E * 21 6.4776eE*32 1.92230E*46
NN 25 56 ' 9.2915tt+03 3. 87376E * e6 0.00000E + 0e 0.eesteE+6e e.essest+44 4.cosect+ee e.eeeeeE+ee e,teteeE*ee e.cosseE+ee
NN 25' 57 1.01935E+02 5.e3697E*12 e . teco st +88 e.eeee6E+0e 6.000eDE+ee 0.00000E+44 0.00000E+49 e.eeeeeE+ee 4.00000E+e8 1
NN 25 54 6.6el40E+el 7.36446E *14 0.000ost+44 e.60000E+ee e.ee000E+0e e.0000eE+04 0.00000E+44 0.00000E+0e e.eeeeeE+4e

'4 -

FE 26- 55 4.te29fE+07. 3.6027M*e7 1.61444E*07 - 9.49697E*04 2.54544E*e4 1.73956E*e9 1.20477E*1e 4.e5556E*14 9.4554M *19
FE 26 59 3.49409E+06 4.7654eE*e9 f.te716E*16 ' 3.etl41E*21 1.91653E*33 7.71075E*18 0.00000E+44 e.ee000E+ee e.eeeeeE+ee

'FE 26 60 3.15564E*lt . 7.17334E-tS 7.1732M * 25 7.17313E*25 7.17209E*25 7.17259E*25 7.17109E*25 7.17040E * 25 . 7.16441E * 25
FE 26 .61 3.6000)1+e2 8.93925t*19 0.00000E+49 e.000ect+ee 0.eeseeE+00 0.000ett+00 e.00000E+00 0.00eteE40e 8.000eeE+00 *

CO 27 57- 2.34434E+47 2.835e?t*15 1.73,24t*16 2.e9190E 17 2.55526E 19 2.34tteE*23 2.e?456E*t? 1.51763E*39 1.ee035E*55 -

!CD 27 54 ' 6.13405E*e6 - .1.2135eE*12 - 2.74ttSE*17 2.19057E * 20 3.95435E*te 1. tee 52E*43 4.19MM-59 e.eeee4E+ee 4.0000eE+9e 'CD 27 64 1.65963E+08 9. 34973E*e9 6.3234M *09 4.45432E*09 2.51374E*e9 6.72957E ale 1.0015eE*le 3.4be64t*12 3.77550E 14
.:v CO 27 61 5.94407t+03 -1 00125E*15 e.eeeeeE+ee e.secest+et e.eeeeeE+ee e.00000E+04. e.seteeE+ee e.eeeeeE+ee.e.eeeeeE+ee >

' CO 27 62 0.34012E402 4.54467E*14 0.00000E+ee 0.00000E+49 0.e0000E+44 8.Deeset+0e 4.e0000E*e4 e.00000E+0e e.00000E+0e

C0 27 64 f 99999E*01 '2.44640E*14 e.DetteE+44 . 6.00000E+44 0.e0000E+41 0.00000E+0e 0.00000E+44 e.00000E+0e 8.00000E+0e
i N1 28. 59 f.5205M*lt 2.24657E- 2.tM31E*14 f.tM27E*14 2. tMl ?t *' 4 E.24597E*l4 2.2857 4 -14 2.2 ell 7E-14- 2.24434t*14

3.F2931E te12 1.15706E*12 3.19979E*12 2.9947M 12 2.77714Ealt 2.57539E 12. t.e5340E*lt 1.5189eE*12N1 24 ' 63 2. *eetM *09+

N1 te > 65 = 9 !!73eE+03 3.44430E*le 0.00000E+00 e .00000E +0e 0.00000E ree 0.00000E*00 4.ee000E+44 - 0.00000E+0e 0.secteE+ee
CU 29< 64 4.6209eE+04 . , 6.e4340E*p9 0.00000E+44 0.00000E+0e 0.04400t+44 e. tee 00E+0e 0.0440eE+0e e.00000E+ee e eeeeeE*ee
AS 37 M . 1.6097N *M 5.1252SE-16 1.01tleE*33 ' 3.5930M*45 4.9518Fl*75 0.90eetE+0e e.eeteet+4e e.setest+0e 0.eeeeeE+ee

.W- SA 34 87 -1.0479eE+e4 : 2.93777E*15 0.e849eE+00' e.tetteE+4e 4.ecef4E+49 e.00eteE+4e 6.eee00E+06 e tecteE+04 e seeest+ee
I ' SR 34 49 ' 4.5ee9eE+46 1.M7 tee *le . 0.69679E*21 5.22555E.25 ' l.46'4eE*35 1.14529E*56 4.M927E * 70 0.00000E+4e e.eteteE+ee

SR 34 '90 0. M 377t+48 4.44610E*19 - 4.lte90E*19 3.93006E*19 3.**300E*19 2.7141M*19 2.12MIE*19 ; 1.el143E-19 3.769eM te'e' SR 30 91 < 1.44315E+04 3.92752E 16 'O.00000E+00 e.00000E*o* +.e4000E*40 0.00000E+0e' e. Settee +ee 0.0440eE+04 e.eeeeeE+ee '*
tR 34 92 - 9.75604E+03 . , 1.Se640E*19 .0.00000E+es 0.000;.s+ee - 0.0000eE+00 0.00000E*e6 e.80000E*00 -0.00000E+0e 0. testee +es
SR 38 93 4.54495E+et . 9.17McE*18 0.00000E+0e -0.00000E+00 0.00000E+44 0.00000E*44 ; e. set 00E+0e - 4.000eeE+49 . 4.seseeteet#

Y 39 -89 2 1.56990E+et >3.50459E*16 e.00000E+44 0.coteM+0e 0.00000E +00 e.eesteE+04 e.00000E+00 4.00eteE*00 0.eeeeeE+ee
E, i V- 39= 9e 1. 2.SetSIE+05 5.6946?E*14 0.00000E+44 0.se000E+00 0.04eest+0e 8. testee +et 0.00000E+4e 0.00000E+0e e.eeeeeE*ee:

. V -39 91 5.09M7E+e6 - 4.75494E*15 : 1.21625t*2e 2.!?600E 84 1.0004M*33 2.54265t*52 -5.74387E*71. 0.00000E+44 0.00000E+0e '
i, Y ~ 39 - 92 ' l . t?44 eE + 04 : 1.41579E*15 0.00000E+04 0.00000E*00 0.00000E+00. 0.00000E+0e 0.0000eE+48. 6.e**e6E*ee t.Gesett+ee i
|R V 39 94 - 1. l *200E + 03 2.98164t*16 0.00000E+44 0.D00eeE+et 4.00000E+00 e.Setett+04 10.00000E+0e; e.ee40eE+04 0.00000E+4e .!

V 39 96 9.50406t +49 ' 2.69001E*14 0.00000E +00 0.00000E*04 0.00000E*40 0.00eteF+04' e.04000E+00 'e.00000E+ee' e.,00000E+00
'

0
'2N to to . 7.2 men +06 - 7.4425aE*la 4.30073E*tt 1.9164M*t4 - 4.90045E*31' ' 3.21977E*44 2.11246t*57 e.tasteE+ee eteseE+ee

N 40 - 89 2.82749E+05 7.46e70E*16 0.SeteeE*e8 0.00000E+44 0.00000E+44 0.00000E+00 0.00000E+04 0.00000E*ee e.00000E+44'f '

l i ( ' N 44 93 4.7475M +13 1.2677N 14 1.26771E*16 1.26771E *16 1.2677tE*16 1.26771E*16 1.26771E*16 1.2676eE*16 1.267 ME*16 ',

N 40 951. 5.63534E+M 6.1264eE*14 5.36981E*19 2.tS277E* tt 8.54573E*31 1. laced *47 1.65941E*e4 e.SeteeE+0e 0.eeeeeE+ee
2R 40 97 . 6.D6440E+e4 - 2.9376eE*11 0.00000E+44 0.00000E*00 0.te000E+44 0.00000E*00 0.00000E*0s e.eeeeeE*09 0.00000E+et
NB 41 91 2.20eaeE+10 - 2.74600E*19 2.73785t*19 2.7324 M*19' 2.71094E*19 2.69214E*19 2.M56N*19 2.58759E*19 2.4471eE*19

-MS 41 91 0.44744E *e5 1.14715E=le 5.0theeE*47 1.3449tE*64 0.00000E+0e e.00006t+00 0.00000E*04 e.00000E+00''t.00000E+00
'Ne 41 94 . 6.5el34E+11 2.84944E*14 2.M939E*14 2 549tN *14 2.54477E 14- 2.54FS9E*le 2.547 ele *14 2.54415Eale '2.54 M 2E*14
N6 41 95 - 3.02644E+M - ~ 1.437eM*Il 5.5190et 15 2.91McE *31 5.9te62E*47 2.4391?E*78 0.te000E+49 0.000etE*te 0.tesett+0e
Me 41 1 96 8.2013tE*04 - 2.70el4E*16 4.84000E+00 0.00000E+0e 4.0DeceE+4e 0.00000E+44 0.00000E+44 0.00000E*04 0.eetteE+0e :
2 41 ~ 97 , 4.33217t +43 - . 2.56443E*16 0.00 ecee +00 ,t.e4000E*ee 0.ee000E+44 0.toteeE+0e , 0.00000E+s4 0.00000E *00 0.00000E+ee . j

' NB 41 ' 98 3.Det25E*e3 7.47213E *17 0.0000eE+ee 0.D0000E*00 0.00000E+44 ~ 0.00000E*84 0.Det00E*00 0.00000E+44 ' 0.00406t+00 *

NB 41 let - 3.09994E+49 ; 5.05444E*14 e.te000E+et 0.00000E+0e e.000eeE+ee . 0.tece0E+ee e.stee6t+04 e . 00000E *e4 0.00000E+0e
ND 42 93 2.84077t+11 4.31990E*16 4.31899E*16 4.3143.3E 16 ' 4.31667E*16 4.31334E*le - 4.3100tE*le 4.U444E*le - 4. tete 5E*16 =
'ND 42 99 ' t.41515E+e5 - 4.6436tE*11 0.00000E+44 0.00000E*00 0.60000E+0e 0.00000E*00 0.00000E+04 0.04900Evet. e.00006E+04+'

'tj ;, NO 42 191 ' 4.7629tt+42 1.D6137Eall 0.00000E*40 - 0.00000E*44 0.00000E+4e 0.04000E+00 0.00000E+44 0.00000E+04 0.00000E*00 - t'

'd ; RH 45 3 D4 2.61565E+02 5.87557E 17 0.00000E+0e 0.00006t+44 0.00000E+te : 8.60066E*e0 : 0.00000E+ee 4.000DGE*00 4.00000E+00 4

''

,i RN 45 106 -' 7.64415E+03 ; 3.27766E*17 0.00000E *48 0.00e40E*00 0.00000E+ee 0.00006E*00- 0.00000E*04 0.00000E+00 9.00000E*00 s'i -' ''- PD 46107 ' 2. ell 34t *14 . 1.247ME*23- 1.247M E*t3 1.247ME*23 - 1.24766E*23 1.247 ME*23 1.247ME*23 1.247ME*t3 1.24765E*23
'

PD 46 199 4.33764E+64 3.29094t*l7 0.00000E+00 S.00000E+0e 4.00000E+44 - 4.00000E+00 0.00000E+00 0.00000E*00 0.04400E+0e
4.00000E+ e.00000E *00 0.00046E+44 0.00000E+00> AC 47 3 D6 7.3442tE*05 - 1.2764 tE*16 1.9991tE*55 9.00eetE*00 0.06400E+0e

1.91491E*12. 1.81931E 0e12 ' 1.7748eE*12 1.44999E *12 1.34774E *12AG 47 164 4.19 549E +e9 2.0239FE 12 .1.99164E*12 1.97074E*12
68 47 lie 2.1542eE+07 4.45216Eale 2.ltS59E*ll 2.44397E*12 1.76596Eale 7.04473E 19 - 2.77043E*t3 1.7339fE*36 4.29262E*S4
CD 44199 3.99544E+e? 2.71461E*17 5.tS22eE*18 8.75701E*14 1.13721E*19 4.76441E*22 - 1.995764*t4 1.467F4E*31 4.51649E*41
CD 44 111 '2.92221E*05 6.61229E*18 e.00000E+44 4.00049E*00 0.00000E*00 0.00000E+44 0.0400DE+ee e.eeestE*00 0.00000E*e6
CD 44 115 f 1.92541E+45 - 1.95795E*17 0.00000E+0e 0.0000DE+ee 0.0000DE*00 0.00000E+00 e.sesseE+0e 0.00000t*e= 2.00000E+00 .

CD 44 !!? ' ' l.22399E*D4 5.8441FE*le e.te646E+44 0.00000E+et 0.00000E*00 0.00000E+ee 0.00000E+ee 0.00000E*00 9.66440E*00 -i

CD 44 119 ' 5.97541E*02 3.25561E a rt 4.000eDE*e8 0.00000E*00 0.000eDE*00 0.00000E*00 0.00000E*e4 0.00000E*00 8.00440t+04i

i IN 49 Ill 1.42444E+45 9.13644E *19 0.00000E+60 0.00000E*0e 0.00000E*00 0.00000E+00 0.00000E*e4 0.00000E*00 0.00000E*00
i IN 49 112 1.2540$E+03 5.44944E*17 0.00040E+44 0.00000E*00 0.0000eE+44 0.00096t+et 0.00000E+44 0.00000E*00 0.00000E*00

ii IN 49 114 4.27669E +66 9.4 216eE *la 2.05754E*te 7.46145E*t9 5.94970E.44 3.76677E *62 0.00046E+44 4.steett+0e 0.cocett+0e
IN 49 115 1.6149FE+64 1.094 73E *17 0.00000E+44 0.00000E*04 0.00040E+04 0.00000E+44 0.00000E+44 0.0400DE+60 0.04000E*00 ->

|. IN 49 116 E 3.49994t*01 4.73646E *17 0.00046t+04 0.00000E*00 0.00000E+44 0.00000E+44 0.00040E+40 0.00000E+49 0.00000E*00
l IN 49 117 6.9%93tE*43 6.9 7944t * 17 0.00040E+49 0.00000E*00 0.00000E +49 0. 00000E * 04 0.0440tt+44 0.00000E*t4 0.00000E*05
|| IN 49 114 - 2.63955t*tt 2.39957E *17 0.00000E*04 0.00000E*4e 8.00000E+44 0.00000E*t4 0.00046t+0e 4.00000E*t0 0.00000E*00
Li IN 49 119 1.26427E*02 2.54918t*17- 0.0000DE*00 0.00000E * 00 0. 000e tt +44 0.00000E+tt 4.0000 DE + ee 0.00000E*00 0.00000E *0 0

IN 49 !?e 4.40095E+0i 5.200364 14 0. 00000E +08 0.04440E*09 8.0000eE *00 0.00000E*04 0.0449DE*00 0.00800E+00 0.00000E*00
IN 49 !!! 1.00994t*01 7.19414E*20 0.00000E+00 0.00609E*t0 0.0000DE+00 0.0049tE*e4 4.00000E*00 8.000eDE+44 0.00000E*00

| SN 54 113 - 9.94473E+te 6.36755E *13 4.700 79E * 16 1.66916E*17 1.70961E*22 5.01344E*32 1.46470E*41 3. 0494 FE * 70 0.00000E*00
l SN 54 121 .9.72156E*94 1. 5469e( *11 0,00000E*00 0.00000E*04 0.00000(+00 0.00000E+09 0.0049eE*00 0.00646E*06 0.00000E+49

SM 50 !!3 1.67967E*97 1.93492E*12 4.43634t*15 7.71375E*17 3.07524E*21 4.M 744t*30 7.76755E * 39 3.11417E*65 e.00080f*00
|| SN 50 llS 4.12599E+el 2.71144E*ll 2.2941DE*46 9.55305E*79 0.00000E+04 0.0000DE*40 0.00000E+ee 0.00000E*44 4.60040E*00,

U 's.
. - __. _ - . _ _ . _ _________________________m.. _._-m_ . . _ , , _ . _ _ , . . . . _ _ _ . . _ _ . . . .
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l' il 130 4.44941t*D4 - 231764ket? 6.00099t*$9 0.00000t 04 e.09tS0tatt e.steest*te 0.00005t*4e 4.5000et*96 e.9910tt*19
m1 'N S+ 133 4.M416i'41 ' ).l?99et*15 3 7 sat +t 74 e.etetet*ee 4.000eM*ee 9.00400E*et' e.eletet*te 0.e'ecot*00 4 testat*00
<D CS 95132 J 5.be990t*05 a.elleM*le 1. ele 61t*tt 4.eeeeMete e.sestM*et e.tettetete 4.00000t*t0 e.setettete 0.90906t*te

4.5565M * l e t.33074t*10 4.285 tit =1 !.4e+ tit *12 5.9911M 14 8.993eM 16 2.71533t*t4CS 66 134 - 6.4?oent+47 4.154 SM * 63
4.3459et*e9.5.7147M*e9'4.3470etae'{s 2.69=n 7t *H1.54251E-e4 3.8i469talt 3.9=l61 tall

4.3=ttet 9110 6.6573et*10 $.5754et.1e 3.717tet*lt 1.t62121 10 7.341 Set *11 4.*S34*E*12 2.Steltt*13
7.42$9+t-tu 43 462 , 4.17k69t+0e -

Eu sta 104 2.69012t+04
tv ?! '174 ' l.f t687t*47 S.6059 Met! 8.764t7 tars 7. 4443M * 25 1.e*9eM *te- 4.09551t=34 3.4 2449t -+4 - f.etstet 67 4.0096et+0e ,

tu ?! 177 - 1.3424N *07 3.ftS90E*le- 1.93t?7 tete 4.464 tit *tt ' t.990eM 25 4. 0164 7t * 32 5.3952M *19 1.3077tt 69 9.eee90 tete
W 72 173 4.496E3t+44- 4.71461t*17 0.00000E+00 0.00000t+04 4.00000E+ee 0.te90M eet e . e464M +et 4.0000M +04 e.4000M*te
W ?! !?l . 6.e444M+M l.1 M49t*11 1.0047eE*15 7.!!644t+19 1.0137 Mat 6 3.9936M 42 3.9te9tt te e.teteetete 0. tee 4M*04

1.7tMM 19 3 .64117t * 1.23237t-19 9. 4644M * te 6. ele $7 tate 2.46eett ft9.78261t+04 1.9273M *19 1.4e23et*19
9.76176t*21 - 9.tr638t 19

# W7 170 t

21 9. I t2ME * 23 9.el?tet*tt 4.71047tatt 4.317tetailf . W 72 179 - 1.493444+1e 9.53662t*tt 9.3032M e t!
". A e ' W 72 law 1.907tM +44 1.94534t*14 4. eeteM *ee 0.00000E+60 0.00000t+00' e.00000f+e9 0.00e9eE+44 0.00000t+0e 4.044tM+4e

' W ?! 181 ' ' 3.M35M+M . 4.67744E'le 7.77429E*14 E.0476ft*t3 5.4905ft M 6.444SM-62 0.000eM +ee 4.tetecteet e.eteeM*e4
_ W 72 let f.ete77telt ' 9.42914E M < 9.4291M * 26 9. 4291M a te - 9.4791 M * M 9.47912t*26 9.42911t * M 9.429e9E*26 9.42906t=t6

Te 73 See 2.9346eE+04 - t.te779E*14 0.00000t+e0- 0.00000t+0e 0.046eM+94 0.0000et+4e 4.000eet+ee 0.teetM+0e 0.teteM+te .
' Ta 7314: 9.e9hu +M 9.3e95eE *1e - 1.f tS&M *12 1.47tl6E 34 2.3telM 19 5.42196t*!9 1.46691t*Se 2.27469E.67 4.eettet+44
N 74 !al 3.te94eE*07 - 1.63EllE*le 7.te457t*17 1.9 M 34t-14 't.29310tatt 3. 216e nt * 34 4.Se942E * M 1.24344t*61 9. se64M +tt

'W 74 ISS - 6. 4 740 lf *M : 3.631&St*ll 1.4477M*ll 1. M 951t-18 7. Me37t*26 1.744 tee *44 3.MitM * 65 0.00000t+44 e.00000t+4e
W 74 147 4.59904t*e4 - 7.??!!7t=10 e.eettet*te 4.00000t+44 0. etteM *00 e.settet+90 0.00000t+0e 9.StateE+0e e.ettesteet .

NE se 293 4.4 tS2M *e6 . 6.54416t-l? 6.45963Eate 1.teteM te 1.64749t*4e 4.13341t-44 0.00000t+0e 0.0009et+04 0.00000t+et _v

MG et 20! 3.!1947t*tt 4.94654E*17 e.settet+0e 4. 000 DM + ee e.DeteM *ee 0.00e04f*04 s . ee000E * 00 0.00000t+0e 9.000eM+04
ft 41 toe 1.1924tt ee4 6.M416t*19 3.95740E = 39 2.74234t=19 1.096tet*19 1.75149t*20 2.7995M-21 1.14 44t*23 7.45064ter7

.TL el 206 2.5f tME*e2 - 1.17122E*17 e.00000t+0e 4.teteM+00 0.0000M *ee 0.04600t+49 0.0000M +04 0.99944teet 6.00000t+44
f t el 707 - 2.461ME + 0! - 9.72527t*le 0.00eteE+0e 0.00000t+0e 0.DeceW+00 0.00000t+et 0.00000t+04 0.60000f*e0 e.400tM+et

^ pe et 293 : 1.M74tt +61 ' 2.4537M a le 0.90etet+0t e . coe4M *ee 4.0000M*ee 0.00000 tete 9.00000t+4e 0.settet*te 0.00000t+44
pe et 195 4.76390t+34 1.lte!M * 19 1.lle rM *19 1.l te!M *19 1.120 tM *19 1.129 tM-19 1.12423E-19 1.12422E 19 1.12022t*19
Pt 82 207 7.95909t*e4 2.464118-12 e.000eM*ee 0.90000t+ee 0.0000 Mete e.ee09M*e6 9.et00M*00 0.0099M*e4 0.00406t*00

TOTAL (CistitS/CC)- 4. tete 7t-06 1.8141st-07 1.11159t*e7 3.6ellet 04 7.3te47t*e9 3.19022E*e9 6.72399E*10 1.49413t*14

TOTAL (Cnstits) - f. ele 45t+42 8.4495M+04 5.44670E+0e 1.76475t*00 3 A47tM eel 1. M321t-41 3.794754-02 9.34644t*e3

,t

. #

i
,

k 1 CeIWelENT I ' CeNCRETE * RADIAL SECeeS 6 IIICES * R5
%# WetteE :- 6.eeeeeE*07 CC

i : AseWE WeLLet 1* FOR TE WCeE 6 IIICES eF CeNtKTE
!n ' IN T E RAe!AL $1E CT3elt. !

l'. 3 2II (INTEllv&LS 64-M - 70TeRSRS)
i

talc 11M i - ItALFatf7E CeIRENTRAfteN (CletIES/CC) AT TIIE - .

10.04 VRS 20.04 VWS 30.00 VWS 64.40 vaS 100.00 VRS 'SV91 J N (SECeNeS) SpeJTestel 3.06 VRS 5.04 VRS -
3.47233E+es t.08714t*09 1.76179t=99 1.57344t*09 1.1M39E 09 6.7457M-It 3.83334E 10 7.64049E 11 7.354tM -12r -- M a1 .3-
S.097$1E=en' 2.044HE-15 ' e.steett+44 ' O.eeeeeE+et ' 8.00ee4E+44 4.seteM *ee 0.00000E+04 4.eeeeeE+et e.tecesteetl' E42 6

LI ? 3- 4- 4.4417M el - - S.51745E*lt e.00000E+44 0.00000E+4e -0.00000t+00 0.00000E+0e - 0.eete4E+00 0.eeteM*e4 - 0.00000t+ee - '
SE i 4 :'e 3.00444E 16 S.4648tE 14 e.00000E+0e e.tecteE+00 e.tecteE+44 0.00000E+e4 0.00040E+4e 0.00000t+0e e.eeeeeE+te
et 4 le 7.MM3E+13 - '3.44290t*te ' 3.4429eE*te . 3.4429eE*te 3.44 testate 3.4ettetate - 3.44247E te 3.44 SM te 3.46281t*29'
S .' S 32 .1.997%4E et 7.61523E*13 0.0000et+44 e .00000E +et e.eee64E+44 0.00000E+0e 4.0000M +ee 4.eetteE+00 -. e.0000e(+64 -
C 6 14 1.te974t+11 ,1.02100E*12 s 3.0206M -12, 1.et030E 12 1.01977E*12 71.0188M-12 J 1. elf 3M-12 1.01 M28 !!- 1.ee873E.12 . ;

.F 9 to 1 1.194 23E +e l -- ~ 2.4M30Eall s.eeeeeE+44 + 0.04400E+04 0.00000E+44 0.000400+44 0.000008+0e e.eeeeM+ee e.eeeeeE+ee 1 i

E le 23. 3.76710E+41z 3.33634E 11 0.0000et+44 0.00000t+0e e.eeeeeE+ee e.sesset*ee e.eeeeeE+0e e eeeeeE*ee e.secett+ee i

ela 11' 24 . S.41521E+44 - : 1.e4M M*e7 0.09000E+0e'e.eetteE+ee 0.00000E*06 4.00040t+0e e.et000E+0e -4.teeseE+0e 0.0+000t +0e -
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eM 45 IM E.61065E+et 3.46450E*18 0.00004E*ee e.00000E+00 0.eetett+4e 4.see64E+0e 0.00000E+00 4.00000E+0e 0.eeeeeE*00 '

pH 451H 7.8441M *03 1.8=600E*le 0.settet*ee 0.eteett+0e 0.000eM +ee 0.0440eE+ee 8.00000E+0e 0.tett6E*ee 0.seceM+0e
se 46 107 - 2.051%E+14 7.e4700E 25 L 7.eeteCE*ts 7.047048 25 7.0870 Mat 5 7.ee699E*t5 7.04690E*ts 7.086%E*t3 7.e4693E*t5 - !

- Pe 46 109 . 4.83704t*M 1.46347E*14 s 0.0444M *ee' e.eeeeeE+ee 0.000eeE*00 '4.00000E+ee- e,teteM *e8 >e.00eetE+ee 0.00e00E*00 - '|48 47 106 7.34422E+el 7.749 ME*le 1.tte ME*Se 0.00060E*et' e.eeeeeE*e0 0.00000E+44 e.000e0E+00- 4.00044t*00 0.00000E+et
- a4 47104 4.le349E+e9 6.34444E*14 6.re441E*le 6.1421st 14 5.9eMM *14 5.67e23E*14 .5.37592E*le 4.M15eE*le ' 3.7 ele 2E*14
as 47 Ile 2.15426t+47 9.50944E*lt 4.6444tE*13 5.909 tee *14- 3.77204E 16 1.49619E*te ' E.9546M*t5 3.Pe361E*SS 9.16763E *M
CD 44 109 3.99544E*47 1.53331E*18 2.96eteE*19 9.9744M*te ' 6.423392*t1 2.69009E*23 1.12720E*t5 4.24752E*33 1.55t4M *42 -
CD 44 111 E.9tt21E+03 3.41 M M 19 0.00000E+44 0.00000E*00 8.0440M *ee 0.00eeeE+ee 8.00000E+0) 0.e*e00E + 0e 8.00000E*00
Ce 44 115 1.9tM1t +45 '

l.17561E*!e ' O.00000E*00 0.00000E*e0 ' e.00000D00 e.eesteE+0e e.0000eE+4e- 0.0000 Mate 4.00000E*00
Ce 44'117 1.22399E+M 3.53962E*19 e.00040E+et e.0000M *e4 0.0000 M +0e 0.00000E+44 0.000eM *00 8.00000E+et 0.0000eE+ee

: Ce 44 !!9 5.9754 tE *02 1.9th7E *tt e.eeeeeE+ee 0.0000M+et 4.tecteE*00 0.eeeeM*04 4.0000eDec 0.00000E+et 0.00eett+44
IN 49 !!! 2.47444E +05 - 5.4e ?SM * 2e 0.00000E+ee - e.eeteet+04 e.000eM*t4 0.60000E*04 e.eGeteDee 0.0000f b00 0.000e M eet

j- IN 49 lit 1.tMeeD03 3.19262E*le 4.00000E+et t.eee00D 64 e.teteM +44 e.eeseM*00 0.00000E*e0 0.0000eE+et 8.tece0D80
^

IN 49 144 4.27069E +M 5.44795E*19 1.14 t eM * 25 4.26302E*10 3.39215Etel 2.1??MD63 0.00000E+et 0.00000E*ee e.00000E+0e. *

IN 49 115 1.61497E +44 6.19544E*19 8.e6400E+ee 0.00e64E*ee 0.00000E*44 0.00000E+00 0.00000E+0e 0.teceM*ee 0.00000 D 00
IN 49 lie 1.4099eE+01 2.778?eE*14 0.00000E*44 0.0000M *00 0.00eetE*e4 e.00000E+04 0.0000 M +44 0.4444M+0e 0.00440E*06i

i tu 49 117 6.96931E+03 3.97633E*le 6.0000M +00 0.00000E+04 0.0000eE*e4 0. settee +ee 8.00000E*ee 4.000eM+0e e.00et0E*00
| IN 49 110 2.6395M+42 - 1.43444E*le e.00000E*04 4.0004M +ee 8.0000M *e0 e.0000eE*00 0.eesteE*04 4.00000E +00 e.00000E*te
.- IN 49 119 1.264t?E*e2 1 442SM *10 0.00000E +0e 0.000eM +44 e.eeeeeE+ee 0.00000E+4e 0.0000M +44 e.4eeeeE*ee = 0.00000D 00

IN 4? 12e - 4.4ee9Meel 3.16901D e.eeeeeE+4e - e.0000eD00 0.ee64M*e4 4.SeeceE*00 e.e#400E*04 0.teeteE*4e 0.00000E*te
IN 49122 1.te99M +0! 4.334eet.l9fi 8.teeeeDet 0.eetteE+et e.80400Det 6.00000E+0e e.0640M +44 0.00000E*44 0.00000t*80
W Se !!3 9.9447M +e6 2.92241E*15 3.96421E*1a 4.4909et ft 4. t he tE *15 2.t935eE*34 6.4tleM *** 1.4131M*72 = 0.00000t *00

|- W Se 128 9. 7t l 5M +04 3.6769M*13 0.0000eE*04 0.00040E+0e e eee40E+0e 0.0440eE*04 0.0seteE+ee e.00000E+00 ' e.00000t *04
| . S.N. SG. 113 1.0. 794 ?D.4.7 5.2124.2[q. t 1.195. 4 M. . *.16 2,. 0 74 84.D. .14 4. . te.49..M * 23 1.3.1671E *3.12. 09.244.~t *444. 4e.e.l.e.D.6.7..se004.t+ete .... ..... . . . .. . * . . +. . n.. . . - . .. . . .

~ .n r - o- ,. . . -,, , . - . . . . - - - -



. .

9e-
sr

l' 53 134 - 4.44941t *e4 - 1.36M +t*14 0.49009t*00 9.90000t*t0' t.4060e(400 0.0440M *94 0.stettfett 9 tt006t*49 9.99980t*tt
i M S4 133 6.bettet*tt 4.5123*t 17 e.00609f*tt' O.40900t*04 0.0tetstett 6.00000t*t0 't,settet*te 0.00000t*00 4.00 tut *44

0.00000teet 4.00004t*06Ce $$ 13t - 5.6499et +el - 6.IlllM *16 4 411elt at? ' e.9804M+49 0.0009M *09 4.00000tett 4.40040E*90
1.1t46 t*15 4.latt7t*tt 6.13** tf a hCS 56 134 6.47488t+47 2.e34tet*ll 1.0291tt*11 5.234?H+12 9.441ut *13 3. 36 F3M * 14

. Eu 63 Il# D 4.1765*t+ee 2.44**M a lc 2.4526M *lt - 2.tte64t*10 - .69979t*10 1.ee64ttale S.*+151t*11 1.t345tE*ll 1. 5233M * 17
. SW 63 164 = 2.69412t+04 8.7654etall f.1684fF 18 1 64 30M * li .t?937 tall 4.4466+talt [ .4 t*= M * 12 2.11* tit *13 4.33*llt*15

LU ?! 174 ). Jf 647t *e 7 3.0194M * 22 1.4353ntatt 4.0641M *26 .455stt*34 9.85456t*14 a.700918 4l 1.0$053t*64 .0.080t#t*tt
!

- LU 71 177 :s.3624ft*e7 3.!M4*E*19 1.09448t*t1 .4.60496t*23 1. 64 7 FM * 26 2.26734t*33 3.94549t*44 7.341571*61 0.00000t*t6
W 72 173 * 4.4eM3E*04 2.677321 16 0.00000t *e4 - 0.0000et +et 6.04eeH+te 4.60000t+44 e.tetetE*te 4.0000et+0e 4.00000 tete

: W ?! 175 6.04440t*06 - 1.760ent*12 3.Seelet*17 2.3M 12t*tt 3.3435N*2e ' 6.57557t*44 !.t9319t*69 0.00000t+00 4.9996M *tt
1.03429t*te 0.07e54t*21 7.e9961E*21 S.67799t*!! 2.9926et * 21 1.1667M *!!@ ?! 17e - 0.76261t*e8 - 1.18 63M * F0
5.2993M*tt . 9.914SM *t15.te78tt tf 5.ks46et*tt 5.!*ultatt 5.13464t 221 4.96179E*22 4.7376 Matt 'W ?! 179 1.095844410 5.3177M a tt

W ?! let : 4.98?tSt+44- ).It637t*le 9.00000E*00 4.et400 tete 0.00000E*e0 0.0000et*ee 8.00000E+49 0.000eet+0e 0.00000t+49W ?! lel 3.M367E *M a.neteef all - 3.43994t*19 - 1.1947M*24 - 4.t9440t*37 1.5244M *63 4.eestet*ee 0.00000t+0e 6 teeecteet
MF 72 162 - f.e4477t+14 5.51425t*t? 5.EletM t? 5.5tetM*!? 3.514tSE*t? 5.514tetat? 5.11424t*27 5.llettt*t7 5.54421 tat?

m - 14 73 180 2.9346eE+04 1.34331t*15 0.00000f+44 9. 6000H + 00 0.04000t+et e.00000E+96 4.teetMete 4.00004t+44 0.94600 tete
TA 73 let.~ 9.49 Mit*e6 . 1.6290M *11 2 1457M*14 J.57747 tan 6 4.47604tett 1.e1931t*34 2.549 tit *43 3.90639t*69 4.9000M*69
W - 74 ISI 1.ft96et*47 9.9?titt*16 4.3965fE*14 s .1416M * I9 1.39934t*23 3.M24N*11 2.75297t*39 7.59039E*63 0.00000t*66 -

1

-W'74 145 ' 6.470ent+e6 6.le496E 13 3.23112t*17 3.77064 tate 1.76429t*t7 .79694t*42 6.21411t*57 0.00000t+0e 0.00094t*te
W '4 147 4.69904t+e4 3.61644t*11- 0.00000E*04 8.tettet*te 0.60000t+09 4.eteetteet 0.00000t+0e 0.00000t*e4 0.00000t+44

' E 64 293 4.etStM+46 - 3.M13tE*le 3.2106M*25 6.ll629E*30 9.Ges3M *42 t.4307tt*65 0.0000et+ee 0.0000et+ee e.tetett*st
' W 60 tel . 3.11947t +e4 - E.9723M *14 8.ett0M+et 0.0000eE+00 0.00604t+00 0.00000E+00 0.04000t+44 4.e649etect 0.0004M*te

TL 81 204 1.19tett+44 3.9694ttate 2.20945Eatt 1.5M79t * te 6.3432 Fla tl 1.01364t*24 1.61968tatt 6.6106tE*25 4. 311tM * 2s
.TL el 206 f.52656t+02 6.92667t*19 0.00000t+00 0.00000t+00 e . DeteM+et . 4.00000E*t4 0.000t M *et 4.4490et*ee 8.00000t+04
- TL el it? 2.Mleet+02 5.67760E*19 0.00000E*96 0.00000E*t0 0.00000t+04 0.00064t+64 0.0440et+44 0.00000E+44 0.00000t+0e

De et 203 1.e4742t+0S ' 1.49745t*15 0.94000E+00 4.00000t+00 6.000eM *e4 0.00000E+04 0.0000et*00 0.0000et+44 6.640eeE+00
Pe 82 tel . 4.76390E+14 ~ 6.4fe9M *23 6.&te94tatt 6. 62094E a t t 6.42090tatl 6.6 te90E *!! 6.6te97t*Il 6.6te94t*24 6.4249M *21
PS 42 797 7.95909t*01 1.4941N*13 0.0000M+00 9.4049M*00 - e.00000t+00 ' e.0004M*te e.00000L+00 0.00000t+04 4.60000(+44

TOTAL (CUR 1tS/CC) 1.52909E*e7 7.0M46t *o9 4.teMet*09 1.3411?E*09 2.78141t-le 1.21469t*10 2.5M5tt*11 7.34444t*12
101&L (CURIES) 7.946ett+0e 3.65633t*01 2.23790E*el 7.2097tt*02 1.45190tatt 6.1466M *93 1.3491N *05 3.43 Met *04
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.1 : A80VE WOLUM IS FOR TE FOWTH & IIICMES 0F CONCIETE
'

- IN T E RAalAL e!GECTleM. |

'I
I (188?ERVALS 74-72 = TOTWIMS) : ,

safCLigt t :MALF* LIFE: - Ce01CEDfWAT1001 (C W 1ES/tC) ST T1 4 !

' syn 2 n- is COMes> snufatuu 3.ee was'- 5.ee was - le.ee vos te.ee was , Se.ee was - u .se vos lee.te ves 1
H- 1 3- 3.47233E+08 2.M 741E*11 2.167tM*11 V 3.9356e$*11 1.469398 11 4.29668t*12 4.71 M et 12 L4.M461E*13 9.04168t*14

'

E t 6 8.09711E*e1 1.e190M*16 0.00000E+0e - e.e000et+80 - e.eeeeet*ee - 0.00000t+4e e.eeeeeE+ee 0. 00eteE +00 e.00000t+et
LI ' 3 8 ' 8.44170t*el 6.70999E*14 0.00000E+ee 0.00000E*04 4.00000E+0e 0.00000E*e4 e.eeeeM*ee 4.00000E+es e.00000t+ee,

! eE 4 .85 3.000ME*M !.M960E*15 0.0ceett+04 0.44000t+00 ' e.4000eE+44 ' e.eee00E+44 - e.00000E+0e e.eeeeeE+40 0.00000t*ee I.
M 410 3 7.8eM3tel3 - S.94210E*tt 8.Mt1 Matt 8.94t16E 22 8.M215E*22. 8.94215 Eat 2 8.M21M*tt . 8.942eM *tt 4.94193Eatt . 'j
S 5 12- 1.99794E*8t' . 9.348tM*15 6.teteet+00 - 4.000000+68 0.00000E+80. 0.00000t+0e .e.0cee H +0e 4.00004E+44 :0.Deeett+0e

-

-

C- 6 14- 1.80970E*ll 1.tle64t*14 1.19823E*14 1.tE792t*14. 1.tS710E*14 1.If%64E*14 3.tS41M 14 - 1.24959t*le 1.24354E*le i

.F 9 20 ' 1.leetM*el '1.4321 M *lt .o.ootett+00 0.0048et*04 0.04440E+49' 4.0000eE+et e.00040t+et 6.00000E*00 0.00008t+6e-

SE le ' 21 ' ~' 3.7671M+01 1.8339tE*12 0.seeeM+0e 0.00040t+et e.eeeett+ee e eeeceE+ee e.eeeeeE+0e e.eeeeeE+es e.teteM +ee
II6 -!! 24 5.41521E*04 1.te639E*e9- 6.00000E+44 e.eeeeeE+ee e.000006+0e e.00000E+0e 0.00000E +0e e.4eeeM +4e 8.00000t+98- 9

; IIB 12 ' T7 5.68113t+42 9.eS329E*12 8.000408+44 e.40000E+00 ' O.00eett+04 e.00000t+ee e.eeeeeE+ee 0.00000t+0e 0.e0000t+ee .i

: AL 13 tt ':1.5 M29E+02 1.48369E*e9 0.ee000E+et e.00000E+44 0.00000E+00 e.00000t+0e e.eetteE+00 0.00000E+0e 0.00000t+e4 'f

St 14 31- 9.4345M *03 3.13M6E*lt - 0.eeeett+0e 0.00000E*00 4.00000E+44 = e.eeeeet+0e e.eece0t+ee e.00 ecee +0e e.eeee0E+6e -1
0 - 15 32 > 1.235ME+66 : 1.138738 12 9.7817eE*36 . 4.182sN 61 - e.ee00eE+04 4.0000aE+0e e.eeeeeE+ee- e.eecoeE+et e.etooet+ee -.

S H 35 ' 7.6403M*e6 : 1.65753E*12 s 2.949148 16 ' 9.3293M*19 ' 5.15109 tats 1.66354t*37 5.2698tE*S4 0.eeeeeE+et 0.0000et+00
$ .M 37 ' 3.0404tE+et - 8.59045E * M 0.00000E+44 0.00000E+ee- 0.00000t+00- 4.00000t+0e 0.00044E+44 - 4.00000E+44 e.00000t+44

-CL 17 36 ~ 9.77M 1E+12 1.39657t*15 1.195ME*15 1.195ME*15 1.195 ME 15 1.196&2E*ll 1.19M9E*15 1.19M it*15 .1.19538t*ll
AR IS 37 3.etee4E+46 3.51550E*ll 1.3503M*te 7.135ME t? 1.4484et*42 S.96710t*74 0.00000E+40 e.Setett*00 0.00000t+00

2.41244t* t.41371t*13 2.40130E*13 t.37eME 13 2.310218 13 t.tS140E*13 2.68345t 13 1 P963E*13AR 14 39 4.4449H+49 ,
4.293275.1314- 0.00048E+0e 0.00000t+0e 0.00004E+44 ,e.00000E+64 4.te000E+ee : 0.eeeeM*8* e.eO90E+et . (> AR 18 41 . 6.6el40t+03'

.R 19 et 4.10144E + M 1.M335 le ; 1.M333+18 1.M 332t*18 1.M 332E*18 1. M 334t*18 1.M332E 14 1.*Lae 1. Mete *18
E . 19 42 '' 4.47192E*M - 4.4377tE* 11 0.00004t+44 't.e0000E*4e e.00000E+00 ' 0.00000E+00 i 4.00 ecee +0e F.00ee0E+00 4.eceets ...

<CA to 41. : 2.520$3E+12 '3.5 M45E*13 -3.516 tee *13 3.51610t*13 3.516Mt*13 3.51564E*13 3.5M338 13 4.514428*13 3.51326Z*13
CA 20 -45 ).4262M*e? ' 1.36742E*le 1.3730et*12 6.39022E*14 2.90631t*17 6.$2171E*24 1.42427t*30 1.463475 50 . 3.3743M*77

'CA te 47 3.91644E *e5 7.00409E*13 0.00084t+0e 0.00000E+44 - 0.00eteE+04 - 4.00000E*e0 0.00000t+4, 0.00000E+0e 0.seteet+ee
SC 21 46 - 7.25049E* M : 1.8617M*11 2.11476t*15 S.06767E*18 1.424608 24.'!.125725 37 8.09541t*51 0.0ee00E+00 0.00000E+44
SC 21) 47 ' 2.M217E*06 6.3elietale e.00000E+0e , t.ee00M+ee e.eeeetE+ee 0.00000t+44 e.00000E+0e 0,0440et+04 0.06400t+0e
SC 21 44 1.letS3E+05 1.992342 54 0.00000t*04 0.00000t+44 0.00040t+04 0.04e04E+0e 0.00000E+0e 0.000eM +0e e.00000t+4e
SC 21 49 3.44449t+03 7.M647t *15 0.e0000E+0e 0.06000t+00 0.00000E+00 0.00004t+04 0.00040E+0e 0.00000E+00 e.4000M+0e
SC 21' $4' 1.03147t+02~ 3.6459et-16 A .tettet+60- 4.00000E+ee e. Settee +0e 0.eee0eE+44 0.00000t+40 0.00000E+0e 0.00000t+00 >

T122 El - 3.44515t*02 1.99354t*1ti s testee +0e 0.04000E+44 0.ee60eE+4e 0.0#eeM+0e 8.00000E+ee 0.00000t+ee 0.00000t+00
V- 23 49 2.8524eE+C7 - 6.12217t*16 6.1346M*19 1.12347t*19 2.86105t=21 1.337eltate - 6.24818t te 6.37644t*38- 3.e4126E*51
V ' t3 ' 52 2.stee4t*e2 ' 5. 27177t alt 4.seetM+et 0.00000t+00. 0.0cetet+0e 0.00000t+44 e.eee00E+0e e.eesteE*00 e.eeeeef+04
V ' 23 . SS 1.19922t+42 4.6429M* M ' e.00000E+44 - e.00000E+44 e.00000t+44' 4. Settee *ee 0.000000 04 0.00000E*ee 6.00000t+ee
V 23 6.51209E*14> e.00000E+0e e.eeeeeE+0e 0.00000t+44 0.00000E+04 4.00000t+00 0.0000eE+04 e.te000t+0e
CR 24 M . 5.le117t*04 -51 2.39643E+06 7.99846E *lt 1.04434t*23 1.25567t*31 1.9711M*51 0.00000t+04 0.04000t+44 e.00000E*00 e.eee00E*ee

e.eeeest+ e.eetteE+40' s.eeee0E+et e.teteM+4e 0.00000t*eeCR 24' 55 2.le#4M*02 ' 4.419 tee *13 0.00000E+00 ' O.0044eE+4e
See 25 53 -1.16764t*le 4.M637t* 21 - 4.5M3M*21 4.56636t*21 4.54636E ee21 - 4.M63M*21 4.M634t*tt 4.34631tatt 4.5662M *21
898 25 54 2.61MM*07 4.6292 7t *12 3.7M54E*13 7.0723N*14 1.cee47t*15 2.52185t*19 5.84544t*23 7.44MM * 34 2.22e74t*44
ese 25 : M - 9.2915N+03 - 1.24360(*06 9.tecteE+0e e.00000E*e4 0.04000t+e4 4.00044t+et 0.00000E+04 0.0000M*ee e.eettet+ee 3

Ist 25 57'. 1.01933E+41 7.50044t*14 e.00000t+0e 0.00000E*00 e.eeeeM+4e e.seeeM+0e e.eeeest+4e 4.0000e4.*4 e.seteet+ee '

,

est 21' 54 6.64144t+44 1.06744t*15 0.00000t+44 e.00000t+44 e.eeteet+0e 0.00000t+0e 0.00000t+44 0.00000t+44 ..;;***8*ee

M 26 55 - 4.ter9H+47 : 1.52694t*e9 ' 4.M1eet le 4.e250 Male 1. tele N*1e 7.37271E*12 5.123edal3 1.71445t*16 4.e.**et.za
M 26 59 - 3.89449t+e6 1.e4479 tall 4.86784E*19 1.17e15t*t3 7.422%E 36 2.96626E*64 0.teteet+4e 0.00000E*06 0.0000 0 00
M 26 ' 64 3.15M9E +12 1.06770t*26 1.0476M * te 1. 0676M * M 1.06763E * 26 1.0675SE * 26 1.06744t*26 1.M726E* M 1.0449d *+.
M 26 41- 3.60004t+e2 1.33279t*?e 0.04ettt+0e 0.00000t+et 0.00000E+44 0.e0000t+44 0.00000t+0e 0.00000E+00 e.eeeest+ee
CO 27 57 2.34434t*e7 4.22464t=17 2.54353t*18 4. ele 87t*19 3.eeMit*21 3.4299M * t5 3.49051E*t9 2.2644 M *41 1.49024t*57

' CO 27 la - 4.1344M+44 1.3434N 14 3.05t&3E*19 2.42541t*22 4.3789M*10 1.42649t *45 4.6405)(+61 0.00000f+44 0.ee000t+ee
to 27 6e 4.65983E+44 - 3.49474E 11 2.35354t*ll 1.80820t*11 9.35542E*lt 2. 5046M *lt 6.7052SE*13 1.2665 N *le 6.60419t*17
CO 27 61 S.94047t*43 1.2450et.17 0.00000t+04 0.00000E*00 e.eeeest*0e 4.000e0E+4e 0.00000t+44 0.0000et+4e e.eteest*ee

= LO 27 - 62 8.34012E +02 6. tS4 SM* M 4.0000et+0e 0.00000t+0e 0.00000t+4e 0.00000t+00 0.00000t+44 0.00044t*e0 e.ecoset*ee
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*| CC 27 , 64 - f . 9'***E * 41 ~ 3. Mt?tE te e.00steE+ee e.seteeE*to e.ee006E*ee 4.cootet*ee' e.cose6Eete e.eeeeeE*4e 6 eecetE*e6 '

t! 28 51 !.Ste53E*11 9.4325tE*lf 9.=3ttM * !? 9.4321tE*17 9.+317't.17 9.4 300*E * 17 9.43eeft 17 e.** 4 1E*17 c..t.3*E*17
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Activation Analysis - R5

TSO Data Sets / Notes
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.

O:

ANISN - Neutron Flux calculation - **R1
T8284 |

|

Input output
. . . . . . . . . . . . . . . . .....................

Radial ANISN. DATA (Kt ...LR1) REBATE. DATA (RBTRADR1)

Axial Up ANISN. DATA (AXUPRI) REBATE. DATA (RBTUPRI) I
!

Axial Down ANISN. DATA (DOWNR1) REBATE. DATA (RBTDWNR1) |
,

l
'

:
1

(

\ O
c

,

:

|
. g.

>

t

|

|
!

......

|.
** The ANISN runs for the neutron flux were not redone for Rev. 5.

-.1 ,

,
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i i

'
\

i
i

:
'

I

O !
'

|
REBATE - Activation Calculations - R5 i

T8184

RADIAL Input Output
................ .................

REBATE.DATAR5( ) REBATE.L133R5( )

All Components TOTGRDR5 TOTGRDRE
(Large Reflector to Concrete) **TOTRDR5C **TOTRDR5C

Top of Core Barrel RCBTOPR5 RCBTOPR5

i

,

AXIAL UP
,

All Components TOTGUPR5 TOTGUPR5
,

(Top Non CR MCB to Concrete) |

; Top CR MCB TOPREFRS TOPREFR5 '

|- RCD UPRCDR5 UPRCDR5

Upper orifice valve UPOVR5 UPOVR5 t

,

AXIAL DOWN
1

All Components TOTGDNR5 TOTGDNR5 ,

(CSB to:CSF) **TOTDNR5C **TOTDNR5C

Hastelloy Cans : *

Metal only HASTXMR5 HASTXMR5
Graphite only HASTXGR5 HASTXGR5

1

** TOTRDR5C and TOTDNR5C were added to correct impurity levels
in HLM graphite used in the large side reflectors and core
core support blocks.

O '

;

.

I
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O

SRCEDOS1 - Gamma Source Calculations - R5
T8184

RADIAL Input output
...................... ............... ....

|All components t
5 years REBATE.L133R5(TOTGRDR5) ANISN.DATAR5(TRAD5R5)

30 years REBATE.L133R5(TOTGRDR5) ANISN. DATAR5 (TRAD30R5)
60 years REBATE.L133R5(TOTGRDR5) ANISN. DATAR5 (TRAD60R5) .,

100 years REBATE.L133R5(TOTGRDR5) ANISN. DATAR5 (TRAD00R5) |

.

AXIAL UP

All Components :
5 years REBATE.L133R5(TOTGUPR5) ANISN. DATAR5 (TUP 5R5)
30 years REBATE.L133R5(TOTGUPR5) ANISN.DATAR5(TUP 30R5
60 years REBATE.L133R5(TOTGUPR5) ANISN. DATAR5 (TUP 60R5)

'100 years REBATE.L133R5(TOTGUPR5) ANISN. DATAR5 (TUP 00R5)

!
|

AXIAL DONN !

All Components :
5 years REBATE.L133R5(TOTGDNR5) ANISN. DATAR5 (TDWN5R5) ;

30 years REBATE.L133R5(TOTGDNR5) ANISN. DATAR5 (TDWN30R5)
60-years REBATE.L133RS(TOTGDNR5)- ANISN. DATAn5 (TDWN60R5)

100 years REBATE.L133R5(TOTGDNR5) ANISN. DATAR5 (TDWN00R5)

|

_ ._ -- -- _ - - _ - _ - -_ -_ _
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ANISN - Gamma Flux Calculations - R5

SRCEDOS2 - Dose Rate Calculations - R5 ;

T8184

ANISN ANISN Output / SRCEDOS2 q

Input SRCEDOS2 Input output j
............... ............... .................

RADIAL ANISN.DATAR5( ) SDOS2.DATAR5 ( ) REBATE.L133R$( ) !

All Components :
5 years RALL5R5 RALL5R5 All outputs

30 years RALL30R5 RALL30R5 listed in
60 years RALL60R5 RALL60R5 member R5 DOS 2.

100 years RALL00R5 RALLOOR5

Liner-> Concrete RLIN5R5 RLIN5R5
(5 yrs)

' Liner-> Concrete RLIN60R5 RLIN60R5 I
(60 yrs) |

> Spacers-> Concrete RNI45R5 RNI45R5
(5-yrs)

;

Spacers-> Concrete RNI460R5 RNI460R5
(60 yrs) ;

Core Barrel-> Concrete RCB5R5 RCB5R5 -
,

(5 yrs) ;
.

Core M rrel-> Concrete RCB60R5 RCB60R5
(60 yrs)

. Concrete Only ( 5 yrs) RCON5R5 RCON5R5 |

Concrete only (60 yrs) RCON60R5 RCON60R5

| Concrete ( 5 yrs) R55Mll R55N11 I
(Minus 11 int.)

Concrete ( 5 yrs) R55N12 R55N12
(Minus 12 int.)

i

Concrete (60 yrs) R560M3 R560M3
(Minus 3 int.)

Concrete (60 yrs) R560M4 R560M4
| (Minus 4 int.)

Concrete (60-yrs) R560M5 R560M5
(Minus 5 int.)

'
l

I
!
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ANISN - Gamma Flux calculations R5-

SRCEDOS2 - Dose Rate Csiculations R5-

i

T8184

ANISN ANISN output / SRCEDOS2
Input SRCED082 Input output

. . ........... ............... . ...............

AXIAL UP ANISN.DATAR5( ) SDOS2.DATAR5( ) REBATE.L133R5( )

All Components :
5 years UALL5R5 UALL5R5 All outputs

30 years UALL30R5 UALL30R5 listed in
UALL60R5 member R5 DOS 2.60 years UALL60R5 -

100 years UALLOOR5 UALLOOR5

Liner-> Concrete ULIN5R5 ULIN5R5
(5 yrs)

- Liner-> Concrete ULIN60R5 UTJN60R5
(60 yrs)-

Concrete only ( 5 yrs) UCON5R5 UCON5R5
l

Concrete Only (60 yrs) UCON60R5 UCON60R5
|
,

Concrete ( 5 yrs) U5R5N17 U5R5M17 '

(Minus 17-int.) *

Concrete ( 5 yrs) U5R5N18 U5R5N18
(Minus 18 int.)

Concrete (60 yrs) U60R5M8 U60R5M8
I (Minus 8 int.)

1

Concrete (60 yrs) U60R5M9 U60R5M9
(Minus 9 int.)

.

.

O
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O ANISH - Gamma Flux Calculations - R5

SRCEDOS2 - Dose Rate Calculations - R5

T8184

ANISH ANISN Output / SRCEDOS2
Input SRCEDOS2 Input output

............... ............... .................

AXIAL DOWN ANISN.DATAR5 ( ) SDOS2.DATAR5 ( ) REBATE.L133R5( )

All Comp nents :
5 years DALL5R5 DALL5R5 All outputs

30 years DALL30R5 DALL30R5 listed in
60 years DALL60R5 DALL60R5 menbar R5 DOS 2.

100 years DALLOOR5 DALLOOR5

Liner-> Concrete DLIN5R5 DLIN5R5
(5 yrs)

Liner-> Concrete DLIN60R5 DLIN60R5
(60 yrs)

: Concrete only ( 5 yrs) DCON5R5 DCON5R5

Concrete Only (60 yrs) DCON60R5 DCON60R5

Concrete ( 5 yrs) D5RSM10 D5R5N10
(Minus 10 int.)

Concrete ( 5 yrs) D5R5M11 D5R5N11
(Minus 11 int.)

Concrete-(60 yrs) D60R5M2 D60R5M2 .

(Minus '2 int.)

Concrete (60 yrs) D60R5M3 D60R5M3 -

(Minus 3 int.)

Concrete (60 yrs) D60R5M4 L60R5M4
(Minus 4 int.)

O

n



Activation Analysis Notes
(From REBATE runs through Dose Rate Cales)

Code Function JCL Notes

REBATE Computes Activation for FT02-REBATE cross- -Usually done for
input to SRCED051 sections several time-periods

FT06-Output

F101-AN!$N peutron -Sometimes has
flux input underflows

FT5-REBATE input deck

T1368. WALKER.CNTL(REBATE) SYSUT1 - Decay Library

SRCEDOS1 Calculates source for FT01 - input (REBATE
input to ANISN output FT06)

T1368. WALKER.CNTL(SRCEDOSI) ,7 g ; Total Intervals; TIME
0

3

ANISN Calculate flux input FT04 - 8 cross-sections -FTOS deck is a hane
to SREED052 FT05 - Input Deck from SRCEDOS1

FT07 - Output Flux output-edit 17**
array and 8$$ array-

-Ends on "end of fi
error

-Be sure to edit out;
deck to change all '
to "*"'s

' T1368. WALKER.CNTL. ( ANISNGAM)

SRCED052 Calculates Dose Rate FT01 - Flux input -Get normalization
(FT07 from ANISN) factor from ANISN r

FT03

FT06 - Output -Will end on "End of
Record" error if ot

FT05 ' DOSE'; Total is written to 80 LF 4

Intervals; file
Normalization
Factor

T1368. WALKER.CNTL(SRCEDOS2)

SITEREB Activation of Components FT01 - Input REBATE file
(S.+100 yrs Edit) 7T02 - Decay Library

FT06 - Output
SITEREB2 Activation of Cor.ponents FT05 - Volume; Title /Cosments;

(3 -* 60 yrs Edit) Desired Intervals i
T1368. WAL KER. CNT L ( S I TEREB/S I TERE B2 ) i
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'

i |

'

POSTREB Activation of Components FT01 - Input REBATE file
FT02 - Decay Library
FT03 - Output

T1368 WALKER.CNTL(POSTREB)

:

!
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Attachment 2
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Component Material Compositions and Volume Calculations
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