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. INTRODUCTION

In late 1976 NUS completed a decommissioning study for Unit 1 at the San Onofre
Nuclear Generating Station. At the request of SCE a proposal dated March 13,
1979 vaas submitted for a scope of work which included a similar study and
ecrirpate for Units 2 & 3, and an update of the earlier estimate for Unit L.

The study for Units 2 & 3 was approached as a fresh effort, beginning with
assignment of personnel 10 the plant site. This report presents the results of the

de ommissioning cost study.
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I. SUMMARY AND CONCLUSIONS - UNITS 2 & 3

NUS has prepared and presents herewith an evaluc:ion of the dispositions that can
be applied to San Onofre Units 2 & 3 and which are associated with
decommissioning them at the end of plant economic life.

The costs of decommissioning have been estimated and are also presented. The
cost estimates are presented in 1979 dollars, and schedules indicating the timing of
expenditures are included in this report. The estimates are based primarily on the
cost of labor and services in the local area. SCE site and home office salary costs
are averaged with respect to make up of the work force and include fringes and
overheads, but do not include corporate administrative and general expense nor
employee benefits. A contingency of 15% is provided.

Of the three basic decommissioning options generally considered technically viable
in the industry (minimum decommissioning, entombment and removal) only
minimum decommissioning a:.. removal were considered. This is consistent with
the approach taken earlier with Unit L. Both the high cost of installing and
ultimately removing entombment facilities and the uncertainty of future
regulatory requirements preclude consideration of entombment as a viable
alternative. Furthermore, the ongoing costs of site staff and property insurance, as
well as the value of the site, override any cOst savings attributable to decay of

induceu radioactivity.

The cost estimates preserted herein were prepa »d on a site specific basis. NUS
personnel were on site for an extended period of time, and the estimate reflects
local labor costs, SCE's normal mode of contracting for services, the degrees of
difficulty of removal of various portions of the plant and the availability of plant
drawings and quantities at the plant site.

Other decommissioning related costs were also developed and included in the

estimates. These include such items as radioactive waste disposal, indemnification,
major remote tooling procurement, and subcontracts.
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This evaluation considers the San Onofre plant on the basis of regulatory

requirements and the equipment and facilities design in existence in early 1979.

Future modifications must be treated separately.

The decommissioning option addressed herein contemplates plant shutdown,
followed by decontamination, fuel shipping, removal of all radicactive material,
razing and removal of remaining structures and facilities, and restoration of the
site to essentially pre-construction condition, including extensive backfilling where
necessary, allowing unrestricted use. Licenses would be terminated.

This option is considered achievable in the current and prospective future of
nuclear plant decommissioning. The concepts of remote sectioning and removal of
irradiated reactor components and full scale primary and secondary
decontamination have been demonstrated, and will be further developed in the
future.

The removal costs associated with decommissioning of both units are estimated to
be $164,217,000 and the value of salvageabie items and scrap are estimated at
$24,308,000, yielding a net estimated decommissioning cost of $139,909,000.

The amount of this total allocated to Unit 2 is estimated to be $6¢,908,000. This is
Jess than half the total because shared facilities such as the fuel hancling building,
control building and intake and discharge st-ucture remain with Unit 3.

These costs are in 1979 dollars, and are exclusive of site security, operations,
nuclear indemnification and property insurance. This is the same basis on which
the earlier Unit | study was presented. These additional costs have been
separately estimated and are also presented in this report.

The difference between our present estimate of $64,908,000 for Unit 2, and the

June 8, 1979 preliminary estimate of $64,000,000 is that we tried to be careful in
the preliminary approximation not to overestimate *he cost.
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[l. DISCUSSION - UNITS 2 & 3
A. General

The decommissioning of nuclear reactors in the United States has substantial

' historical precedence. Over sixty small reactor facilities (excluding many very

small research tools and mulitary application reactors) have been shut down and

decommissioned by the modes discussed herein. Further, it can be expected that a

number of generating facilities of a size approaching San Onofre will be

refurbished or decommissioned before San Onofre. Thus, the sophisticated

' technologies which are necessary and have been demonstrated in the past for this
type of service will be further develojed in the future.

It can be expected that three major factors will affect future power plant

decommissioning.

l. The cost of decommissioning wi! be a significant factor in future
decommissioning of facilities baser. on current experience and projections.
Recovery of these expenditures over the operating lifetime of San Onofre
would be a means of providing for decommissioning costs, along with the

other costs associated with the zost of service.

2. Entombment of facilities will be difficuit to justify, due to socio-political
and technical factors. This is due to the fact that the entombed structures
may not meet future regulatory requirements for long-term disposal. Also,

the value of the property makes it uneconomical.

3,  Maintaining low personnel exposure during decommissioning is a prime
consideration in the decommissioning effort. Removal of the components of
a primary system dictates that radiation fields of more than several
! millirem/hour must be avoided. In order to achieve this goal, a full scale
equipment decontamination is planned. As a practical consideration, this
must be performed at the end of life while the operating crew and service
systems are intact and the in-plant facilities to support such an activity
exist. Any future updates of decommissioning costs will refiect the impact
of developments in such technologies.

NUS CORPCRATION
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B. License Requirements

The steps a licensee will go through to achieve the complete release from all
USNRC Part 50 and Part 30 license requirements are as follows:

Prior to shutting the plant down for the last time, the licensee can obtain a Part 50
possession only license which permits him to possess but not operate the reactor
past the time it is finally shut down. At the outset of the time this license
' amendment is in force, the license requirements concerning manning,
qualifications, surveillance, etc., will be the same as the operating license. As
work progresses (defueling, fuel shipping, removal of sources and reduction of the
radiation control areas), the requirements decrease. This is usually accommodated
through a set of revised Technical Specifications which automatically permit
certain changes at the completion of certain milestones and USNRC inspections.

Ultimately, for a minimum decommissioning, the licensee could qualify for and
change the license to a P.rt 30 possession only license, which would either be
administered by the USNRC or the state if the plant was located in an agreement
state. As a practical fac i, the continuity in licensing, the size of the facility and
the scope suggest that there is a significant advantage in staying in Part 50 status
under the authority of the USNRC.

All decommissioning activities necessary to place the facility in its final status (be
it minimum de~~mmissioning or complete removal) are described in a .ocument
prepared by the utility called the "decommissioning plan." This document discusses
the objectives of the decommissioning, plans and schedules and other salient safety
considerations. The USNRC, in approving the plan, will establish "hold points" and
at the time the plan is accepted and a decommissioning authorization is issued, the
plan becomes the working document. Typically, compliance inspections continue
during decommissioning. A schedule showing major milestones is included as

Figure 1.
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C. Insurance

The indemnification requirements for decommissioning sites can be greatly
reduced. Typically in the past, for an independent single unit generating facility
placed in Part 50 possession only status, at the time minimum decommissioning is
completed the total pool liability indemnification carried is about $10,000,000.
This assumes no fuel is stored on site. For a minimum decommissioning moce, the
licensee would keep a relatively large insurance policy in force for a long period of
time (until the containment vesse! was completely decommissioned, and all fuel
was off site, for example). If fuel is stored on site, the full nuclear indemnification
pool insurance would be maintained as required by law. Property insurance, while

it is an expense item, is included as a separate item in the report.
D. Non-Manual Labor

The labor commitment projections shown in Figure 2 are based on the following

mix of non-manual resources in each of the categories:

1) SCE site staff. This effort peaks at 110 field non-manual personnel and is
made up as follows:

Security Force - day shift 10
- night shifts

Health Physics - day shift
- night shifts

Supervision of craft labor 50
Warehousing, tool room, etc. 10
Clerical and support 10
Documents and records 7
Inspection and Q.A. 10

2) SCE home office staff. This effort begins with two professionals during the

pre-decommissioning phase, preparing the decommissioning plans, scheduies

NUS COSPORATION
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and other licensing related documents with assistance from the consultant. It
then peaks at f.ve professionals during decommissioning, engaged primar.ly
in licensing related activit.es such as reports 10 NRC, and tracking of plans
and schedules, with a lower level of consultant assistance.

3) Consultant Staff. This effort peaks at five professionals during pre-
decommissioning, furnishing fairly heavy licensing, planning and procedure
preparation assistance 1t SCE, and then drops to two professionals during
decommissioning, when a lower level of assistance is estimated to be

required.
E. Estimate Qualifications

The cost estimates prepared as part of this work are NUS' best cost estimates and
include 15% contingency. All costs are in 1979 dollars. A summary second-level
breakdown of the estimate, showing expenditures by year, is given in Table 1. As
shown in Figure 1, shutdown of the first unit occurs at the beginning of year l.
Average costs for SCE site non-manual and home office engineering personne. were
furnished by SCE, as were unit costs for contractor labor. Consultant non-manual

costs were estimated by NUS.

Contractor labor costs were estimated on the basis of using 2 single craft (laborers)
for the removal work. This is reasonable for demolition work at the current time.
Should this change in the future, or should the size of the job result in new labor
negotiations for use of other crafts, this would increase the cost of the labor
content of the estimate considerably. Quantities used as a basis for the estimate
were obtained from the Summary Quantity Comparison - Forecast 9, and from the
Station Manua! - Equipment Data, Vol. 3 and &.

We have also considered the probable salvage value of plant components with high
capital costs and which wculd be maintained up to the end of plant economic life.
it was concluded that even in the extreme cases (reactor coolant pump drive
motors, as an example), the equipment would have a very limited salvage value
based on t''e potential market, and compared to the cost of removal. The same
holds true for the turbine generator and condensers.
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Nonetheless, some value will be recoverable from these and other components, anc
Table 2 summarizes these estimatec values. Table 3 summarizes the

decommissioning and salvage es..mates Dy FERC accounts.
F. Decommissioning Activities

Pre-decommissioning, defueling and fuel shipping are common to all options. See
Figure 1. SCE site and home office costs, and consultant costs have been included
for these items. The contract costs for fuel shipping have not been includec, on
the basis that they are a normal piant operating expense. A milestone schedule
relating the significant project tasks, is shown in Figure 3.

During the pre-decommissioning period no significant decommissioning activities
except some area decontamination and waste Pprocessing will be undertaken.
Shipping of cool spent fuel will be going on on a routine basis, and virtually all
shared plant svstems will remain in service.

Immediate minimum decommissioning is also common to all options. The activities

taking place at this time are summarized as follows for either unit:

A, Primary System
1. Defuel and replace vessel head
2.  Process refueling and primary water
3. Prepare for decontamination
4. Decontaminate primary sysiem
5.  Process and dispose of decontamination solutions

B. Containment
l. Rcmove salvagable equipment
2.  Removal all sources which can be disconnected
3. Drain fluid systems
t. Remove oils and lubricants
3 Prep.re sumps, Monitors and air locks
6. Install security gates
7. Conduct radiation survey and fire survey

. Install access control

10

NUS CORPOCRATION



11

NI

FIGURE 3

ACTIVITIES PERTAINING TO A SPECIFIC UNIT MAVE THE UNIT NUMBER SHOWN AROVE ACTIVITY LINE

COFEO AT ION e o
PROJECT SCHEDULE suanr AN ONOTAE UNITS 283
pROJECT DECOMMISSIONING
PAGE 1 OF )
) !0“ an YEAR 4 YEAR 3 YEAR 6 YEAR T YEAR 8 YEAR 9
UMt 2 FINAL muvoonn )
UNIT 3 FINAL SHUTDOWN <5
p —— i
L:— PRIMARY SYSTEM Olﬁm 2 > '
A1 | MEMOVE MEAD. DEFUEL REPLACE HEAD 0 -0 (=0 |
A2 | PHOCESS REPUFLING & PRIMARY m\"n (,?-fj
> it sl !
Ay | ourow PIIMANY SYSTLM 2 l‘) ; D |
AG | SIP SPENT FURL i Jg) - il i
= Loy e R b B | | ' :
as -wovt ALt nomactm FLUOS & ) D !
w&m e ml vou Mu occm}n ' |
" t*on;m';m_wl wnnmau- (nm ¥ !
" HEMOVE SALVAGABLE Sinne Ct_()%l I 2 s |
oL T =+ C $)
w2 mewavE AL mV‘tM smmcu UJ"L’) ﬁ——‘-l" ') ‘
" unnm LD Sysws ')-'—-4. J—’-.——-')
A | REPGVE O S R LHICANTS r adly l’T'L‘L" :
e w— ! |
P | LR SIMES MONHONS B A LOCXS : J. ' ' ' | | !
e | INSTALL Iy GATES ] : ) ! : !
wr rmmuu FINAL HADIAHION mnv(v ‘ ' : 1 l ! | | |
vn | wSTALL ACerss contoL i o | [ | s | ‘ ’
B O e s S pisip ‘
%A BECSEN Pl | . | |
(8 Aux & FUCL nmr. mwn) DECOVM ‘ l | |
Jrase | St st e ST 2 3 |
cY SHUP FINAL FUEL Mst ML tts f iy (-—T-a 1l | . |
ez | s CONTROL HOD ruv'.l!u 454 PaE A S | |
3 mum FHLL STORAGE FOOL _[L . |
Te | Drrosn narws Am 1t M ] Rt ‘ l
s | Dram umu Sestms s <) !
uig R T | i
s H \mw ons Mm mumcnms ‘ : l l
cr | ereume vure rom ‘ ‘ "-———|*-— ) ’
o | AL Ses 8 BioG w0 DECOMM | | | l l t
NOTES




MVEDER FIGURE 3 4

(41

COF O WIHON ooy ONOFR 1S 28y
PROJECT SCHEDULE PLanT _SAN ONOFRE UNIT
PLANT___DECOMMISSIONING
PAGE 2 0OF )
ar ? AR 8 YEAR 9
NO ACTIVITY DFSCMPHON vean | vean 2 _VEAR S | VEAR S VEARS | vEAR 6 Lv( 28 L LA R LN IR S
| sy preprisr=e ;—.1.-_-;. s in m N ] B OO = o z

D) | PEMOVE AL ALVAGAILE €O ' ! l | '] | ‘ l
07 | PRG A SIUP ALVAGARLE EQUIP. O o : | : I

| NERRE RN

| :

: :
. WEACTOR VESSEL DISPOSAL | o b
p— ——————— — ——— e 2 3 L\ | !
€1 | FuT A CAP PRIMARY PIPE ENDS s —'S | | :
pamen= N0 ST I e AT I O ey S 2 H
€2 | CUT INTIRNALS INTO SECTIONS 2 ° i"—] - ! ‘ | , | '
p e - eyt 2 1 sl | ! ' |
ev | Fur AT TN wEESEL INTO SUCTIONS | > i J' F-T—"—-q ‘ . l
1042 SS
‘e smo WILANALS & vusu vrmws > —— l ‘ : bt} l, i
—— - R i '
e | snorges wASTE u umo:t Teme svs [eere | p ! |
et v o > Aol ‘ | H
v <re u;.c.m ; !"emnv SYS MEMOVAL f ‘ |
D, —— - - comomem H 2 . LJ ]
o | eurn r" PHIMAR Y rtmms [ e b b o ot = e -r‘ D
p—— —m— 3
© wsv Au o FING D ieK [t ] : I
o B . 2 " v &
1 | Tty FOR R wovE FIIMAILY COMP ( l (| | OL
ce | soe privany tor & PIFING UF 1 5ITE [ - ) 2
P s [ —— —iy o z
5 | ras nv REMOVAL HOL s TEMPORARILY >—Lu-’1
£y ulwmc uo NG nmmru . «twm
b s—
i SUEL POOL FOVENS >
o | eontamment & ©V PIPING REMOVAL : A
GY | BEwovE mssis sm(m uns & CABLE D I > J") s i
pe il i 3 )
6y | nemoy mua ATED mnm . umc O 3
-—--~~l s 2] 1 L L1 A
Gy | wese o An rmwu u»-wocm«' - \ | sl 1
g e s S = ~ 2 3 .
e LA ‘ " ‘A’l l(l"l' Q '“""(‘ ’
e w2 v 1 » _ = > | 3
o e e r()NIAwM!Nl vl “ll UN( l! .Vl—"-‘,') 2
(: l :_u._.mn FOMTAINMINT & rqum A | L . s
oA RETE TO GRADS
v | Rereinany PLANE & AR REMOAL . .
3o ” " - 42 ~b
e e TR GIN K ALIX SYSITLMS - ~
“r m MOVE FHEE WIH CHEM FIeD &
iy A - 12 3 8 |
s'uu SYSHE M 1 = - = U5 S0 N TR -
NOTE

ACTIVITIES PERTA'NING TO A APECIFIC UNIT HAVE THE UNIT NUMDE R SHOWN AROVE ACTIVITY LINE




INIY ALIAILOV 3HL FAOHY NMOMS MIOWAN LINA 3HL IAVH LIND 1412345 v OL ONINIVINAd SILIALDY

S3L0oM

e
L

8
OpO)

(it )

=
o5

- —

Q.
o=

Guvds | wwvia | awvia | swvn | 5 Tuvds | vuvan | cwens | Zueda

" ah T wn..@.. =
G:(:J QZ( Ion ‘IZ.. EIE Ct.ut

-Zu‘-..(dt N0 :2( -»2-.-‘1‘;
U°<=..» ONe Y _:U;.C‘

n u-ﬁ- S-—-v

uC(GL ;C“ bé"t g &—‘).Ulu
nB.C) ldut(:lu:-:w 1w UaACJ-CU

TR B o. HNONO) —K«ScU
d‘:’H-S-ﬂ :a-e.-"ht. .U?S&‘

——- ———— ——-—— . - e - s——

SAWIL NS

TONNOND JAOHY ONINIVIN IV 3/ Ok IW

:. :sa.s..::.. s v L2OU1SINALD

13

ER—— o e —

1004 :—CUZ.-.. Us'. JivavI¥ ]

c———— ———— A————_ — —— ————

u-..:u:—:u FAVHY IAONY NWOL uv il

TTUEAS W WAL WAISNVIL 1004 JAORIN

e e e ——

SIVIILVIY WYINOD 11V IAOWIY

T 30 VHONGD O IVNRVINGS 3 Onn

s.z C t..e.. !.'CL 30wy
a:!.- .-CCL d!.. “ u:&(t :C’-c

TAVAONIN VA DNITGNYIE THE ¥ KDY

b - - - . - - snns

SWALSAS HIIVM D)

N i ..8.... N :;c.&;_,

e r——— o —— — o —— ——

‘,—-8:32 —u 3(-83;2.. AT A

ﬂ’-u»ﬂ Hilvm

s a—-

25 ¥ uvy g SVO IAOW I

:’Ri Nive 3A0W Iy

.llQu» -

o

NOILJINIG 30_ALIALLOV

€ 40€ J0vd

ININDIGSIWN0030  4I3F0ed

PSR T LTI S 37NA3HOS LO3roMd

338 FLL LA ol
. y Wk




C. Auxiliary and Fuel Handling Building
1.  Ship final fuel assemblies
2.  Ship control rod clusters
3.  Drain fuel storage pool
4. Decontaminate racks and liners
¢,  Drain fluid systems
6. Remove oils and lubricants
7.  Secure pool

D. All Systems and Buildings
1. Remove all salagable equipment
2. Package and ship all salvagabie equipment

A thorough primary system decontamination is planned in order to reduce the
steam generator and primary loop contact dose rates to less than appreximately
ten millirem/hr. Full scale decontamination is cost effective because a small well
trained group can be used, rather than a large work force if larger dose rates nave
to be tolerated. The plant staff, which will still be available at the completion of
defueling would provide the logical support for this activity, and the primary
system will still be serviceable.

Removal of radioactive material and equipment will proceed from the most highly
radioactive sources in descending order of activity through the less radioctive
components and structures. The most highly radioactive components and
structures, as a result of neutron activation during operation, will be in the core
area. Other major sources will then be removed and disposed of.

This is different from simply reversing the installation procedure because these
components, such as the reactor pressure vesse! and steam generators, will be too
radicactive to handle without adding extensive shields that would increase the
weight excessively. (It is estimated that a steam generator shielded for legal
shipment would weigh between 1500 and 2000 tons). All of the major components,
therefore, have to be decontaminated and shipped by barge, or remotely sectionec
and loaded into shielded shipping containers for transport to licensed cisposal
facilities.

14




The costs for disposal of these materials were estimatec on the basis that the
burial site would be on the existing Hanford reservation at Richlanc, Washington.
The estimated costs include packaging, shipping, burial and surcharge costs where
applicable.

Following the removal of the major equipment (typically the NSSS and reactor
internals), the concrete shielding in the area of the reactor core wili be manually
removed.

The remaining "low-level" material will be surface contamination. This can be
removed by washing, leaching, or, in the case of sumps and lower floors, chipping
away several inches of surface concrete. It is important to note, however, that all
surfaces must be accessible to smear testing for contamination. This means that
pipes and ducts that cannot be entered must be removec.

After completion of the above activities and comprehensive surveys, the coniain-
ment would be declared "clean", and would be released as a controlled-access area.
As in the case for all of the facilities, the normal hazards ({alling into cpenings or
being hit be a falling object) would remain. Should the plant remain in this status
for a long period, sand or other fill might be brought in to prevent such accidents.

The facilities in the auxiliary and fuel-handling buildings (as well as contaminated
piping connecting the two buildings and containments) would be removed in much
the same manner, keeping the essential equipment in service.

After the removal of all radioactive materials and contaminatior: from surfaces,
these facilities would also be released. As for the containment, ordinary industrial
hazards would be eliminated by demolition, removal, or filling with sand. The site
would then be comprehensively surveyed for residual contamination by SCE and the
NRC, and finally released for unrestricted use. If any further "nuclear" use were
made of the site, it would be under a new license.

All remaining plant structures including power lines, towers, fences, macadam

roadways, and parking facilities wouid be removed and buried in a iancfill. For the
purposes of this option, it is assumed that the landfill would have to be licensec By
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the State, and that it would be in the Japanese Mesa area. Removal would proceecd

on the basis of the following outline:

1. Removing of all aboveground structures 1o at least 6 feet below grade.

2. Removing of the intake discharge structure and collapsing the conduits
to the turbine building.

3.  Collapsing of all subterranean voids more than 6 feet below grade.

4. Removing of buried pipe down to 20 feet below grade.
After removal of all structures in accordance with the above list, the site would be
restored by filling all remaining holes; essential grading, planting, and replacement

of rock, as required 10 prevent ercsion and to protect the coastline, wouid

complete the effort.
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TABLE <
SCRAP AND SALVACE VALUE

Jtem and FERC Account Number

Turbine Generators and Associated Equipment

Account 323 (turbine generator)
326 (electrical)

Main Condenser

Account 323 (turbine generator)
Major Pump Drive Motors

Account 324 (electrical)
Transformers, Switchgear

Account 324 (electrical)
Account 325 (miscellaneous)

Miscellaneous Tanks, Structural Steel and Scrap Steel

Account 322 (reactor)
Account 323 (turbine generator)

Total:

m Values are per unit.

(2) gased on 7 cents/lb., FOB site, in movable sizes.
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1,700,500
819,000

915,000

2,476,500

$12,156,000
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323
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DECOMMISSIONING COST SUMMARY

TASLE 3

Removal Cost
Units 2 & 3

Unit 2
$1,000 A $1,000 K]
66,673 47 29,796 45
47,586 33 23,750 35
15,797 11 7,898 12
10,566 556 7 4,684 7
2,046 2 812 1
139 - 70 -
142, 100 $67,010 10
$ 21,420 $10,052
Salvace
er unit
Unit 2 or 3
Account $1,000 o
321 = -
322 2,475 21
323 4,995 41
324 4,164 34
325 520 4
Misc. - -
512,154 100

Removal Cost
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