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INTRODUCTION

The . clarifications to our original technical proposal are contained in the;

! following pages. -These clarifications _ answer the questions which were posed
-

in discussions held on October 25th, and contained.in the enclosure
; Ms. Smith's letter dated November 2,- 1989. Our~ revised technic +i proposal is

organized in accordance with the 9 questions that'were posed. For'easyfin-
reference, the question is presented in boldface, and out response _fo' laws.;

' Resumes of personnel added to'the proposed- project tLem 'to assure thc: ti,
team possess the ~ full : range of experience and expertise _ needed -to support thisc

| procurement are: presented in Appendix A. : Appendix B presents excerpts of two.
studies. conducted by SC&A project members relating to non power. reactor'

licensees.
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I 1. The RFP called for rulemaking support for requirements that might impact
on any NRC licensee. The proposal, in its discussion and through its
e>amples, focused almost exclusively on power reactor licensees.

,

|

The panel ne.!s to know yout "pabilities and ability to provide support on
,

non-power reactor rulemakings. Specifically, it is anticipated that tasks'

emanating t rom this contract may be heavily focused on NMSS rules. These are
likely to concern:

a. both high and low level waste facilities and activities;
b. fuel processirg plints;
c. medical use licensecs; and
d. safeguards issues.

hth thta in mind, please discuss your proposed personnel qualifications to'

' idress requirements that may bpact these types of facilities and activities.
Specifically,

.

(1) identify any percennel that has actual hands on experience working
at these types of facilities;

(2) demonstrate your knowledge of these facilities and their processes;

(3) discuss any rulemaking and regulatory experience associated with
these facilities and activities;

(4) and knowledge of what is important to safety, what are the hazards,
and what are the credible accident scenarios.

Resporitia :

The proposed Project Manager, Dr. Sanford Cohen, bego nis professional
| career at General Atomics, where he was Chairman of the Criticality
| Safeguards Committee. In this role, he was responsible for licensing all
| of the special nuclear material, including research reactors and critical

f acilitics, at this large research laboratory. In 1972, Dr. Cohen became
a consultant to the AEC Office of Fuels and Materials (now the Fuel Cycle
Safety Branch in NMSS), where over subsequent years he assisted the
Office in the preparation of the Environmental Statement for the Exxon
Mixed Oxide Facility, the Environmental Survey of the Uranium Fuel Cycle
(WASH-1248), the Environmental Statement for the Nuclear Fuel Cycle West*

Valley Reprocessing Plant (since canceled), and_the Generic Environmental
Statemnt on the Use of Recycle Plutonium in Mixed Oxide Fuel in Light Water

Y Cooled teactors (GESMO). In the later years of the 1970s, Dr. Cohen prepared
for the NRC the accident sections of several uranium mill Environmental
Statements (under sub-contract with Argonne National Laboratory) and for the
Generic Environmeatal Statement on Uranium Milling. He also prepared for the

,

Environmental Protection Agency a report which estimated the accident risks'

from all components of the nuclear fuel cycle.

| After forming SC&A in 1981, Dr. Cohen perfermed studies for both the EPA
' and the NRC on the impacts of revised radiation protection standards (10 CFR

Part 20 for the NRC). These involved evaluations of the impacts on several
components of the nuclear fuel cycle, as well as byproduct material licensees,

,

1

1 SC&A

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



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

: i
I

1

such as hospitals and nuclear medicine clinics. For the Department of Energy,
Dr. Cohen developed a Program Management System and a Safety Plan for the high
level waste repository (Office of Civilian Radioactive Waste Management). For
the EPA, he evaluated for several byproduct material licensees (hospitals, in
particular) the costs of compliance with proposed standards for radionuclides
under the Clean Air Act.

The proposed Project Director, Mr. David Goldin has extensive experience
supporting rulemakings and regulations affecting the NRC's non-power reactor

, licensees. For the NRC's Office of Inspection and Enforcement (l&E), under
a bcontract with Lawrence Livermore National Laboratory, Mr. Goldin assisted
in be development of background information to support the revisions to the
physical Drotectlon requirements for sites possessing low and moderate
quantities cf special nuclear material (10 CFR Part 73.67). His

,

responsibilities in this work included evaluating the adequacy of existing,

protection systems and procedures at research and test reactors and performing
an assessment of the radiological consequences of sabotage at these
facilities. After the revised physical protection requirements were'

promulgated, Mr. Goldin assisted I&E by developing the Physical Protection
Inspection Module used by 1&E inspectors to evaluate compliance with the
regulations at sites licensed to possess low and moderate quantities of
special nuclear material.

Mr. Goldin has provided extensive support to the EPA's Office of Radiation
Programs' rulemakings on NRC-licensed facilitir under the Clean Air Act (40
CFR Part 61, subpar u 1, T, and W) and the Uranium Mill Tailings Radiation
Control Act (40 CFR Part 192). This support has included the development of
background information characterizing the processes, identifying existing
effluent controls, quantifying emissions rates of radionuclides released to
the air, calculating doses and risks to nearby individuals and reoional_
populations from these emissions, and evaluating the costs and benefits of
requiring additional effluent controls. Evaluations were made for the
following classes of non-power reactor licensees: radiopharmaceutical
manufacturers, medical users and nuclear pharmacies, both LWR and non-LWR fuel
f abricators, manuf acturers of sealed radiation- sources and self-illuminating
devices, test and research reactors, facilities using or producing source
materials (including conventional uranium milling facilities), uranium
conversion facilities, and waste shippers and low-level waste disposal
facilities.

In addition to serving as SC&A's Task Manager for the development and*

preparation of the Background Information Documents supporting the EPA's
recent radionuclides NESHApS rulemaking Mr. Goldin also served as SC&A's TaskY Manager for the development of the implementation procedures and exemption

,

criteria for NRC-licensed facilities subject to the rulemaking. As part of
this work, he evaluated the processes at NRC material and fuel cycle licensees'

to develop release fractions of radioactive materials in process that become-
airborne and could be released to the environment. He also investigated the
use and efficiency of effluent control systems at these types of facilities to

,

develop effluent control adjustment facto'rs. The release fractions and !
effluent control adjustment factors have been approved by the EPA for use by -!
NRC licensed facilities in lieu of monitoring data for demonstrating J

compliance with the recently promulgated NESHAP dose standards.

I

i

2 SC&A ;

|
l

- . . - . _ . . - , . _ , . . . , , ~ , _ . - ,- -, -_,w..- __.w,- .~ .



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

F M' '; Mh M
.,'S;'.y&'/!W M '@' NeWWg yIA $yf4:

en-
h

1 A-
1

byU.,,a,;W;)94- e xcav: W W : g Q#M- R/4h y'%
.

qu .y p$ gM>/ yNs-w$ w w %~e ; yR su,.q q+g M V^Q ' y .N g
D

t ,g . yG% } $W"b M,giggyha]6 5T %wepdM w q $ p ,9 d 90
p yy ;;

.

vw k my..p: umps ye
hyq qy ,v

yw mgsw}w h
NY Y.

W : x w : n w:gwcmm .y
j f g J h. . $$u. f .y '. ,1. . ,

- f 3. [; [*; [f.
=

u. .

|,w k 's ' , $; -
. ,. .

,' . AN *Q ' ,,h | '''''Y- ;)| j , g '?Q'
'

***

kt "
. || -

* - ' y * - pg'^ -)- .T ;, ::.' gf :.. ,'[ % ~ my $$
'% L., ,

k W, /
ffj;{|W!['...4;''\1)'h,3-.i y & % iL$ " "?. ( A y.; '

%
. - ,.J V| '*"L | j '.i (Q;W '

. \ .
.

$6' y . .

.

'

.[4 .- -,
. ( ;Q.9 ' "''

'

] i; !. g4 'c:% , .k;
"'

s ww 9' ? ,.s', 4 : "M W ,e..m.y''.).,

u. ..'
. - :.

. , ' . . . .

Q 9 ). .;'.8. ;' Af':

k j(~[ W;WTh |k., k? A : ' T ':) | ' ) :
.n f Lf .'

'?
.

''
, ''W; . \

,

ne ~ . .. ..+ . . .>' . . c ,. ' *
. ..n

g . fM "i, tM y. y'. . .t .
.

. .p.-

. ,
-

-..b . .' ' 8
'

!'l
'

..4; .* :
.. .

, _

.'; ',g. k,,i.., . 'f |J ! 4'g s m
v. n, .

.., , ,J
. Y

,

. . , , . .
'~

- r , .

. , . . . , , ,,
>,;.- . . .e

(it '

'r , ' '-'

' '

p? Ay, , d .; - h. i'. ' . ' . - ' <
4 ., ..'

'

4.,.l - rdg;% { - ' C| ** ., [ .', J -( , y-.

. g4 .e, , J" ,. .u t,j,(,, - , 4 1

'
,

-
ei,4 '

- i -
.. gm

a3 ', 3.
,tp ,-- 1

., ,. 9 O ;.p.7 . |.g . |3 7,,
J. - g .. y . , g

'- . . ,. g s,

, . , . ,. ,
l.

(a1Q, &, .14 .& [@ y | |~
''

-

,,,. .s , . .
.

J%> [j |f1
.

d,[j 'N$. f#n:c M J- y1.* - '; f.' h 4 3k
'

4. f W ',h. g' ,. . . .
''

, . + . .
.

. . .
;

. ~.s. w ayh j ' ,s,'' ,

" - ,,i''

; y,f;.4. %y .., . .i g . J

"?, . 't." -. a b .
'

ga)h| ,, fj)'?',ul&
k . '% h' W.

!? Yh h f k k .'|. h kh;$ +f
%

gh.k%4%M cuwd. .

.

s m. ( w - x. .w. ,. . r w.. :v:, ,, ) ..y,a+:-

!4- i 4 . =

~- '

+ .

,

4 .: .. pp ,g . . , .; , . . , . , .; 4 . . . , . ; ; ;,,
. .

' a.. y -.

*.c- ,

g''f
,

..! .. . , ,
- j

' '
h. . [ ..

^ ' ~
-

4
., , k . ..

-

g.# y w4
-

,& 5_

w&g j@s.M339.m.y & .

.

. ' y1 44
* -

.

..

M .5Nb$$h hk .h f(hhh] bh|

3 SC&A

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



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

..

i

!

, y;'v7wwynwmmM% ? f| h $NfPQ
.

,

|Y WY, h N f
'

,.,w, n
,

f ,;. ,.[. .

-

-.,s a,-
- .c -- w-

. -. ,.p,, y af p .f . . . . . . . .

.
-

.g . -
-

.
.

..4 j., yto ,\..,, ; ^ - . ..; _ - .. - . , ; . r
.

m.

9.. ;. r ..
; ., . . .

%c .. y >s >qv . ,et,. ,. . , ;t. ,,,,1 . x.,
-

.. ,.r c . . -:

' '
'

, g.. ..
.

, <. -
.

,

'

,
- - ;

,
.

_ , ,,
_ - ,

,,

5.. ,
. . . t zl' ,

: .v. o., .; , o.
1 e,y p, . , ~ , . , y .. . .; . c.. . . . , ,

.1- - ,m -

. . . , na,
. , .

.Npe ','j.- .
,> e g 'j . : 1g

{ .$ ' ,r7 9 ';.11 [. . V f ' . ': ' . . .
- -- NE [ c.j'

L )'.:py.M * ,y,/ ."

i. L . A -

.
,

\ ' _f, : y- Q ;c
. +, v ^ *

1 ;; fg. q: , -

- v
< vy.

.
. .; -..' ' '

e: .u

.,
.

4 . .
. ..

. . - . . .

,

. . . . . c . . .,., ... , ;,. . . . . . . . .: , .
''.

-.g4 .
s

, " ,.,' y & '', .
;i' . | [ f,. - , _

. , , ..
* '

*
..

M!.J;.i y, ,; .
. vf . . .

s 4/. 4 s.. .i; g. Q ,..e 11
' ' :.

.

: ?~'

. 3 '| | [.
~ *;- 4'_.. w

fG|: .f y.Q ], : ' g..[ .' . . .

$t . I . .. .

4 1 i..' .,5 .. - 1.j
_

*. . - 4.

,.9p h.: ' .~.,p' n
- i

'" ' '

.:-
' .a 3 .- .n .. . 2 m..gif |C pg.y ; , , a,( ' ' p y, .. ,. - . c

.

. . , , .. $,, ..d "
.

*

'' ' ) _

f , . . .-&- ' !- ['
* ' ''

.

* - - - ', .
. |

,N.y |tpNk|.i. ?N |J. k p ? f & .[ [ n- | , ,.
.

.e,

~

s- ., y - . ,;;./\, .

w w w . r e' y g;r m a. m wp, . s . e. 3.m . e.c' 4..e .

4 - it . .. .( ..
.

-
,. , , ,.

-

.

As it is difficult to demonstrate in any limited number of pages our knowledge
of non-power reactor licensecs, what is important to safety at these
facilities, and what the credible accident scenarios are, we have appended to'

j this submission portions of two studies that were prepared by David Goldin and
' Sanford Cohen of SC&A. The first, prepared for the EPA, provides capsule

d discussions of the diverse activities at non-power reactor licensees. The
second demonstrates our knowledge of what is important to safety a-d credible

| accident scencios at fuel cycle fac D ities. -
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2. With respect to the quantification of cost impacts

a. is it reasonable to conclude the JFA will be providing the cost
quantification expertise?

Response:

The proposed project team will not be relying only on JFA's expertise in cost
quantification. Rather, as indicated in Table 2-1 of our original proposal,
the expertise and the responsibility for quantifying cost impacts is split
between SC&A, SCIENTECH, and JFA, depending upon the type of costs. SC&A will
have primary responsibility to develop and quantify costs impacts associated
with reaui'rements involving O&M, procedural, administrative, and analytical'

costs. SC&A and SCIENTECH will have joint responsibility for developing and
quantifying cost impacts associated with requirements requiring physical*

modifications. And JFA will have the primary responsibility to develop and
quantify socioeconomic costs and impacts. In addition JFA will have the
primary re ponsibility for performing value impact assessments. In other-

words, JFA will be responsible for evaluating the economic impacts of +bese
costs, in performing value/ impact assessments, JFA will usi, the quantified
cost impact and risk reduction (benefit) data developed by the appropriate
member (s) of the project team,

b. The proposal is silent on how it would treat socioeconomic impacts, O&M
costs, and analytical costs. Who would be responsible for addressing
these impacts. What experience do you posess relative to these issues?
And what methodological tools and information do you have available to
assess these impacts?

Response:

The responsibility for addressing these impacts will be as discussed in 2a.
Summaries of relevant experience and the methodologial tools and information
available to assess these impacts are presented separately in the following
paragraphs for each type of impact.

Socioeconomic impacts

JFA posesses the rtquired expertise to assess socioeconomic impacts. The
following paragraphs sumarize projects that they have performed involving
quantification of socineconomic imparts. This experience summary is followed-

by a discussion of the meuiGOes and information that we have available to
evaluate socioeconomic impacts.

4
Jack Faucett Associates is c leader in the development of socioeconomic
impacts of government or private industry projects. Current assignments for
which we are conducting socioeconomic impact analysis include a study of
Washington, D.C. bypass highway for Maryland and Virginia Departments of
Transportation; the direct and indirect impacts of epa rulemakings for
emissions of radioactive materials at uranium mines, uranium mills, elemental
phosphorus plants, phosphoric acid plants, and other facilities; the
socioeconomic impact of U.S. Army Corps of Engineera flood control and share -

( erosion projects in the Wyoming Valley and Lackawanna areas of Pennsylvania,
the Chesapeake Bay Region, Walla Walla Wtshington, Vancouver Lake Washington

5- SC&A-
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ond Washington, D.C.; and the economic impacts sf OSHA regulations for worker
protection from blood borne diseases and in high rise construction. We are
alsc, completing a study of the socioeconomic impacts of low water on the Ohio
River during the drought of 1988.

Jack Faucett Associates has performed numerous studies of the economic and
socioeconomic impacts of various public policies and regulatory activities.
These include:

o Studies of the economic impacts of railroad
abandonments (performed for the states of Maryland and
Delaware and for USDOT);

o Atsistance in the preparation of expert testimony.

regarding the impacts of railroad abandonment on
affected shippers and communities (in support of the
Unites States Railway Association's d6fense against a
multi-billion dollar suit instituted by the estates of*

the 6,yor bankrupt Northeastern railroads);

o An analysis of the economic impacts on affected states
of the elimination of grandfather-clause truck weight
limits (performed as part of U.S. Department of
Transportation's Truck Size and Weight Study);

o An assessment of the likely effects of the Tennessee-
Tombigbee Waterway on the lor.ation of economic
activities within the affected region and on additions
to the economic base of individual subareas of this
region (for the Appalachian Regional Commission
(ARC));

! o An evaluation of analyses of the economic benefits of
the Cross-Florida Barge Canal (for the Barge Canal
Authority of Florida);

| o An evaluation of the socio-economic impacts of natural
I hazards in the Appalachian Region and the formulation
| of appropriate policies and control measures for
'

dealing with the hazards (For ARC);
,

o An evaluation of the economic and social impacts of
|, the water requirements of prospective energy
|* developments in the Appalachian Region (for ARC);

o An analysis of the national and regional direct,
indirect and induced economic impacts of the
development of Ocean Thermal Energy Conversion power
plants, as well as the impacts of significantly
affected industrial sectors (for the U.S. Department
of Energy);

o An exploration of the direct and indirect employment-
generating effects of synfuel plants (for ARC);

6 SC&A
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o An analysis of the effects on transport costs and
socio-economic impacts of alternative locations for
coal-liquefaction plants (for the U.S. Department of
the Interior);

o Participation in a U.S. Department of Transportation-

conference addressing the impacts of unit coal trains
on small communities;

l

o Assistance to Carb e C09nty, Wyoming, in the
development of plans for mitigatin; the adverse, .

Iimpacts on the County of major increases in coal
productir;

,

o Technical assistance to U.S. Department of Energy
relating to the development and administration of the
Energy Impact Assistance program established by*

Section 601 of the Powerplant and Industrial. Fuel Use
Act;

'

o An analysis of the regional and urban economic impacts
of the Federal Aviation Administration's airport and
airway development program;

o An analysis of the impacts of corporate average fuel
economy standards on domestic automobile manufacturers
on the national and regional economies (for U.S.
Department of Transportation);

o Several analyses of the economic impacts of various-
epa mobile-source (i.e., actor-vehicle) regulations on
local, regional and national economies (for the U.S.
Environmental Protection Agency);

o An analysis- of the national economic impacts of
petroleum shortages under alternative tax-rebate
policies (for U.S. Department of Energy);-

o Several analyses of the national and_ regional economic'

impacts of-potential work stoppages or service*
+

. curtailments affecting rail, truck or water-transport _
|j industries (for U.S. Department of Transportation).

The following paragraphs discuss methodologies and information sources
~

available to evaluate socioeconomic impacts. Exhibit 1, is an example of the '

socioeconomic impact assessment JFA made_ of Ocean Thermal Energy Conversion
(OTEC) power plants.- This'brief Exhibit will assist the evaluation panel
understand how the methodologies and databases are_used in. performing the
assessment.

^

Economic impacts generated by power plant operation (or other licensee) occur _
at he national, regional and industry levels. These impacts can be divided

7 suA
t
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Ex.hibit 1

em oc.an enrev co+.nce
Wa:Nn0 ton. DC

June 1981

DOM ESflC SOr IAL AND
ECONOUIC IM P ACTS OF

OTEC COMME ICIAL DEVELOPMENT

JACK FAUCETT ASSOCIATES
CHEYY CilASE, M ARYLAND 20015 *

ADST R ACT Regional impacts will also be estimated by using an
exsting model.

The widescale domestie development and utibsation of*

OTEC power plants wwld have a significant impact upon Each stage of thb analysis is detailed below. Results
the economy of the United States. Th5 peper describes are presented when they are available. Comple te
the detailed economic impact analysb undertaken by results will be available in the Fau of l981.
Jack Faucettt Associates, ine., for the U.S. Department

*

tf Energy, to identify these economie impacts and to IJTER ATURE REVIEW
measure them at the national, regional, and industry
I;ve ls. It focuses on the impacts generated under a in order to ensure that the study team was fully cogni-
Ukely OTEC development scenario, dividing them into tant of the relevant OTEC technical and economiedirect. Irw*irect, and induced effects. They impacts Uterature, an extensive Uterature review was conducted.
include employment and production effects, tax revenue JFA librarians performed a computer search of appro-
Gffects, and the effect on the balance of payments. priate bibbographie data bases so es to locate govern-

ment, academic and professional papers concerned with
OTEC. Consequently, the study team became very

IN TRODUCTIO N familiar with the current state of OTEC development,
and was able to apply thb knowledge to the design nf theOTEC power plants can provide the United States with a OTEC scenario in the reest stage of analysis. Fur ther-

renewable domestic source of energy. Further, their more, an extensive bibbography was assembled, with
construction and utilisaton in the United States could eltations from the following bibliographie data basest
increase the nation's economie activity. Consequently,
it is important to understand the varieties and rnagni-i

o NTIS
j tudes of the economic impacts associated with OTEC

de velop mo nt, Smitnsonian Scientifie Information Exchangee
i

o Energyllne
!

e Congressional information Servlee
The peper describes the detailed economic impact e GPOCnalys ts that Jack Faucett Assnetstes and its sib- e Oceanie Abstreets
contreetors are coniueting for the U.S. Department of
Energy. 1he analysis b designed to 6dentify these OTEC SCEN ARIO
economie impacts and to quantify them at the national,
regional. and industry levels. It focuses on the effects The next step in the analysh was to oevelop a likelyon the United States' economy of the domestle oevelop- OTEC future scenario that would contain technological,ment and utilization of twenty-isve and fifty 4M MWe
OTEC power plants by the year 2000, offshore citiro acd construction siting parameters. This

scenario was constrained by DOE requirements that two-,

The methodology ernployed a. charseterttle of economic thirds of the OTEC facilities were to produce electrielty
for onshore power needs, and that one third were to beimpact analysis (Fagure 1). Af ter conduellrg a literature

j miew, the study team developed a likely future OTEC involved in the productLon of energy intensive products.
This breakdown was to be applied to both the twenty-ace nario. This included technologies' siting, ard five plant and fifty plant situation. Furthermore, a.

materials requirements parameters. The technological
parameters developed in the phase were then used to preliminary OTEC scenario suggested by DOE (Table 1)

was considered while the comple te scenarlo wasidentify the industries affected by OTEC development.
An economie profile was then constructed for each of developed.

these industries. These profiles estabbshed an Technology
Industrial baseline from which sesequent econornie
ISPact analyse k being developed, including the

The first issue to be resolved was to determine the mostmeasurement of direct. Indirect, and induced impacts. Ilkely technology, open or closed cycle, to be employed
,

Fkst order output and employment effects are being in the makrity of OTEC plants by the year 2000. Olven
estimated by consulting studies of materiais and man- the government's emphasis on closed cycle systems, plus

uncertaintles associated with the operation of open cyclePower requke ments at each 6tage of
commeretalization. Sesequent output and employment systems, the study team concentrated on the closed

impacts will be estimated at the national and industry cycle OTEC. Thb allowed the team to determine what
materlais and equipment would be required in the eon-hveh by employing an erbting econometric model struct6on and operation of the plant. These included

8
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steel, concrete, titanium, aluminum, warm and cold The OTEC power produced offshore can also be used
water pumps, and heat exchangers. A list of impacted offshore in plantships producing energy intensive com-
indu?tries was then generated. Finally, the team agreed modit ies. As noted earlier, the two commodities com.
with DOE's assessment that the most likely energy monly cited in this mode are alumiraJm and ammonia.
intersive products to be produced , aboard an OTEC Several problems exbt, however, in the producton of
plantship would be aluminum and ernmonia, aluminum at sea. Consequently, the combination of a

coastal based aluminum plant with a moored OTEC
Of fshore Siting generating electricity seems more feasible. A m monia, -

on the other hand, eppears to be better suited to
OTEC plants are usually designed for a nominal 4 T of production at sea, where needed raw materials can be
20'C for performance and economic reasons. This obtained from the ok and water, and the final product
requres an ocean depth in excess of approximately three can be easily transported. Furthermore, a strong-
thousand feet. The depth must not be so great, however, market for ammonia eshts in the ' United States,
that an electrietty generating plant cannot be moored. particularly for use in fertilizers. Consequently, the
The distance from shore will also have implications for South Atlantic off the northeast coast of Brazil may be
the powsr esble in the electeicity generating mode, a good location for grazhg OTEC's producing ammonia,
Finally, for the OTEC concept to succeed as a com-
mercial power plant system, a market for the power Consteuetion Sitles

i must enist.
| A shipyard considered for OTEC construction must have
- Given the constraints cited above, OTEC power k not both the necessary capabilit6es and feelli'les, and be
j directly accessible to large portions of the Onlied reasonably cloat to the intended OTEC operating sites

. Sta tes. Other than the Virgin innsats and the elends of in the Atlantle, the Pacific, or the Outf of Mexico.>

the Puerto Rico and Hanah, the only area of the United While there are twenty elght major shipyards in the-

States that could drectly benefit froen oeone thermal United States that have building or graving doek
energy lies alcwg the Oulf of Mexico. This reglon has feellities in eteens of 47f> feet in lergth, eighteen
both OTEC thermal tesources available, and a se shipyarch are not suitable for OTEC construction. Of

d s tanti. marke t growth it kmand for electrielty. These those yards, two are closed and four are on the Gres;
reasons, and the taet that th~m coastal area also has a 1.ake s. The remaining twelve were eliminated for a
rapidly expandirq population as part of the Sun Belt, variety of factors, including lack of a suitable necess
makes it the most likely U.S. region to consume OTEC channel to deep watet, lack of engineering or skilled
generated electricity in terge nmounts, labor force, er lack of financial- capabilities to

undertake a project of thh size. The ten shipyards
The elbse proximity of Hawall, Puerto Rico, and the deemed suitable are also forecast to be well below
Virgin Islands to a tropical ocean energy source make - capacity in the 1980's, given current orders. |Each also -
these U.S. slands potential consumers of OTEC elee- has the gtsving _ docks, personnel and. support shops
tricity. However, the economies of these islands do not required in the. construction of an OTEC faellity.-
warrant large numbers of 400 MWe OTEC power plants, Furthermore, uremployment data has been developed
even il currently existing famil fuel fired electricity is for each yard's location so as to ascertain those yards
replaced, that could benefit the most from OTEC construction.

9-
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Exhibit 1(Continued)

Conclusion

Given the constraints and requirements identified in the
offshore sitig and construction siting analyses, Table 2
shews the mattin of shipyards, locations, and OTEC
plant modes fot the twenty five plant scenario. As can TABL[ l
be seer 6 the majority of OTEC's are involved in the pro-
due' ion of electrielty alog the coast of the Gutt of DIR 'iCW
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INDUSTRIAL BASELJNE-

in the course of developing these profiles, several
After the OTEC scenario was determined, economic problems wen identified. For example, the underwater
profiles of the OTEC Impacted industries were electrical trensmission cable industry is non-exhtent ind developed. These profiles detall an impacted industry's f8e United States, ard may be diffleult to create.
history, its financial afd economic characteristles, its Secondly, there is a concrete aggregate and cement
technological and production traits, and any resource shortage on the' Outf coast that could impede the con-
constraints that might |mpede its operation. Some of struction -of OTEC hutis there. Thirdly, a fiterglass
the hatorical data collected includes output, value of reinforced plastic cold water pipe of the size necessary.
Shipments, number of fe ms, employment. - prices, for en OTEC plant has never J been constructed,
otports, and imports. This data estabibhes a bauline Fourthly,-there is insuffielent capaelty in the titanium-
from whleh senequent economic impact analysts b industry to support the construction of a large number of
de veloped, including the measurement of direct, in- titanium heat exe%Ners, especially if potential defense
direct, and induced impacts, demand for titailum is considered. Finally, the offshore

service indust:y, which does not currently ernst on the
Profiler were developed for the followirg industries: East coast of the United States, is projected to ex -
steel, corerete, cement, titanium, aluminum, fiberglass perience a severe manpower shortage tret could ad-
reinforced plastic, underwater electrieel cable, metal versely affect the deployrnent and operation of OTEC
fabricatiorb offshore service, shipbuilding, and ammo.tle. powerplants.

10' .
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Exhibit 1(Continued)

|Tte primary regional impact ts that on employment. H EF E R EA C ES
The impact may be estimated by ustry Argonre National ~

Labor s tor y's Social and Economie Assewnent Model Stenehjem. Erik J. and James E. Metzger, A Fra mework
(SE AM). This mo$el uses economic baw theory to derive For Proiceting E mploy ment And Popula tion
ratio employment multiphers. Tha theory holds that the Q hanges Accom pany ing Ene rgy Develop me nt,
growth of an area 5 deptndent t()on (te growht of basic Volume 1. Argonre N a tional Labora tory.
industries such as corotruction or manufacturing. The AN L/ AA 14.- Yol.1. Argonne. libnes. May 1980.
multiplier is simply a sentar that relates total area
employ ment to employment in theon basic hdustries. U.S. Department of labor. Bureau of Labor Statistles,
Thus tre total expected change in regional employment Me thodolery for projectiorvi of Industry Em-
can be estimated by multiplytrg a given change in basic poy ment to 1990 Euuetin 2036. Washirgton,
emplo,s ent by the multipher. The provides an estimate gg,, y.bruary 6 510.
of the charges in secondary and induced employrnent
when the charge in base employment is subtracted. We
anticipate applying such multiphers at the county levet

N ATION AL flEN EFITS
.

! The national benefits arising from domestie OTEC
development may occu in several areas. Firstly, the
stimulus could result in employment and production

- effects that would reduce unemployment and increase
GNP. Secondly, a net energy study by Westinghoatse tag ([ 4
Indicates that a 59 MWe OFEC facility ti e highly
effseient feelhty in terms of energy inputs and outputs. gpg gygg
wtih an output! input ratio of 9.37 for a steel hulled
facibty and 12.25 for a concrete hulled OTEC per year
(Table 51. Furthermore. OTEC power plants producing

A._DIR[CfIMPACi$10.000 MWe by the year 2000 would produce non-
renewable fuel equivalent savirgs that would not be
inconsequential Finally, the balance of payrnents im. DIEC FiANNINu,. DOUBLE CREW SCENARIO

poets of OTEC may be favorable, particularly if one 8 ElttTRitlif 90 to 120 Ptn rtant
considers the ; 3tential export of energy intensive 0 AMONI A 140 to 180 ria rtant

~

Prodoets coupled with reduced oll imports. However, the 4 ALUMINUM 180 to 220 Pts PLautcharge in net imports tesultirg from the increa.w in 4 25 PLANTS 2830 to 3880 tof atIndustry settvity must be included if a complete balance
8 50 Ptants $650 to 7 %0 totatof payments ans yss is to be done.
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into direct, indirect and induced impacts. Direct impacts are those
attributed to plant construction and operation. Indirect impacts occur as
those industries involved in supporting the construction, maintenance, and

| operation activities purchase necessary inputs to production from other
industries. Finally, induced impacts are evidenced as the expansion of output

| and employment from direct and indirect activities results in increased
spending. The increased spending induces the production of more goods and
services in the economy and is frequently termed the multiplier effect. Impact
leakages occur when materials and services are supplied from firms outside the
study area and have no further effect on the study area economy except for
wholesaling and transportation activities (in some cases purchases from
outside the study area will have a " feedback" effect on the study area when-
these outside firms in turn purchase inputt, from firms in the study area, but
this is generally minimal).

.

The competitive models for indirect economic impact analysis are input- output
models and econometric models. Input-output models have the structural detail
necessary to yield estimates of the impact on industry output, employment and-

earningc in specific industry detail. Econometric models have the virtue of
incorporating macroeconomic variables that measure indirect impacts on
consumer spending, local government spending and possibly on population
change. A combination of the two models will be ideal but each study would
depend on the available models and data for the area or industry examined.

One system often applied for impact analysis is the RIMS 11 multiplier
approach and data base at the Regional Economics Division of the Bureau of
Economic Analysis in the U.S. Department of Commerce. The RIMS multipliers
are derived in an input-output model framework. The national input-output
coefficients are adjusted for each study area to reflect import _ leakages,
i.e., they are reduced by estimates of the fraction of the input that is
estimated to be imported from other areas. The adjusted matrix of input-
output coefficients is then inverted so as to obtain coefficients that measure
the direct and indirect impacts on industry output and earnings that are
generated by specified direct expenditures for each industry. These
coefficients are known as industrial multipliers or Type I multipliers. The
calculations are made for individual counties in 500-plus industry detail
encompassing the total economy.I

!
' The RIMS procedure also takes account of the further spending of the

income flows that are generated by both the direct and indirect industry
expenditures. This is accomplished by " closing" the model.on personal-

consumption expenditures (PCE). An estimate is made of the savings rate out
of the income generated plus a tax rate based on Federal and local tax data.
This leaves a high fraction of the local income generated in each round of.

expenditures that is multiplied by the PCE_ spending vector to obtain a further
round of expenditures. The " closing" of the model on PCE and the inversion of
the resulting matrix captures all of the effects of these further rounds of
expenditures. The resulting multiplier is known as the income multiplier or
Type 11 multiplier.

The two types of multipliers that are yielded by the RIMS procedure encompass
most of the indirect impacts on industry output, employment and earnings that
result from the direct expenditures. They do not capture the-effects of
induced investment or changes in local government expenuitures. And, of course

| 13 SC&A
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they do not estimate any change in population. These impacts possibly could
be measured in an econometric model, or on an ad hoc basis .to capture these
further effects.
Induced investment can be estimated based ont he size of the important impacts
on specific local industries and the degree of cap 6 city stilization in these
industries in each study crea. Capacity utilization will be estimated based
on interviews with local idustry officials and business analysts closely
familiar with each study ares

The effect on local government expenditures will depend upon increased
infrastructural and public service needs generated by the increased industrial
activity, any increases in populations and increases in local income that
leads to greater demand for public services. These effects can best be
estimated by interviews with local officials and by analyzing what happened in
spt.ific local communities that have been significantly impacts by similar'

development. These effects will be quantified as a coefficient in each study
area which will represent a percertage increase in local government
expenditures for a specified percentage increase in local income flows, or-

some other variable that is conveniently obtained from the output of the
model.

The effect on population will be estimated in conjunction with the estimation
of the effect on local government expenditures as described above; this is
convenient since any change = in population will have an ef fect on local
government expenditures and thus their simultaneous estimation is appropriate.
Immigration will depend upon the amount of new employment generated in
industries requiring skills not in excess supply in the study area. We will
estimate a coefficient (s) for each study area as a function of increased
employment in selected industries based at least partly on what has occurred
in communities that have already been impacted by similar development
activities.

O&M Costs

The proposed SC&A project team has gained experience in analyzing nuclear O&M|

I costs during studies performed for the U.S. Department of Energy's Energy
Information Administration (EIA) and for the Edison Electric Institute (EEI).
These studies have provided team membeu the opportunity to examine the costs
incurred by operating utilities in meeting the reauirements imposed by NRC
regulations on a plant-specific basis. In addition, the team has gained an
in-depth understanding of inaustry-wide data available on nuclear plant*

performance and operating costs -- knowledge that will be extremely helpful in
assisting NRC on the proposed effort. Brief summaries of these studies are
presented below..

|

EI A - Capital Additions Study. As part of EIA's continuing scrutiny of rising
0&M costs for nuclear units, SC&A examined the so-called " capital additions"
costs incurred in operating five nuclear units over a 10-year period in order
to determine what portion of the cost increases were due to NRC regulatory
actions. Due to the fact that utility accounting practices vary in their
allocation of such costs to depreciable and expensable accounts, it was
necessary to examine thousands of post-startup projects to ascertain which
we e true capital additions and which were in O&M accounts. The detailed cost
information for these case studiee, was obtained during visits to the

14 SC&A
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participating utilities and covered BWRs, PWRs, units of all four LWR vendors,
{

single-unit and dual-unit plants, and units of various sizes and vintages. As
part of the estimates of NRC regulatory impacts, the specific effects of post-j
iM1 regulations were also determined.

in respo[3335EIdd[5LEEEData.EE1 - Guide to Nuclear 0 erati
nse to this question (resume included

W W ]M [d , is currently developing a document for the eelQ P g$ :SNb N
Nuclear Operations Co M ttee that will identify and characterize the various'

souices of data on the operations of all U.S. nuclear units. The document
will serve as a " road map" for the locatio.1 of information on 0&M costs (by
component), performance indicators, outages, and other parameters of interest
to member company operating and maintenance organizations. The needs of the:

eel members for specific types of opecoting data, their preferences for costi

and performance parameter definitions, and the ways in which the data will be'

utilized are also being identified through written and telephone surveys.
|

eel - Nuclear Operating Prudence Project. [,f E E $ is also completing a-

two-year study of industry experience with regulatory examinations of nuclear
operating prudence. These examinations are generally within ''ie contut of
rate case reviews and focus on a wide variety of issues rela ed to the
prudence of nuclear operations and the reasonableness of decisions that
affected the operating costs incurred by the utilities. Information used to
develop the case studies presented in the final report was obtained during E
[ M Q Q interviews with utility staff in the operations, rate, and legal
areas. Many presentations on the results of the project have been given to
utility groups at eel committee meetings and workshops on the subject.

In performing these studies, SC&A has demonstrated its ability to work closely
with utility companies to obtain and analyze information on operating costs
and to identify those portions of operating costs that were incurred as a
result of regulatory actions. As discussed further below, w; feel that this
experience will be of considerable importance to the proposed effort.

SC&% is aware of attempts that have been made to formalize the estimation of
cost impacts resulting from various actions taken to comply with regulatory

I changes. We feel that these estimates are usually very approximate and, in
fact, can often be misleading because of the difficulty involved in modelling
the range of real utility situations. Only the utilities will incur these
costs, and they are naturally the best sources of information on the level of
costs most likely to be incurred, for this reason, coupled with our proven*

j ability to work with utility companies in obtaining such information, we
prefer to utilize our utWty contacts to obtain specific input required for
cost impact estimates..-

The ongoing project to develop a guide to available information on nuclear -

g operations also provides the SC&A team with in-depth knowledge of all sources -

of data on operating costs and unit performance for U.S. nuclear units.
Government, utility industry, and commercial sources are included, in

: addition to gaining an awareness of specific data sources available, this work
requires extensive interfacing with operations and maintenance managers of

,

many nuclear utilities. The other projects described above, as well as the
,

extensive experience of the SC&A team in gathering information from utilities
over the past two decades, have also provided us with the opportunity to

f
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establish excellent relationships among the utilities. These contacts will
facilitate the ad hoc acquisition of information needed to accurately estimate

.

'

the effects of regulatory compliance on 0&M costs for nuclear units of various
types, ages, sizes, and operating histories. A list of our utility contacts

was provided in Table 4-1 of our original proposal.
i

Analytical Costs

SC&A also posesses the requisite expertise to develop analytical costs. The
following paragraphs summarize relevant projects that have been performeo
involving quantification~of analytical costs. This experience summary is !

'

followed by a discussion-of the methodologies and information that we have
available to develop and evaluate analytical .csts. ,

i

SC&A has had ex+ensive experience in estimating analytical costs attributable~

to NRC actions. For example, in the ANL/SC&A report to the NRC-("A Handbook
of Cost Estimating," NUREG/CR-3971), SC&A developed several " functional
responsts" to NRC-actions, including:-

;

F.R. #14: Perform conceptual design, including unresolved safety
question determination, resource estimate, and
prelimihary schedule;

F.R. #16: Perform detailed design and/or design review, including
specifications for outside procurement; |

t

F.R. #17: Perform safety / risk / reliability analysis; and I

F.R. #23: Develop software
.

1

The analytical costs in complying with the proposed revisions to 10 CFR Part
20 contributed substantially to the total cost estimate, which was prepared by
SC&A under contract with the NRC and used by the NRC-in its regulatory impact
assessment. As discussed in our original proposal,_these estimates were
prepared for ten categories of NRC licensees, including power reactors, fuel
cycle facilities, and materials licensees. The largest analytical costs were
estimated for power reactor operators, who would need substantial software-

modifications to comply with the new dose estimating prescription contained in
ICRP 27/30. Fuel fabrication facilities were also expected to incur:
substantial costs in upgrading their software to acconanodate the new cose
estimating system,*

Also, as discussed in the response to Fart d of Question 2,. SC&A evaluatedi

e for the DOE Energy Information Administration the role of NRC regulation _in
,

l the escalation of construction costs at nuclear power plants. A-E scope
changes were reviewed in detail for _an early and a later _ vintage: plant, to
determine the-causative factors for the cost growth. Each A-E scope change,

,

which represented a modi *ication to the original design of the plant, was !
reviewed and the costs were broken down and attributed to NRC regulations or
plant betterments. Many of the scope changes corresponded to A-E analytical
efforts. In fact, the costs of pipe stress analysis constituted a significant
fraction of the cost escalation for_ th_e later vintage plant. >

|

:
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; Information availability is discussed in Chapter 4 of our original proposal.
{ We made the point in that Chapter that the generic cost estimating methodology

developed by Science and Engineering Associates with the assistance of SC&A
would be of little help in tvaluating the costs of procedural and4

,

1administrative changes at nutlear facilities. 4he same comment applies to the
estimation of analytical costi. In fact, there are no abstracts given in
NUREG/CR-4627 for estimating ai,alytical costs. Even if there were, we would
recommend a case-specific analysts, as suggested in the abstracts pertaining
to procedural and administrative cists. j.

'

Our experience suggests that accurate estimates of the costs of analytical
I efforts at nuclear f acilities can only be -obtained through- carefully--

considered discussions with utility personnel.,

c. Replacement energy costs were discussed only in the most general terms.-

Who would be responsible for addressing these impacts. What experience do
you posess relative to this issue? And what methodological tools and
information do you have evailable to assess these impacts?.

Response:
. . - _ - - _ _ .. .. .
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d. When it comes to making physical modifications at nuclear power reactors,
has anyone had hands on experience in costing this? Who will make the
determination on what kind of QA requirements and security constraints
will be in place? Or the level of congestion or adequacy of lay down
areas associated with the work? Or whether the equipment and materials
need to be seismic or safety grade?

Response:

Both the SC&A and SCIEXTECH project teams have personnel with experience in
costing physical modifications at nuclear power plants. Examples of past
projects are cited below. These examples are followed by a discussion of the
personnel who would be assigned to determine whether or not a specific
modification involves special QA or security requirements, whether or not the

' location involves heavy congestion and/or inadequate laydown areas, and
whether or not the equipment and/or materials need to be seismic or safety
grade.

.

As background material for the preparation of the Handbook for Cost Estimating
(NUREG/CR-39M), SC&A in 1983 conducted two cost estimates using the proposed
methodology for the Handbook, one on the installation of accident monitoring
instrumentation at a nuclear power plant and one on the development of an
emergencypreparednesscapability. The former estimate is an example of
SC&A s hands-on experience in developing cost estimates for physical
modifications. Three utilitics were visited in the process of obtaining input
data for the cost estimates. The breakdown of costs for the installation of
the complete systems, taken from SC&A's report to Argonne National Laboratory
(NRC's prime contractor), is reproduced in Exhibit 2.

For the DOE Energy Information Administration, SC&A in 1986 evaluated the role
of NRC regulation in the escalation of construction costs at nuclear power
plants. Two plants of different vintages weie selected as case studies.
These two plants had the same utility management, the same NSSS vendor, the
same A-E/ constructor, and were originally intended to be twins. They were
separated in time by approximately seven years, and each plant incurred a cost
growth of nearly 300 percent. The A-E scope changes were reviewed in detail
for each plant to determine the causative factors for the cost growth. Each
A-E scope change, which represented a modification to the original design of
the plant, was reviewed and the costs were broken down and attributed to NRC
regulations or plant betterments. The costs and causative factors were
tabulated by SC&A personnel in close coordination with utility staff. A copy>

of one page of the extensive tabulation of costs for several hundred scope
changes is reproduced in Exhibit 3.

4

In 1985, SC&A assisted Science & Engineering Associates in developing the cost
estimates for the proposed modifications to 10 CFR Part 50, Appendix J, the
containment leak testing requirements. Initially, we reviewed all of the
material in the Public Document Room for reports from utilities to the NRC
summarizing containment leak tests, reports from the utilities to the NRC
summarizing test procedures and results for specific types of valves, requests
by utilities for exemptions from certain testing requirements of Appendix J,
and internal NRC documents and memoranda relating to the proposed revision of,

Appendix J. We then conducted surveys of four utilities to determine the
costs of type A containment tests, including equipment, labor, and contractor
technical suppcrt.

| 19 SC&A
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TABLE III

Magnitude of the Costs for Accident Monitoring Instrumentation :

: Utility #1 Utility #2
'

Utility #3
.

'

2 unit op. 3 unit op. 2 uni 2 unit 2 unit I unit op. !
WPWR}op.CE PWR BWR W PWR op. BWR W PWR

(const.)2
,

!

Moble Gas Monitor $1500K N/A N/A $533K N/A N/A f
;

Iodine-Part. Sampling Not required N/A N/A 3065K N/A N/A i.
~

Both of Above $513K- - - -- --

-Conta %. High Range
*

Monitor 425K $350K 493K 840K N/A N/A

All 3 of.Above $5300K $700K p-- - - - -- -,

Es .. Containment Pressure 370K 200K 407K 120K 175K 102K
: Containment Water

. m >Level 302K 350K Not required N/A 2200K 217K |'

3Containment Hydrogen. 1300K 1000K Not required N/A 7500K 260K
4

'

Notes: 1

I 'I
Does not include materials cost, estimated to comprise approx. 30*., of the total !

1,

2
: Budgeted, not actual costs

i

3
Includes replacement of other monitors in containment in addition to hydrogen monitor

:

|

,

,

.

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

. . . _ .___ _ _ . ,,



, _

|.
.;- - . ..::_ - .. . ~ . .

y ...... ..g_. ._
.

_

i I
'

.
, ,

!
- -

. ,
,

sv.!.I.RI.Ri%3.RE.3.k%IEIMHt18.M!!!58138'
,

i
i

;se e es E I:1 e ep !s siE sans n ---- --- - - s : ;
,

i !
l|

|

e . g. i .i|
I

,

,. . . . . , . . . g . ., . . . . . . . . g . ; g . !.

| !;
i

s B * 2 **
|

:-
; .

,

|g.(.L. ,'. gp .. .!. ..p. . .'... ..'. g.gg :
'

.

,5a
, ,

: a. s=a a, ni s .
,

i j |
'

!
'

!i ,

i .n . . .r .. .,. ...y. . . . . . . . . . . ... .

1.g a j i I|i
'

s. ; i ! ! I
- '

,.
i i .i

i d !. ).4 3 I I I H !% e e saas.H i t!.M *If I !E3 3H IME ,

a s sa in n ---- --- - ~ n n,i ng . u g .
.

[ 1 ii !
i : : >-

.,is.,.....g. ,.H ' :--i-
'

\ , q g \, . ;. .!8iii \ ii i a a s |
'

I l ~| t ! !
''

'

:.
,

e!| g g' I. !!.% '3. 4 E. ( (R. 3,4 E R IHR8 1 15 H 811 l'8R3 !.
| I|g. 8 15 'e F # y "'B 8 m i E ER*;:2 4 c,228 28: 2: :* m . m:

koa -| ! j' - '
.

...g g 1. .
- .- - - , - -

, . ,

sesj ; ; i : i
'-

,

.

! N I IE i 5 I E H !! !. W I!aBn d IEEE !!f I sa! mi
'

!

9 i i

ism .l j l !! h |l2!s 1 i 3 I
a !)i l e g rIt a ; . i.3o ii

1 ! i|j*n]-{9*6 8 * t
'

51 11li - o

.y,g ! =e,s_a :g33 1 r3 g a
5-e - =. s

t- |4.- 4

- 1 a e j s as V 3 8
I a:

-

s j- g8n ,

! ! |4 *I #,li ;,g.,
g1 I :: 3 ie-

af gt 8 mil. '!*.sii!Idlj*I:il'i9a!!ali
. ,

s 1r a 1 y, 1 e5- iin ., s
'

1e-

qs }, ,ge a n g !g
{p[!d !srs!I

'|ij{'?}lil=5{I8]Hil(S{l!]31.( |3 s)'!={.D, gy gj ''g11'l{
'

-I]a.8
8 4 ! 8.5'= - -

1gr5 lit I s
s ;

h I* ' 1 t"'*
y j!,g s n,sel!l*!E s,I 1 ; *3 51 i.|t

-

3g511.gg1]!|||I||t!Ik!!|1!iIIl|l||||lf|||!I!!!!I!|
L *eg. pst g '

-

!!I! '
|

; m. { H I E I:(-{{ {{ ( { {{{{{ I ((f( {{f f (If q

[ R| ' *i E E * * H ** E E 5 Hag a agag agg a ggg g'

I
| i

-.m..--- - ..;; . . . , ,. . ..; 7 ,.,. .c . ..,;. _ .- - .,..... ..,. . .

21-
. _ _ - - - - _ , . - . - , - - - - . . . - . - -



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

Also in 1985, SC&A assisted Science & Engineering Associates in developing the
cost estimates for the management of low-level radioactive waste (LLW) by
conducting a comprehensive review of the literature on LLW and recommending an
initial approach tn the development of costs. SC&A also conducted three
utility case studies on utility experience and cost performance in managing

LLW. Finally, based on contacts with nearly a dozen waste generators and
har.diers, SC&A developed a methodology for estimating the volumes of waste
generated in the course of performing plant modifications. A summary
description of the method is reproduced here in Exhibit 4.

SC&A assisted Science & Engineering Associates with the generic cost
validation study in 1987 by obtaining plant cost data from several utilities.
Spent fuel pool rerack cost data were obtained from Duke Power Company, as-
built cost data were obtained from Florida Power & Light Company, es-built-

cost data were obtained from Washington Public Power Supply System, as-built
cost data were obtained from South Carolina Electric & Gas Company, unit rate
data were obtained from Arkansas Power & Light Company, and baseline cost data-

were obtained from Public Service Electric & Gas Company. These data were
supplied to SEA for the analysis of the comparison between actual plant data
and the generic cost estimating methodology. Finally, SC&A met with the
Nuclear Utility Backfit and Reform Group and solicited the cooperation of this
group in obtaining additional plant data.

SC&A would also like to call to the attention of the source evaluation panel
its extensive experience in occupational radiation exposure assessment and
dosimetry. A frequent application of this expertise is the ALARA assessment.
An ALARA assessment is a cost estimate without the labor rates. In other
words, an ALARA analysis consists of breaking a job down into its component
parts, estimating the skill levels and man-hours for each part, and the dose
rates in the areas where the work is done. Substituting direct and indirect
costs for the dost rates converts the ALARA analysis into a cost estimate.
Also, since an ALARA analaysis is only necessary for an_ operating plant, it is
only performed for the case of physical modifications to an operating plant.

SC&A developed an ALARA analysis methodology for the Atomic Industrial Forum
(AIF/NESP-039), which was eventually converted into software for the PC by
SC&A under the sponsorship of the Nuclear Utility and Management Resources
Council (NUMARC/NESP 0000 One of SC&Cs proposed personnel under this
solicitation, Bruce Mann, served as the ALARA engineer for several BWR
recirculation ofping replacements, and most recently was.the ALARA coordinator-

at Philadelphia Electric's peach Bottom station.

An example of the application of the ALARA analysis to NRC's cost estimating.

work is provided in Exhibit 5. One of earliest task assignments under the
original SEA team contract with the NRC was to estimate the. costs and-
radiation exposures for nuclear power plant startup and shutdown. SC&A
developed the occupational radiation exposure information from ALARA analysis
information provided by the utilities. However, the work breakdown structure
and the estimated man-hours for each subtask, which were also obtained from
the ALARA assessment, also comprised the basis for the cost estimate. Hourly
labor rates 'and indirect rates were applied by SEA and its other subcontractor
to the data illustrated in the Exhibit to estimate the costs.
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:

SUMARY APPROACH TO WASTE VOLUME ESTIMATING

;

. Waste Stream Components Approach -Quantitative Guidance ;

.

*

. -!i~'
Mon-Compactible DAW Piping, condult, insu- 1. Estimate physical vol- Use geometry. ;
(P- or B-NCTRASH) lation, valves, pumps, use of plant components. '

cable trays, concrete,
dirt, etc. 2. Estimate packing frac-

100ft{0.2to0.75in
Range o

tion in waste containers. boxes.,

; 3. Might be able to decon- Overall, estimated cost i
taminate and recycle at of recycle .80-85% cost i

,

; a lower cost. .of disposal. '

I- _ (
Compactible DAW- Largely paper and Estimate based on corre- Correlation based on 1981 L

-(P- or B-C0 TRASH) plastic.. lation between volume of- data for volumes of com-
compactible DAW and man- pactible and non-compactible i

,

j rem, man-hours, or volume wastes:: '

of non-compactible DAW.
.

Vol. Comp. DAW '

-

i-

i At PWRs. Vol.Non-Comp. DAW - 0.9 p
-

U yo1. Comp. DAW E ;'<.

[| 'At BWRs: VoL Non-Comp. DAW " 2*I E
{ e',
,. s i''

Ion Ehchange Resin From cleanup of pri- Depletion of resin is a For 2psho conductivity:- I

: . (P- or B-IXRESIN) mary system, fuel.
.

of dissolved solids in!.
. function of concentration

pool water, or plant 1.5 ft3 !of waste /105 gaj ,-
' drain' water. liquid steam-

For 150 'paho conductivity:
; 1.5 ft3 3 4of waste / 10 -10 gal. i

;- From cleanup of decon- Depletion of- resin is a For LOMI decon solution:-
|: tamination solution. function of. volume and 3J.1 ft of waste / gal. of

'
4 condition of system being
; decontaminated, and the E U" 58I"-

.

'

decen solution used..
,

i i
,

!' Filtersi. From decontamination Use actual data. (10-3 ft of waste / respirator3

j of personnel respirators. decG-ad (4 comp. & 4 non-comp.)
,

. From launderin3 protec- . Use actual data. -2X10-3 ft3 of. waste / dressout= !}! tive clothing. (all compactible) :

1
-

:

i

I

!
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' SCIENTECH has provided stipport to a number of clients in assessing the effects
of regulation on nuclear power plants under construction, in operation, and
during long forced outages. Expert testimony concerning the effects of4

regulation on nuclear power plants has been developed by SCIENTECH for
presentation to state public utility commissions, the Federal Energy
Regulatory Commission, and civil courts. SCIENTECH has conducted in-depth
examinations of hardware, programmatir and organizational changes made by !

'

plant operators in response to regt/ecion by the NRC. Specific examples
ir.volving cost considerations incluie:

Evaluation of the effects of safety regulation on the construction j
cost and schedule of the Seabrook nuclear plant. Client: United |

Illuminating Co., and other minority owners.
l

Study of the effects of changing safety requirements on the
safety, cost and schedule of the Palo Verde Nuclear Power Projecc.*

Client: El Paso Electric Company.

Evaluation of the 1979 shutdown of Beaver Valley I because of NRC-

concerns about the adequacy of the plant seismic design. Client:
Pennsylvania power and Light.

Analysis of the effects of changes in NRC requirements on the cost
and schedule of design, construction, and startup of the Clinton
Nuclear Power Plant. Client: lilinois Power Company.

Study of the effects on safety, cost and schedule of the South
Texas Project resulting from changes in safety requirements and
practices of the NRC. Client: Houston Lighting and Power
Company.

Evaluation of the effects on safety, cost and schedule of the
Shearon Harris Nuclear Power Plant resulting from changes in
safety requirements and practices of the NRC. Client: Carolina
Power and Light Company.

Evaluation of the effects of NRC regulatory programs on the,
extended outage of the Pilgrim Nuclear Station from 1986 to 1988.
Client: Boston Edison Company.

Evaluation of the application and interpretation of NRC
regulations in the construction of the River Bend Nuclear Power'

Plant. Client: Gulf States utilities Company..

Evaluation of the effects on safety, cost and schedule of Limerick ~.

Unit 1 resulting ficm thanges in safety requirements and practices
of the NRC. Client: Philadelphia Electric Company. ~

Evaluation of the effects on safety, cost and schedule of Vogtle
Unit i resulting from changes in safety requ"ements and practices
of the NRC. Client: Georgia Power Compan.t

*

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

. .

_,

.

,e

MMU Y L 1

rn'*',W W;;,g b y g g?#;3_ M %qvy=fn**WW W M M S M 0;M K W
N fh; h !id h , h $ihN h N f (4;kl$3 h hkk h [n g e :fk; w ,p m q^P W @g %if N

R%FniST3 %w ykmm na gwogu ,

,5N khb bh h fh(?)
m n& g % g w n %; g 4 , w% w %y y; p ga1hg$4}W's

: n ,
, ;i Qs wMs w m '5'"j%q %p M & y 0j % % Q P P U W
'

'i .gf

y%ggp%%a i %d|k1

~

f;y
"' 0M 3jkp

Nh&g(|ff | |

i

$gy$)va}{?|T
;

.:y

||;|" )g' { (f k
'

*

\
v w. ;

|
, .

,

l?@ y , .

k )
Lw w ,%{ y. u

'

*(wh g.gpimp dni c9 m .ey-

f %wegff ,
'f,

~hk -

4-
T!Mi dj,& . st M 1 -

' '

I"en u |
y;g]f+r g vg%g

, ,''

;

k $he/ ..

.

4

9

em.

On*

%

26 SC&A

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



-

.
. . . , ,

1 I
.

3. Has JFA's proposed personnel ever costed hardware backfits at nuclear
power reactors? Can you identify such an activity in one of their resumes or

: provide us with a copy of a study that does so?
|

Response:

j !

4

4

h

,

4

.

%
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4. Do any of the proposed personnel have Q clearances? Othcr clearance that'

might provide access where safeguards issues are of concern?
,

|' Response:
:

None of t', >ersonnel reposed by SC&A currentiv hold a securit clearance.
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5. For JfA - Our readirg of the proposal was that with the exception of your
invoivement with SC&A on 10 CFR Part 20, JFA has had no involvement with
NRC rulemakings. Is that a fair interpretation?

Response:
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6. For 5C&A --Can you give us an indication of.your directLinvolvement with
NRC licensees or their. umbrella organizations such as NUMARC. For
examplo, what percentage of your business' does this client base represent?.i

Response:

At one. time.-SC&A offered to-the .tility industry a workshop; describing the .

quality assurance aspects of radiation measurements.. Workshops were held at I

approximately six utilities. The most recent workshop 'was held in.1987, and
there are~no immediate plans to conduct any additional workshops. SC&A

conducted three studies for~the National Environmental Studies Projectaof the ,

Atomic Industrial Forum', a nuclear industry trade group (now defunct), the l
last of which was completed in 1988. SC&A also conducted-a studyLfor the
Electric Power Research' Institute which was completed in 1986 on the
deposition of_ sludge in' steam generators. More recently, SC&A' conducted a
study.for the Nuclear Utility Management and Resources Council (NUMARC) on-the-

environmental; impact of nuclear power piant life extension.- Tr.is. work wasL
completed in April 1989., SC&A is expected to be awarded-a subcontract by the
New York Universityz(NYU), ur r an-Electric PowerLResearch Institute.(EPRI);-

contract, to assist NYU in ti. -conduct of an epidemiologic study of nuclear'

I power plantLradiation workers.

-SC&A has also conducted work for the DOE Office of Civilian Radicactive Waste
Management (OCRWM) under-a subcontract with Roy F. We: ton.-LSC&A-performad:
work on_the OCRWM Program Management System and on the OCRWM Safety Plan. The-

mmcstrecentworkperfo'rmedwasin1988.!
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| 8. -In'the technical' proposal.dt SC&A employees are identified as eitherJ
full time associates or associates of SCF.A. Can you explain precisely

!

j_ what this employment. relationship is? Are all of these employees
y physically housed in a central SC&A office? If some are housed elsewhere-
|< are they all local to the Washington DC area?

'
Response:

'

SC&A has ooerated since its-inception in 1981 using the lasociate System.
Aesociates are paid an hourly rate and are not entitled to fringe benefits.,

Thus, they are like independent contractors. However, they all have formal
working agreements with SC&A, and several of-them have been working.with the

,

-

company for several yetri. Most of our work has been similar to the proposed
work for the NRC -- namely, relatively quick-response tecnnical and analytical-,
support to government agencies. Therefore, i_n reviewing-the answer to our-

4

question, it should be kept-in mind that this Associate System has worked for'

us in success #ully performing more than 150 tasks for our_ c? ants, including'-

approximately 15_ for the NRC (approximately 12 relating to cost impacts under
subcontract to Science and Engineering Associates)._-

,

Most of th. work is performed at the offices of-each of the Associates.
Meetings are held, as necessary, between tla Task Leader and the other-

Associates working on a task, either at the office of the Task Leader or at,

SC&A's office facilities in McLean. Communications regarding the task occur'

on a daily basis between the-Task Leader and the Project Director (who may be-
the same individual for certain tasks), and'between the Task Leader and the-
other Associates working on the task. These conversations are normally held

,

on the te N 6one, with face co-face meetings scheduled only as required.. If-
| workino * apers need to be exchanged, they are transmitted by regular mail, by

overnist mail, by Facsimile machine, by computer modem, or by messenger,
depending on cost-benefit considerations,I

j Nearly all_ of the Associates possess desktop computers equipped with: modems,
the majority have facsimile machines or have close access to one, and several
have personal copying machines. -The Associates generally compose their own
work on these machines, and the files (whether text or data) are readily
exchanged over telephone wires for review and consultation by the Task Manager

[ and Project Director. The firm also maintains a. pool of prhate word
|: processing contractors.who prepare. reports for the Associates who do not
(, compose their own text on desktop computers.s These private word processing

' contractors may also be used to bring draft text' to < final form from
corrections made by hand. All or our Associctes use work processing software*

j which is compatible with SC&A's software, and with that of our_ word processing
contractors.

.

Publications used as refemnces in a task are 5:nsrally ordered -by the Task
_

Leader from the National Technical Information Service, or from one of the -

4
government agencies' technical libraries (i .e. , EPA, NRC, or 00E). Copies _are -

made and distributed to each of the Associates working on'the task who needs,
to refer to the material.

1
Draft reports are assembled by the Task Leader or Project-Director:at SC&A's

,

office. facility using, as.needed, the indivicaal contributions of the
; Associates tor subcontractors). The-draft report is reviewed by the Project

32 SC&A
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Manager and comments and corrections are suppliea to the Project Director.s
After the appropriate changes have been made, it is sent to the client with' -l

the Project Manager.'s; approval. . A similar procedure is uted for -the f tnal
report.

In summary, the work itself is assigned by the Task Leader or Project Director i
t

to the Associates, who work alone at their own facilities on discrete work-i

packages. Communications are held by_ telephone as often as necessary betweeni

the Associates and the Task Leader, and in' person at:the SC&A~ central office--

>i facility when the need arises.7_ Working papers 1andLinterim products are'
. exchanged using state-of-the-art : office technology as''of ten as-:necessary for;
consultation, review and approval. The Project Manager schedules meetings at
the SC&A central- office facility if it is determ ned from the-' telephone

.
'

i
! conversations, or from the review of interim products, that: face-to-face

:i discussions are necessary. .

The above procedures are identical? to those used for similar technical work
performed in a<centrat affice. environment, except for the: absence of daily-i

face-to-face discuss t. We have found -that for the technical work that we2' -

perform, and for the work: expected under the subject procurement,~the discretei

work package approach is almost always employed, rendering frequent personal'

_

interactions unnecessary. In tact, we have found that the convenience of;
;} closeness is' far outweighed by'the costs of commuting and the waste associated

with " conversations at the water cooler." ~In other words, we believe that'

this system is more efficient, with benefits to the client, the company, and
the Associates.

'

t

! -

..

' Another factor that contributes toLthe-success of-this system for SC&A_is the
! experience level'of-our Associates. 'The average number of;yearsiof experience'
| of the SC&A Associates proposed for this solicitation' is approximately 17. i-

Therefore, SC&A Associates are seasoned professionals who are accustomed to'

working independently.1,

1

It -has been our- experience that the~ 1evel of = commitment.of Associates to our-
.

projects is equi. valent to that ofsemployees. When-aitask is initiated, a ,

1 commitment is made to the' company by the Associate forLthe level ofteffort and i

i schedule required to comp 1'ete the task.: On- only o'ne occasion :has an LSC&A
! Associate'been unable to complete ths commitment;made to the company, and a-

eplacement was. found Limmediately.

|
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9. Can the proposed team demonstrate experience with pathway.modelling (e.g.-
IMPACTS BRC Code for waste disposal) that could be used in analyzing below
regulatory concern petitions?|

Response:

SC&A has extensive experience in' pathways.modeling and BRC issues, and we are
very familiar with the IMPACTS-BRC computer code and other codes that can be
used to (1) identify candidate BRC waste streams and (2) evaluate petitions
for compliance with the individual and cumulative dose criteria proposed in
the NRC policy statements and. upcoming revisions to the proposed criteria.:
The following sub-sections-describe our experience, understanding, and
expertise in pathway modeling,- followed by a mere detailed description of our
capabilities and experience in pathways modeling specifically for BRC

_

petits ns or rulemakings.

PATHWAYS MODELING EXPERIENCE

The following presents a summary of our. pathway modeling-

experience.

Airborne Emissions from Direct Discharges to Atmosphere and
Via Resuspension from Waste piles

SC&A conducted a pathways analysis for the. EPA for emissions of radionuclides
to the atmosphere from 12 source categories, including nuclear pcwer reactors,
. nuclear fuel cycle facilities, and NRC byproduct and source material
licensees.

- The pathways analysis included the following elements:

o identification of all sources of radioactive emissions
! to the atmosphere from the facilities within each source
| category;
l

| o analysis of data on emission quality and rates from each
I source identified and characterization of. sources of
| emissions;
1

o characterization of environmental pathways leading to
| human exposure;

,

o development of individual and population doses and health
risks caused by the emissions from both individual
facilities and the entire source category; and- - . -

! o characterization of control technology used or available -
for use to' reduce emissions;

Doses and health effects caused by airborne releases of radionuclides were
evaluated for the following source categories:

o~ Department of Energy Facilities;
o NRC- and Agreement State-Licensed Non-LWR-Fuel Cycle

| Facilities;

34 SCAA
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;

o LWR-Fuel Cycle Facilitios;
o High-Level Waste Disposal-Facilities;
o Elemental Phosphorus Plants;-
o -Coal-Fired Utility and Industrial Boilers;
o. . Title I (DOE) and Title 11 (Licensed) Uranium Mill

Tailings _ Disposal Sites;
o Licensed Uranium Mills'

!o DOE Radon-Sites; *

o ' underground Uranium Mines;-
o Active and. Inactive Surface Uranium Mines;-and-
o Phosphogypsum Waste Stacks.

Calculations of' doses were performed with the AIRD05-EPA computer program,
using ICRP-30 dose conversion factors for air immersion, ground-surface,
inhalation, and ingestion pathways. Health effects were assessed using the'

- BEIR-Il dose-response relationship. Doses calculated-with this methodology
were compared with independent dose' estimates, and the discrepancies were
noted and explained. . Supplemental control technM agies were reviewed, in -some
specific cases, to establish the efficacy of'furtner reducing doses.-

The results are summarized in a three volume EPT report - EPA /520/1-89-005,
006-1, and 007, published-in October 1989,

in support of this EPA rulemaking, SC&A developed for the~ agency a pathways
model _for determination of coinpliance- with the-standards for radionuclides
under the Clean Air Act. This code, called COMPLY, is inter.ded to replace the
more complex model, AIRDOS-EPA /RADRISK'. Moreover, the EPA Science' Advisory
Board recommended that the uncertainty in doses and-risks resulting from
pathways modeling in the development of the standards be quantified. SC&A-

characterizing
assisted the Agency _in this-quantificstion of uncertainty by'nt, and, using

>

'

the sensitivity of selected factors used in the risk assessme
Monte Carlo techniques, by evd uating the overall uncertainty of'the doses and
risks calculated by COMPLY, as a surrog=.te for the more detailed pathways
analysis using'AIRDOS- EPA /RADRISK. The _ uncertainty = analysis included the
development of u_ncertainty distributions for all of. the -key calculational.
parameters, including source term, atmospheric diciersion.and deposition
factors, environmental transport and reconcentration factors, usage factors,
dose conversion factors and risk conversion.factorm

As discussed below, IMPACTS BRC _contains default files for all of these-
parameters. Accordingly, our work on the ancertainty of these paraceters has .
direct-applicability in understanding the uncertainties associated with the-

use of IMPACTS BRC.

Exposure to Residual Radioactivity
.

SC&A developed the REUSIT computer code for the EPA to estimate the maximum
annual radiation dose to individuals at decontaminand and decommissiond
sites and facilities. This new pathways model considers initially
contaminated surface. soil, subsurface soil, and buildings. The environnental
media modeled include the atmosphere, surface soil, subsurface soil,
groundwater, and surface water. The environmental exposures include exte.nal
exposure from contaminated ground and from immersion in contaminated air and
water, and internal exposure from inhalation of suspended surface soil and
from ingestion cf-contaminated water, crops, animal- derived foods and aquatic
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for s. Contamination of internal building surfaces, in ventilation systems
a- on residual equipment is taken into account. The exposures in buildings

,clude external exposure from all types of building contamination and
internal exposure from inhalation of contaminated dust.

Enhances Sources of Naturally Occurring Radioactive Materials

in support of EPA's low-level radioactive waste program, SC&A
assessed the risk to public health from diffuse naturally occurring
radioactive materials (NORM wastes). These are the large volumes
of wastes and potentially reefc. Sie materials that contain Ra-226
concentrations below 2,000 pC '..

The following NORM wastes were examined in the risk assessment:
"

o Mineral processing wastes;
o Water treatment processing sludges;
o Petroleum pipe scale;
o Coal ash;*

o Phosphogypsum piles;
o Fertilizer; and
o Uranium overburden.

An assessment was made of the volumes of these materials generated over a
twenty-year period, and the potential radiation exposures to the public
resulting from the use and discharge cf these materials. The risk assessment
addresscd all major pathways of exposure, including direct radiation,
inhalation of resuspended material, surface water runoff, leachate to
groundwater, ingestion of foods, and exposure to indoor radon progeny. The
risk assessment will be used to determine the need to initiate a rulemaking
specifically for NORM wastes.

1

Experience with IMPACTS BRC

Several of SC&A's personnel have prior i MPACTS
BRC.
;

j "icipated na
number of low level radioactive waste performance assessmer.* . .ojects for the

,

Pennsylvania Department of Environmental Resources (PA029) and the Northeast
Compact. Performance assessment work for PADER included the evaluation of

*

performance assessment codes, including IMPACTS, P"!STO and FEMWATER/FEMWASTE.
On the NE Compact project, the IMPACTS BRC code wa - applied to waste generated

|in the NE in order to evaluate the potential impacts of BRC on the volume of
low-level radioactive waste projected for the compact. In addition, M M F Qo

reptesented PADER on the EG&G Performance As.s.. ament Technical Coordinating
Committee and gave performance assessment ' ec:ures t< Sealth physics graduate -

students at Rutgers University. The lectures were based heavily on the -

IMPACTS code described in NUREG/CR-4370,

in addition to our experience with using IMPACT 3 BRC, we are also experienced
in the key data bases, models and assumptions used in IMPACTS BRC. IMPACTS
BRC calculates the radiation exposure to individuals and populations for waste
streams and disposal methods c|efined by the user. The disposal methods-

include:
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'

o1 on-site incineration followed.by disposal!of ashL nia:i
i . sanitary landfill; . .

t

L o: ' municipal-incineration'followediby disposal:oftash in a' 3
-

sanitary landfill;: 1'

o on-site incineration;followedLby disposal of, ash win: a;
hazardous waste disposal' facility; .

.

r

o hazardous waste incineration followed by disposa1Lof, ' ''

waste irva hazardous waste landfill; ' '. 4
o direct disposal in a:sanitaryilandfill; and;,
- o . direct-disposal on-site.

'~

,

'

The program allows a number?ofiregionalEenviro'nments to be' assumed and a broadi

range of radiological, chemicaliand, physical waste characteristics 1and~ pre ' L*

t processing. assumptions. Throughi the use.of:'? decision' indices','" IMPACTS BRC.- a
- allows the' user'to' manipulate" specific waste form,-packaging, disposal-.

-technology,: sites,Jdemography,landra number:of other1param~eters.which may'need;
..dto be accommodated on a generic: bases.orrin; response to alspecific peti, ion. '

,

-The doses areicalculated for workers,,, transporters,:indivijual-members of:the n i

public (including an inadvertent 1 intruder) andLthe general public. -Whole body 4

and organ doses'are calculated forma number of: pathways includingo }

o ' direct' radiation;
'o waterborne;

,

o groundwater; ;

o food; and.
o resuspension.o

:.

L 'As part of the work performed.by M for the,StateioffPennsylvania and:c
L for the NE, Compact. Commission,1 t was:necessary-to e' valuate the default sourcei

-term data base incorporated-into: IMPACTS and lMPACTSLBRC..p n

- In support';of = the PADER project, M of our project-team verformed an:
evaluation of the groundwater transport models incorporatedLinto-IMPACTS.and-

IMPACTS BRC,

e

v
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! APPENDIX A: ADDITIONAL PERSONNEL

|

| Based on our discussions with the NRC during the meeting held on October 25,
| 1989, and the evaluations panel's written questions, we are proposing
I additional personnel for the project team. Resumes of the additional

personnel are included with this submission. The add tion of these
individuals will assure that we have all of the experience and expertise

needed to provide the rulemaking and regulatory support called for in this
procurement.

|

|
*

1

|

|

|

.

b
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' APPENDIX 8:; NON-REACTOR-LICENSEES:: -'

Sectionsof.the'repbrts:containedin|this: appendix-areliniludedto-demon'st' rate
'

.

our knowledge of non-power reactor:1icensees and;of the, considerations 1tnati
- are important to" safety and|credib.le|: accident scenariosLat fuel-cycle-

~

,

facilities.
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CHAPTER 2. FACILITY DESCRIPTIONS *
q

2.1 INTRODUCTION.

The NESHAP-applies to approximately 6,000 NRC-licensed and.non-
DOE Federal f acilities that_ possessiunsealed _soitrces f of- radio-:

~

'

active materials; The|NRC-licensed facilitiesxinclude material:
licensees and facilities: engaged in'the' uranium: fuel.-cycle. NRC--

licensed-facilitiesLinclude'facilitiesylicensed by-thecAgreement
,

States but exclude low-energy-accelerators and# facilities
'Iregulated-under 401.CFR Part 191, subpart B..

.

'
The' major types-of facilities covered by.the standard are.de-:

scribedJin the following- sections. "'heidiscussionifocuses on the-,

physical' forms of the radionuclides used'and the handling!and

processingLthat_the materials undergo. These factors'are major _ j
determinants of the quantiti2scof materials handled that;become'

;L airborne. '

4

i'

2.2 NRC MATERIALILICF.NSEES-

2.2.1 Users and Producers of' Radionuclides for Medical-Purposes
!

The users and' producers!of radioactive materials:for medical pur--
-

_ poses constitute..by_ far the >1argest category: of .f acilities han--

dling unsealed radioactive' sources. Approximate 1yltwoi hirdsfof: j*
. t

k 'the 6,000'facilitics covered =by the NESHAP are. engaged |in.some' '

aspect of.the productiu. and~ distribution oftradiopharmaceuticals:-

or in the medic'al application of these materials. 'Medicaliuses'
.

of radiopharmaceuticals include biomedical:research and: patient
U .~ administration of radiopharmaceuticals.for both diagnostic and

.

1

[ therapeutic purposes.i

I

J 2-1-
1

F L * Excerpted from EPA 520/1-89-001,. prepared by D.: Goldin of :SC&A :for. the EPA.
,
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,

2.2.1.1 Radiopharmaceutical Users

The types of facilities that'use-radionuclides ~for-. medical pur-
'

poses include. hospitals, clinics,-and biomedical research facili-

ties. .The radionuclides usedidirectly in; patient therapy and~

diagnosisLare' termed "radiopharmaceuticals," whilehthose:usedLin-
research are' referred-to asa" radionuclides." For simplicity, the;

term "radiopharmaceuticals" will be used-to:referoto'the radio-
;

active'materialsLusediin-both patientfadministration-and'research.
.

The radiopharmaceuticals usediat medical facilities occur |in alli
'

three basic _ physical states: solid, liquid, and gas. Thefphys-:
-

ical state of a particular.radiopharmaceutical product is detor-

mined.by (1)~the chemical form of the radionuclide~and-(2):tho-
solution or other mixture, if any, in which'the:radionuclide-is-

. dispensed. -Both the radionuclide and the substance in which it-

:is mixed are chosen to= suit specific' therapeutic'Jdiagnostic,;and,

research purposes..
.

- -. ,

The mixing ofcthe radionuclide with some.other substance means-

L that the physical state of a radiopharmaceuticaltproduct may be
L different than the physical state of the radionuclide itself. In

~

i

| this document,-discussions'of the form-of a.particular radionu-
L clide 'efer to the radionuclide' product. The physical 1 states of

these products are important in assessing the potentialifor-. air--

borne release.
.

Most radiouclides'used in medical facilities occur in liquid

form.. These liquids may be administered either; orclly--or intra-.

vencusly. Jorally-adminictered radionuclides-are usually in the
form of aqueousLsolutions. .Many of these chemicals are ionic

salts ani thus: occur in liquid form as caline solutions.: Radio-

nuclides that areLadministered intravenously may occur as solu-
|- tions, colloids,-or.suspennienc.

2-2 '
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I

;

Solutions consist of molecules of. solids or gaseous substances -

Idissolved in'a liquid. Col)oids' involve the. dispersion of largerE

particles (on the order of 10 nanometers.to 1 micrometer in diam--

eter)Ein-a liquid medium; the larger particles-are prevented from- .i
aggregating and settling by being coated with a Icyer of gelatin.

(as is done with gold-198)..- Suspensions are similarLto; colloids

but involve the radionuclide~ labeling of still larger particles _

(greater than 10 micromoters in-diameter) of substances such as
human serum alhnmin.,

Gaseous radionuclides usually occur-naturally in elenentaliform.
,_

E(e.g., xenon-133), and are' administered to patients as a pure gas-

or as a gas diluted by air. Patients-normally inhale the gas 4

from a bag or from a-gas " generator" through a respirator.

' Solid radionuclides occur as gelatin capsules containing liquid.

-solutions of the-radionuclide chsmical. In some cases, the~ solu-
.

| tion is absorbed.in dry-filler material. Solid radionuclides are.

administered orallyLto patients.

'I

The number of radionuclides'with medical ~ applications-is exten-
'

sive and increasing. .In the areas-of diagnosis and therapy, the-

most commonly used-radiopharmaceuticals-include chromium-51;
cobalt-57, --58, .and :-60;; gallium-67a and' -68;' technetium-99m;
iodine-123, -125, and -131; selenium-75, xenon-127 andi-133; and

,

thallium-201. Biomedical- researchers employ tritium, carbon-14,
'

phosphorus-32, and' sulfur-35 extensively. The radiopharma-
'

ceuticals used in medical applications may be obtained-from-

radiopharmaceutical-manufacturers or' independent radiopharmacies,' *

or.they mayJbe produced on site from radiopharmaceutical.
generators. Because of the relatively shbrt. half-lives of the

! radionuclides used-inLmedicine, shipments from vendors are

received frequently (weekly or daily),tand storage times are

. minimal.-

2-3
1



_ __ _ _

Radiopharmaceuticals purchased from vendors may be in the form of

pre-packaged dose kit;, radiopharmaceutical generators, or bulk

supplies from which individual doses are extracted and prepared.

Handling of prepackaged dose kits may involve no more than remov-;

ing the material from the package and administering the radio-

pharmaceutical to the patient either orally or by intravenous

injection.

1

|
Handling of materials obtained in the form of bulk stocks or

,

| radiopharmaceutical generators is more involved. In general,

these materi-1s are received and stored in a central area where
.

indi s idual c; 'es are prepared. In the case of liquids, dose pre-

paration involves extracting the required quantity from the stock

|
solution by syringe or pipette and diluting the material in a

i suitable sterile medium. These operations are conducted in a

fume hood, and the dose is administered to the patient either

intravenously or orally.

Preparation of doses from radiopharmaceutical generators, of

.

which molybdenum-99/ technetium-99m' generators are the most com-
| mon, involves elution of the preduct from the generator and divi-
!

| sjon of the elute into individual doses. The procedures for

j eluting a generator depend on whether it is a wet or dry column
design. In a wet column generator, en evacuated extraction vial

is attached to the end of the generator column with a sterile

| needle. Using the vacuum within the vial, the solvent is pulled
I

~

from the generator reservoir through the column and into the
' vial. The procedure for a dry column generator is similar. How-

ever, since dry generators do not have a reservoir of solvent,-

solvent must be added to the column prior to elution. The charge

vial is attached to one end of the generator, and then the evacu-

ated extraction vial is attached to the other end. The solution

is drawn through the generator column and collected in the clu-

tion vial. These clution procedures and dose divisions are
.

2-4
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conducted in a fuma hood, with the generator snielded to prevent

external irradiation of the technicians.

Handling of radionuclides for biomedical resaarch is more varied

than that of radiopharmaceuticals used for patient administra-

tion. Depending on the specific radionuclides used and the goal ,

of the experiment, the materials may simply be extracted from

bulk stocks and administcred, or the radionuclic. .nay be subject-

ed to additional chemical or physical processing.

.

2.2.1.2 Radiopharmaceutical' Producers and Suppliers.

Radiopharmaceutical manufacturers produce the radionuclide-

labeled compounds, diagnostic kits, and radionuclide' generators

used in biomedical research and-medical diagnosis and therapy.

The radiopharmaceutical products may be shipped directly_to medi-

cal users. or they may be shipped to independent radiopharmacies

where-individual doses are prepared from the bulk supplies or

generators and distributed-to medical users. Individual radio-

pharmaceutical.manufacturersfmay specialize in only a'few widely
! used radiopharmaceuticals or may produce many of the radionuc-

lides used in biomedical research and patient diagnosis <and

therapy.

The radionuclides used in radiopharmaceuticals are produced

either in nuclear reactors or in accelerators. .Radiopharmaceuti-
,

cal manufacturers may operate their own production facilities or

may purcuase the bulk radionuclides from an outside vendor. In
~

producing the bulk radionuclides, a' suitable target is.first.prepar-

ed and then Lambarded with neutrons: or positive ions in the re-

actor core, or accelerator. Once irradiation is comp * tete, the
' target is removed from the production device, and the product is

recovered and purified 4 n a hot cell by appropriate chemical-

processing.

2-5
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' The_ production of the labeled'comrounds used in radiopharmaceuti -
cals and biomedical research is essentially a. wet chemistry proc-

. ess. Depending on the specific radiopharmaceutical,- workers; con-

duct these: operations within laboratory fume hoods.or gloveboxes.

The final products are generally assembled and packaged in;as- *

'
sembly line operations.

,
Radiopharmaceutical generators'are designed and produced as-
closed aseptic systems using some type of chrometographic;celumn.
Typically, this chromatographic-column consists-of An ihUrganic-

.

ion exchange resin to which'the generator (parent) radionuclide
.

is bound. As the_ parent radionuclide decays, the decay product,:

which has different chemical / physical _ properties, is produced.

The decay product is eluted from:the column by the' user at

L specified' intervals. . Generators are manufactured in a hot cell,

where the: parent radionuclideLis packed-in thefcolumn, and'the

column of the generator ic surrounded by. absorbent materials"and

shielding. The absorbent materisis|: minimize the consequences of.
accidental breakagei-the shielding reduces the radiation; exposure
of' users. Once the generato is loaded,. final assembly and
- packaging are carried out- on en assembly line.

Independent radiopharmacies'are a relatively recent. phenomenon.
Generally located in large cities, these' facilities serve:as

distribution facilities. Radiopharmacies purchase bulk ~ stocks:
'

and generators from radiopharmaceutical manufacturers and provide
hospitale and clinics with individually prepared: doses on an'as--

needed basis. The dose preparation procedures'at-these facili-|
-

;

. ties do not differ from those at medical facilities that obtain-

their radiopharmaceuticals-directly from the manufacturers..

2-6.
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2.2.2 Sealed-Source Manufacturers

While facilities that use only sealed radiation' sources are not
covered by the NESHAP, the industrial facilities that produce |

sealed sources are subject to the standard. The tacilities de- |

scribed in this section, fall into two broad classes: those that

manuf acture encapsulated alpha, beta, or gamma-emitting radiation
sources; and those that manufacture self-luminous devices. J

-
..

2.2.2.1 Manufacturers of Sealed Radiation Sources.
,

Sealed radiation sources are widely used in medical, industrial,
and residential applications. Medical applications. include
gamma-emitting devices used in diagnostic and therapeutic 1proce- i

dures and sources used in patient implants. ~Incastrial applica-
: tions include nondestructive. imaging usi inspections, static

eliminators, -industrial gages, irradiation devices, and-well- ''

logging devices. The main radionuclides used in these devices'

iridium-142, krypton-85, americium-241, cesium-137, L and' cobalt-60.
Smoke _ detectors, using alpha-emitting americium-241 sources, are
the most widely used sealed sourcestin residential; applications.

.,

The manufacture of-sealed sources is essentially a repackaging'

and redistribution process. Bulk radionuclides, fin the form of

pellets or foils, are received from a vendor in an approved ship-I

ping package. The shipping package is opened, and'the' requiredI
-

quantity of che radioactive material is removed' and transferred'

to a container. The container is then sealed by welding or' braz-
,

ing'. Most such devices are double encapsulated; .i.e. , .an ~ inner ,

capsule contains the radioactive material and an outer container
prntects the inner container.- Double encapsulation increases the
assur0nce of safe handling. The outerscontainer-may also be
brated or welded, or simply screwed shut. All operations are-

!=performed in hot cells to. protect the workers.

2-7: ,
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At' some f acilities, Lthe bulk materialTpurchased' fromL thef vendor
-is subjected'to physical and/orJchemical| processing to'alterfthe

form of the material prior to'encapsu'lation._ For; example, most: .

cobalt-60 sources contain~ cobalt in the form of-metalcfoils or.
microspheres. ~ The cobalt is received:from the-vendoriin the form--

"of-cobalt metal,-and-the material is processed-by: heating;the-
-

metal _to the melting' point in a' fluidizing-furnace to' form the- }
-

desired: microspheres. - Similarly, manufacturers of smoke- ,

; detectors generally obtain theLbulkeamericium-241'in:the: form of~ -j,
'

oxide powder. This powder;is1compactedLto form wafers,Jsintered::

,

in an; induction furnace,? ground to specifications, and' hot-rolled:' '

1

with gold foil to produce the: encapsulated;materialiforiinco'rpor- f
1

ation into the device.

2.~2.2.2 Manufacture of Self-Illuminating Devices
,

Self-illuminating devices include watches,--compasses;Lsignsp and-:

'

aircraft instrumentation. ' Historically,Eradium-226 wai used in-

radio-luminescent; products. 'However,-the well-documented' hazards-
.

.- t

of. Working .with' radium and the advent of }other materials with:in-- ;

herently superior. characteristics:have'largely-eliminated;the use

of radium. Today, - tritium: and, c to a much lesser.;exte.7F,1 krypton-
85 and: promethium-147 are.used in the production'of self-luminous

devices.

*

Two general types of self-illininating devices are!made: those
-in which the radio-luminous material-is incorporated into a-paint

which is used to coati the dial and/ ort instrument hands r and ~.those--

in'which a radioactive gas (tritium or krypton' is-contained in a)

phosphor-coated-glass ampule. '
,

;

Manufacturers of self-illuminating devices obtain'the bulk radio-

nuclides-in either gaseous or (rarely) liquid form {from a vendor.

2-8
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In the case of devices incorporating self-luminous paint, the

manufacturing process involves the incorporation of the

radionuclide in the paint and the application of the paint to the

device. In the case of self-illuminating sources, the gaseous

radionuclide (tritium or krypton-85) is transferred to the glass

ampule and scaled. Both processes are carried out in areas with

high ventilation rates or in fume hoods to protect the workers.

.

2.2.3 Test and Research Reactors-

.

The' NRC licenses approximately 70 academic, research, and indus-
,

trial facilities to operate test and research reactors. Test and

research reactors are used as teaching devices, to study reactor

designs, to conduct research on the effects of radiation on ma-

terials, and to produce radioactive materials used by sealed

source and radiopharmaceutical manufacturers.

The design of such reactors and their sizes vary widely. Approx-

imately 15 research reactors are used primarily as teaching

devices and have very low power outputs (less than 15 watts).

The nuclear cores of these reactors have their uranium fuel dis-

persed and fixed in a plastic matrix. Given the-design and-use

of these teeching reactors, airborne releases cannot occur during

normal operations,
l

~

I Research and test reactors used for experimental and production

purposes include both light-water pool and heavy-water tank-type
* designs, ranging in power from 100 kilowatts to 10 megawatts.

All of these- facilities use highly enriched uranium fuel, either

in metal or mixed carbide fuel elements.

In these reactors, experiments and/or production activities are

| conducted by remotely inserting-the target containing the

2-9
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1

material to be irradiated into the experimental ports or beam

holes that penetrate the reactor core. The target material is

subjected to the neutron flux of.the reactor coreEfor an appro-
'

priate period of time and then withdrawn via shielded transport

devices (called " rabbit systems") to-a hot cell. The irradiated

material is examined or the product is recovered-in the hot cell.

Product recovery may be as simple as dist,olving a soluble salt in '

water, or it may involve evaporation, precipitation, extraction,

distillation, and/or ion exchange.
,

Potential airborne releases from'suchLf acilities include the fis-
'

sion products in the core of the reactor, activation products

generated during the operation of the reactor, and releases from

the disassembly and recovery of target materials'in the hot cell.

In general, the activation products, along with any gaseous fis-

sion producto escaping the coolant, are released directly toLthe
atmosphere from the facility exhaust. . Materials.that become air-

borne during processing in the hot cell will be vented through-
the hot cell's exhaust system. The effluent'from the hot cell is

generally filtered through high efficiency particulate air (HEPA)i

L filters before release.

1

2.2.4 Non-Licht-Water Reactor Fuel Fabricators

only a few facilities produ.ce the metal and mixed carbide fuel
*

used in test and research reactors.

The non-oxide fuel fabrication process begins with highly en--

riched uranium metal. The uranium metal may be mixed with an
alloying metal in an induction furnace.- The-fuel is.then either

rolled,. punched, drilled, or crushed and compacted, and machined
and shaped into the proper dimensions. Once the fuel is properly

formed, it is enclosed in-aluminum or stainless steel.- The

2-10
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|
;

|

enclosing process may involve injection cast 3ng, loading into a
can or mold, or simply covering the fuel with side plates and

Finished fuel elements are then in-rolling the metals together.
spected and cleaned prior to assembly into fuel bundles.

The production of mixed carbide fuel starts with highly enriched
<

This powder
uranium dioxide-thorium dioxide _ powder.(UO -Th02)',2

is mixed w.:th graphite and heated to form uranium-thorium carbide
These kernels are formed into microspheres by heatingkernels. The

to a temperature in excess of the kernels' melting point. |

,

'

microspheres are then coated with carbon and silicon layers in a -
Fuel rods are. formed by injecting the

fluidized bed furnace. The fin---

coated kernels and a matrix material into a hot mold.
ished rods are then inserted into a graphite block to form the

,

.

final fuel-assembly.

2.2.5 Source Material Licet. sees

Two types of facilities are included in'the category of "Scurce
.those invol-Material Licensees" which is subject to the NESHAP:

ved in the extraction of metals from uranium--and thorium-bearing
ores, and those using depleted uranium metal or thorium in i

various products.

Approximately 10 f acilities are engaged in t'as racovery of . metals
In general, the products extracted fromfrom source materials.

the uranium- and thorium-bearing ores are refractory metals,
.

their oxides (columbium / niobium, zirconium,ftantalum, and hafni-
um), or the rare earths 8. cerium, neodymium, dysprosium, etc.).,

These extraction operations involve processes typical of metal
Depending upon the specific facilitymining and beneficiation.

and the products under recovery, the processing may involve wet
chemical or solvent extraction, smelting, and high temperature
sintering.

2-11
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4

Facilities that manufacture products incorporating source mater-

1als include munitions producers using depleted uranium in armor-

piercing projectiles, manufacturers'that make lanterns and gas

lights using thorium mantles,. aerospace manufacturers using de-
pleted uranium for stabilizers and ballast, and welding rod manu-

fseturers that use thorium in the metallic form. Such manufac-
turers generally receive the material in the physical form in

which it is used (e.g., depleted uranium in the form of metal

billets). The processing is confined to.such metallurgical oper-
,

ations as casting,. forging, machining, and polishing.

. .

2.2.6 Waste Receivers / Shippers and Disposal Facilities

The radiosctive wastes generated by facilities that use' radio-

nuclides must be disposed of in an e.pproved manner. In general,

wastes with high specific .ctivitieu (such as uranium-contaminat-

ed scrap at non-oxide fuel fabrication facilities) will be re-
'

cycled and recovered. However, virtually every user of unsealed

radioactive materials will generate solid, low-level radioactive

wastes which require active disposal. Such war'es may be

incinerated on site or packaged and shipped of t site to a

licensed low-level waste disposal' facility.

Waste receivers and shippers (sometimes called " waste brokers")

are primarily collection and shipping agents for facilities

generating low-level wastes. Most such receiving / shipping
facilities simply collect the wastes in shipping. containers

approved by the Department of Transportation from a number of-

waste generating facilities, monitor tho' packages for con-

tamination, and hold the wastes at a warehouse until they arrange
a shipment to a licensed disposal site. The licenses of most
such receiving and shipping facilities do not allow the facility

to repack or even open the waste packages. However, several such

2-12
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(

facilities have been licensed to open, compact, and repackage

waste materials _before shipment.

Currently, there are three low-level radioactive waste. disposal

facilities which are accepting shipments for' burial the
Barnwell facility in South Carolina, the Beatty facility in

Nevada, and the.Richland facility-in Washington._ WasteEshipments

are checked for damage and contaminationLupon receipt and then-
placed in excavated. trenches. When a burial trench is filled.

with weste it isibackfilled with soil. 1

'

|
' ,

|
2;3 URANIUM FUEL CYCLE FACILITIES

The uranium fuel cycle includesLuranium mills, uranium hexa-

fluo-ide conversion facilities,. uranium.enrichmentifacilities,

light-water reactor fuel f abricators, ' light-water power reactors,

and duel reprocessing plants. .With.the exception:of'the uranium

,enr!.chment facilities that are owned by the FederalLgovernment
and operated by contractors under-the supervision of the Depart-

ment of Energy (DOE), these facilities are licensed'by the.

Nuclear Regulatory Commission (NRC) or the Agreement States.
-

2.3.1 Uranium Mills

"

Uranium mills extract uranium from ores which contain only 0.01
to 0.3 percent U 0 . Uranium mills, typically located near38

* uranium mines in the western United States, are usually in areas
of_ low population density. The product of the mills is shipped

to conversion plants, where it is'convarted to volatile uranium,

hexafluoride (UF ) which is used as feed to uranium enrichment| 6

plants.
l
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As'of December 1988, of 27 uranium mills in the United States
| licensed by the NRC or agreement _ states,Lfour were operating,- i

eight were shut down, 14.were being decommissioned, and one had
been built but never operated. Theeightshutdowdmillscould.
resume operations, but'the 14 mills.that ar4 being decommissioned
will never operate again.-

The operating mills-have.a capacity of 9,600 tons ofzore per day.
The number of operating mills is -down considerably ;from :1981,-

,

wht . . 21 mills were: processing:approximately.50|000 tons of ore. s
per day. This reduction-reflects the-decrease <in the demand-for

.

yellowcake. -The mined ore is stored on pads priorfto processing.
Crushing and grinding and a chemical leaching-process separate
the uranium from the ore.- The uranium product *is dried and pack-
aged following recovery from the leach. solution. The waste-
product-(mill tailings) is piped as a| slurry-to-a surface impound-
ment area (tailings. pile). )

Radioactive materials released to the air during these operations
include natural uranium and thorium and their respective decay
products-(e.g.,. radium, lead, radon).- These': radionuclides, with
the exception of radon, are released as particulates.

2.3.2. Uranium conversion Facilities

~ The uranium conversion facility purifies and converts uranium
oxide (U 0 Eor yellowcake) to volatile uranium hexafluoride38
(UF ),the chemical. form in which uranium enters the enrichmant6

-

i
plant.

There are currently two commercial uranium ! axe 21uoride (UF )6

production facilities operating in the Ut..ce6 States, the Allied
chemical-Corporation facility at Metropolis, 7.111nois and the.

2-14
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L Kerr-McGee Nuclear. Corporation facility.at Sequoyah, Oklahoma.
The Allied Corporation f acility, a dry-process. plant in operation

since 1968,-has a capacity to' produce about 12,600 mt of uranium

per year in the form of UF . The Kerr-McGee-Nuclear Corporation
'

6
~

facility is a wet-process plant in operation:since 1970, with a

capacity of about 9,100 mt per year _( AEC74, Do88).

Two industrial processes are used for uranium hexafluoride. pro-
'

duction, the dry hydrofluor method and the wet solvent'extrac -. -

tion method. Each method produces roughly equal quantities of

uranium'hexafluoride; however, the radioactive effluents from the
,

two. processes differ substantially. The hydrofluor method re-

leases radioactivity primarily in the gaseous and solid states,

while - the solvent extraction method releases most of its radio- '

active wastes dissolved in liquid effluents.

2.3.2.1 Dry Hydrofluor Process
!

The hydrofluor process consists of reduction, hydrofluorination,

and fluorination of the ore concentrates to produce crude uranium

hexafluoride. Fractional distillation is then used to obtain

purified UF . Impurities are separated either asLvolatile com-6

pounds or as a relatively concentrated and insoluble solid waste

that is dried and drunned 'for disposal.

..

2.3.2.2 Solvent Extraction Process
.

The solvent extraction process employs a wet chemical solvent

extraction step at the start of-the process to. prepare high

purity uranium fer the subsequent reduction, hydrofluorination, I

and fluorination steps. The wet solvent extraction method separ-

ates impurities by extracting the uranium from the organic

2-15
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solvent, leaving the impurities dissolved in a aqueous solution.
The raffinate is impounded in ponds at the plant site.

9
J

2.3.3 Fuel Fabrication Facilities
'

.

Light water reactor (LWR) fuels are fabricated from uranium which
has been enriched in U-235. At a gaseous diffusion plant natural

uranium in the form of UF6 is processed to increase the U-235
_

,

;;

content from 0.7% up to 2% to 4% by weight. The enriched uranium
hexafluoride product is shipped to LWR fuel fabrication plants- "

~

where it is converted to solid uranium dioxide pellets and [
inserted into zirconium alloy (Zirceloy) tubes. The tubes are ;_
fabricated into fuel assemblies which are shipped to nuclear :q
power plants. There are seven licensed uranium fuel fabrication _-

facilities in the United States which fabricate commercial LWR -

fuel. Of the seven, only five had active operating licenses as -

of January 1, 1988. Of those five facilities, two use enriched ''
_

uranium hexafluoride to produce completed fuel assemblies and two
-

use uranium dioxide. The remaining facility converts UF6 to UO2 '

and recovers uranium from scrap materials generated in the var- C
ious processes of the plant.

-

The processing technology used for uranium fuel fabrications con-
sists of three basic operations: (1) chemical convercion of UF6 h
to UO;; (2) mechanical processing including pellet production f*

and fuel-elemer.t fabrication; and (3) recovery of uranium from -

scrap and off-specification material. The most significant po- -d

tential environmental impacts result from converting UF6 to 02 3
-

and from the chemical operations involved in scrap recovery.

,
e
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2.3.4 Nuclear Power Facilities

As of December 1986, there were 100 operable nuclear power
resctors in the United states, with a total generating capacity
of 85,177 MWe. With only one exception (a high temperature gas
cooled reactor), all of these nuclear power reactors are either

boiling water reactors (BWR) or pressuriz2d Nater reactors (PWR) .
m

Pressurized water reactors comprise approximately two-thirds of
the light-water generating capacity.

,

A light water-cooled nuclear power station generates electricity
.

using the same basic principles as a conventional fossil-fueled

(oil or coal) power station except that the source of heat used

to produce steam is provided by nuclear fission instead of

combustion.

In a boiling water reactor, the coolant boils as it passes
through the reactor. The resulting steam is passed through a
turbine and a condenser. The condensed steam is then pumped back
into the reactor. The energy rer.aved f rom the steam by the
turbine is transformed into electricity by a generator.

The process is the same in a pressurized water reactor except
that the reactor coolant water is pressurized to prevent boiling.
Energy is transferred through a heat exchanger (steam generator)
to a secondary system where the water does boil. Reactor coolant

~

water is kept at high pressures by maintaining a closed system
and electrically heating water in a tank called the pressurizer.
Af te. passage through the steam generator, the water is returned-

to the reactor. Secondary steam turns the turbine, is cooled in
the condenser, and is pumped back into the steam generator.

During the fission process, radioactive fission products are
produced and accumulate within the nuclear fuel. In addition,
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neutrons produced during fission interact within the fuel'and

coolant to produce radioactive activation products. A reactor

may experience periodic fuel failure or defectsLwhich result in

the leakage of some of the fisrion and activation products out of

the fuel and into the coolant. Accordingly, a typical light

water reactor will experienc,e build-up of radioactive fission and
activation products within the coolant. For both PWRs ar.d BWRs
the radioactive contaminants which accumulate within the coolant
are the source of radioactive emissions from the facility.

,

~

2.4 DEPARTMENT OF DEFENSE FACILITIES

The Department of Defense (DOD) operates a number of facilities

that use unsealed sources of radioactive materials. In addition

to three research and test reactors and numerous medical facili-

ties, these include army bases that perform research and evalua-

tion of munitions using depleted uranium and naval shipyards that

( service the Navy's nuclear-powered fleet.

The army bases that conduct research and development of muni-
I tions using depleted uranium metal are licensed by the NRC. Ac-

tivities conducted at these facilities involve test firings and

evaluations of various experimental and stockpile depleted
uranium munitions such as armor piercing shells. At facilities

performing research and development, activities can include the
'

small-scale fabrication of depleted uranium projectiles. This
fabrication can include forging, shaping, and grinding of deplet-

ed uranium metal.-

i

'

Nine naval shipyards construct, refuel, maintain, and overhaul

the submarines and ships of the Navy's nuclear-powered fleet:

-Mare Island Naval Shipyard in Villejo, CA; General Dynamic's

Electric Boat Division, Groton, CT; Pearl Harbor Naval Shipyard,

2-18
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Pearl Harbor, HI; Portsmouth Naval Shipyard, Kittery,.ME;

Inga11as Shipbuilding Division, Pes:Agoula, MI;'U.S. Naval
~

Station and Naval Shipyard, Charleston,;SC;~ Newport-News Ship-
building and Drydock_ Co. , Newport News, VA; Norfolk Naval Ship-
yard, Portsmouth, VA; and_Puget Sound Naval _ Shipyard, Bremerton,
WA.

In addition-to the normal shipyard functions of construction,

maintenance and overhaul, these shipyards construct, test, re-
,

fuel, and maintain the pressurized water reactors uted to power

the nuclear fleet. The primary source-of. radioactive emissions
.

at. naval shipyards is from the facilities that process and pack-

age radioactive wastes. These facilities handle solid low-level

radioactive wastes such as contaminated rags, paper, filters, ion

exchange resins, and scrap materials.- Waste' materials are sorted,

surveyed, and packaged for shipment to disposal sites.

All effluent air systems at waste handling-facilities are moni-

tored during operation and equipped with HEPA filters. Environ-
mental monitoring at these waste handling facilities indicates

that the concentration-of activity in the effluent air is actual-

ly Icwer than the background activity in the intake air (RIB 2).

I

I

9

.

|
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5.- RISK ASSESSMENT'
r

For each component of the-fuel cycle, and for the source terms associated

with the accidents discussed in Section 4. the popuistion dose commitment

has been evaluated using the methodology discussed _ in Section 3.2. For

each accident, the critical organ (organ receiving maximum dose) popula-

tion dose is given together with the population dose to the total body.

(T.B.). Combining these results with the accident likelihoods also given in <

.

Section 4, the expectation value of the population dose commitment is-
.

derived and normalized to the annual operation of the generic 1000 MWe.
t

LWR using the mass flow factors given in Section 2.2.- The normalized-
.

population dose connitments in man-rem ~are then converted to normalized

health risks (somatic effects) using the methodology discussed in Section -

3.3. All of these resuits are presented in Tables 5-l'through 5-8 for

each component of the supporting LWR fuel cycle.

I

i

i

{ !

I

l~
.

5-1

| * Excerpted from " Scoping Assessment of the Environmental Health Risk
Associated with Accidents in the LWR Supporting' Fuel Cycle," prepared by

~

S. Cohen of SC&A for the EPA.
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TABLE-5-9

i
TOTAL ENVIRONMENTAL HEALTH RISKS FROM-ACCIDENTS-

{
IN THE LWR SUPPORTING' FUEL CYCLE |.

,

.!
!Fuel Cycle Component Population Dose per _ Somatic Health. Risk per
,

1000 MWe-yr. 1000 MWe-yr. '

(man-rem) (#ofexcesscancers) |
-

IUranium Mining 0 0. '

Uranium Milling .015(bone) 5.9,x 10~7 t'o 5.6 x 10~7
.001 (T.B.)

-

'

UF Conversion .97 to .11 (lung) _4.1 x 10-5 to 4.8 x 1046
.0056 to .00076 (T.B.) t

~

Enrichment .75 to .53-(lun ) 3.1 x 10-5 to 2.2'x 10-5
.0037 to .0025 T . B .-)

Uranium Fuel 2.1to.0021(lung) 8.9 x-10-5 to 1 '6 x ' 10~7 '
~

- i
Fabrication .010to4.8x10-3(T.B.). '

Reprocess'ing .37(lung) 1.7 x 10'4 to'4.7 x 10-5 ,

2.4 to .50 (G.I.)
.0063to.0028(T.B.)

Mixed Oxide 1.1 to .55 (bone) - 2.2 x 10-5 to.l.1 x 10-5
Fabrication .019to.012(T.B.) :

Plutonium Storage 3.9 x 10 (bone) 8.3 x 10-10
9.3 x 10' (T.B.)

Transportation 4.2(lung)_ .1.7 x 10-3 to 1.8 x 10'4~
16 to .035 (G.I.).
1.7 to .025 (T.B. )

-3Totals. 8.4 to 5.2 (lung)- 2.1 x 10 t 2 x 10'4
18 to .54 (G.I.),

1.1to'.57(bone)' '

1.8to.044-(T.B.).
>.

.
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TABLE 5-10

COMPARISON BETWEEN ENVIRONMENTAL HEALTH RISKS FROM ACCIDENTS AMD
.

,
FROM NORMAL OPERATIONS OF THE LWR FUEL CYCLE

.
Risks from Normal Operations Risks from Accidents

Fuel Cycle Component Population Dose per Health Risk ~per Health Risk per

1000 MWe-year 1000 INe-year 1000 f t4e-year
(man rem) (i of excess cancers) (a of excess cancers)

-I
Uranium Mining 1.4 x 10 (long) 3.3 x 10 0

- 2.2 x.10 (bone)'-
7.2 x-10' (T.B.) .

- -7 -#.,

Uranium Milling 4.0 x 10 (lung) 8.0 x 10 " 5.9 x 10 to 5.6 x 10
4.4 x 10 (bone) -

i

1.7 x 10 (T.D.)
4 0 1 x M to 0 8 x M "M x 10

D.81(lunp(T.B.)UF nyersi n
6 2.0 x 10-

-5 0~'

5.1 x 10-5 3.1 x 10 to 2.2 x 10'

Enrichment
1,1-(lung}(T.B.)1.9 x 10-

~ -7
5.4 x 10-5 8.9 x 10.5 to 1.6 x 10

1.3(lungj(T.B.),
Uranium fuel Fabrication

6.2 x 10-

Reprocessing. 1500 (thyroid) 3.6 x 10- :1.7 x 10-4 to 4.7 x 10-5
730 (T.B.)o'

4 -5 -5.

Mixed Oxide Fabrication 2.7 (bone)- 5.5 x 10 2.2 x 10 to 1.1 x 10
.057-(T.B.)

8.3 x 10 10Plutonium Storage -0 0

3: to 1.8 x 10 # '
-

'1.4 x 10-4 li 7 x '10
-

Transportatton :0.35'(T.B.)
-3 -#

Totals ^1500.(thyroid) L1.5 2.1 K 10 to 2.7 x 10
5400.(lung):
3200 (T.B.)

- Reactor .36'(thyroid) 2.5 x 10-3
0.94_(T.B.)

* Control of the tailings pile (covering the plie after the afli has been shut down) would reduce this value to "-

f C-14| emissions to 1% of nomal release coupled with proposed EPA radiation protection control on .Kr-85.** Co t o
1-129 and plutonium would redin.W thi, value to 1.3 x.10 2,

.
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