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ABSTRACT

NRC regulatory impact analyses address the costs and benefits asscciated with
proposed regulatory requirements. Many of these requirements will result in physical
modifications to existing structures and systems at nuclear power planis. ,

This report provides a methodology and data needed to estimate the generic costs of
disposing of radioactive wastes that may be generated as a result of NRC regulations
requiring modifications or repairs to nuclear fact 11 ties. Also presented are
descriptions of typical low level radioactive wastes generated at nuclear power plants
and the various processes used to treat the wastes in preparation for shipment and '

burial, ne waste disposal cost estimates included in this report cover all the major
elements that contribute to the overall costs, ne key factors that influence the costs
are discussed. Pertinent ranges of values for the key variables are explored and
important sensitivities identified, ne cost implications of the bustal surcharges
authorized by the 1.ow Level Radioactive Waste Policy Amendments Act of 1985 are
covered. Occupational radiation exposure associated with in plant handling of the
wastes is also discussed.

This report updates and revises information presented in NUREG/CR-1555. ;
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PREFACE

In early 1986, Congress passed and the President signed into law legislation changing
the requirements imposed on the disposal of low level radioactive wastes, nts new

[ legislation supports the formation of regional compacts of waste-producer states and I

encourages the development of regional waste disposal sites. While the law permits
| access to the three existing burial sites in Nevada, South Carolina, and Washington I

until 1993, it also allows for a system of disposal cost surcharges for those generators in
compacts or states which do not have a licensed disposal facility, nese surcharges,
discussed in Section 5.2.4.2 of this report, add n!gnificantly to the total disposai costs of
low level radioactive waste.

lSEA had previously performed a study for the U.S. Nuclear Regulatory Conunission to
estimate the generic costs of disposing of low level wastes. In the past two years, the
various cost elements of the generic cost mocel have increased dmmatically.
Derefore, the NRC asked SEA to revisit the generte cost model, update the model, and,

- in particular, assess the impact of the new burial surcharges. ne result is this revision
to the ortgtnal report.

_

-

-

_

r

IN14tEG/CR 4555. Generic Cost Estinutes for the Disogsal of Radtoactive Wastes,
March 1956.
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NOMENCLATURE

DWR Dolling Water Reactor

CONCLIQ Concentrated Liquids

COTRAS!! Compactible Trash

DAW Dry Active'Naste

FSLUDGE Filter Sludge

ITIGR litgh Temperature Gas Cooled Reactor

IXRESIN lon Exchange Resin

LSA Low Specific Activity

NCTRAS!! Noncompactible Trash

PVC Polyvinyl Chloride
PWR Pressurized Water Reactor

RWP Radiation Work Permit

VRF Volume Rcduction Factor
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1.0 EXECUTIVE SUMMARY

Many pending and proposed Nuclear Regulatory Commission (NRC) regulations may
require operating nuclear facilities to undergo hardware or matertal related
modifications. The repairs and/or modifications to such materials or equipment in
these facilities will Itkely generate radioactive wastes as a byproduct of these efforts.
De costs of disposing of these radioactive wastes should be included in the value-
impact assessments of these pending NRC requirements.

De NRC'e Regulation Development Branch. Office of Nuclear Regulatory Research.1
sponsored this study, its purpose is to provide an analyst with estimates of the generic
costs of disposing of radioactive wastes that may be generated as a result of NRC
regulations requiring modifications or repairs to nuclear facilities, his report also
presents descriptions of typical low level radwastes generated at nuclear power plants,
ne various processes used to treat the wastes in preparation for shipment and burial
are also described,

in order to estimate the costs of disposing of radioactive waste associated with a
particular repair or modification, one must first estimate the type and quantity of
waste generated. Procedures are outlined herein to carry out this aspect of the
estimation effort,

ne waste disposal cost estimates included in this report cover all of the major
elements that contribute to the overall costs. ne key factors that influenc the costs
are discussed. Pertinent ranges of values for the key variables have been explored and
uportant sensitivities identified.

Table 1.1 presents the representative or most typical total estimated disposal costs
(with and without surcharges) for each type of waste likely to be generated as a result of

3repairs or modtftcations at nuclear plants. De estimates are per 1000 ft of as-
generated waste and represent conditions consistent with typical or prevalent waste
treatment processes and waste characteristics. Table 1.1 gives the user a feel for the
appraximate level of the waste disposal costs and for the ditTerer 7e in the costs among
the dtiTerent waste types. ne estimated disposal costs can vary significantly.
depending on the specific characteristics of the waste. The more inbrmation the NRC
user has, the more refined the analyst can make the estimates by using the data and
sensitivities presented in this report, ne costs presented in Table 1.1 assume that the
transport distance from the plant to the waste disposal site is 1000 miles.

Section 1.1. which follows, discusses the various types of low level radwastes which
may be produced as a consequence of NRC requirements it also introduces the various
volume reduction processes used to treat the dtiferent wastes. Section 1.2 briefly
outlines an approach for estimating the volume of waste generated. Section 1.3 then
discusses waste disposal costs. An algorithm for estimating occupational radiation
exposure incurred in handling radioactive waste is presented in Section 1.4. Finally,
suggested procedures for using the cost and personnel radiation exposure information
pmvided herein are outlined in Section 1.5.

1.1 RADIOACTIVE WASTE TYPES AND VOLUME REDUCTION PROCEStES
(

1.1.1 Nasig.Tyga

nere are several different types of wastes which could be generated as a result of NRC-
required modifications or repairs to nuclear power plants. He ditTerent types of wastes

1 Formerly the Cost Analysis Group. Office of Resource Management.

___
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Tah!e 1.1

Summary of Total Cost Estimates for the Disposal of Iow IAvel Radioactive Wastes (1988 dollars)

Cost per 1000 cubic feet of As Generated Waste (rounded to the nearest $100)

3Total Cost Assuming Typical Total Cost (Including $20/ft
Waste ActMty Level and Most Surcharges) Assuming TypicalWaste
Prevalent Volume Reduction ActMty level and Most Prevalent
Processes" Volume Reduction Processes"

WET WASTES

Noncompactible Trash
IMR $257,800 * $332,800*
PWR $255,700 * $330,7(X)*

Compactible Trash
IMR $15,000 * $19,400*
PWR $15,000 * $19,400*

WET WASTES

lon Exchange Restns
IMR $162,700 * $187,300*

,

| PWR $143,700 * $168,300*

Concentrated Liquids
IMR $182.600 $210,800
PWR $98.900 $127,100

Filter Sludge
IMR $232,400 $268,100
IWR $19,1000 $228,700

I
l

* Cost Estinute is an average cost based on the two most prevalent volume reduction (waste
treatment) processes available for this waste stream

" 11ased on a transport distance from the plant to the waste disposal site o 900 miles.

2
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are generaDy referred to as waste streams. Each stream is relatively distinct in terms of
its form (wet or dry, compactible or noncompactible), its chemical makeup, and its
radionuclide content and concentration. For the purposes of this study, the following
waste streams have been pursued:

Waste ivoes Svmbof

PWR Compactible Trash P COTRAS!!
PWR Noncompactible Trash P NCTRASil ,

IWRlon Exchange Resins P IXRESIN -

IWR Concentrated Liquids P CONCLIQ
IVR Filter Studges P FSLUDGE
UWR Compactible Trash D COTRASH
DWR Noncompactible Trash D NCTRASil
UWR lon Exchange Restns D IXRESIN
UWR Concentrated Liquids B-CONCIJQ
UWR Filter Sludges DFSLUDGE

Compactible and noncompactible trash are normally referred to as dry active wastes
(DAW). These waste streams are those most hkely to be generated as a result of NRC.
mandated modifications or repairs to the plants, ne other wastes may also be
generated as a result of activities such as system drainage to accomphsh the
modifications, system flushing and decontamination, area washdown, and laundering.

Noncompactible trash is the waste stream of primary interest to this study. This is
because the noncompactible trash is made up of the hardware and components which
are most commonly the subject of the repair or modtftcation efforts. Other wastes such
as compactible trash are normally generated as a by-product of the repatr, removal,
replacement, or modification efforts. Noncompactible trash typically consists of
materials such as conduit, piping, valves, wood, hardware equipment, tools, concrete,
dirt and glass. nts waste is not amenable to extensive volume reduction.

;

The other waste stream expected to be produced from repairs and modtftcations to
nuclear plants is compactible trash. IArge quantities of this waste t.re typically

| generated at most plants. Compactible trash is made up of the following types of
materials: plastic, paper, absorbent materials, polyvinyl chloride, cloth, rubber and
wood shavings.1 nts waste stream is amenable to considerable volume reduction.

.

Ion ewhange resins, concentrated liquids, and filter sludges are classified as wet
wastes. Wey are generated as a result of filtering and purtftcation efforts for<

radioactive liquids. lon exchange resins are small porous beads used to process various
liquid waste streams through a combination of absorption and/or adsorption of

'soluble ionic matertal (both chemical and radiochemical), and through the filtration of
insoluble material. Restns used for cleanup of 11guld radwaste streams are generally L

disposed of as waste once they have lost their filtering and demineraljzing qualities. L

,
,

Many nuclear plants have employed evaporator systems to reduce the volume ofliquid
radwastes. Concentrated hquid wastes are a combination of the hquid stream and
accumulations of souds and solutes carried in the stream. Concentrators (evaporators)
are used in processing laundry waste water, decontamination solutions, liquids from ;

floor drains, and other such sources. ;

Filter s!"dges refer to powdered lon-exchange resin generally used as a precoat material
on filter demineraltzers, and flocculating agents (filter aids) used to extend the

1 Solid wood pieces are sometimes disposed as compactible trash.
>

3 :i
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processing life of the filter. Most plants use powdered resin not only for filtration of
insoluble material but also for its ion-exchange Troperties. Sludge from precoat filters
can be a combination of the original precoat material, insolubles such as dirt removed
from the 11guld stre'm being processed, corrosion particles, and other suspended solids
and flocculating agtnts used in the system.

An important characteristic of each radwaste stream is its radionuc1'de content. The
following tabulation indicates the typical activity concentration for each waste type in
its as generated state, i.e., prior to any compaction or other processing (Ref.1).

3"lypical ActNity Concentration, C1/ft

Stream mVRs PWRs

Noncompactible Trash 0.00133 0.00267
Compactible Trash 0.00011 0.000185
fon Exchange Resins 0.176 0.11
Concentrated Liquids 0.17 0.01
Filter Studges 0.23 0.07

This tabulation indicates that the actMty concentrations from one waste type to
another can be dtiTerent by several orders of magnitude.

1.1.2 Volume Reduction Process _t1

Radioactive waste volume reduction processes have always been employed at nuclear
power plants. Volume reduction is attractive from practical as well as economic
standpotnts. In recent years, the costs of dispostng of low level radioactive wastes have
risen dramatically. This is particularly true of burtal costs (Ref. 2). Since burial ects

3are generally assessed on a per unit volume basis (i.e., $/ft ), in general, the lower the
volume of waste from a given plant requiring burial the lower the disposal costs to that
plant. Thus there is an incentive for nuclear utilities to improve their effectiveness in
reducing the volume of radioactive wastes which must ulttmately be disposed.

Enhanced volume reduction efforts have occurred on two fronts. First, the problem of
waste generation is getting renewed attention at nuclear plants. Utilities are changing
their procedures and administrative controls to help reduce the amount of low-level
wastes generated. Second, once waste has been generated it is generally subjected to
some type of volume change process. For compactible trash, the as shipped volume is
less than the as-generated volume. For wet wastes, the processing may either increase
or decrease the final volume. For example, solidtfication of spent resin in cement
increas:s the volume to be disposed, while incineration processes can substantially
decree.,e the final volume.

Table 1.2 summartzes the various waste processing systems and associated volume
reduction or increase factors for each waste stream. This table emphastzes the fact that
a gtven volume reduction factor for a given waste stream applies to a spectile waste
processing system. In some cases different systems employing the same basic
technique, e R., evaporation, will reduce the volume of a gtven waste stream to different
extents. An example of this is shown for the concentrated 11guld waste stream
(CONClJQ). Three different evaporatton systems are noted, each resulting in a different
final volume for the processed waste. Also, with this particular waste stream the extent
of volume reduction achieved by a given system is dependent on 'vhether the waste
stream was generated in a mVR or a PWR

4
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1

Table 1.2 Waste Processing Techrdques and Associated Volume Reduction Factors

Waste Volume
Stream Reduction Processing Technique

Factor *
,

COTTIASil 2.3 Standard Compactor
3.8 Standard Compactor, complete filling of waste containers
5,7 Improved Compactor
8.7 Supercompactot

113.4 Incinerator, solidification of ash

NCTRASil 0.2 fland packing
0.4 Careful hand packing
0.6 Cutting plus careful hand packing
0.8 Cutting, careful hand packing, and supercompactor

IXRESIN 0.7 Solidification in Cement
0.95 Dewatered, placed in high integrity containers
1.4 Mobile evaporator, solidif: cation in binder
2.0 Evaporation of water, grinding of resins, mixing with binder
4.0 Incineration, mising ash with binder

CO'ICIJQ DWR/IWR
O.7/O.7 Solidtftcation in cement
1.9/3.7 Evaporator / crystallizer process, solidtf1 cation in bindr -
2.4/5.4 Mobile evaporator, solidification in binder
3.8/G.6 Evaporator, grinding of residue, solidtftcation tri sinder
4.5/10.4 Dryer / incinerator, solidification in binder

FSLUDGE 0.5G Solidtftcation in cement
2.0 Evaporator, solidtfication in binder
4.0 Incinerator, solidification in binder

.
' Vohmte Reduction Factor (VRF) = Untreated (As generated) Waste Volume

' Packaged (As-shipped) Waste Volume

.

5
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L2 ESTMEATION OF WABTE VOLUME GENERATION

The foregoing disc.,8sions indicated that in order to develop estimates of the cost of
i dispostng citadisactive waste, it is necessary to know the volume of waste generated.
| In the case of hitC initiated plant modincations, this capability to predict waste

volume generat'on will be required for a very wide range of specific tasks. Moreover,
3 since the cet of waste disposal depends upon the type of waste handled. It will be
. neceanary to predict the waste types genemted as well as the volumes. Predicting waste |i volume generation by specific task is difficult because very few of the operating nuclear '

stations track waste volume generation by source within the plant.
|

*

Dased upon visits to two nuclear stations that do track waste volume generation by i

source within the plant, supplemented by discussions with waste handling equipment '

vendors and information in the open 11terwure, some simple notions relating to the restimation of waste volume generation have been outlined.

in general, the primary waste stream for a plant modification is noncompactible dry,

active waste (P or D NC1EASil). De first step in the estimation of the volume of this ,'

.

primary waste stream is to evaluate the actual physical volume of the identifiable plant i

components and materials that will be removed / replaced and thut become waste. The t

next step is to determine the packing fraction of the conso*;;ents in the shipping
containers. To estimate packing fraction, the optM.um configuration of the

| constituents in the box is estimated. The packing fraction is the ratio of the volume of
;

'

the constituents to the volume of the box. Typical packing fractions for' '

i noncompactible trash are estimated to be on the order of 0.75.
T>

ne volume of compactible DAW (P or B COTRASH) generated in the course of a specific l
task is difficult to estimate. This is because this waste stream is composed mostly of i

4

paper and plastic (includtag PVC) ne quantitles of disposable paper and plastic !
;

generated in the course of a task is a function of general housekeeping considerations at ;
'

any particular plant, and cannot be derived from first principles,4

1

| Reference 1 presents data obtained from a significant portion of the industry in 1981 on
as shipped volumes of compactible and noncompactible wastes generated. Fr im these :

,

,

i data, the following ratios can be derhed: i
( >

i
:

,

Volume Noncompactable UW
Volume Compactible DA.V

!
' = 0'9 I

,

i *
,

.
.

>

} Volume Compactible DAWg = 2'1
| Volume Noncoinpactib;e DAW !

! I
i Otven the estimated volume of noncompactible DAW generated, these ratios can be used E

| to estimate the associated volume of compactible DAW generated. De voh.mes used in
|| deriving the above ratios are those for the as shipped (i.e., after processtng) condition.

! I

To provide analog ms estimates for the as generated condition, the as shipped volumesi
t

j should be adjusted according to the appropriate volume reduction factors. For example,
! for both UWRs and PWRs typical volume reduction factors for non compactible trash ,

;

j are almut 0.3 to O.4, while those for compactible trash are about 3.8 to 5.7. De ratto of
|

: the as generated compactible trash volume to the volume of non compactible trash t

] generated at each type of plant can be approximated as follows:
;

1
*

! |

| i

i !

l !

| 6 [
! (

| I
4 -
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f

At PWRs:

As Generuted Volume Compactible DAW O.9 x (3.8 + 5.7)
14.3" =

As Generated Volume Noncompactible DAW (0.2 + 0.4)

At DWRs:

As Generated Volume Compactible DAW 2.1 x (3.8 + 5.7)
I33 3" *

As Generated Volume Noncompactible DAW (0.2 + 0.4)

ne volumes of wet wastes generated as a result of repairs or modifications can vary
widely from one job to the next. Since wet wastes are not the primary focus of the
present effort, discussions of volume estimation for these wastes are reserved for
Section 4.0.

Table 1.3 summartt.es several of the considerations and guidehnes which should be
taken into account in estimating waste volumes.

*S WASTE DIS *OSAL COSTS.

1.3.1 Maler Cast Elements

There are four primary cost elements that contribute to the costs of disposing oflow-
level radioacthe wastes generated at nuclear power plants, nese elements are those
associated with processing. Intertm storage, transportation, and burial of the wastes.
Processing encompasses all activities and costs associated with converting and/or
packaging raw wastes (as generated)into states or condit.%ns wherein they are suitable
for storage, transportation, and burial. Prt> cessing usually occurs at the plant site.

Dr. .mcertainty in the availability of pennanent burtal sites for low level radioactive
wastes has caused many nuclear utthtles to plan for interim on site storage of these
wastes, ne present cost assessment includes costs associated with such
storage. Wese are capital costs of the structures needed to safely state the wastes until
permanent buttal is accomp!Lshed.

Transportation costs encompass all activities necessary to transport radioactive waste
from the nuclear plant to the burial site. ney include shipping charges and fees
associated with shielded van or cask rental if such items are needed.

ne Anal cost eleme.nt is that associated with turtal of the wastes. Durtal costs include
the fees charged for cask handling, waste handung, burial of the radioactive materials,
and fees such as those set up to provide perpetual care of the burial sites. De Imte .el
Waste Pohey Amendments Act of 1985 (Ref. 7) has also added a system of surcharges to
compensate the states with waste disposal sites in order to permit actess to these
facthties until new regional buttal sites are in operation. Other fees and taxes are also
assessed by some of the states with conunercial low level radiaactive waste burial s:tes.

,

1.3.2 Costa andBhala

The quantitatNe cost estimates generated dartrg this study are sununarized in this
section. Prtor to reviewing the costs, however, it is important to discuss the bases, key
assumptions, and key p.trameters used in generating the costs.

There are four primary vartables or key factors that have prominent influences on
waste disposal costs. Dese key factors are:

7
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TAEEE 1.3 Samuumery Appsemeh to Weses Vehmune EstiumstAug *'

1

i (NIAssa aasaa awm
: WASTE STREARE COREMdWENTS APPSGACM annsnaner r

Nonemapactible DAW I4 ping. co Aust. insulat6orn !. Estimate phys 6 cal volume Use genmetry. I'

! iP. or B-NCTRA91) valves. pcmps, cable trays. of plant - -mts.,

concrete. Jert, etc.

| 2. Eatsmate appradmate VHF Hange 40.2 to 1.2 in
I (pocidng fraction) in -100 ft3twmes. (Tipical
; waste containers. v.alises are 0.2 to 0.4)
.

i 3. Might be able to desuntamanase Overmil, enumasal cost d "

| and .vle at a lower cost. recycle - 80-85% cost of An g-==8

i

| Compactable DAW Iarge!, paper and plastic. Correlation bassi on 1981 d.xta for
! .P- or D{X7TWASIG armbtry-wide. as-shipped volumes of*

1
Vol Coenp DAW

compact:ble and noncompactable OAW HWT A Yol Noncesump DAW *1I

l Vol Comp DAW
I

! Vol Noncosusp DAW ~
t

!
I

j lon Exchange Hesta Froen cleanup of pe1nmary Depletion of resen to a function Far ~2 kmho conductivity:
3 5-1.5 A og, e/10 g,3,; iP. or U-!XRESIN) sys*em luct pool water, of concentrauon of dessolved

or plant drat .ater. solide in Inquki stream.
4

!
For -150 paho conductivity:

{ co 3 3 4-1.5 R og,,,sef 30 -10 gal
i

| Frumcicanupcf detaa- Depiction of resin to a function For IX)Mi deren solutton:
taminatum solution. of volurne and condetion of system -0.1 is3of waste / gal. decen noira.

j
being he - . -'ed, and the

), decon solution used.

I 3
Filters Frons decontaananation Use actual data. -Ix10-3 3 of wasse/W

; of personnel respirators. decenned (-!/2 comep. & -1/2
rion <asusp.)

;
I

1 3
; Fman laundering protective Use actual data. -2ml0-3 3 of waste /ds====d

clothing. (all cosapectable)

l

| * Volumes and ration are g>en on a: ' ^. ; -d beses. To estesanate on as-genermoed h use inBowtag . ' ^ '' wath .. y '_^
.

| wolume reduction factors (V50'): As-Generated Volume = Aa-Shepped Volussee x VHF

;

}
4

6
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Reactor type (DWR and PWR)*

Waste type (NC'IRASil, CJ!hASi!, IXRESIN, CONCLIQ and FSLUDGE)*

Activity level (Iow, Typical, Illgh and Very !!!gh)*

Extent of s olume reduction (3 to 5 different volume reduction factors for*

each waste type).

Each of these factors was essentially treated as an indep^ndent va table. Costs were
i.alculated for all applicable combinations of these parameters. In addition, for each
case transportation cistance was treated as an independent variable and costs were
calculated for several distinct one-way distances from the nuetear plant to the burial
site,

All costs presented in this section represent the costs tu dispose of 1000 cebic feet of as-
generated waste for each waste stream. nts is the volume of the waste in ta as-
generated condition, i.e., prior to any type of processing to reduce its volun,t, solidtfy it,
or otherwise treat it. De selection of the 1000 ft3 reference volume is arbittary, but
reasonable, Costs for volumes other than this can be estimated using Itnear scaling.

Tables 1.4 and 1.5 summartze the waste disposal costs for each waste stream. DWR
wastes are treated in Table 1.4 and PWR wastes in Table 1.5. Each table shows costs for
each waste stream, for low, typical, high and very high activity levelt., and for each
applicable volume reduction factor. Costs for processing, transport, storage, and
hurtal, as well as the total costa, are displayed. In these tables the transportation
distance has been set at 1,000 miles,

ne following bases were used in generating the cost estimates shown in Tables 1.4 and
1.5.

3ne costs are for the disposal of 1000 f1 of as genernted wastes; i.e., given*

31000 fl of waste prior to processing, the table shows estimates of the costs
to process (including volume reduction), store, transport, and bury the
wastes, as well as the total costs.

ne typical activity of each waste stream is as discussed in Section 1.1.1.*

The low actidty cases are a factor of 10 less than the typical, the high
activity cases are a factor of 10 greater than the typical, and the very high
are a factor of 100 greater than for the typical waste conditions.

All costs shown in Tables 1.4 and 1.5 are based on an ase.:med one-way*

transport distance from the plant to t,ie disposal site of 1000 mtles. Cost
adjustments for distantes other than 1000 miles can be made using the
information provided in AppendLt D.

ne use of 7.5 ft3 disposal containers is assumed throughout. For certain*

of the waste streams larger containers are typically used. Ilowever, the
spectftc container stee used is believed to play a minor role in the overall
costs.

Durtal costs are based on average costs for the three commercial low level*

waste disposal sites available in the United States. Site-spectfle burial
costs are presented in AppendLt C.

Even though the costs of factitties for interim on site storav,e are included*

in the tables, all costs are treated as if they are present day costs.
Herefore, transportation and burial costs, even though they might in
reality occur sevemt months or years after the waste is prrcessed, are
assumed to occur immediately and are not discounted.

9
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Tame 1.4 Estimated Cost for the r ,- - -8 of Leur Ixweg m.manettre Wastes (Burrs) ?/88

B NCTRASH WASTE SI1tEAAf COSIS 0988 dollard

ACTIVITY VRFs FBIOrymmmG TRA!WPOstTAT10N " SIMAGE MMIAL 10TAL
!

1EVEL COSIS 00815 00 SIS W SIS 00815

IDW O.2 $106.908 $14.591 $50.862 $162.951 $335311
0.4 $G1.250 $8.992 $25.469 $81.597 $180.309
0.6 $50.087 $8.672 $17.005 $100.721 $176.485
0.8 $43.908 $8.59G $12.735 075.428 $1-10.667

; 'I Y PI C A L 02* $106.908 $14.591 $50S62 $162.951 $335311
0.4* $Gl.250 $8.992 725.469 $81.597 $180309
0.6 $50.087 $8.672 $17.005 $100.721 $1';6.485

0.8 $43 908 $8.59G $12.735 $75.428 $140.667

IIIGil O.2 $106.908 $14.591 $56.G19 $162.951 $340.498
0.4 $61.250 $8.992 $28.066 $81.597 $182.906

5 0.6 $50.087 $8.672 $18.739 $100.721 $178.219
0.8 M3.908 *8.596 $14.033 $75.428 $141.965.

|

VEIN IIIGli O.2 $106.908 $131.653 $56.049 $234.718 $529328 i

O.4 $61.250 $65.925 $28.066 $120.141 $278382
0.6 $50.087 $44.016 $18.739 $126.455 $239.297
0.8 $43.908 $32.9G3 $14.033 $98.486 $189.390

2

Cost per 1000 cubk- feet of As-Generated Waste
* Typical Conditions;

" Based on 1000 mile distance

,
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Thlde 1.4 r=*"==*==t Cent for the Desposal a(Imur levet namaartive Wasta Opunts) (coat.) 7/88
i

!

ROOT 1tASH WASTE STREAM COSTS (1988 dollars)

ACTIVITY VItFs FIROMP5tas4G 'IRAlWFOstTA110N " S100tME RNtIAL 'IUKAL
IEVII 00STS 0081S COSTS 00Srs COSTS l

i

IDW 2.27 $9.159 $1.291 $1.499 $14.414 $29.362
3.78 $5.555 $788 $2.745 $8.795 $17.882 |
5.67 $3.911 $525 $1.830 $5.863 $12.129 |

8.09 $3.355 $361 $1.220 $3.909 $8.848
113.4 $2.880 $58 $153 $189 $3.580

'lYP1 CAL 2.27 $9.159 $1.291 $4.499 $14.414 $'t9.362
3 ''8 * $5.555 $788 $2.745 $8.795 $17.882
5.67* $3.911 $525 $1.830 $5.863 $12.12S
8_69 $3.355 $361 $1.220 $3.909 $8.618
113.4 $2.880 $58 $168 $189 $3.595

i

O IIIC 1 2.27 $9.159 $2.769 $1.958 $15.669 $32.554
3.78 $5.555 $1.090 $3.025 $9.561 $19.830
5.67 $3.911 $1.280 $2.017 $6.4?4) $13.637
8.09 $3.355 $1.252 $1.'M4 $1A31 $10.382
113.4 $2.880 $395 $168 6719 $1.162*

"

VEITIIIIGIi 2.27 $9.159 $11.645 $1.968 $21.000 $16.762
3.78 $5.555 $7.106 $3.025 $13.094 $28.780>

5.67 $3.911 $1.737 $2.017 $8.730 $19.3fM
8.09 $3.355 $1.880 $1J14 $6.670 $16.249
113.4 $2.880 $789 $168 $1.382 $5.219

Cost per 1000 cubic icet of As<,enerated Waste
* 'iypical Conditions
~ 13ased on 1000 rnile distarre

1
. - _ _ - . _ _ _ _ , , _ _ _ _ . . - _ _ _ _ _ _ . . . . . _ _ . _ _ - . _ _ _ _ - , _ _ _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _, _, _ . _ _ .
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Tatde L4 FmHmmatM Cost for the Dispoemt ofImur14 vet modsamettve Wastes (BWRs)(coat.) 7/88

81 SLUDGE WASTE SDtEAN COSTS (1988 douars)
|

ACTIVITY VRFs F5tOfTmuMG TRAISFORTATION " SNMtAGE MWE4L 'IODIL
IZVEL 00815 COSIS COSIS OtWIS COSTS !

|
|

IIAV 0.56 $39.764 $24.744 $20.083 $68.390 $153.001 |

2 $26.030 $13.225 $5.630 $24.100 $68.985 |

4 $28S13 $10.370 $2.857 $14.173 $56.343 |

TYPICAL O.56 ' $39.784 $72.895 $20.083 $99627 $232.390
2 $26.030 $26.417 $5.630 $37.231 $95.308
4 $28S13 $13.406 $2.857 $24.285 $69.491 ,

1

filGli O.56 $39.784 $94.234 $20.083 $200.268 $354,370 |
'

2 $26.030 $56.699 $5.630 $115.075 $2O3.434
4 $28S13 $28.773 $2.857 $66.564 $127,137

U
VEINlilGil O.56 $39.784 $202.254 $20.083 $468.616 $730.737

2 $26.030 $56.699 $5.630 $165.241 $253.599
4 $28S13 $28.773 $2.857 $85.025 $145.597 |

Cost per 1000 cubic sect of As-Gene:2ted Waste
* Typical Conditions
" Based or 1000 mile distance

|

_. .- . - - . .. --. .. ._ _. .___ - . -. - - .
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TmMe 1.4 Phad Cent der the Despemal ofImur level mamamettve Westem M (contJ 7/88

BOONCfJQ WA5rm STRIrAaf COS7S 4988 douerzJ

ACTIVITT VRFs F5 tor y m M G TRANSPOItTATION " SICItAGE; mmE4L ltyTAL

IZYEL 00STS C0815 00815 008t3 00 SIS

IDW O.71 $31.100 $18.907 $15.798 $53.594 $119.400
1.9 $36.569 $14.014 $5.966 $24.965 C41.535
2.4 $17.476 $11.053 $4.706 $20.143 $53.378
3.8 $23.527 $7.106 $3.025 $12.919 $16.607
4.5 $28.875 $5.921 $2.521 $10.912 $18.229

|

TYPICAL O.71* $31.100 $57.340 $15.798 $78.368 $182.606
1.9 $36.569 $21.655 $5.966 $39.454 $103.645
2.4 $17.476 $17.080 $4.70G $31.119 $70.380
3.8 $23.527 $14.191 $3.025 $21.651 $62.397
4.5 $28.875 $11.829 $2.521 $21.428 $61.652

5 IIIGil O.71 $31.100 $74.126 $15.798 $157.519 $278.543
1.9 $36.569 $60.084 $5.966 $104.599 $207.218
2.4 $17.476 $17.390 $1.706 $8e.537 $152.109
3.8 $23.527 $30.465 $3.025 $62.877 $118.898
4.5 $28.875 $25.388 $2.521 $61.593 $108.376

VERY lilGil O.71 $31.100 $159.095 $15.798 $368.480 $574.473
1.9 $36.569 $60.084 $5.966 $174.318 $276.937
2.4 $17.476 $47.390 $4.706 $137.856 $207.428
3.8 $23.527 $30.465 $3.025 $89.241 $146.258
4.5 $28.87f. $25.388 $2.521 $74.656 $131.439

Cost per 1000 cubic feet of As-Generated Waste
* Typical Condtilons i

" Bawd on 1000 rnile distance

._
. _ . _ - - - . - - - - . - _ _ . - - - . - . - - - .-- - - . , _ - . .- __ _ ---
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Tabac 1.4 Estimated Cost for the Disposal ofIow Izvel Radioactive Wastes (BWRs) (cont.) 7/88

U IINESLY WASIE STREAM COSTS O 988 dollars)

ACTIVT1Y VRTs PRONING TRANSPORTAEON " SIU W E IK! RIAL 'IUTAL
IDEL CX]STS CDSIS COSTS (DSTS COSIS

IITN O.71 $31.553 $20.053 $15.798 355.578 $122.982
0.95 $21.912 $13.787 $11.848 $41.129 $88.676

1.4 $25.733 $18.919 $8.0G7 $33.30G $86.055
2 $42,179 $13.225 $5.630 $24.100 $65.134
4 $29.093 $6.711 $2.857 $12.230 $50.891

|

'IYPICAL O 71 * $31.553 $57.340 $15.798 $78.368 $183.059 |

0.95* $21.912 $43.005 $1 I .848 $65.620 $142.385 ,

1.4 $25.733 $29.2110 $8.067 $51JIS $114.429 !

2 $42.179 $20.435 $5.630 $37.231 $105.475
4 $29.093 $13.406 $2.857 $20.448 $65.801

% II!Gil O.71 $31.553 $74.126 $15.798 $157.527 $279.001
0 95 $21.912 $55.591 $11.848 $137.785 $227.139
1.4 $25.733 $81.240 $8.0G7 $118.029 $233.009
2 $42.179 $56.699 $5.630 $98.723 $203.231
4 $29.093 $28.773 $2.857 $58.456 $119.178

VEIN lilGli O.71 $31.553 $159.095 $15.798 $368.552 $574.998
0.95 $21.912 $119.321 $11.848 $276.865 $429.946
1.4 $25.733 $81.240 $8.067 $235.159 $350.200
2 $42.179 $56.699 $5.630 $1Gl.667 $269.174
4 $29.093 $28,773 $2.857 $84.451 $145.173

d

Cost per lot A) cu!Ac ter. ot As-Generalet! Waste
* Typical Condittor .
** Dased on 1000 mile distance

-

- . . . .



_. _ - _ _ _- =_. - .-. _ _ - - _ . -
_

Table 1.5 Fhted Cast for the Dispumal ofIsarImel n mane +Jue Wastes (FWRs) 7/88

P-NCTRASH WASTE STREABf COSTS 4988 douarsJ

ACTIVITY VHFs PROmutn4G TRAlWPORTA~I1ON ** STORACE BE1M4L 'ItXAL
IZVEL 00515 00815 COSIS OOSIS 00815

IDW O.2 $103.578 $14.591 $50.862 $162.951 $331.981
0.4 $62.584 $9.742 $25.469 $81.597 $179393
0.6 $48.977 $9.518 $17.005 $100.721 $176.221
0.8 $42.206 $9 427 $12.735 $75.428 $139.796

TYPICAL 02* $103.578 $14.5?! $50.862 $162.951 $331.981
0.4* $62.584 $9.742 $25.469 $81.597 $179.393
0.6 $48.977 $9.518 $17.005 $100.721 $176.221
0.8 $42.206 $9.427 $12.735 $75.428 $139.796

IIIGII O.2 $103.578 $36.685 $56.049 $180.800 $377.111
0.4 $62.584 $33.591 $28.066 $96.779 $221.020 4

E O.6 $48.977 $32.707 $18.739 $115.073 $215.496
0.8 $42.206 $32.658 $14.033 $89.525 $178.422

VERY 111G1i O.2 $103.578 $2O3.435 $56.049 $311.826 $674.888
0.4 $62.588 $101.870 $28.066 $167.507 $360.028
0.6 $48.977 $68.015 $18.739 $173.575 $309.306
0.8 $42.206 $50.935 $14.033 $129.987 $237.161

Cost per 1000 cubk- feet of As-Generated Waste
* Typical Conditions
** Based on 1000 rnile distance

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



Telde 1.5 Fathted Cost for the Disposal c(Imw level ammametive Wastes (PWRs) (cont.) 7/88

PMTRASH WASTE STREAN 00673 (1988 doHars)

ACTIVITY VRFs Funf7RMNG 71tAlWPORTAT10N " SMMtACE BEER 14L 10TAL j

IIVEL COSTS COSIS OOSTS 00 SIS COSTS l

IDW 3.78 $5.555 $788 $2.745 $8.795 $17.882
5 67 $3.911 $525 $1.830 $5.863 $12.129
8.69 $3.355 $3G1 $1.220 $3.909 $8.848
113.4 $2.880 $58 $153 $489 $3.580

"IYPICAL 3.78 * $5.555 $788 $2.745 $8,716 $17.882
5.67* $3.911 $525 $1.830 $5.863 $12.129
8 69 $3.355 $3G1 $1.220 $3.903 $8.848
113.4 $2.880 $201 $168 $570 $3.819

5 111G11 3.78 $5.555 $1.690 $3.025 $9.561 $19.830
5.67 $3.911 $1.780 $2.017 $6.489 $13.697
8.69 $3.355 $1.252 $1.314 $4.489 $10.441
113.4 $2.880 $610 $168 $834 $4.492

VEIN I!!Gli 3.78 $5.555 $10.980 $3.025 $15.530 $35.089
5.67 $3.911 $7.320 $2.017 $10.353 $23.601
8.69 $3355 $4.880 $1.314 $7.446 $17.026
113.4 $2.880 $789 $168 $1.676 $5.513

Cat per 1000 cubic feet of As-Generated Waste
* Typical Conditions
" ILM on 1000 mile d' stance
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Tatde 1.5 wheed Cast for the Disposal ofImw Level ammanettve Wastes (PWRs) (coat.) 7/88

FIXRESIN WASTE STREAM OOS7S (1988 dollars)
|

|

ACTIVITY VRFs PHOCEMEING 'lltAlWPORTA110N " SIORAGE BdRIAL "IOTAL
LEVE2, 00815 00 SIS OOSTS COSIS 0081S

IDW O.71 $31.553 $5.875 $15.798 $45.929 $99.155
0.95 $21.912 $13.787 $11.848 $10.052 $87.599
1.4 $25.733 $7.509 $8.067 $26.937 $68.246
2 $12.179 $5.615 $5.630 $18.953 $72.377 |4 $29.093 $6.711 $2.857 $12.230 $50.891 i

TYPICAL O.71* $31.327 $37.108 $15.798 $67.624 $151.856 |

0.95* $21.912 $13.005 $11.848 $58.776 $135.541
1.4 $2G.382 $29.280 $8.067 $13.283 $106.012 1

2 $11.786 $20.435 $5.630 $31.181 $99.032 !
4 $29.093 $10.370 $2.857 $18.893 $61.214 i

q IIIGli O.71 $31.553 $74.126 $15.798 $129.909 $251.386
0.95 $21.912 $55.591 $11.848 $li8.122 $207.477
1.4 $25.733 $37.851 $8.067 $93.801 $165.453
2 $42.179 $56.699 $5.630 $82.361 $186.869
4 $29.093 $28.773 $2.857 $58.388 $119.111

VEIN 1IIGII O.71 $31.553 $159.095 $15.798 $'123.357 $529.803
0.95 $21.912 $119321 $11.848 $276.188 $129.270
1.4 $25.733 $81140 $8.067 $188.403 $303.443
2 $42.179 $56.699 $5.630 $163.990 $268.498
4 $29.093 $28.773 $2.857 $83.774 $144.497,

Cost per 1000 cubic feet of As-Generated Waste
* Typical Conditions
~ Based on 1000 mile distance

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

maran=3 ofImur leve, namnae**we Westem (PWEts) (cent.) 7/88sTable 1.5 Ettimmated Cost for the

FW WASTE S11tEAst COSTS (1988 dellerW

11tAMPOItTA"I10tf " SI0ERACE EKERIAL 10TALACTIVITY VRFs ynnrvanEW' .

IZVEL OOSIS 00813 OOSIS COSIS OOSIS

! IDW O.71 $31.553 $5.576 $14.336 $45.929 $97.395
3.7 $19.182 $820 $3.109 $9.039 $32.150
5.4 $9.210 $1.630 $2.101 $6B05 $19.746
6.6 $15.107 $583 $1.765 $5.130 $22.585
10.4 $14.075 $1.307 $1.092 $3.706 $20.181

TYPICAL O.71 * $31.553 $5.576 $15.798 $45.929 $98.857
3.7 $19.182 $7.303 $3.100 $13.309 $12.904
5.4 $9.210 $1.935 $2.101 $9.093 $25.339
6.6 $15.107 $4.145 $1.765 $7.554 $28.570
10.4 $14.075 $2.566 $1.092 $5.023 $22.757

5 IIIGli O.71 $31.553 $37.108 $15.798 $67.624 $152.083
3.7 $19.182 $11.285 $3.109 $20.561 $54.137
5.4 $9.210 $9.857 $2.101 $15.616 $36.784
6.6 $15.107 $8.280 $1.765 $12.629 $37.781
10.4 $14.075 $5.126 $1.092 $10.891 $31.184

~

VERY lilGli O.71 $31.553 $74.126 $15.798 $129.909 $251286
3.7 $19.182 $31.311 $3.109 $54.523 $108.126
5.4 $9.210 $21.156 $2.101 $42.954 $75.421
6.6 $15.107 $17.771 $1.765 $36.098 $70.740
10.4 $14.075 $11.001 $1.092 $25.464 $51.633

Cost per 1000 cuble feet of As-Generated Waste
* Typical Conditions
" Dased on 1000 mih distance

. _ . . _ _ .-. - , .. _ _
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Table 1.5 Estimated Cost for the Disposal oflaw Irrel Radioactive Wastes (PWRs) (coat.) 7/88

P-FSLUDGE WASTE STREAM COSTS (I988 dollars |

ACTIVITY VRFs PROfTSRING TRANSPORTATION ** SIORACE IIIRIAL "IOTAL

LEVEL COSIS COSIS OOSTS OOSIS OOSIS

IDW O.56 $39.784 $7.211 $20.083 $58.389 $125.467

2 $26.025 $5.241 $5.630 $18.556 $55.452

4 $28.913 $6.711 $2.857 $11.965 $50.476

"IYPICAL O.56* $39.784 $47.174 $20.083 $85.969 $193.011

2 $26.025 $20.435 $5.630 $28.903 $80.993

4 $28.913 $10.570 $2.857 $18.893 $61.0G1

1IIGIi 0.56 $39.784 $72.895 $20.083 $132.810 $265.573

2 $26.025 $56.699 $5.630 $67.862 $156.217

4 $28.913 $28.773 $2.857 $50.079 $110.651

6
VERY l!!GIi 0.56 $39.784 $202.254 $20.083 $352.238 $614,359

2 $26.025 $56.699 $5.630 $131.423 $219.777

4 $28.913 $28,773 $2.857 $83.367 $143.939

Cost per 1000 cubic feet of As-Generated Waste
* Typical Conditions |
** Based on 1000 mile distance
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Ta' oles 1.4 and 1.5 show costs for a range of volume reduction factors (VRFs) for each
waste stream, ne cases or VRFs which are believed to be most representative of current
conditions and practices at light water reactors are indicated by an astertsk (*)
following the pertinent VRF. For example, the cases with VRF=0.2 and VRF=0.4 are
believed to be most representative of the way noncompactible trash is handled and
disposed,

ne trend over the past several years has been for nuclear utilities to improve their
processing to increase volume reduction for most waste types. If this trend continues,
the higher volume reduction factor cases shown in Tables 1.4 and 1.5 should become
more prevalent in future years.

De tables indicate that waste disposal costs for noncompactible trash should be in the
3range of $140.000 to $675,000 per 1000 R of waste (for a tran: port distance of 1000

miles). De tables also indicate that these costs are quiti simthr between BWRs and
PWRs and that there are relattvely modest differences in costs over the factor of 100
range from low to high activity levels. However, the disposal s.osts increase by about a
factor of 2 if the waste actWity is rauch higher than that for typical noncompactible
wastes (-100 x typical).

ne costs per 1000 ft3 of dispostng of compactible trash are estimated to be very much
less than those for noncompactible trash. This is primarily due to the fact that the as-

3shipped volume of waste, given the same initial 1000 R , is generally much lese for this
waste than for the noncompactibles. Also, its weight and activity levels are relatively
low,

ne wet waste categories (lon exchange resins, concentrated liquids, and filter sludges)
show fairly high disposal costs, especially when the high and very high actWity cases
are considered.

As noted above, the burial costs presented in Tables 1.4 and 1.5 are based on averages of
the costs for buttal at specifle disposal sites. The burtal cors can vary significantly
from one site to another Appendix C presents site spectne burial cost estimates.

He user of this document is cautioned that burial costs have escalated dramatically in
the last several years. De average annual escalation rate has been on the order of 10 to
20%. Therefore, the cost analyst should consult with current burial rate schedules to
determine changes in burtal pricing compared to the pricing used herein.

Nuclear power plants in unsited states or regional compacts are also subject to I

significant surcharges in accordance with the Low Level Radioactive Waste Policy |,

I Amendments Act of 1985. For example, in 1988, a plant in a state or compact in !
compliance with federally mandated milestones for the development of regional !
disposal sites will pay a $20/ft3 surcharge. A plant in a state or compact not in |
compitance with the milestones pays a $80/ft3 surcharge. Meanwhile, a plant in a sited |
compact currently pays no surcharge. Because of the scattered nature of the sited and
unsited states and compacts, these surcharges have not been incorporated into the
generte estimating model. Section 5.2.4.2 provides a discussion of the milestones,
surtharge rates formula for including surtharges, and the status of states and compacts
toward meeting the requirements of the new national policy.

Section 6.0 of this report presents a more complete discussion of the generic disposal
costs for each waste stream. Cost sensittvities for each waste are also discussed.

20
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1.4 OCCUPATIONAL RADIATION EXPOSURE

Any comprehensive evaluation of the costs incurred in handling the wastes generated
as a result of regulatory requirements should include an estimate of the radiation
exposures received by workers. Unfortunately, the data were not available to estimate
exposures broken down by waste stream. However, using data submitted by licensees to
the NRC, the following correlation has been dertved (see Section 8.0 and Appendix A) to
estimate the overall in plant occupational radiation exposure associated with
handling and processing wastes:

E=1.2xV

where:

E = Occupational radiation exposure in person rem
V = As-Shipped Volurre of avaste in thousands of cubic feet. .

nts correlation does not capture exposures incurred outside of the nuclear power plant,
such as those associated with transportation or waste burial. Moreover, because it was
dertved from the overall exposure to all wastes handled during an annual period, it
should be used with caution when it is necessary to consider the exposure associated
with handling and processing wet waste streams.

1.5 SUGGESTED ESTIMATING PROCEDURES s

The following listing briefly outlines the major steps which should be taken to
effectively use the cost and radiation exposure information contained in this report. To
estimate costs:

1

1. Define the type of wastes to be generated as a result of particular NRC
requi:ements. This may require reviews of plant systems and components
affected if possible, determine the actMty levels anticipated for each type
of waste.

2. Estimate the quantities of each waste type expected. nts is best
ascertained by discussions with plant personnel of the plants impacted.
Use the guidelines presented in Section 4.0 if estimates are not available.
If the Section 4.0 guidelines are used, the quantitles must be converted to
the as generated values in order to use the cost estimates presented he.etn.
nts requires the use of appropriate volume reduction factors.

3. Based on the plant waste type and activity level detennine the costs from
^

Tables 1.4 and 1.5. If the degree of volume reduction achieved at the
effected plants for each waste type is known, select the costs based on that
volume reduction factor. If the specific VRF is not known, use the "average" '

values indicated in Tables 1.4 and 1.5.

4. Refinements. based on additional knowledge, are available to the analyst.
For example:

If it is known that interim storage is not to be used, subtract the storage-

costs from the total costs.

e - If the specific burial site to be used is known, adjust the costs from
Tables 1.4 and 1.5 to reflect site spectfle burial costs. Appendix C .

presents the site specifle burtal cost infonnation for each waste
stream.

0
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If the impacted nuclear plants and the specific burial sites are known,-

adjust the total costs obtained from Tables 1.4 and 1.5 to reflect actual
transport distances anticipated. Determine the amount of the cost
correction from Appendix D. Also, average distances from the five NRC
regions to the three existing commercial low level radwaste burial
sites are discussed in Section 5.2.2,

Surcharge costs have to be included for waste produced in all unsited-

3states and regional compacts. These surcharges are $20/R during
31988 and 1989, and $40/R during and after 1990. A penalty surcharge

3of $80/R for the second six month period of 1988 will be assessed to
all plants in states not in compliance with the 1986 legislation
milestones. Appendix D includes a list of suttharge costs for each state
by regional compact or present compliance status. Section 5.2.4.2
presents surcharge costs by VRFs for all waste streams. If a surcharge
is applicable to the generic estimate being calculated, the following
formula should be used:

Surcharge
"

1000 ft3 Unproc. Waste

1000 ft3 Unproc. Waste 3x Surcharge Rate l$/ft jygy

5. ARer the foregoing refinements have been made, adjust the totals for
each waste stream according to the expected waste volume. That is,

3multiply the costs per 1000 R by the ratio of:

3Actual Waste Volume (As Generated lift ;
1000 ftd

To estimate occupational radiation exposure:

1. Estimate the totalvolume of as shipped waste for each waste stream. The
as shipped volume is the as-generate waste volume dMded by the
applicable volume reduction factor for that stream:

^^ '"*'" "**
As Shipped Volume = y

2. Detennine the total volume of waste in the as shipped condition by
summing the volumes from (1) above over all applicable waste streams.

3. Multiply the total as shipped waste volume generated as a result of the,

i repair or modification of interest by the factor 1.2 x 10 3 person rem /ft3
For example.

Exposure (Person reml =

I'Q"'*'1.2 x 10-3 Total Volume (As Shippedl ift31
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| 2.0 LYrRODUCTION
|

Many pending and proposed NRC regulations may require operating nuclear facihtles
to undergo hardware or material related repairs and modtftcations. Tl'ese
modifications to plant hardware and materials will likely generate low level
radioactive wastes. The costs of disposing of these wastes may need to be considered in a

value-impact assessments of the proposed regulations.

2.1 OBJECTIVES

The Regulation Development Branch within the USNRC's Office of Nuclear Regulatory .

Research authorized Science and Engineering Associates, Inc. (SPA) and its
1,ubcontractor, S. Cohen and Associates, Inc. (SC&A), to perform an assessment of the
generic costs of disposing oflow level radioactive wastes. ne results of this assessment
are presented in this report. .

The specific objectives of this effort were as follows.

Identify the types of waste hkely to be generated as a result of NRC*

regulations on nuclear facilities. .,

Determine the principal methods of disposal available to NRC licensees.*

| Determine the most prevalent processing and disposal methods for each*

j type of waste.

Establish estimates of the costs of disposing of the different types of*

radioactive wastes.

Determine the key factors which inauence disposal costs.
'

*

Present the resulting cost estimates in a readily understandable and eastly*

used format.
.

The investigations atmed at satisfymg the foregoing objectives pointed to yet another
aspect c.f estimating the waste disposal costs. For a given NRC regulation, an estimate
is needed of the quantity of each waste type hkely to be generated. Investigators pursued -

this problem and established notions about how these waste quantities could be
estimated. Given the waste types and the waste quantitles, the disposal costs could then ,

be assessed. ,

2.2 APPROACli

The basic approach used in this study was:

1. Perform a literature search. From this literature search, the vadous types
of wastes generated at light water reactots were detemitned. This search
also provided infomtation as to waste compositions, typical radioactMty
characteristics, and other important features of the wastes.

The hterature search provided information on the various processes used
at nuclear plants and the efTectiveness of each process in reducing the
waste volume. Newer more advanced processing methods were also
identified.

23
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Finally, the literature obtained identified the key cost elements that must
be accounted for in estimating disposal costs.

2. Perform a survey of nuclear plant operators to establish current waste
handling practice and future trends. This survey identified typical
handling methods for each waste stream. It also helped identtry the steps
plants are taking to reduce the costs oflow-level radwaste disposal.

3. Contact vendors and equipment and service suppliers to obtain present-
day costs for the vartous materials and services needed to dispose of
radioactive wastes.

4. Conduct nuclear plant visits to identify means for estimating waste
quantitles and the relationship, if any, between the generation of one type
of waste and the generation of other waste types.

The foregoing sources and processes provided a means for establishing a cost
estimat!ng calculational model. They also identifled the key variables and aspects
which should be treated in order to produce comprehensive and meaningful cost
estimates. This calculational model was constructed and exercised to produce
estimates of disposal costs for each waste strenn over a range of possible conditions.

For Revirion 1 of this report, each of these baste steps was revisited with the objecth e of
identif .ng significant changes, if any, that have taken place since the compilation of3
the original infonnation. Changes have been made to the the original text to update the
information to 1988 conditions. These changes are identified with a vertical bar in the
right hand margin. Tables and figures have also been updated with the current date
shown in the upper right hand corner for a complete revision or a vertical bar in the
right hand margin for changes or additions.

2.3 REPORT ORGANIZATION

Section 1.0 of this report is the Executive Summary. It presents, in an abbreviated
fashion, the overall results accomplished in this study. The means for estimating the
volume and type of wastes likely to be generated as a consequence ciNRC requirements
are discussed. It briefly des rtbes the various waste types, the waste characteristics, and
the pm essing methods applicable to each *aste stream. Generic estimates of disposal
costs for each waste are then presented in Section 1.0, along with a brief outline of a
procedure for applying these estimates to a specific case,

Section 3.0 presents a description of the various types oflow level radioactive wastes.
Characteristics such as composition, radionuclide content, and actwity levels are
discuut The various processes used to treat each type of waste to prepare it for
stony:, transport, and buttal are reviewed. A brief discussion of current trends and ;

practices is also presented.

An approach and methodology for estimating waste volume generation is presented in
Section 4.0, That section also discusses the general relationship between the quantity |

of one type of waste generated and the quantities of other wastes generated.

Section 5.0 discussee each of the various elements miking up the total waste disposal
costs. Each cost element is described, together with tlie basis and cost methodology.
Section 5.2.4.2 contains an extensive discussion of the elTects of the low I evel
Radioactive Waste Pohey Act of 1985 on the costs of radioactive waste disposal.

Section 6.0 presents a detailed assessment of the costs of dispostng of each difTerent
type of waste, Costs are presented to cover a wide range of conditions. This secticn also
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identifies the key factors and sensitivities influencing the disposal costs foi cach waste
t>T e.

As a check on the usefulness and accuracy of the cost data present in this report, Section
7.0 presents a number of example cases where actual waste disposal costs reported by

| utilities are compared against the generic estimates. These cases also present useful
examples of dertving disposal cost estimates to fit specifle situations.

| Section 8.0 discusses personnel radiation exposure associated with hand'ing low level
,

| radioactive wastes in light water reactor nuclear plants.

Finally, the report includes four appendices. Appendix A discusses personnel radiation
I

exposure associated with handling low level radioactive wastes in light water reactor
nuclear piants. Appendix D presents data for adjusting costs based on transport
distance from the nuclear plant to the burial site. Appendix C presents burtal costs as a
function of the specific sites presently available for burial of low level radioactive
wastes. Appendix D contains a list of nuclear power plants in each of the low level
radioactive waste regional compacts and independent states.

|

f
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! 3.0 14W LEVEL RADWASTE CHARACIERISTICS
! AND VOLUME REDUCTION TECHNOLOGY

i

This section discusses the physical and radiological characteristics of the various
waste streams that might be generated as a result of repair or modtEcauon activities atI

nuclear power plants. It also brieDy reviews the volume reduction technologies
available for treating the wastes. Both waste volume ger,eration and volume reduction
techniques at: being carefully evaluated throughout the nuclear industry. Doth can be ,

; '
' considered to be in a state of flux at the present time. This section also discusses

projected trends in both waste generation and volume reduction technologies.

3.1 WASTE CHARACTERIZATION
,

:

There are several different types of wastes which could be generated as a result of NRC-
required modifications or repairs to nuclear power plants. The different types of wastes<

i are generally referred to as waste streams. Each stream is relatively distinct in terms of
its form (wet or dry, compactible or noncompactible), its chemical makeuo, and its
radionuclide content and concentration. For the purposes of this study, the following

j
waste streams have been pursued:

:
,

|
Process Wastes & Trash Symb ol ;

l PWR Compactible Trash P COTRASli :

PWR Noncompactible Trash P NCTRASH ,
>

PWR lon Exchange Resins P LXRESIN'

j PWR Concentrated Liquids P-CONCUQ
PWR Filter Sludges P-FSLUDGE

,

BWR Ccmpactible Trash D CO'IRASit1

DWR Noncompactible Trash D NCTRASH
DWR lon Exchange Resins B LXRES!N

'
DWR Concentrated Uquids D-CONCUQI

! DWR Filter Sludges D FSLUDGE [

l
l

|

! Dry active wastes (DAW), compactible and noncompactible trash, are hkely to be
generated as a result of NRC mandated modifications or repairs to the plants. The1

other wastes may also be generated as a nesult of activities such as system drainage to'

accomp!!sh the modifications, system flushing and decontamination, area washdown,:

) and laundering. 'The physical and chemical makeup of each waste stream was taken to

| be as defined in EPRI NP 3370 (Ref.1).
\

{
EPRI NP-3370 presents the results of a survey taken in 1981 and 1982. The survey ,

: included two thirds of the U.S. nuclear plants in operation as of December 1981. Waste
'

j volumes, waste characteristics, and waste processing system characteristics prevalent '

at that time were detailed for both DWRs and PWRs. This report gives general !

i information on wastes generated duttag both periods of plant operation and plant
shutdown. It does not specifically charactertre wastes generated as part of NRC :

mandated repairs or modtficaucns to r uclear plants. ;

;
'

Estimates of the radionuclide concentrations in each of the waste streams was based on
information presented in Reference 2 and discussions with utility and radwaste support -

vendors. Tables 3.1 and 3 2 show these radionuclide concentrations and also give the
,

| total activity for each waste stream. In actual use of this data, the concentrauons were |

adjusted to reflect the nominal (total) stream activity as reported in Reference 1.'

,

!
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4

J TABLE 3.1

AS-GENI: RATED (UN'ITIEATED) ISOTOPIC CONCEN"ITIAT10NS - IWR
31 (C1/m )

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

| ISOTOPE P-IERESIN P-CONCLig F-PSLUDGE P-COTRASH P-NCTRASH
| 11-3 2.66E-03 2.86E-03 2.59E-03 3.04E-04 6.99E-03
) C-14 9.74E-05 1.05E41 9.55E-05 1.12E-05 2.57E41
i Cr-51' 7.66E-06 6.17E-05 1.OIE-03 1.94&O5 4.48E-04
1 M n-54* 3.45E-04 2.78E-03 4.57E-02 8.76 Eel 2.02E-02
I Fe-55 2.34E-03 1.88&O2 3.lOE-Ol 5.97E-03 1.37E-Ol

Co-58* 2.23E-03 1.80E-02 2.95E-OI 5.66E-03 1.3OE-OI<

NI-59 2.79E-06 2.25 & O5 3.71 Eel 7.11 E-06 1.64 Eel
Co-60 4.53 & O3 3.65E-C2 0.00& O1 1.15 & O2 2.65E-OI

! Ni-63 8.61E-04 6.94E-03 1.14E-Ol 2.19 & O3 5.05E-02 '

! Nb-94 8.84E-08 7.12E-07 1.17E-05 2.25E-07 5.18E-06
Sr-90 1.94E-04 2.09E45 1.89E-04 2.22E-05 5.I 1E41
Tc-99 8.23 & O7 8.88E-07 8.03E-07 9.42E-08 2.17E-06
Ru-106* 2.19E-05 2.37E-05 2.14 & O5 2.51E-06 5.78E-05

*Sb- 125' 3.62E-05 2.92E41 4.80 & O3 9.20E-05 2.12E-03
l-129 2.44 LOG 2.62E-06 2.37E-06 2.78E-07 6.41DO6
Cs-134* 2.15& O2 2.37E-02 2.14E-02 2.51E-03 5.78E-02,

Cs-135 8.23E-07 8.88E-08 8.03E-07 9.42& O8 2.17E-06
'

$$ Cs-137 2.19E-02 2.37E-02 2.14 & O2 2.51603 5.78E-02
; Cc-144* 5.26 & O5 5.68E-05 5.14&OS 6.02E-OG 1.39E 41

Eu-154* 3.62E-06 2.92E-05 4.80E-04 9.20E-06 2.12E41
i Ra-226' O O O O O
' U-234* 9.77E-06 1.06E-05 3.05E-05 1.64 & O6 3.78E-05

U-235 4.71E-08 5. lOE-08 1.46 & O7 7.89E-09 1.82E-07
U-238 3.71 & O7 4.02E-07 1.15E-06 6.22E-08 1.43DO6
Np-237 9.06E-12 9.79E-12 2.81E-1 I 1.52E-12 3.49E-1 I
Pu-233 2.60 & O5 4.25Z-05 4.76E-05 5.97E-06 1.38E41
Pu-239/240 1.82E-05 2.75E-05 1.55E41 5.53E-06 1.27E41

i Pu-241 7.94 E-04 1.20E-G3 6.75E-03 2.41E 4 8 5.55E-03
Pu-242 ?.99E-08 6.02 & O8 3.39E-07 1.21& O8 2.79E-074

Am-241 1.87E-05 2.48&OS 2.64 & O4 3.96E-06 9.12E-05
Am-243 1.20E-06 1.68 & O6 1.78E-05 2.67E-07 6.15 & O6 i

! Cm-243 9.92E 09 9.71E-09 3.lOE-07 2.74 E-09 6.30E-08
! Cm-244 1.38E-OS 1.59& OS 1.77E41 2.6IE-06 6.OOE-05

TOTAL 5.82E-01 1.35E-OI 2.48Ed)O 3.20E-02 7.36E-OI

* Not included in NRC source terms [

)
_ _ - . - _ _ _ _ . _ - - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . .. -_. .. . _ _ - -



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

TABLE 3.2

AS-GENERATED (UNTREATED) ISOTOPIC CONCENIRAT10NS -- BWR
3(C1/m )

_

ISOTOPE B-IXRESIN BCONCIJQ B-FSLUDGE B-COTRASH B-NCTRASH
Ii-3 1.92E-03 4.78E41 1.26E-02 6.75E-05 1.09E-02
C-14 1.19E-03 2.98E-05 7.78E41 4.17E-OG 6.73E-04
Cr-51* 2.69E-03 1.65E41 4.07E-03 1.71E-05 2.74 E-03
M n-54* 1.21E-O1 7.42E-03 1.84 E-O1 7.70E-04 1.23E-O1
Fe-55 9.48E-91 5.82E-02 1.44E+00 6. ole-03 9.69E-Ol
Co-58* 7.82E-Ol 4.79E-02 1.19E+00 4.97E-03 7.97E41
N1-59 9.80E41 6.02E-05 1.49E-03 6.21 E-OG 1.00E-03
Co-60 1.59E+00 9.73E-02 2.41 E+00 1.01E-02 1.62E+00
N1-63 2.15E-02 1.32EE 3.25E-02 1.36E41 2.19E-02
Nb-94 3.09&OS 1.90E-06 4.70E-05 1.96E-07 3.16E-05
Sr-90 3.G1E-03 9 04E-05 2.37E ')3 1.27E-05 2.05E-03
Tc-99 7.65E-07 1.92E-06 5.OOE-05 2.68E-07 4.33E-05
Ru- 1OG* 2.G1E-03 5.1OE-05 1.33E-03 7. I4 E-06 1.15E-03
Sb- 125' l.27E-02 7.82E41 1.93E-02 8.08E-05 1.30E-02
1-129 2.04E-04 5.1OE-06 1.33E41 7.14 E-07 1.15E+00
C*-134* 2.G1E+00 5.lOE-02 1.33E+00 7.14E-03 1.15E+00
Cs-135 7.65E-05 1.92E-06 5 00E-05 2.68E-07 4.33E-05

$ Cs-137 2.G1E+00 5.1OE-02 1.33E+00 7. I4 E-03 1.15E+00
Cc-144' 4.9GE-03 ) 23EC1 3.19E-03 1.71 E-05 2.76E-03
Eu-154' l .27E-03 L82E-05 1.93E-03 8.08E-06 1.30E-03
Ra-226* O O O O O
U-234' l.I1E-05 5.47E-06 6.89E-05 2.53E-07 4.09E-05
U-235 533E-08 2.G1E-08 332E-07 1.22E-09 1.97E-07
U-238 4.20E-07 2.08E-07 2.61E-06 9.60E-09 1.55E-06
Np-237 1.02E-11 5.07E- 12 638E-11 2.35E-13 3.78E-11
Pu-238 3.36E-05 1.52E41 4.66E41 2.3OLO6 3.71 Eel
15-239/240 534E45 7.23E-05 236E41 1.16E-06 1.86E-04
Pu-241 2.60E-03 3.52E-03 1.15E-02 5.63E-05 9.08E-03
Pu-242 1.17E-07 1.58E-07 5.18E-08 2.53E-09 4.08E-07
Am-241 2.32E-C5 9.7)E-05 1.56E45 9.67E-07 1.56E41
Am-213 1.57E-06 6.21E-06 1.05E-05 6.52E48 1.05E-05
Cm-243 2.70E-08 1.98E-07 2.97E-07 1.93E-09 3.12E-07
Cm-244 1.82E-05 1.57E-O . 2.24E41 1.49E-OG 2.41E-04

TOTAL 7.60E400 3.20E-OI 7.97E+00 3.65E-02 5.08E+00

* Not inesuded in NRC source terms

_ _



:

2

3.1.1 ka kiiva_Wanta Charmeteristica |
' :

3.1.1.1 Noncompactible Trash (NCTRASH) I
!,

Noncernpactible trash is the waste stream of primary interest to this study. This is |

| because the rioncompactible trash is made op of the hardware and components which )
4

are the subject of the repair or modification e1 Torts. Other wastes such as compactib!c'

trash are normally generated as a byproduct of the repair, removal, replacement, or
modification efforts. Noncompactible trash typically consists of the following
materials as reported by plants surveyed in the 1981 EPRI study (Ref.11:

Wood includes construction lumber, plywood, packing etc.*

4

Conduit includes tubing, cable, wire, electrical fittings, etc.*

Pine /Vah>en includes pipe, tubing, valves, pipe fittings, etc.*

Dlleta include cartridge type, filter canister, etc.*
4 Y

'

Comnactible Material includes those items that tire either inadvertently at |*

Intentionally packed with noncompactthle waste. This can be v. '

material that is considered compactible. |

Filter Frantta are the wooden or me;al frames that surround HEPA filters.*
-

Concrete can be the debris from scarifying and demolishing concrete*

j structures and supports, or large concrete pieces.
,

IQQla generally consist of hand tools although some power drtven tools f*

can be included.

Din includes dust, floor sweepings, and similar small particulates or large ;*

i quantitles ;Icontaminated dirt / sand, r

Ghas includes bottles, laboratory glassware, instrument tubing, face || *

plates view ports, etc.e

;

i * 1,g|Ad is generally shielding material in any configuration.

Miscellancot'j is a estegory to include anything that has not been t
.

*

| classtfied in the previous 11 t> Pes.

,
According to Reference 1. the composition breakdown for noncompactible trash was
rcughly as folicvs. Values are shown separately for BWRs and PWRs.4

7
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Fractional Composition of Noncompactible Trash

IMB EEB

Wood 0.29 0.24
Piping / Valves 0.21 0.13
Filters 0.07 0.13
Conduit 0.05 0.13
Compactible Matet1als. 0.04 0.06
Filter Frames 0.05 0.05
Dtrt O- 0.03
Glass 0.04 0-
Conctrte 0.03 0.03
Tools 0.CG O.03
Miscellaneous 0.17 0.15
Othe- 0.02 0.02

he average specific activity of the noncompactible wastes was reported to be 0.4
mC1/R (14.1 mCl/m3) for PWRs. This avemge excluded several plants reporting over a3
factor of 10 greater than this value. We spectre actMty for DWR noncompactible waste
was 0.20 mCl/R3 (7.1 mC1/m3), half that reported for PWRs. These activity levela .

represent the as-shipped conditions for the waste. As generated activity
concentrations for this and the other waste streams were noted in Sec.1.1.1.

The data presented in the 1981 EPRI utility survey (Ref.1) indicated that the average
3density of the packaged noncompactible trash was about 19 lb/R . Dased on the typical ;

composition for thir waste, the maximum theoretical density should be about 212
3 3lb/ft for DWRs and 233 lb/R for NT(s. Thus, the density of the packaged materM1 was

typically only about 10% of the maximum por,sible density. This indicates that
significant void spaces were unfilled in the boxes and drums used to package this waste.
This is at least partially due to the fact that the shapes and rigidity of noncompactible
trash do not lend themselves to high packing efncle"scles.

For the purposes of this study, a VRF of 1.0 for noncompactible trash is taken to be
waste packaged to its theoretical density. Obviously a VRF of 1.0 is unattainable for
this waste stream. The data from Ref. I suggest that typical VRFs for this waste were on
the order of 0.1 to 0.15 in the early 1980s. Some improvements have been nn de in ;

recent years but the packing eITiciency is still relatively low.

As noted above, the average adivity concentration for the as shipped noncompactible ,

3 or N'Rs and 0.2 mC1/R for UWRs. Since the as shipped wastef 3i trash was 0.4 mC1/ft
density was not more than 15% of the theoretical density, one can infer that the as- '

i generated activity of the waste was about 2.67 x 10-3 mC1/R for PWRs and 1.33 x 10 33
3mci /R for DhT(s. This is tl'c as generated activity concentration based on the actual

waste value, exclusive of any volds.

3.1.1.2 Compactible Trash (f.JTRASH) L

Substantial amounts of compactible wastes are generated at nuclear power plants. In
many cases it represents one of the largest quantitles of any of the u aste streams
generated over a fixed period of time.

1 ;

r s
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Compactible trash, as reponed in Reference 1 is made up of the following materials:

Elaauc consists of nonhalogenated plastics which can be coveralls, ji *

| protective suits, lab coats, boots, cloves, sponges, hats, raincoats, sheets. .

i bags, containers, bottles, etc. |
!

! EastI includes coveralls, lab coats, absorbent paper, wrappings, cartons,*
*

etc.
t

Absorbent Materials are hygroecopic materials used to absorb fluids. [*

'Insulation includes most nonrtgid types of insulation.*
i

Polvvinyl Chloride (PVCl consists of halogenated plastics which can bc {e

protective suits, coveralls, lab coats, boots, gloves, hoses, containers, ;

j bottles, etc.
r.

! Clgih includes coveralls, lab coats, rags, mops, gloves, etc.*

J ,

Rubber includes boots, hoses, gloves, sheets, etc.i e

C

Eggd includes constniction lumber, plywood, packing, etc, |1
*

L
| Noncomnactible includes those items that inadvertently are packed with ;- *

j compactible waste. It can include small tools, hardware (nuts, bolts, ;

; screws), or any other noncompactible material. ;

| Malal consists of metallic items that can be compacted such as aerosol*

,
cans, paint cans, etc. L

i r

Filters include high efftetency particulate air (HEPN filters, respirator i*
,

canisters, etc.j

f fd&&& includes bottles, laboratory glassware, instrument tubing, face ;*
L

, plates, view ports, etc.
1

l

Miscellaneous is a category to tisclude anything that cannot be classified [i e

] in the previous 11 types. !
!

f

| 'The following table gives the fractional composition which typtiles this type of waste. |
! I
i e

! !

l I
> >

L

I k
i

)

| I

:
,

!

1
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I
,

!i

i 32
'|'

| |
'

.-- -- . .



'

\

Fractional Composition of Compactible Trash

15 3 DYB

Plastic 0.30 0.29 ;

PVC 0.10 0.19
Paper 0.25 0.16
Cloth 0.17 0.10
Rubber 0.M 0.08 -

Wood 0.03 0.03
Miscellaneous 0.07 0.06
Other 0.M 0.04
Absorbent Materials .O. 0.05

ne average specific activity of PWR compactible trash was reported to be 0.7 mci /ft3
(24.7 mC1/m3), whue for the BWRs the corresponding value was 0.25 mC1/A (8.83

,

mC1/m3). Tnese values correspond to the as. packaged or as compacted condition, ne l

EPRI survey (Reference 1) found that BWRs and PWRs were not compacting the waste to
the same degree, even though the composition of the waste is basically similar for the
two types of plants. For PWRs the typical compaction ratto or volume reduction ratio
was 3.78, whue for BWRs it was only 2.27. nus in the as-generated state, i.e. prior to i
compaction, the average specific activity levels for com actible trash correspond to

~

3 d 30.185 mC1/A (6.5 mCL/m ) for PWRs and 0.110 mci /A (3.9 mCt/m ) for DWRs. As
with noncompactible trash, the specific acw y of compactible trash can vary widely
from one plant to another and from one batch of trash to another. A factor of 10
vartauon from the nominal activity is not unlikely for a given case.

312 Wet Wasta Characteristles

3.1.2.1 Ion Exchange Restas (IKRE8tNS)

lon exchange restns are small porous beads used to process various liquid waste
streams through a combination of absorption and adsorption of soluble ionic material
(both chemical and radiochemical), and through the futration of insoluble material, i

'

These resins can be regenerated and are typically use( in reactor condensate polishtng
systems. Restna used for cleanup ofliquid radwaste streams are generally not
regenerated but must be disposed of as waste orre they have lost their futering and

'
demineraltr.ing qualities. lon exchange resins from PWRs are generally in bead form.
wh0c that from BWRs is often in the form of a powder. Both the powder and bead fomis 1

of the restns can be treated similarly regarding their disposal. !

i

PWR resins from the liquid radwaste processing systems had an average specific ;

3 3activity of 0.0'18 C1/A (2.75 C1/rn 1 for resins in the as-shipped condition. Dead resins r

from HWR radwaste cleanup systems were reported to have an average spectfle activity i

3of 0.125 C1/A (4.41 C1/m3), while powdered resins from this source had an average
, ,

adivtty of 0.13 C1/ft3 (4.60 Ci/m ), ;3'

3.1.2.2 Concentrated L&qtdds (CONCU9) [

| Many nuclear plants have employed evaporator systems to reduce the volume ofliquid {tudwastes. Concentrated liquid wastes are a combination of the Ifquid stream and'

accurr ulations of solids and solutes camed in the stream. Concentreors (evaporators) t
"

are used in processing laundry waste water, decontamination solutions, liquids from '

floor drains, and other such sources.
<

t

i
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2

Many plants are phasing out this method of treating liquid wastes. Several plants have
shined to the filter /demineralizer type of system. Nevertheless, a number of plants
still employ the evaporator concentrator system for processing liquid radwaste !

streams. j

!

[ For PWRs, the average s cific actMty from evaporator concentrates was reported to be
3 37.2 mC1/R (0.254 Cl/m ), while, for BWRs. the average value was 0.12 C1/A (4.24;

3
| Ct/m ).
i !

3,1.3.3 Filter Studges (FSLUDGE)d

L,

( Filter sludges refer to powdered ton exchange resin generally used as a precoat material |

) on filter demineralizers, and nocculating agents (filter aids) used to extend the '
'

s proces.stng life of the filter. Most plants use powdered resin not only for filtration of
insoluble material but also for its ton exchange properties. Sludge from precoat filters)

' can be a combination of the original precoat matertal,insolubles such as dirt removed i

! from the liquid stream being processed, corrosion particles, and other suspended solids
'

i and flocculating agents used in the system. ;

) I

1 nts type of radioactive waste is generated primartly by boiling water reactors since f
IPWRs rarely use precoat filters. Filter sludges from DWR liquid radwaste processing'

systems had an a erage spectne actMty of 0.13 C1/ft3 (4.59 C1/m ), f3

l
a

3.1.3 Other Wastag !

J

J Other types of waste may also be generated as a result of NRC mandated changes to
i nuclear plants. One such item is Alter cartridges, nese are typically used in PWR
! liquid radwaste processing systems to iemove insoluP.c wastes. ne reported typical

3actMty for these filter cartridges was 200 mC1/ft . De quantity of these alters4

! disposed of each year is small compared to the volumes of most of the other waste
streams. Because the typical actMty levels of these filters is essentially the same as'

that used for FSLUDGE wastes. and because they are oRen disposed of in cement filledi

i drums, the cost of disposing of this type of waste is assumed to be approximately the i
same as that for disposing of PFSLUDGE. Inaccuracies due to this assumption are not |i

1 expected to be large since the total quantity of these filters is estimated to be quite small j

| compared to the quantitles of other types of wastes. ;

,

I
3.2 VOLUME REDUCTION TECHN19UE8

|
,

! Radioactive waste volume reduction processes have always been employed at nuclear >

| power plants. Volume reduction is attractive from practical as well as economic !
I standpotnts. In recent years, the cost aspects of disposing of low level radioacth e j
! wastes have risen dramatically, his is particularly true of hurtal costs (Ref. 2). Since

|' 3burtal costs are generally assessed on a per unit volume basis it.e., $/R ), generally ,

speaking, the lower the volume of waste from a grven plant requiring burtal, the lower t

; the disposal costs to that plant. Bus, there is an incenthe for nuclear utt!!tles to
improve thet effectiveness in reducing the volume of radioacttve wastes which must

i* ultimately be disposed. j

i Enhanced volume reduction efforts have occurred on two fronts. First, the problem of |
; waste generation is getting renewed attention at nuclear plants. Utilities are changing
)

their procedures and administrative controls to help reduce the amount of low level
i wastes generated. One of the waste streams most amendable to improvement in this

way is compactible trash. Measures that have been employed to reduce the volume of'

waste generated include substitution of reusable items and materials for disposable |
1 materials, careful monitoring of waste activity levels to separate clean trash from that i

which must be classtfled and treated as radioactive, Itmiting the materials brought into !
contaminated areas to prevent their becoraing contaminated, and more prompt

5 |
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i ,

attention to liquid leakage from radioactive systems to minimize the buildup of liquid -

wastes. Many other waste generation minimization measures are also employed.
Many of these techniques and ideas are discussed in Ref.1. ;

lOnce waste has been generated, it is generally sub|ected to some type of volume change
process. For compactible trash, the as shipped volume is less than the as generated ,

volume. For wet wastes, the processing may either increase or decrease the final1 >

volume. For example, solidtftcation of spent resin in cement increases the volume to be
disposed, whilc incinerauon processes can substantially decrease the final volume. .

The following sections discuss the various waste processing methods available to
nuclear plant operators. Section 3.2.1 reviews conventional practices and techniques,
while Section 3.2.2 presents an overview of improved processes that have recently
become available.

3.2.1 Canventional law I.avel Itadwante Processing Methods ,

3.2.1.1 Dry Active Wastes (DAW)

l Dry active wastes are the noncompactible trash, compactible trash, and certain filters '

'

] used in :tmoving particulates from liquid waste streams. Normally noncompactible
trash recchts no volume reduction treatment or processtng, nas is because this class |,

1 of waste has a substantial quantity of materials generally not amenable to further :

volume reduction. This waste stream contains items such as steel pipe, vahes, wood. ;

and electrical conduit. At best, noncompactible trash can be carefully hand packed i

into the transport and burial containers. Some utilities cut sections of pipe |
longitudinally and employ other such techniques to improve th: packaging factor for !

3

this type of waste, ne hand packing requires considerabl- $ bor. Also, the low VRFs |:

1 for this waste necessitate the use of a relathtly large number Jcontainers to package a L

i given volume of as generated waste. Rese factors make processing of NCTRASil
I considerably more expensive than processing for CO"'"tASli. :
||

3Ccmpactible trash in the as generated state typically has a density of about 8 lb/ft .q
Until recently, most plants employed mechanical compactors to reduce the volume of !

this waste. Dese conventional compactors can generally increase the density of this !
waste stream to about 20 to 30 lb/f1. Accordind to Pef. L nt least through 1982, most !3

;

1 plants were packaging this waste in 7.5 f13 (55 gallon) dmms. ,

I

| Contaminated filters can be classed as nonecmpectible trash, compacuble trash, or as
: separate items. When these filters are highly contaminated, they are typically placed in

'

! separate containers which include a cignif1 cant amount of shielding matertal. Rus.
I the shipped volume for ft!ters can be substantially greater than the volume of just the
j filters. j

;| (
3.2.1.2 Wet Wastas |

Wet wastes generated at nuclear plants constst of the concentrated ligt. ids, lon-
I exchange resins, and Illter sludges generated in pro (essing liquid radtoacthe streams. ,

i ne conventional approach in handitng these wastes, at least until recently, was to [
solidify them in cement or other binding agents. Cement is often used because of its ,

| relathely low cost. Mixtng the wet wastes wuh the solidtflcation agent increases the ;

j volume of waste to be disposed, ne fo' lowing volume increase ratios a*r believed to be l
I

I typleal(Ref.1.2. & 4).
i

It

| I
1 t

i
1

35 1

|
'

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



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

Volume Increase with
I Waste '1Vpe Solidifleatton

Ion. Exchange Resins 1.11.4
Concentrated LJgulds 1.4
Filter Studges la

!,

8 -

,

3.2.2 Inapeved Yahama Badnetian Procanang ;

. ,

ne increased costs of d3 posing of radioactive wastes, particularly the sharp rise in |
burtal costs, has led to the development of several techniques and processes for !
significantly reducing waste volume relathe to conventional processing methods., ,

nese more advanced techniques sencraDy n.: ploy one or more of three basic processes:

mechanical compaction !*
: * Incineration |

* evaporation i.

ne foUowing sections briefly describe these advanced processing methods. Much more
complete descriptions of specific systems is presented in Ref. 2. Vol. 3. Also, the -

foUowing sections describe a hmited number of advanced waste processing systems and i3
techniques, ne discussions are by no means exhaustive. }{owever, the approaches j,

discussed are beheved to be representative of what is available to uttittles at the present [

j time and into the near future. !

3.2.2.1 Mechaalcal Compaetion
; t
; Section 3.2.1.1 noted that mechanical compaction of compactible trash is a standard j

processing method for this waste stream. Conventional compactors increase the waste1
,'

d o 20 or 30 lb/f1. nese conventional compactors typically }
t 3denstt from about 8 lb/it

j empt hydraulic cylinders to compress the waste. More advanced compactors are now !
avalla le which exert higher forces to achieve greater compaction. In addition, some 1

)l plants have gone to the use of shredders in conjunction with the compactors h further !
enhance the compacttbthty of the waste. One improved compactor available for use ;

3with 7.5.ft drum containers achieves waste denstiles for compactible trash of about 45 !,

I 3lb/ft . nus, it offens a volume reduction factor of about 5.6 compared to the 3.8 factor
' ,

for the standard compactor, nts improved compactor can be used as a retrofit in '
'

plants with older, less effective equipment. De capital cost of applying this improved
device in a nuclear plant is estimated to be less than $200,000 (Ref. 2. Vol. 3).

L

An ultra high pressure compaction device is also available, nts "supercompactor" t

i exetts a force of about two in11 hon pounds on the waste to produce densttles on the order |
of 55 to 70 pounds per cubic foot for compactible trash, nts system ts much larger than !

! standard compactors and requires more butiding space, ne capital cost of this system |1s reported to be about $3.5 m&on (Ref. 21.
>

|i

It is possible that devices such as the supere ctor could be used with ;
i noncompactible trash as well as with compact le wastes. nts type of compactor could :

be uktd to improw * nesting * of weste articles, to crush cornponents such as thin. walled (
;

| clectrical condutt and tubing. and generauy to reduce the void space in shipping
j containers for noncompactible wastes. Application of supercompactors to NCITRASl{ is
; not 0 common practice at this time. >

; Doth the improved compactor and the supercompactor have gas aspiration and <

; filtration systems which minimize the spread of contaminated aerosols during the I
processing of the waste, j

1

!<

,

f
4
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'

3.2.2.2 Incineration

A number of dLEertnt incineration processes are av tllable. Most wul handle the
combustible matertals present in the compactible trash waste stream. Some processes
will also handle lon exchange resins, filter sludges, and organic liquid wastes,

ne incineration processes produce radioactive ash and radioactive smoke as a result
of the combustion. The ash is collected and typically mixed with a sohdification ar,ent
(cement, polymer, bitumen), ne exhaust gases or smoke must be cmrfully scrubbed ;

and it!tered to remove particulates which may be radioactive, ne exhaust gas must
also be treated to remove vapors and to neutralize acids that may be present in the gas
stream. Iodine removal features are also present on some of these systems.

The incineration systems are highly effective at reducing the volume of waste. I

liowever, as with other volume reduction techniques, the resulting volume of waste has
an increased specific actMty since all of the radioactive material ortgtnally present is
now concentrated in a smaller volume. For dry combustible wastes the vclume
reduction factor with incineration is about 113:1. For lon. exchange resins and filter
sludges, these factors are about 4:1. Rese factors include the effect of
binding / solidification agents used to encase the incineration products. nus, the
specific activity levels of the waste will be 1 tcreased by factors ranging from 4 to about
113 compared to the activity of the or1fMal waste stream, if the o;1ginal waste has a

,

4 high specifle activity, extensive volume reduction may not be practical due to
Itmitations imposed by handling. shipping, and burtal considerations.

De waste incineration system costs vary conriderably, depending on the system
capacity, and the overall capabdities of the system. De costs cited in Ref. 2 Vol. 3
range from $2.6 million to more than $24 million.

incinerators have another problem associated with them. Because they discharge
4

combustion products to the atr, they must be licensed by the Erwironmental Protection
Agency. Many utilities have found the regulatory burden of this option expensive. At
the time of this report, only one incinerator has been licensed and is being operated by a
radwaste services vendor (Scientific Ecology Group, Inc.) in Oak IUdge. TN.

;

't i tt Evaporstors

i Evaporator systems are used to treat :tquid waste streams in nuclear pihnts.
Evaporator systems have been in use for many years in nuclear plants to reduce the
volume of 11guld wastes. The newer, more advanced systems are similar to the older >

systems except they produce more highly concentrated e(Iluents or completely dry
waste pmducts.

Several of the evaporator systems can handte both liquid, and slurty type wastes. They
i

can proces9 concentrated itquids and ion exchange resin and filter sludge slany
wastes. A'J of these systems heat the waste streams to induce evaporation of the water )
in the waste. Typicalry, steam is used to accomplish the heating. ne effluents from the '

evaporation process are typically solidtfled in cement, a polymer binder, or bitumen.
De net volume rrduction achieved vartes, depending on the nature of the waste feed.

! Norntnal volume reduction factors achieved through evaporation prcresses for various
waste streams are as follows (Re'. 2 Vol 3). |

Concentralrst LJqukis 2.4 to 6.6
!crJxhange Resins 1.4 to 2.0

,

Ftiter Sludge - 2.0'

The above factors include the effect of solidif6 cation of the wastes, f

37
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l

ne capital cost of evaporator systems is estimated to be in the $4 million to $9 million
]r nge.

j 3.2.2.4 Coadrised Systems

The mechanical compaction equipment discussed previously is suitable for reductog i

the volume of dry active wastes. It is not suitable for treating wet wastes. Conversely,
the evaporation processes cannet treat dry wastes. Certain of the incinerator systems
can accommodate both Cry and wu wastes, but these tend to be somewhat expenstve.
Combined systems may be needed and desirable to achieve etTective volume reduction
for all waste streams. Several combinations of systems were cor.sidered in References
2 and 4. |

3.2.3 Sqamaanary of Velame Reduction Proceaman

'

Tbble 3.3 summartzes the various waste processing systems and associated volume
reduction factors for each waste stream. The different volume reduction techniques

,

were discussed in Section 3.2. Table 3.3 emphastzes the fact th&t a given volume
i reduction factor for a given waste stream app!Les to a specific waste processing system,
4 in some cases, different systems employing the same basu technique, e.g., evaporation. L

wt!! reduce the volume of a given waste stream to ditierent extents. An example of this,

is shown for the concentrated hquid waste stream (CONCLIQ). Three ditTerent 'i

evaporation systems are noted, each resulting in a different final volume for the I
processed waste. Also, with this particular waste stream the extent of volume reduction [achieved by a given system is dependent on whether the waste stream was generated in a

|IMR or a IWR.; i

j 3.3 CtntRENT PRACnCE AND FtTrtDLE TRENDS
i

i As noted previously, nuclear power plant operators have had increasing incentives over }j the past several years to reduce the volume of radioacttve waste which must be shipped '

; to disposal sites. The principal reasons for this include the high and ever increasing |costs of disposal, and the volume limits and surcharges impcsed on waste generators as
|

a

| a result of the 14w Level Radioactive Waste Policy Amendments Act of 1985.I This Act i
; prm1 des the framework and guidance for Interstate compact regiorts and independent

states to develop a nationwide system for low. level waste disposal.!
,

t
,

! Currently, roost nuclear utilities are using a two-pronged strutegy for reducing the '

volume oflow level radwaste (LLRW) which must be shipped to disposal sites. On the
! front end there is gromng emphasis on reducing the amount of LLluV which is .

| generated. The methd used include those desertbed previously in Section 3.2. Alw,
3~

many plants have formed interdisetphnary radwaste volume reducuon committees to ,

4 find innovattve ways to reduce the amount of waste generated. On the back end, nucleu
plants are ur.ing a variety of radwaste pm;essing techniques and systems (see Table 3.3) *

'
to reduce the volume of ILRW which has to be shipped to disposal sites.

l L

"the analysts of the costs and benefits of the dt!Terent processing techniques desenbed !

in Table 3.3 is very compheated and site dependent. For this and other reasons, it is*

dimcult to dtseern any clear and definite trends within the nu,: lear industry regarding ,

the current and future selection of techniques and systems for dry acthe waste and wet !
waste processing. Ilowever, based on a review of current technical hterature, and ;
contacts with both nuclear uttitty personnel und suppbers of LLIBV services and,

f
. equipment, the following observations can be made.

|
.

7
1

IThe effects of this law on radioactive waste disposal costs are discussed in Section
5.2.4.2. ;'

;

-

i

:

I l
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Table 3.3
Weste Processing and Volume Reduction Techniques

Volume
Waste Stream Reduction Processing Technique

Factor

COTRAstl 2.3 Standard Compactor
3.8 Standard Compactor, complete filling of waste cantainers
5.7 Improved Compactor
8.7 Supercompactor

113.4 incinerator, solidtftcation of ash

NCTRASil 0.2 Iland packing
0.4 Careful hand packing
0.6 Cutting plus careful hand packing j
0.8 Cutting, careful hand packing, and supercompactor

TXRESIN 0.7 Solidtf! cation in Cement
0.95 Dewatered, placed in ht/,h integrity containers
1.4 Mobile evaporator, solidtftcation in binder
2.0 Evaporation of water, grinding of restns, mixing with btnder
4.0 Incineration, mixing ash with binder

CONCilQ DWR/ LWR
0.7/0.7 Solldtfication in cement
1.9/3.7 Evaporator / crystallizer process, solidtftcation in binder
2A/5.4 Mobile evaporator, solidification in binder
3.8/6.6 Evaporator, grinding of residue, solidtftcation in binder
4 5/10.4 Dryer / incinerator, solidification in binder

FSt.UDGE 0.56 Solidtftcation in cement
2.0 Evaporator,. solidification in binder
4.0 Incinerator, solidification in binder

39
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3.3.1 pagulatory and Technical Rlaka

Uncertainty within the nuclear utility industry regarding waste form requirements of
state compacts. EPA requirements regarding incineration and disposal of mixed toxic
wastes, and the performance and cost efTectiveness of di!Terent waste processing i

t
j . systems and techniques has caused many utt!!ttes to delay dectstons regarding the

purchase of capital systems and equipment for IUnV processing. As a consequence,-

l there continues to be a definite trend towards the purchase of radwaste contractor
services, including leasing of mob 0e processing equipment, rather than purchase of
permanently installed systems. This approach provides more flexibthty, especially if
waste form requirements change,

3.3.2 High Canital Cast of Waste Procesalag Systerna
i

ne disincentives towards capital investment in relatively high cost and difDeult to
' operate and license waste processing systems and equipment (e.g., those involving

,

evaporation and incineration), coupled with the performarxe problems which have !
'

1 plagued some of those systems, has resulted in a growing preference for simple, less
costly, waste processtng methods. Examples of these preferred techniques include'

pmcessing resins t,y dewatering in high integnty containers (ll!C), and using filters or a ,

'combination of filters and ion exchange to procen concentrated itquiis.
i

3.3.3 Shredding.and Supert9tnpactors

ne trend towards shredding and supercompaction of dry acuve waste is clear. Several
4

i service companies have or are in the process of estabushing regional centers for dry
I active waste pmcessing using supercompactors Mobtle shredding and compaction

equipment is also being used by a number of uttittles and waste processing service t

; companies. |
j '

L3.3,4 Incineration
!

Incinerauon has not proven, as yet, to be a vtable attemative for volume reduction for o |,

number of rersons, including the strtet emissions control requirements which must be
met, the difDeulty in obtaining permits from the EPA and other agencies, and the
performance problems which have been expertenced with incineration systems and
equipment, Such systems have had little testing and operating expertence at nuclear
plants. De volume reduction advantage qf incineration may, however, prove to be

j enough incentive to ensure its place in the future. Some evidence for this is the |
continuing interest by the private sector in the design and development of tnetnerators !;

| for pmcesstnp, both radwaste and other hazardous waste, !
i>

! 3.3.5 Decontamination and Recyc11ag
-fI

! ne increasing emphasts en front end reduction in waste generation has created a ;

] demand for decontamination and recycling services. A number of ref., tonal factittles
I have been set up to decontaminate and recycle tools, equipment and materials. nese I

centers typically include means for sectioning and repacking noncompactible waste I
,

such as condutt, piping, valves, wood, and other stmtlar materials. Mobilei
i decontamination services are also being used by uttllties.

3.3.6 Onalte Eloragt

ne uncertainty with regard to the future requirements for IUnV dispcsal has prompted
j a number of uttuttes to develop contingency onsite storage as an interim measure for

handitng innV and as a hedge agahst the possible disruption of burial site availabthtyt

in the future. Onsite storage capabdtty also ts useful for provtdtng temporary storage
.

! O
1
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,

,

,

during short term operational surges. Two approaches are prescatly being used, ne ;

first involves constrvction of radwaste holding factittles for the interim storage of )
radwaste containers. The second involves the use of specially designed stand alone |.

storage containers for temporary above ground storage.i ,

3.s.7 nahresta minhnimatlag

! ne clear need to reduce front end generation of LLRW has prompted many uttllties to j

initiate radwaste minimization programs in order to track down and charactertie the
specifle sources of LLRW ar.d find innovative ways to reduce the generation of such

,

j waste, nese programs typically imolve the use of interdLsciplinary committees.
I

i 3.3.4 pelow Regulatary cameerm i

L
ne NRC has an effort underway to develop a generte rule for "below regulatory concern" ,

(DRC) low level radwaste. De prospect is that some LLRW may be designated DRC and i
'

could be released or disposed ofin essentially an uncontrolled manner, t.e., not
|regulated as radioactive. De immediate impacts of this development are two fold.

First, it adds to the justification uttittles already have to delay decisions regarding,

, purchase of high cost volume reduction systems and egntpment. Second, it increased
,

i the value of strategies aimed at segregation of uncontaminated from contaminated i
i waste, nere is a growing interest for example, in manual and automated monitoring
i and sorting systems for segregation of dry active wastes,

t

) 3.3.9 Vohnne Reduction |
,.

I Finally, although an EPRI study published in 1984 cuneluded that "VR is generally more [
j cost effective at BWRs (boiling water reactors) than PWRs (pressurized water reactors). ,

d and at multi unit stations than at single unit stations.' the implications of these !
i conclusions are not clearly evident in the decisions made by uttllties regarding LLRW t

1 processtng. Most if not all nuclear uttittles are concerned Mth LLRW volume reduction ;
i and the methods being used do not appear to be a function of reactor type.

,

L

,

! I
i

\

!'

t
; !

i
1

!

| f
,

l
,

i

l

I

! !
i l
l

'

| !
: r

| I

i |
: !

I
: I

:41,

: t
. -- -- -___- - ____ - . . _ _ _ _ _ . . _ _ _ .. ____ ._ _-_-__. __ - . _ - .



a

4.0 ESTIA1ATES OF WASTE VOLUhfE GEERATION

4,1 INTRODUCTION

In order to develop estimates of the cost of disposing of radioactive waste, it is necessary
to know the volume of waste generated. For NTIC initiated plant modtiteations, this
capability to predict waste volume generation will be required for a wide range of
specifle tasks. Since the cost of waste dLsposal depends upon the type of waste handled,
it will be necessary to predict the waste types generated as well as the volumes.

] Predicting waste volume generation by specific task is difficult because very few of the
operating nuclear stations track waste volume generation by wurce within the plant.

Based upon visits to two nuclear stations that do track waste volume generation by
source within the plant, supplemented by dLscussions with waste handling equipment
vendors and infonnation la the open literature, some simple notions relating to the
estimation of waste volume generation have been developed. Table 4.1 on the following
page summartzes these notions of waste volume generation, applying them to specific

| waste streams.

The derivations and sources are documented in the discussion which follows, so that
limited or outdated infonnaticn can be replaced as data become available in (ne future,
It is reasonable to expect that more plants wdl track waste volume generation by
sources in the near future, owing to the pressures on plant operators to mtntmue waste
volume generation.

4.2 NONCO%tPACTII1LE DRY ACTIVE WASTE

in general, the primary waste stream for a plant modtftcation is noncompactible DAW
(P or D NC'ITIASil). Constituents of this waste stream are the identtflable plant
components and materials that are removett in the course of the plant modification;
i.e., piping, conduit, insulation, valves, pumps, cable trays, concrete, dirt. Tools and
equipment (i.e., scatTolding, ladders, uttitty Itnes, mcps. vacuum cleaners, carts,
welding machtnes, submersible pumps, crane shngs, etc ) can be assumed to be
controlled and reused. Sometimes wood components, such as those used in scaffohling,
are planed (approximately 1/8 inch); however, the wood shavings can probably be
neglected.

|
|

De first step in the estimation of the volume of this primary waste stream is to |
evaluate the actual physical volume of the identifiable plant components and I

materials. De neat step is to detenntne the packing fraction of the constituents in the
shtpping container. In 1981, noncompactible D/ W was typically packaged in 98 to 122

3 ow Specific ActMty (LSA) boxes (Ref.11. The dtmensions of a 98 ft3 LSA box are 6ft l
ft x 4 ft x 4 ft. To estimate packing fraction, the optimum configuration of the I

constituents in the bax is estimated. The packing fraction is the ratio of the volume of
the constituents to the volume of the tox. At one plant, packing fractions for
noncompactible DAW range from approximately 0.2 to 0.75.

To achieve righer packing fractions, large constituents can be cut into smaller pteces.
The dxtston whether or not to cut involves a tradeoti between cutting costs (plus
radiation exposure costs incurred dunng cutting) and disposal costs. Shipping weight
limitations dunng transport may constitute a constratnt in the tradeolT. As an
example, one util:ty contractor (Impell Corporation) evaluated the feastbtlity of cutting
200 ft. of 28' pipe into clam shell segments. It was assumed that a four man c'ew would
be needed (1 cutter. I assistant, I fire watch, and 111 P. technict m) each at a cost of
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1'

N<smwnpstile DAW Piping, condust, snsulation 1. Estimate phys * cal voluma Use geosnetry. I

(P- or 11NCTRA5&f! valves, pumpe. cable trays. of plant components. I

roncrete, dest, etc.
I 2. Estimate apprux1 mate VHF Hange d 0.2 to 1.2 tri

(packing fraction) % -100 ft3 bones. W
weste containers. values are n2 to 0.43i

!

1 Might be able to demntamenate Overall. estimaaed cost of
i and rwycle at a lower cent. rwycle - 80-85% cent of A.p ==t

C4.m. g.a.ctstAc DAW largely paper and g4astic. Correlat:on bessed on 1981 data ks

| (P- or is CGTRALill industry-wide, as-shopped volumes d i

V
'

m ,,ol Comp DAW,,,,co,,,, 93, - 2.1compacuble w noncompactade DAW,

- y

I Vol Cosup DAW
Vol Noncesup DAW *

lon F.nchange Hestn From cleanup of primary Depletsori d resso as a function For -2 panho conductivity:
3 5-1.5 A dwasse/10 g,3,(P- or H IXRESIN) system. fuel gwwd waser. of concentration of deseolwd

I or plant dronn water. solids in inquad stream.

For -150 pmho conductMey:
, 3 3 4-1.5 R dwasse/10 -10 gal

From cleanup of decon- Depletion of resan to a function For LOMI decon noksuon-
i te solution. of valuene and condetson of em -0.1 ft3of wanso/gmL decosa moin.

heing decontaminated, and
decon solutaon used.

3
Filters From decontmananation Use actual data. -Ix10-3 A cfwasse/resperator

i

of personnel resper.ators. deconswd (-1/2 counp. 4 -1/2
non-cossip.)

Frosus *- - . " .14 protective Use actual data. -2mlo-3ft3of wease/dreemout .

clothing. laiter ; -C; |

* Volumes and ration are g>en on an a . 2 banen. To estinna c on m.-aenerased b as, une fuMowing .J - . wuh . A*
e

volume reduction fartors (VHFh As4enermaed Volume = As-Shepped Vohnene x VHF

!

|

|
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$40/hr (probably high). %e cutting speed was estimated to be 3 ft/hr,1 ne total cost of
cutting was estanated to be roughly $21,000, exc'usive of radiation exposure costs. Such
a tradeoff analysis may be beyond the scope of NRC's requirements for estimates of
radioactive waste disposal costs.

An option other than disposal is available for some constituents of noncompactible
DAW, This is decontamination and recycle, which can be applied to essentially
anything metallic, e.g., weiding machines, chain falls, lead brteks, cable trays, etc.2
Other matertals, such as rubber hoses and cables, may also be recycled. In this option,
the vendor takes possession of the waste and is responsible for decontamination,
recycle and disposal of the residual. Decontamination is performed using chemicals
(acid, caustic solutions, or Freon") or mechanical methods (grtt blasting or hand
scrubbing). The residual wastes from decontamination (sludge bottoms, grtt, resins)
constitute roughly 20% of the volume of the input stream. nus, recycle can be siewed
as a volume reduction process providing a factor of roughly five reduction in volume, in
general, the costs of recycle are roughly 15 to 20% lower than disposal costs, according
to one vendor (Quadrex Corporation) flhe cost of disposal of the restdual waste is borne
by the vendor). Given this degree of dt!Terence, it is probably adequate for NRC's
purposes to assume disposal, a conservative assumption which may offset the tendency ..

to underestimate the volume of the primary waste stream, liowever, for some specific
cases, the differences in cost between disposal and recycle may be mors substantLil.

4.3 COMPACTIDLE DRY ACTIVE WASTE

ne volume of( .mpactible DAW (P or B COTRASH) generated in the course of a spectnc
task is difncult 'o estimate. This is because this waste stream ts composed mostly
(approximately 65% in 1981, according to Reference 1) of paper and plastic (including
PVC). De quantitles of disposable paper and plastic generated in the course of a task is
a function of general housekeeping considerations at any particular plant, and cannot
be dertved from first principles, it inay be possible to correlate the quantitles of ,

compactible DAW generated for a specific plant, or for all LWRs, against the number of
containment entries, the number of man hours, and/or collective radiation exposure
(person rem).3 llowever, the development of such a correlation was beyond the scope of
the current study.

Reference 1 presents data obtained from a significant portion of the industry in 1.J1 on -

as shipped volumes of compactible and noncompactible wastes. From these data, the ,

following ratios can be dertved:

Volume Compactible DAW
0'9=

' Volume Noncompactible DAW

Volume Compactible DAW
At Um *

Volume Noncompactible DAW

'To proude analogous estimates for the as generated condition, the as shipped volumes
should be adjusted according to the approximate volume reduction factors. For
example, for both DWRs and PWRs, typical volume reduction factors for
noncompactible trash are about 0.2 to 0.4, while those for compactible trash are about

.

IFor cutting speed estimates, contact Newport News Industrial Corporation.
2 *There are some exceptions. For example, intricate pieces such as motor windings may
not be candidates for decontamination and recycle.
3 Reference 1 indicates thta the amount of compactible DAW generated at PWRs
correlates against person rem. but not at Imh ,

T
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3.8 to 5.7. De ratio of (1.e as generated compactible trash volume to the volume of
nonecmpactible trash generated at each type of piant can be approximated as follows:

|

Volume Compactible DAW O.9 x (3.8 + '5.7) |

^I I*N" " * II0Volume Noncompactible DAW (0.2 + 0.4)

Volume Compactible DAW 2.1 x 13.8 + 5.7)
At D Rs: " * E3Volume Noncorryactible DAW |0.2 + 0.4)

Ctven the estimated volume of noncompactible DAW generated, these ratios can be used
to estimate the associated volume of compactible DAW.

De foregoing algorithm presupposes that the itto dertved for all tasks is applicable to
any one task, and that the ration demed in i are applicable today Doth of these
ar.sumptions are questionable. With respect to the latter one, we know that the
technology of waste volume reduction has evoh ed considerably over the past five years.
In 1981, the sverage volume reduction for compactible DAW was 3.8 at PWRs and 2.3 at
DWRs (Ref.1). Typical volume reduction factors range between approximate}y four and
seven today. However, the volumes of noncompactible DAW generated havt also been
substantially reduced at some plants the past several years through the application of a
number of catrol measures. Therefore, the ratios of compactible to noncompactible

| volumes dertved in 1981 may still be valtd.

Data from two nuclear stations provide parttal corroboration of this conjecture.1 For
the PWR visited the ratio of compacuble to noncompactible trash volume shipped was
about 1.2. nts is reasonab}y close .o Ihe 0.9 ratto cited above. For the BWR vifted,
however, the ratto of as shipped compactible to noncompactible waste was less than 1.0,
whereas the 1981 survey data indicated the ratto at that time was typically about 2.0.
nts disagreement for the DWR case may stmpty due to practices unique to the utstity
supplying the data. Until a more comprehensNe survey of current ultitty practtees is
made,it is recommended that analysts use as shipped volume ratios of compactible to
noncompactible trash of 1.0 to 2.0 for DWPa. ,

4.* ION EXCHANGE RE8tN

ne generation of ton exchange restn IP or D IXRES!N) is a function of the quaritity of
dissolved solids in the 11guld stream oeing prwessed. Primary system or fuel pool
water, which is very clean (approximately 2 micro mho conductivity or 2 ppm
dissolved solids), results in the r,eneratton of appmxtrnately one cubic foot of resin per
105 gallons (approximately the volume of the primary system) of itquid . After volume
increase imm solidification, one cubte foot of generated resin results in mughty 1.5
cuble feet of as shipped restn. Draining of the prtmary oystem does not necessartly
result in the depleuon of restn. since the primary system fluid may be stored in tanka
and re used.

I s a test of this hypothests, we dertved these rattos for the two stationt ,stted in theA
course clthis study using data appheable to 1984, ne results, based on as shipped
conditions, are:

Volume Compactible DAW
Vtsited PWRs. "

Volume Noncompactible DAW

Voh.me Compactible DAWy 0 25 - 0.5=\,olume Noncompactible DA%.
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Plant floor drain water is considerably dirtier (approximately 150 micro-mho'

conductivity) than primary system water, Accordingly, approximately c ne cubic foot of
| resin is generated per 103 to 104 gallons ofliquid .

! Ion exchange is also generally used to clean up solutions which are used to chemically
decontaminate LWR systems. De quantity of resin generated depends on the volume
and condition of the system being decontaminated, and the decontamination solution
which is used. Chemical decontamination has been widely used to clean up these LWR
systems -- the BWR recirculation piping system, the BWR reactor water cleanup system,
and the PWR steam generator channel head. Three decontamination soluuons have
been used - LOMI, Candecon, and NS1.

Using LOMI as the solution, decontamination of a BWR recirculation piping system
takes approximately 4,000 to 6,000 gallons of solution and results in the generation of
roughly 400 cubic feel oflon exchange resin. Decontamination of a BWR reactor water i4

cleanup system takes approximately 2,000 to 3.000 gallons of solution and results in '

the generation of roughly 200 cubic feet ofion exchange resin. Decontamination of a
steam generator channel head takes approximately 100 cubic feet of ton exchange
resin. All other factors being equal, use of Candecon rather than LOMI as the
decontaminauon solution results in approximately the same waste volume as LOMI, ;,

After volume increase from solidification, one cubic foot of generated resin results in
approximately 1.5 cubic feet of as shipped waste (based on solidification in cement). '

Particulates entrained in the decontamination solution are removed using filters.
i However, the volume of waste filters generated is typically negligible in comparison

with the spent ton exchange resin. '

; 45 FE1ERS
'
,

At one BWR utility the system used to decontaminate personnel respirators generates
roughly 1 x 10 3 ft3 of waste filters per respirator decontaminated. Approximately one- t

half of this waste is compactible DAW: the remainder is noncompactible DAW. At this
same utility, respirators are worn in approximately one third of cortainment entries.

,

Many stations, recognizing the high impact of disposable clothing on radwaste.

volumes, have converted to launderable clothing. Several use a FreonW system for
3laundering the clothing. At one utility, roughly 2 x 10 3 R of waste fillem are

generated per dressout (coveralls, shoecovers, hoods, bootles) . Dese waste filters are
compactible DAW. At this same utility, there are typically four dressouts per 10. hour
shift. '

:
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5.0 WASTE DISPOSAL COST ELEMENTS AND COST METHODOLOGY

here are four primary cost elements that contribute to the costs of disposing oflow-
level radioactive wastes generated at nuclear power plants. These elements are those
associated with processing, interim storage, transportation, and burial of the wastes.
His section discusses each of these elements. The costing methods and their basis are
posented to help the user of this document understand how the disposal costs are
derived. Hopefully, this section will also allow the user to adjust the cost basis as
necessary to reflect the effects of changing conditions relative to disposal costs.

There are certain characteristics of each waste stream which strongly influence several
or all of the cost elements. These characteristics are discussed and presented in Section
5.1. Section 5.2 then elaborates on the cost elements and the costing methodology.

All cost estimates generated in this study were based on a fixed volume of waste for each
waste stream. That is, given a fixed volume of waste in the as generated (unprocessed)
condition, the costs of disposing of that waste were determined. The value selected for

,

3100011. This value is quite arbitrary, but !this fixed volume in the as-generated state is
it does provide a reasonable basis on which to proceed. ne volumes of wattes generated i

as a result of NRC mandated repairs or modifications to nuclear plants can easily be in
'

this range, especially for the COrIRASH and NCTTRASH waste streams. Table 5.1 shows
the quantitles of the various waste types generated in typical BWRs and PWRs during
1981 (Itef.1). The quantitles shown are as-shipped, i.e., after processing. They indicate"

that the reference volume of 1000 ft3 selected as the basis for the present cost estimates ,

is reasonably small compared to the yearly total waste generated in typical LWRs.

7/Ud
TABLE 5.1

WASTE PRODUCTION SUMMARY FOR 1981

Waste 'lVDe Cubic Feet */ Unit Year Averages

BWR PWR
Dry

Compactible 15350 5800
Noncompactible 7200 6150
Other

. ICO 250
,

|

| Subtotal 22650 12200

'

Wet
Resit.s 2800 1250
Studges 5500 0-
Concehtrates . 2850 210Q

Subtatal 11150 3650

( Totals 33800 15850
|
|

'A!! vaiues refer to the as shipped conditions.

5.1 WAS'IE KEY CHARACTERISTICS

Several waste stream characteristics which enter into the determination of waste
disposal costs are presented in Tables 5.2 and 5.3. Each of the ten waste streams are
noted, along with the applicable volume reduction factors, the as shipped volume
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Table 5.2 BWR Weste Stream Characteristics 7/88

>

Volume As-Shipped As-Shipped Activity Activity Surface

| Waste Stream Reduction Volume (a) Density (b) Concentration Concentration Dose (c)

! Factor (cubic feet) (pounds per cubic foot) (Curies per cut.ic foot) (Curies per cubic meter) (R/hr)
!

I B-COrIRASli 2.3 440.3 18 2.50E-04 8.83E-03 0.02
3.8 '!64.7 30 4.16E-04 1.47E-02 0.03
5.7 176.4 45 6.23E-04 2.20E-02 0.03'

8.7 115.1 70 9.57E-04 3.38E-02 0.03
! 113.4 8.8 93.3 1.25E-03 4.40E-02 0.32
1

B-NCTRt Sli O.2 5000 42.6 2.66E-04 9.39E-03 . 0.01

0.4 2500 85.2 5.32E-04 1.88E-02 0.02
i O.6 1666.7 127.8 7.98E-04 2.82E-02 0.02

0.8 1250 170.4 1.07E-03 3.76E-02 0.02

B-IXRESIN O.7 1406.4 93.3 1.25E-OI 4.41E+00 3.33
0.95 1052.6 70.9 1.67E-OI 5.90E+00 4.84
1.4 714.3 70.8 2.46E-Ol 8.63E+00 8.95
2 500 75.3 3.52E-Ol 1.24E+01 12.08

4 250 93.3 7.04E-O l 2.49E+01 19.87

B-CONCLIQ O.7 1408.4 47.8 1.02E-Ol 3.60E+00 3.61

1.9 526.3 68 3.21E-O1 1.13E+01 11.43
i 2.4 416.7 56.5 4.06E-Ol 1.43E+01 14.77

i 3.8 263.2 88 6.42E-Ol 2.27E+01 18.95
1 4.5 222.2 93.3 7.60E-Ol 2.68E+01 22.44

B-FSLUDGE O.56 1785.7 96 1.30E-Ol 4.59E+00 3.29
2 500 60.3 4.64 E-01 1.64E+01 15.78

4 250 69.3 9.28E-01 3.28E+01 31.56
'

!
i

Notes-
(a) For 1000 cubic feet of as-generated waste
(b) Including binder where applicable
(c) Based on typical stream activity concentration

i

<
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Table 5.3 PWR Waste Stream Characteristics 7/88

Volume As-Shipped As-Shipped Activity Activity Surface

Waste Stream Reduction Volume (a) Density (b) Concentrat!cn Concentration Dose (c)

Factor (cubic feet) (pounds per cubic foot) (Curies per cubic foot) (Curies per cubic meter) (R/hri

P-COTRAsil 3.8 261.7 30 7.00E-04 2.47E-02 0.06

5.7 176.4 45 1.05E-03 3.70E-02 0.07
8.7 1!S.I 70 1.89E-03 6.69E-02 0.07

113.4 8.8 93.3 2.10E-03 7.42E-02 0.7

P-NCTRASIi O.2 5000 46.6 5.32E-04 1.88E-02 0.03
0.4 2500 93.2 1.07E-03 3.77E-02 0.03
0.6 1666.7 139.8 1.60E-03 5.65E-02 0.03
0.8 1250 186.4 2.13E-03 7.53E-02 0.03

P-IXRESIN O.7 1408.4 91.3 7.82E-02 2.76E+00 1.84 i

O.95 1052.6 76 1.05E-01 3.69E+00 3.55 |

1.4 714.3 74.1 1.54 E-O1 5.45E+00 5.03 |
|

2 500 93.3 2.00E-O 1 7.07E+00 6.97

4 250 93.3 4.40E-Ol 1.56E+01 10.64

P-CONCIJQ O.7 1408.4 91.3 7.10E-03 2.51E-Ol O.15

3.7 270.3 76 3.74E-02 1.32E+00 1.06

5.4 185.2 74.1 5.47E-02 1.93E+00 1.85

6.6 151.5 93.3 6.68E-02 2.36E+00 1.85,

10.4 96.2 93.3 1.05E-Ol 3.72E+00 2.27

P-FSLUDGE O.56 1785.7 96 3.94E-02 1.39E+00 1.17

2 500 69.3 1.41E-01 4.96E+00 5.61

4 250 69.3 2.81E-01 9.93E+00 11.23

Notes:
(a) For 1000 cubic feet of as-generated waste
(b) Including binder where applicable
(c) Based on typical stream activity concentration
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resulting from 1000 ft3 of the as-generated wast +. the as-shipped waste density and the
activity concentration and surface dose rate for the as packaged wastes. ne latter two
characteristics are based on the typical activity for each waste stream as reported in
Ref.1.

There are some dt.Terences in the waste stream characteristics due to the reactor type
involved. De concentrated liquids, for example, will be different between BWRs and
PWRs. nelr chemical makeup is di1Terent as is their typical acthity levels. nese
11guld waste streams have different levels of solids concentrations, and thus, their
densttles after processing will be somewhat dependent on whether they originated in a
DWR or a PWR. His also effects the extent of volume reduction achieved with a given
pmcess. A range of volume reduction factors is shown for each waste stream, ne |

i specific values shown in the tables correspond to what can be achieved with a specific
volume reduction system. For COTRASH. for example, the volume reduction factor
(VRF) of 3.8 is generally achievable with a standard drum compactor, ne VRFe of 5.8
and 8.7 correspond to an improved compactor and a "supercompactor", respectively.
The 113.4 factor corresponds to the volume reduction achieved when the compactible
trash is incinerated and the ash products are chemically stabilized prior to burial. For
BWF.s. the lowest VRF for COIRASH is 2.3. His is the norm reported for BWRs up
through the early 1980s (Ref.1).

,

ne noncompactible trash waste stream is not amenable to extensive volume reduction.
The 0.2 and 0.4 VRFs imply hand packing of these waste materials but with different <

degrees of care. Even the 0.4 factor may be optimistic. De 0.6 VRF corresponds to
careful cutting and hand packing of the noncompactibles to leave as little void space in '

the disposal containers as possible. The final NCIRASl{ case that with a VRF of 0.8
assumes careful cutting and .'1and packing plus compaction of the waste in a
supercompactor. Some compaction should be possible which could reduce void spaces.
Gome of the scrap materials in this waste stream can be compressed into more
condensed forms. Examples of this are thin walled electrical conduit and thin walled
piping. Dese can be flattened. The density corresponding to NCIRAS!! with a VRF of
1.0 is the theoretical density of this waste stream based on the compositions defined in 1

Section 3.1.1.1.

The activity concentrations noted in Tables 5.2 and 5.3 are based on the typical waste
stream activity as reported in the EPRI spor)sored utility survey (Ref.1). The activity '

concentration obviously increases as the waste itself is concentrateu in the volume
reduction processes.

he st .cific activity for a given waste stream can vary widely from one plant to the next'

and from one batch of waste to the next within a given plant. To account for such
; variations, an activity range of -10x to +100x was assumed and used in assessing the

importance of activity in determining waste disposal costs. This factor of 1000 range
generally encompasses the ranges reported in Ref.1.

Tables 5.2 and 5.3 present rough estimates of the surface dose rate applicable to each
waste stream and the extent of volume reduction achieved. nese surface doses apply to
the waste following its processing and placement in unshielded burial containers, ne,

! surface dose was estimated using the following approximation: ||

Constant x curies per Container
'

,
Weight of Filled Container

!
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where

Weight of Filled Container =

3Weight of Container (7.5-ft barrel = 60 lbs) + Weight of Contents (volume x
density)

The constants are different for each waste stream. They are shown in Table 5.4 (from
Ref. 2), The dose measured at the surface of a waste container is roughly proportional to
the number of curies per unit mass of disposed material. The proportionality constant
is a function of the matertal density, its compaction, radioactivity, and the containes

,

!gecmetry,

TABIE 5.4
CON 7ACT DOR RAM CONSTANTS !

Constant

Waste Stream (R/hr/C1/lb)

B COTRASH 2.60 x 103
B-1XRESIN 2.86 x 103

B-CONCLIQ 2.99 x 103

B FSLUDGE 2.63 x 103

D NCTRASH 2.64 x 103

; P-COTRASH 3.38 x 103

P IXRES!N 2.45 x 103

P CONCLIQ 2.81 x 103

P FSLUDGE 3.09 x 103
t

P NCTRASH 2.98 x 103

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

5.2 WASE DISPOSAL COST ELEMENTS

The major waste disposal cost elements are those resulting from processing, interim- i
storage, transportation, and burial. Each of these is discussed in the following sections. '

i nese discussions present the cost basis and important assumptions used in
| quantifying waste disposal costs. I

l

5.2.1 Processing Costa

!Processing encompasses all actMlles and costs associated with converting and/or
packaging raw wastes (as generated) into states or conditions wherein they are suitable
for storage, transportation, and burial. For the simplest case, this may only involve
placing the waste into suitable containers. On the other extreme, it may involve drying
or incinerating, mixing of the residue in a solidification or stabiltzation agent, and
placing in appropriate containers. The nature of the processing willinfluence the costs ,

associated with this element of waste disposal. )

'Two major aspects make up processing costs. %ese are labor costs and the costs of
'

consumables. Manpower is needed to control the physical movement of waste from its
s
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origination points in the plant to the processtng equipment and from this point to on-
site storage or to the point where it is shipped off site for burial. Manpower is also
needed to carry out the actual processing and packaging of the wastes. And finally,
labor is expended in maintaining the processing equiptnent.

We category of consumables associated with waste processing includes the waste i

containers (drums, boxes, high integrity containers, etc.), energy used in processing and 1

materials used to sohdify or otherwise stabilize the wastes. I

I
Table 5.5 displays values of the pertinent parameters used tc calculate processing costs. '

The values vary, depending on the waste stream and the extent of volume reduction
achieved. The information presented in the table is largely derived from Ref. 2. Where
practical, the information was cross-checked based on actual utility experience,
although this was possible in only a few cases. 'nie information in Ref. 2 is oriented
toward the use of 7.5 cubic foot drums for the waste containers for all waste streams.
This type of container is still widely used in the U.S. nuclear industry. Many utilities

3use larger containers such as 100 and 200 R boxes for waste such as compactible and
3noncompactible trash. Our assessn.ent has assumed the use of 7.5 R drums as the

disposal container. The cost projections on this basis should be somewhat on the high
side, but not to any significant degree. Aspects such as operator time and container

3handling time could be expected to decrease on a per unit basis (hrs /ft ) for larger
3containers than the 7.5 R drum.

The equipment operator time is based on total annual operator manpower
requirements and total annual system throughput, i.e., total volume of waste shipped
annually. Rus, the values tabulated in Table 5.5 are averages across all waste streams.

The unit energy costs can vary widely, depending on the waste stream and volume
reducuon process involved. The larger costs are associated with incinerr. tion and
evaporation processes. These processes require supplemental fuel and other heat
sources.

All unit values displayed in Table 5.5 are referenced to the as shipped condition, i.e., to
the state of the waste aRer it has undergone its volume reduction treatment and has
been placed in containers together with solidtfication agents (as applicable).

The costs associated with waste processing as defined for the present purposes excludes
the capital costs of the processing equipment and related structures. The equipment
and facilities are needed on a routine basis at all nuclear plants to process wastes
generated during the course of routine operation and normal repairs and maintenance.
On the other hand, operator time and volume reduction equipment maintenance costs
have been charged as part of the overall processing costs. Here the assumption is that
operators and waste handlers could usefully be applied elsewhere in the plant on other
activities were it not for the specific incremental waste processing requirement of
interest here. It is also assumed that wastes generated as a result of NRC mandated
repairs or modifications to plants will generate incremental maintenance
requirements on the waste processing equipment.

ne actual calculation of waste processtng costs proceeds as follows.

fantainer Costs:

3As venerated Waste volume ift |h d =
3Container Volume [ft ] x Volume Reduction Factor
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Table EL5 Waste FmcW Unit Cost Comaponnents (1988 douars) 7/88
Waste Volume Waste Binder Binder Equipment Container Energy Maintenance

Stream Reduction Unit Unit Unit Operator liandling Unit Unit
Factor Mass * Mass * Cost Time Time Cost Costs -

IIbs/cu fil IIbs/cu ft| ($/cu Al thrs/cu ft) ihrs/ cont | l$/cu fil ($/cu fil

col'RASli 23 18.02 -- -- 0.14 1.0 0.02 4.16
3.8 30 -- -- O.14 1.0 0.03 4.16
5.7 45 -- - 0.15 1.0 0.03 4.93
8.7 70 -- -- 0.18 1.5 0.08 8.51;

113.4 66.67 26.7 1.55 0.27 1.0 126.51 11.45

BWH/PWR
NCTRASil O.2 42.6/46.6 -- - O.14 1.0 0.00 0.01

0.4 85.2/93.2 -- - O.27 1.0 0.00 0.02
0.6 1:t.7.8/139.8 -- - 0.41 1.0 0.03 0.02
0.8 170.4/186.4 -- -- 0.41 1.0 0.08 0.02

BWR/PWR
IXRESIN O.7 48 51.3/48.0 0.05 0.14 0.8 0.05 3.33

0.95 64.2 0.0/O.0 0.00 0.14 1.0 0.05 4.84
i 1.4 30.1 40.7/36.9 0.13 0.33 0.5 1.66 8.95

$ 2 34.07 40.7/34.7 0.13 0.80 0.5 7.35 12.08
'

| 4 66.67 26.7/26.7 1.55 0.60 1.0 7.35 19.87

B-CONCIlQ O.7 46.67 44.7 0.05 0.14 0.8 0.05 3.61
'

l.9 49.33 26.7 1.55 0.22 1.0 0.05 11.43
' 2.4 33.33 40.8 0.13 0.33 0.5 7.50 14.77

3.8 56 37.3 0.13 0.80 0.5 12.22 18.95
I 4.5 66.67 26.7 1.55 0.52 1.0 30.07 22.44
!

i P-CONCllQ O.7 42.67 51.3 0.05 0.14 0.8 0.05 3.61
S.7 41.33 26.7 1.55 0.22 1.0 1.17 11.43
5.4 26.67 29.9 0.13 0.33 0.5 16.51 14.77i

j 6.6 44 44.0 0.13 0.80 0.5 20.89 18.95
1 10.4 66.67 26.7 1.55 0.52 1.0 46.14 22.44
i
1

FSLUDGE O.56 48 48.0 0.05 0.14 0.8 0.05 3.29
2 34.67 34.7 0.13 0.45 0.5 7.37 15.78,

4 34.67 34.7 0.13 1.15 0.5 7.35 31.56

* Note: Cost components and unit masses are based on the as-shipped conditions of the wastes.

_. - - - . . , - - _ - . . - - . ._. _ . _. . , _
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Container Cost = Container Unit Cost . Container '.
x No. Required

3Based on recent vendor estimates, the cost of 7.5 fl drums is $60.00 each.

Binder Cost:

Binder Cost =

3Binder Unit Mass [lb/ft ] x Binder Unit Cost [$/lb) x No. of Containers x
3Container volume [ft )

nree different binder materials were considered. depending on the waste
stream and volume reduction process used.

,

Binder cost. $/lb

Cement 0.05 '

Bitumen 0.13 8

DOW 1.55

Note that the binder unit mass is per unit volume of processed waste. I

!
i
| Enentv Cost
l i
! Energy Cost =
! !

3; Energy Unit Cost * ($/n3] x No. of Containers x Container Volume [ft ]
i

Labor Cost

Container Handling Cost = t

Unit Handling Time ihrs/containerl x No. of Containers x Labor Rate [$/hr)

.
Equipment Operator Cost =

,

i .

3 !; Equipment Operator Unit Time' [ hrs /ft 1 x No. of Containers x Container
3Volume [ft ] x Labor Rate [$/hr]

,
'

Sultable labor rates for equipment operators and waste handlers were4

j assumed to be $32.00/hr, including overheads and fringe benefits. |
. Maintenance Costs:
! I
' '

Maintenance Costs a

Maintenance Unit Costs' [$/ft ] x No. of Containers x Container Volume [fl ) |3 3

; ne overall processing cost is the sum of the foregoing individual costs, nese
are the costs of processing a given volume of as generated waste.

i

3* Per R of processed waste i

8 .

i
,
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5.2.2 Transportation Costs

Transportation costs encompass all activities necessary to transport radioactive waste
from the nuclear plant to the burial site. It includes shipping charges and fees
associated with shielded van or cask rental if such casks are needed. This element does
not include costs of plant personnel labor needed to load the radioactive wastes onto the
transport vehicle. His labor is accounted for in the processing costs.

De calculauon of transportation costs used a number of assumptions and bases. These
assumptions and bases are as follows:

1. M1 shipments are made via licensed and qualtfled commercial carriers
using in2cks. Shipment by rail was not considered, his is consistent
with prevalent practice in the U.S. nuclear industry.

3All wastes are shipped in /.5 ft drums. This is not the most effective2.
container size for some waste streams but is still widely used at the
present time. He use oflarger containers may result in somewhat lower
transportation costs.

3. Shipments to the burial site are made only when full-truck load
shipments are available. When the quantity of waste ofintercat would
not make up a full load or where a combination of full loads plus a-

partial load was involved, the partial load was essentially assumed to be
stored at the plant until the next full load shipment was available. In
this way the partial load was assessed transport costs only in proportion
to the fruction of the full load represented by these wastes. For example,
if the particular wastes of interest would constitute 21/2 truck shipments
the transportation costs for this case would be the costs of two full

| shipments plus half the cost of another full shipment.
i

4. It was assumed that all shipments employ only a single driver. We ,

average distance traveled by truck with a single driver is 500 miles per
day.

,

5. The maximum payload capacity for non ovenveight vehicles is 45000
pounds. The maximum payload capacity for shielded vans is 26000 lbs.

j 6. De time required to load the waste onto the trucks plus the time
'required to off load at the burial site is one day or less.i

i |
'

7. Transportation costs are assessed as if they are present day costs, even
.

though wastes may be stored on site for lengthy periods of time prior to
| shipment,
r

8. Transportation fees are based on present day rates charged by licensed
radioactive waste carriers. Where difTerent rates would apply in different'

>

parts of the country, these rates were averaged and a single rate was used.4

i 9. Shielded vans or shipping casks, when needed, are rented or leased '

| rather than purchased by the utility.
|

| 10. The maximuin practical number of 7.5 ft3 containers that can be
'

transported on a single truck load is 80.

; 11. Inspection fees for safe packaging and transportation of low level
radioactive wastes can be substantial, for example. $2500 in the State of |

i Nevada: these costs. however, are assumed to have been already incurred ;

;
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by the utilities whose wastes travel through states requiring these one-
time inspections or have been exempted from the fee based upon past
performance.

12. Liability insurance costs are assumed to be reflected in the rates charged
by transporters and it is usumed that the transporters are insured for
hauling radioactive materials through industry pools.

Several factors determine the magnitude of waste transportation costs. One primary
factor is distance. Another is the number of shipments that will be required to
transport a fixed quantity of waste. A third factor is whether or not shielding must be
provided during transport.

Three conditions determine how much waste can be transported in a single truck
shipment. nese conditions detennine how many separate shipments must be made to

transgort a fixed quantity of waste. First, barring other limitatic.ts a maximum of 1607.5 ft containers of waste can be accommodated on a single truck shipment. However,
3the current practice is not to haul more than 80 7.5 ft drums on a single truck load.

Loads with more than 80 drums are possible, but such loads entall greater care and
effort in loading and unloading. A maximum of 80 containers per shipment was used in
the present cost assessments.

The second limiting condition on quantity of waste transported in a single truck load is
gross payload weight. The maximum shipment load is about 45000 pounds. This is the
maximum waste payload if the activity level is low enough that shielding is not
required. If shielding is required and a shielded van is used, this payload drops to about
2607) pounds.

The third condition limiting the quantity of waste transported per truck is that
imposed by shielded cask size and weight. De surface dose of the packaged waste
generally determines the type of cask needed to meet transport regulations. A host of
cask sizes and capabilities are available to meet utility needs. We cask v' eights and
sizes are such that generally only a single cask can be accommodated on a truck bed at
one time.

Table 5.6 presents a listing of typical shipping cask capabilities and limitations. ne
listing shown is not exhaustive but is felt to be representative. The surface dose of the
waste detennines the minimum cask shielding requirements needed for a given
shipment of waste. The table also indicates typical cask rental fees an 1 paylrud limits
used in the present analysis. Competitive pricing may have temporarily reduced the
cost ofleasing shipping casks. The cost reductions on bid work have ranged from 5-
20% over a three year period. This cost reduction appears to be minor and temporaiy
until the number of competitors decreases.

58
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TABLE 5.6

SHIPPINO ",ASE CAPABILITIE% (1988 DOLLARb)

| Maximuut Drum Maximum lease
Shipping Surface Dose Drums per Cost, Payload t

'

Cask Description Rate, R/hr Shipment $/ day Limit,1b

45000Unshielded Van .20 80 -

Shielded Van .75 75 100 26000
21 Drum Cank 3.0 21 225' -

14 Drum Cask * 15.0 14 250 -

14 Drum Cask 50.0 14 500 -

8 Drum Cask 750.0 8 750 -

' Heavier shielding |.

i

!

Shipping casks are as*umed to be leased or rJ.ited on a daily basis rather than !
purchased. Utility ownership of cusks may be more economical in the long run, but this

,

r

option was not considered here. Cask rental fees typically are not the major4

contributor to shipping costs.

If a shielded van or cask is required, it is assumed that the van or cask must be.

transported to the plant from a terminal near a burial site before use, ne an% sis
assumes that rental fees are charged for the deadhead time when the cask is be'.ng sent4

empty to the plan . One day is allowed for loading and unloading of the wates. Thus, if
a cask is needed the cask rental time is taken to be the round trip time plus the one day

*

; for loading and unloading.

Shipping rates typically vary with distance traveled, and they may vary from one part:

| of the country to the other. Certain states require permits for the transport of
radioactive materials within or through their boundaries. Typical fees for such
permits range from $50 to about $125 per shipment per state or municipality. Only

j seven states require such permits at the present time, nese charges are relatively
small compared to total transportation costs. Derefore, they were not included in the!

; present evaluations.

; ne shipping rates used were based on commercial shipper rate schedules effecuve ,

' through at least mid 1988. The rates apply to low. level radioactive waste and the
related shipping casks ne schedule used spec 10ed separate rates for destinations west
of the Mississippi River auc cost of the Mississippi River. nese two retes were i

averaged to define a single rate for use in the cost calculations. [.

i
q

; Table 5.7 presents the mileage rate schedule. It shows charges per mile for both one way ;

shipments and rourid trip shipments. Round trip shipments apply whenever a shleided
i

van or shielded cask is used to transport the radioactive wastes. [
: ;

! !
.

,
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TABUC 5.7

WASTE TRANSPORTATION RATED (1988 DOLIARS)

Maximum One way One-Way Rate, Round Trip Rate.
Distance, Miles $/ Mile $/ Mile

____

100 5.12 3.58
250 3.18 2.30
500 2.25 1.61
750 2.03 1,51
1000 1.85 1.51

over 1000 1.90 1.51
,

in the prewnt analysis several one way distances were used in calculating
transportation costs. These distance.* v"re 250, 500,1000,2000 and 3000 miles. Costs
were calculated for each waste stream for each of these distances.

As a general aid to the user of this document, a survey was made of the distances from
nuclear plants to each of the three burial sites. The survey was made for each NRC
region. Table .,.8 indicates the average, mimmum, and maximum distances between
the reactor sites in each of the 5 NRC regions and the 3 waste depository sites (Barnwell
SC: Deatty, NV; and Richland. WA). 'Ihe mileage were estimated by measuring the
straight line distances on a map, scaling to mues, then multiplying by a factor of 1.2 to
account for actual road miles.

In Region V, about half the sites are within 380 miles of Beatty, Nevada and the other
half are within 260 miles of Richland, Washington. Similarly, in Region IV, one third
of the plants are approximately 1370 miles from Beetty, NV and the others range from
820 to 1820 miles from Beatty. Two-thirds of the Region IV plants are within 1100
miles of Darnwell, SC. Regions 1.!!! are sufficiently detailed in Table 5.8.

'
7/88

TABLE 5.8
APPROXIMATE DISTANCES 7 ROM POWER PLANT SITES

TO WAST 1C REPOST1t) RIES FOR EACH NRC REGION

Darnwell, SC Deatty, NV Richland, WA
NRC Region Aq. Min. Max. Avg. Min. Max. Avg. Min. Max.;

t I 800 570 1200 2740 2300 3020 2600 2350 3020
11 310 140 670 2200 1780 2780 2450 2100 3120

!!! 910 720 1300 1870 1630 2300 1870 1400 2300
IV 000 720 1630 1370 820 1820 1680 103 ' 2300
V 2500 2160 2880 620 290 1010 500 30 1200

-. .

'

The calculation of transportatfor costs is described below.

00
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j

1

Number of shioments reautred: '

The number of containers of waste genemted from the reference volume of .

31000 ft of unprocessed waste is detennined as discussed in Section 5.2.1. The
contact dose rate is also determined as noted in Section S.I.

,

; Given the number of containers of waste and the surface dose rate, a
i

comparison is made with the limits specified in Table 5.6 describing shipping !
cask capabilities. That comparison determines the need for a cask, the cask I

capabilities, and maximum weight limitations. The maxiraum number of
L

containers per truck is determined from that comparison. The number of '

shipments is then determined.

'

No. Shipments per Total No. of Containers
No. of containers per shipment

: unp ocess d waste

| As pointed out previously, where, fractional loads enter into the assessment of !
3the transport costs of a given 1000 f1 of as generated waste, the partialload *

; segments are assumed to be stored at the plant until a full truck load
i shipment is available for transport. The transport costs are apportioned to i

the waste according to the fraction of a fullload occupied by the waste in ;
'question.

if a cask or shielded van is required, round trip distances and rates are used. !,

j Cask rental fees are charged as approp11te. Trip duration is calculated as j

} follows.
,

;
!

; One way Distance (mil x RT
iTrip Time = +I500 (ml/dayj ;,

i

i

Where IU is 1 if an unshielded van is used, or 2 if a shielded van or casks are i
'

used.

Cask Rental Costs:

Cask Rent = TIME |daysl x Rental Rate l$/ day)

Milease Costs: !

The mileage costs are determined from the transportation rates (Table 5.7), the [
one way distance from the plant to the burial site, and the RT factor as

,

determined above, j

Mileage Costs Per Trip n Rate l$/ mil x Distance [ml| x IC

Transoortation Costs:
.

Total transportation costs = (mileage costs l$/ trip) + cask rental ($/tripl) x !
number of shipments (

i

!

$

| 61 |
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5.2.3 B arage Costs

ne uncertainty in the availability of permanent burial sites for low level radioactive
wastes has caused many nuclear utiliues to plan for interim on site storage of these
wastes. The limited survey of utilities revealed that about half of those contacted had
already made such provisions. De amount of waste that can be stored on-site varies
considerably, ranging from what is produced in a six month period to that which would
be produced over as much as a five year period.

The present cost assessment has included costs associated with on site storage of
radioactive wastes. ne assumption is made that a given an ount of storage floor space
is required for each container of waste produced by the plant. Thus wastes generated as
a result of NRC requirements are assumed to generate incremental storage space needs.
The capital costs associated with this incremental space are added to the other costs
associated with waste disposal.

ne capital costs for on site storage facilities are based on information presented in
Ref. 2. That source gives storage facility requirements and costs for a specine type of
facility, it is assumed herr: that these costs and requirements are reasonable, but they
may not represent (Mustry wide average costs for such facilities.

De data repmed in Ref.1 indicates that LWRs generate on the order of 3000 drums of
packaged waMe each year, assuming that nominal volume reduction processes are used

3and that the wastes are packaged in 7.5-ft drums. The wastes gener ated as result of
i

NRC mandated repairs or modifications are typt: ally a small fraction of this total l

(Ref.1), i.e.10% or less.

Reference 2 states that storage facility costs would basically be made up of a fixed
component and a vartubic component. The fixed compenent includes costs for
handling equipment (cranes, fork 'ifts), loading bays, fixed walls, a control room, and
engineering design and construction management. Th2 variable component is the cost
of the storage space itself, which varies depending on the amount of waste which can be
accommodated.

The present assessment has included only the variable component of the storage space
costs. Wis is because the fixed cost component is assumed to be incurred by the utthty,

1 in allowing for the storage of wastes generated as a result of routine operattor'.s and '.

i maintenance. Also, as noted above the volume of wastes generated as a result of NRC
requirements is small ccmpared to the normal annual volume of waste produced by a,

typical L%T1.*

I Reference 2 indicates that, beyond a certain size, about 0.72 ft2 of storage area floor
! 3space is needed for each 7.h.ft drum. This Door space requirement per drum assumes t

that the drums are stacked one on top of another; several high. Wis incremental
i' amount of floor space is appropriate for facthties which can hold about 1000 drums or .

|

more. As indicated above, typical LWRs produce the equivalent of about 3000 drums per
year. Thus even a one year storage capability would be expanded to accommodate
incremental wasto at the rate of about 0.72 ft2 per drum, his value was used in
determining the incremental space requiremems used in the present assessment. We
cost per square foot of storage area var'es. depending on the dose rate of the wastes. He '

capital costs cited in Ref. 2 (in 1982 dollars end escalated to 1988 dollars) are as follows: ,

) Capital Costs of Intertm Stora;te Facilittes

2 21932 crts IS/ft 3 3938 cost, tsfr13

Surface dose <100 mR/hr 98.00 105.91
Surface dose >100 mR/hr 108.00 110.71.

j G2 >

l
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ne storage costs associated with a given volume of as-generated waste is calculated ass

follows:

f **g2 2Storage space floor area required (ft ] := 0.72 (f1 / drum) x j

.

2 2Cost = Storage area [f1 ] x Unit Cost [$/ft |

l
5.2.4 Burial Costs [

>

Burial costs have been rising more sharply in recent years than the other elements of
waste disposal costs. In many instances, this is the dominant cost component.

Durtal costs include the fees charged for cask and waste handling, burial of the :
radioactive materials, and fees such as those set up to provide perpetual care of the r

burial sites. Other fees and taxes art also assessed by some of the states with
commercial low level radioactive waste burial sites. Different inspection !4

j requirements and different fees are charged by the different states involved,
i

; Currently there are only three sites available in the U.S. for the disposal of low level
radioactive wastes. Two sites are operated by U.S. Ecology. Inc. These are located in

i. Deatty Nevada, and Richland. Washington. De third site is located at Darnwell South i

Carolina and is operated by Chem Nuclear Systems. Inc. !
;

Section 5.2.4.1 discusses present-day burial costs as determined from rate schedules ;.

obtained from the operators of the three existing low level waste burial sites. !
,

! !> gislation was passed in the U.S. Congress in 1980 which required the fonnation and i

i dt.velopment of additional burial sites to serve regional needs. Most states have joined |
; compacts to develop regional burial sites, and Congress has legislated a surcharge
{ schedule to ensure that these new burial sites are operating by 1992. %ts legislation

,

| will have a significant impact on buttat costs. These potential impacts are discussed in |
4 Section 5.2.4.2.
!

5.2.4.1 Cunent Durial Costs

The contacts with utthtles made during the course of this study indicated that all three
,

of the existing commercial burial sites are being used by utilities for disposal of their
Iow level radwastes. Some utilities will ship one type of waste to one site and anotheri

type of waste to another site. although there is no unifonnity from one utility to i,

I another in regard to this practice. Dus it is impractical to attempt to predict where a ,

[ given utility or the phmts in a given region of the country will ship to in the future. ;

! i

| In determining suitable burtal cost algorithms,. investigators obtained present day rate !

schedules app 1! cable to the three available burial sites. The rates charged by U.S.|
,

( Ecology for their Beatty Nevada, and llanford, Washington, sites are not vastly t

| different, nese were averaged to establish a single U.S. Ecology rate whedule,
t
'

We costs of burial at sites operated by U.S. Ecology. Inc. are dependent on the dose rate i
'at the waste contatner surface, the wefght of the containers, and the total curie
!imentory per truck load of wastes. Charges are also assessed for cask handling.

decontamination services and unusual exposure to personnel if app!! cable, r
t

ne averaged rates charged for waste disposal at the Deatty Nevada. and llanford. ;

Washington. burtal sites are shown in Table 5.9. Special case charges. such as those l

levied for unusual persormel exposure or decontamination are not shown. We ;

assumption used in the present calculations is that these unusual charges should not l'a ;

i.
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Table 5.9
Average of US EceWs Beatty, NV and Hanford, WA Rate Schedules for

Burial of Low Level Radioactive Wastes
E5ective August 17,1967

I
.

'Disposal Charge (Packages 12.0 cu ft or less):

R/hr at Container Surface Price per cubic foot

0.00 0.20 $28.98
0.201 - 1.00 $30.10
1.01 2.00 $31.43
2.01 5.00 $32.50
5.01- 10.00 S36.38
10.01 20.00 $41.93
20.01 40.00 $48.13

Minimum charge per shipment, excluding surcharges and specifle other charges, is $485.00

Surcharpes

Surcharge for Heavy Objec'.s

Weight of Container Surcharge per Container

0 10000lbs No surcharge
Ch'er 10000 lbs $214.76 plus 10*/lb abwe 10000 lbs

Curie Surcharges:

Curie Content per shipment Surcharge per Shipment

0 100 No surcharge
101 300 $1561.50 plus 20.5* /Cl above 100 Cl

Other Charges

Cask Handling Fee: $550.00 per cask, minJmum

Note: "the above rate schedule is abridged. Charges for weights and curies and
container volumes not mentioned are available from the burial site.

G1
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incurred if reasonable care is taken by utilities in processing their wastts and properly
packaging them.

De current rate schedule applicable for the disposal of wastes at the Barnwell, SC, site
3is shown in Table 5.10. At Damwell, a basic charge is assessed based on a $/ft rate

,

which is independent of the surface dose rate of the waste containers. Surcharges are
then assessed for container weiglat and the total curie content of the shipment ne
weight surcharge applies only if the waste containers must be ofIloaded using a crane.
Drums which are on pallets or waste which is in boxes can be handled by a fork lift and
the weight suttharges do not apply in most cases. However, if the waste was shipped in
shielded casks, then a crane must be used for ollloading and the weight charges do
apply. Damwell also assesses a curie surcharge which depends on the total curie
content of the shipment. Other charges include a cask handling fee and county taxes.

Both Damwell and the sites operated by U.S. Ecology will assess charges for special
nuclear materials (SNM) in the wastes. SNM includes U-233, U 235. Pu 241 and similar
fissile mat?rtals. Most of the waste streams contain small quantitles of these isotopes.
De highest concentrauons appear to be in the filter sludge waste stream (see Tables 3.1
and 3.2). Dere the nominal concentration for Pu 241 in D FSLUDGE, for example, is
1.15X10 2 C1/m3. For a thousand cubic feet of this waste, the total man of Pu 241
would be on the order of 3.0X10-3 grams. Thus the masses of these special nuclear
materials are very small and the SNM ch :rges were not included in the calculation of
burtal costs.

De predicted costs of burial at Damwell are significantly higher than those for burial
at Deatty, NV, or Hanford, WA. Costs are higher by from 10% or 40% to as much as a
tactor of 2 or so, depending on the waste stream. De higher costs are due to the higher
curie and weight surcharges assessed for disposal of waste at Barnwell.

ne evaluation of low level radwaste burial costs calculated the present day costs for
burial both at Darnwell and at the sites operated by U.S. Ecology, Inc. A single cost
number was then generated by taking a linear average of these two cost figures. nis
average burial cost was used in arriving at the estimated total cost for disposing of each
waste stream.

The calculation of burial costs proceeds as follows.

Durial at U.S. Ecolocv Sites

Compare container surface dose rate against rate schedule shown in Table 5.0.
Select the appmprtate burial rate.

3 3Basic burial charge = rate ($/ft } x No. of containers x container volume Ift ]

Check for application of weight charges.

Check for total curie content of shipment, assuming only one type of waste
with uniform activity levels is transported on a single shipment,

curie content = activity per containertCil x no. of containers per shipment.

Determine curie charge rate from schedule in Table 5.9.

Curie charge = charge per shipment ($) x no. of shipments per 1000 g3 or
; unprocessed waste.

O
,
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Table 5.10
Barnwell, SC Rate Schedule tor

Burial of Low Level Radioactive Wastes
Effective January 15,1988

Base Disposal Charge: $35.32/ta 4

Minimum charge per shipment excluding surcharges and specific ( Uer chargw. Gl So,00
'Ihe base disposal charge includes charges for the Extended Care Fund O2.80 'cu R),
the South Carolina Low Ivel Radioactive Waste Disposal Tax ($6.00/cu fin, and the
Southeast Regional Compact Fee (66e/cu 11),

Surcharpes

Weight Surcharges (Crane I4 ads Only):
t

Weight of Container Surcharge per Container

0 1000 lbs No surcharge
1001 5000 lbs $405.00

5001 10000lbs $710.00
! 1 COO 1 20000 lbs $1,010.00

20001 30000 lbs S1,310.00

Curie Surchuges for Shleided Shipments:

Curte Content per shipment Surcharge per Shipment
'

O5 $2.500.00
5 15 $2.820.00
15 25 $3,750.00
25 50 $5,650.00

1 50 75 $6,000.00
25 100 $9.350.00
100 150 $11,200.00

; I50 250 $15.000.00
| 250 500 $18,800.00

'

i

' Other Charpes

Cask liandilng Fee: $1,000.00 per cask, minimum |
'

Barnwell County Businese License Tar: 2.40% surcharge added to each bill
'

Note: The above rate !<hedule is abridged. Surcharges for we:ghts and curtes not
mentioned are available from the burtal site.

1

,

;
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|

Check container weight against midmum weight above which weight charges
are assessed. If greater than minimum weight, calculate charges as specified

,

in Table 5.9..

If a cask was used for transporting the waste, include the cask handitng fee.

Total costs for burial at U.S. Ecology sites

Basic Container Cask
+ Burial + + Handling i

t Weight
Charges Charges Charge

t

Burial at Barnwell. SCq

3 3rate ($/ft 1 x No. of containers x container volume [ft )Basic charge =

Check if a cask is used for waste transport. if yes, determine applicable weight*
,

charges per contair.er from Table 5.10.

| Weight charge rate ($/containerl x No. of containers per r=
31000 ft of unprocessed wasteI

Determine curie surcharges based on rates shown in Table 5.10.j

No. of shipments per !1
'

31000 R of unprocessedcharge per shipment [$) xcurie charge =
, waste r

b

] If a cask is used in transport, assess the cask handling fee.
,

'
i

Basic Container Cask ,

Total Curie Handling tWeight + Burtal + +*

j Cost = Charges Charges Charge j
( t

i Tax is applied to get the overall cost. i

i !

!, Average burial cost: ;

-

,

'
,

Darnwell US Ecology * j
| Audal + Budal c

i ~ost Cost !
.

'

*

,

Average =
2

; I !
1 As noted previous, burtal costs have been rising rapidly in the past few years. Users of |
1 this document should contact the burial site operators to determine current burial rate

|
schedules. Changes relative to the rates presented in Tables 5.9 and 5.10 must be
factored into the intended analysis to determine the prevailing burtal costs.:

1

! 5.2.4.2 Regloss! Burial Sites and Surchargee

In 1980. Congress passed the low.!xvel Waste Policy Act. Dy this act Congress directed
the states to set up regional, rr.ultistate groups responsible for disposing of waste |
produced in each region. The interstate groups were to be approved by Congress by |

January 1,1986. After that date, those states then bearing the burden for waste burial .. i1

! r

! l

*
,
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Washington, Nevada, and South Carolina - could refuse to accept wastes generated |
outside of their respective regions. Although several regional compacts had been '

formed as a result of the 1980 legislation, no new burial sites were developed as was I

intended.

On January 15,1986 Congress passed the 14w-Level Radioactive Waste Policy I
Amendments Act of 1985 (Puhlic law 99 240) (Ref. 7). Key aspects of this legislation are
as follows:

It approves several of the regional compacts (Rocky Mountain Southeast,*

Northwest. Midwest. Central Midwest and Central States).

It extends the deadline for access to the three existing low level waste*

disposal sites from January 1,1986 to January 1,1993.

It allows the imposition of surcharges by host states on out-of region.

generators.

It puts a cap on the nnximum volume of waste required to be accepted by*

the three existing 11W disposal sites.

lt provides for a pool of additional disposal volume in the event of unusual+

circumstances.

it allocates to each nuclear plant a set amount of capacity at the threee

existing disposal sites.

it provides for rebate of surcharges for waste generators in compacts.

meeting milestones for establishing their own waste disposal sites.

The 1986 legislation extended the time period wherein nuclear plants will be allowed to
dispose of their wastes at the existing burial sites. However, the provision for
surcharges on wastes produced by out of region genemtors could increase disposal costs
substantially. The schedule of surcharges was tied to several milestones that must be
met by compacts or single states "going alone'' by providing for their own radwaste
disposal facility. These milestones are:

States n.ust join compacts or declared themselves as a single state*

providing their own disposal site by July 1.1986

Compacts or single states must select a state and develop a siting plan by+

Janua2y 1,198-8.

Compacts or single states must file an application for a low level+

radioactive waste disposal facility with the NRC (or appropriate state body
if the sited state is an agreement state) by January 1,1990, or the non-
compact state must prove that is capable of storing, managing, and
disposing cf all low level radwaste generated within its borders.

All compacts or single states must file a complete application for a*

disposal facility with the NRC byJanuary 1,1992.,

; Access to out of state or compact disposal sites ends on December 31,1992.*

If these milestones are not met, the state or compact may be denied access to the existing
disposal sites. In 6.ddition, all unsited states and compacts pay surcharges of $20/ft3

3during 1988 and 1989, and $40/ft during and after 1990 (Note that states in the
Northwest, Rocky Mountain, and Southeast compacts do not pay these charges since

i :

CB



they are in a sited compact). A one year grace period, broken into two six month
segments, has been allowed for the 1988 milestone. ne penalty surcharge for the first j

stt month period is twice the applicable charge, t.e.. $40/n3. ne penalty surcharge for ;

3the second six month period is four times the applicable charge. i.e.. $80/ft . After
January 1.1989, states or compacts not in compliance with the milestones can be :

denied access to a current disposal facility, nere is no grace period for the 1990
milestone.

De suicharges are collected by the currertly sited states. Twenty five percent of the
funds are transferred to the Department of Energy and retumed to states as further i

incentive to meet the deadlines. 31s incentive money is be used for site selection.
development, and regulation. The incentive money is paid to states and compacts that

,

!

meet the milestones. If a state or compact falls to meet the 1993 deadline, the utility
may transfer possession of the waste to the state or receive its proportic,n of the
incentive payment that would have gone to the state. The unsited state also is liable fcr
any damages resulting from the unburied waste.

If a surcharge is applicable to the generic estimate being calculated, the following
formula should be used:

31000 ft Unproc. WasteSurcharge
,

1000 ft3 Unproc. Waste VRF

3For example, for typical activity DCOTRASil if the surcharge rate is $20/ft . and the
VRF is 3.78, then

1000 ft3 $20
= x = $5291Total Surcharge 3,73 F

Tables 5.11 and 5.12 contains a list of surcharges for each waste type. VRF. and various
surcharge rates for BWRs and PWRs. respectively.

Several states and compacts are already working on the desig 1 of the new disposal
facilities. The design of these new sites is tending toward the use of engineered barriers
rather than the traditional shallow landfill. The engineered barrier designs will
dramatically increase the capital cost of these new sites and these costs will be passed
on to the users, nese high capital costs, coupled with the trend toward volume
reduction in the nuclear power industry, will increase costs far higher than today. One

3 whenutility radwaste services vendor predicted burial costs on the order of $500/ft
the first new burial site opens.

Altogether, there are eight regionalcompacts consisting of a total of 30 states. Figure
5.1 shows the boundaries of the regional compacts (Ref. 8). Several compacts have made
decisions regarding their sites.

ne Appalachian compact consists of Pennsylvania. Staryland. Delaware,+

and West Virginia. Pennsylvania is host state.

ne Central hiidwest compact consists of Illinois and Kentucky. Illinois has+

been selected as the host state and is currently performing site
charactertration studies.

ne Central States compact conststs of Nebraska (host), Kansas. Oklahoma.+

Arkansas, and toulslana.

The httdwest compact consists of htichigan (host). Ohio. Indiana Wisconsin.*
hiinnesota. Iowa, and htissourt.

60
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Table 5.11 BWR Weste Disposal Suscharges (1988 deliers) 7/88

1

| Waste Volume Typical $20 Percent $10 Percent $80.00 Percent
'

Stream Reduction Activity percu it of per cu it of per cu it of
3

Factor Base Coeits * Surcharge Base Cost Surcharge Base Cost Surcharge Base Cost _

! COTRASli 2.27 $29.362 $8.811 30% $17.621 60% $35.242 120 % 1

3.78 $17.882 $5.291 30% $10.582 59% $21.161 118 % I

5.67 $12.129 $3.527 29% $7.055 58% $14.109 116 %
I 8.69 $8.&la $2.301 26% $4.603 52% $9.20G 104 %

113.4 $3.535 $176 5% $353 10% $705 20%

NCTRAS11 0.2 $335.311 $100.000 30% $200.000 60% $400.0n0 119 %
| O.4 $180.309 $50.000 28% 0100.000 55% $209.C&) 111%
i O.6 $176.485 $33.333 19% $C6.667 .' fE $133.333 76%

08 $140.667 $25.000 18 % $50.000 36% $100.000 71%

i IXRESIN O.71 $183.059 $28.169 15% > #Ai.338 31% 5112.676 62%
! O.95 $142.429 $21.053 158 $42.105 30% $84.211 59%
I 1.4 $114.429 $14.286 12 - $28.571 25% $57.143 50%
] 3 2 $105.475 $10.000 9% $20.000 19% $10.000 38% '

' 4 $65.804 $5,000 8% $10.000 15% $20.000 30% '

;

CONCllQ O.71 $182.606 $28.160 15% $56.338 31% $112.676 62 %,

1.9 $103.615 $10.526 10 % $21.053 20% $12.105 41%
'

2.4 $70.380 $8.333 12 % $16.667 24 % $33.333 47%
3.8 $m wr/ $5.263 8% $10.526 17 % $21.053 34%,

! 4.5 $G1.652 $1.444 7% $8.889 14 % $17.778 27%
i

. FSLUDGE O.56 $232.390 $35.714 15% $71.429 31% $142.857 61%
; 2 $95.308 $10.000 10% $20.000 21% $10.000 42%
! 4 $60.491 $5.000 7% $10.000 14 % $20.000 29%
l

* Total Disposal Costs per 1000 cubte feet of Unprocessed Waste Before Surcharges

1
4

!
1

4
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Tatdc 5.12 PWR Waste Disposal Surcharges (1988 douars) 7/88

,

Waste Volume Typical $20 Percent MO Percent $80.00 Pertt.nt
Stream Reduction Activity per cu ft of per cu ll of percu it of

Factor Base Costs * Surchanie Base Cost Surcharge Base Cost Surcharge Base Cost

. COTRASII 3.78 $17.882 $5.291 30% $10.582 59% $21.164 118 %'

5.67 $12.129 $3.527 29% $7.055 58% $14.109 116 %.
'

8.69 $8.848 $2.301 26% $4.603 52% $9.206 104 %
113.4 $3.819 $176 5% $353 9% $705 18 %.

]
NCTRASit 0.2 $331.981 $100.000 30% $200.000 60% $400.000 120 %

; 0.4 $179.393 $50.000 28% $100.000 56% $200.000 111%
'

O.6 $176.221 $33.333 19 % $66.667 38% $133.333 76%
0.8 $139.796 $25.000 18% $50.000 36% $100.000 72%

|

LXRESIN O.71 $151.856 $28.169 19% $56.338 37% $112.676 74 %
-

! O.95 $135.541 $21.053 16% M2.lOS 31% $84.211 62%
i 1.4 $106.012 $14.286 13 % $28.571 27% $57.143 54 %
j 2 $99.032 $10.000 10% $20.000 20% $40.000 40%
) 3 4 $61.214 $5.000 8% $10.000 16% $20.000 33%
!

! CONCIJQ 0.71 $98.857 $28.169 28% $56.338 57% $112.676 114 %
! 1.9 $42.904 $10.526 25% $21.053 49% $42.105 98%
.I 2.4 $25.339 $8.333 33% $16.667 66% $33.333 132 %

3.8 $28.570 $5.263 18 % $10.526 37% $21.053 74 %
i 4.5 $22.757 H.444 20% $8.889 39% $17.778 78%
)

FSLUDGE O.56 $193.011 $35.714 19% $71.429 37% $142.857 74 %
1 2 $80.993 $10.000 12 % $20.000 25% $40.000 49%

4 $61.064 $5.000 8% $10,000 16% $20.000 33%

* Total Disposal Costs per 1000 cubsc feet of Unprocessed Waste Before Surcharges

i
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ne Northeast compact consists of New Jersey and Connecticut. ney have*

currently decided for each to host a disposal site: one for Class A waste, and
one for Classes B and C waste.

nr. Northwest compact consists of Washington (host). Oregon. Idaho Utah,*

Montana. Alaska, and liawaii. The Hanford site in Washington will remain
open indefinitely.
De Rocky Mountain compact consists of Nevada Colorado. New Mexico,*

and Wyoming. Nevada will host until 1992 at the Deatty site. Colorado will
host thereafter.

The Sout' cast compact consists of Alabama. Florida, Georgia. Mississippi,a*

North Carolina South Carolina. Virginia, and Tennessee. South Carolina
will host at the Barnwell site until 1992, and then North Carolina will host a

site for 20 years.

Eleven states, the District of Columbia, and all other U.S. territories are presently on
their own. ne following status of these states is current as of March 1988, but is subject
to change:

Texas, California, and New York are developing their uwp disposal sites.*

nese states have made substanual progress toward site selection ar'd
characterization.

Massachusetts and Maine have plans to develop their own disposal sites, but*

are not as far alond as the previous group of states.

Rhode Island, a small LLW producer, has a contract through 1989 with the*

Rocky Moun.trJn ccmpact to dispose its waste at the Beatty, NV site. Because
of this arrangement Rhede Island wasjudged in compliance with the
miler, tones by the sited states. The District of Columbia ts seeking a similar
arrr.ngement with the Rocky Mountain compact. It is likely that the US
ove. seas possessions Puerto Rico, Virgin Islands, Guam, etc. will follow
suit since they are ::!ao very small producers.

Arizona. New ifampshire North Dakota, South Dakota, and Vermont have*

no current plans forjoining a compact or developing their own site.

Appcndix D contains a hst of operational nuclear plants and the states and compacts in
which they are located. It also lists all applicable surcharges for each state by regional
compacts or pres,ent compliance status.

We complicated nature of the compacts,"go it alone'' states, and milestones makes it
difficult to factor surcharges into the generic estimates. For example, in 1988, a plant ,

'in a sited compact pays no surcharge while a plant in a state or compact in compliance
3with the milestones pays a $20/ft surcharge, and a plant in a state not in compliance

3pays $80/ft . As shown inTables 5.11 and 5.12, the significance of these surcharges
range from 5 to 120% of the total disposal cost without the surcharges. %e analyst
should apply these surtharges at hia discretion depending on the nature and scope of the
modification he is estimating.

;

|
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: 5.3 COMPUTATIONAL MODEL

ne foregoing methods for calculating costs for processing, storage transportation, and
burial of low level radwastes as discussed in Section 5.2.1 through 5.2.4 were modeled
using a Microsoft Excelm spreadsheet operating on a Macintosh computer. His

.

automated the calculation process such that a large number of cases could be covered. it ;

also helped assure a consistent treatment among the large number of cases studied. j!
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6.0 ESTIMATES OF WASTE DISPOSAL COSTS

31s section presents the quantitative results of the 'vaste disposal cost analysis |

performed as part of this effort. Dese results were generated using the methodology
and bases described in Section 5. We following discussions describe the cost results for

'

each waste stream. Major factors or sensitivities that signincantly influence the costs
are noted.

6.1 COST BASIS ,

i

nere are four primary variables or key factors that have prominent influences on !'

waste disposal costs, nese key factors are: ,

Reactor type (BWR and PWR)*

Waste type (NCTRASil. CCTTRASli. IXRESIN. CONCL:Q and FSLLUGEl I*j

Activity level (Low. Typical. High, and Very liigh)* !

Extent of volume reduction (3 to 5 different VRFs for each waste type) j*

i Each of these factors was essentially treated as ar dependent variable. Costs were
calculated for all applicable combinations of these parameters. In addition, for each i

,

case transportation distance was treated as an independent variable and costs were i
'

j calculated for several distinct one way distances from the nuclear plant to the burial i

'site: 250. 500.1000. 2000 and 3000 miles, nts range of transpWt distances covers
lmost cases that might artse for U.S. nuclear plants. Sufncient information is provided'

! so that costs for intennediate distances can be estimated. !

:

All costs presented in this section represent the costs to dispose of a000 cubic feet of as-
i generated waste for each waste stream. This is the volume of the waste in its as-
) generated condition, i.e., prior to any type of processing to reduce its volume, solidify it. [
; or othe1 wise treat it, ne selection of the 1000 ft3 reference volume is arbitrary, but

reasonable. Since the annual volume of untreated waste generated by typical light !,

'

; water reactor plants is in the range of 15000 to 35000 cubic feet, the reference value of
i 1000 represents a relatively small fraction of the total annual waste generation (Ref. It t

4 Costs for volumes greater than this can readily be estimated using linear scaling. None
of the cost elements in this volume range appear to be sensitive to volume throughput. [|j and thus, the linear scaling with volume should give reasonable results. However, costs |
for volumes less than 1000 cubic feet tend to be overestimated when curie or weight :,

i burial surcharges had been assessed against the 1000 ft3 reference volume. Since these |
I charges are threshold charges they would not tend to scale linearly downward and
| burial costs would be overestimated. |
i i

| ne quantitative results show that the extent of volume reduction for any of the waste (
; streams and the radioactivity cont;nt of the wastes heavily influence the total disposal ,

I costs. it is worthwhile to review the ranges of'hese parameters and characteristics to '

; better understand their impact on costs, j

i i

ne extent of volume reduction for a given waste stream basically determines the ;'

volume of waste that must be stored, transported, and buried, it also innuences the ;

3specific activity (Cl/ft ) of the processed wastes and the container surface dose rate. ne
greater the volume reduction, the lower the overall costs. Ln general, and the higher the 6

surface dose rate. *

'

3
Fj; ure 6.1 shows the variation in the number of 7.5 ft containers needed to hold 1000

ift of waste after the waste has been processed, ne independent variable is volume
reduction factor (VRFl. For the cases ofinterest to this study, the VRFs varied from a |
low of 0.2 to a h!Ah of almost 114. ne important area of this overall range is covered in i

the figure. As indicated in Figure 0.1 the number of containers needed is inversely ,

I
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I

proportional to the volume reduction achieved. For the lowest volume reduction factor,
- 0.2 over 676 7.5 ft3 drums are needed. At the other end of the spectrum the VRF of-
114 only slightly more than one drum would be needed.

ne number of containers needed to hold the remains of 1000113 of as-generated waste
is essentially independent of waste type. Were is a dependency to the extent that only ,

certain volume reduction factors are applicable to a given waste stream. '

ne different waste streams vary significantly in their typical actMty levels. At the
lower extreme, as genera'.ed compactible trash for a BWR (BCOIRASH) has a typical

,

3actMty concentration of 0.11 mci /ft . At the other extreme, BwP filter sludge
3(DFSLUDGE) has a typical actMty concentration of about 230 mci /f1. nus, the ,

specific actMty from one waste stream to another can vary by at least a factor of 1000,
at least for BWR wastes. PWR wastes appear to have less variation, but the difference
from one stream to the next is still quite large. '

' r

The typical actMty for each waste stream was dertved from the nuclear plant survey
| results presented in Ref.1. De typical values, therefore, are averages of the data

obtained from a large number of nuclear plants. For any plant, the specific actMty,

j present in a given waste stream will vary from one time to the next. Similarly, it will .

'vary from one plant to the next.

To account for variations in waste stream actMty, the effects of both lower actMty,

concentrations and higher concentrations were considered for each waste stream. The
i lowest level was assumed to be a factor of 10 less than the typical or aurage actMty as

reported in Ref.1. The high actMty level was assumed to be a factor of 10 greater than
,

: the average, and the very high was assumed to be a factor of 100 greater than average.
] Dis range covers most of the range reported in Ref.1.

,

6.2 WASTE STREAM DISPOSAL COSTS

!ne following discussions review the estimated costs for the disposal of each type of
low level radioactive waste. De discussions are presented in the following order:

1. NC'1 basil Costs t

2. C01 basil Costs :
I 3. IXRESIN Costs 1

4. CONCUQ Costs |

5. FSI.UDGE Cocto i

i

Each section discusses costs for both BWR and P%T. wastes. Variations in costs due to
waste stream actMty level, extent of volume reduction, and distance from the plant site ;

to the burtal sites are also discussed.

For more detailed cost estimates, users of this document may wish to adjust the costs
for specific transportation distances and specific burtal sites. Appendix B presents

,

transportation costs for one way distances of 250,500,2000, and 3000 miles.>

Dtiferential costs compared to the 1000 mile transport case are noted. Data are
provided for low, typical, high, and very high actMty concentrations for each waste
stream. Appendix C g'da buttal costs specific to the two sites operated by U.S. Ecology, t

; inc. (Bertcy NV and llanford. WA) and to the Barnwell, SC burtal site operated by Chem-
Nuclear Systems,Inc, ne differential costs for specific burial sites compared to the' i

average burtal costs are also presented in Appendtx C. |
1

[

6.2.1 Disposal Costs for Non Compaettble Trash (NCTRAS]i)
;
, .

I ne primary waste stream likely to result from NRC mandated modtftcations or repairs !

; te nuclear power plants is non compactible trash. As nos id previously, this waste

l l
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stream encompasses the piping, components, and similar hardware which are replaced
and become scrap as a result of a given regulatory requirement.

Figures 6.2 (a) and 6.2(b) display the total waste disposal costs for BWR and PWR non- ,

compactible trash, respectively. ne results are shown for each volume reduction |

factor applicable to these waste streams, ne contributions to the costs for processing,
storage, transport, and burial of the wastes are also displayed. Figure 6.2 applies to the
case of typical activity wastes being transported a distance of 1000 miles.

!

For the conditions shown, the costs are almost identical for both DWR and PWR wastes. 1

At the lowest volume reduction factor (0.2) the analysis indicated that the waste
disposal costs should be on the order of $335,000 per 1000 cubic feet of waste nts is the
as generated volume of the waste solids and excludes void volume. The figure indicates
that costs should drop by roughly a factor of 2.5 if highly effective packing and some
degree of compaction can be employed with this waste stream,

ne available data indicate that the majority of U.S. nuclear plants today are achieving
volume reduction factors for this wastc. stream on the order of 0.2 ;o OA (hand
packaging, no added compaction or extensive cutting to maximize density). Thus, the
higher costs displayed in Figure 6.2 are believed to be most representative of present day
practice.

Figure 6.2 indicates the largest cost contribution is made by the burtal costs, followed
by processing costs. Processing becomes relattvely less costly as greater "olume

: reduction is achieved. ne burial costs displayed in the=c figures are averages for
Barnwell and the twc sites operated by U.S. Ecology. In general, the burial costs, and
thus the total costs, would be about $10.000 to $52.000 higher than shown per 1000
cubic feet of waste if the burial site is Barnwell. Conversely, the values would be $10.000
to $52.000 lower if U.S. Ecology buttal sites are used. Site-specific burial cost
adjustments for all waste types and VRFs are presented in Appendix C.

,

The cost estimates displayed in Figure 6.2 apply to both typical and low acth1ty
NCIT: ASH. The typical acth1ty of this waste stream is low enough that very little, if
any, of the charges are dependent on the activity.

Ffgures 6.3 (a) and 6.3 (b) show the effects on costs of higher acth1ty levels, ne D%R '

case, Figure 6.3 (a) shows that there is only a very slight cost dependence on acth1ty, at
least over the factor of 100 variation in specific acth1ty covered from the (acth1ty =

31.33 x 104 C1/ft ) low to the high cases. * ' :rease in the acth1ty level to the very
3high case (activity = 0.133 C1/ft ) results ic > iatriy substantial increase in disposal'

costs. Figure 6.3(b), for PWRs, on the other hand shows a more pronounced effect of -

'acth1ty on costs throughout the activity range shown. Increases in the transportation
and burial cost components are the dominar.t contributors to the increased costs with

| the rise in acth1ty level.

Figures 6.2 and 6.3 indtecte that the costs of disposing of non compactible trash vary
significantly with both volume reduction and waste activity level. At very high waste
acth1ty levels,the costs also become sensitive to reactor type. Increased volume
reduction reduces each of the cost components, except for the burtal costs. It reduces the
number of containers needed to package a fLxed volume of as generated waste. This also
reduces the amount of in plant labor associated with the packagtng. Doth of these
fatters contnbute to reduced processing costs. Similarly, the higher VRFs translate
into fewer containers that have to be stored and transported. Each of these costs nra,

j reduced accordingly.
'

Costs nse with increastng waste activity level because of the effects on transportation
and bunal. As activity increases, a point is reached where shielded casks are needed for
transport. At this point, cask rental charges are incurred and the payload per shipment;

!

I
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BNCTRASH - Cost Components
1000 cubic feet.1000 miles. Typical ActMiy
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Figure 6.2. (a) Disposal Costs for BWR Noncompactible Trash
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Figure 6.2. (b) Disposal Costs for PWR Noncompactible Trash
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BNCTRASH-Cost vs Activity
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I
1

!
'

is reduced, thus necessitating more shipments. A point is also reached where the curie :i

content per shipment is high enough to trigger curie surcharges for buttal. '
i

'

! Figures 6.2 and 6.3 are based on transport distances of 1000 miles. Figttre 6.4 shows the ;!
! effects on costs for distances both greater and less than 1000 miles. His fin.ure applies

,

to NCTRASH from both BWRs and PWRs, and it also covers the cases for low and typical
; actMty waste streams. The transportauon costs for non compactible trash are

relatively insensitive to volume reducuon factor, at least for VRFs greater than 0.2.:
'

31s is because the quantity of NCTRASti transported on a single vehicle is limited byj

the total weight rather than by volume or radiation considerations. Therefore, as the
; VRF increases and more NCTRASil is loaded into a fixed size container its weight f

; increases, ne number of containers per shipment must decrease to stay within the !

vehicle weight limits. nus, transportation costs remain relatively constant over the
i range of volume reduction factors applicable to this waste stream. !

i

i S.2.2 Diapanal Canta for Campactible Trash (COTIt.AatH) !

!

1 Compactible trash is likely to be generated whenever repairs or modt3 cations are made
j to radioactive systems of nuclear power plants. The description of this waste stream in
j Secuon 3 noted that it is made up largely of paper, plastic, and cloth; materials that are

typically used to prevent the spread of contamination, to protect personnel, and toi

i clean up contaminated areas. De previous discussions also noted that the as generated
volume of compactible wastes may often be larger than the volume of non compactible3

j trash generated during a given repair or modification. On a plant wide annual basis. !

the 1981 utility data indicated that the ratio of as generated compactible trash volume r,

j to non-compactible trash volume was on the order of 15 for PWRs and 30 for DWRs (Ref. !
1). nus, from a volume standpoint, one would expect that COTRASli generation, and i

'

! the related disposal costi, would be a significant considerauon in the total waste
.

] disposal cost picture. |
t

Figure 6.5 shows the estimated costs to dispose of 1000 cubic feet of compactible trash. (
Figurc 6.5 (a) applies to DWRs and 6.5(b) to PWRs. De 1000 cubic feet refem to the as-

,

'

| generated waste volume, i.e., prior to any compacuon or other volume reduction !

processing. De conditions represented in these figures include a one way transport4

;
distance of 1000 miles and a typical or average actmty level for the waste. For DWR i;

j COTRASit the typical actMty is 0.00011 Ct/ft3 and for PWRs it is 0.000185 C1/ft3, both !
q in the as generated condition (Ref.1), (

! Figure 6.5 (a) covers one additional VRF (VRF=2.27) than does 6.5(b). his lower end
] VRF is included to reflect the conditions reported in Ref.1.
i 6

j The total costa and the elements making up the totals are considerably smaller than the !
disposal costs for non com actible trash. Figure 6.5 shows that the disposal costs for !

,

4 COTRASit are estimated to less than $30.000 per 1000 cubic feet of waste Rus, j
l COIRASli costs are less than one tenth of the NCIRASli costs for the same [
j au generated vob'me. Dere are several reasons why the COIBASit costs are much less !
j than those depicted in Figures 6.5 (a) & (b) for NCIRASil. First, the average VRF for |compactible trash is about 4 to 6 whde that for non compactible trash is only about 0.2

.

'

to 0.4. Dus there is over a factor of 10 dt!Terence in the volume of packaged waste
|

,

| between the two waste streams. nts means that at least 10 times as many containers
t

are consumed in processtng a given as generated volume of non-compactible waste as
for the same volume of compacuble waste. More containers must be handled and more :
shipments must be made for the NCTRASil. Simdarly, the burial volume, and thus the |

burtal charges, will be much greater for the non compactible waste as compared to the |
compactible trash. j

! A comparison of Figures 6.5 (a) and (bl reveals that the total disposal costs and the !
various cost elements are virtually identical for DWRs and PWRs over the range of [

,
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1

volume reduction factors from 3.78 to 113.4. The lower compactlan case for D%Tts (VRF
= 2.27) reflects practices at B%Tts as of the early 1980s (Ref.1).

ne displays in Figure 6.5 indicate that burial costs and processing costs are the largest
contributors to the total for this waste stream. Compactible trash is relatively light
weight. Therefore, weight is typteally not a limitation for either transportation of this
waste or in tenns ofincurring heavy !tfl charges at the burial sites. Costs are strongly
influenced by the number of containers of processed waste which must be disposed.
This, in turn, is inversely proportional to the extent of volume reduction achieved.

The burial costs shown in Figure 6.5 are averages based on distinct rate schedules for
the differe7t burial sites available. For COTRASil the dt1Terence in costs between the
average and specifte burial site costs is only on the order of i $1000 or less per 1000
cubic feet of as generated waste. The higher cost would be for Barnwell and the lower
cost for Deatty. NV or !!anford, WA (see Appendix C).

The limited survey made of present day uttltty practices revealed that most utilities are I
currently achieving volume reduction factors for CCrrRAsti in the range of 3.8 to 5.7.
This is true for both H%Tts and FWRs. It is estimated that fewer than 20% o'the plants
are achieving VRFs of 8.7, which corresponds to the use of a "supercompactor", and even
fewer are using incineration procedures (VRF = ll3A).a

Figures 6.6 (a) and (b) show the effects of waste stream activity level on waste disposal.

costs. Total estimated costs are shown for low, typical, high, and very high acthPy'

wastes. The associated aethity concentrations for the waste in the as generated,

condition are as follows.
!
a

COTRAS11 Waste Stream Acthity Concentration, Ct/ft3

j B%Tb PWRs

| 14w 0.00001 0.0000185
Typiea1 0.00011 0.000185
11Igl. 0.0011 0.00185
Very liigh 0.011 0.0185

The levels of activity for CO'ITIASit are low enough so that total costs are relatively
insensitive to this parameter, except when very high actMtles are considered. A factor
of ten hither actMty concer.tration compared to the average level for this waste stream
increases disposal co ts by at most a few thousand dollars per 1000 cubic feet of waste,
llowever, a factor of 100 increase in actMty cortpared to the average activity level will
roughly double the overall disposal costs. There is essentially no difference in costi

between the low t.ctivity and average actMty cases.
'

The results displayed in figures 6.5 and 6.6 reveal that the key factors influencing
CCTITIASl! costs are the extent of volume reduction achieved and waste activity level.
Costs are not very sensttive to reactcr type.

,

'
Figure 6.7 shows the effects of transport distance on the overall costs. Distance plays a
relattvely minor role, in general changing the total costs by 10% or less over distances

i ranging up to 3000 miles.
i

6.2.3 DisposaLCostaler lonttchange_ResinalIXRESRD

]|
Repatm or modtftcations to nuclear plants mandated by NRC requirements may
generate some ton exchange resin wastes. The resins are used to remove palticulates

I
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and dissolved souds from hquid steams. Liquids that must be crocessed may be
generated as a result of cleanup, washing, or decontamination'of radioactive systems.
ney may also tr 3roduced from laundering of protective clothing and masks. ne
amount of contatainated restns generated as a tesult of maintenance and repair
operations is not exnected to be large (Ref. 3),

ne actMty levels which typify lon exchange resins are several orders of magnitude
higher than that which characterize the dry waste streams, nts higher actMty for
IXRESINS generally results in significantly h!gher storage, transportation, and burial
costs as compared to these elements for dry wastes.

Figure 6.8 shows disposal costs for IXRESlN over the rsnge of applicable volume
reduction factors. The relative contributtons made by processing, storage,
transportation, and burial are displayed. Part (a) of this figure applies to DWR wastes
and part (b) to PWR wastes, ne costs shown are based on the typical activity for this
waste stream and on a transport distance of 1000 miles from the plant to the buriti site,

ne characteristics displayed tri Figure 6.8 reveal that burial costs are the largest
|

contributors to total disposal costs, at least for the lower volume reduction factors
I applicable to !YRESINS. In contrast to the results shown for the dry waste streams

(Sections 6.2.1 and 6.2.2), transportation costs play a much more prominent role. The'

high activity of this waste stream generally requires that shielded casks be used for
transport, nis decreases the payload and increases the number of trips required per
1000 cubic feet of unprocessed waste. DWR resins typically have an activity
concentration which is about 60% higher than that for PWR restns. They require more,

shielding during transport, which results in heavier casks and fewer containers of
waste per shipment. Bus. the DWR waste requires more shipments. The higher curie
inventory for UWR wastes also translates into higher burial costs as compared to PWR
resins.

The results displayed in Figure 6.8 indicate that costs vary by a factor of about 2.8
between the highest and lowest volume reduction factors. Dere does not appear to be
much di!Terence in costs between volume reduction factors of 1.4 and 2.0.

Each of the volume reducuon factors shown in Figure 6.8 rep.esents a di!Terent
treatment process for the waste. These ditTerent processes are noted below.

tXRESIN Volume Reduction Processes

Proces Applicable Volume Reduciton Factor
!

Solidtftcation m cement 0.71

Dewatered, placed in high integrity
containers 0.95

Mc.btle evaporator, sohdifteation in
binder 1.4

Evaporation of water, grinding of
restns, soudtftcation in binder 2.0

Incineration, solidtfication of ash
in binder 4.0
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l

At the present time, most plants appear to dispose oflon exchange restns by dewatering ||

'

them and plectng them in high integrity containers for burial. This process is i
represented by the volume reduction factor of 0.95. A significant number of plants still '

solidify the restns in concrete (VRF = 0.71). Few plants have gone to the more advanced
7

treatment pmcesses which result in volume reduction factors greater than 1.0. j
.

As with the other waste streams, the effects of higher knd lower actMty concentrations
on disposal costs was studied. ActMty level has a much larger inDuence on costs for
IXRESINS than that for the dry waste streams. Figure 6.9 illustrates the effects for
IXRESINS De graphs indicate that a factor of 10 reduction in stream actMty. ;i

! compared to the average, will reduce disposal costs about 30 to 50%, while a waste ;

!actMty which is a factor of 10 higher than average will increase the total costs about 60 *

to 100%. ActMty levels 100 times greater than average result in costs 2 to 3.5 times ii

higher. !
I

! Figure 6.10 shows the quantitative effects of transport distance. We total costs are i

; much more sensitive to transport distance for this waste stream than was the case for !
NCTRASH and COTRASH, ne etTect is more prominent at the lower volume reduction !

factors where more indMdual waste shipments would be required because of the greater i
j numbers of containers of waste imolved. |
4

7

i ne results displayed infigures 6.S. 6.0 and 6.10 indleate that disposal costs for '

1 IXRESINS are sensluye to each of the key factors studied. That is, the total disposal e

| costs per 1000 cubic feet of as-generated IXRES!N are sensitive to reactor type, to volume [
reduction icvel, to waste stream ac Mty, and to transport distance. Therefore, in t

i estimating the costs of disposing of ion exchange restns, it is important that the j
: particulars of the case be well defined. The estimator should know the reactor type, the ,

,
relattve level of actMty of the resin in question. the volume reduction process used and i

j the transport distance invohed. In addition, the spectfle buttal site used can impact 1

! total costs by as much as 150% (see Appendix C). ;

EL2.4 Diapenal canta far concentrated IJguld Wastes ICONC1Jgl
; i

i Concentrated liquid radwastes are produced in nuclear plants as a result of efforts to i

reduce the volume of contaminated liquid wastes. These waste streams are subiected to {
'

i heating processes which evaporate much of the water but leave 1.*htnd the nori volatile
chemicals and solids.1.tquids with high concentrations of swh chemicals are also t(

'

| produced by the evaporators normally used in the plant steam generation process. The
costs of dispostng of this waste stream is ofinterest here because concentrated liquid;

j wastes may be generated from draining and Rushing operations or from wash down !

efforts associated with repairs and modtfications, ;,

i
j The disposal of wastes in Itquid fann is discouraged because of the greater potential ior ,

contarnination of water systems or migration of radioactive matertals to uncontrolled,

areas. Therefore, the concentrated liquid wastes frorn nuclear plants are generally ,

j solidtfled with cement or otherwise stabilized prior to disposal. !

I ne following table lists the various processes considered herein to treat this waste !

i stream. The associated volume reduction factors are also shown. i

) I
; i

!
'

f

I

! :
,

,

i

|
<

.

!
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CONCLIQ Volume Reduction Processes

Volume Reduction Factor
Process LW1 P%9

Solldtitcation in Cement 0.71 0.71
Evaporator / Crystallizer, solidtiteation
in binder 1.0 3.7
Mobile evaporator, solidification in
binder 2.4 5.4
Evaporator, grinding of residue,
solidification in binder 3.8 6.6
Dryt.r/ incinerator, solidtftcation of
ash in binder 4.5 10.4

ne volume reduction factors are difTerent between 8%Rs and F%Rs for this waste
stream because the chemical makeup and chemical concentrations of the unprocessed
waste are different. The litnited survey of nuclear uttittles conducted during this study
indicated that most plants seltdtfy the concentrated liquid in cement, nts is without
more extensive concentration through more advanced evaporation processes. Thus, the
VRT of 0.71 represents the type of treatment in most commen use at this time.

Figure 6.11 shows the costs of disposing of concentrated itquid radwastes, ne D%R
case is shown in 0.11 (a) and the PWR case in 6.11 (bl. Rese figures display total costs
and the costs associated with processing, storage, transport, and burial of the wastes for
each of the appucable volume reduction factors. De costs displayed are for 1000 cubic
feet of nominal acthtty wastes transported 1000 mtles to the burial site.

ne costs in Figure 6.11 indicate that it is more costly to dispose of D%R concentrated'

liquids than PWR concentrated 11gulds. There are two primary reasons for this. First,
the activity concentration in this waste stream is typically about 0.17 C1/ft3 for D%Rs
and only about 0.01 Ct/fl3 for PWRs. nts higher acttdty for D%R wastes translates
into signJficantly higher transportation and burtal costs. Second, the UWR wastes are
not as amenable to extensive volume reduction with the result that a greater volume of

,

wastes must be disposed of. -

Figure 6.11 (a) ind6 cates that disposal of D%R concentrated hquids by so!!dification in !

cement should result in total disposal costs of about $183.000 per 1000 cubic feet of i

unprocessed waste. However,if one of the volume reductnon processes with a VRT > 1.0 |
13 employed, the costs should be more on the order of $75,000 for thts same ialume. For
P%R wastes, as displayed in Figure 6.11 (b), the costs are substantially less. Nomtal
disposal by solidtfication in cement (VRF = 0.71) should result in total disposal costs on

ithe order of $90,0CD per 1000 cubte feet of waste (unprocessed volume). He use of more 1

advanced volume reduction processes should lower the costs to roughly $25,000 to ;

$45,000 for this same quantity.

ne etTects of waste stream activity level are shown in Figures 6.12 (a) and (b) Rese
|

,

figures show that the costs for D%R CONCUQ waste disposal are quite sens.itive to thts
parameter, more so than similar PWR wastes. For the DwR wastes, the costs decrease by ;

about 404 tf the waste stream activity level is an onder ol'magru, a low" . Om the I

typical or average value used. Corwersely, Figure 6.12 (a) indicates tW. a factor of 10
higher t!.an typtcal actwity essentially doubles the disposal costs, while a facior of 100
higher activity increases costs by about a factor of 3. For PWR concentrated wastes, a
factor of 20 lower activity will reduce costs by 0 to 25 percent. A factor of 10 higher f

,

activity will increase costs by about 30 to 50 percent dependtng on the extent of volume
reduction achieved.

:
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t

!

:
Transport distance from the plant site to the waste burial location obviously impacts i
the total disposal costs, ne quantitattve impacts of distance are tilustrated in Figures t

6.13 (a) and (b). ne BWR wastes are more senstthc to transport distance than PWR f
wastes, primarily because of the higher average activity levels for the UWR CONCLIQ >

stream, ne higher activity requires more extensive shieldtng during transport, and
thus, necessitates fewer containers of wastes per shipment than is the case for PWR

|wastes.
[
\

ne trends shown in Figures 6.13 (a) and (b) are based on typ6 cal activity wastes. '
i

| Appendix B presents data necessary to adjust total costs for various transport distances ,

t

for higher orlower actMty CONCLIQ. Similarly, Appendtx C data can be used to j
estimate disposal costs based on spectne burial sites. -

i
818 IMapanal Cants dar Filter Bhadge (FSLUDGE) i

,

I Contaminated Riter sludges can be generated as a result of Altering and puttfication '

I processes on 11guld waste streams. Large quantitles of these sludges are not expected as !
; a result of maintenance and repair actMtles. liowever, some of this type uf waste may :
| be picduced, so the disposal costs should be taken into account. !
1 i

nree processes were identified for treating nlter s'.udges prior to disposal, nese are as t
follows: (

,I
Process Vohime Reduction Factor '

Solidification in Cement 0.56 'iEvaporation, solidtfication in binder 2.0 iIncinerattan, solidtfication in binder 4.0 !

1

Typical filter sludges generated during normal plant operauon c in have quite high I
actMty concentrations. For DWRs the average activi |was 0.23 Ct/ft and for PWRs the value was 0.07 Carngt concentration for this waste3 IRef.1), nese relatively high
actiety levels cause the transportation and buttal costs for this waste to be relatively
high,

1

Figures 6.14 (a) and (b) show total costs and costs of processing, storage, transportation. [and burtal for n!ter sludge. The costs apply to 1000 cubic feet of t3pical activity filter (
sludge, transport?d a distance of 1000 miles from the plant to the hurtal site, ne i
figures ind6cate that transportation and burtal costs are the largest contributors to I

coatt for the low volume reduction factor. As more advanced volume reduction |processes art used, the processing costs take on added tmportance. :

The case reprexated by a volume reduction factor of 2.0 represents about one fourth as
much waste in the processed state as the case with VRF = 0.56. De dispcsal costs are i
reduced by more than a factor of 2.0 in going from VRT = 0.56 to VRF = 2.0 Going to a i

process with VRF = 4.0 stves an additional decrease in cost, but the benefit is relattvely !small compared to the VRF = 2.0 case, ,

The cost tmpacts of higher and lower than nonnal actMty concentrauons on costs are
shown in Figures 6.15 (a) and (b). As rntaht be expected from the discussions of other !
waste streams, higher actMty can significantly increase the costs. A factor of 10
higher acttvtty increases D%R disposal costs by roughly a factor of 2, while a factor of |'
100 higher actMty can increase costs by a factor of 3. For PWR wastes, the elTect of a i

tenfold increase in activity is to increase costs by factors of 1.4 to 1.9, depending on the I
volume reduction employed. At the highest activtty level considered. costs are higher !

95
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| than average by about a factor of 3. If the FSLtJDGE is charactertzed by lower than
I normal actMty levels, the disposal costs will drcrease. A factor of 10 lower activity
| concentration will reduce the disposal costs by 20 to 50 percent.
l

Figures 0.16 (a) and (b) show cost variations with changes in transport distances. Since
transportation costs play a relatively more important role at lower volume reduction

'

factors, transportation distance impacts overall costs more at low \T&s than at the
higher VIFs. At VIF = 0.56. doubling the 1000 mile transport distance to 2000 miles

, increases the total costs by $45,000 to $70.000, depending on the reactor type, llahing
' the distance reduces costs by $20.000 to $30,000. We magnitude of the cost changes

with distance decresses for the higher volume reduction processes.
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7.0 EXAMP12 APP!JCATIONSI COMPAlt3 SON OP OENEILIC
[COST ESTIMATES WITH ACTUAL DISPOSAL COSTS
!
,

ne wanto disposal costs presented in the preceding chapters and in the appendices are
based on generahzed models of plant.tncurred costs (i.e., cost of hand 1tng,

I

consumables, emd interim storage) and on specific cost schedules for waste transport
and burtal. We overall model should gNe reasonable estimates of waste disposal costs i

even though it is based on certain conditions and assumptions. We question naturally |
:arises as to how well the "generte" estimates compare to actual waste disposal costs.

To address this question, investigators queried a nuclear uttllty with both BWRs and i
?

IWRs for actual waste disposal costs incurred in the recent past, ne plants were
,

i

I selected at random. De resulting actual cost data obtained represent a very hmited [

sampung, llowever, even a small number of cases can be useful in evaluating the' 6

validity of cost estimates dertved from the generic basis.

De plant data obtained was quoted on a cost per container basis. Dese costs excluded c

| costs associated with in plant hand 1tng of the wastes (i.e., plant labor) and interim ,

I storale of the wastes. In addition, the plants sampled shipped all wastes to the i

i Darnwell, SC, waste disposal site. Investigators attempted to obtain adequate !

representations of the actual wastes in order to make the comparison with the !
'

| appropriate generte estimate cases. Information regarding such aspects as extent of
,

volume reduction achieved, volume reduF m process employed, type of shipping ,
i

j container used, and activity concentration or surface dose rate was solicited.
.

In making the actual vs generic estunate compartsons, trwestigators first attempted to|
adequately characterize the wast? ehttve to the various cases and ranges covered by
the generic estimates. The minim . information needed was waste type, actual
volume of untreated waste per ::,ntainer and/or volume reduction achieved, and the [
activity concentration or surface dose rate from the packaged wastes. Given this ;

information, the generic estimates were determined. De genene estimates were :

adjusted to bring them to the same basts as quoted by the utthty contacts, t.e., the costs !
!were adjusted to exclude costs associated with in plant handung and intertm on site

storage of wastes. Stmtlarly, investigators adjusted the generic estimates to reDect !

| burial at Damwell, SC. De burial location inDuenced not only the burtal costs but also |
the transport costs.

lTable 7,1 presents the overall results of this compartson. Seven distinct cases are ,

shown. Au five types of waste are included (NCT11ASil, COntASii, IXRES!N, CONC 1.!Q, |

and FSt.tJDGE), although not for each type of reactor. De table shows the waste t)Te, !
the associated volume reduction factor and reported container surface dose rate, the ,

quoted (actual) disposal cost, and the costs dertved from the genene estimates. It also !
,

presents the ratto of the generic estimates to actual quoted costs of dtsposal for each ;I

type of waste. In most cases, the generic estimate compares quite favorably to the actual I

costs. Most are within 10% of the costs quoted by the uttllties. De poorest companson {

is for NC'mASil. The ratio of generte estimated costs to actual costs was 1.60 ;

ne utilities providing actual cost data reported that most wastes were packaged in f
containers other than the 7.5 fttdrums assumed for the generte estimates. ne genenc [estimate values shown in Table 7.1 assume the use of this type of container for all waste ;

streams, ne results of thts comparison tend to indicate that the innuence sf container !

type and size on the total waste disposal costs is probably not large. |
t

ne fonowing discussions indicate how the individual case comparisons were carrted (
out and calculated. These ar'; provided as examples of how genene costs can be j
estimated and adjusted for spectfle cases. ,

!
!

I
101 ,

i
!

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



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

7/88

4

l

a

|
.

'

Tatne 7,1 Esthmated vs Actual Cent Susumery (1988 donarel

i

Waste Type Quoted Surface QtxAed* Genenc' Ratto |

VRF Dose Disposal Cost Generic /Attual |
Cost Estimate Costs |

IR/hr) 14/1000cu Al 18/1000 cu Al !

!

COIRASH 4,4 0.5 14,764 18,068 1.22

NCTRASH 0.2 0.5 325,000 475,0M 1,46 !
*

5 DIXRES!N 0.9 3 124,901 159,805 1.28 |
1 ?

) DCONCUQ 0.7 3 1M,897 203.424 1.23

j BFSt,UDGE 0.88 3 127,006 131,866 1.27
J

l PIXRESIN 0.88 25 122,720 1M,551 1.26
11

!

* Excludes costs ct m. plant labor and interim storage of wastes.
1

1

;

,

4

:

)

;

a

i

I
i

J
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|

7.1 COMPACTIB12 TRASH (COTRASH) DISPOSAL COSTS

! ne uttltty providing estimates for this waste had both a BWR and a PWR at this <.e

| whose COTTtASil was mixed and processed jointly. Figure 7.1 presents the details of the
cost comparison for Mixed BWR and PWT1 compactible trash. The disposal cost quoted'

by the utt11ty for this type of waste was $65/fl3 (as shipped). Th; stated volume
reduction factor was about 4.4. and the container surface dose f.ute was quoted as being
500 mR/hr. The actual disposal cost is about $14.764 per 1000 R3 of as generated waste.

The determination of the genene estimates requires knowleoge of the waste type, the
volume reduction achieved, the actMty of the waste, and the distance from the plant to i

.

the buttal site. The high actMty for PCOITIASit most closely matched the actMty of
the mtred waste. Genenc costs for PCOTTRASil were calculated for volume reduction
factors which bracket the stated VRF of 4.4. Werefore, generic estPnates based on VHF
= 3.78 and \TIF = 5.67 were used and were adjusted to re!)ect the conditions stated for the
actual costs. The results were linearly interpolated to arrtve at the generte estimates for
V H F = 4.4.

The surface dose rate for the uttitty waste was stated to be 500 mR/hr, Table 5.2 gives
j opproxtmate surface dose rates for the vanous DWR waste streams. For typ! cal activity
] concentrations for PCOTTtASH, the surface dose is estimated to be about 0.03 R/hr. De
'

*htgh' actMty case would be a decade higher (-0.3 R/hri Since the actual case was
stated to be 0.5 R/hr , the high actMty case was chosen for the genene estimate basts.

,

P

To determine the base cost for the generte esumate. Table 1.5 was used. De estimated
distance from the plant to the Darnwell burial site is 1000 miles. Theafore, base

i, estimates are chosen for the cases of distance = 1000 miles, typical actMty level, and
VRFs of 3.78 and 5.67. Table 1.5 presents the total costs for these conditions.'

The total esttmated costs from Table 1.5 must be adjusted to put them on the same basis
. as the uttitty cost quotes. Costs associated with in plant handling of the wastes and

interim storage should be subtracted from the generic estimates. The in plant handling
costs are determined from detailed calculations as described in Section 5.2.1, Storage

! costs are presented in Table 1.5. De final adjustment to the estimated costs is that for |
; burial at DarnwelbSC. Table C.2 presents the dt!Terential cost for burial at Damwell
i compared to the average site burtal costs. Surtharge costs, presented in Table 5.12. have r

been included.

! There are three sub clements to the in plant labor costs. These are the labor costs
) associated wtth container handling, compaction or waste processing equipment

operation and equipment matntenance. De unit cost base for each of these sub.
elements was presented in Table 5.5 for each type of waste and each volume reduction I

i factor. An example of the calculation of in plant | abor costs for 1000 ft3 of as generated !
DCOTTIASH with VRF=3.78 is as follows:

[
t

.

Table 5.5 ghts the following unit costs needed to calculate in plant labor costs. i

Equipment operator time: 0.14 thrs/ft ) I3

Container handitng time: 1.0 (hrs / container)
Maintenance unit costs: 4.16 ($/ft ) I3

!

1000ft3 icnn.mnm
e Nwnber of containers 35.27= =g 1000 R3 !

; 7.5 contalnri x 3.78 |
'

|
,

!

1 Dased on as shipped conditions.
I !

|
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ActualCost:
Waste Type: Compactible Trash (CCr1 BASH)

Plant: NRC Region i BWR and PWR

Container type used: 92.7 cu ft boxes

Surface Dose Rate : 0.5 R/hr

Total Curies: 0.2 Curies per container J

4.90E-04 Curies per cu R as-generated

VRF: 4.4

Qucted disposal costs: $6,022 per container
$65 per cu ft as-shipped

(excludes costs for in plant handling and interim storage)

Distance to Burial Site: 1000 miles

Actual Cost: $14,764 per 1000 cu ft of as-generated waste

Generic Estima**a:

Waste Type: PCOTRASH

Case VFF: 3.78 5.67

Curies per 1000 cu ft (Av generated) 0.00185 0.00185e

high activity

Total Cost $19.830 t'1697
(31000 mi, Table 1.5)

Adjustir.ents:
In plant Handiing costs ($3,385) ($2.465)
(Section 7.1)
Interim Eternge Costs ($3.025) ($2,017)

i Rable 1.5)
Burial at Barnwell $1,434 $1,071

Rable C.2),

Surcharge Costs $5,291 $3,527
(Table 5.12)

Generic Estimates $20,145 $13,813

Linear Interpolation to VRF = 4.4: $18.068 per 1000 cu ft
1

| Ratio of Generic Estimate to Actual Cost 1.22|

Figure 7.1 Cost Comparison for M12ed BWR and PWR Compactible Trash
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Container handhng labor cost =*

1.0 x 35.27 containers x 31.85 $1147=
co 1 er hour

Equipment Operating Labor cost* =

0.14 "[ x 35.27 (cont) x 7.5 x 31.85 hour = $1138
e nt

* Maintenance cost =

R3
4.16 p$x 35.27 containers x 7.5 = $1101

"

cont

Total in plant labor cost $3385=
3(per 1000 ft of as-generated waste)

nis totallabor cost figure is used in Table 7.1, in plant labor costs for the other cases
are calculated in an analogous marmer.

Figure 7.1 shows each of the above adjustments. We resulting estimcted costs as
3determined from the generic basis are $20,145/1000 R and $13.813/1000 fl3 for VRFs

of 3.78 and 5.67, respectiveg. Linear interpolation to a VRF of 4.4 gives a generic 3estimate of $18.068/1000 fl . The actual cost quoted by the utihty was $14,764/1000 ft .
Thus, the generic estimate is about 20% more than the actual cost for this particular
CSSe.

7.2 NONCOMPACTIBLE TRASH (NCTRASH) DISPOSAL COSTS
*

ne utility providing estimates for this waste had both a BWR and a IAVR at this site
whose NCIRASM was mixed and processedjointly. The surface doae for the was*.e was
stated to be 0.5 R/ hour. The VRF was given as 0.2. We distance from the plant to W:
Darnwell, S.C. burial site is roughly 1000 miles.

Figure 7.2 thows the details of the ecst comparison for this cow. As noted otwe, this
waste contained noncompactible trash from both a FWR and a 13VR. The average
surface dose of the acmslwaste is 0.5 R/hr. From Table 5.3. this inery close to the
predicted surface dose ul PNCTRASH with n "high" activity concentmtion (1 e., a factor
of 10 higher than typica!) ed wnh a VRF of 0.2. Therefore PNCTPASH generic costs ;

I were used based on thest conditicns. The speciDe generic cost base usul was that from
Table 1.5 for high activity wastes with VRF of 0.2, ne total costs including!

3
| surcharges,'were $475,084/1000 ft . This data is applicable to the 1000 mile transport
| distance appropriate for this cornparison.

Figure 7.2 shows the cost adjustments made to bring the generic estimate to the same
basis as that for the actual cost reported by the utility. The results show that the generic
estimate overestimates the actual costs by about 50%.

7.3 BWR ION EXCHANGE RESINS (BIXRESIN) DISPOSAL COSTS i

Figure 7,3 presents a comparison of generic estimates versus actual costs for the
disposal of DWR lon exchange restns. The utility providi the data stated that these
wastes are disposed in 202.1 ft containers and that 181 fgl of actual waste are put in3

each container. This gives a VRF of 0.00. De quoted disposal costs are $124,901 per
31000 ft of as generated waste. The surface dose rate of the IATESIN wastes was stated to'

;
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r

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



..

7/88

Actual Cost:
Waste Type: Noncompactible Trash (NCTRASH)

Plant: NRC Region 1 DWR and PWR

Container type used: 92.7 cu ft boxes

Surface Dose Rate : 0.5 R/hr )
1

Total Curies: 0.2 Curtes per container
1.08E-02 Curies per cu ft as-generated

VRF: 0.2 ,

"

Quoted disposal costs: $6,022 per container
$65 per cu ft as shipped

(excludes costs for in plant handling and interim storape)

Distance to Burial Site: 1000 miles

Actual Cost: $325.000 per 1000 cu ft of as generated waste ,

Generic Estimates:

Waste Type: PNCTRAS!!

. Case VRF: 0.2
j

Curles per 1000 cu ft (As-generated) 0.0533
high activity ,

~

Total Cost $377,111

)
(@ 100Dini, Table 1.b)

Adjustments:
In plant 11andling costs ($35.540),

(Section 7.1);

Interim Storage Costs ($18,73?)'

(Table 1.5)
Durtal at Barnwell $52.252
(Table C.2),

Surcharge Costs $100.C00
(Table 5.12)

Generic Ertimates $475,084
,

,

[Ratto of Generic Estanate to Actual Cost 1.46]

>

Figure 7.2 Cost Comparison for Mixed BWR and PWR Noncocupactible Trash
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Actual Cost:
Waste Type: BWR lon Exchange Resins (BlXRESIN)

Plant: . NRC Region I BWR and PWR

Container type used: 202.1 cu A boxes

Surface Dose Rate : -3 R/hr

Total Curies: 5 Curies per container
2.76E-02 Cur es per cu ft as-generated

VRF: 0.90
v

Quoted disposal costs: $22.607 per container
$112 per cu ft as-shipped

(excludes costs for in plant handling and interim storage)

Distance to Burial Stte: 1000 miles

Actual Cost: $124.901 per .000 cu ft of as generated waste

Generic Estimates:

Waste Type: BlXRESIN,

Case VRF: 0.95

Curies per cu ft (As-genemted) 0.176
typical activity

Total Cost $142.365
(@ 1000 nd.Tabl31.4) '

,

'

! Adjustments:
In ptnnt 17andling costs ($13.399)
(Section 7.1) !

Interim Storage Costs '$i 5.848),

(Table 1.4);
'

Burial at Barnwell $21,614

frable C 1)'

Surcha:ge Costs $21.053<

'

(Table 5.11)

Generic Estimate $169.005
'

,

|

|101t1o of Generic Estimate to Actual Cost 1.28],

,

Figure 7.3 Cost Comparison for BWR Ion Exchange Resins
,
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be 3 R/hr. Generic estimates for this waste are shown in Table 1.4 for VRP = 0.95 and
for four different actMty concentrations.

Table 1.4 shows that the disposal costs are quite sensitive to the actMty level in the
waste. Therefore, it is important to establish an estimate which corresponds to the
activity levels (or surface doses) reported for the actual wastes. Table 5.2 indicates that
typical packaged BIXRESINS with a VRF of 0.95 have an estimated surface dose of about
4.84 R/hr. Therefore, the typical actMty costs were used to derive the generic estimate.
The resulting generic disposal costs, including surcharges, are about 30% higher than
the actual disposal costs reported by the utility.

7.4 BWR CONCElTTRATED LIQUID (BCONCLIQ) DISPOSAL COSTS

Figure 7.4 presents the actual versus generic cost estimate comparison for BWR
concentrated liquid waste disposal. The conditions and characteristics of the waste as
cited by the utility correspond closely to the typical actMty case with a VRF of 0.71 as

| used to produce the generic cost estimate. Therefore, no interpolation was necessary to
I make this compartaon. As noted in Figure 7.4. the genenc estimates for this waste
| stream, including surcharys v:ere 123% of the reported actual disposal costs. ]
|

| 7.5 BWR FILTER SLIEGE (BFSLUDGE) DISPOSAL COSTS
l

| 'Ihe, actual conditions cited by the utility for their BWR filter sludge lies nearest the low
| actMty generic case of VRF = 0.56. Specifically, the VRF given by the utility for this

waste was about 0.88, whereas the generic estimate was calculated for the case of VRF =
0.56. Figure 7.5 sho *s the details of the ecst comparison for BWR filter sludge. The
costs derived from the gaeric estimates are about 25% higher than the actual disposal
costs reported by the utility. Surcharge Costs (from Table 5.11) were included in the

,

estimates.

7.6 PWR ION EXCHANGE RESIN (PIKRESIN) DISPOSAL COSTS

Figure 7.6 presents the comparison cf w.ual wr. sus generic ':stircated disposal costs for
3PWR IXRESINS. The utility supplying th cost data stated that 132.4 R containes were

used for the disposal of this vaste, and that as much as $ 17 ft3 of waste could be disposed
in each. Thus, the applicat:le VRF is about 0,.88. Since this falls between the tabulatcd
VRFs of 0.71 and 0.95, the generic estimates were determmed by interpolating between
the costs calculated for these VRFs.

'The utility reported that these containers contained about 50 curies each. This
corresponds to 0.28 curies per A3 of as generated waste. This valu: is closest to the 0.11

3Cl/ft riven for typical activity for PIXRESIN. Figure 7.6 displzys the results. The ;

generic estimate. Including surcharges, is about 25% more than the vtual disposal
costs reported by the utility. |
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Actual Cost:
Waste Type: BWR Concentrated Liquids (BCONCLIQ)

| Plant: NRC Region I BWR and PWR
I
| Container type used: 202.1 cu ft HICs
|

Surface Dose Rate : 3 R/hr

Total Curies: 5 Curies per container
3.52E-02 Curles per cu ft as-generated

VRF: 0.70

Quoted disposal costs: $23.446 per container
$116 per cu 11 as shipped

(excludes costs for in plant handling and interim storage)

Distance t.o Burial Site: 1000 miles

Actual Cost: $164.897 per 1000 cu 11 of as-generated waste

Generic Estimates:

Waste Type: BCONCIJQ
!

Case VRF: 0.71

Curtes per cu ft (As genera'ed) 0.169.

typical activity

Total Cost $182.600
(@ 1000 mi Table 1.4)

Adjustments:
In plant Handling costs ($16.710).

'
(Section 7.1)

'

' Interim Storage Costs ($15,798)
(Table 1.4)
Burtal at Barnwel! $25.157
frab!c C.1)

Surcharge Costs $28,160
; (Table 5.11)

Generic Estimate $203.424
|

:

| Ratio of Generic Estirnate <5 Actual Cost 1.23|

Figure 7.4 Cost Comparison for BWR Concentrated IJquids
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'

Actus1 Cost:
Waste Type: DWR Filter Sludges (BFSLUDGE)

'

Plant: NRC Region ! DWR and PWR

Container type used: 202.1 cu ft HICs

Surface Dose Rate : 3 R/hr
i

Total Curies: 5 Curles per container |

2.81E-02 Curtes per cu ft as generated

VRF: 0.88 ,

I
Quoted disposal costs: $22,007 per container

$112 per cu f1 as shipped'

(excludes costs for in plant handling and interim storage) 1

1

Distance to Durial Site: 1000 miles

Actual Cost: $127.006 per 1000 cu ft of as generated waste

Generic Estimates:

Waste Type: DFSLUDGE

Case VRF: 0.56

Curies der cu ft (As genemted) Ofd33
low activity

Tetal Cost $153,001
(@ 1000 mi, Table 1.4)

Adjustments:
In pls.nt. F.andtirg etN.4 ($21,202)
(&.stion 7.'.)

| Interen Sprage Cost:, ($20.033)
! Rable1,4)

Durtal at Barnwell $14.436
| Rable C.1)
! Surcharge Costs $35,714

(Table 5.11)

Generic Estimate $161,866 |
|

|Ratto of Generic Estimate to Actt:al Cost 1.2 71 I

|
|

Figure 7.5 Cost Comparison for BWR Filter Sludge |
|

|
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Actual Cost:
Waste Type: PWR Ion Exchange Resins

Plant: NRC Region I DWR and PWR

Container type used: 202.1 cu ft boxes

Surface Dose Rate : 25 R/hr
i

Total Curies: 50 Curtes per container
2.80E-01 Curles per cu ft as-generated

VRF: 0.88

Quoted disposal costs: $21.917 per container
$108 per cu ft =4 hipped

(excludes costs for in plant handling and interim storage)

Distance to Burial Site: 1000 miles

Actual Cost: $122,720 per 1000 cu ft of as generated waste

Generic Esthmates:

Wastelype: P!XRESIN

Case Vi:F: 0.71 0.95

Curtes per 1000 cu ft (As generated) 0.11 0.11
typical actwity

Total Cost $151.656 0135.541
(@ 1000 mi, Table 1.5)

Adjustmente-
In plant Handling costs ($16,710) (813.399)
(Sectton 7.1)
Interim Storage Costs 1415,798) ($11.048)
(Table 1.5)
Durtal at Barnwell $18,391 $18,066
(Table C.2)

Surcharge Costs $28,169 $21,053
(Table 5,12)

Generic Estimates $165,908 $150,215

IJnear Extrapolation to VRF = 0.88: $1M,551 per 1000 cu 11

{ Ratio of Generic Estimate to Actual Cost 1.26]

Figsre 7.6 Cost Comparisors for PWR Ion Exchange Resina
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8.0 ESTIMATES OF OCCUPATIONAL RADIATION EXPOSURE

A comprehensive evaluation of the costs incurred in handling the wastes generated as a
result of regulatory requirements should include an esumate of the radiation exposures
received by workers. For consistency with the dollar cost estimates presented
elsewhere in this report, it would be desirable to be able to estimate radiation exposures
broken down by waste stream. Unfortunately, the data required to derive such detailed
estimates are not available. The waste categories in the EfIluent and Annual Waste
Disposal Reports (Ref. 5) filed by the utilities pursuant to Regulatory Guide 1.21 do not
correspond to the waste streams ofinterest, Moreover, the Occupational Radiation
Exposure Reports (Ref 6) ft!cd pursuant to Regulatory Guide 1.16 do not provide
breakdowns of exposure by waste stream. However, the data in these two repods can be
used to derive overall estimates for exposure to total wastes shipped, and such an
estimate is provided here. "Ihe details of the derivation of the estimate are given in

| Appendix A.

Using data reported by the utilities for the years 1980,1981, and 1982, the following
correlation has been derived:

E m 1.2 x V

where:

E = Occupational radiation exposure, in person rem
V = As shipped volume of waste in thousands of cubic feet.

This correlation captures the in plant exposure to all wastes handled over the course of '

a year at both PWRs and BWRs. It captures all in plant activities, such as operations,,

maintenance, radiation protection, engineering, and supervision it does not include
exposures outside of the plant, such as those associated with transportation or waste ,

burial. The correlation thould be used with caution when it is necessary to consider the
exposure associated with any particular wr.ste stream. This is because it was derived
using the evemil annual exposure to all wastes, Therefore, the co: relation is Itkely to
over estimate the exposures incurred in handling dry active waste, and to
underestimate the exposures associated with handling and processing wet and
irradiated waste streams,

t

,

,

t

i

|
i

.
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APPENDIX A

ESTIMATION OF OCCUPATIONAL RADIATION EXPOSURE INCURRED

IN HANDLING RADIOACTIVE WASTES
,

The derivation of the estimate for occupational radladon exposure is described in thia
Appendix. He data reported in NUREG/CR-2007 (Ref. 5) and NUREG-0713 (Ref. 6) for
the years 1980,1981, and 1982 were used in deriving the estimate. These are the most
recent years for which waste volume data for individual plants have been published.
The radiation exposure data published in NUREG 0713 include allin plantjob
functions associated with waste generation, including operations, maintenance,
radiation protection, engineering. and supervision. However, the data do not include
waste handling activities conducted outside of the plant, such as transportation and
burial.

He first step in deriving the estimate was to eliminate from consideration stations
that are atypical. Five stations Big Rock Point, Fort St. Vrain Humboldt Day,
Lacrosse, and Yankee Rowe, were eliminated because their designs are atypical of
contemporary reactors. Wree Mile Island was eltminated because the nature of the
waste handling and processing at the station stemming f.om the accident at TMI-2 is
not typical of the work at operating reactors. Data on exposures incurred in waste
processing and on the volumes of waste shipped were then compiled for the remaining
stations. These data, representing three years of data at two types of reactors, are
presented in Tables A.1 through A.6.

In order to determine whether the data from the three years could be treated as a single
data set, a variance analysis was performed on the data (separately for PWRs and
BWRs). For each reactor type, the annual means and standard deviations of the values
of person rem /m3 shown in Table A.1 were computed, and an f test for variance
between the means was perfonned. De results for BWRs were the following: 1980, n =
14, x = .73E 2, s.d. = 4.48E-2: 1981, n = 12, x = 5.46E-2. s.d. = 5.32E 2: ar.d 1932, n=13.

,

xy 6.32E 2, s.d. = .69E 2: f = 0.72. TI e resuhs for PWRs were the following: 1980, n = 2,5,|
| x = 1.07E-2, s.d. = 3.76E 2; 198'., n u 26, x = 5.5IE-2, s.d. = 6.39-2: nd 1982, n = 27, x =
! 7,11E 2, s.d. = 9.46E 2; f = 1.22. In both cases, the value of fis not significant at the 0.01

level, and therefore it is corseluded that the variance between years le not as significant
as the variation within yem Therefore, the data were treated for all three years as a
single data set.

Stnce total ntation radiation exposures are known to be generally greater at boliing
water reactors (UWRs) than at pressurized water reactors (PWRs), a number of statistical
analyses were performed to detennine whether different estimating factors were needed

'

for DWRs and PWRs. Initially, the mean radiation exposure incurred in waste
processing was computed for both the DWR and PWR stations. Over the three year
period, the mean exposure at BWR stations was 78.35 person rem (n = 39, s.d. = 126.91),
while at PWR stations the mean was 28.55 person rem (n = 78, s.d. = 36.50). To
determine if the difference between the means was statistically significant, a t Test was
performed, ne computed t = 3.22 is significant at the 0.01 level, and therefore, the
mean exposures are significantly different.

Next the mean volume of waste shipped at DWRs and PWRs was computed. Again, over
the three year period, the mean volume of waste shipped from BWR stauons was 1,529
m3/ par (n = 39, s.d., = 1,313), and at PWRs it was 757 m3/ year (n = 78, s.d., = 745).
Statistical analysts showed that the difference in these means is also statistically
significant (t = 4.06) at the 0.01 level. Since the mean exposure and mean volume of
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TABLE A.1

RADIATION E)FOSURES INOJRRED IN WAS E. PROGSSING
MD YCLUES OF WASTES PRODUTD AT PWh IN 1980

Waste
Station Egosure

Yoly)ne Perso0-Rm/
(person-re) (nr" #'

Beav ar Yalley 6.010 2.84 E+2 2.12E-2
Ca1yert C1 fffs 1&2 24.593 2.51E+2 9.60 E-2
Cook 1&2 62.707 2.10E+3 2.99 E-2 4

Crystal River 12.450 9.27 E+2 1.34E-2
Davis-Besse 1 0.815 3 .30E+2 2.47 E-3

Farley 1 9.014 4.41E+2 2.04E-2
Fort Calhoun 1 24.609 4.06 E+2 6.06 E-2
Ginna 15.250 4.00E+2 3.81E-2
Haddam Neck 43.430 1.26 E+3 3.47 E-2 i

4

Indian Point 1&2 37.700 1.03 E+3 3.66E-2'

,

Indian Point 3 8.160 3 .47 E+2 2.35E-2 ,

Kewaunee 14.163 1.03E+2 1.38E-1
Maine Yankee 18.993 4.57 E+2 4.16E-2
North Anna 1 25.778 2.64 E+2 9.76 E-2'

Oconee 1,2&3 22.310 1.32E+3 1.69E-2

Pal isades 2.469 7.31E+2 3.3 8E-3
Point Beach 1&2 9.172 4.49E+2 2.04 E-2
Prairia Island 1&2 5.138 5 .25 E+2 9.79E-3
Rancho Seco 1 54.290 4.60E+2 1.18E-1
Robinson 2 61.799 3.99 E+3 1.SS E-2 |-

San Onof re 1 1.810 7.12E+2 2.54 E-3
e

St. Lue:c 20.300 3 .12 E+2 6.51E-2 ,

Surry 1&2 14.530 2.01E+2 7.23 E-2
Turkey Point 3&4 20.606 7.24C+2 2.85 E-2
Zion 1&2 15.500 1.64E+3 ' 9.45 E-34

.

Data f ran the f ollowing stations are amitted for 1980:
Arkansas 1&2, no waste volumes reported;
Millstone 2, vaste volunes reported, in part, with M111ctone 1;
Salem 1&2, egosure data available only for unit 1, waste volumes available
only for both units combined;
Sequoyah, no egosure or waste data reported;
and Trojan, egosure reported as 0.00

1
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TABLE A.2

RADIATION E)POSURES INQJRRED IN WASTE PROTSSING
|MD YQ.UES OF WASTES PR000E0 AT FWRs IN 1981

Weste
Stati on Exposure Vol p e Persog-Rem /e

(person-rem) (#) e

Beaver Yalley 6.7 90 2.13 E+2 3.19E-2
Calvert Cliff s 1&2 15.672 5.00E+2 3.13 E-2
Cook 1&2 64.085 9.63 E+2 6.65E-2
Crystal River 13.870 1.27 E+3 1.09E-2
Day is-Besse 1 0.615 3 .25 E+2 1.89 E-3

Farley 1 6.356 5.64E+2 1.13 E-2
Fort Calhoun 1 11.950 2.53 E+2 4.72E-2
Ginna 5.852 3 .76 E+2 1.56 E-2
Haddam Neck 75.150 4.3 8E+2 1.72E-1
Indian Point 1&2 182.500 1.5 8E+3 1.16 E-1

Indian Point 3 6.3 20 3 .17 E+2 1.99 E-2
Kewaunee 6.121 7.3 8E+1 8.29E-2
Maine Yankee 15.989 4.14 E+2 3.86 E-2
North Anna 1&2 33.473 3.02E+2 1.11E-1
Oconee 1,2&3 31.055 2.48E+3 1.25 E-2

Pal isades 11.820 8.54 E+2 1.3 8E-2
Point Beach l&2 11.889 1.77 E+2 6.72E-2
Prairie Island 1&2 7.537 2.97 E+2 2.54 E-2
Rancho Seco 1 60.240 2.31E+2 2.61E-1
Robinson 2 40.800 9.02E+2 4.52E-2,

San Onof re 1 3.420 1.62E+3 2.llE-3'

St. Lucie 43.600 2.50 E+ 2 1.74E-1
Surry 1&2 11.953 2.80 E+3 4.27 E-3
Troj an 4.510 3 .75E+2 1.20 E-2
Turkey Point 314 55.167 1.25 E+3 4.41E-2

; Zion 1&2 35.000 1.53 E+3 2.29E-2

Data f ran the following stations are omitted for 1981:
Arkansas 1&2, no waste volumes reported;
Millstone 2, waste volunes reported, in part, with Millstone 1;

,

| Salem 1&2, exposure data available only for unit 1, waste volumes available
| only for both units combined;
| and Sequoyah, no exposure or waste data reported.
!

l
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TABLE A.3

RADIATION E)POSURES INOJRRED IN WASTE PROGSSING
MD YQ.UES OF WASTES FRODU&D AT PWRs IN 1982

Waste
Station Exposure Yolyne Person-Re/

(person-rem) (nr3 ) nr'

Beaver Valley 5.895 2.94 E+2 2.01E-2
Calvert Cliff s 1&2 71.257 1.57 E+2 4.54 E-1 |

Cook 182 50.452 7.14 E+2 7.07E-2
Crystal Riyor 5.770 6.62E+2 8.72E-3
Farley 1&2 3.908 3.46 E+2 1.13 E-2 )

Fort Calhoun 1 11.357 3.42 E+2 3 .32E-2
Ginna 11.339 4.89 E+2 2.3 2E-2 '

Haddam Neck 16.5 90 3 .12E+2 5 .3 2E-2
Indtan Point 1&2 220.917 1.17 E+3 1.89 E-1
Indian Point 3 4.700 3.79E+2 1.24E-2

Kew aunee 5.208 6.73 E+1 7.7 4 E-2
Maine Yankee 8.665 2.20 E+2 3 .94 E-2
McGui re 7.895 9.91E+1 7.97 E-2
North Anna 1&2 60.617 4.21E+2 1.44 E-1
Oconee 1,2&3 49.660 3.06 E+3 1.62E-2

Pal isades 1.950 7.31E+2 2.67 E-3
Point Beach 1&2 17.073 2.52 E+2 6.78E-2

- Prairie Island 1&2 20.470 9.91 E+1 2.07 E-1'
Rancho Seco 1 37.050 2.40E+2 1.54 E-1
Robinson 2 73.108 1.3 8 E+3 5.3 0 E-2

Salm 1&2 74.056 1.91E+3 3 .88 E-2
San Onof re 1 1.431 9.27 E+2 1.541-3.

Sequoy ah 5.200 3.56E+2 1.45 E-2
St. Lucie 14.690 3.07E+2 4.79E-2
Surry 1&2 104.205 2.17 E+3 4.80E-2

Turkey Point 3&4 40.218 1.01E+3 3.98E-2
Zion 1&2 10.030 8.82E+2 1.14E-2

.

Data f ran the f ollowing stations are anitted for 1982:
Arkansas 142, no waste volunes reported;
Davis-Besse 1, waste valune not reportecz
Millstone 2, waste volunes reported, in part, with Mill stone 1;
Susquehanna, egosure data not reported;
and Troj an, eliminated because cwputed person-rem /m3 was statistically
outside the range f or FMRs.

!
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TABLE A.4 ,

RADIATICH EXPOSURES INQJRRED IN WASTE PROCESSING
MD V01.UES OF WASTES PRODU 0 AT BWRs IN 1980

,

Waste
Station Exposure

Vol p)e Per son-Rom /
(person-rem) ( m' nP

Browns Ferry 1,2&3 4.800 2.49 E+3 1.93 E-3
Brunswick 142 233.915 6.73 E+3 3.48E-2
Cooper 5.722 4.3 5 E+2 2.52 E-2
Oresden 1,213 62.700 1.16 E+3 5 .41E-2
Ouane Arno11 19.963 7.3 5 E+2 2.72E-2

F1tzpatriek 129.000 7.50E+2 1.72E-1
'

Hatch 1&2 6.000 7.232+2 8.30E-3
Monticello 12.922 7.42E+2 1.74 E-2
Nine Mile Point 36.591 8.14 E+2 4.50 E-2
Oyster Creek 23 .83 4 2. 03 E+3 1.17 E-2'

Peach Bottom 2&3 19.614 2.64E+3 7.43 E-3
,

Pilgrim 89.720 2.94 E+3 3.05E-2
Quad Cities 1&2 138.700 1.67 E+3 8.31E-2 .

Vennent Yankee 1.637 4.84 E+2 3.38E-3

t

Data f ran the following station is omitted for 1980:
M111stons 1, waste data includes data for Millstone 2. ,

,

l

<
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TABLE A.5

RADIATIO 4 EXPOSURES INQJRRED IN WASTE PROCESSING
MD Ya.UES OF WASTES PRODU D AT BWRs IN 1981 '

l
Waste

s tation Exposure Volyne Forsop-Rom /
(person-rem) (W) W-

Brunsvick 142 409.882 4.30E+3 9.53 E-2
Cooper 4.995 4.99E+2 1.00 E-2
Dresden 1,2&3 131.000 1.14E+3 1.15E-1
Duane Arnold 28.556 6.97E+2 4.10E-2
Fitzpatrick 137.000 8.61E+2 1.59E-1

Hatch 1&2 27.000 2.69 E+3 1.00 E-2
Monticello 7.556 5.54 E+2 1.36 E-2
Nine Mile Point 61.411 5.31E+2 1.16E-1
Oyster Creek 13.368 1.78E+3 7.51E-3
Peach Bottom 2&3 40.275 2.34 E+3 1.72E-2

Pilgrim 60.825 1.06E+3 5.74 E-2
Yonnont Yankee 5.764 4.39 E+2 1.31E-2

Data f ra the following stations are mitted for 1981:
Browns Ferry 1,2,&3, waste data are not reported;
Millstone 1, waste data includes data for Millstone 2;
and Quad Cities 1&2, exposure data are outstde the range of expected values
for BWRs.
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TABLE A.6

RADIATICH EXPOSURES INCURRED IN WASTE PROCESSING
;ND YCLUES OF WASTES PR00VED AT BWRs IN 1982

Waste
Station Exposure

Volp)e
Porsop-Rem /

(person-ren) (m3 m3

Brunswick 1&2 677.036 3.53 E+3 1.92E-1
Cooper 6.184 4.45E+2 1.39 E-2 -

Dresden 1,2&3 170.200 8.99 E+2 1.89E-1
Duane Arnold 21.032 4.57E+2 4.60 E-2
Fitzpatrick 120.340 1.64E+3 7.34 E-2

Hatch 1&2 20.000 1.69E+3 1.18 E-2
Monticello 6 .3 95 7.50E+2 8.53 E-3-

Nine Mile Point 72.627 5.76E+2 1.26E-1
Oyster Creek 19.618 9.96 E+2 1.97 E-2
Peach Bottom 2&3 14.688 3.23 E+3 4.55 E-3

Pilgrim 106.820 2.28E+3 4.69E-2
Quad Cities 1&2 104.826 1.46E+3 7.18 E-2
Vermont Yankee 3.007 4.51E+2 6.67 E-3

,

A

Data fran the following stations are omitted for 1982:
Browns Ferry 1,2,43, waste data are not reported;
and Mill stone 1, waste data includes data f or Mill stone 2.

,

|

,

l
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3mean was 0.051 person rem /m at BWRs (n = 39, s.d. = 0.055) and 0.056 person trm/m3
at PWRs (n = 78, s.d. = 0.070). De computed t for the difference of these means is 0.40,
which is not significant at the 0.01 level. Therefore, it was concluded that a single
estimate could be derived for both types of reactors, since the greater exposure in waste
procesdng at BWRs is accompanied by a greater volume of waste shipped.

To dertve the estimate, a linear regression analysis of the exposure and waste volume ;
data was performed. Again, the data in Tables A.1 through A.6 were used, and these |
data, along with the line that best fits the data, are plotted in Figure A.I. De best fit
line intersects the y axis at 2.9 person-rem, with a slope of 0.042 person rem /m3, ne
correlauon coeHlcient, r = 0.525 (n = 117), demonstrates a reasonable degree of
correlation. ne computed t for r = 0.525 is 6.61, which is significant at the 0.01 level.
Derefore, investigators concluded that the correlation reflects a true relationship
between exposure and volume of waste shipped.

De derived correlation is 12.9 + 0.042 x (waste volume in m3)| person rem or roughly
1.19 x 10-3 x (waste volume in ft ) person rem.* Since the activity associated with3

different waste streams varies. It should be noted that this correlation is likely to over-
estimate the exposures incurred in handling dry active waste, and to under estimate the
exposures associated with handling and processing wet and irradiated waste streams,

nus, the occupational radiation exposure for waste disposal activities can be
estimated directly from the above formula given that the analyst knows the aggregate
volume (from all waste streams) of as shipped waste. For example,10000 ft3 of as-
shipped waste is estimated to result in 1.19 x 10-3 x 10000 = 11.9 person rem.

Addendum

The above radiation exposure analysis has not been changed. Based upon our survey of
the open literature, we concluded that there was not adequate ''new" information
available to make possible an improvement in the original recommendation for
estirnating doses associated with processing and handling radioactive waste in the
aggregate. We considered !t appropriate, however, to investigate the availability of
infonnation at the reactor plants that would permit doses attributable to specific
classes of wastes (e.g., NCTRASH, COWASH, IXRES!N, CONCIJQ, etc.) to be identified

| and used to update the analysis.

Accordingly, we contacted 20 utilities to determine whether it was feasible to obtain
information on the doxs attributable to handling specific classes of waste at their

| plants.
1

None of the utilities that we contacted record their doses attributable to handling
specific categories of waste separately from other radwaste activities. Usually, a
generic radiation work permit (RWP) is used to cover all radwaste operations such as |

,

compaction, packing, resin transfers, resin packaging, radwaste station operation |
activttles, and noncompactible radwaste handling and packaging. Also, compactible
and noncompactible radwastes are often packaged together to make maximum use of
space in the shipping containers, making it impossible to separate the radiation
exposure attributable to the handling of these two classes of waste. When there is a
specialjob such as fuel rack modifications, an RWP may be written which covers the
entire operation, including the handling of the radwaste. Therefore, we concluded that

*The least squares fit of the data has not been constrained to pass through the origin. It
could be argued that it la physically unrealtsuc for the line not to pass through the
origin.
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lt is not possible to esumate doses attributable to the handling of specific categories of
waste from the plant records.

In our corwersauons with the utthtles, we focused on the exposure due to the handling
of noncompactible waste, since this is the waste stream of primary interest for purposes
of esumating the impact of regulatory changes. All of the utilities felt that the exposure
due to noncompactible waste was very small, in most cases less than one man rem per
year. Dey said that most of the exposure associated with radwaste handhng comes
from resin and filter operations.

Dere is another source of data for the exposure associated with the handling of
noncompactible trash. Namely, there are vendors who process these wastes as an
interim step between the utility and the burtal ground. Accordingly, we contacted a
number of these vendors to obtain further insight into the exposure associated with the
handling of noncompactible waste.

'Iwo of these vendors process noncompactible waste Scientific Ecology Group. Inc.
(SEG) and Quadrex. SEG processes the noncompactibles by, for example, cutting and
smelting to reduce the volume before shipping the waste to the burial ground. Quadrex
uses an acid treatment to decontaminate the noncompactibles to release most of the
material for clean use, and ships the residue to the burial ground. Other vendors
perform a variety of services. NuPac has a resin drying process. Chem Nuclear
performs compaction only. Hydro Nuclear does on site volume reduction and thus the
exposure of its workers is included with the utthty records. Impell perfonns consulting
only in the area of radwaste.

We were able to obtain some exposure information from SEG and Quadrex. SEG
processes 45.000 to 60.000 cu.ft. of noncompactible waste monthly. During the entire
year 1987, 550.000 cu.ft, were grocessed, ne total exposure for that year was 44 person-rem or 8 x 10-5 person rem /11. SEG states that this latter figure is probably more
representative because they were handling spent fuel racks reading 1.5 rem /hr earlier
in the year, which required cutting and smelung, r.nd resulted in higher doses than
nonnal. The average exposure for their worker in 1987 was 0.5 rem / person /yr.

Quadrex processed 800.000 to 900.000 cu. ft. containing 360 C1 of activity over the past
five years, ne total exposure over the five year period was 680 person rem, or
approximately 8 x 10"8 person rem /R3. We average exposure for their workers in 1987
was 0.4 rem / person /yr.

From this limited sample. It appears that an order of magnitude estimate of the
| exposure attributable to the handling of noncompactible waste is in the range of 1 x 10 3

3
| to 1 x 10-5 person rem /fl . It is ofinterest to compare this esumate with the estimate
| for the aggregate ure to all categories of waste in the original analysis, namely 1 x

10-3 person rem /ft . We judge that the use of the original value, as derived above, to :
charactertze the exposure from handling of noncompactible radioactive waste remahu
reasonably conservative.

,
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VARIATION IN TRANSPORT COSTS

WITH TRANSPORT DISTANCE

Tables B.1 and B.2 indicate the variation in transportation costs and total disposal
costs as a function of the distance between the reactor site and the waste burial site.
Dese tables apply to BWR wastes and PWR wastes, respectively. Transport costs and
total costs are shown for distances of 250,500,2000, and 3000 miles for each waste
stream and each applicable waste actMty level and volume reduction factor, ne 1000
mile cases were covered in Tables 1.4 and 1.5.

De differential cost column shows the difference in costs betwwn the tabulated
distance cases and the costs for the 1000 mile case conditions. For example, the first
item in Table B.1 for Differential Transport Costs is for a transport distance of 250
miles. Compared to the 1000 miles case for these wastes, the transport costs are less by

3$7973 per 1000 ft of as generated waste.

l
|

|
1

,
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TmMe 3.1 hamspost Cents far EUFR Wanes 9tseensa (1988 dmEmsel 7/88

WASTE ACTIY1TY TMPORT TRANSPORT TOTAL DEFFERENTIAL *

TYPE IZvEL VRF DISTANCE, MI 00875. $ COSTS.8 TRANSF COSTS. $

BNCTRASit IM 0.2 250 6.618 329.631 -7.973
0.4 250 4.079 185.1M -4.914
0.6 250 3.933 191.958 -4.739
0.6 250 3.899 161.875 -4.697

TYPICAL 0.2 250 6.618 329.631 -7.973
0.4 250 4.079 185.184 -4.914
C.6 250 3.933 191.958 -4.739
0.8 250 3.899 161.875 -4.697 ;

I!!GII 0.2 250 6.618 334.818 -7.973
0.4 250 4.079 187.781 -4.914
0.6 250 3.933 193.602 -4.739
0.8 250 3.899 163.173 -4.G97

VERY IDGli 0.2 250 50.819 448.4M -80.834 |

d.4 250 25.448 237.9M -40.478 |

@ 0.6 250 16.990 212.271 -27.025
0.8 250 12.724 169.152 -20.239

DNCIRASri IM 0.2 500 9.380 332.393 -5.211
0.4 500 5.781 186.886 -3.212
0.6 500 5.575 193.600 -3.097
0.8 500 5.526 163.502 -3.070

"IYPICAL O.2 500 9.380 332.393 -5.211
0.4 500 5.781 186.886 -3.212
0.6 500 5.575 193.600 -3.097
0.8 500 5.526 163.502 -3.070

tilGli 0.2 500 9.380 337.580 -5.211
0.4 500 5.781 189.4M -3.212
0.6 500 5.575 19">.334 -3.097
0.8 500 5.526 164.800 -3.070

VI'RY IGGil 0.2 500 72.576 470.251 -59.077
0.4 500 3G.342 248.799 -29.583

* DLflerenLI custs compami to 1000 mile distance case

-
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Table B.1 Tamamport Comma Sar EtFRWeste Staammes (1998 dmEnselloomt.) 7/88

WASTE ACTTVITY N#27 TRAlWWORT 1tFTAL DEFFERENTIAL *
TYPE I2VC. N DES fAMCE. M1 00815. $ C0815. $ TRAIUSP COSTS. $

O.6 500 24.265 219.545 -19.751
0.8 500 18.171 174.599 -14.791

BNCIRASif IDW O.2 2000 29.181 352.195 14.591
0.4 2000 17.985 199.090 8.992
0.6 2000 17.344 205.360 8.672
0.8 2000 17.191 175.167 8.596

TYPICAL O.2 2000 29.181 35;195 14.591
j O.4 2000 17.985 199.000 8.992
j 0.6 2000 17.344 205.360 8.672
| 0.8 2000 17.191 175.167 8.596

I
IBGil O.2 2000 29.181 357.381 14.591 )

0.4 2030 17.985 201.687 8.992 '

0.6 2000 17.344 207.103 8.672
$ CS 2000 17.191 176.466 8.596

VERY 1HC11 0.2 |r.000 256.160 653.834 124.507
0.4 2000 128.272 340.729 62.347
0.6 2000 85.M3 280.924 41.627
0.8 2000 M.136 220.564 31.173

BNCTRASli IDW O.2 3000 43.772 366.785 29.181
44 3000 26.977 208.083 17.985
0.6 3000 26.017 214.041 17.344
0.8 3000 25.787 183.763 17.191

TYPICAL O.2 3000 43.772 366.785 29.181
0.4 3030 26.977 208.083 17.985
0.6 ."X)OO 26.017 214.041 17.344 |

'0.8 3000 25.787 183.763 17.191

IDCII O.2 3000 43.772 371.972 29.I81
0.4 3000 26.977 210.680 17.985
0.6 3000 26.017 215.775 17.344

* D:fferential c<ets compared to 1000 mile distance case
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|

Tame al.1 W CW Cor EWR Wests seseems (1988 dmEmmel (esetJ 7/86

|
i

WASTE ACnVITY TRANSPOE3 TRANSPOEtT TOTAL DEFFERENTIAL *
TYPE 1EVEL VRF LISTANCE.MI COS15. $ COSTS. $ TRANSFCOSTS $

O.8 3000 25.787 185.061 17.191

YERY 19C11 0.2 3300 380.666 778.341 249.013
0.4 3000 190.619 403.075 124.693
0.6 3000 127.269 322.550 83.253
0.8 3000 95.309 251.737 62.347

BCOTRASH IDW 127 250 585 2&860 -705
3.78 250 357 17.576 -430
&G7 250 238 11.925 287
&60 250 165 8.774 -199
I13.4 3 26 3.629 -32

TYPICAL 2.27 250 585 28,860 -705
3.78 250 357 17.576 -430

-

8 5 67 250 2M 11.925 -287
&O9 250 1' 9.774 -199
113.4 250 3.045 -32

111C11 2.27 250 31.063 -1.707 |

178 250 . 1&92D -1.042
1 67 250 4. _G9 -789

'C J- -772&O9 250
113.4 250 s -242

YERYIBCil 127 250 4.405 -7.150,

178 250 2.743 417 -4.363
& 67 250 1.829 16.486 -2.909
REO 250 1.886 13.255 -2.994
113.4 250 307 4.737 -481

BCOTRASII IDW 2 27 500 830 29.104 -461
3.78 500 505 17.725 -281

5.57 500 338 12.024 -188 ,

RED 500 234 8.843 -130

* GJierents.nl costs compared to 1000 mile distance case

.
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TimMs 3.1 'nmesport Cents ist NUPR Westa Sasemens (1988 dmEasal lemetJ 7/88

WASTE ACTIVITY TRANbrO"*T 'I1tANSPORT TOTAL DEFFERENTIAL *
TYPE IZVEL VC DISTANCE. MI C0815 $ QM515. 8 TRANSP 00815. $

113.4 500 38 3.640 -21

"IYPICAL 2 27 500 830 29.lM -461
Ti8 500 SOG 17.725 -281
ti67 500 338 12.024 -188
8.fD 500 234 8.843 -130
113.4 3GO 38 3.656 -21<

If H 2.27 500 1.503 31.508 -1.267
3.78 SOG 917 19.189 -773
5 67 500 EDS 13.52?. -585
RfD 500 679 11.112 -572
113.4 'X)O 218 3.985 -177

4

'
W.RY EDGli 2.27 500 6.420 41.536 -5.226

3.78 500 3.917 25.501 -3.189
5.07 500 2.611 17.209 -?.126

3 &C3 500 2.097 14.066 -2.183
113.4 500 444 4.374 -344

DColRASli IDW 2.27 2000 2.581 30.856 1.291
3.78 2000 1.575 18.793 788
5.C7 3:00 1.050 10.737 525
6.6G 2000 727 9.336 3G4
113.4 2000 117 3.720 58

l
i TYPICAL 2.27 2000 2.581 30.856 1.291

] 3.78 2000 1.575 18.793 788
: 5.67 2000 1.050 12.737 525
.I &63 2000 727 9.336 364

1 113.4 2000 117 3.735 58
.1

HIGH 2.27 2000 5.450 35.461 2.600
3.78 2000 3.331 21.603 1.642

i 1 67 2000 2.524 15.350 1.244
MG3 2000 2.468 12.900 1.216

: 113.4 2000 768 4.536 373
a

- Ditlerential ecsts comp.ar-<t to 1000 mile distance case

-. , - - - .- _ - . . - . . . ., _ , . . - _ _ _ -
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|
'11mk% 5.1 Tunnspect Cents ame mura Weste assemann (lees emmamm| (eamtJ 7/88

|

waste acTrvirr TaAnsmar Tsuussmar w rat xxPrEmanTlaL -
TTFE REVEL VRF DISTANCE. MI 00815. $ 00S15. $ TRANSPCOSTE $ l

I ,

VERYIDGli 2.27 2003 22.650 57.775 11.013 I
3.78 2000 13.826 35.500 6.720

1 5.67 2000 9.217 23.874 4.480
| &O9 2000 9.474 20.844 4.594
j 113.4 2000 1.506 5.936 717
.

l
1

) DCOTRASH IDW 2.27 3000 3.872 32.146 2.581 |
j 3.78 3000 2.363 19.581 1.575 |
] 5.67 3000 1.575 13.262 1.050
> &EO 3000 1.091 9.700 727
I 113.4 3000 175 3.778 117

'IYPICAL 2.27 3000 3.872 32.146 2.581;

3.78 3000 2.363 19.581 1.575 1

5'67 3000 1.575 13.262 1.050
' '~

N 8.tB 3000 1.091 9.700 727
113.4 3000 175 3.793 117,

i

IDGli 2.27 3000 8.150 38.151 5.381,

178 3000 4.973 23.245 3.283
5.67 3000 3.767 16.594 2.487
&EO 3000 3.684 14.116 2.432

; I13.4 3000 1.141 4.909 747

; VERYIDGII 2.27 3000 33.672 68.788 22.027
; 3.7d 3000 20.546 42.220 13.440

167 3000 13.007 28.354 8.960
i 8.(D 3000 14.060 25.438 9.189
i 113.4 3000 9 ??'t 6.653 1.434

i BL'CRESIN IINr 6.71 250 7.691 137.628 -12.362
0.95 250 5.288 97.419 -8.499
1.4 250 7.314 74.420 -11.634
2 250 5.105 77.014 -8.120

l

| Dafkrentsai costs xwnpared to 1000 mee distance case*

1
i
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Timbbt 3.3 T- , - ; Cests for WWR Westa St- $E O deMasel lemet.) 7/d8-

..

WASTE ACTIVITY TRANSPORT TRNi TOTAL DEFFEREITI1AL *
TYPE IZVEL VRF CESTANCE.MI COSTS $ COM $ TRANSFCOST5.$

J

;

4 250 2.590 46.770 -4.120

TYPICAL Q.71 250 22.157 147.876 -35.183
0.95 250 16.618 '15.998 -26.387
1A 250 11.314 '6.463 -17.966
2 2S3 7.806 ;937 -12.539
4 25G 5.221 '19 -8.184

i

i
iDGli O.71 SO 28.871 23">. * -45.254

4 0.95 250 21.654 191 T -33.941
1.4 250 31.800 183.629 -49.440

1 2 2S3 22.lM 168.726 -34.505
4 250 11.263 101.06" -17.5 to

i VEJOF idGli O.71 250 62.275 478.178 -96.820
i 0.95 250 46.706 357.331 -72.615
1 1.s 259 31.e00 300.70o -49.44o-

8 2 250 22.lm 234.6 m -34.505
4 253 11.263 127.0G3 -17.51O

B1XRESIN IDW O.71 500 10.881 140.818 -9.172
0.95 500 7.481 99.612 -6.306
1.4 500 10.446 77.552 -8.503
2 500 7.290 79.199 -5.934

I 4 500 3.700 47.879 -3.011
1

TYPICAL O.71 500 31.091 157.410 -25.649
0.9C 500 23.700 123.149 -19.236
1A 500 16.183 101.332 -13.097
2 500 11.294 96.335 -9.141
4 500 7.553 59.951 -5.853

| filGI! O.71 500 41.763 246,641 -32263
OM 600 31.322 202.867 -24.272
1A 500 46.320 198,f 49 -34.920
2 500 32.328 178.860 -24.371
4 500 16.405 106.811 -12.368

|

i
<

] * LE'ferential costs, carpared to 1000 mfle distance caw
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|

Takla R.1 Tamamment Ccom for trGrK Weste semessus (1988 dmEmmel leems.) 7/88 I
!
1

I

|
WASTE Acnymr TRAN3 M T TRANSPORT TOTAI, DFFERENTIAI, * |TTFE IZvEL VRF DL47aNCE. 381 00815. $ COSTS. $ TRANSF00875.$

VERYlDGl! O.7) 500 90 710 506.613 -68.385
0.95 500 68.033 378.657 -51.280
t4 500 46.320 315.280 -34.920
2 500 32.328 244.803 -24.371
4 500 16.405 132.806 -12.368

UlXRESIN IDW O.71 2000 39.537 169.474 19.4M
O.95 2000 27.182 119.313 13.395
1A 2000 36.809 103.975 17.920
2 2000 25.731 97.640 12.507
4 2000 13.058 57.238 6.347

'IYP1 CAL G71 2000 111.323 237.M2 53.983
C.M 2000 83.492 182.873 40.487-

$ 1.4 2000 56.846 141.9M 27.566
2 20C0 39.674 124.714 19.239
4 2000 25.507 77.995 12.191

1tiGH 0.71 2000 141.537 346.415 67.411
O.95 2000 106.153 277.698 50.559"

1A 2000 - 153.480 305.309 72.240
| 2 2000 107.116 253.648 50.418
1 4 2000 54.358 144.763 25.585
1

.)
'N *t IDG** 2'? 2000 W.565 716.468 141.470i

I Q.95 2000 225.424 536.049 106,103

1A 2000 153.480 422.440 72.240
j 2 2000 107.116 319.592 50.418
| 4 2000 54.358 170.758 25.585

J

i BlXRESIN IDW u.71 3000 59.021 188.957 M
| 0.95 3000 4J.577 132.708 m'<90
I 1A 3000 54.789 121.895 35.840
'

2 3000 38.238 110.147 25.013

* Dtfrerentini costs compsred to 1000 mile destance case

I
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1hMe B.1 Tamanyest cm 3,w gWR Weste Stammans (1938 demasel (emet.) 7/sp

WASTE ACTTVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL *
TYPE ZEVEL VRF DISTANCE. Mi 00875,$ COSTS.$ TRANSF COSTS. $

4 : K)0 19.401 63.584 12.693

'IYP1 CAL O.71 3000 165.306 241.025 107.966
0.95 3000 123.979 223.360 80.974
1.4 3000 84.411 169.560 55.131
2 3000 58.912 143.953 36.'77
4 3000 37.789 SO.186 24.383

IllCH O.71 3000 208.M9 413.826 134.823
0.95 3000 156.711 328.257 101.117
1.4 3000 225.726 377.549 I44.480
2 3000 157.534 304.066 100.835
4 3000 79.943 170.348 51.170

VERYIDGII O.71 3000 442.035 857.938 282.MO
0.95 3000 331.526 642.151 212.205
1.4 3000 225.720 494.680 144.480.--

$ 2 3000 157.534 370.009 100.835 |
4 3000 79.943 196.343 51.170

l

|
|

BCONCUQ IDW O.71 250 7.251 133.473 -11.656
I.9 250 5.410 72.930 -8.605
2.4 .'.50 4.267 46.502 -6.787
3.8 250 2.743 42.245 -4.363
4.5 250 2.286 44.594 -3.636

"IYPICAL O.71 250 22.157 147.423 -35.183
1.9 250 8.368 90.358 -13.287
2.4 250 6.600 59.900 -10.480
3.8 250 5.529 53.732 -8.666 1

4.5 250 4.607 57.431 -7.221

HIGH O.71 250 28.871 233.289 -45.254
1.9 250 23.519 170.653 -36.565 i

2.4 250 18.550 123.269 -28.840 j
3.8 250 I1.925 100.354 -18.540

* Differential costs compared to 1000 mile distance case
1

._, __ _ _ . _ _ - - . _ _ , . _ - - . . _ _ _ _ _ , . . _ _ _ _ - _
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ThMe 35.1 Tumampert Comes sur WWR Weste sesemens (1988 desasmi teentJ 7/88

WASTE ACTIVITY TRANSPORT TRANSPORT 10TAL DEFFERENTIAL *
TYPE REVEL VRF DESTANCE. MI C0815 $ COSTS.$ TRANSF 00815. $

4.5 250 9.938 92.926 -15.450

VERYIDGli 0.71 250 62.275 477.653 -96.820
1.9 250 23.519 240.372 -36.565
2.4 250 18.550 178.588 -28.840
3.8 250 11.925 127.718 -18.M0
4.5 250 9.938 115.989 -15.450

DCONClJQ IDW O.71 500 10.250 136,481 -8.648
1.9 500 7.725 75.246 -6.289
2.4 500 6.093 48.418 -4.960
3.8 500 3.917 43.419 -3.189
4.5 500 3.2G1 45.572 -2.657

TYPICAL O.71 500 31.091 156.957 -25.649
1.9 500 11.960 93.958 -9.686-

$ 2.4 500 9.440 62.740 -7.640

,
3.8 500 7.997 56.200 -6.197

! 4.5 500 S.6GI 59.488 -5.164

IIIGII O.71 500 41.763 246.180 -32.363
1.9 500 34.258 181.3!r2 -25.826
2.4 500 27.020 131.739 -20.370
3.8 500 17.370 105.799 -13.095
4.5 500 14.475 97.464 -10.913

VERYIIIGli O.74 500 90.710 506.088 -68.385
1.9 500 34.258 251.111 -25.826

2.4 500 27.020 187.058 -20 370

3.8 500 17.370 133.163 -13.095
4.5 500 14.475 120.52;' -10.913

DCONClJQ IDW O.71 2000 37.278 163.499 18.370

1.9 2000 27.267 94.788 13.253

2.4 2000 21.507 63.832 10.453

3.8 2000 13.82G 53.327 6.720

* Differential costs canparal to 1000 mile distance caw

_ _ - - _ - _ - _. __
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I
J

M B.1 Taussymet r m gar gWR Weste 9tsensus (1988 dmEman) H 1 7/88 |

WASTE ACTIVITY TRANSPORT TRA.WPORT TOTAL DEFFFJtENTIAL *
TYPE IEVEL VRF DESTANCE, M1 00815.8 00815.8 TRANSF00815.8

45 2000 I1.521 53.829 5.600

"IYPICAL O.71 2000 111.323 236.589 53.983
1.9 2000 42.012 124.032 20.387
14 2000 33,1GO 86.460 16.080
3.8 2000 27.103 75.30G 12.909
4.5 2000 22.566 75.409 10.757

tilGII O.71 2000 141.537 345.954 67.4 II
1.9 2000 113.511 200.646 53.428
2.4 2000 89.530 194.249 42.140
3.8 2000 57.555 145.964 27.090
4.5 2000 47.963 130.951 22.575

VEHY IDCII 3.71 2000 300.565 715.943 141.470
1.9 2000 I13.511 330.365 53.428,

2.4 2000 89.530 249.568 42.140-

N 3.8 2000 57.555 173.348 27.090
4.5 2000 47.963 154.014 22.575

BCONC1JQ IDW O.71 3000 55.Gt8 181.860 36.741
1.9 3000 40.521 108.041 26.507,

14 3000 31.960 74.285 20.907'

3.8 3000 20.546 60.047 13.440
i 4.5 3000 17.121 59.429 11.200
i

| 'lYPICAL O.71 3000 165.306 290.571 107.90A
l 1.9 3000 62.429 144.419 40.774
! 2.4 3000 49.240 102.540 32.160
1 3.8 3000 40.011 88.214 25.817

4.5 3OJO 33.343 86.166 21.514
i

IIIGli O.71 3000 208.919 413.366 134.823
1.9 3000 166.939 314.073 106.855
2.4 3000 131.670 236.389 84.280
3.8 3000 88.645 173.074 54.180
4.5 3000 70.538 153.526 45.150

* Differential costs compared to 1000 mile distance case

_-- - .- - . -_ - . . . - . . __ _ _
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hhis R.1 Tunasport em for WWE Weste sesessms (1988 dm5msel femetJ I/88 .

WASTE ACTTVITY TRANSPORT TRAISBFORT TOTAL DEFFZ9 TENT 1AL *
TYPE 12 VEL VHF DISTANCE. M1 COS15 $ CO % $ TRANSFCOSTS.$

VEIN IDGil 0.71 3000 442.035 857.413 282.940
1_9 3000 166.939 383.792 106.855
2.4 3000 131.070 291.708 84.280
3.8 J000 84.G15 200.438 54.180
4.5 3000 70.538 176.589 45.150

ISI M DGE IDW O.56 250 9.490 172.212 -15.254
2 250 5.105 60.8G5 -8.120
4 250 4.007 49.980 -6.363

1YPICAL OM 250 28. IG8 I87.6G3 -44.727
2 250 10.289 79.181 -16.128
4 250 5.221 61 306 -8.184

111G11 0 56 250 36.701 296,839 -57.531
2 250 22.194 168.929 -34.505
4 250 11.263 109.627 -17.510

VEIN IUCII O.56 250 79.100 607.652 -123.065
2 250 22.194 219.094 -34.505
4 250 I1.263 128.067 -17.510

BFSLUDGE IDW O.56 500 13.426 176.148 -11.317
2 500 7.290 63.050 -5.934
4 500 5.731 51.705 -4.639

TYPICAL 0.56 500 A.280 199.783 -32.606
2 500 14.884 83.775 -11.534
4 500 7.553 63.638 -5.853

1DGH 0.56 500 53.092 313.228 -41.142
l 2 500 3?'t?R 179.062 -24.371

4 500 16.405 114.770 -12.368

* Dincrential costs compared to 1000 mile dbtance case

_ . _ _ _ . -,_ _ , -_ _ _____ _ - -_ .-
_ _ _ _ _ _ _ _ _ _ _
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1hhis R.1 Thammyert Comes for WWR Weste Staneens (1988 dmEasm) kama 1 7/88

WASTE ACTIVITT TRANSPORT TRANSPORT TOTAL DEFFFERRITTIAL *

TYPE I2 VEL VRF DISTANCE, MI COSTS. $ COSTS. $ TRANSF COSTS, $

VENY lilG1i O.56 500 115.318 643.801 -86.936
2 500 32.328 229.228 -24.371
4 500 16.405 133.230 -12.368

UFSIl1DGE IIM O.56 2000 48.7M 211.506 24.Gt 1

2 2000 25.731 81.491 12.507
4 2000 20.133 66,1OG 9.763

1YPICAL OJ56 2000 141.522 301.017 68.627
2 2000 50.441 119.333 24.024
4 2000 25.507 81.682 12.191

IIIGII O.56 2000 1*'9.933 440.000 85.699
2 2000 107.116 253.851 50.4I8
4 2000 54.358 152.722 25.585

VERY IIIGII O.56 2000 382.101 910.585 179.M8 |

2 2000 107.116 308.017 50.418 |

4 2000 M,358 171.182 25.585

I
DIMlJDGE II M O_56 3000 72.825 235.547 48.081 1

2 3000 38.238 93.996 25.013 |
4 3000 29.896 75.809 19.526 )

TYPICAL O.56 3000 210.149 309.Gl4 137.254
2 3000 74.466 143.357 48.089
4 3000 37.789 93.874 24.383

lilGII O.5G 3000 265.631 525.767 171.397
2 3000 157.534 304.209 100.835
4 3000 79.943 178.307 51.170

VERYIBGli O_56 3000 561.949 1.090.432 350.695
2 3000 157.534 354.434 100.835
4 3000 79.983 196.767 51.170

* Differenti.d costs compared to 1000 mile distance caw

_ _ _ _ _ _ . . . .
.. .. .. ..
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tam m.2 Trummyert Caste Smr FWR Weste Seseense (1883 duessal 7/88

-!
|
'WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL *

TTFE REVEL VHF DISTANCE. MI ON$ COSTS,$ TRANSF COS1b. $ l

.

PNCTRAS!! IDW O.2 250 6.618 330.518 -7.973
0.4 250 4.419 190.515 -5.323
0.6 250 4.317 198.319 -5.201
08 250 4.276 167.538 -5.151

I

TYPICAL O.2 250 6.618 330.518 -7.973
0.4 250 4.419 190.515 -5.323
0.G 250 4.317 198.319 -5.201
0.8 250 4.276 167.538 -5.151

IDGli O.2 250 14.070 375.572 -22.615
,

0.4 250 12.883 250.849 -20.708 !

O.6 250 12.544 256.076 -20.16',

0.8 250 12.525 225.225 -20.13J

VERY HIG!i O.2 250 78.611 550.063 -124.824 l
g 0.4 250 39.3S4 297.522 -62.506
o 0.6 250 26.282 267.573 -41.733

0.8 250 19.682 205.008 -31.253

PNCTHASII IDW O.2 500 9.380 333.280 -5.211
0.4 500 6.263 192.359 -3.479

|0.6 500 6,119 200.121 -3.399 '

O.8 500 6.060 109.322 -3.367

'IYPICAL O.2 500 9.380 333.280 -5.211
0.4 500 6.263 192.359 -3.479
0.6 500 6.119 200.121 -3.399
0.8 500 6.060 109.322 -3.367

<

IDGH 0.2 500 19.906 381.409 -16.779
0.4 500 18.227 256.193 -15.364
0.6 500 17.747 261.279 -14.960
0.8 500 17.721 230.421 -14.937

VERYIDGII O.2 500 112.437 583.800 -90.998
; O.4 500 56.303 314.460 -45.567

* Dt5erentsal costs compared to 1000 redle distance case

_ _ . - _. , , .. . -. -- -- - , --
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Table R.2 T-- , - We Sre FWR Weste Steennes (1988 dollssel (comL) 7/88 )

|

WASTE ACTIVITY TEUUESPORT TRA10 SPORT W TAL DEFFERENTC *
TTPE I2 VEL VRF DESTAlWCE. M1 005T5. $ C0815. $ TRA14SP COST 5. $

0.6 500 37.501 278.882 -30.424
0.8 500 28,151 214.378 -22.784 j

PNCTRASII IDW 0.2 2000 29.181 353.081 14.591
0.4 2000 19.483 205.580 9.742
0.6 2000 19.037 213.038 9.518
0.8 2000 18.855 182.116 9.427

"lYP1 CAL O.2 2000 29,181 353.081 14.501
0.4 2000 19.483 205.580 9.742
0.6 2000 10.037 213.038 9.518
0.8 2000 18.855 182.116 9.427

IDGil O.2 2000 72.328 433.831 35.Gt3
0.4 2000 66.227 304.194 32.637-

i 0.6 2000 64.484 308.016 31.778
0.8 2000 64.388 277.088 31.730

VERYlilGII O.2 2000 394.959 866.412 191.524
0.4 2000 197.776 455.933 95.906
0.6 2000 132.Gl8 373.339 64.033
0.8 2000 98.888 285.114 47.953

PNCTRASit IDW O.2 3000 43.772 367.672 29.181
0.4 3000 29.225 215.321 19.483
0.6 3000 28.555 m 557 19.037
0.8 3000 28.282 191.544 18.855

TYPICAL 0.2 3000 43.772 367.672 29.181
0.4 3000 29.225 215.32) 19.483
0.6 3000 28.555 m %57 19.037
0.8 3000 28.282 191.544 18.855

IDGli 0.2 3000 107.971 469.474 71.286
0.4 3000 98.864 336.830 65.273

* Dinerential cats umpered 191000 mde distance case

- -- . _ _ - . . _ . .. __ _. . . -. - ._ . - - _
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1hMeR.2 T--- . ; comes sur FWR Weste seseems (1988 datassel W 1 7/88

| WASTE ACTIVITY TRKearORT TEUMESPOR* TOTAL DIFFF.RElmAL *
TTFE IEVEL VRF DGSTAIGCE. ESI COSTS $ COWTS. $ TIIA14SP COSTB. $i

|

|

! O.G 3000 9G.262 339.794 63.555
| 0.8 3000 96.118 308.818 63.460

|

| VERY 1.%I1 0.2 3000 56G.484 1.057.936 383.049
O.4 3000 293.081 551.839 191.bil'

0.6 3000 196.081 437.371 128.066
0.8 3000 146.841 333.067 95.90G

ITOIRASII IDW 3.78 250 357 17.576 -430
5.67 250 238 11.925 -287
8.09 250 1G5 8.774 -199
113.4 250 2G .3.629 -32

TYPICAL 3.78 250 357 47.576 -430
5.67 250 238 I1.925 -287-

8 8.09 250 IG5 8.774 -199
113.4 250 77 3.989 -124

1DCII 3.78 250 G48 18.920 -1.042
5.o'7 250 491 13.377 ~789
8.09 250 480 10.971 -772
113.4 250 236 4.118 -374

VENYI11G11 3.78 250 4.243 28.352 -G.737 4

5.67 250 2.829 19.109 -4.491 I

8.09 250 1.886 14.032 -2.994 I

I I3.4 250 307 5.031 -481 |

l'COTRAstl IDW 3.78 500 506 17.725 -281
5.67 500 338 12.024 -188
8.09 500 234 8.843 -130
113.4 500 38 3.640 -21

"lYPICAL 3.78 500 SOG 17.725 -281
5.67 500 338 12.024 -188

* Dillerential costs compared to 1000 mile dishnce case

- _ - _ _ _ _ _ _ _ _ . -_ . _ _ - - _ _ _ _ - _ .
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1hhtm B.2 Thammyest Comes apr F4rst Wmmeo 3tsemums (1988 AmSmemHometJ 7/88

WASTE ACTIVITv TRANSPORT TRANSPO4tT TOTAL DEFTEstEN11AL *
TTFC IRVEL VRF DISTANCE, BEI COSTT.$ COSTS $ TRANSF COSTS. $

8.09 500 234 8.843 -130
113.4 500 109 4.001 -92

IDGli 3.78 500 917 19.189 -773
5.67 500 695 13.581 -565
8.09 500 679 !!.170 -572
113.4 500 337 4/219 -273

VERY EIGH 3.78 500 6.069 30.178 -4.911
5.67 500 4.046 20.326 -3.274
8.09 SGs 2.697 14.S43 -2.183
113.4 503 444 5.168 -344

I

PCOINARil IDW 3.78 2000 1.575 18.793 788 l
5.67 2000 1.050 12.737 525
8.09 2000 727 9.336 364-

8 113.4 2000 I17 3.720 58
,

|
TYP! CAL 3.78 2000 1.575 18.793 788 ;

5.67 2000 1.050 12.737 525 i

8.09 2000 727 9.336 364 I

i13.4 2000 397 4.289 195 i

IllGli 3.78 2000 3.332 21.603 1.G82
5.67 2000 2.524 15.410 1.244
8.09 2000 2.468 12.958 1.216
113.4 2000 1.184 5.066 574

VERY HIGH 3.78 2000 21.317 45.427 13.337
5.67 2000 14.211 30.492 6.891
8.69 2000 9.474 21.620 4.5G4
113.4 2000 1.506 6.230 717

4

PCOTRASII IDW 3.78 3000 2.363 19.581 1.575
5.67 3000 1.575 13.262 1.050
8.GG 3000 1.091 9.700 727 |

I
I

* Deflerential costs compared to 1000 mile distance case

.. - _ . - -__ _ _ _ _ _ _ . _ - . _ _ _
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Thhis R.2 T--- , - #m Sur F4FR Weste Staemann (1988 desarel H ) 7/88

-

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL *
TTFE 12 VEL VRF DISTANCE. MI COSIS, $ COSTS $ TRANSFCOSTS $

O.95 250 46.70G 356.655 -72.615
1.4 250 31.800 254.003 -49.440
2 250 22.194 233.993 -34.505
4 250 I1.263 126.987 -17.510

PIXRESIN IDW 0.71 500 3.777 IOG.736 -2.098
0.95 500 7.481 99.612 -6.306
1.4 500 4.075 72.622 -3.435
2 500 3.G17 76.190 -2.568
4 500 3.700 47.879 -3.011

.

"IYPICAL 0.71 500 20.456 135.205 -16.651
0.95 500 23.769 116.305 -19.236
1.4 500 16.183 92.915 -13.097
2 500 11.2S1 89.891 -9.141

g 4 500 5.731 56.575 -4.639
a

1DGil O.71 500 41.763 219.023 -32.363
0.95 500 31.322 183.205 -24.272
1.4 500 21.32G 148.927 -16.526
2 500 32.328 162.498 -24.371
4 o00 16.405 106.743 -12.368

VERYlilCII O.71 500 90.710 461.418 -68.385
0.95 500 68.033 377.981 -51.289
1.4 500 46.320 268.523 -34.920
2 500 32.328 244.127 -24.371
4 500 16.405 132.129 -12.368

PIXRESIN IDW O.71 2000 11.750 114.710 5.875
0.95 2000 27.182 119.313 13.395
1.4 2000 14.805 83.353 7.296
2 2000 11.071 84.214 5.456
4 2000 13.058 57.238 6.347

TYPICAL O.71 2000 72.201 186.950 35.093

* Dt6erential cats compared to 1000 mile distance case

g , 4 - -- r- -- _
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Tame R.2 Tunempest Ceses for PWR Wimsee 9tseems (1988 deEmem|(onet.) 7/88

WASTE ACTIVITY TRANSPostT TERAIUSFOutT TOTAL DEFFERENTIAL *
TTFE IzVEL VRF DISTANCE. M1 COSTS.$ O(EmL$ TEtANEF C0515. $

O.95 2000 83.492 176.028 40.487
1.4 2000 56.846 133.578 27.566
2 2000 39.674 118.271 19.239
4 2000 20.133 70.976 9.763

ISGII 0.71 2000 141.537 318.797 67.411 |

0.95 2000 106.153 258.035 50.559
1.4 2000 72.274 199.876 34.423
2 2000 107.116 237.286 50.418
4 2000 54.358 144.096 25.585

Vein ~ IIIGli O.71 2000 300.565 671.273 141.470
05 2000 225.424 535.372 106.103
1.4 2000 153.480 375.683 72.240
2 2000 107.11G 318.915 50.418
4 2000 54.358 170.082 25.585

%
cn

PIXRESIN IDW 0.71 3000 17. % 120.585 11.750
0.95 3000 40.5.7 132.708 26.790
1.4 3000 22.101 90.649 14.502
2 3000 16.527 89.670 10.911
4 3000 19.4Gt 63.564 12.093

"lTPICAL O.71 3000 107.294 222.043 70.187
0.95 3000 123.979 216.515 80.974
1.4 3000 84.41I 161.143 55.131
2 3000 58.912 137.509 38.477
4 3000 29.896 80.739 19.526

filGli 0.71 3000 208.949 386.200 134.823
0.95 3000 156.711 308.594 101.117
1.4 3000 106.697 ' J4.299 68.846.

2 3000 157.534 287.704 100.835
4 3000 79.943 170.281 51.170

VERYlilGli 0.71 3000 442.035 812.743 282.940
0.95 3000 331.526 641.475 212.205

* Differential costs compared to 1000 mile distance case

>
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|

TimM o 3 2 .. . _ em ime Farm Wmmes assemens (Isas demasel f===e ) 7/88

WASTE ACTIVITY TRAlgerORT TRAleSPOEtT TOTAL DIFFERE3 MAL *,

TYPE 12 VEL VHF DESTAlWCE. MI 008T5. $ COSTS.4 TRA14SP COSTS, $

1.4 3000 225.720 447.923 144.480
2 3000 157.534 360.333 100.835
4 3000 79.943 195.667 51.170

CONCUQ IDW 0./1 250 ? MG 102.496 -3,047
3.7 250 372 31.882 -448
5.4 250 625 19.966 -1.005
6.6 250 265 22.974 -319
10.4 250 501 21.154 -806

TYPICAL 0.71 250 2.529 103.958 -3.047
3.7 250 2.819 38.420 -4.484
5.4 250 1.905 22.309 -3.030
6.6 250 1.600 26.025 -2.545
10.4 250 990 21.182 -1.575

D
IDCll 0.71 250 14.324 129.299 -22.784

3.7 250 4.361 47.213 -6.924
5.4 250 3.839 30.767 -6.018
6.6 250 3.225 32.726 -5.055
10.4 250 1.996 28.055 -3.129

VERY HIGli 0.71 250 28.871 206.132 ~45.254
3.7 250 12.256 89.071 -19.055
5.4 250 8.281 62.546 -12.875
6.6 250 6.956 50.925 -10.815
10.4 250 4.306 44.938 -6.695

CONCUQ IDW O.71 500 3.585 103.552 -1.992
3.7 500 527 32.037 -293
5.4 500 884 20.225 -745
6.6 500 375 23.084 -208
10.4 500 709 21.362 -M8

'lYPICAL 0.71 500 3.585 105.013 -1.992

* Dt5erential costo compared to 1000 nelle distance case

.,_. . . _ _ . . , _ , . _ _ _ _ _ _ . . . _ _ _ _ _ . _ _ - _ -- . . _ ,
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1hble R.2 'hommyest Comes for FWR Wasee etsamens (1988 W leemt.) 7/88

WASTE ACTIVITY TRANSPORT TRA14 SPORT 10TAL DIFTERENTIAL *
TYPE IEVEL VItF DtSTANCE MI COSTS $ C0515. $ TRAI45FCOSTS $

3.7 500 4.026 39.627 -3.277
5.4 500 2.720 23.124 -2.214
6.6 500 2.285 26.710 -1.860
10.4 500 1.415 21.606 -1.151

IDGli 0.71 500 20,456 135.432 -16.651
3.7 500 6.237 49.089 -5.048
St4 500 5.554 32.481 -4.304
6.6 500 4.665 34.166 -3.615
IO.4 500 2.888 28.946 -2.238

* VERYIIIGII O.71 500 41.763 219.023 -32.363
3.7 500 17.853 94.667 -13.450 |

5.4 500 12.OG3 66.327 -0.0!M
6.6 500 10.133 63.101 -7.639
10.4 500 6.273 46.904 -4.729

%
cm ,

CONC 1JQ IDW O.71 2000 11.153 111.119 5.576 |
3.7 2000 1.639 33.150 820
5.4 2000 3.213 22.554 1.583
6.6 2000 1.167 23.876 583
10.4 2000 2.578 23.231 1.270

TYPICAL 0.71 2000 11.153 112.581 5.576
3.7 2000 14.210 49.810 6.907
5.4 2000 9.601 30.005 4.667
6.6 2000 8.065 32.49C 3.920
10.4 2000 4.993 25.184 2.427

IDGli 0.71 2000 72.201 187.176 35.093
3.7 2000 21.909 64.761 10.624
5.4 2000 18.821 45.749 8.964
6.6 2000 15.810 45.311 7.530
10.4 2000 9.787 ' 35.846 4.661,

VERYlilGit 0.71 2000 141.537 318.797 67.4II
3.7 2000 59.154 135.966 27.843

* Differential cmt. compared to 1000 mile distance case

-- _. _ _ . _ - _ _ - - ._ _.-
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1hMe3.2 7 , ^ Comes Esr FWR Waste etsessms (Rees dammsel leemt.) 7/88_

)

WASTE ACTIVITY TRANSFORT TRANSFORT TOTAL DEFFERENTIAL * I

TYPE IEWEL VRF DSSTANCE. M1 COSTS 8 00815.8 1MANSFCOSTS $ j

5.4 2000 39.969 94.233 18.813
6.6 2000 33.574 86.543 15.303
10.4 2000 20.784 6i.416 9.783

CONCUQ IN 0.71 3000 16.729 116.006 11.153
3.7 3000 2.459 33.909 1.639
5.4 3000 4.796 24.137 3.167
6.6 3000 1.750 24.459 1.167
10.4 3000 3.848 24.501 2.541

TYPICAL O.71 3000 16.729 118.157 11.153
3.7 3000 21.116 56.717 13.813
5.4 3000 14.268 34.672 9.333
6.6 3000 11.985 3G.410 7.840
10.4 3000 7.419 27.610 4.853

19C11 0.71 3000 107.298 'm 970 70.187
3.7 3000 32.534 75.386 21.249
54 3000 27.786 54.713 17.929
6t6 3000 23.340 52.841 15.000 ;

10.4 3000 14.449 40.507 9.323

VERYIflGII 0.71 3000 208.949 386.209 134.823
3.7 3000 86.996 163.811 55.685
5.4 3000 58.781 113.046 37.625
6.6 3000 49.376 102.345 31.605
10.4 3000 30.566 71.198 19.565

|

ITSil1DGE IN O.56 250 3.271 132.512 -3.940 1

2 250 2.010 57,672 -3.231
4 250 2.500 46.355 -4.120

*IYPlcAL O.56 250 18.210 164.046 -28.965
2 250 7.896 68.454 -12.539
4 250 4.007 54.701 -6.363

I* Differential costs compared to 1000 mile distance case
,
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ThMe R.2 'hommyert em Emr FWR Weste Stsuomas (1988 daEmselloemtJ 7/88

WASTE ACTIVITT TRAIOSFORT TRAIESPORT TOTAL DCFFERENTIAL *
TTFE LEVEL VRF DISTAlWCE. MI C0815. $ COSTS.$ TRAIUSP COSTS. $

IDGli O.56 250 28.168 220.846 -44.727
2 250 22.194 121.712 -34,505

4 250 11.263 93.141 -17.510
'

VERYI!1G1i OJ56 250 79.169 491.274 -123.085
2 250 12.194 185.272 -34.505
4 250 11.263 126.429 -17.510

lYSLUDGE IDN 0.5G 500 4.636 133.877 -2.575
2 500 2.844 58.506 -2.397
4 500 3.700 47.464 -3.011

'lYPICAL O_56 500 26.005 171.842 -21.169
2 500 11.294 7L852 -9.141
4 500 5.731 56.425 -4.639

filGil O.56 500 40.289 232.966 -32.606
2 500 32.328 131.845 -24.371
4 500 165405 98.284 -12.368

VERYIIIGIi 0.56 500 115.318 527.423 -86.936
2 500 37't?R 195.406 -24.371
4 500 16.405 131.572 -12.368

ITSLIJDGE IDW 0.56 2000 14.422 143.664 7.211
2 2000 10.333 65.995 5.092
4 2000 13.058 56.823 6.347

"lYPICAL O.56 2000 91.787 237.624 44.613
2 2000 39.674 100 9'ri 19.239
4 2000 20.133 70.827 9.763

19CII O.56 2000 141.522 334.200 68.627
7 2000 107.116 206.634 50.418
4 2000 54.358 136.236 25.585

* DtMerential costs compared to 1000 mile distance case

- - _ _ _ _ _ _ _ _ _ _ ,
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TinMe 3.2 Tammayest cases imr FWR Wasee essessus (1888 deSasel leomsJ 7/88

WASTE ACTTVITY TRANSPORT T R A14S P O R T 1TFTAL DIFFERENHAL *
TYPE LEVEL VRF DISTAIOCE. MI COSTS.4 COSTS $ TRANSFCOSI5.$

VERY HICH 0.56 2000 382.1O1 794.206 179.M8
2 2000 107.116 270.194 50.418
4 2000 54.358 100.524 2.%585

PF5LUDGE IDW OJ56 3000 21.634 150.875 14.422
2 3000 15.425 71.087 10.184
4 3000 19.404 63.109 12.693

TYPICAL O.56 3000 136.401 282.237 89.227
2 3000 58.912 119.470 38.477
4 3000 29.896 80.589 19.526

HIGH 0.56 3000 210.149 402.827 137.254
2 3000 157.534 257.052 100.835
4 3000 79.M3 161.821 51.170

un
~

VERYIDGH 0.56 3000 561.949 974.054 359.695
2 3000 157.534 320.612 100.835
4 3000 79.M3 195.109 51.170

Differential costs compared to 1000 mile distance case*

,
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APPENDIXC
||

SITE-SPECIFIC BURIAL COSTS .

|
,

Tables C,1 and C.2 present burial costs for DWR and PWR low level radwastes, respectively. I
Burial costs are shown based on two rate schedules, ne costs for burial at sites operated by U.S.
Ecology, Ire mcatty. NV and Hanford, WA) are based on the average rates charged between these i

two sites, ne costs for burial at the Barnwell, SC site, are based on a rate schedule for that site '

supplied by Chem Nuclear Systems, Inc., the site operator The "Average Burial Costs" tabulated !
are a linear average of the U.S. Ecology and Barnwell costs.

|
| De differential cost columns simply show the site specific burial costs minus the average !
I burial costs nese differentials should allow the user to adjust the total disposal costs for

{| particular wastes to reflect burial at a specific burial site.
L
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Tees C.1 Stae - W BowlmE Cases ime WWElflestem (lette emEmmel 7/88

WASTE ACTIVITY VRF UA wrrissw2T BARNWEIL AVERAGE DEFFERENT1AL * DE'FERENTIAL "

TYPE I2 VEL BUR COSTS.$ EURCOSTS $ BUR 00815. $ UA BOD - AWG. 4 MWWL- AVG. $

UNCTRAsil IDW 0.2 144.972 180.929 162.951 -17.978 17.978

0.4 72.505 90.000 81.507 -9.003 9.003
0.6 48.469 152.973 100.721 s? %? 5? ?s?

0.8 36.297 114.558 75.428 -39.130 39.130

"IYPICAL 0.2 144.972 180.929 162.951 -17.978 17.978

0.4 72.595 90.600 81.507 -9.003 9.003
0.6 48.460 152.973 100.721 -52.252 s? M2
0.8 36.297 114.558 75.428 -39.130 39.130

tilGli 0.2 144.972 180.929 162.951 -17.978 17.978

0.4 72.505 90.600 81.507 -9.003 9.003
0.6 48.460 152.973 100."'21 -52.252 %? ?%2

0.3 36.297 114.558 75.428 -39.130 39.130

VERY IDGli 0.2 174.673 294.763 234.718 -04.045 f4.085
0.4 87.467 152.814 120.141 -32.674 32.674

-

T 0.6 58.3W 1&l.511 126.455 -68.056 68.056
0.8 43.734 153.239 98.48G -54.753 54.753

BCorIRAslI low 2.27 12.824 16.004 14.414 -1.500 1.500

3.78 7.825 9.765 8.795 -970 970
5.67 5.216 6.510 5.863 -647 647

8.00 3.478 4.340 3.909 -431 431

113.4 435 543 489 -54 54

'IYPICAL 2.27 12.824 16.004 14.414 -1.500 1.500

3.78 7.825 9.765 8.795 -970 970

5.67 5.216 6.510 5.863 4 57 G47

8.E0 3.478 4.340 3.909 -431 431

113.4 435 543 489 -54 54

IllGII 2.27 13.319 1G.018 15.660 -2.349 2.349
3.78 8.I27 10.994 9.561 -1.434 1.434

5.67 5.418 7.441 6.430 -1.012 1.012

8.09 t.612 5.250 4.431 -819 819'

113.4 524 915 719 -196 196

* US Ecokqor sale txstal cxsts minus awrage burtal orm.ts " BarmeeE. SC sete tantal costs minua average lautal costs
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Tatie C.1 Slee - W Burtal re gar WWE Womens (1988 deEment lemmt.) 7/88

WASTE ACTIVITY VBtF U.S. wrris nnY BARNWEIL Avenarr guyyERENTIAL * DWFERENTIAL"
TTFE 12 VEL BUR COSTS. 8 EUR COS'aB. $ BUR 00815. $ UA. 300 - AWG,4 EUWL-AWG.4

VERY IDGil 2.27 15.926 26.074 21.000 -5.074 5.074
3.78 9.718 16.471 13.094 -3.377 3.377
5.67 6.474 10.98I 8.730 -2.251 2.251

8AD 4.529 8.811 6.670 -2.141 2.141

113.4 707 2.057 1.382 -675 675

BIXHESIN IDW 0.71 45.574 65.581 55.578 -10.003 10.003

0.95 33.985 48.274 41.129 -7.145 7.145
1.4 24.166 42.425 33.306 -9.119 9.119
2 17.546 30.654 24.100 -6.554 6.554
4 8.904 15.556 12.230 -3.326 3.326

"IYP1 CAL 0.71 53.211 103.525 78.3G8 -25.157 25.157
0.95 44.006 87.235 65.620 -21.614 21.614 i

1.4 29/. mil 72.735 51.348 -21.387 21.387

$ 2 23.039 50.763 37.231 -13.532 13.532

4 12.027 28.869 20.448 -8.421 8.421

tilGli 0.71 9G.296 218.757 157.527 -61.230 61.230
0.95 72.312 203.258 137.785 -65.473 65.473
1.4 60.103 175.954 118.029 -57.926 57.926
2 42.056 155.390 98.723 -56.667 56.667
4 21.519 95.392 58.456 -36.936 36.936

VERYIDGli O.71 120.603 616.500 368.552 -247.949 247.949
05,5 91.354 462.375 276.865 -185.511 185.511

1.4 63.350 406.909 235.159 -171.809 171.809

2 45.303 284.030 164.667 -119.364 119.364

4 24.767 144.135 84.451 -50.684 50.684

DCONCUQ IDW 0.71 42.441 64.747 SJ.594 -11.153 11.153

1.9 18.593 31.377 24.985 -6.392 6.392 ,

2.4 14.665 25.622 20.143 -5.478 5.478 1

3.3 9.428 16.471 12.949 -3.522 3.522 i

|

4.5 8.096 13.726 10.912 -2.814 2.814
|

* Us Ea*gy a burtal amas menus menee burini and. ~ assumeil. sC e burtal comes mens awerage bustal ames
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,

TimMs C.1 ette - SpeeMe helmi Ceses Sur WWE Womeco (Mes ateGammHammtJ 7/te

!

WASTE ACTTVITY VRF U.S. anns sw2Y BAIMEWEIL AVERAGE DEFFERENTIAL * DWFERENTIAL"
TYPE I2 VEL MR CoeTE. $ BL'M costs. $ MR CosTE. $ U.S. 300 - AVC. $ MEWL-A M $

TVT*1 CAL O.71 53.211 103.525 78.368 -25.157 25.157
1.9 25.114 53.794 39.454 -14.340 14.340
2.4 19.809 42.429 31.I19 -11.310 11.310
3.8 12.734 30.567 21.651 -8.917 8.917
4.5 17 007 30.849 21.428 -9.421 9.42I

IUGII O.71 96.232 218.757 157.519 -61.238 G1.238
1.9 44.531 164.067 104.509 -60.068 60.068
2.4 35.19G 129.878 82.537 -47.341 47.341
3.8 22.750 101.004 67.877 -39.127 39.127
45 19.016 84.170 51.503 -32.577 32.577

VERY19C11 0.71 120.459 616.500 368.480 -248.021 248.021
1.9 47.649 300.967 174.318 -126.669 126.669
2.4 38.314 237.398 137.856 -99.542 99.542
3.8 25.f*G8 152.613 89.241 -63.373 G3.373-

$ 4.5 22'134 127.178 74.GSG M W? m M?

DESLUDGE II M O.56 53.954 82.192G 68.390 -14.436 14.436
2 17.54G 30.G54 24.100 -G.554 6.554
4 9.623 18.723 14.173 -4.550 4.550

TYPICAL O.56 G7.G46 131.609 99.627 -31.981 31.961
2 23.009 50.763 37.231 -13.532 13.532
4 13.608 34.962 24.285 -10.677 10.677

IDGH 0.5G 122.43G 278.101 200.268 -77.832 77.832
2 42.171 187.979 115.075 -72.904 72.904
4 21.634 II1.495 66.5G4 -44.930 44.930

VERYIBCH 0.5G 153.489 783.743 468.616 -315.127 315.127
2 46.451 284.030 165.241 -118.790 118.790
4 25.915 144.135 85.025 -59.110 59.110

* US Erx4qqy ese burtal mais mernas muerage bustal nats " Damed. SC sete burtal ames mentus aurage txutal costs
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WASTE ACTIVITY vutr U.S.s m s nr:Y m ast35 W EE L AVERAGE DurFEstumAL * DurFEmmmAL ~
TTFE 12. VEL RM CosTE. $ mm 005T5. $ MM COSTS. $ UABOD-AWG.8 EUWL-AVG.$

PNCTRASl1 IDW O.2 144.972 180.929 162.951 -17.978 17.978
0.4 72.595 90.000 81.597 -9.003 9.003
0.6 48.409 152.973 100.721 %7 ?%7 52.252
0.8 36.297 114.558 75.428 -39.130 39.130

~IYPICAL 0.2 144.972 180.929 162.951 -17.978 17.978
0.4 72.595 90.600 81.507 -9.003 9.003
0.6 48.4m 152.973 100.721 5? ?%7 52.252
0.8 36.297 114.558 75.428 -39.130 39.130

IflGli O.2 150.575 211.024 180.800 -30.224 30324
0.4 75.401 11 & l57 9G.779 -21.378 21.378
0.6 50.342 179.D 4 115.073 -64.731 64.731
0.8 37.700 141.350 10.525 -51.825 51.825

VERY lDGil O.2 256.360 367.292 311&V2 -55.466 55.466
0.4 128.372 20G.641 167.507 -39.134 39.134-

$ 0.6 85.710 261.440 173.575 -87.865 87.865
0.8 64.18G 195.787 129.967 -65.800 65.800

I'C O T R A st! IDW 3.78 7.825 9.765 8.795 -970 970

5.67 5.216 G.510 5.863 -647 647
8 09 3.478 4.340 ~J.909 -431 431

113.4 435 543 489 -54 54

'IYPICAL 3.78 7.825 9.765 8.795 -970 970
5.67 5.216 6.510 5.863 -647 647
8.09 3.478 4.340 3.909 -431 431

113.4 452 689 570 -119 119

tilGli 3.78 8.127 10.994 9.561 .I.434 1.434
5.67 5.418 7.560 6.489 -1.071 1.071 f
8.09 3.612 SJ67 4.489 -877 877 ;

I13.4 566 1.101 834 -268 268

|
VERY IDGli 3.78 11.23G 19.824 15.530 -4.294 4.294

5.67 7.490 13.216 10.353 -2ES3 2.863
|

:
* US Mg SNC IAX%el M h N IAN1&I(184S ** UsWTIWEE SC W M CKm13 h 6M (IMAS
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WASTE ACTIVITT WWF U.S. m m xT BARNWE1L AVme AM IIEFFERENTIAL* DWFERENTIAL"
TTFE 12 VEL MM COSTE,4 MM COSTS $ ElR 008T5. $ U.S. 300 - AUG. $ WWWL-AVG.$

8.09 4.994 9.893 7.446 -2.453 2.453
113.4 1.024 2.327 1.676 -651 651

PIXRESIN IDW O.71 40.862 50.996 45.929 -5.067 5.067
OM 31.831 48,274 40.052 -8.222 H 'FM
1.4 21.672 32.201 26.937 -1265 5.265
2 15.125 22.781 18.953 -3.82s 3.828
4 8.904 15.556 12.230 -3.326 3.326

TYPICAL O.71 4M'rt 86.015 67.624 -18.391 18.391
0.95 39.906 77.644 58.776 -18.868 18.868
1.4 27.171 50.394 43.283 -16.111 16.111
2 20.911 41.452 31.181 -10.271 10.271
4 12.027 25.700 18.893 -G.867 6.867

IIIGil O.71 66.500 193.318 129.909 -63.409 63.409
$ O.95 72.177 164.068 118.122 -45.945 45.945

1.4 49.214 138.388 93.801 -44.587 44.587
2 41.920 122.801 82.361 -40.441 40.441
4 21.384 95.392 58.388 -37.001 37.004

|
VENYIIIGII O.71 119.250 527.464 323.357 -204.107 204.107 )

'0.95 90.001 462.375 276.188 -186.187 186.187
I.4 61.997 314.809 188.403 -126.406 126.406
2 43.950 284.030 163.990 -120.040 120.040
4 23.414 144.135 83.774 -60.361 60361

PCONC1JQ IDW O.71 40.862 50.996 41929 -5.067 5.067 |

3.7 8.042 10.037 9.039 -997 997 |

14 5.644 7.967 6.805 -1.161 1.161 |

6.6 4.564 5.096 5.130 -566 566 |
10.4 2.935 4.477 3.706 -771 771 |

|

TYPICAL O.71 40.862 50.9J6 45.929 -5.067 5.067
3.7 9.689 16.929 13.309 -3.620 3.620
5.4 6.749 11.438 9.093 -2.345 2.345

* U.S DxAg see burtal comes uninum swernge burtal cnets - Harame5. SC see tantal comes autnus avmyge Ixztal coats
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WASTE ACTIVITY WEF UA wr na swzY BARIWWEIL AMM DEFFERNitTIAL * DWFERENTIAL "
TTFE I2 VEL BUR COSTS. $ EER 00515. $ EUR COSTS. $ UA BOD - AUG. $ MIWL-AUG.$

6.6 5.499 9.608 7.554 -2.054 2.054
10.4 3.509 6.537 5.023 -1.514 1.514

111GII O.71 49.233 86.015 67.624 -18.391 I8.391
3.7 13.088 28.033 20.561 -7.473 7.473
5.4 10.006 21.227 15.616 -5.611 5.611
6.6 7.428 17.83I 12.629 -5.201 5.201
10.4 6.655 15.127 10.891 -4.236 4.236

VEIN IDCH 0.71 66.500 193.318 129.909 -63.409 63.409
3.7 23.233 85.813 54.523 -31.290 31.290
5.4 15.766 70.141 42.954 -27.188 27.188
6.6 13.276 58.919 36.098 -22.821 22.821
10.4 8.299 42.630 25.464 -17.166 17.166 |

l

PF5LIJDGE IDW 0.56 51.947 64.831 58.389 -6.442 6.442
.

$ 2 15.125 21.986 I8.556 -3.430 3.430
4 8.904 15.025 I I.965 -5.061 3.061

"ITPICAL 0.56 62.589 109.349 855909 -23.380 23.380
'

2 20.911 3GJs4 28.903 -7.992 7.992
4 12.027 25.760 18.893 -6.867 6.867

1

IUGII 0.56 84.540 I81.000 132.810 -48.270 48.270
2 28.789 106.936 67.862 -39.073 39.073
4 21.303 78.855 50.079 -28."Ts6 28.776 |

VERY 19C11 0.56 150.173 554.303 352.238 -202.065 202.065
2 43.135 219.710 131.423 -88.288 88.288 1

'

4 22.599 144.135 83.367 -60.768 60.768

|
1

* U S. Emb c see tmstal ants unhum smasp testal onts " HarmstE. SC see Instal ames menus avesasp tantal comes
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APPENDIX D

IDCAT10N OF MUC12AR POWER PLANTS WrmIN REGIONAL COMPACTS

Table D.1 Itsts all low level waste generating commercial nuclear power plants in the
United States. The plants are categorized by membership in regional compact and
location (by state).1 Information regarding whether the plant is a BWR or PWR is also
included. Applicable 1988 and 1989 Surcharge Costs for each state are pesentLl. Fifty
of eighty PWR units (63%) are DQL in a sited compact. For BWR plants 28 of 37 units
(76%) are DQL located in a sited compact.

! Note: Compliance with the national low level waste disposal facility policy by states
! and compacts is subject to change as congressionally mandated schedules are met or
I not met. The analyst should ensure he is working with the most current information

{ when making an assessment based on compact membership.

!

)
I
t

1

|
1

i
j

|
!
;

!

l
!

1

|

|

1

;

1

I
,

!

,

I
1

1 Source: Nuclear News. American Nuclear Society, La Grange Park, IL. March 1988.
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TABIA D.1. U.S. NUC12AR FOWEJL FtANTS BT COMPACT MEMBERSHIP

Applicable
ceasynet state Plant Masse Maat Type surcharges

APPALACHIAN Pennsylvania Beaver Valley 1 & 2 iMH $20/cu A |
lamerick 1 & 2 IMR $20/cu A
Peach Bottom 2 & 3 IMR $20/cu A
Susquehanna 1 & 2 EMR $20/cu A
Three Mile Island I l'%H $20/cu A |

|
Maryland Cahcrt CIMs I & 2 P%H $20/cuA 1

Delaware No Nuclear Mants $20/cuA

West Virginia No Nuclear Mants $20/cu A

CENT 1tAL MIDWEST lilinois Braktwcnl 1 & 2 IMH $20/cu A
D) Ten I & 2 I%H $20/cu A
Citnton ! IMR $20/cu A
Dresden 2 & 3 IMR $20/cu A
la Salle ! & 2 "VR $20/cu A
Quad Cities 1 & 2 1- 3 $20/cu A |

Don ! & 2 I%H $20/cu A
'

Kentucky No Nuclear Mants $20/cu A
e

V

CENTILAL STATES Arkansas Nuclear One 1 & 2 I%H $20/cu A
|

Kansas Wolf Creek P%7 $20/cu A

laulslana Rtver Bersi ! U%R $20/cu A
Waterford J !%H $20/cu A !

Nebraska Cooper IMR $20/cu A |

Tert Calhoun ! P%H $20/cu A i
l

Oklahoma No Nuclear Mants $20/cu A |

MIDWEST fowa Duane Arnold IMR $20/cu A |

| i
.

Michigan Big Rock Point IMR $20/cu A >

| Donaki C, Cmk 1 & 2 !%H $20/cu A ,

1 Fermi 2 EMR $20/cu A .

Paltsades IMH $20/cu A t

Minnesota Monticello L%R $20/cu A
Prairie Island I & 2 IMH $20/cu A

| Mlasourt Callaway 1 IMR $20/cu A
|

Ohio Davts Beve ! PWH $20/cu A ['

PerTy 1 LMR $20/cu A ;

Wisconsin Kewaunee 1%'M $20/cu A i

!bint Deach I & 2 P%% $20/cu A i

{
!

!

162 ;
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TABLE D.1. U.S. NUCIE.AR POWER PLANTS SY COMPACT madmenaW (coat.)

Appiteable

!
Cesapact state Mast Name Mast Type surcharges

Indiana No Nuclear Mants $20/cu A

I NORDtEAST Conneetjeut fladd.un Neck PWR $20/cu A

| Millstone 1 IfnR $20/cu A
Millstone 2 & 3 IWR $20/cu A

|

New Jersey Hope C wk 1 SWR $20/cu A
Oystaf Creek 1 IfnR $20/cu A
Salem i & 2 i%% $20/cuA

NORTHWEST Oregon Tro,lan 1%% none

Washington WNP 2 !!WR notie

f

! idaho No Nuclear Mants none

1

Utah No Nuclear Mants none

l Montana No Nuclear Mants none

Alaska No Nuclear Mants none

llawall No Nuclear Mants none

;

ROCKY MOUNTAIN Colorado Fort St. Vrain ifTOR none

New Me.x.teo No Nuclear Mants none

Nevada No Nuclear Mants none

Wyoming No Nuclear Mants none

Rhode Island No Nuclear Manta none

SOUTNEAST Alabama Bellefonte 1 & 2 iMH none
Brumme Ferry 1. 2 & 3 IfwR none
Joseph M. Farley I & 2 IMP none
Watts tkar ! & 2 IWR none

Ficrida Crystal River 3 1%% none
St. Incle ! & 2 PWR none
Tbrkey Point 3 & 4 TWR none

Georgia Distn 1. flatch I & 2 11%R none
Vogue 1 & 2 IWR none

Mississippi Grarst Gulf 1 UWR none
North Carottna Brunswick 1 & 2 DWR none

hk Guire 1 & 2 PWR none
Shearon Harris ! IWR none

163
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TA312 D.1. U.S. MUCIAAR POWER PtANTS ET COMPACT netMR3RSNTP (cont.)

Applicable
Cee pnet State Plant Naa e Flaat Type sureherges

South Carolina Catawba 1 & 2 PWR none
Omnee 1. 2 & 3 IWR none
Robinson 2 PW% none
Vltgil C. Summer ! IWR cone

Tennessee Sequoyah I & 2 PWR none

virginia North Anna 1 & 2 "WR none
Surry 1 & 2 IWR none

|
|

*OO !T AIENr' tTATES California Diablo Canytm I & 2 P%R $30/cuA
Rancho Seco PWR $20/cu A 1

; San Ono6e 1. 2 & 3 PWR $20/cu A !

j Massachusetts Pilgrim 1 IfnR $20/cu A; Yankee PWR $20/cu A !

L

New York Indian Point 2 & 3 PWR $20/cu A [
James A. FitzPatrick ifnB $20/cu A
Nine Mlle Tbtnt 1 & 2 El%R $20/cu A
Robert E. Glnna PwH $20/cu A

"
'

r

Texas Comanche Peak 1 & 2 PWR $20/cu A
South Texas Project 1 & 2 IMR $20/cu A

j !

tUNDECIDED Ar12ona Palo Verde 1. 2 & 3 PWR $20/cu A (
1

Maine Maine Yankee PWR / ')/cu A

South Dakota No Nuclear Mants $20/cu A

New flampshire Seabrook 1 IWR $80/cu R '

, Vermont Vermont Yankee IfnB $80/cu P * I
!

q North Dakota No Nuclear Mants $A0/cuA*
|

Puerto Raco No Nuclear Mants $80/cu A '

District of Columbia No Nuclear Mants *
,

!US Territories No Nuclear Mants =

i

|

1958 senalty surcharges After January 1.1989 these states can be derued access to a disposal facility if
*

1986 legislative mikstones are not met. -

}

" status unknown. Seeking arrangements 1 th siteo coa. pacts. I

i

i
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NRC regulatory impact analyses address the costs and benefits associated with
proposed regulatory requirements. Many of these requirements will result in physical

.

modifleations to existing structures and systems at nuc* car power plants.

This report provides a methodology and data needed to estimate the generic costs of ,

disposing of radioactive wastes that may be generated as a result of NRC regulations
requiring modifications or repairs to nuclear facilitics. Also presented are
descriptions of typicallow level radioactive wastes generated at nuc! car power plants
and the various processes used to treat the wastes in preparation for shipment and
burial The waste disposal cost estimates included in this report cover all the major
elements that contribute to the overall costs. 'the key factors that influence the costs
are discussed. Pertinent ranges (..' values for the key variables arc explored and
important sensitivities identified. The cost implications of the burial surcharges
authorized b/ the Low-Level Radioactive Waste Policy Amendments Act of 1985 are
covered. Occupational radiation exposure associated with in plant handling of the
wastes is also discussed.

This report updates and revisc. .nfonnation presented in NURisG/CR-1555.
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