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]{\Dear Ms. Tarrer: N

This is in reply to your recent letter about disposal sites and deactivation
nothods for nuclear power plants.

Enclosed for your information is Chapter 8 on "ifaste !!anagenent" from the
/,nnual Report of the lluclear Regulatory Comission. This discusses sites
for disposal of low-level and high-level radioactive wastes.

Also enclosed are-the Foreword, Introduction, and Sumary of Report
HUREG/CR-0672 published in June 1980 on " Technology, Safety and Costs
of Decomissioning a Reference Boiling flater Reactor Power Station."
The Foreword lists a nunber of other rerorts on deconnissioning nuclear
facilities, including one on pressurized water reactors.

t

These docunents indica'.e that substantial progress is being nade on
nethods for disposal of radioactive wastes and decomissioning of nuclear
power plants. As to the economics of nuclear power, electric utilities
currently operating nuclear plants are finding that their total costs
of generating electricity are less than for plants burning ccal or oil.
The higher construction costs for nuclear plants are outweighed by. their
lower fuel costs. Of the alternative sources of energy you nention,
wind, solar, and geetherral will not be available or feasibic in sufficient
quantity to replace nuclear power, which is currently providirg 11 to 12
percent of the total electrical energy in the United States.

Sincerely,

Original Signed by
Gary G.Zech

\Cary G. Zech, Chief
8108060024 810716 Technical Support Branch )
PDR MISC Office of nuclear Reactor Pegulation 2 /,,

I)[(/
M-12 WASTE DIS PDR ;

Enclosures: (
1. Chapter 8 of URC ..

Annual Peport for 1980. ''[-
2. Excerpts from f:UREG/CR-0672. ( '

,

;

!

*SEE PREVIOUS SHEET FOR CONCURRENCE

|

*..T..S..B : N..R..R....... ... .T..S. .. Nomcc)
PFine/LLM iJ.e.

. . . . . . . . . . . . . . . . . . . ~ . . ~ . . . . . . . . - ~ ~ . . . . . . - - . - - - - - - . ~ . - . - - - - - - - . - ~ ~ . . - -....

so-e > .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . . . . - - - - - - - - - - - - - - - - -. . . . . . . . . . . . . . . . . . . . . . . . . . .

7.... /.1.E8.1... . . ..?L.. Z8,1, ,| om> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . _ _ _ . _ . . _ _ . _ _ . _ _ _ . _ _ _ _ _ .

l

i unc ronu ais oo-so> nacu aao OFFICIAL RECORD COPY useo: mi-mmo

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



-

)

.
,

' ''
DISTRIBUTION:
Central File P. Fine
TSB R/F S. Cavanaugh (NRR-81-404)
NRC PDR D. Eisenhut
H. Denton S. Hanauer
E. Case R. Mattson
H. Thompson T. Murley

,

R. Vollmer
B. Snyder

Ms. 'Jacquelyn G. Tarrer
The Ksgler's Loft .

9942 Chireno
Dallas, Te,xas 75220

\
Dear lis. Ta r:

This is in rep y to your recent letter about disposal sit and deactivation
metnous for nu ear power plants.

Enclosed for your information is Chapter 8 on "Wasty Management" from the
Annual Report of tile liuclear Regulatory Commissiops' This discusses sites
for disposal of low-level and high-level radica tive wastes.

Also enclosed are the Forewurd, Introduction, and Summary of Report
HUREG/CR-0672 pullished in June 1980 on "Tpchnology, Safety and Costs
of Decommissioning a Referbnce Boiling llater Reactor Power Statio..." -

The Foreword lists a number'of other reports on deconmissioning nuclear
facilities, including one on pressurizdd water reactors.

\ /
These documents indicate that su'bstantial progress is being mad'e on
methcos for disposal of radioactjYe wastes and decommissioning of nuclear
power plants. As to the econogics bf nuclear power, electric utilities
currently operating nuclear plsnts are finding that their total costs
of generating electricity ar,e' less thah for plants burning coal or oil.
The higher construction copts for nuclehr plants are outweighed by their
lower fuel costs. Of the
wind, solar, and geotherm/ alternative sources of energy you mention,al will not be av'ailable or feasible in sufficient
quantity to replace nuclear fuel in the fordsceable future.

/ Sincerely,

/
j Gary G. Zech, Chie g

/ Technical Support Branch
/ Office of nuclear Redctor Regulation

Enclosures;
1. Chapter 8 of NRC

Ann'ual Report for 1980 -
2. Excerpts from NUREG/CP-0672.
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The SRC's nuclear waste management activities regulating geologic disposal was published as an
are directed by the OfTice of Nuclear Material Safety advance notice of proposed rulemaking (45 FR
and Safeguards (NMSS). These functions, which 31393). The stafT also prepared a thaft of the regula-

! cover the regulation of all NRC licensed source, tory guide on format and content af site characteriza-
byproduct and special nuclear material waste and tion reports. -

uranium mill tailings, include the following: In addition, the NRC completed models for assess-

. Developing the criteria and framework for regu. ing radionuclide transport in bedded satt. continued

. lating high level waste management, including prepanng a draft Site Characterizatior. Report Review

! the technical bases for licensing, and licensing Plan for DOE site charactenzation reports, and

worked on an assessment of the extent to which the'

actions on proposals for high-level waste com-
mercial repositories. Department of Energy's programs were directed at

. developmg the mformation required to comply with
. Licensing and regulating low-level waste disposal NRC's proposed high-level waste regulations.

facilities and providing the technical support for In the low-level waste disposal area, the NRC con-
[ such regulation. centrated on developing comprehensive licensing cri-

,

| . Licensing and regulating uranium recovery facili- teria. In 1981, the staff expects to issue drafts of the
ties and associated mill tailings. These operations low-level waste regulation (10 CFR Part 61) and its

,

|
include uranium mills, heap-leaching facilities, environmental impact statement. Supporting regula-
ore buying stations, solution mining (insitu). tory guides are also being drafted.
and byproduct uranium recovery. In the uranium recovery program, the NRC con-

The interim storage of spent nuclear reactor fuel tinued to improve the regulatory basis for licensing;-

| and transportation of all forms of radioactive waste decisions, and to take actions to ensure that uranium

(' are discussed in Chapter 6. recovery operations are properly conducted to protect
I the public and the environment A total of 52 licenses

were issued, renewed, or amended, and 21 project
reviews were conducted to assist Agreement States.

Oveniew of 1980 Activity In addition, regulations related to uranium mill tail-
ings (amendment to 10 CFR Part 40) were issued in

In 1980, the NRC staff worked on regulations to final form (45 FR 65521), and the supporting final
ensure that methods for disposing of radioactive Generic Environmental Impact Statement on
waste meet the Commission's goal for safe disposal. Uranium Milling was issued in October 1980 (45 FR
To accomplish this goal, each of the three waste 67177). Supporting regulatory guides for th'e
management program areas focused on licensing and uranium milling industry are also being deseloped.
regulatory improvements.

During ~the year, the NRC released, in two parts, a
regulation for h:gh- level waste repositories (10 CFR Internal Coordination
Part 60). The proposed procedural portion was pub-
lished in the Federal Register as a proposed rule (44 The Waste Management Review Group, (formed
FR 7048). In May 1980, the technical criteria for in May 1979) consists of representatives of the major
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NATIONAL WASTE M ANAGEMENT PLAN NRC program offices. The group is responsible for
i On February 12, 1980, President Carter an- coordinating all.NRC waste management techmcal

assistance and research projects. The groap assistsj nounced a comprehensive radioactive waste
management program based on recommmenda- the Director of NMSS in makhg in-depth technical
tions issuing from the Intera ency Review Group - evaluations, eliminating duplication or overlap, and'*

on Radioactive Weste Management (IRG) which reviewing documentation for procurement methods.
made its Gnal report in March 1979. (The NRC, in 1980, the stoup reviewed 75 technical assistance
as an independent regulatory agency, participated projects, and also examined approximately 100-
as a non-voting member of the IRG. See 1978 descriptive summaries for fiscal year 1981 technical

Annual Report, pp. 93-94 and 1979, Annual Re- assistance projects. In 1980, the group also initiated ,
7 port, pp. 146 147.) The President's program in- the ' development of procedures to achieve con-

.

cludes the following elements: sistency and integration of total NRC waste manage-
ment efTorts.* The Department of Energy (DOE), as lead

agency in the Executive Branch for manage- Another coordinating activity of the NRC waste

ment and disposal of radioactive wastes, will management program in 1980 was the presentation

prepare a National Plan for Nuclear Waste of the waste management program and budget to the

Management with the cooperation of other advisory Committee on Reactor Safeguards (ACR,S).
relevant Federal agencies. It is anticipated that t in February 1980, the ACRS reported favorably to
a draft will be issued in 1980 for public and Congress on the research aspects of the program

(NUREG-0657).Congressional review.
,

* Creation of a 19-member State Planning
Council consisting of 15 governors and other

'

elected officials, and four members of execu- HIGH-LEVEL WASTE PROGRAMtive departments and agencies, to work with
the Executive Branch and Congress on waste

.

management decisions and actions. Regulatory Developrnent
* Adoption of an interim planning strategy for

high-level wastes which relies on mined geo- In 1980 the NRC made significant progress in
logic repositories capable' of accepting both developing regulations for the management of high-
waste from repro. cessing and unreprocessed level radioactive waste and supporting guidance in
commercial spent fuel. The program focuses the form of staff technical directives and regulatory _
on locating and characterizing four to five po. guides.
tentially suitable sites and selecticn of one or The proposed regulation (10 CFR Part 60) for
more by 1985 for licensing and operation by licensing the disposal by DOE of high level. wastes in
the mid-1990's. geological repositories has been developed in two

e Legislation will be sought to extend NRC parts. The first section, setting forth proposed pro-
licensing authority over all DOE tranruranic. cr.dures, was published for public comment m
waste disposal facilities end any new DOE December 1979 (44 FR 7048). It contam, s general
sites for commercial low-level waste disposal. provisions, hcense m, formation, State participation

* DOE wiil assist States in efforts to establish a procedures and specifications for reports, tests, and
inspections and enforcement. These procedures callreliable commercial low level radioactive

waste disposal system. for a four-stage review process with opportunity for
public participation at each stage.

* EPA will consult with the NRC to resolve is- In May 1980, the technical portion of 10 CFR Part
sues of overlapping jurisdiction and the two 60 was published as an advance notice of proposed
agencies should seek to improve and expedite rulemaking (45 FR 3!393). It contains requirements '

regulatory actions. for ownership, siting design, waste packaging,
*

* The President urged the Nuclear Regulatory retriesal of ' waste, and monitoring. The advance
Commission to conduct in a timely and notice informs the public of the technical cr_iteria
01orough manner its proceeding to determine being considered and allt'ws the opportunity for
whether or not it has conGdence that wastes reply. In 1981, the procedural portion of the regula-
produced by nuclear power reactors can and tion will be published as a final rule, and the techni-
will be disposed of safely.

cal sections will also be published for public com-
Propos'ed legislation dealing with a number of ment as a proposed rule. An environmental impact

elements in the President's program was before appraisal for the technical criteria is being prepared. '

the Congress as fiscal year 1980 ended. As a part of the rulemaking process, the NRC has|
obtained peer reviews of the technie' rule by

I
_ - _ _ _ _ . _ - . _ . _ _ . _ . _ _ _ . _ - - _ . _ _ , _ _ _ _ . _.
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High lesel wasti specialists from the NRL staff traseled to b - .1 i ,

numerous locations u here the Department c.f Energ) is stud ing ?. ; .: . .t,d - L' * ~

3

ger'ogic settings u hich may be suitable for = aste repositor) 'jf* ~ p M,,, d .isi.e.. The photo aLose shows NRC and DOE staffers 500 feet "- -) 'A ,g* '-

';fbelow ground in a salt dome as the3 esamine instrumentation to D'i ..

-

f P ' - i ,_ l^ (jf. Ch, N'? ' j
measure brine migration. This sisit, to the Aury Island Salt rM b ''

1
Mine in Louisiana. was one of seseral stops made b) the NRC
team during an ofended tour of the Mississippi-Louisiana- m s: { ~ 0 ts r- .

. ,T. % -- 1 si " N%.f
Tesas Gulf Int rior Salt Dome region in September 1980. A L . - - - '

similar sisit had t>een trade earlier, in July, to the Hanford.
M ashington area. At right is a section of caprock core taken 0 , ;.2 ^ ( N'W t .. ; /. ( '. - Ja

;. -f y ;, - .

from a salt dome for use in studying the porosity ar.:. permtabil- pr y
7% - a. n t.f @ '".i ' .

-- - *

it) of thi<. unit, the dissolution histor) of the dome, and o'her i > .v . 1 p. '.
characteristics important in conwdcrations of waste-repositor 3 K '.

, -- 2

C ?
'

,, . . . ,suitability. Samples such as this were taken from seseral salt Vn- .<-%o ' ' "
-~ .3

domes esamined as part of the DOE program. kB -'--~~ M ' T E' h - E I sa

environmental, industrial, academic, and public considered, tM technical data necessary to describe
interest representatives. These peer reviews were the site, conceptual design of the underground facil-
conducted by the University of Arizona; the Key- ity, waste form and emplacement environment, and
stone Institute of Keystone, Colo.; and the Resolve performance analysis. The NRC will provide addi-
Institute of Palo Alto, Calif. tional guidance to DOE in regulatory guides being

developed for the Environmental Report and Safety
Analysis Report.

Technical Directives. Another form of regulatory-

guidance regarding a high-level waste repositoryRegulatory Gu. desi application is provided by technical directives which
represent a staff position on a major issue. These
staff recommendations may subsequently be incor-

Also under development are regulatory guides porated into a regulatnry guide. In 1980, the Waste
specifying the information needed to support an Manatement staff issued technical directives to DOE
application for a high-level repository, including Site on the resolution of issues related to site characteri-
Charac:erization Reports, Environmental Reports, zation and geochemical research. Additional direc ,
and Safety Analysis Reports. During the year, NRC tives are planned on waste form and packaging, per-
worked on a draft of the Standard Format and Con- formance assessment, siting, and repository design.
tent Guide for the Site Characterization Report. This
guide, scheduled for completion in 1981, describes
the information needed to identify siting issues, Reviewing DOE Site Investigations
determine the status of each issue, and present plans
for resolution of issues, if necessary. It also specifies In 1980, the NRC performed several reviews of
information required on how areas were selected for DOE's site screening activities. The NRC is con-
characterization, on alternative sites that are being tinuing to review and comment on the site screening
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geological investigations at Hanford, Wash., and at . Review is continuing of the standard for disp %al
the Gulf Interior Salt Domes. In 1981, reviews wil' of high level radioactive waste being developed by
be extended to other sites in various geo!ogical the Environmena! Protection Agency (EPA), which

, media. is responsible for standards to protect against radia-
In its program of upgrading site characterization tion in the general environmen!. The NRC will

review capability, the NRC is continuing to develop implement the final standard for repositories of
radionuclide transport models for domed salt, bedded h;gh-level waste. During 1980, the staffs of the NRC
salt, basalt, welded tuff, and granite. During the and EPA conferred frequently on regulatory develop-
year, Sandia Laboratories transferred to the NRC ment, and consultation will continue on the evolving
staff a porous flow model, called the Sandia Waste standards affecting NRC programs.
Isolation Flow and Transport Model (SWIFT). This During the report period, the NRC reviewed the
model will be used to evaluate radionuclide transport efforts of the Materials Characterization Board, a
in bedded salt and possibly in domed salt. The NRC DOE funded organization which is developing leach-
is also fashioning a fracture flow model, which will ing tc:ts. The NRC will continue to comment on the
be used *o evaluate radionoclide transport in basalt, technical activities of the Board.
granite, and other fra:tured media. The NRC also is Another major activity in NRC's interagency
developing, under contract, modeling capability for .high-level waste management program is its review
both the repository environment and biosphere of DOE's activities in the West Valley project in New
transport of radionuclides. In 1981, thee models will York.
be transferred to the NRC staff for evaluation. The West Valley Demonstration. Project Act (P.L

Ir. a continuing assessment of the national high- 96-368, signed by the President, October 1,1980)
level waste program, the NRC will advise DOE on authorizes DOE to undertake the solidification and -
its development of a generic environmental impact disposal of the liquid high-level waste stored at the
statement on commercially generated radioactive site of the spent fuel reprocessing plant formerly
waste as well as an environmental impact statement operated by Nuclear Fuel Services, Inc., at West Val-
concerning defense high-level waste. (See 1979 ley, N.Y. The law requires DOE to consult with the
Annual Report, pp. 148 149.) NRC in carrying out the project. The NRC staff will

cc,ntinue to coordinate with DOE activities, givirgOther Interagency Efforts specific attention to what waste forms would be
acceptable for receipt in a high level was:S reposi-

During 1980, the NRC was associated with a tory. NRC staff will also review and comment on any
variety of interagency programs dealing with high. dc,cuments developed by DOE in its environmental
level waste management, review activities at the West Valley. site. (See

One such effort is the Earth Science Technical Chapter 6, Materials Regulation.)
Plan, on which the NRC provided comments. The
plan was deseloped by DOE and the U.S. Geological
Survey to formalt organize the individual earth. Waste Confidence Hearing
science research tasks directed toward a geologic
repository for redioactive waste. As a commenting In 1980, NRC staff work continued in the NRC
agency, the NRC will give technical assistance and Waste Confidence rulemaking (PR 5G,51). The rule-
review the plan. making, which began in October 1979, was initiated

.
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by the Commission in order to generically assess the The first part of the draft regulation deals with
current degree of assurance that radioactive wastes administrative and procedural requirements, such as
can be safely disposed of, to 6etermine when such 1efir.itions, general application requirements, and
disposal or off site storage wil! he available, and to faancial qualifications of an applicant. The second
determine whether radioactive wastes can be safely part of the reguistion deals with technical aspects and
stored on-site past the expiration of existing facility sets out ovecil performance objectives and require-
heenses until offuite disposal or storage is available, ments for waste forrn and content, site characteris-

After the first prehearing conference in January ties, design and operations, monitoring, closure, and
1980, the presiding officer determined that the post-operational stirveillence.
proceeding would deal only with disposal of spent The final section would outline specific limitations
fuel and not with high level reprocessing waste, and applying to individual disposal methods.
that issues concerning transportation are beyond the The NRC plans to formally issue the draft regula-
scope of the hearing. The NRC staff has provided a tion and draft environmental impact statement in
large number of documents for participants' use to 1981. Amendments and supplements to the environ-
assure that the record is complete and all technical mental impact statement addressing low specific
issues are explored in the proceeding. (See "Com- activity /high volume waste and high specific
mission Decisions" in Chapter 15 for further discus- activity / low volume waste for disposal in other than

- sion.) shallow land burial and intermediate land burial will
! The storage and transportation of spent nuclear also'be published at a later date.

fuel are discussed in Chapter 6. The draft of the regulation (10 CFR 61) has be'en
circulated for informal public comments, and the

; Commission has received a variety of written
REGULATING LOW-LEVEL WASTE responses. To provide a broad base of early input -

from State, industry, and public groups, four regional
; workshops on the draft regulation were held in

Regulatory Development Atlanta (April 2122), Denver (July 14-15), Chicago
(July 17 i8), and Boston (November 6-7). Workshop1

; In 1980, the NRC continued to develop regulatory recommendations have been submitted to NRC and
toois to provide comprehensive s.andards for low. these, as we'l as other comments will be consideredi

lesel wastes. Because present Commission regula. by the NRC staff fy the development of the Pro-J

! tions are not specifically tailored for regulation of posed Part 61 regue 1 and of the environmental
disposal sites for low-level waste, the staff concen. impact statement.

. trated on three major projects: a regulation for a The NRC is continuing research and other work to
! low-level waste disposal site (10 CFR Part 61), a develop regulatory guides for the low-level waste

supporting environmental impact statement, and regulation. The staff is currently drafting guides for'

amplifying regulatory guides. the low-level waste application contents, waste clas-
In February 1980, the NRC notified the public of sification, site selection, and site closure and fund-

the availability of a preliminary draft of 10 CFR Part ing. To improve the basis of regulatory development,'

61 which outlines licensing procedures, performance the NRC is funding research efforts in the areas of'

i objectives, and technical criteria for disposal of low. modeling, waste classification, volume reduction, and
J level waste into a land facility (45 FR 13104). treatment ofliquid low-level wastes.-

I Bulldorers no*rk to coser a poition of a containment trench~
f.

| [f1 g into which lon lesel maste containers hate been dumped. When
. the entire tren:h has been tilled in this manner, a temporary

y
7 );f/

4 marker indicating the dimensions and content of the trench will
I be erect d. This marker will be replaced by a permanent one as

F soon as he coter carth has settled and the area has been grassed
eser. (The four photos present one continuous sista.)
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Licensing Activities . renewal of its license for the low level waste burial
site at Beatty, Nev. South Carolina received NRC

in 1980, the staff continued to assess health,- technical assistance in 1980 to develop the scope and
safety, and environmental aspects of NRC licensed nature of assistance for a formal agreement. The<

' *

low-level waste disposal facilities. The NRC com- State of Washington was assisted m, its review of a
,

pleted its safety review for renewal of a license for license renewal application for the Richland low level
disposal of special nuclear materials at Richland, waste disposal site.

i Wash., in November 1979, and continued safety The NRCiwill continue to work with the States to
,

reviews for renewal of a similar license at Barnwell, upgrade reqbirements at existmg disposal sites, and
.

S.C. is conducting research to give Agreement States a
'

j At the Sheflield, Ill. Iow level waste burial site. xtrer technical basis for making regulatory decisions.
| the NRC continued to analyze the health, safety, and
! environmental aspects of the decommissioning of the

Nuclear Engineering Co.'s (NECO) facility which has
been operating under NRC license. (See 1979 NRC
Annual Repon, pp. 149-150.) In the proceeding REGULATING URANIU31 RECOVERY .
before en Atomic Safety and Licensing Board, the
NRC staff filed suggested conditions for site closure AND SIILL TAILINGS -.

and stabilization with the board after a prehearing
conference in June 1980. NECO is monitoring and
maintaming the site while the legal proceedings are Licensing Activities -

being resolved.
The NRC is contmuing research m. support of The NRC is responsible for assuring that uranium '

low-level waste disposal licensing activities, meluding recovery facilities are constructed, operated, and
ensironmental assessments of sites, long-term ero- decommissioned in a manner that will protect the
sion, hydrology, and trench cap. studies. New public health and safety and the environment. The
research and techrucal assistance projects are under- NRC places a high priority on assuring that operating
way to address new and unique problems in waste mills are brought into compliance with the EPA's
disposal posed by the Three Mile Island (TMI) new radiation standards (40 CFR 190) and with NRC

regulations developed as a result of the Uraniurn
I eg osial imbalance for low-level waste sites con- Mill Tailings Radiation Control Act of 1978,. as

tinued in 1980 because only one applicant in Kansas, amended (UMTRCA).
I an Agreement State, sought a license. At one time, During 1980, the NRC stali completed work on 2
I six sites were licensed to operate in Illinois, Ken- new uranium rec very licenses, 4 license renewals,

tucky, New York, Nevada, South Carolina, and 12 major amendments for facility modifications, 2i

! Washington, but only three are now opuating. Of amendments to licenses required by EPA standards,
I these, the Beatty, Nev., and Hanford, Wash., sites 9 license mendments caused by inspection and

veere both closed on occasion by the States during *nforcement activities, and 23 minor and admmistra-
t.ive amendments. In addition,21 technical assistancethe past year. Furthermore, the th.id operating facil-

| ity at Barnwell, ".C., is reducing by 50 percent the pr jects were provided to Agreement State programs.
,

! amount of waste it will receive during 1980-81. The At year-end, there were 15 uranium mills, 9 heap
i governors of Washington, Nevada, and South Caro- leach / ore-buying stations / byproduct recovery facili-,
'

lina have stressed the need for new sites to handle ties,13 research and development solution minmg
,

regional disposal needs and expressed the hope that perations, and 2 commercial solution mining activa-
other states willjoin in addressing the problem. auth , zed under R Icen

n8 th
Assistance to Agreement Stutes industry officials on a problem at the Irigaray

Uranium Solution Mm, m, g Project in Wyoming,
,

,

, The NRC continues to furnish technical advice to which is an NRC licensee. In April 1980, an NRC
! Agreement States regarding low level waste licensing order was issued to the licensee to suspend produc-
! activities. In May 1980, the NRC staff assisted Kan-

tion because of evidence of uncontrolled vertical
sas in review of the Southwest Nuclear Co.'s applica- excursions of leaching solutions. The licensee was
tion for the use of a salt mine at Lyons, Kansas for required to . provide geologic and hydrologic data

| the retrievable storage of low-level radioactive demonstrating that control of the mining process and
! material. If requested, the NRC will also provide restoration of the groundwater are achievable in the
| Kansas with an environmental assessment of the site. proposed mine field areas. The NRC is still studying

In July 1980, the NRC advised Nevada regarding the advisability of continued operations and what
the application of the Nuclear Engineering Co. for additional license conditions may be warranted.

|

!
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A mined-out pit is used as a mill tallings pond at the t'nion to the mill for use in the milling operation to cunsert raw
Carbide uranium mill in Gas Hills %)o. At left, the tallings uranium ore to "yellowcake" (tiO), a tranium concentrate
are sent directl3 from the mill to the cla) lined pond by means used as feed material for further coniersion to uranium heuat a slurry. At right, the mater from the pond is pumped back up afluoride and ultimate refinement for reactor fuel or other uses.

-
t

I

l Regulatory Development Technical Assistance to Agreement States -

!

In 1980, the NRC continued efforts to upgrade The UMTRCA established a number of new
| regulations for uranium recovery operations and requirements affecting the NRC Agreement States

associated tailings. In October, the NRC released the program. In its technical assistance program, the
t

final Generic Environmental Impact Statement NRC assures that Agreement State criteria used to
(GEIS) on Uranium Milling (NUREG-0706) along license and regulate uranium recovery operations are
with regulations on mill tailings, which constitute compatible with criteria for similar operations under
minimum national standards. The regulations, which NRC jurisdiction. Under UMTRCA and implement-
focus primarily on tailings disposal as mandated by ing regulations, the Agreement State role remains a

| UMTRCA, also specify broad criteria for mill opera- substar.tial one. (See also Chapter 10.)'

tions and decommissioning. Development of the The NRC provided technical assistance in 1980 to
final GEIS included a benefit-cost analysis of a wide California, Colorado, Arizona, New Mexico, Oregon,

| range of alternatives for controlling emissions from Texas, and Washington.in the licensing and regula-
| manium mills and for uranium mill tailings disposal tion of uranium recovery operations. This included

impacts to populations nearby and far from mills, 21 project reviews, covering uranium mills, heap-
where the short and long term consequences were Icach operations, solution mining operations, and
considered. Public comments on the final GEIS and research and development activities.

!. on the associated regulations were received in writ- The NRC also continued to provide assistance to
ten form, and at public meetings in Denver, Colo., New Mexico in its assessment of the Church Rockand Albuquerque, N.M. These public comments tailings imp 6undment area wnere a dam failure
were addressed in the final GEIS. released large quantities of radioactively contam- |

The regulations on uranium milling are cast prt- insted water and sediment in July 1979. (See 1979. . . .

manly in tne torm or oroad performance objective' Annual Report pp. 146-152.) NRC staff worked with
The NRC is developing regulatory guides 'o provide State oflicials to analyze the effects on contaminated

more specific mformation on how to meet these per- areas downstream from the Church Rock area and to
formance objectives. Some 20 additional guides will verify cleanup. The NRC also helped prepare a draft .
be needed to more fully implement controls dealing report on the incident (Survey of Radionuclide Dis-,

with uranium recovery and mill tailings management. tributions Resulting from the Church Rock, New
M,ork on these guides was m, itiated in 1980, and will Mexico Uranium Mill Tailings Pond Dam Failure)., ,

continue for several years.
A draft guide on standard format and content or Remedial Action at Inactive Sites |license applications (including environmental

reports) for in situ uranium extraction was issued in The NRC continued to carry out the mandate of 1

July 1980. Title I of the UMTRCA which requires review of

:: -
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DOE's remedial action program at inactive tailing in consultation with the State of South Dakota, EPA,
sites and other former ore processing areas. The the Department of Hoe. *ng and Urban Develop.
Commission provides reviews, concurrences, and ment, and the Tennessee Valley Authority (TVA) an
licensing actions during the remedial process. The Edgemont Cleanup Action Program. The project* NRC reviewed the initial phases of several DOE involves cleanup of tailings located off site from a
actions in 1980, and worked out with DOE a detailed defunct uranium mill formerly operated at
plan for su'osequent interaction between the agencies. Edgemont, S.D., and now owned by TVA. During

In conformance with a provision in the fiscal year 1980, NRCiinitiated preliminary work necessary for
1980 Supplemental Appropriations and Recission Bill off-site tailihas cleanup, which is scheduled to begin
Report (No. 96 829), the NRC staff has developed, in 1981.
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BY~

~!
NUCLEAR REGULATORY COMMISSION STAFF .

The NRC staff is in the process of reappraising i,ts regulatory position
relative to the decommissioning of nuclear facilities.(U As a part of this
activity NRC has initiated two series of studies through technical assistance
contracts. These contracts are being undertaken to develop information to

| support the preparation of new standards covering decommissioning.

The basic series of studies will cover the technology, safety and costs
of dacormissioning reference nuclear facilities. Light water reactors, fuel
cycle facilities and byproduct utilization facilities are included. Facili-

ties of current design on typical sites are selected for the studies. -

| Separate reports will be prepared as the studies of the various facili' ties '

are completed. -

The first report in this series was published in FY 1977 and covered

| a fuel reprocessing plant;(2) the second was published in FY 1978 and
covered a pressurized water reactor;(3) the third of the series was
published in FY 1979 and dealt with a small mix'ed oxide fuel fabrication
plant.I4) An addendum to the pressurized water reactor report (5) was
issued during FY 1979 which examined the relationship between reactor size ~

and decommissioning cost, the cost of entombment, and the sensitivity of
cost to radiation levels, contractual arrangements, and disposal site

(1) Plan for Reevaluation of NRC ' Policy on Decommissioning of Nuclear Facilities.
|- NUREG-0436, Rev.1, Office of Standards Developmcat, U.S. Nuclear Regulatory

Commission, December 1978.
(2) Technology, Safety and Costs of Decommissioning a Reference Nuclear Fuel

Reprocessing Plant. NUREG-0278, Pacific Northwest Laboratory for U.S.
Nuclear Regulatory Commission, October 1977.

(3) Technology, Safety and Costs of Decommissioning a Reference Pressurized
Water Reactor Power Station. NUREG/CR-0130, Pacific Northwest Laboratory
for U.S. Nuclear Regulatory Commission, June 1978.

(4) Technology, Safety and Costs of Decommissioning a Reference Small Mixed1 -

Oxide Fuel Fabrication Plant. NUREG/CR-0129, Pacif.ic Northwest Laboratory
for U.S. Ncclear Regulatory Commission, February 1979.

(5)Technolojy_,_Saf,ety and Costs 'of Decommissioning a Reference Pressurized
Water Reactor Power Station. NUREG/CR-0130 Addendum, Pacific Northwest
Laboratory for 0.S. Nuclear Regulatory Commission, August 1979.

,
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charges. The most recent report in this series dealt with a low-level waste
burial ground.(6) T$e following report, sixth of the series, provides informa-
tion on the technology, safety and costs of decommissioning a large boiling
water reactor power station. Additional topics will be reported on the tenta--
tive schedule as follows:

FY 1980 e Uranium Fabrication Plant ,

FY 1981 * Non-Fuel Cycle Nuclear Facilities *

FY 1981 * Multiple Reactor Facilities

The second series of studies covers supporting information on the
decommissioning of nuclear facilities. Three reports have been issued
in the second series. The first consists of an annotated bibliography
on the decommissioning of nuclear facilitie's.(7) The second is a review
and analysis of current decommissioning regulations.(8) The third of this
series covers the facilitation of the decommissioning of light water '

reactors.(9) The major purpose is to identify modifications or design -

changes to facilities, equipment.and procedures which will improve safety
and/cr reduce costs.

.

The information provided in this report on " a boiling water reactor,
including any comments, will be included in the record for consideration by
the Commission in establishin; criteria and new standards for decommissioning.
Persons wishing to coment on this report should mail their comments to:

Chief '

Fuel Process Systems Standards Branch
Division of Engineering Standards -
Office of Standards Development
U.S. Nuclear Regulatory Commission
Washington, DC 20555

(6) Technology Safety and Costs of Decommissioning a Reference low-level Waste
Burial Ground. NUREG/CR-0570, Pacific Northwest Laboratory for U.S. Nuclear
Regulatory Commission, May 1980.

(7) Decommissioning of Nuclear Facilities - An Annotated Bibliography.
NUREG/CR-0130, Pacific Northwest Laboratory for U.S. Nuclear Regulatory
Commission, September 1978.

(8)Decomissioning of Nuclear Facilities - A Review and Analysis of Current
Regulations. NUREG/CR-0671, Pacific Northwest Laboratory- for U.S. Nuclear
Regulatory Commir i, August 1979.

(0) Facilitation of De 1missioning of Light Water Reactors. NUREG/CR-0569,
Pacific Northwest Laboratory for U.S. Nuclear Regulatory Commissioa,
December 1979.

1 vi



_ _ _ _ . ___.-_ . ... _ . , , ._ -_ _. - _ _ _ ,
.e

.

.. . .
.

,

The safety impacts of the decomissioning operations on the public are
found to be small, with the principal impact on tne public being the
radiation dose resulting from th". t-ansport of radioactive materials to a
disposal site.
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CHAPTER 1 !

INTRODUCTION-

|

| This report contains the results of a study sponsored by the Nuclear.

. Regulatory Commission (NRC) to conceptually decomission a present-generation
'

boilingwaterreactor(BWR)powerstation. The primary purpose of the study,

! is to provide information on the available technology, the safe'ty considera-
tions, and the probable costs for the decomissioning of a large BWR powerf

! station at the end of its operating life. This information is intended for
use.as background data and bases in the modification of existing regulations
and in the development of new regulations pertainin'g to decomissioning,

activi ties . It is also intended for use by" utilities in planning for the '

decommissioning of their nuclear power stations,;

f .

| Decommissioning of a nuclear facility is defined as the measures
-

taken following the facility's operating life to ensure the protection of the
public from ar,y residual radioactivity or other hazards present in the facility.
Three approaches to decomissioning are considered in this study:,

L

Dismantlement - The station is decontaminated, the radioactive*

materials are removed, and the nuclear license is
terminated.

Safe Storage - The radioactive materials and contaminated areas are*

decontaminated or secured inside the facility, and

surveillance and maintenance continue under the con-
ditions of the nuclear license. Eventual dismantle-

| ment is necessary if unrestricted release and license
i
j termination is desired. -

* Entombment - The radioactive materials and contaminated areas are
( decontaminated, the nonreleasable materials are confined

| within a monolithic structure, and surveillance and

maintenance continue under the conditions of the nuclear

1
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license until either the confined radioactivity has
decayed to unrestricted release levels or the entombment

structure is dismantled.

The NRC's desire to minimize the number of sites permanently comitted

! to the containment of radioactive material is satisfied by immediate dismantle-
ment or safe storage plus deferred dismantlement. Entombment after removal

of the long-lived radionuclides for relatively long but not unreasonable
|

|
periods will result in decay bf the entombed radioactive material to levels
icw enough for unrestricted use; however, certification that release lirits
for unrestricted use have been met is very difficult short of dismantlement
of the entombed facility.

A broad span of safe storage methods'is possible. These methods

range from a minimal removal and fixation of residual radioactivity and
continual onsite maintenance and surveillance, to an extensive cleanup and
decontamination with hardened passive protection of highly radioactive

materials and periodic surveillance and maintenance. Each method of safe .

storage requires some level.of continuing care during the holding period.

The Washington Public Power Supply System's Nuclear Project Number 2

(WNP-2), at Hanford, Washington, is used as the reference BWR power station
for this study. WNP-2 is a ll55-MWe station that utilizes a nuclear steam
supply system with a direct-c3cle boiling water reactor manufactured by 'the'
General Electric Company. The single-reactor station is assumed to be

on a generic site that is typical of reactor locations in the midwestern or
middle southeastern United States. The structures, systems, and components

-
are basically typical of the current generation of large BWR power stations.

Sets of work plans are developed for the conceptual decommissioning
of the reference BWR power station via dismantlement, one method of safe

storage, and entombment. From these work plans estimates are developed for
the manpower. requirements, the major resource and equipment needs, the
volumes of contaminated material packaged for disposal, the costs of accom-

'

plishing the work, and the exposure of the decommissioning workers and the
Becausepublic to radiation as a result of the decommissioning efforts.

1-2
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widely different work plans and decomissioning techniques can be utilized
to achieve the desired decommissioned condition, the results of the study

| are dependent upon the detailed choices made. The choices of plans and
technit,aes in this study are believed to be realistic and representative

,

' of the operations that would be required to safely decomission the reference
'BWR power station at a reasonable cost.

| A suggested dose-based methodology for determining the level of radioactive
contamination that could remain on a site or in a facility and still allow

| unrestricted use of the property is demonstrated. This methodology utilizes

! the calculated maximum annual dose to the maximum-exposed individual as the

basis for determining "ese levels. The relationship between dose and contami-

| nation level is complu, involving the spec,trum of residual radionuclides and
! their exposure pathways to the maximum-exposed individual.
|

| The work plans and the scenarios for airborne release of radioactive
! materials are used to evaluate the impacts of decommissioning operai. ions ,

j on the workers and the public. Estimates are made of radiation exposure,
lost-time injuries, and fatalities for each decommissioning approach
studied.

t

The operating techniques, safety impacts, and estimated costs developed,

!

| In this study are ~ sensitive to specifics of the reference BWR power station.
! Such. specifics include the mixtures a:1d the levels of residual radioactive

contamination at final plant shutdown, and the plant size, design, location,
and operating history. These specifics must be examined carefully before
attempting to apply the results of this study to a different nuclear power
station. Some efforts to examine the sensitivity of the study results to

! Hant specifics such as size, radiation dose rates, etc., are presented in
1

! this report. -

The study results are presented in two volumes. Volume 1 (Main Report)
contains the results in summary form. Voleme 2 (Appendices) contains the
detailed data that support the results given in Volume 1. The supporting

data are presented in a manner that facilitates their use for examining
decommissioning actions other than those included in this study.

.
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CHAPTER 2

'

SUMMARY

The results of this study sponsored by the U.S. Nuclear Regulatory Com-
.

mission (HRC) to conceptually decommission a large boiling water reactor (BWR)
power station are summarized in this chapter. The purpose of the study is to

! provide information on the available technology, the safety considerations,
and the probable costs for decommissioning a large BWR power station after
30t full-power years of operation. The principal results are given, in brief,

,

in the following paragraphs, with more-complete summaries presented in sub-
sequent sections. -

Immediate dismantlement of the reference BWR is estimated to cost $43.6
million (in 197E doilars), to require about 2 years for planning and p'repara-
tion prior to final reactor shutdown, to require about 3-1/2 years of active

'

decommissioning following reactor shutdown, and to result in radiation doses
to decommissioning workers of about 1845 man-rem.

Preparing the reference BWR for passive safe storage, safe storage for
30 years, and dismantlement after 30 years is estimated to cost a total of
$58.8 million (in 1978 dollars), to require about 1-1/2 years for planning.

| and preparation prior to final reactor shutdown, to require about 3 years to

i place the facility in passive safe storage, and to .sult in accummulated

radiation doses to decommissioning workers of about 418 man-rem. Continuing

care during safe storage is estimated to cost $75,000 per year and would con-

.
tinue until the facility is dismantled. The cost of dismantling the reference

| BWR after passive safe storage is estimated to be somewhere between 536 million
and $26 million, depending on the duration of the safe storage period, to re-
quire a time span equivalent to immediate dismantlement, and .to result in
radiation doses to decommissioning workers that range from 495 man-rem for

1
'

dismantlement af ter 10 years of storage to a few man-rem after 50 years of
'

storage.

2-1

+ _ -



-
.

.w'. - - ~

.w .
., , , , ,

Entombing the reference BWR after removing the highly activated reactor

vessel internals (scenario 1) is estimated to cost $40.6 million (in 1978
~

dollars), to require about 2 years for planning and preparation prior to
*

final reactor shutdown, to require about 4 years of active decommissioning
following reactor shutdown, and to result in radiation doses to decommission-
ing workers of abcut 1684 man-rem. Entombing the reference BWR with the

highly activated reactor vessel internals left in place (scenario 2) is
estimated to cost $35 million and to result in radiation doses to decommis-
sioning workers of about 1573 man-rem. Scenario 2 is really a form of hardened
safe storage, and dismantlement will be necessary to obtain unrestricted
release of the property.

,

Costs of continuing care during entombmer.t are estimated to be $40,000 per
year. These costs would m tinue until either the radioactivity can be shown

.

to have decayed to unresti cted release levels, or until the facility is dis- -

mantled should an earlier release of the property become necessary.

No detailed estimates of cost and radiation dose are made for dismantlement
of an entombed facility. However, it is anticipated that these parameters will
have values similar to those for dismantlement following passive safe storage.

2.1 STUDY BASES

The major study bases are:

The study must yield realistic and up-to-date results.e

The study is conducted within the framework of the existing regulations*

and regubtory guidance.

The study is to evaluate decommissioning of an existing single-reactor*

facility.

The study is based on 30 full-power years of plant operation.e

The estimated radiation dose rates throughout the plant are based on*

measured data from operating plants.

Current and proven decommissioning technology and techniques are used.*

2-2
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The fundi".g for decommissioning activities is available as necessary to*

complete the planned activities without fiscal constraint.

A ryclear waste disposal facility is in operation.
|

*

For decommissioning activities that immediately follow plant shuS'own,*

the staff is composed of the former operations and maintenance personnel.

All materials whose radioactivity exceed unrestricted release levels are*

removed from the site before the site is released for unrestricted use.

The performance of decommissioning activities is relatively trouble-free.*

The study conforms to ALARA occupational exposure philosophies. a*

i

e The costs are in 1978 dollars. .

The results obtained in this study are specific to these major bases and
to the specific assumptions that are derived from them and stated in the
appropriate place in the study. Applying these results to situations where -

the conditions are different from those in this study could produce erroneous

conclusions. The sensitivity.of the study results to plant-specifics such as
size, radiation dose rate, etc., is examined to provide guidance in the
application of these results to other plants.

2.2 DECOMMISSIONING ALTERNATIVES
3

Decommissioning of a nuclear facility is defined as the measures taken
following the end of the facility's operating life to ensure the protection
of the public from any residual radioactivity or other hazards present in the
facility. Three approaches to decommissioning are considered in this study:

Dismantlement - The station is decontaminated,and the radioactivee

materials are removed. Upon completion, the nuclear
license is terminated and the property is released for

unrestricted use. j

Safe Storage - The radioactive materials and contaminated areas are ,e

t D " d decontaminated or secured and the structures and equip-
s em nt

ment are maintained as necessary to ensure the protection

of the public from the residual radioactivity. During

2-3
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the period of safe storage, use of the property' remains
; limited by the nuclear license. Eventual dismantlement

is necessary if unrestricted release and license termina-,

tion is desired.

En'tembment - The radioactive materials and contaminated areas are*

decontaminated and the nonrelea' sable materials are confined
within 'a monolithic structure that provides integrity to
ensure the protection of the public from the entombed

,

radioactivity for a time period of sufficient length to
permit the decay of the radioactivity to unrestricted
release levels. During the period of entombment, the
property is maintained as necessary and remains restricted
in use by the nuclear license. -

-

2.3 DECOMMISSIONING EXPERIENCE

A review of the documented cases of nuclear reactor decomissioning shows
that while the decommissioned facilities were generally small and had
operated for relatively shnrt periods of time, the problems encountered tended
to be common to'all decommissioning undertakings. The review also shows

that a wealth of experience exists within the nuclear industry regarding
methods and equipment for accomplishing decommissioning, and that there

are no major technical impediments to the successful decommissioning of a large
BWR power station.

| 2.4 REGULATORY GUIDANCE FOR DECOMMISSIONING
<

|

In general, regulations are in place to cover decommissioning of the
| reference BWR. In some cases (i.e., security, safeguards, quality assurance), |
t

1the existing regulations do not speak specifically to deco missioning, but 1

they can readily be interpreted as being applicable.

The following suggestions are made for improving present regulations:

Centralize or provide an index for all regulati.ons that pertain to*

decommissioning.

2-4
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Modify the existing regulations that apply to decommissioning to include*(
reference to such centralized or indexed application.

Clearly define the financial qualifications and responsibilities of the*

licensee for decommissioning.

Specify which of the existing regulations governing allowable public-
|

*

radiation dose take precedence during the decommissioning of a light-i

|
| water reactor.
|
I More clearly define "high-level waste" (with respect to the highly! *

radioactive reactor vessel components), and the associated disposal ,

requirements.
~

5

' provide a comon, identifiable reference for acceptable residual radioactive* ,

contamination levels for unrestricted release of materials, structures,
|
I and sites.

-

Specify the requirements for license renewal or extension, should such be*

necessary at the time of decommissioning.

2.5 FINANCING DECOMMISSIONING

The federal government currently has very little direct involvement in

f decommissioning financing considerations. NRC regulations simply require the.

applicant for an operating license to demonstrate the financial resources to
cover the estimated costs of both operating and permanently shutting down the

facility. However, the importance of financial assurance for decommissioning
was recently recognized by the Congress of the United States in the Uranium

l' Mill Tailings Control Act of 1978, which amends the Atomic Energy Act of 1954,

f providing explicit authority for the NRC to require an adequate bond, surety,
or other financial arrangement by uranium mill licensees to ensure site
cleanup and reclamation prior to license termination. Furthermore, the NRC

!
-

|
is considering-financial requirements within the broader context of an overall
reevaluation of its policies on decomissioning nuclear facilities. ,
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Three principal financing alternatives for decommissioning a n'uclear
power station are considered in this study:

!

a prepaid decommissioning reserve controlled by an outside entity
e

.

an internal unfunded decommissioning reservee

a. funded reserve or sinking fund controlled by an outside entity.
e

A fourth alternative, payment of decommissioning costs from other revenues

when the funds are required,' is considered in less detail because it provides
less assurance that funds will be available.

The revenue requirement for each of the financing alternatives is shown
in Table 2.5-1, together with assumptions about tax treatment of the reve-

"

The results show that the revenue requirements are very sensitive to'nues.

the tax treatment of those revenues.
.

TABLE 2.5-1. Revenue Requirements fgr the
Financing Alternativesta)

Tax Annual Payments Total Payments
Financina Alternative Treatment ($ millions) ($ millions)
Prepayment Untaxed 2.35 70.4
Internal Unfunded Untaxed 1.47 44.0Reserve Taxed (b) 2.72 81.5
Sinking Fund

Untax9d 1.09 32.5
Taxedib) 2.01 60.2

Paid When Required Untaxed 44.0--

(a) Estimated decommissioning cost = $44 million, depreciation
lifetime = 30 years, effective interest rate on fund = 2%/yr,
effective interest rate on borrowed capital = 4%/yr.

(b)Most likely situation regarding taxes.

2.6 FACILITY AND SITE .

The reactor used as the reference facility in this study is the
Washington Public Power Supply System's Nuclear Project Number 2, an 1155-MWo

station with a Mark II containment system. The nuclear steam supply system
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is a direct-cycle boiling water reactor manufactured by the General Electric
Company, and is generally representative of the current generation of large
BWRs. The reference site used in these analyses is typical of a midwestern
or middle southeastern river site. This site has been developed for use in
a series of studies devoted to the decommissioning of nuclear fuel cycle
facilities that is being performed for the !{RC by Pacific fiorthwest Laboratory.

~

Sufficient descriptive information is presented for,' both the facility and the
site to permit the development of the detailed work plans, the costs estimates,
and the safety assessments that are the results of this study.

2.7 RAD 10fiUCLIDE If4 vet 1 TORY

levels of radioactivity in and radiation dose rates from activated reactor
components, from contamination deposited throughout the plant, and from the,
site soil are calculated and/or derived from existing data. The radionuclides
that are the principal contributors to occupational radiation exposure are:
immediately after reactor shutdown and during the next 100 years, 60Co; and
after 100 years, '40 Nb. The amount of radioactivity present in the activated
reactor vessel components' at the time of reactor shutdown is calculated to be

60
about 6.6 million curies. Th t. calculated radiation dose rates of Co from

the activated reactor components at reactor shutdown range from a maximum of

120,000 R/hr at the inner surface of the core shroud to 140 mR/hr at the
59

reactor vessel outer surface. The calculated radiation dose rates from gg

94and fib have maximum values in the core shroud of about 70 mR/hr and 700 mR/hr,

respectively. Dose rates at locations throughout the facility range from
several hundred R/hr to a few mR/hr, based on a composite of data from operat-

ing plants.

Annual atmospheric releases from operating BWRs vary widely, depending

on such specific plant factors as size, operating history, and gasecus
effluent system design. For this study, the soil contamination levels and
the mixtures of radionuclides on the site resulting from deposition of

<

atmospheric releases from the plant during 40 years of normal operation are ,

calculated from measured annual release information.
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2.8 EXAMPLE ACCEPTABLE CONTAMINATION LEVELS FOR UNRESTRICTED USE OF THE BWR
PROPERTY

| A suggested methodology for determining acceptable residual radioactive
| , contamination levels for unrestricted use of the decommissioned reference BWR
'

facility and/or site is presented in this study, and example acceptable
! contamination levels are calculated. The methodology is based on the concept .

that no member of the public will be allowed to receive an annual dose in
excess of a limit yet to be established by U.S. regulatory agencies. These-

example acceptable contamination levels are based on an assumed 50-crem/yr limit.
The effect of radioactive decay on these acceptable levels of residual
radionuclides both in the facility and on the site is demonstrated by cal-
culating these levels for the radionuclide mixture present at reactor shutdown
and for the mixture present 10, 30, 50, and 100 years af ter shutdown.

'

For the facility, the acceptable le.cls of radioactivity are presented
2in units of surface activity (pCi/m ). Soil contamination values are pre- '

sented in units of radioactivity per gram of soil sample by assuming mixing
of the radiation source with. dry soil to depths of 10 mm and 150 mm. After
40 years of normal BWR operation, the residual radioactive contamination is

'

assumed to be. mixed to a depth of 10 mm by natural processes. When the site
is released, the residual radioactive contamination is assumed to be mixed to
a depth of 150 mm as unrestricted activities begin.

summary of the calculated example radioactive contamination levels thati n
i

j result in an annual dose of- 50 mrem to any organ of any individual is given in
Table 2.8-1.

!
.

;

|
|
| -

I
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TABLE 2.8-1. Summary of the Calculated Example Acceptable Residual
Radioactive Contamination Levels for the Reference
BWR Facility arid Site

.

Acceptable Residual Contamination Levels
Time Exposure Corresponding to an Annual Dose of 50 mrem

__

Begins Surface soil Contamination
(Yearsaft9r Limiting Contamination Mixed to 10 m Mixed to 0.15 m
Shutdownla) Organ -(pci/m4) (pci/g) (pci/c)

EWR Facility (b) O Lungs 0.55 - --

100 Bone 0.82 -- ---'

;

BWR Site 0 Bone 0.17 11 0.73 .

103 Bone 0.12 8.0 0.53
|

. :

(a)The time that continuous exposure begins.
(b)ln'the facility, a determination of acceptable surface radioactive contamination

levels, based on the mixture of the radionuclides, is assumed to be used to help
' determine the necessary decomissioning procedures.

.

2.9 RADIATION EXPOSURE ESTIMATES -

>
;

Estimates of accumulated occupational radiation dose are 1845 man-rem for

| immediate dismantlement,1684. man-rem for entombment scenario 1 (removal of

reactor vessel internals),1573 man-rem for entombment scenario 2 (reactor
vessel internals entombed), and 375 man-rem for placing the facility in passive
safe storage, with an additional 7 to 10 man-rem for surveillance and main-
tenance during-periods of continuing care of from 10 to 100 years. Radiation

i dose associated with deferred dismantlement depends on when the dismantlement

takes place. Relatively little additional reduction in accumulated occupational
,

'

radiation dose is estimated to result from deferring the dismantlement sequence
beyond 30 years, and virtually no additional reduction results from deferment

'

beyond 50 years.

The individual estimates of occupational radia' tion dose for the varios
decomissioning alternatives are summarized in Table 2.9-1.

Additional. radiation dose is received by the transportation workers,

and by the general public as a result of transporting the spent fuel and the ,

i radioactive materials to disposal sites. These radiation doses are summarized

j in Table 2.9-2.

1
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Table 2.9-1. Summary of-Estimated External ~0ccupational Radiation
| Doses for Decomissioning the Reference BWR
i -

Start of . Estimated Radiation Dose to Decomissioning Personnel (man-rem) a)
'

Decomissioning Immediate Preparations for Continuing Enterreent Geferred
,

l' {yearsaftershutdown) Dismantle-ent Passive Safe Storace Care Scenario 1 Scenario 2 Disrantlerent
~

*

; O 1 845 375' 1 684 1 573--

{ 10 1.3-- -- '495-- --,
30 6.5-- --

36. -- --

| 50
,

10.0-- -- 3-- --

I 100 *
10.0-- --

<1-- --
I ,

.

(a) Total dose for passive safe storage with dismantlement deferred for 30 years is the sum of (375 + 6.5 + 361 '

man-rem.

|

TABLE 2.9-2. Radiation Dose from Transport of Radioactive
Materials from Decommissioning

Radiation Doses from Transport (man-rem)(a'). -

Preparations '

Immediate Passive Safe Entombment
pismantiement(b) storage (scenario 1) fscenario 2)

t

Occupational:
,

Truck Transport 110 22 69 51 ;

Rail Trans' port _ 5.4 5.4 5.4 5.4
Totals 120 28 75 56

.

Public:
Truck Transport 10 2.2 6.7 4.9

_ Rail _ Transport 0.5 0.5 0.5 0.5
Totals 11 2.7 7.2 5.4 -

(a)All values are rounded to two significant figures.

(b)FordefergCoactivityduringthesafestorageperiodd dismantlement, these values are reduced in proportion to thedecay of
.

.

| -

u
l'

.
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?.10 DECOP.MlSSIONING COSTS

All costs are given in terms of 1978 dollars, with 25% contingencies
included.

Immediate dismantlement is estimated to cost $43.6 inillion. The major ,

,

contributors to the total cost of immediate dismantlement are summarized in
Table 2.10-1. The cost for shipment and disposal of rad'ioactive materials is

,

about 25% of the total decommissioning cost. About 50% of the total decommis- |

sioning cost is due to staff labor. Energy, equipment, and supply costs con-

stitute about 10, 6, and 5%, respectively, of the total dismantlement cost. .

.

TABLE 2.10-1. Summary of Estimated Cos,ts for Imediate Dismantlement'

'

1$ millions)gb)Fercentof
Estimated Co

, TotalCost Catecory -

Disposal cf Radioactive Mater.als -

Neutron-Activated Materials 300
Contaminated Materials 4 309
Radioactive Wa',tes 1.469

!
Total Disposal Costs 8.678 24.9

! Staff Labor 17.561 50.4
Energy 3.519 10.1

.

Special Tools and Equipment 2.016 5.8

! Miscellaneous Supplies 1.859 5.3

| Specialty Contractors 0.356 1.0
Nucle 3r Insurance 0.800 2.3

,

License Fees 0.051 0.1

! Subtotal 34.840 100.0

| Contingency (25') 8.710

Total, Immediate Dismantlement Costs 43.550

Other Possible Costs-

Spent Fuel Shipment 3.788
Facility Demolition and Site Restoration ~ 13.244
Deep Geologic Disposal of Highly Activa-

ted Materials 0.848
| Fuel Channel Disposal 0.617

| Subtotal 18.497-

Contingency (257) 4.624
'

Total, Other Possible Costs 23.121

(a) Costs adjusted to early 1978.
:

| (b)The number of si.gnificant figures shown is for computational complete-

|
ness and does not imply accuracy to the nearest $1000.
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Other possible costs, which include ' shipment of spent fuel, disposal of
fuel channels, disposal of highly activated materials in deep geolog~ic disposal,
and demolition of the decontaminated facility, total an additional '23.1 million.

Preparing the reference RWR for passive safe storage is estimated to,

cost $21.3 million. The major contributors to the total cost of preparations
| for passive safe storage are summarized in Table 2.10-2. The principal cost
; item is staff labor, contributing about 66% of the total. Energy, supplies,

f and disposal of radioactive wastes contribute about 13, 8, and 7%, respectively,
to the total cost.

4

| TABLE 2.10-2. Summary of Estimated Costs for Preparations for
Passive Safe Starage

,

| Estimated Costs Percent of
| Cost Category ($ millions)(a,b) Total

Disposal of Radioactive Mate-
-

rials (Radioactive Wastes) 1 .216 7.1
Staff Labor 11.254 66.1
Energy 2.122 12.5

Special Tools and Equipment 0.351 2.1
i Miscellaneous Supplies 1 .361 8.0

Specialty Contractors 0.196 1.2

Nuclear Insurance 0.500 2.9
License Fees 0.038 0.2

Subtotal 17.038 100.0
Contingency (25%) 4.260

Total, Preparations for Passive
Safe Storage Costs 21.298

Othe~r Possible Costs

Spent Fuel Shipment 3.788
Fuel Channel Disposal 0.617

Subtotal 4.405
* Contingency (25%) 1.101

'

Total, Other Possible Costs 5.506

.

(a) Costs adjusted to early 1978.i

i (b)The number of significant figures shown is for coiputational completeness
! and does not imply accuracy to the nearest $1000.
:
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The cost of continuing care during passive safe storage is estimated to

be-$75,000 per year.
.

The cost of deferred dismantlement following passive safe storage for
intervals of 10, 30, 50, and 100 years after final reactor shutdown is
estimated in constant 1978 dollars to be $36 million, $3'6 million, $26 million

!
i and $26 million, respectively. The lesser costs after ttie longer intervals

are the result of having less contaminated material for packaging', shipment,
and burial due to decay of the radionuclides.

Entombing the reference P W via scenario 1 (removal and disposal of
reactor vessel internals) is estimated to cost $40.6 million. The major con-
tributo'rs to the total cost of entombment are, summarized in Table 2.10-3.

The principal cost item is staff labor, contributing almost 56's of the total ,

for scenario 1. Disposal of radioactive materials, energy, equipment, and

supplies contribute about 18,12, 6, and 6%, respectively, to the total cost. -

TABLE 2.10-3. Sumary of Estimated Costs Entombment

I8I
trtor.N*rt scenario 1 teto'twet scerario 2

ritimTe eRo ts )
t fercent ofFercert cf

Estiedtea (c ts } (1 eillices) s.b Tote.(I wi11 tons) a.t TotalCett Category
_

r terialsCisresal cf 8acicactive a
hewtrc% Activated raterials 2.394 0

Certa *ir.ated P.atertals 1.8J6 1.992

Eacicattive =estes 1.469 1.4f9
Tctal Cispsal fests 5.73 17.6 3.4f i~ 12.4

18.095 55.7 16.f99 60.8
5ta*f Labor

3.775 11.6 3.175 13.5
ft;eesy
5 tectal Toc 1s and tout;reat 2.C16 62 C.866 3.1

Ftstellaceous 5.tt 1es 1.859 5.7 1.859 6.6
1

C.172 C.5 0.172 C.6
Srecialty Contracters

0.830 2.5 C.800 2.9
huclear 1rsurance

C.C39 y C.039 C.1
Liceese Fees

Sottatats 32.465 100.0 27.971 100.C

Ce*t Weecies (25 ) 8.116 6,993
*

icials. Ento +teent Cests 40.581 34.964 i

'

A-r-wal Ce*tte.ing Care Costs C.040 C.CdC

Ct*ee tessitie tests
3.786 3.7ES5 cent Fuel SPip-ent

a storatton 8.059 6.059f actlity De%11 tion and Site e

Leet Geological Cispossi of M9nly Activated
Cr te*ials C.495

a

Fvel Crarael Cispcsal C ff? _CJ,1_7

!sttotals 12 959 12.464 .

Cre*ieger.ctes (25t) 3.2a0 3.116

tctals, Cteer Possitle tests 16.199 15.580
,

(alCosts aejusted to early 1978.
significant f. gores shown is for coagutational cogletenes. and dces act ie;1p accura:y to t*e(t)The n.,eter ce

r.earest 11000.
(c15cecarte 2 311 require eventwal dismantleacet.

I
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Entombment scenario 2.(re ctor vessel' internals retained within the entemb-
ment structure), which is really a form of hardened safe storage, is estimated
to cost $35 million.

The cost of continuing care during entombment is estimated to be $40,000*

. per year for either scenario 1 or scenario 2.

tio detailed cost estimates are developed for dischntlement of an entombed

reactor since under scenario 1, the intent is to leave the structure intacty
'

until the ra'dioactivity has decayed to rolease levels. Dismantlement is
required under scenario 2, and it is anticipated that the costs would be-
similar to the costs of dismantlement following passive safe storage.

The total cost in constant 1978 dollars for each of the deccmmissioning
alternatives is summarized in Table 2.10-4.

.

TABLE 2.10-4. Total Estimated Costs for Possible Decomminioning Alternatives
-

Deccmissiening Cests ($ cillions)(a.t)
Cecomissioning hurber of Years After Reactor Shutccwn Disrantle ent is Ceferred

Alternative 0 10 30 50 1C0

Irrediate 43.6 --

Disrantierent
-- -- --

i

Freparations for 21.3 21.3 21.3 21.3 21.3
Passive Safe Sterage

Continuing Care 0.6 2.1 3.6 7.4--

ICI 26.4(c)Deferred 35.5 35.5 26.4--

Distantlerent
Total Cost 57.4 58.9 51.3 55.0--

Enter.teent -

(Scenario 1) 40.6 40.6 40.6 40.6 40.6
(Scenario 2) 35.0 35.0 35.0 35.0 35.0
Ccntinuing Care -- 0.3 1.1 1.9 3.9
Ceferred sO s30 s20 s20

Dismantlerent(d)
--

Tctal Cost
I-- -- -- -- 44.5 *)(Scenario 1)

(Scenario 2) -- 165 1E6 s57 159

*

(a) Values include a 25% contingency.
(b)Valces are in constant 1978 dollars.
(c)These reduced values result from lesser amounts of contaminated raterials fcr turial

in a licensed disposal site.

(d)0rder of magnitude estimate, based on engineering judsenent, applies cnly to
entcetrent scerario 2.

(e)lt is assured that the entombed radioactive material decays to.the urrestricted
release level in 100 years.
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~ 2.11 OCCUPATIONAL AND PUBLIC SAFETY

Radiological and nonradiological safety. impacts from normal decommissioning

operations and from potential a :cidents'are identified and evaluated for the
reference BWR for the immediate dismantlement, passive, safe storage with
deferred dismantlement, and entombment decommissioning alternatives. The

safety evaluation includes consideration of radiation dose to the public from
normal operations and postulated accidents and from potential chemical pollutants.
The safety evaluation utilizes current data and methodology, along with engineer-
ing judgment when necessary, to estimate the required input information and the :

p

:resulting safety impacts. The approach used to evaluate all the safety aspects a

of a particular decommissioning activity is bclieved to be conservative.

The results of the safety evaluation of normal decommissioning operations

are summarized in' Table 2.11-1. The prir.cipal radiation dose to the public
results from the transport of radioactive materials from the reactor station to >

'

disposal facilities. The estimated dose to the public resulting from decom- p

missioning operations is extremely small.
;
f

TABLE 2.11 1 Summary of Safety Analysis for Decommissioning the Reference BWR

Fassi6e Safe Sterage atth Deferred
Type of Source cf irrediate trio *eet Ois*4rtie*ent 1'ter

M ety Centeen Safety Concern t*its Dised*tle*eet (5cenario 1) (5cecaeic 2) IC tears 30 itses 5C teers 102, tears

p alic Safety (a)

C.C5 0.04 0.04 .C.05 0.C5 <C.05 <0.05
Cecorristicrir;) ran-reeFa:tation sse

Ocerations(t
Transocetation ra n-rem 11 7.2 5.9 5.6 2.5 2.7 2.7

ICIneg.ICI ICI ICI reg.ICI r4.iu repreo nerCcetinuing Care san rem ~

Occupatienal safety

!criows test-time Cecerrissioning total no. 6.7 6.5 6.5 9.6 9.6 9.6 9.6

trjw ies Operaticr.s' e

Transco tation total no. 1.2 0.8 C.6 1.5 1.5 1.5 1.5

0.06 0.18 c.30 c .61Centinatng Care total no. .. .. ,
.. .

Fataltties Oecorrissioning total no. 0.C38 0.039 *0.039 C 055 0.C56 C.056 0.C56 [
Operations

Transportatica tctal no. 0.072 0.0 7 <0.047 C.087 C.CB7 c.CE7 C.Ci1

Ccetinaing Care tctal no. .- -. -- C.00C61 C.001E 0.0031 0.C;61

ran rem 1 E45 1 E84 1 573 871 418 388 356saciation tese Deco rt'ssiening
Operations

Transpcrtation e4n-ree 120 75 56 60 30 25 28 -

Centicutag Care ran-ren .. ~ -- 1.3 6.5 10.0 IC.C

Elha0tationdesesfrompostulatedaccidentsarenotincluced.
(tl!C-yr corritte$ dose equivaleet to the lung for the total population within an E3.kr raci6s of the site.
(c}eeg. * regligible. Faciation C0les to the public froe norn41 continuieg care activities are r.ct aralyze:

in cetail, but are espected 10 De signjficantly Smaller than thCse from decorrissioning cperaticns.
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Less than 10 lost-time injuries from industrial-type accidents are
predicted to occur during the decomissioning effort, with one-additional
injury predicted to result from transport'ation operations. Essentially no

| fatalities are predicted to occur as a result of decomissioning operations,
*

! including transportation.

I ,'

2.12 COMPARIS0N WITH OTHER STUDIES|

A review of four studies on decommissioning of BWR power stations (two
from Germany, the 1976 AIF study, and a 1977 analysis by the Wast. 'r9 ton Public

Power Supply System) shows that it is extremely difficult to compare these
studies because the level of detail and the basic assumptions vary markedly

between them. The cost estimates for immediate dismantlement from these studies
range from $31 million to $100 million in 1978 dollars, with the two German

! studies estimating the highest costs.
-

| 2.13 FACILITATION OF DECOMMISSIONING

A number of techniques for facilitating decommissioning are presented
and examined for their impact on cost and occupational radiation dose durmg
reactor operation and maintenance, as well as during imediate dismadlement.
It is concluded that the techniques that are most beneficial ara those that

reduce cost and radiation dose during operations and maintenance, sinco many,
more opportunities for reducing cost and dose occur over the operating life
of the plant than occur during decomissioning.

2.14 IMPACTS OF ALTERNATE STUDY BASES
i

'

Analyses of the sensitivity of cost and radiation dose to such factors as
plant size, radiation dose rate, disposal-site charges, etcc, are developed

)and presented.
|.

Scaling factors are developed for use in estimating costs and occupati.onal;

!
radiation dose for decommissioning-BWR power stations whose sizes are smaller
than 'the reference BWR. An overall scaling factor (OSF) is derived that is
a function of the plant power rating (PPR) in thermal megawatts:

i
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OSF = 0.324 + (2.035 x 10-4)PPR
.

The product of this scaling factor (evaluated for the power rating of the
smaller plant) and the cost for decommissioning the reference BWR yields
a reasonable estimate of the cost for decommissioning the smaller plant.

;

If the radiation dese rates throughout the reference plant are three
times greater than assumed in this study, occupational ra'diation doses are
estimated to more than double, and the cost of immediate dismantlement and

entombment, if accomplished in the same manner as before, is estimated to
increase by over $6 million. A more extensive chemical decontamination pro-
gram would minimize the impact of higher initial radiation dose rates from

| piping and equipment.
,

!
j .The total decommissioning cost is not very sensitive to disposal rates -

at a shallow-land burial' facility or at a deep geclogic waste storage facility.
Doubling the burial g.ound charges is estimated to increase the total decom- -

missioning cost by less than 9%, and tripling the deep geologic disposal charges
is estimated to increase the total decommissioning cost by about 6%.

' The impact' of the different containment structure designs (Mark I, II, and
III) on decommissioning costs is estimated to be insignificant.

!

! 2.15 CONC > IONS AND RECOMMENDATIONS
|

j Decommissioning of a large BWR power station is technically feasible with
'

present-day technology. Further development of special equipment such as the

plasma-arc torch, the arc saw, and sophisticated remotc-handling equipment

', coul' lead to reductions in both cost and occupational radiation exposure.

Existing regulations appear to cover decommissigning. However, some

modifications and/or additions that speak specifically to the requirements
for decommissioning would be helpful. Centralization or an indexing of
regulations that apply to decommissioning would also be helpful.

! The estimated occupational radiation dose resulting from decommissioning -

i

| is, at most, roughly equivalant to the dose resulting from about three or four
typical refueling and maintenance outages, and thus does not appear to be

|
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prohibitively large. The 4mpact of decommissioning on the safety of the public
is small, with no significant risk to the public identified.

To put the various decommissioning alternatives in perspective, it is
useful to examine the estimated costs and occupational radiation doses associated'

with achieving unrestricted release of the facility and the site. For the'

safe storage and entombment alternatives, it is assumed that the release takes

[ place about 100 years after final reactor shutdown, The estimated cost and ,

radiation dose for each alternative is given in Table 2.15-1. From the table

it is seen that immediata dismantlement costs the least but results in the

3reatest radiation dose. Passive safe storage with deferred dismantlement

has a significantly higher cost but a much reduced radiation dose. Neither of
the entombment scenarios is a significant improvement over immediate dismantle-

; ment. The cost cf having the property unavailable for unrestricted use' for
100 years is not included in these comparisons, since the complexity 'of esti-

-

mating tha,t cost is beyond the scope of this study.
|
4

TABLE 2.15-1. vomparison -of Costs and Radiation Dos - for Decommissioning
:

s , nativesthe Reference Bi!R Via the Varb
1

Decommissioning Cost Occupational Radjation

i
-

(millions, 1978 dollars) Dose (man-rem)(a)Alternative

Immediate 43.6 1 965
i Dismantlement

55.0(b,c) 434Passive Safe
Storage

Entombment (b,d) 1 759(Scenario 1) s59(5b,c) 1 629
44

(Scenario 2)

(a) Doses include decommissioni'ig and transportation workert.
.

(b) Cost includes maintenance and surveillance for 100 years.
,

(c) Cost includes dismantlement after 100 years,
j (d)No dismantlement ' assumed.

The acceptability of dispostl of highly activated and/or long-lived radio-
active materials by burial in a shallow-land burial facility is under consider-

,

ation by the NRC and needs to be determined. If placement of these materials
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'in-a deep geologic disposal facility similar to that-postulated for high-level
radioactive wastes is required in the future, decommissioning costs will be
increased by about $1 million,

f

! If. the bulk of the nonactivated, contaminated stainless steel and non-

|
ferrous metals can be decontaminated to levels sufficiently low to permit unre-
stricted use, additional savings can be realized. However, the appropriatei

definitions of the amount of radioactivity that would belpermitted on such
materials when released for unrestricted use are not presently'availabic.

i

! Certain types of data useful to decommissioning analyses are essentially

ncnexistent at this time. Measurements on activated stainless steel that has
i

i been irradiated for an extended period of time (>10 years) to determine.the
59 94

| growth 'of such long-lived radionuclides as ffi and Nb would be valuable
'

for ' confirmation of calculations. Similarly, measurements of the growth of .

I

! radionuclides in irradiated concrete would be helpful in evaluating the radia-
I tion dose rates that might be encountered from the activated reactor shield. -

152 154In particular, the levels of Eu and Eu resulting from trace amounts of
,

j europium present in the concrete are important contributors to the total radia-
tion dose rate from the concrete. In addition, studies to determine the actual'

levels of radioactivity on the soil surfaces surrounding operating reactor;

j facilities would help to characterize in a realistic manner the residual radio-

i activity that might be present after 40 years of operation, and would help to
quantify the decontamination effort that might be required to release the site.

f for unrestricted use. Selected research programs in these areas are in progress

sponsored by the NRC.

Careful attention during the design and construction phase of a reactor
project to simplify the problems of eventual decommissio would be effective;

) in reducing decommissioning costs and occupational radiation exposure.
!
$

.

!

4

|

!
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