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ABSTRACT

NRC regulatory impact analyses address the costs and
berefits associated with proposed regulatory requirements. Many
of these requirements will result in physical modifications to
existing structures and systems at nuclear power plants.

This report provides a methodology and data needed to
estimate the generic costs of disposing of radiocactive wastes that
may be generated as a2 result of NRC regulations requiring modifi-
cations or repairs to nuclear facilities. Also presented are
descriptions of typical low-level radwastes generated at nuclear
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 of the major elements
that contribute to the overall costs. They key factors that
influence the costs are discussed. Pertinent ranges of values for
the key variables are explored and important sensitivities identified.
Occupational radiation 2xposure associated with in-plant handling
of the wastes is also discussed.
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1.0 EXECUTIVE SUMMARY

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

The NRC's Cost Analysis Group sponsored this study.

Its purpose is to provide an NRC 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. This report also presents
descriptions of typical low-level radwastes generated at nuclear
power plants. The various processes used to treat the wastes in
preparation for shipment and burial are also described.

Inorder to estimate the costs of disposing of radic~
active 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.

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

Table 1.1 presents the representative or most typical
total estimated disposal costs for each type of waste likely to
be generated as a result of repairs or modifications at nulcear
plants. The estimates are per 1000 £3 of as-generated waste
and represent conditions consistant with typical or prevalent
waste treatment processes and waste characteristics. Table 1.l
gives the user a feel for the approximate level of the waste
disposal costs and for the difference in the costs among the



Estimates for the
Racdicactive Wastes

As-GCenerated Waste

Total Cost Assuming Typical
Waste Activity Level and Most
Prevalent Velume Reduction
Frocesses.**

Non-Compactible Trash
BWR or PWR

Compactible Trash
BWR or PWR

*Cost Estimate 1S an average ) based on the two mt prevalent
volume redu ) J atm processes availatl for this

waste stream

**Based on a transport distance from the plant to the
disposal site of 1000 miles.




different waste types. The estimated disposal costs can vary
significantly, depending on the specific characteristics of the
waste. The more information the NRC user has, the more refined
the analyst can make the estimates by using the data and sensi~
tivities presented in this report. The costs presented in Table
1.1 a2ssume that the transport distance from the plant to the
waste disposc. 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 reduc-
tion processes used to treat the different wastes. Section 1.2
briefly outlines an approach for estimating t»e v2lume of waste
generated. Sectior 1.3 then discusses waste disposal costs. An
algorithm for estimating occupational radiation exposure incurred
in handling radicactive waste is presented in Section 1l.4.
Finally, suggested procedures for using the cost and personnel
radiation exnosure information provided herein are outlined in
Section 1.5. '

1.1 RADIOACTIVE WASTE TYPES AND VCLUME REDUCTION PROCESSES

1.1.1 Waste Types
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 differe~t types of wastes are
generally referred to as waste streams. Each stream is
relatively distinct in terms of its form (wet or dry, compactible
or non-compactible), its chemical makeup, and its radionuclide
content and concentration. For the purposes of this study the
following waste streams have been pursued:

Haste Types Symbol
PWR Compactible Trash P-COTRASH
PWR Noncompactible Trash P-NCTRASH
PWR Ion-Exchange Resins P-IXRESIN



PWR Concentrated Liguids P-CONCLIQ

PWR Filter Sludges P-FSLUDGE
BWR Compactible Trash B-COTRASH
BWR Noncompactible Trash B-NCTRASH
BWR Ion-Exchange Resins B-IXRESIN
BWR Concentrated Liquids B-CONCLIC
BWR Filter Sludges B~-FSLUDGE

Compactible and non-compactible trash are normally
referred to as dry active wastes (DAW). These waste streams are
those most likely to be¢ generated as a result of NRC-mandated
modifications or repairs to the plants. The other wastes may
also be generated as a result of activities such as system drain-
age to accompiish the modifications, system flushing and de-
centamination, area washdown, and laund2ring.

Non-compactible trash is the waste ccream 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 modification efforts. Other wastes
such as compactible trash are normally generated as a by-product
of the repair, removal, replacement, or modification efforts.
Non-compactible trash typically consists of materials such as
conduit, piping, valves, wood, hardware equipaent, tools, con-
crete, dirt and glass. This waste is not amenable to extensive
volume reduction.

The other waste stream expected to be producead from
repairs and modifications to nuclear plants is compactible trash.
Large quantities of this waste are 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'. This waste stream 1§
amenable to considerable volume reduction.

*S0lid wood pieces are sometimes disposed of as compactible
trash.




lon-ezchange resins, concentrated liguids, and filter
sludges are classified as wet wastes. They are generatea as a
result of filtering and purification efforts for radioactive
liquids. Ion-exchange resins are small porous beads used to
process various liguid waste streams through a combination of
absorption and/or adsorption of soluble ionic material (both
chemical and radiochemical), and through the filtration of
insoluble material. Resins used for cleanup of liquid radwaste
streams are generally disposed of as waste once they have lost
their filtering and demineralizing gqualities.

Many nuclear plants have employed evaporatcr systems tc
reduce the volume of liguid racwastes. Concentrated liguid wastes
are a combination of the liguid stream and accumulations of
solids 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 sludges refer to powdered ion-exchange resin
generally used as a precoat material on filter demineralizers,
and floculating agents (filter aids) used to extend the
processing life of the filter. Most rlants use powdered resin
not only for filtration of insoluble material but also for 1its
ion-exchange properties. Sludge from precoat filters can be a
combination of the original precoat material, insolubles such as
dirt removed from the liguid stream being processed, corrosion
particles, and other suspended solids and floculating agents used

in the system.

An important characteristic of each radwaste stream 18
its radionuclide content. The following tabulation inaicates
the typical activity concentration for each waste type in 1ts as-
generated state, 1.e., pricr to any compaction or other
processing (Ref. 1).




Typical Activity Concentration, ci/ft?

Streanm EWks PHEks
Non-compactible Trash 0.00133 0.00267
Compactible Trash 0.00011 0.¢00185
Ion-Exchange Resins 0.176 0.11
Concentrated Ligquids 0.17 0.01
Filter Sludges 0.23 2.07

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

1.1.2 Volume Reduction Processes
Radioactive waste volume reduction processes have al-

ways been employed at nuclear power plants. Velume reduction 1s
attractive from practical as well as economnic standpoints. In
recent years the costs of disposing of low-level radiocactive
wastes have risen dramatically. This is particularly true of
burial costs (Ref. 2). Since burial costs are generally assessed
on a per-unit-volume basis (i.e., s/£t3), in general, the lower
the volume of waste from a given plant regquiring buiial the lower
the disposal costs to that plant. Thus there 1s an incentive for
nuclear utilities to improve their effectiveness in reducing the
volume of radicactive wastes which must ultimately be disposed
of.

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 aaministrative controls to help reduce the
amount of low-level wastes generated. Second, cnce waste has
been generated it is generally subjected to some type ot 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,
solidification of spent resin in cement increases the volume to
be disposed of, while incineration processes can substantially
Gecrease the final volume.



Table 1.2 summarizes the various waste processing
systems ana associated volume reduction or increase factors for
each waste stream. This table emphasizes the fact that a given
volume reduction factor for a given waste stream applies to a
specific waste processing system. In some cases different sys-
tems employing the same basic technique, e.g., evaporation, will
reduce the volume of a given waste stream to different extents.
An example of this is shown for the concentrated liquid waste
stream (CONCLIQ). Three different evaporation 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
whether the waste stream was generated in a BWR or a PWR.

1.2 ESTIMATION OF WASTE VOLUME GENERATION

The foregoing discussions indicateda that in order to
develop estimates of the cost of disposing of radioactive waste,
it is necessary to know the volume of waste generated. In the
case of NRC-initiated plant modifications, this capability to
predict waste volume generation will be required for a very wide
range of specific tasks. Moreover, since the cost of waste
disposal 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 1is
difficult because very few of the operating nuclear stations
track waste volume generation by source within the plant.

Rased upon visits to two nuclear stations that do track
waste volume generation by source within the plant, supplemented
by discussions with waste handling equipment vendors anad
information in the open literature, some simple notions relating
to the estimation of waste volume generation have been outlined.

In general, the primary waste stream for a plant
modification is non-compactible dry active waste (P- or B-
NCTRASH). The first step in the estimation of the volume of this
primary waste stream is to evaluate the actual physical volume of



Table 1.2 Waste Processing Technigues and Assoclated
Volume Reduction Factors

|  Volume |
| Reductign |
waste Stream | Factor : Processing Technique
|
| |
COTRASH | 2.3 | Standard compactor
| 3.8 | Standard compactor, complete filling of
| | waste containers
| 5.7 | Improved compactor
| 8.7 | Supercompactor
I 113.4 | Incinerator, solidification of ash
| |
NCTRASH | 0.2 | Hand packing
| 0.4 | Careful hand packing
| 0.6 | Cutting plus careful hand packing
| 0.8 ! Cutting, careful hand packing and compaction
! | in superccmpactor
i |
IXRESIN | 0.7 | Solidification in cement
| 0.95 | Dewatered, placed in high integrity ccntainers
| 1.4 | Mobile evaporator, solidification 1in binder
| 2.0 [ Evaporation of water, grinding of resins,
| I mixing with binder
| 4.0 | Incineration, mixing ash with binder
| i
| BWR/PWR |
CONCLIQ I 0.7/0.7 | Solidification in cement
I 1.9/73.7 | Evaporator/crystalizer process, solidification
| | in binder
| 2.4/5.4 | Mobile evaporator, solidification in binder
I 3.8/6.6 | Evaporator, grinding of residue, mixing with
I | binder
| 4.5/10.4 | Drye:i/incinecator, solidificaticn 1in binder
FSLUDGE | 0.56 I Solidification in cement
| 2.0 | Evaporator, solidification in binder
i 4.0 | Incinerator, solidification in binder

*Volume Reduction Factor

(VRF)

= Untreated (As-Generated) Waste Volume

Packagea (As-Shipped) Waste Volume



the identifiable plant ccmponents and materials that will be
removed/replaced and thus become waste. The next step is to
determine the packiny fraction of the constituente in the
shipping containers. To estimate packing fraction, the optimum
configuration of the constituents in the box i1s estimated. The
packing fraction is the ratio ¢f the volume of the constituents
to the volume of the box. Typical packing fractions for non-
compactible trash are believed to be on the order of 0.75.

The volume of cumpactible DAW (P- or B~COTRASH)
generated in the course of a specific task is difficult to
estimate. This is because this waste stream is composed mostly
of paper and plastic (including PVC). The gquantities 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.

Reference 1 presents data obtained from a significant
portion of the industry in 1981 on as-shipped volumes of
compactible and non-compactible wastes generated. From these
data, the following ratios can be derived:

Volume Compactible DAW 0.9

At PWRs:

Volume Non-Compactible DAW

At BWRS: Volume Compactible DAW = 2.1

Volume Non-Compactible DAW

Given the estimated volume of non-compactible DAW generateaq,
these ratios can be used to estxmaie the associated volume of
compactible DAW generated. The volumes used 1in deriving the
above ratios are those for the as-shipped (i.e., after
processing) condition.

To provide analogous estimates for the as-generated
condition, the as-shipped volumes should be adjustea according to
the appropriate volume reduction factors. For example, tor both
BWRs and PWRs typical volume reduction factors for non-
compactible trash are about 0.2 to 0.4, while those for
compactible trash are about 3.8 to 5.7. The ratio of the as-



generated compactible trash volume to the volume of non-
compactible trash generated at each type of plant can be
approximated as follows:

At PWRs:
As-Generated Volume Compactible DAW -~ 0.9x(3.8 + 5.7) . 14.3
= = .
As-Generated Volume Non-Compactible DAW (0.2 + 0.4)
At BWRs:

As-Generated Volume Compactible DAW o 21%(3.8 + 5.7)

As-Generated Volume Non-Compactible DAW (0.2 + 0.4)

33.2

The volumes of wet wastes generated as a result of
repairs or modifications can vary widely from one job to the
next. 3ince 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 summarizes several of the considerations and
guidelines which should be taken into account in estimating waste

volumes.

1.3 WASTE DISPOSAL COSTS

1.3.1 Major Cost Elements

There are four primary cost elements that contribute to
the costs of disposing of low-level radioactive wastes generated
at nuclear power plants. These elements are those assoclatead
with processing, interim-storage, transportation, ang burial of
the wastes. Processing encompasses all activities 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. Processing usually

occurs at the plant site.
The uncertainty in the availability of permanent burial

sites for low level radiocactive wastes has caused many nuclear
utilities to plan for interim on-site storage of these wastes.
The present cost assessment includes costs assoclated with such

10



B
Summary Approach tou Waste Volume Estimating

QUANTITATIVE
WASTE STREAM COMPONENTS APPROACH GUIDANCE

Non-Compactible DAW Piping, conduit, 1nsu Estimate physical vol- Use geomelry.
(t or B-NCTRASH) latiun, valves, pusps, ume ol plant components
cable trays, concCrete,
dirt, etc, Est imate approximate VRF Range of 0.2 to 1.2 in
(packing fraction) in ~100 fL” boxes.
waste containers, (Typical values are 0.2
to 9.4.)
Might be able Lo decon Oveiall, est.mated cost
taminate and recycle at of recycle ~80-85% cost
a lower cost, of disposal.

Compactible DAW Largely paper eand Correlation based on 1981 AL PWRsS:

(P~ or B-COTRASH) plascic. data for industry-wide, as- Yel.Conp.DAW
shipped volumes of compact vol.Non-Comp.DAW =
ible and non-compactible
DAW 3 At BWRs:

Yol.Comp.DAN "
vol.Non-Comp.DAW — 2.1

lIon Exchange Resin From cleanup of primary Depletion of resin 1s a For ~2 ?u-lm conductivijy
(P- or B-IXKRESIN system, fuel pool function of concentration ~1.5 ft? of waste / 107
water, or »lant drain of dissolved solids in gal,
water. ligquid stream.
For 450 pmho con-
ductivitys 1,5 te? ot
waste / 10 lu‘ gal.

From cleanup of decon- Depletion of resin 18 a For LOMI decon solution:
tamination solution. fupnction of volume and
condition of system being 0.1 tt? of waste / gal.
decontaiminated, and the decon soln.
decon solution used,

From decontaimination Use actual data. -“lliu" ll’ of waste /
respirraton

of personnel resplratogs, deconned (~1/2 comp. &
~1/% non-comp.)

From laundering protec Use actual data, ~2x10"3 ft? of waste /
tive clothing. dressout (all compactible)

*Volumes and ratios are 9iven on as-shipped basis., To estimate on as-generated basis, use following
relationship witd ppropriate volume reducl n factors (VRF)




storage. These are capital costs of the structures needed to
safely store the wastes until permanent burial is accomplished.

Transportation ccsts encompass all activities necessary
to transport radioactive waste from the nucleatr plant to the
burial site. They include shipping charges and fees assoclated
with shielded cask rental if such casks are needed.

The final cost element is that associated with burial
of the wastes. Burial costs include the fees charged for cask
handling, waste handling, burial of the radiocactive materials,
and fees such as those set up to provide p-orpetual care of the
burial sites. Cther fees and taxes are also assessed by some of
the states with commercial low-lavel radioactive waste burial

sites.

1.3.2 Costs and Basis
The quantititative cost estimates generated during this

study are summarized in this section. Prior to reviewing the
costs, however, it 1s important to discuss the bases, key
assumptions, and key parameters used in generating the costs.

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

o Reactor type (BWR and PWR)
o waste type (NCTRASH, COTRASH, IXRESIN, CONCLIQ ana

FSLUDGE)
o Activity level (Low, Typical, High ana Very High)
0 Extent of volume reauction (3 to 5 aifferent

volume reduction factors for each waste type)

Each of these factors was essentially treated as an independent
variable. Costs were calculated for &ll applicable combinations
of these parameters. In addition, for each case transportation
distance was treatec as an independent variable ana costs were
calculated for several distinct one-way distances from the

nuclear plant to the burial site,
All costs presented 1in this section represent the costs

to dispose of 1000 cubic feet of as-generatea waste for each
waste stream. This is the volume of the waste 1n its as~
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generated condition, 1.e., prior to any type of processing to
reduce its volume, solidify it, or ctherwise treat it. The
selection of the 1000 ft° reference volume is abritrary, but
reasonable. Costs for volumes other than this can be estimatea
using linear scaling.

Tables 1.4 and 1.5 summarize the waste disposal costs
for each waste stream. BWR wastes are treated in Table 1.4 ana
PWR wastes in Table 1.5. Each table shows costs for each waste
stream, for low, typical, high and very high activity levels, and
for each applicable volume reduction factor. Costs for
processing, storage, transport, and burial, as well as the total
costs, are displayed.

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

0 The costs are for the disposal of 1000 ft3 of as-
generated wastes; 1l.e., given 1000 ft” or waste
prior to processing, the table shows estimates cf
the costs to process (including volume reduction),
store, transport, and bury the wastes, as well as
the total costs.

o The typical activity ol each waste stream 15 as
discussed in Section 1l.1.l. The low activity
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.

o All costs shown in Tables 1.4 and 1.5 are based on
an assumed one-way transport distance from the
plant to the disposal site of 1000 miles. Cost
adjustments for distances other than 1000 miles
can be made using the information provided 1in
Appendix B.

o The use of 7.5 tt3 disposal containers is assumed
throughout. For certain of the waste streams
larger containers are typically used. However,
the specific container slze usea 1s believed to
play a minor role in the overall costs.

o Burial costs are based on avasrage costs for the
three commercial low-level waste disposal sites
available in the United States. Site-specific
burial costs are presented in Appendix C

13



Table 1.4 Estimeted Cost tor the Disposal of Low Level Radivactive Wastes

Cost per 1000 £t of Ae-Generated Waste
BWR Reactor Type

WASTE ACTIVITY PROUCESSING TRANSPORT** STORAGE DBURIAL TOTAL
TYFE LEVEL (Cizttd) VRF COSTS, § COSYS, § COsTS, COsTS8, 4 Cosrs, ¥
DRY WASTES
Non-Compactible Trash
(BNCTRASH) LOW to 0.20* 17200 14260 53200 113800 2583060
TYPICAL 0.40 £8700 8900 26600 56900 1410600
(to 0.001)3) 0.60 319300 6600 17700 37900 103500
0.80 34600 8300 13300 26400 “1700
HIGH €¢.20 77200 14200 58600 120200 2710100
(0.013) 0.40 48700 8900 29100 60900 147800
0.60 39300 8600 19500 4’800 109200
0.80 314600 8300 14600 32200 ¥9800
VERY MIGH 0.20 77200 121900 58600 168700 426400
(0.13) 0.40 48700 61000 29300 90400 229400
~ 0.60 39300 40600 19500 91600 191000
0,80 34600 30500 14600 71700 1515060

Compactible Tiash

(BCOTRASH) LOW to . 6800 1200 4700 10000 22800
TYPICAL .78 4100 100 2800 6000 13700
(to ©.0001) S.67¢ 2900 so0 1500 4000 9300

8.69 2600 300 1200 2600 66800

113.40 1600 (] 100 300 2100

HIGH 2.27 €500 2600 5200 11000 25600
(0.001} 3.18 4.20 1600 3100 6600 15400
5.67 2900 1200 2100 4400 10600

6.69 2600 1200 1300 3000 8100

113,40 1600 joo 100 500 2600

VERY HIGH 2.37 6800 10700 5200 15500 is2o00
(0.01) 3,78 4100 6400 ERRY 10000 23600
5.67 2900 6400 2100 1600 19100

8.69 2600 4200 1300 2000 yizv0

113,40 1600 600 100 1100 - 3400

*Typical Conditions
*spased on 1000 mile distance




51

Table 1.4 (contiaued)

e o e e . S e

WASTE ACTIVITY PROCESS ING TRANSPORT**  STORAGE BURIAL TOTAL
TYPE LEVEL VRF COSTS, % CUSTS, § COSYS, § COSTs, § COSTS,
WET WASTES
lun-Exchange Resins
(BIXRESIN) LOW 0.7} 24100 19600 16500 37700 979¢0
(0.0176) 0.95% 16300 13400 12300 271900 69900
1.40 21400 17400 8400 23200 70400
2.00 37100 12200 5900 18100 13900
4.0¢ 26400 6100 2900 9000 44500
TYPICAL 0.71* 24100 51500 16500 61100 153200
(0.176) 0.95 16300 38500 12300 49500 116600
1.40 21400 26100 8400 40500 96300
2.00 31700 18300 5900 10600 92500
4 00 26400 18300 2900 22300 70000
HIGH 0.7 24100 103000 16500 146100 289700
(1.76) 6.95 16300 77000 12300 149600 255200
1.40 21400 52200 8400 120500 2025006
2.00 37700 42700 5900 111300 197500
4.00 26400 32000 2900 16400 137700
VERY HIGH 0.71 24100 180300 16500 502900 723800
(17.6) 0.95 16300 134700 12300 , 430100 593500
1.40 21400 $1400 8400 " 292400 413500
2.00 37700 85300 5960 263400 392300
4.00 20400 42700 2900 166600 218600
Concentraied Liguids
(BCONCL 1Q) LOW 0.71 23600 17900 16500 37300 95400
(0.017) 1.90 32700 126800 6200 19000 70700
2.40 14800 10200 49060 15100 44900
3.80 21000 6400 1100 9500 40000
4.50 26400 54060 2600 8400 42000
TYPICAL 0.71* 23600 51500 16500 61100 152700
(0.12) 1.90 32100 19200 6200 32200 90300
2.40 14800 15200 4900 25500 60400
3.80 21000 19200 3100 23500 66800
4.50 26400 16300 2600 20900 66100

*Typical Conditions
s*Based on 1000 mile distance
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Eilter Sludge

(BFSLUDGE)

LEVEL

VERY HIGH
(17.0)

LOW
(0.023)

TYPICAL
(0.23)

HIGH
(2.3)

VERY HIGH
(23.0)

*Typical Conditions

**Dased on 1000 mile distance

4.50

0.71
1.90
2.40
3.80
4.50

0.56
2.00
1.00

0.56*
2.00
4.00

0.5%6
2.00
4.00

0.56
2.00
4.00

Table

1.4 (continued)

PROCESSING TRANSPORT** STORAGE
COSTS, $ CUSTS, $ COSTS, §
23600 103000 16500
32700 44900 6200
14800 35600 4900
21000 33700 3100
26400 28400 2600
23600 1806300 16500
32700 89800 6200
14800 71100 4900
21000 44900 3100
26400 37900 2600
30300 24100 20900
22500 12200 5900
26200 9170 2900
30300 65300 20900
22500 18300 5900
26200 18300 2900
303C0 1306060 20900
22500 42700 5900
26200 32000 2900
joloo 228600 20900
22500 85300 5900
26200 42700 2900

BURIAL
CosTSs, §

145100
98600
92800
80400
67900

502900
2717200
219700
175200
148200

47600
18100
10800

77400
30600
23500

185200
111300
89200

637700
332200
167100

289200
182300
148000
138.00
125300

725300
405800
310500
244200
215100

122900
58600
49100

193900
77300
70900

367000
182400
150300

917500
445200
238800



Table 1.5, Estimaled Cost ot Lhe Disposal of Low Level Radiovaclive Waste

Cost per 1000 tt3 of As-Generated Waste
Wi Reaclor Type

WASTE ACTIVITY PROCESS ING PTRANSPORT* & STORAGE BURIAL TOTAL
TYPE LEVEL(CIZEL ) VRF COSTS, § COSTS8, § COSTS, § COsTS, § COsTs, §
DRY WASTES
Non-Compactible
Tiash
(PNCTRASH) LOW to 0.20* 77200 14200 53200 113800 258305
TYPICAL 0.40 48700 9600 26600 56900 J4lH00
(to 0.0027) 0.60 319300 9200 17700 37%00 104100
0.80 J4600 9100 13300 204085 85500
HIGH 0.20 171200 35300 58608 125900 297000
(6.027) 0.40 48700 12700 29300 66400 171200
0.60 j%joe 32300 19500 46700 137800
0.80 34600 30900 14600 16600 116000
VERY HIGH 2.20 17200 121900 58600 188400 446100
- (0.21) 0.40 48700 91400 29300 108400 2171%00
~ 0.60 39300 61000 19500 108700 2:9400
0.680 34600 457200 14600 82200 177200

Compactible Trash

{(PCOTRASH) LOW TO 3. 780 4100 700 2800 6000 13700
TYPICAL 5.60* 2900 500 1500 4000 9100
(T0 0.00019) 8.69 2600 joe 1200 2600 6800

113,40 1600 0 100 300 2100

HIGH 3.78 4100 1600 ER R 6600 15400
(0,.0019) 5.67 2900 1200 2100 4600 10800
8.69 2600 1200 1300 3100 8300

113,40 1600 300 100 600 2600

VEKY HIGH 3.78 4100 $700 ER R 12100 29000
(0.019) 5.61 2900 6400 2100 8100 19500
8.69 2600 4200 1300 5700 13900

113,40 1600 600 190 1600 4000

;Typlcal conditions
s*Baged on 1000 mile distance
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Table 1.5 (continued)

WASTE ACTIVITY
TYPE LEVEL VRF

WET WASTES

Ien Exchangé Resing

(PIXRESIN) LW 0.71
(0.011) 0.35

1.40

2,00

4.00

TYPICAL 0.7+
(e.i1) 0,95+
1.40
2,00
4$.00

HIGH 0.71
(.1 6.95
1.40
2.00
4.00

VERY HIGH 0.7
(.0 0.95
1.40
2.00
4.00

Concentrated Liguids

(PCONCLIQ) LOW 0.71
(¢.001) 3.70

5.40

6.60

10,40

TYPICAL 0.7+
10,.01) 3.70
5.40
6.60
10.40

sTypical conditions
s*Based on 1000 mile distance

PROCESSING
COSTS, ¥

2319%00
16300
21000
37300
26400

23900
16300
21000
3liee
26400

23900
16300
21000
37300
26400

23900
16300
21600
37300
26400

24100
17000

1900
13400
12900

24100
17000

7900
13400
12900

TRANSPORT**
COsYsS, §

5500
9800
6500
4500
6100

34300
jgso0
26100
18300

9100

103000
17000
522.0
36600
21300

180300
134700
11400
64000
42700

5400
600
500
500

1300

5400
6600
4500
3700
2300

STORAGE BURIAL TOTAL
COSTS, § CosTs, 8 COSTS, §
16500 34500 80400
12309 27000 65400

6400 19200 55500
5900 13500 61600
2900 900u 44500
16500 51000 12500
12300 ¢5600 112800
8400 35300 90800
5900 24700 B6200
2900 15300 536800
16500 125700 269100
12300 109200 214800
8400 101500 181100
5900 843090 64100
2900 55700 106400
16500 430200 650900
12300 315700 539100
8400 255200 376000
5900 204500 jiivoeo
2900 131900 203%00
15000 32100 16500
200 6500 27400
2200 4500 15000
1800 3700 19400
1100 2600 17800
16500 34500 80500
200 s800 je 500
2200 6700 21300
1800 5500 24400
1100 3%00 20200

————
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WASTE ACTIVITY
TYPE LEVEL VRF
wiGH 0.71
(0.1) 3.70
5.40
6.60
10.40
VERY MIGH 0.71
(1.1 3.70
5.40
6.60
10,40
Filter Sludge
(PFSLUDGE) LOW 0.56
(0.007) 2.00
4.00
TYPICAL 0.56*
(0.07) 2.00
4.00
HiGH 0.56
.7 2.00
4.00
VERY NIGH 0.5
(7.0 2.00
4.00

sTypical conditions
tsBased on 1000 mile distance

Tabibe 1,6 (capt ipued)

PROCESSING TRANSPORT** STORAGE BURIAL TOTAL
COsYS, § COSTS, § COSTS, COSTS, § COSTS, §
24300 3430 16500 51000 125%00
17000 9900 j200 16600 46600

7900 13500 2200 16500 40100
13400 5500 1800 10000 jousoo
12900 7000 1100 10000 Jluoe
24100 51500 16500 106500 196600
17000 23100 3200 60200 103300

1900 23700 2200 56500 S0300
13¢00 12900 1800 iss00 6l100
12500 12300 1100 34300 6uE N0
joloe 7000 20900 43800 101900
22500 4900 5900 12900 46200
26200 6100 2900 5400 43600
30300 43500 20900 64600 159300
22500 18300 5900 22900 69500
26200 $100 2900 15300 53600
joloo 65300 20900 109400 225800
22500 36600 5900 61500 126500
26200 21300 2500 46800 97300
joioo 152400 20900 397600 601100
2:500 64000 5900 178600 271000
26200 42700 2900 131600 203300



Even though the costs of facilities for interim
on-site storage are included in the tables, all
costs are Lreated as 1f they are present aay
costs. Therefore, transportation and burial
costs, even though they might in reality occur
several months or years after the waste 1S
processed, are assumed to occur immediately é&and
are not discounted.

Tables 1.4 and 1.5 show costs for a range of volume
reduction factors (VRFs) for each waste stream. The cases oOr
VRFs which are believed L» be most representacive OL current
cunditions and practices at light water reactors are 1naicatea Dy
an asterisk (*) following the pertinent VRF. For examplie, the
cases with VRF=0.2 and VRF=0.4 are believed to be most repre-
sentative of the way non-compactible trash 15 handled and
disposed of.

The trend over the past severa. years has been for
nuclear utilities to imrprove their processing to increase volume
reduction for most waste types. If “his trend continues the
higher volume reductici. factor cases shown 1in Tables 1.4 and 1.5
should become mcre prevalent in future years.
on-

The tables indicate that waste disposal costs [

for n
compactible trash should be in the range of $85,000 to $450,000

per 1000 ft3 of waste (for a transport distance of 1000 miles).
The tables also indicate that these costs are uite similar
between BWRs and PWRs, and that there are relatively modcest
differences in costs over the factor of 100 range from low to
high activity levels. However, the disposal costs 1increase Dy
about a factor of 2 1f the waste activity 1s much higher than
that for typical non-compactible wastes (7100 x typicall.

The costs per 1000 ft3 of disposing of compactible
trash are estimated to be very much less than those for non-
compactible trash. This 1s primarily due to the fact that the
as-shipped volume of waste, given the same initial 1000 £td, 1s
generally much less for this waste than for the non-compactibles.

Also, its weight and activity levels are relatively low.




The wet waste categories (ion-exchange resins,
concentrated liguids, and filter sludges) show tairly high
aisposal costs, especially when the high ana very high activity
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 burial at
specific disposal sites. The burial costs can vary significantly
from one site to another. Appendix C presents site-specific
burial cost estimates.

The user of this document is cautioned that burial
costs have escalated dramatically in the last several years. The
average annual escalation rate has been on the order of 20 to
30%. Therefore, the cost analyst should consult with NRC's Cost
Analysis Group staff to determine changes in burial pricing
compared to the pricing used herein and the impact on overall
disposal costs.

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

1.4 OCCUPATIONAL RADIATION EXPOSURE
Any comprehensive evalutio. of the costs incurred 1in
handling the wastes generated as a result of reqgulatory
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 derived (see Section 8.0 and
Appendix A) to estimate the overall in-plant occupational
rad: .cion exposure associated with handling and processing
wastes:
E= 1,2V

where:

E = Occupational radiation exposure, 1in person-rem

V = As-Shipped Volume of waste in thousands of cubic feet
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This correlation does not capture exposures incurred outside of
the nuclear power plant, such as those associated with transpor-
tation or waste burial. Moreover, because it was derived from
the overall exposure to all wastes handled during an annual
period, it should be used with cautionwhen it is necessary to
consider the exposure associated with any particular waste
stream. The correlation is likely to over-estimate the exposures
incurred in handling dry active waste, and t» underestimate the
exposures associated with handling and processing wet waste
streams.

1.5 SUGGESTED ESTIMATING PROCEDURES

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

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

2. Estimate the guantities of each waste ty
expected. This is best ascertained by discussions
with plant personnel of the plants impacted. Use
the guidelines presented in Section 4.0 if esti-
mates are not available. If the Section 4.0
guidelines are used, the guantities must be
converted to the as-generated values in order to
use the cost estimates presented herein. This
requires the use of appropriate volume reduction
factors.

3. Based on the plant waste type and activity level,
determine the costs from Tables 1.4 and 1.5. It
the degree of volume reduction achieved at the
effected plants for each waste type 1s 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. Ref inements, based on additional knowledge, are
available to the analyst. For example:
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- If it is known that interim storage 1s not to

be used, subtract the storage costs from the
total costs.

- If the specific burial site to be used 1is
known, adjust the costs from Tables 1.4 and
1.5 to reflect site-specific burial costs.
Appendix C presents the site-speciriic burial
cost information for each waste stream.

- If the impacted nuclear plants and the
specific burial sites are known, adjust the
total costs obtained from Tables 1.3 and 1.4
to reflect actual transport distances antici-
pated. Determine the amount of the cost
correction from Appendix B. 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.

After the foregoing adjustments have been made
ratio the adjusted totals for each waste stream
according to the expected waste volume. That 1is,
multiply the costs per 1000 ft3 by the ratio of:

actual waste volume (as-generated) ft3
1000 £t3

To estimate occupational radiation exposure:

1.

Exposure (Person-rem) = 1,2 x 1073

Estimate the total volume of as-shipped waste for
each waste stream. The as-shipped volume 1s the
as-generate waste volume divided by the applicable
volume reduction factor for that stream:

As-Shipped Volume = As-Generated Volume

VRF

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

Multiply the total as-shipped waste volume gener-
ated as a result of the repair or modification of
interest By the factor

1.2 x 107 (person-rem/tt3), 1.e,,

person-rem
fr3
Total Volume (As-Shipped, £td)
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2.0 INTRODUCTION

Many pending and proposed NRC regulations may require
operating nuclear facilities to undergo hardware or material
related repairs and modifications. These modifications to plant
hardware and materials will likely generate low-level radiocactive
wastes. The costs of disposing of these wastes may need to be
considered in value-impact assessments of the proposed
regulations.

2.1 OBJECTIVES

The Cost Analysis Group within the USNRC's Office of
Reesource Management authorized Science and Engineering
Associates, Inc. (SEA) and its subcontractors, S. Cohen and
Associates, Inc. (SC&A) and Mathtech, Inc. to perform an
assessment of the generic costs of disposing of radioactive
wastes. The results of this assessment are presented in this
report.

The specific objectives of this effort were as follows:

o Identify the types of waste likely to be generated
as a result of NRC regulations on nuclear
facilities,

o Determine the principal methods of disposal
available to NRC licensees,

¢ Determine the typical ways in which each type of
waste is handled and disposed of,

o Establish estimates of the costs of disposing of
the aifferent types of radiocact‘ve wastes,

o Determine the key factors which influence disposal
costs,

() Present the resulting cost estimates in a readily

understandable and easily used format,

The investigations aimed at satisfying the foregoing
objectives pointed to two other aspects of estimating the waste
disposal costs. The first 1s, for a given NRC regulation, an
estimate is needed of the quantity of each waste type likely to
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be generated. Investigators pursuea this problem and established
notions about how these waste quantities could ve estimated. The
second concerns the radiation exposure received by workers in the
course of handling wastes. A correlation was developed from
existing data to estimate this exposure for incorporation 1in
value-impact assessments.

All of the stated objectives have been accomplishea.

2.2 APPROACH
The basic apprcach used in this study was as follows:

1. Perform a literature search. From this literature
search, the various types of wastes generated at
light water reactors were determined. This search
also provided information as to waste
compositions, typical radioactivity
characteristics, and other important features of
the wastes.

The literature search provided information on the
various processes used at nuclear plants ana the
effectiveness of each process in reducing the
waste volume. Newer, more advanced processing
methods were also identiflied.

Finally, the literature search identified the
key cost elements that must be accountea for in
estimating disposal costs.

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

3. Contact vendors and equipment and service
suppliers to obtain present-day costs for the
various materials and services needed tec alspose
of radiocactive wastes.

4. Conduct nuclear plant visits to identify means tor
estimating waste gquantities and the relationsiip,
it any, between the generation of one type of
waste ana the generation of other waste types.

Se Develop a co.relation from existing waste volume
and radiation exposure data to evaluate the
occupational radiation exposure assoclated with
waste handling.
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The foregeoing sources and processes provided a means
for establishing a cost estimating calculational model. They also
i1dentified the key variables and aspects which should be treated
in order to produce comprehensive and meaningful cost estimates.
This calculational model was constructed ana exsrcised to produce
estimates of disposal costs for each waste stream over & range ot
possible conditiorn:c.

2.3 REPORT ORGANIZATION

Section 1.0 of this report is the Executive Summary.

It presents, in an abbreviate. fashion, the overall results
accomplished in this stuay. The means for estimating the volume
ana type of wastes likely to be generated as a consequence of NRC
requirements are discussed. It briefly describes the various
waste types, the waste characteristics, and the processing
methods applicable to each waste 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 specific cases.

Section 3.0 presents a description of the various types
of low-level radioactive wastes. Characteristics such as
composition, radionuclide content, and activity levels are
discussed. The various processes used to treat each type ot
waste to prepare it for storage, transport, and burial are
reviewed.

An approach ana methodology for estimating waste voliume
generation 1s presentea in Section 4.0. That section &also
discusses the general relationship between the gquantity of one
typez of waste generated ana the guantities of other wastes
generated.

Section 5.0 adiscusses each of the various elements
making up the total waste disposal costs. Each cost element 1s
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described, together with the basis and cost methodology appliea
in the present effort.

Section 6.0 presents a detailed assessment of the costs
of disposing of each different waste type. Costs are presentea
to cover a wide range of conditions. This section also igenti-
fies the key factors and sensitivities influencing the aisposal
costs for each waste type.

As a check on the usefulness and accuracy of the cost
data presented in this document, 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 uscful examples of deriving disposal cost
estimates to fit specific situations.

Section 8.0 discusses personnel raaiation exposure
associated with handling low-level radiocactive wastes 1in light
water reactor nuclear plants. This report also includes three
appendicies. Appendix A presents the derivation details ana
supporting data for the occupational radiatic.a exposure
correlation. Appendix B presents data for adjusting costs based
on transport distance from the nuclear plant to the burial site.
Appendix C presents burial costs as a function ot the specific
sites presently available for burial of low-level raaiocactive
wastes.
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3.0 LOW-LEVEL RADWASTE CHARACTERISTICS
AND VOLUME REDUCTION TECHNOLOGY

This section discusses the physical and radiological
characteristic of the various ste streams that might be gener-
ated as a result of repair or modification activities at nuclear
power plants. It also briefly reviews the volume reduction

technology available for treating the wastes. Both waste volume

generation and volume reduction technigues are being carefully

evaluated throughout the nuclear industry. EBoth can be consi-
dered to be in a state of flux at the present time. This section
also discusses trends in both waste generation and volume

reduction technologies.

WASTE CHARACTERIZATIO!

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 are
generally referred to 2¢ waste streams. Each stream 1is
relatively distinct in terms of its form (wet or dry, compactible
or non-compactible), its chemical makeup, and its radio-nuclige
content and concentration. For the purposes of thlis study the

following waste streams have been 1dentified.

Process Wastes & Trash Symbol

PWR Compactible Trash P-COTRASH
PWR Noncompactible Trash P-NCTRASH
PWR Ion-Exchange Resins P=-IXRESIN
PWR Concentrated Liquilds P-CONCLIQ
PWR Filter Sludges P-FSLUDGE

Compactible Trash B-COTRASH
Noncompactible Trash B-NCTRASH
Ion-Exchange Resins B=-IXRESIN
Concentrated Liguids B-CONCLIQ
Filter Sludges B-FSLUDGE

Dry active wastes (DAW) -- compactible ai.d non-

compactible trash -- are likely to be generated as a result

4

m

NRC-mandated modifications cr repairs to the plants. The other




wastes may also be generated as a result of activities such as
system drainage to accomplish the mocdifications, system flushing
and decontamination, area washdown, and laundering. The physical
and chemical makeup of each waste stream was taken to be as
definea in EPRI NP-3370 (Ref. 1).

EPRI NI'-3370 presents the results of a survey taken :in
1081 and 1982. The survey includea roughly two-thirds of the
U.S. nuclear plants in operation as of December 198l. Waste
volumes, waste characteristics, and waste processing system
characteristics prevalent at that time were summarized fcr both
BWRs and PWRs. This report gives general information on wastes
generated during both periods of plant operation and plant shut-
down. It does not specifically characterize wastes generated as
part of NRC mandated repairs or moaifications to nuciear plants.

Estimates of the rad' nuclide concentrations in each of
the waste streams was based or .nformation presented in Refer-
ences 2 and 6. Tables 3.1 and 3.2 show these radionuclide con-
centrations and also give the total activity for each waste
stream. In actual use of this data the individual isostope con-
centrations were adjusted to retlect the typical total stream
activity as reported in Reference 1. These adjustments were made
because the data in Ref. 1 was more broad-based and more current
than that from Ref. 2 and 6.

3.1.1 Dry Active Waste Characteristics

3.1.1.1 Non-Compactible Trash (NCTRASH)

Non-compactibie trash 1s the waste stream of primary
interest to this study. This is because the non-compactible
trash 1s made up of the hardware and components which are the
main object of the repair or modification efforts. Other wastes,
such as compactible trash, are normally generatea as a byproauct
of the repair, removal, replacement, or moaification efforts.
Non-compactible trash typically consists of the rollowing
materials, as reported by plants surveyed in the EPRI 1981 study
(Reference 1):
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o Hood includes construction lumber, plywood,
packing etc.

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

(6] Pipe/Valves includes pipe, tubing, valves, pipe
fittings, etc.

o Eilters include cartridge type, filter canister,
etc.

(5} Compactible Material incluces those items Lhat are
either inadvertently or intentionally packed with
noncompactible waste. This can be any material
that 1s considered ccmpactible.

0 Eilter Frames are the wooden or metal frames that
surround high efficiency particulate air (HEPA)
filters.

o concrete can be the debris from scarifying and
demolishing concrete structures and supports, or
large concrete pieces.

o Tools generally consist of hand tools, although
some power driven tools can be included.

o Rirt includes dust, floor sweepings, and similar
small particulates or large quantities of
contaminated dirt/sand.

o Glass includes bottles, laboratory glasswére,
instrument tubing, face plates, view ports, etc.

o Lead is generally shielding material 1in any
configuration.

(o] Miscellaneous 1s a category to include anything
that nas not been specifically identified above.

According to Reference 1 the composition breakaown
for non-compactible trash was roughly as follows. Values are
shown separately for BWRs and PWRs.

Fractional Composition of Non-Compactible Trash

BWE PWER
Wood 0.29 0.24
Pigping/Valves 0.21 0.13
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Filters 0.07 0.13

Conduit 0.05 0.13
Compactible Matls., 0.04 0.06
Filter Frames 0.05 0.05
Dirt -0- 0.903
Glass 0.04 -0=
Concrete 0.03 0.03
Tonls 0.03 0.03
Miscellaneous 0.17 0.15
Other 0.02 0.02

The average specific activity of the non-compactible
wastes was reported to be 0.4 mCi/ft3 (14.1 mCi/m3) for PWR's.
This average excluded several plants reporting over a factor of
10 greater than this value. The specific activity for BWR
non-compactible waste was 0.2 mCi/ftd (7.1 mCi/m3), half that
reported for PWR's. These activity levels represent the as-
shipped concitions for the waste. The as-generated activicy
concentrations for this and the other waste streams were noted
in Section 1l.1.1.

The data presented in the 1981 EPRI utility survey
(Ref. 1) indicatead that the average density of the packagea non-
compactible trash was about 19 1b/£t3, Based on the typical
composition for this waste, the maximum theoretical density
should be about 212 1b/ft3 for BWRs and 233 lb/ft3 tor PWRs.
Thus the dens.ty of the packagea material was typically only
about 10% of the maximum possible density. This indicates that
significant void spaces were unfillea in the boxes and drums used
to package this was-e. This 1s at least partially due to the
fact that the shapes and rigidity of non-compactible trash do not
lend themselves to high packing efficiencies.

For the purposes ot this study a VRF of 1.0 for non=-
compactible trash 1s taken to be waste packaged to its theoreti-
cal density. Obviously a VRF of 1.0 is unattainable for this
waste stream. The data from Ref. 1 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 made in recent years but the packing

efficiency is still relatively low.




As noted above the average activity concentration for
the as-shippea non-compactible trash was 0.4 mCi/ft3 for PWRs ana
9.2 mCi/ft3 for BWRs. Since the as-shippea waste density was not
more than 15% of the theoretical density, one can infer that the
as-generated activity of the waste was about 2.67 x 1073 mci/ft?
for PWRs and 1.33 x 103 mCi/ft3 for BWRs. This is the as-
generated activity concentration based un the actual waste value,
exclusive of any voids.

3.1.1.2 Compactible Trash (COTRASH)

Subs_.antial amounts of compactible wastes are generated
at nuclear power plants. In many cases it -epresents one of the
largest guantities of any of the waste streams generatea over a
fixed period of time.

Compactible trash, as repcorted 1n Reference 1, 1s mace up
of the following materials:

o Plastic consists of non-halogenated plastics which
can be coveralls, protective suits, lab coats,
boots, gloves, sponges, hats, raincoats, sheets,
bags, containers, bottles, etc.

o Raper includes coveralls, lab coats, absorbent
paper, wrappings, cartons, etc.

o Abscorbent Materlials are hygroscopic materials usea
tc absorb fluids.

(o] lnsulation including most non=-rigid types of
insulation.

o Polyvinyl Chloride (PVL) consists of halogenatea
plastics which can be prutective suits, coveralls,
lab coats, boots, gloves, hoses, containers,
bottles, etc.

(¢ cloth includes coveralls, lab coats, rags, mops,
gloves, etc,

o Rubber includes boots, hoses, gloves, sheets, etc.

o Woog includes construction lumber, plywood,

packing, etc.

o Noncompactible incluaes those i1tems that

inadvertentcly are packead with compactible waste.
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It can include small tools, hardware (nuts, bolts,
screws), or any other noncompactible material.

o Metal consists of metallic items that can be
compacted such as aerosol cans, paint cans, etc.

o filters include high efficiency particulate air
(HEPA) tilters, respirator canisters, etc.

o Glass includes bottles, laboratory glassware,
instrumsnt tubing, face plates, view ports, etc.

o Miscellaneous is a category to include anything

that cannot be classified in the previous 1l
types.

The following table gives the fractional composition
which typifies this type of waste.

Fractional Composition of Compactible Trash

EWER PHR
Plarstic 0.30 0.29
PVC 0.10 0.19
Paper 0.25 0.16
Cloth 0.17 0.10
Rubber 0.04 0.08
wood 0.03 0.03
Miscellaneous 0.07 0.06
Other 0.04 0.04
Absorbent Materials -0~ 0.05

The average specific activity of PWR compactible trash
was reported to be 0.7 mCi/ft® (24.7 mCi/n°), while for BWRs the
corresponding value was 0.25 mCi/tt3 (8.8 mCi/m3), These values
correspona to the as-packaged or as-compactea condition. The
EPRI survey (Referance 1) tound that BWRs and PWRs were not
compacting the waste to the same degree, even though the composi-
tion of the waste is basically similar for the two types of
plants., For PWRs the typical compaction ratio or volume reduc-
tion ratio was 3.78, while for BWRs it was only 2.27. Thus in
the as-generatec state, i.e. prior to compacticn, the averace
specific activity levels for compactible trash correspond to

35



0.185 mCi/ft> (6.5 mCi/m?) for PWRs and 0.110 mCi/ft3 (3.9
mCi/m3) tor BWRs. As with non-compactible trash, the specific
activity of compactible trash can vary widely from one plant to
another ana from one batch of trash to another. A factor ot 10
variation from the typical activity is not unlikely for a given
case.

3:1-2 Wet Waste Characteristics

3.1.2.1 Ion=Exchange Resins (IXRESINS)

ion-exchange resins are small porous beaas used to
process varicus liguid waste streams through a combination of
absorption and/or aasorption of soluble ionic material (both
chemical and radiochemical), and through the filtration of
insoluble material. These resins can be regeneratea and are
typically used in the reactor cendensate polishirng systems.
Resins used for cleanup cf liguid radwaste streams are generally
not regenerated but must be disposea of as waste once they have
lost their filtering and demineralizing qualities (Reference 7).
lon-exchange resins from PWRs are generally in beaa form, while
that from BWRs is often in the form of a powder. Both the powder
and bead torms of the resins can be treatea similarly regirding
their disposal.

PWR resins from the liguid radwaste processing systems
had an average specific activity of 0.078 Ci/ft3 (2.75 ci/m?) for
resins in the as-shipped condition. Bead resins from BWR
radwaste cleanup systems were reportec to have an average speci-
fic activity of 0.125 Ci/ft3 (4.41 ci/m3), while powdered resins
from this source had an average activity ot 0.13 Cci/zft3 (4.60
ci/m3) .,

3.1.2.2 Concentrated Liguids (CONCLIQ)

Many nuclear plants have employes evaporator systens to
reduce the volume of liquid radwastes. Concentrated liguid wastes
are a combination of the liguic stream and accumulaticns of
solids and solutes carried in the stream. Concentrators
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(evaporators) are used in processing launaory waste water,
decontamination solutions, liguids trom floor arains, and other
such sources.

Many plants are apparently going away from this methoad
of trecting liguid wastes. Several plants have gone instead to
the filter/deminerali.el. type of system. Nevertheless, a nuiber
of plants still employ tiie evaporator-concentrator system for
reprocessing liguid radwasce streams.

For PWRs the average specific activity from evaporator
concentrates was resported to be 7.2 mCi/ft3 (0.254 Ci/m3), while
for BWRs the average value was 0.12 ci/ttd (4.24 Ci/md).,

3.1.2.3 Filter Sludges (FSLUDGE)

Filter sludges refer to powdered ion-exchange resin
generally used as a precoat material on filter demineralizers,
and fluculating agents (filter aids) used to extend the
processing life of the filter. Most plants use powderea resin
not only for filtration of insoluble material but also for 1its
ion-exchange properties. Sludge from precoat filters can be a
combination of the original precoat material, insolubles such as
dirt removed from the liguia stream being processed, corrosion
particles, and other suspended solidas anc floculating agents usea
in the system.

This type of racioactive waste is generatea primarily
by boiling water reactors since PWRs rarely use precoat filters.
Filter sludges from BWR ligquid radwaste processing systems haa an
average specific activity of 0.13 Ci/ft3 (4.59 Ci/nm3d).

3.1.3 Other Wastes

Other types of waste may 2180 be generated as a result
of NRC-mandated changes to nuclear plants. One such item is
filter cartridges. These are typically used in PWR liguic
radwaste processing systems to remove insoluble wastes. The
reported typical activity for these filter cartiidges was 200
mCi/ft3. The guantity of these filters disposea of each year 1s
small compared to the volumes of most of the other waste streams.
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Because the typical activity levels ot these filters 1is
essentially the same as that used for FSLUDGE wastes, and because
they are often disposea of in cement-filled drums, the cost ot
aisposing of this type of waste i1s assumed to be approximately
the same as that for disposing of PFSLUDGE. Inaccuracies due to
this assumption are not expected to be large since the total
quantity of these filters is estimated to be quite small comparec
to the gquantities of other types of wastes.

3.2 VOLUME REDUCTION TECHNIQUES

Radiocactive waste volume reduction processes have al-
ways been employed at nuclear power plants. Volume reauction 1s
attractive from practical as well as economic standpoints. In
recent years the cost aspects of aisposing of low-level radioac-
tive wastes have risen dramatically. This is particularly true
of burial costs (Ref. 2). Since burial costs are generally
assessed on a p° - unit volume basis (i.e., S/tt3), generally
speaking the lower the volume of waste from a given plant requir-
ing burial the lower the disposal costs to that plant. Thus
there is an incentive for nuclear utilities to improve their
effectiveness in readucing the volumz of radicactive wastes which
must ultimately be disposed of.

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 reauce the
amount of low-level wastes generated. Measures that have been
employea to reduce the voclume or waste generatea include substi-
tution of reusable items and materials for disposable materials,
careful monitoring of waste activity levels to separate clean
trash from that which must be classified and treatea as raaqio-
active, limiting the materials brought into contaminatea areas to
prevent their becoming contamirated, decontamination and recycle
rather than disposal, anc more prompt attention to liguic leakage
from radicactive systems to minimize the bullaup of liguid
wastes., Many other waste generation minimization measures are
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also being employea. lany these technigues ana 1deas
discussed 1n Ref. 1

Once waste has L | generated 1t 1s generally
to some type of volume : ocess. For compactible tr
as-chipped volume 1s les lan the as-generated volume,
wastes the processing may either increase or decrease the final
volume., For example, solidification of spent resin in cement
increases the volume to be disposed of, while incineratior
of the resin can substantially decrease the final volume.

The following sections discuss several of the waste
ocessing methods available to nuclear plant operators, These
scussions give an overview of representative volume reduction

technigues. Section 3.2.1 reviews conventional practices and
technigues, while Section 3.2.2 presents an overview of lumproved

processes that have recently become available.

Dry Active Wastes (DAW)

Dry active wastes are the non-compactible trash, com-
pactible trash, and certain filters used in removing particulates
from liguid waste streams. Normally non-compactible trash re-
1

a
ceives no volume reduct n treatment or processing. This 1s

0
because this class of waste has a substantial quantity of mate~-

rials generally not amenable to further volume reduction. Thie
waste stream containe items such as steel pipe, valves, wooQ, and
electrical conduit. At best, non-compactible trash can be care-
fully hand-packed into the transport and burial containers., Some
utilities cut sections of pipe longitudinally ana employ other
such techniques, to improve the packing factor of this type of
waste. The hanrd packing requires considerable labor. Alsc, the
low VRFs for this waste necessitate the use of a relatively 1l
number of containers to package a given volume of as-generated
waste. These factors make processing of NCTRASH consicerably

morc expensive than processing for COTRASH.




Compactible trash in the as-generated state typically
has a density of about & lb/ft3, Until recentliy most plants
employed mechanical compactors to reduce the volume of this
waste. These conventional compactors can generally increase the
density of this waste stream to about 20 to 30 1b/fe3, According
to Ref. 1, at least through 1582, most plants were packaging this
waste in SSqallon(7.Stt3)drums.

Contaminated filters can be classed as non-compactible
trash, compactible trash, or as separate items. When these
filters are highly contaminated, they are typically placed in
separate containers which include a significant amount of
shielding material. Thus, the shipped volume for filters can be
substantially greater than the vciume of just the filters.

3.2.1.2 Wet Wastes

Wet wastes generated at nuclear plants consist of the
concentrated liguids, icn-exchange resins, ana filter sludges
generated in processing radicactive liquid s.reams. The
conventional approach in handling these wastes, at least unt:l
recently, was to solidify them in cement or other binding agents.
Cement is often used because of its relatively low cost. Mixing
the wet wastes with the sclidification agent increases the
volume of waste to be disposed of. The following volume increase
ratios are believed to be typical (Ref. 1,2, & 18).

Volume Increase witlh
1idit :
Jon-Exchange Resins l.1 - 1.4
Concentratea Ligquias 1.4
Filter Sludges 1.8

3.2.2 Inproved Voline Reduciion Processes

The 1increased costs of aisposing of ragicactive
wastes, particularly the sharp rise in burial costs, has lea to
the development of several technigques and processes for
significantly reducing waste volume relative to conventional
processing methods. These more aavanced technigues generally
employ one or more of three basic processes:
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nechanical compaction

0 icineration

0 evaporation

The following secticns brieiiy describe these aavanced
processing methods. Much more complete descriptions of Fpeciric
systems is presented in Ref. 2, Vol. 3. Also, the following
sections describe a limited number of advancea waste processing
systems and technigques. The discussions are by no means
exhaustive. However, the approaches discussed are believea to be
representative of what is available to utilities at the present

time and into the near future.

" P 9 Mechanical Compaction
Section 3.2.1.1 notea that mechanical compact
compactible trash is a standard processing method {or

stream. Conventional compactors increase the waste density from

sn 22ad sk v fiasS .
about 8 1b/ft” to 20 or 30 lb/ft°. These conventional compactors

typically employ hydraulic cylinders to compress the waste. More
advanced compactors are now available which exert higher forces
to achieve greater compaction. In addition, some plants have
gone to the use of shredders in conjunction with the compactors
to further enhance the compactibility of the waste. One improved
compactor available for use with 55 gal. drum containers achieves
waste densities for compactible trash of about 45 1b/tt3, Thus,
it offers a volume reduction factor of about 5.6 comparea to the
.8 tactor tor the standara compactor. This improved compactor
can be used as 2 retrofit in plants with older, less effective
equipment. The capital cost of applying this 1mproved device 1n
a nuclear plant is estimated to be less than $200,000 (Ref. 2,
vVol. 3).

An ultra-high pressure compaction device 1s also
available. This "supercompactor”® exerts a force of about tw«
million pounds on the waste to produce densities on the orader of

pounds per cubic foot for compactible trash. 'hils

much larger than standard compactors ara reguires more




building space. The capital cost of this system 1s reporteo tu
be about $3.5 X 108 (Ref. 2).

It is possible that devices such as the supercompactcr
could be used with non-compactible trash as well as with
compactible wastes. This type of compactor could be used to
imp.ove "nesting"™ of waste articles, to crush components sucl as
thin-walled electrical conduit ana tubing, and generally to te-
duce the void space in shipping containers for non-compactible
wastes., Application of supercompactors to NCTRASH 1s not a
common practice at this time.

Both the improved compactor and the supercumpactor have
gas aspiration ana filtration systems which minimize the spreaa
of contaminated aerosols during the processing of the waste,

3.2.2.2 Incineration

A number of different incineration processes are
available. Most will handle the combustible materials present in
the compactible trash waste stream. Some processes will also
handle ion-exchange resins, filter sludges, and organic liquia
wastes.

The incineration processes produce radioactive ash ana
radicactive smoke as a result of the combustion. The ash 1s
collectec and typically mixed with a solidification agent
(cement, polymer, bitumen). The exhaust gases or smoke must be
carefully scrubbed and filtered toc remove particulates which may
be radiocactive. The exhaust gas must also be treateu to remove
vapors and to neutralize acids that may be present in the gas
stream. JIodine removal features are also present on some of
these systems.

The incineration systems are highly effective at
reducing the volume of waste. However, as with other volume
reduction techniques, the resulting volume of waste has an
increased specific activity since all cf the radiocactive material
originally presen. 1s now concentrated in a smaller volume., For
dry combustible wastes the volume reduction factor with
incireration 1s about 113:1. For 1on-axchange resins and filter
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sludges, these factors are about 4:1. These factors include the
effect of binding/solidification agents used to encase the
incineration proaucts. Thus, the specific activity levels ot the
waste will be increasea by factors ranging from 4 to about 113
compared to the activity of the original waste stream. If the
original waste has a high specitic activity, extensive volume
reduction may not be practical due to limitations imposed by
handling, shipping, and burial consicerations.

The waste incineration system costs vary considerably,
cepending on the system capacity, and the overall capabilities of
the system. The cocts cited in Ref. 2, Vol. 3, range from $2.6 x
10° to more than $24 x 10%,

3.2.2.3 Evaporatcors

Evaporator cystems are used to treat liguid waste
streams in nuclear plantt. Evaporator systems have been 1n use
for many years in nuclear plan.; to reauce the volume of liquia
wastes, The newer, more advanced systems are similar to the
older systems except they produce more highly concentratea
eftluents or completely dry waste products.

Several of the evaporator systems can handle both
liguid ana slurry type wastes. They can process concentratea
liguiés, ion-exchange resins, and filter sludge slurry wastes.
All of these systems heat the waste streams to 1lnduce evaporation
of the water in the waste. Typically, steam 1s used to
accomplish the heating. The effluents from the evaporation
process are typically solidified in cement, a polymer bincer, or
bitumen. The net volume reduction achievea varies, depending on
the nature of the waste feed. Nominal volume reduction factors
achieved through evaporation processes for various waste streams
are as follows (Ref. 2, Vol.3)

Concentratecd Ligquiads 2.4 to 6.6
Ion-Exchange Resins 1.4 to 2.0
Filter Sludge " 2.0

The above factors include the effect of solidification of the
wastes.
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The capital cost of evaporator systems 1s estimated to
be in the s4 x 10% to $9 x 10° rarge.

3.2.2.4 Combined Sy’ "ems

The mechanical compacticn equipment discuseed previous=-
ly is suitable for reducing the volume of dry active wastes. It
1s not suitable for treating wet wastes. Conversely, the evapor-
ation processes cannot treat dry wastes. Certain of the inciner-
ator systems can accommodate botn dry and wct wastes, but these
tend to be somewhat expensive. Combined systems may be nseced
and desireable to achieve effective velume reduction for all
wasle streams. Several combinations of systems were considerea
in Ref. 2 and 18.

3.2.3 Summary of Volume Reduction Processes

Table 3.3 summarizes the various waste processing sys—
tems and associated volume reduction (increare) factors for each
waste stream. The different volume reduction techniques were
discussed previously. Table 3.3 emphasizes the fact that a given
volume reduction factor for a given wasce stream applies to a
specific waste processing system. In some cases, cifferent sys-
tems employing the same basic technique, e.g., evaporation, will
reduce the volume of a given waste stream to different extents.
An example of this is shown for the concentrated liguic waste
stream (CONCLIQ). Three cifferent evaporation systems are noted,
each resulting in a differeit final volume for the processea
waste. Also, with this particular waste stream the extent of
volume reduction achievea by a given system 1s dependent on
whether the waste stream was generated ina BWR or & PWRK.

3.3 CURRENT PRACTICE AND FUTURE TRENDS

As noted previously, nuclear power plant operatcrs have
had increasing incentives over the past several years to reaquce
the volume of radicactive wasles produceil by the plants. Most
utilities have responded by attacking botn the waste generation
aspect and the volume reduction aspect. Equipmewn. .enaors have
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Table 3.3 Waste Processing Technigues and Assoclated
Volume Recuction Factors

|  Volume |
| Reduction |
Waste Stream | Factor | Provessing Technique
I |
| I
COTRASH | 2.3 | Standard compactor
| 3.8 | Standard compactor, complete filling of
| | waste containers
I S.7 | Improvea compactor
| 8.7 | Supercompactor
o 113.4 | Incinerator, scliaification of ash
| |
NCTRASH | 0.2 I Hana packing
| 0.4 | Careful hand packing
| 0.6 I Cutting plus careful hand packing
| 0.8 | Cutting, careful hand packing ana compaction
| | in supercompactor
I |
IXRESIN | 0.7 | Solidification in cement
| 0.95 | Dewatered, placed in high integrity ccntainers
| 1.4 | Mobile evaporator, solidification in binder
I 2.0 | Evaporation of water, grinding ot resins,
| | mixing with binder
| 4.0 | Incineration, mixing ash with binder
| |
| BWR/PWR |
CONCLIQ I 0.7/0.7 | Solidification in cement
| 1.9/73.7 | Evaporator/crystalizer process, solidification
| | in binder
I 2.4/5.4 | Mobile evaporator, solidificaticn in binder
I 3.8/6.6 | Evapora%tor, grinding of residue, mixing with
| ' binder
| 4.5/10.4 | Dryer/incinerator, solidification in binaer
| |
FSLUDGE | 0.56 I Solidification in cement
| 2.0 | Evaporetor, solidification in binder
I 4.0 | Incinerator, solidification in binder
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responded to utility needs by offering more effective volume
reduction systems than were available several years ago.

A limitea survey of nuclear plant operators was made
during this study in order to assess current practices and future
trends by operatcrs regarding their waste processing. The survey
cbtained responses from representatives of 11 BWR units and 15
PWR units. The plants contacted were selected on a random basis.
Most of them had startup-dates prior to 1980. Even though the
sample size was small, the responses obtaineu are believec to be
reasonably representative. The responses are noted in the
following discussions by reactor type and waste type.

3.3.1 EWR Practices & Trends

3.3.1.1 Dry Active Wastes

Almost universally, plant operators stated they were
instituting control measures tc reduce the amount of dry
active waste produced. This was especially true for
compactible trash.

At the present time, most BWR operators are using
mechanical compaction of compactible trash as the primary volume
reduction process. Most of the survey respondants indicatea that
they are achieving densities >{ 30 to 40 1b/ft3 for this waste
stream. The corresponding volume reduction factors are in the
range oi 3.8:1 to 5:1. This is in contrast to the results
presented in Ref. 1 which stated tha%, as of 1982, the ncminal
volume reduction factor for BWR COTRASH was about 2.3:1.

Only one BWR station surveyed indicated the vse of
incinerators to reduce the volume of combustible dry active
trash.

In terms of future trends, about half of those responding
stated they were studying "supercompactor" type equipment. One
plant hac this equipment on order.

For non-compactible trash there 1s somewhat of a trena
to decontaminate items and recycle them rather than dispose Of
them as radiocactive waste.
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3.3.1.2 Wet Wastes
The 1981-82 survey conducted for the Electric Power

Research Institute (Ref. 1) incicated that a substantial amount
of wet waste in BWRs was generated in the regener:%tion oi 1icn-
exchange resin beds. The radioactive materials removed from the
resins were typically processed in evaporator units to produce
concentrated liguia effluents. The concentrated liquids were
then mixed with cement to solidify and stabilize them. The EPRI
survey also indicated that many plants were going away from the
practice of regeneration of resins. Instead, the spent resins
were disposed of and replaced with fresh resins. At that time,
some plants solidified the resins in cement, while others de-
waterea the spent resins and packaged them in high integrity
containers (BIC) for disposal.

The survey conducted for the present study 1indicated
that most BWR operators have reduced the use of resin
regeneration with its attendant production of concentratea liquid
wastes. The spent resins are disposed of ana replaced rather
than regenerated. About three-fourths of the BWR responcents
stated that they dewatered the spent resins ana shippec them for
burial in high integrity containers. Two of the stations
indicatea they stabilized the resins in cement for disposal
rather than using the dewatering, HIC option.

Relat.vely few of the BWR operatois indicatea any plans
to make substantial changes in their processing of wet wastes.
One plant was investigating the possibility of incineration ot
spent resins ana filter sludges. Thus, it appears that at the
present time, mcst BWR operators dewater their spent ion=-exchangc
resins and place them in high integrity containers for aisposal.
This results in a slight increase in the disposal volume comparea
to the material volume. The voliume increase factor is roughly
1.05:1 to 1l.1:1. For those plants that solidify the resins 1in
cement, the volume increase factor is about 1l.4:1. For filter
sludges solidified in cement, the volume increase i. about 1.8:1.
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3.3.2 PWR Practices § Trends

3.3.2.1 Dry Active Wastes

As with BWRs, PWR plant op:rators inaicated they are
instituting control measuree and practices aimed at reducing the
guantities of dry wastes generated. The current practice in the
processing of compactible trash appears to be essentially the
same as that for BWRs. Most plants employ mechanical compactors
which give a waste density of about 30 to 40 1b/ft3. One plant
surveyed incinerates its combustible dry waste. Of the 16 PWR
units surveyed, three had recently purchased improved ccmpaction
equipment and a few others were considering such equipment.

Thus, the practices ana trends for processing dry
active wastes at PWR stations apg2ar to be gquite similar to those
at BWR stations.

3.3.2.2 Wet Wastes

As with BWR's, the EPRI Survey (Ref. 1) 1inaicated the
decreased use of evapcration systems for reducing liguid waste
volume and the increased use oI resin beas for ligquid stream
processing. About half of the PWR stations contacted during the
present study indicated that the spent resins are dewatered and
shipped for burial in high integrity containers. The other half
solidifies the resins in cement prior to shipment. The agpplicable
volume increase factors are the same as for BWRs resin wastes.

The plants contacted did not inaicate any major trenas
in terms of changing to alternative wet waste processing methods
in the near future.
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4.0 ESTIMATES OF WASTE VOLUME GENERATION

4.1 INTRODUCTION

In order to develop estimates of the cost of disposing
of radioactive waste, it 1S necessary to know the volume of waste
generated. For NRC-initiated plant moaifications, this
capability to predict waste volume generacion will be requirea
for a wide range of specific tasks. Since the cost of waste
disposal depends upon the type of waste Landled, it will be
necessary to predict the waste types generated as well as the
volumes. Predicting waste volume generation by specific task 18
difficult because very few of the operating nuclear stations
track waste volume generation by source within the plant.

Based upon visits to two nuclear stations that do track
waste volume generation by source within the plant, supplemented
by aiscussions with waste handling eguipment vendors and
information in the open literature, some simple notions relating
to the estimation of waste volume generation have been ceveloped.
Table 4.1 on the following page summarizes 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 cutdatec information
can be replaced as data become available in the future. It 1is
reasonable to expect that more plants will track waste velume
generation by sources in the near future, owing to the pressures on
plant operators to minimize waste vclume generation.

4.2 NON-COMPACTIBLE DRY ACTIVE WASTE (DAW)

In general, the primary waste stream for a plant
moditication is non-compactible DAW (P- or B- NCTRASH).
Constituents of this waste stream are the identifiable plant
components and materials that are removec in the course of the
plart modification; i.e., piping, concuit, insulation, vaives,
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Table 4.1 Summary Approach

to Waste Volume Batl-atinq'

WASTE STREAM

COMPONENTS

APPROACH

QUANTITATIVE
CUIDANCE

Non-Compactible DAW
(P- or B-NCTRASH)

Compactible DAW
(P- or B-COTRASH)

Ion Exchange Resin
(P- or B-IXRESIN

Filters

insu-

pumps ,
concrete,

Piping, conduit,
lation, valves,
cable trays,
dirt, etc.

Largely paper and
plastic.

From cleanup of primary

system, fuel pool
water, or plant drain
water.

From cleanup of decon-
tamination solution.

From decontaimination

cf personnel respirators.

From laundering prctec-
tive clothing.

*Volumes and ratios are given on as-shipped basis,

1. Estimate physical vol-
ume of plant components

2. Estimate approximate VRF
(packing fraction) in
waste containers,

3. Might be able to decon-
taminate and recycle at
a lower c<ost.

Corielaticn based on 1981
de a for indusciy-wide, as-
shipped volumes of cu.fnct-
ible and non-compactibie
DAY :

Dep’etion of resin is a
function of concentration
or digsolved solids 1in
ligquid stream,

Depletion of resin is a
function of volume and
condition of system being
decontaiminated, and the
decon solutlion used.

Use actual data,

Use actual data,

relationship with appropriate volume reduction facters (VRF)i

As-Cenerated Volume = As-Shivoed Volume X VRF

Use geometry.

Range of 0.2 to 1.2 1n
~100 tt? boxes.
(Typical values are 0.2
to 0.4.)

Overall, estimatea cost
ot recycle ~80-85% cost
of disposal.

At PWRS:

“Yol.Comp.DAW =
Vol.Non-Comp.DAW ~

At BWRs:

_Yol.Conp.DANW ol
Vol.Non-Comp.DAW = 2.1

For ~2 o conducttvlgy
~1.5 ft? of waste / 10
gal.

For~150 ymho con-
dnctlvttys rd‘s te? ot
waste / 107-10" gal.

For LOMI decon solution:

~0.1 tt3 of waste / gal.
decon soln,

~1x1073 ft? ot waste /

respirator
deconned (~1/2 comp. &
~1/2 nop-comp.)

~2x103 ft® ot waste /
dressout (all compactible)

To estimate on as-generated basis, use following



pumps, cable ' concrete, dirt. Tools ana equipment (1l.e.,
scaffolding, de€ utility lines, mops, vacuum cleaners,
carts, welding machines, submersible pumps, crane slings, etc.)
can be assumea ) be controllea and reusea (Ref. 8). Sometimes
wooa components, such as those used in scaffolding, are planea
(approximately 1/8 inch); however, the wood shavings can probably
be neglected.

The first step in the estimation of the volume of this
primary waste stream is to evaluate the actual physical volume ot
the identifiable plant components and materials. The next step
is to determine the packing fraction of the constituents in the

shipping container. In 1981, non-compactible DAW was typically

packageda in 98 to 122 ft3 Low Specific Activity (LSA) boxes (Ret.

1). The dimensions of a 98ft3 LSA box are 6ft x 4ft x 4ft. To
estimate pacaing fraction, the optimuwm configuration of the
constituents in the box 1s estimated. The packing fraction 1s
the ratio of the volume of the constituents to the volume of the
box. At one plant, packing fractions for non-compactible DAW
range from approximately 0.2 to 0.75 (Ref. 9).

To achieve higher packing fractions, large constituents
can be cut into smaller pieces. The decision whether or not to
cut involves a tradeoff between cutting costs (plus radiation
exposure costs incurrea during cutting) and disposal costs.
Shipping weilght limitations during transport may constitute a
constraint in the tradeotf. As an example, one utility
contractor evaluated the feasibility of cvtting 200-£ft. ot 28"

pipe into clam shell segments (Ret. 10). It was assumecu that a

four-man crew would be needea (1 cutter, 1 assistant, 1 fire
watch, and 1 H.P. technician), each at a cost of $40/hr (probably
high). The cutting speed was estimated to be 3 tt/hr.* The
total cost of cutting was estimatea to be roughly $21,000,
exclusive of radiation exposure costs., Such a traceoff analysis
may be beyond the scope of NRC's reguirements for estimates of

radiocactive waste disposal costs.
*For cutting speed estimates, contact Newport Nevs
Corporation.




An option other than disposal is available for some
constituents of non-compactible DAW. This 1s decontamination ana
recycle, which can be applied to essentially anything metallic;
i.e., welding machines, .:2in fallZ, leaa bricks, cable trays,
etc.* Other materials, 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 ana
disposal of the residual. Decontamination is performed using
chemicals (acid, caustic solutions, or freon) or mechanical
methods (grit blasting or hand scrubbing). The resiaual wastes
from decontamination (sludge bottoms, grit, resins) con’titute
roughly 20% of the volume of *he input stream. Thus, ecycle can
be viewed as a volume reduction process providing a “actor of
roughly five reduction in volume. In general, t". costs of
recycle are roughly 15 to 20% lower than disposal costs, according
to one vendor (Ref. 11) (The cost of disposal of the residual
waste is borne by the vendor). Given this degree of aifference,
it is probably adequate for NRC's purposes to assume aisposal, a
conservative assumption which may offset the tendency to under-
estimate the volume of the primary waste stream. However, tor
some specific cases the differences in cost between disposal ana
recycle may be more substantial.

4.3 COMPACTIBLE DRY ACTIVE WASTE (DAW)

The volume of compactible DAW (P- or B-COTRASH) gener-
ated in the course of a specific task is difficult to estimate.
This is because this waste stream is composed mostly (approxi-
mately 65% in 1981, according to Reference 1) ot paper and plas-
tic (including FVC). The guantities of disposable paper ana

*There are some exceptions. For example, intricate pieces such
as motor windings may not be candidates for deccntamination anc
recycle.
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plastic generated in the course of a task 1s a function ot
general housekeeping considerations at any particular plant, and
cannot be derived trom first principles. It may be possible to
correlate the guantities of compactible DAW generated for a
specific plant, or for all LWRs, against the nuaber of contain-
ment entries, the number of man-hours, and/or collective radia-
tion exposure (man-rem).* However, 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 1981 on as-shipped volumes of com-
pactible and non-compactible wastes. From these data, the fol-
lowing ratios can be derived:

0.9

—Yolume Compactible DAW
At PWRS: vyolume Non-Compactible DAW

At BWRs: __Volume Compactible DAW _ -~ 2.1
Volume Non-Compactible DAW e

To provide analogous estimates for the as-genc:iated
condition, the as-shipped volumes should be adjustea according to
the approximate volume reduction factors. For example, for both
BWRe and PWRs, typical volume reduction factors for non-
compactible trash are about 0.2 to 0.4, while those for compact-
ible trash are about 3.8 to 5.7. The ratio of the as-generated
compactible trash volume to the volume of non-compactible trash
generatea at each type of plant can be approximatea as follows:

—As-Generated Volume Compatible DAW
At PWRS: o Generated Volume Non-Compactible DAW = (0.2 + 0.4) = 143

At BWRS: o Generated Volume Nom-Compactible DAW = (0.2 + 0.4) = 333

*Reference 1 indicates that the amount of compactible DAW
generated at PWRs correlates against man-rem, but not at BWRs.
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Given the estimated volume of non-compactible DAW generated,
these ratios can be used to estimate the associatea volume of
compactible DaW.

The foregeing algorithm presupposes that the ratio gerived
for all tasks is applicable to any one task, and that the ratios
derived in 1981 are applicable toacay. Both of these assumptions
are guestionable. With respect to the latter one, we know that
the technology of waste volume recuction has evolved considerably
over the past five years. In 1981, the average volume reduction
for compactibtle DAW was 3.8 at PWRs and 2.3 at BWRs (Ref. 1).
Typical volume reduction factors range between approximately four
and seven today (Ref. 9). However, the volumes of non-compact-
ible DAW generated have also been substantially reducea at some
plants the past several years through the application of a number
of conirol measures. Therefore, the ratios c¢f compactible to
non-compactible volumes derived in 1981 may still be valic.

pata from two nuclear stations provide partial
corroboration of this conjecture.* For the PWR visited the ratio
of compactible to non-compactible trash volume shippea was about
1.2. This 1is reasouably close to the 0.9 ratio citea above. For
the BWR visited, however, the ratio of as-shippea compactible to
non-compactible waste was less than 1.0, whereas the 1981 survey
data indicatea the ratio at that time was typically about 2.0.
This disagreement for the BWR case may simply due to practices
unigue to the utility supplying the aata. Until a more
comprehensive survey of current utility practices 1s mace, 1t 1s
recommended that analysts use as-shipped volume ratios ot
compactible to non-compactible trash of 1.0 to 2.0 for BWRs.

*As test of this hypothesis, we derived these ratios for the two
stations visited in the course of this study, using data
applicable to 1984. The results, basea on as-shipped conditions,
are:

Visitea PWR:

Volume Non-compactible DAW = 1-2
Vistea BWR: —Volume Compactible DAW - 4
Volume Non-compactible DAW = 0:25-0.3

54



4.4 ION-EXCHAWGE RESIN

The generation of ion-exchange resin (P-or B-IXRESIN)
is a function of the guantity ot dissolvea solids in the liquid
stream being processed. Primary system or fuel pool water, which
is very clean (approximately 2 micro-mho conductivity oOr 2 ppm
aissolved solids), results in the generation of approximately one
cubic foot of resin per 10° gallons (approximately the volume of
the primary system) of liguicd (Ref. 12). After volume increase
from solidification, one cubic foot of generatea resin results in
roughly 1.5 cubic feet of as-shipped resin. Draining of the
primary system does not necessarily result in the depletion ot
resin, since the primary system fluid may be stored in tanks ana
re-used.

Plant floor drain water 1s considerably airtier
(approximately 150 micro-mho conductivity) than primary system
water. Accordingly, approximately one cubic toot of resin 1s
generated per 103 to 104 gallons of liquia (Ref. 12).

lon-exchange is also generally used to ciean up
solutions which are used to chemically decontaminate LWR systems.
The quantity of resin generated depends on the volume and condi=
tion 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 solutions
have been used -- LOMI, Candecon, and NSl.

Using LOMI as the solution, decontamination of & BWR
recirctlaiion piping s) stem takes approximately 4,000 to 6,000
gallons of solution and results in the generation of roughly 400
cubic feet of ion-exchange resin (Ref. 12). Decontaminaticn of a
BWR reactor water cleanup system takes approximately 2,000 to
3,000 gallons of solution and results in the generation of
roughly 200 cubic teet of ion-exchange resin (Ret. 12). Decon-
tamination of a steam generator channel head takes approximately
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100 cubic feet of 1on-exchange resin (Ref. 12). All other fac-
tors being equal, use of Candecon rather than LOMI as the aecon-
tamination solution results in approximately the same waste
volume as LOMI (Ref. 13). After volume increase from solidifica-
tion, one cubic foot of generatea resin results in approximately
1.5 cubic feet of as-shipped waste (based on soligification 1.

cement) .
Particulates entrained in the decontamination solution

are removea using filters. However, the volume of waste filters
generated is typically negligible in comparison with the spent
ion-exchange resin.

4.5 FILTERS

At one utility the system used to cecontaminate
personnel respirators generates roughly 1 x 1073 ft3 ot waste
filters per respirator decontaminated. Approximately one-half of
this waste 1s compactible DAW; the remainder is non-compactible
DAW. At this same utility, respirators are worn in approximately
one-thira of containment entries (Ref. 5).

Many stations, recognizing the high impact of
disposable clothinag on radwaste volumes, have converted to
launderable clothing (Ref. 8). Several use a freon system for
laundering the clothing., At one utility, roughly 2 x 1073 £¢3 of
waste filters are generated per dressout (coveralls, shoecovers,
hoods, booties) (Ref. 5). These waste filters are compactiktle
DAW. At this same utility, there are typically tour dressouts
per 10-hour shift.
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5.0 WASTE DISPOSAL COST ELEMENTS AND COST METHODOLOGY

There are four primary cost elements that contribute toe
the costs of disposing of low-level racioactive wastes generatea
at nuclear power gplants. These elements are those associatea
with processing, interim-storage, transportation, ana burial ot
the wastes. This section discusses each of these elements. The
costing methods and their basis are presentea to help the user ot
this document understand how the disposal costs are derived.
Hopefully, this section will also allow the user to adjust the

basis as necessary to reflect the effects of changing conai-
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.l.
Section 5.2 then elaborates on the cost elements ana the costing
methodology.

All cost estimates generated 1in this study were based
ona fixed volume of waste for sach waste stream. That is, given
a fixea volume of waste . n the as-generated (unprocessed) condi-
tion, the costs of disposing of that waste were determineda. The

value selectea for this fixed volume 1n the as-generated state 1s

1000 £t3. This value is guite arbitrary, but it does provide a

reascnable basis on which to proceed. The volumes of wastes
generated as a result of NRC-mandatea repairs Or modirications to
nuclear plants can easily be in thils range, especlally tor the
COTRASH and MN{UTRASH waste streams. Table 5.1 shows the guanti-
ties of the various waste types generated in typical BWRs ana
PwrRs during 1981 (Ref. 1l). The quantities shown are as-shipped,
i.e., after processing. They 1naicate that the reference volume
of 1000 ft= selected as the basis for the present cost estimates
is reasonably small comparea to the yearly total waste generated

in typical LWRs.




Trole 5.1 Waste Production Summary for 1981

Cubic Feet*/Unit Year

Haste type SN\ [ 34 T-T T WE——
BWR PWR
Dry
Compactible 15350 5800
Noncompactible 7200 6150
Other —a00 —220
Subtotal 22650 12200
Wet
Resins 2800 1250
Sludges 5500 -0=-
Concentrates 28350 2400
Subtotal 11150 3600
Totals 33800 15000

*All values refer to the as-shipped conditions.
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S.l WASTE KEY CHARACTERISTICS

Several waste stream characteristics which enter into
the determination of waste disposal costs are presentea 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
resulting from 1000 tt3 of the as-generated waste, the as-shippea
waste density and the activity concentration and surface aose
rate for the as-packaged wastes. The latter two characteristics
are based on the typical activity for each waste stream as
reported in Ref., 1.

There are some differences in the waste stream charac-
teristics due to the reactor type inveclved. The concentratec
liquids, for example, will be different between BWRs and PWRs.
Their chemical makeup is different as is their typical activity
levels. These liguid waste streams have different levels of
solids concentrations, and thus, their densities after proceising
will be somewhat dependent on whether they originated in a BWR or
a PWR. This also effects the extent of volume reduction achievea
with a given process. A range of volume reduction factors 1s
shown for each waste stream. The 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. The VRFs of 5.8 and 8.7 correspona 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 procucts are
chemically stabilized prior to burial. For BWRs the lowest VRF
for COTRASH is 2.3. This is the norm reported for BWRs up
through the early 1980s (Ref. 1).

The non-compactible trash waste stream is not amenable
to extensive volume reduction. The 0.2 and 0.4 VRFs imply hana
packing of these waste materials but with different degrees of
care. Even the 0.4 factor may be optimistic. The 0.6 VRF coire-
sponds to careful cutting and hand packing of the noncompactibles
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to leave as little void space in the disposal containers as
possible. The final NCTRASH case, that with VFR= (.8, assumes
careful cutting ana hand packing plus compaction of the waste in
a supercompactor. Some compacticun should be possible which could
reduce voia spaces. Some of the scrap materials in this waste
stream can be compressed into more concensed forms. Examples of
this are thin-walled electrical conduit anc thin-walled piping.
These can be flattened. The densicy corresponding to NCTRASH
with a VRF of 1.0 is the thecretical density of this waste stream
based on the compositions defined in Saction 3.l.1.1.

The activity concentrations noted in Tables 5.2 and 5.3
are based on the typicai waste stream activity as reported in the
EPRI-sponsored utility survey (Ref. 1l). The activity concentra-
tion cbviously increases as the waste itself 1s concentrated in
the vclume reduction processes.

The specific activity tor a given waste stream can vary
widely from one plant to the next and from one¢ batch ot waste to
the next within a given plant. To account for such variations,
an activity rénge of =10x to +i(0x was assumed ana used 1n asses-
sing the importance of activity in determining waste disposal
costs. This factor c¢f 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. These surface doses apply to the
waste following its processing ana placement in unshieldea burial
containers. The surface dose was estimatea using the followirg
approximation:

Dose Rate = Constant x Curies per Container

Weight of Filled Container

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 aispocsed material. The
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Table 5.2 BWR Waste Stream Characteristics

|  Volume | I | Activity I

Waste | Reduction | As—thppeg“) I As Shipped‘b) I Conce?tratlog | Surface (¢!

Stream | Factor | Volume, | Density,lb/ft | Ci/ft? (Ci/w’) | pose, R/hr

- - o I T l__ Feutl a0 AR 5T e AL -
| | | | i

B-COTRASH | 2.3 | 440.3 | 18.0 | 2.50E-4 (B8.82E-3) | 0.02
| 3.8 | 264.7 | 30.0 | 4.16E-4 (i.47E-2) | 0.03
| Se? | 176 .4 | 45.0 | 6.23E-4 (2,20E-2) | 0.03
| 8.7 | 115.1 | 70.0 | 9.57E-4 (3.38E-2) | 0.03
I 113.4 i 8.8 | 93.3 112.46E-3 (4.40E-1) | 0.32
| | | | |

B-NCTRASH | 0.2 | 5000.0 | 42.6 | 2.6LE-4 (9.41203) ! 0.01
| 0.4 | 2500.0 | 85.2 I 5.32E-4 (1.88E-2) | 0.02
| 0.6 | 1666 .7 | 127.8 | 7.98E-4 (2.82E-2) | 0.02
| 0.8 | 1250.0 | 170.4 110.6€6E-4 (3,.77E-2) | 0.02
| | | I |

B-1XRESIN | 0.7 | 1408.4 | 93.3 | 1.25E-1 (4.41) | 3.33
| 0.95 | 1052.6 | 70.9 I 1.67E~-1 (5.90) | 4.84
| 1.4 | 714.3 | 70.8 | 2.46E-1 (8.70) | 8.95
| 2.0 | 500.0 | 75.3 I 3.52&8-1 (12.43) | 12.08
| 4.0 | 250.0 | 23.3 ! 7.04E-1 (24.86) | 19.87
| | I | |

B-CONCLIQ | 0.7 | 1408.4 I 47 .8 | 1.20E-1 ( 4.24) | 3.61
| 1.9 | 526.3 | 68.0 I 3.21E~-1 (11.34) | 11.43
| 2.4 | 416.7 i 56.5 | 4.C6E-1 (14.32) | 14.77
! 3.8 | 263.2 | 88.0 | 6.42E-1 (22.68) | 18.95
: 4.5 | 222.2 | 93.3 | 7.60E-1 (26.85) : 22.44

| | |

B-FSLUDGE | 0.56 | 1785.7 | 96.0 I 1.30E-1 (4.59) | 3.29
i 2.0 | 500.0 | 69.3 | 4.64E-1 (16.38) | 15.78
| 4.0 ! 250.0 | 69.3 | 9.28E-1 (32.77) I 31.56

el Wi | _ " _ TS . == I__ 0 R LK |

NOTES B

(a) For 1000 tt- of as-generated waste
(b) Including binder where applicable

(c)

Based on typical stream activity concezntraticn




Waste
Stream

Volume
Reduction
Factor

Taole 5.3

As—shippe

volume,
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PWR Waste Stream Characteristics

g(a)

F-COTRASH

P=-NCTRASH

P-1XRESIN

P-CONCLIQ

P-FSUDGE

wee ;mw
C

oowm P ) [T Y R N - J N

—
SN0 OOOVMWEe aNnN~Oo 0o cSCoCo

(a)
(b)
(c)

264.7
176 .4
115.1

8.8

5000.0
2500.0
1666.7
1250.0

1408.4
1052.6
714.3
500.0

250.0

1408.4
270.3
185.2
151.5

96.2

1785.7
500.0
250.0

| Activity I
As Shipped (P} | Concegttatno | sucface (¢}
Density,lb/ft3 | ci/Zft? (Ci/wd) | Dose, R/hr

______ - L R | -

| |
30.0 | 7.00E-4 (2.47E-2) | 0.06
45.0 110.48E-4 (3.70E-2) | 0.07
70.0 118.92E-4 (6.68E-2) | 0.07
93.3 120.99E-4 (7.41E02) : 0.7¢

|

46.0 | S5.32E~-4 (1.88E-2) | 0.03
93.2 110.66E~-4 (3.77E-2) | 0.03
139.8 115.98E-4 (5.65E-2) | 0.03
186 .4 121.30E-4 (7.53E-2) | 0.03

| I
96.0 | 7.82E-2 ( 2.76) | 1.84
64.2 110.45E-2 ( 3.69) | 339
67.0 115.41E-2 ( 5.44) | %.03
69.3 120.018-2 ( 7.77) | 6.97
93.3 144 .01E-2 (15.54) | 10.64

| |
91.3 | 0.71E-2 (0.25) | 8:15
76.0 I 3.74E-2 (1.32) | 1.08
74.1 I S.47E-2 (1.93) ) 1.85
93.3 | 6.6BE-2 (2.36) | 1.85
93.3 116.54E-2 (3.72) | 2+87

| |
96.0 I 3.94E-2 (1.39) ! 1.17
69%.3 114.05E-2 (2.96) | 5.61
69.3 128.09E-2 (9.92) I 13:2)

For 1000 ft3 cf as-generated waste
Including binder where applicable
Based on typical stream activity concentration

——— - — ———V c—— —— —————————— — {— — — ——




proportionality constant is a function of the material density,
its compaction, radiocactivity, and the contziner geometry.

Zable 5.4.
CONTACT DOSE RATE CONSTANTS
WASTE |  CONSTANT
STREAM (R/hr/Ci/1b)
#
8-COTRASH 2.60x10°
B- IXRESIN 2.86x10°
B-CONCLIQ 2.99x10°
B-FSLUDGE 2.63x10°
B-NCTRASH 2.64x10°
P-COTRASH 3.38x10°
P-IXRESIN 2.45x10°
P-CONCLIQ 2.81x10°
P-FSLUDGE 3.09x10°
P-NCTRASH 2.98x10°
5.2 WASTE DISPNSAL COST ELEMENTS

The major waste disposal cost elements are those
resulting from processing, interim-storage, transportation, and
purial. Each of these is discussec¢ in the tollowing sections.
These discussions present the cost dasis ana important
assumptions used in guantifying waste disposal costs.

5.2.1 Processing COSLS
Processing encompasses all a~tivities and costs

associated with converting and/or packaging raw wastes (as-
generated) into states or conditiocns 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 cther extreme, it may involve drying or incinerating,
mixing of the residue in a solidification or stabilization agent,
and placing in appropriate containers. The nature of the
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processing will influence the costs associatea with this element

of waste disposal.

Two major aspects make up processing costs. These are
labor costs and the costs of consumables. Mangower 1s needea to
control the physical movement of waste from its origination points
in the plant to the processing 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 equipment.

The category of consumables associated with waste
processing includes the waste containers (drums, boxes, high
integrity containers, etc.), energy used in processing and
materials used to solidify or otherwise stabilize the wastes.

Table 5.5 displays values of the pertinent parameters
used to calculate processing costs. The values vary, depending
on the waste stream and the extent of volume reduction acnieved.
The information presented in the table is largely derived from
Ref. 2. Where practical, the information was cross-checkea based
on actual utility experience, although this was possible in only
a few cases. The information in Ref. 2 1s oriented toward the
use of 7.5 cubic foot drums for the waste containers for all
waste streams. This type ¢f container is still wigely used 1in
the U.S. nuclear industry. Many utilities use larger containers
such as 100 and 200 ft> boxes for waste such as compactible and
noa~compactible trash. The present assessment has assumed the
use of 7.5 ft3 drums as the disposal container. The cost
projections on this basis should be somewhat on the high siace,
but not to any significant degrva. Aspects such as operator time
and container handling time could be expected to decrease on a
per unit basis (hrs/£t3) for larger containers than the 7.5 £e3
drum,

The equipment operator time is based on total annual
operator manpower requirements ana total annual system throughput
i.e., total volume of waste shipped annually. Thus, the values
tabulated in Table 5.5 are averages across all waste streams.
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Table 5.5 Waste Processing Unit Cost Components*

I Volume | | Equipment | Container | Energy |
Waste | Reduction | Binder Unit_ | Operator | Handl ing I Unit Cgsts,l Maintenance
Stream | Factor | Mass, 1b/ft” | Time, hrs/ft I Time, hrs/cont | $/fL | Costs, §$/tt
ST T I - T O O el = Sl e e PR
| | | | | |
COTRASH | 2.3 | - | 0.14 | 1.0 | 0.02 | 3.38
| 3.8 | - I 0.14 | 1.0 I 0.03 | 4.0
i 57 | - | 0.15 | 1.0 | 0.03 I 4.0
| 8.7 | - | 0.18 | 1.5 | 0.08 | 6.91
I 113.4 i 26.7 I 0.27 I 1.0 I 119.35 | 9.30
| | | I | |
NCTRASH | 0.2 | e | 0.14 | 1.0 | 0.0 | 3.38
I 0.4 ' - I 0.27 | 1.0 | 0.0 I 3.38
| 0.6 | - | 0.4] | 1.0 | 0.03 1 3.38
| 0.8 | o i 0.41 | 1.0 | 0.08 | 6.91
| | | | I |
| | BWR/PWR | | | |
IXRESIN | 0.7 | 51.32748.0 ! 0.14 | v.6 | 0.05 | j.38
| 0.95 | 0.01/00.0 | 0.14 I 1.0 | 0.05 | 3.38
| 1.4 | 40.7/36.9 | 0.33 | 0.5 | 1.57 | 6.65
| 2.0 | 40.7/34.7 | 0.80 | 0.5 I 6.93 | 29.50
: 4.0 | 26.7/26.1 : 0.60 i 1.0 : 6.93 : 28.78
| |
B-CONCLIQ | 0.7 I 44.7 | 0.14 | 0.8 i 0.05 | 3.38
| }.9 | 26.7 I 0.22 I 1.0 I 0.05 | 6.47
| 2.4 | 40.8 I 0.32 | 0.5 | 7.08 | 6.65
| 3.8 | 37.3 | 0.80 | 0.5 | 11.53 I 29.50
| 4.5 | 26.7 I 0.52 | 1.0 I 28.37 | 23.44
| | | I | |
P-CONCLIQ | d.7 | $1.3 | ¢.14 | 0.8 ¢ 0.05 | 3.38
| 3.7 | 26.7 I 0.22 | 1.0 | 1.10 | 6.47
| 5.4 | 29.9 ) 0.33 A 0.5 | 15.58 | 6.65
| 6.6 I 44.0 | 0.80 i 0.5 I 19.71 | 29.50
: 10.4 | 26.7 | 0.52 | 1.0 | 43.53 | 23.44
| | I | |
FSLUDGE | 0.56 | 48.0 | 0.14 | 0.8 | 0.05 | 3.38
| 2,0 | 34.7 | 0.45 | 0.5 | 6.95 | 12.81
: 4.0 | 34.7 | 1.1% | 0.5 I 6.93 | 46 .12
| I I | |

o — S S e ————————————————————— —

* Based on the as-shipped conditions of the wastes.



The unit energy costs can vary widely, depending on the
waste stream and volume reduction process involved. The larger
costs arc associated with incineration 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, 1i.e., to the state of the waste
afrter it has undergone its vcoclume reduction treatment and has
been placed in containers together with solidification 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 eyulpment ana
facilities are needed on a routine basis at all nuclear plants to
process wastes generated during the course of routine vjpcration
and normal repairs and maintenance. On the other hand, operator
time and volume reduction egquipment maintenance costs have been
charged as part of the overall processing costs. Fere the
assumption is that operators and waste handiers 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 reguirements on the waste
processing equipment.,

The actual calculation of waste processing costs
proceeds as follows:

[¢] Container Costs:

No. required =

As-generatea Waste volume (ft3)

Container Volume (ft3) x Volume Reduction Factor

Container Cost =
Container Unit Cost ($/Container) x No. Required

Baged on recent vendor estimates, the cost of 7.5
ft® drums is $26.00 each.
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Binder Cost:

Binder Cost = Binder Unit Mass (lb/ft3) x Binder
Unit Cost ($/1b) x No. of Containers x Container
volume (ft)

Three different binder materials were considered,

depending on the waste stream and volume reduction
process used.

Binder Cest, $/1b

Cement 0.046€
Bitumen 0.127

DOW 1.505

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

Energy Cost

Energy Cost = Energy Unit Cost* ( /£t3) x No. of
Containers x Container Volume (ft”)

Labor Cost

Container Handling Cost = Unit Handling Time
(hrs/container) x No. of Containers x Labor Rate
($/hr)

Equipment O ator Cost = Equipment Operator Unit
P€§) P pe

Time* (hrs/ft x No. of Containers x Container
Volume (ft3> x Labor Rate ($/hr)

Suitable labor rates for equipmént operators and
~#astc nandlers were assumed to be $30.00/hr, in-
cluding overheads and fringe benefits.

Maintenance Costs:

Maintenance Costs = Maintenance Unit Costs*
(S/£t3) x No. of Containers x Container Volume

(ft?)
The overall processing cost 1s the sum of the foregoing
individual costs. These are the costs of processing a given
volume of as-generated waste.

*per £t of procressed waste




5.2.2 Iransportation COSLsS

Transportation costs encompass all activities necessary
to transport radioactive waste from the nuclear plant to the
burial site. It inciudes shipping charges ana fees associatead
with shieldec¢ cask rental if such casks are needed. This
element Goes not include costs of plant personnel labor needed
to load the radioactive wastes onto the transport vehicle. This
labor is accounted for in the processing costs.

The calculation of transportation costs ultilized a
number of assumptions and bases. These assumptions and bases are
as follows:

1. All shipments are made via licensed and gualifiea
commercial carriers using trucks. Shipment by rail was
not considered. This is consistant with prevalent
practice in the U.S. Nuclear industry.

2. All wastes are shipped in 7.5 ft3 drums. This is not
the most etfective container size for some waste
s-reams but is still widely used at the present time.
The use of larger containers may result in somewhat
lower transportation costs.

3. Shipments to the burial site are made only when full-
truck-locad shipments are available. When the guantity
of waste of interest would not make up @ full load or
where a combination of fuil loads plus a partial load
was involved, the partial load was essentially assumed
to be stored at the plant until the next full-loaa
shipment was available. 1In this way the partial load
was assessed transport costs only 1in proportion to the
fraction of the full-load represented by these wastes.
For example, if the particular wastes of interest would
constitute 2 1/2 truck shipments the transportation
costs for this case would be the costs of two full
shipments plus half the cost of another full shipment.

4. It was assumed that all shipments employ only a single
driver. The average distance traveled by truck with a
single driver is 500 miles per day.

5. The maximum payload capacity for non-overweight
vehicles is 45000 pounds.

6. The 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.
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Transportation costs are assessed as 1f they are
present day costs, even though wastes may be stored on-
site for lengthy periods of time prior to shipment.

Transportation fees are based c¢n present day rates
charged by licensed radiocactivc waste carriers (Ref. 3).
Where different rates would apply in different parts of
the country these ratec were averaged and a single rate
was used.

Shielded shipping casks, when needed, are rented <r
leased rather than purchased by the utility.

The maximum practical number of 7.5 ft3 containers that

can be transported on a single truck load is 80 (Ref. 3).

Several factcrs 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 gquantity of waste. A third factor is whether or not
shielding must be provided during transport.

Three conditions determine how much waste can be trans-
ported in a single truck shipment. These conditions determine
how many separate shipments must be made to transport a fixed
quantity of waste., First, barring other limitations a maximum of
160 7.5 ft3 containers of waste can be accommodated on a single

truck shipment, However, the current practice appears to be that

typically not more than 80 7.5 ft° drums are hauled on a single

truck load (Ref. 3). Loads with more than 80 drums are possible,
but such loads entail greater care and effort in loading and
unloading. A maximum of 80 containers per shipment was used 1n
the present cost assessments.

The second limiting condition on gquantity of waste
transported in a single truck loaa 1is gross payload weight. The
maximum shipment load is about 45000 pounds (Ref. 3)., This 1is
the maximum waste payload if the activity level is luw enough
that shielding is not required. I1f shielding 1s requirea and a
shielded van is used, this payload drops to about 26000 poundas.

The third condition limiting the quantity of waste
transported per truck is that imposed by shielcea cask size and
weight, he surface dose of the packaged waste generally

determines the type of cask needed to meet transport
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regulations. A host of cask sizes and capabilities are available
to meet utility needs. The cask weights and sizes are such that
generally only a single cask can be accommodatea on a truck bed
at one time.

Table 5.6 presents a listing of typical shipping cask
capabilities and limitations. The listing shown 1s not
exhaustive but is felt to be representative. The surface aose of
the waste determines the minimum cask shielding requirements
needed for a given shipment of waste. The table also indicates
typical cagk rental fees and payload limits used in the present
analysie.

Table 5.6

Shipping Cask Capabilities

Maximum Drum Maximum Lease
Shipping Surface Dose Drums per Cost, Payload
Cask Description Rate, R/hr Shipment §/day Limit,1b
Unshielded Van .20 80 - 45000
Shielded Van .75 75 100 26000
21 Drum Cask 3.0 21 200 -
14 Drum Cask 18.0 14 200 -
7 Drum Cask 100.0 7 200 -
6 Drum Cask 160.0 6 200 e
4 Drum Cask 1000.0 < 200 -
3 Drum Cask >1000.0 3 200 -

Shipping casks are assumed to be leased or renteaon a
daily basis rather than purchased. Utility ownership of casks
may be more economical in the long run, but this option was not
considered here, Cask rental fees typically are not the major
contributor to shipping costs.

If a shielded cask is required it is assumed that the
cask must be returned to the plant after the waste is off-loaded
at the burial site. The analysis alsoc assumead that rental fees
are charged for the deadhead time when the cask is being returnea
empty tc the plant. One day is allowed for loading and unloading
of the wastes. Thus if a cask is needead the cask rental time 1is
taken to be the round trip time plus the one day for loading an.
unloading.
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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 $25 to about $10C per shipment. Only five
states requirz such permits a* the present time (Ref. 3). These
charges are relatively small compared to total transportation
costs. Therefore, they were not included in the present evalua-
tions.

The shipping rates used were based on commerical
shipper rate scheaules effective through at least mid-1985 (Ref.
3). The rates apply to low-level radicactive waste and the
related shipping casks. The schedule used specifiea separate
rates for destinations west of the Mississippi River and east of
the Mississippi River. These two rates were averaged to define a
single rate for use in the cost calculations.

Table 5.7 presents the mileage rate schedule. It shows
charges per mile for both one-way shipments and round trip
shipments. Round trip shipments apply whenever a shielded van or
shielded cask is used to transport the radiocactive wastes.

Table 5.7
Waste Transportation Rates

Maximum One-w iy One-wWay Rate, Round-Trip Rate,
Distance, Mil:s $/Mile $/Mile
100 4.83 3.38
250 3.00 2.17
500 2.12 1.52
750 1.91 1.42
1000 1.75 1.42
over 1000 1.70 1.42

In the present analysis several one-way distances were
used in calculating transportation costs. These distances were
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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 5.8 indicates the average, minimum, and maximum distances
between the reactor sites in each of the 5 NRC regions ancd the 3
waste depository sites (Barwell SC; Beatty, NV; and Richland, WA).
The milages were estimated by measuring the straight line
distances on a map, scaling to miles, then multiplyingby a
factor of 1.2 to account for actual road miles.

In Region V about half th: sites arewithin 380 miles
of Beatty, Nevacda 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 Beatty, NV and the
others range form 820 to 1820 miles from Beatty. Two-thirds of
the Region IV plants are within 1100 miles of Barnwell, SC.
Regions I-III are sufficiently detailed in Table 5.8

Table 5.8 Approximate Distances from Power Plant Sites
to Waste Depositories for each NRC Region

e e Angmx. MQW Max. AW Max.
i S 360 570 1200 2740 2300 3020 2690 2350 3020
11 31¢C 140 670 2260 1780 2780 2450 2160 3120
I1I 910 720 1300 1870 1630 2300 1870 1490 2300
Iv 960 720 1630 1370 820 1820 1680 1030 2300

v 2500 2160 2880 620 290 1010 560 30 1200

The calculation of transportation costs is described
below.
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Number of shipments required: The number of con-
tainers of waste generated from the reference
volume of 1000 f£t° of unprocessed waste is deter-
mined as discussed in Section 5.2.1. The contact
dose rate is also determined as noted in Section
5.1.

Given the number of containers of waste and the
surface dose rate, a comparison is macde with the
limits specified in Table 5.6 describing shipping
cask capabilities. That comparison determires the
need for a cask, the cask capabilities, and maxi-
mum weight limitations. The maximum number of
containers per truck is determined from that com=-
parison. The number of shipments is then deter-
mined.

No. Shigments per Total No. of Containers
1000 £t~ of =
unprocessed waste No. of containers per shipment

As pointed out previously, where fractional loads
enter into the asssssment of the transport costs
of a given 1000 ft° of as-generated waste, the
partial load segments are assumed to be stored at
the plant until a full-truck-load shipment 1is
available for cransport. The trunsport costs are
apportioned to the waste accorcing to the fraction
of a full load occupied by the waste in guestion.

1f a cask or shielded van is required, round-trip
distances and rates are used. Cask rental fees
are charged as appropriate. Trip duration 1s

calculated as follows:

TIME = One-way Distance (mi) x RT .

500 (mi/qay)

Wrere RT is 1 if an unshielded van is used, or 2
if a shielded van or casks are used.

Cask Rental Costs:
Cask Rent = TIME (days) x Rental Rate ($/day)

Mileage Costs: The mileage costs are determined
from the transportation rates (Table 5.7), the
one-way distance [-om the plant to the burial
site, and the RT actor as determine< above.

Mileage Costs Per Trip = Rate (§$/mi) x Distance
(mi) x RT
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Total transportation costs = [mileage costs ($/trip)
cask rental ($/tr.p)] x number of shipments

R R Storage Costs

The uncertainty in the availability of permanent burial
sites rfor low level radiocactive wastes has caused many nuclear
utilities to plan for interim on-site storage of these wastes.
The lirnited survey of utilities revealed that about half of those
contacted had already made such provisions. The amount of waste
that car 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 perioc.

The present cost assessment has included costs
associated with on-site storage of radioactive wastes. The
assumption is made that a given 7mount of storage floor space 1is
required for each containe- of waste produced by the plant. Thus
wastes generated as a result of NRC requirements are assumed to
ganerate incremental storage space needs. The capital costs
associated with this incremental space are added to the other
costs associated with waste disposal.

The capital costs for on-site storage facilities are
based on information presented in Ref. 2. That source gives
storage facility reguirements and costs for a specific type of
facility. It is assumed here that these costs and reqguirements
are reasonable, but they may not represent industry-wide average
costs for such facilities.

The data reported in Ref. 1 indicates that LWRs
generate on the order of 3000 drums of packaged waste each year,

assuming that nominal volume reduction processes are used and

that the wastes are packaged in 7.5 ft3 drums. The wastes

generated as result of NRC mandated repairs or modifications are
typically a small fraction of this total (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 variable component.
The fixed component includes costs for handling equir =nt

(cranes, fork lifts), loading bays, fixed walls, a . rol room,




and engineering design and construction management. The 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. This is because the fixed
cost component is assumed to be incurred by the utility in
allowing for the storage of wastes gcnerated as a result of
routine operations and maintenance. Also, as noted above the
volume of wastes generated as a result of NRC requirements 1is
small compared to the normal annual volume of waste produced by
a typical LWR.

Ref. 2 indicates that, beyond a certain size, about
0.72 £t? of storage area floor space is needed for each 7.5 £t
drum. This floor space requirement per drum assumes that the
drums are stacked one on top of another, several high. This
incremental amount of floor space is appropriate for facilities
which can hold about 1000 drums or more. As indicated above,
typical LWRs produce the equivalent of about 3000 Arums per year.
Thus even a one-year storage capability would be expanded to
accommodate incremental wastes at the rate of about 0.72 ft? per
wrum. This value was used in determining the incremental space

requirements used in the present aszesssment. The cost per
square foot of storage area varies, depending on the dose rate of

the wastes. The capital costs cited in Ref. 2 are as follows:

Surface dose <100 mr/hr S98.00/£t2
Surface dose >100 mr/hr $108.00/ft?

These capital costs were used but were escalated to
reflect construction cost changes between 1982 and 1985.

The storage costs associated with a given volume of as-
generated waste is calculated as follows:

Storage space floor area required(ftz)-
0.72 (£t2/drum) x No. of drums per 1000 ft3 of waste

75



Cost = 3torage area(ft?) x Unit Cost(S/ftz)

5.2.4 Burial CosSts

Burial costs have been rising more sharply in recent
years than the cther elements of waste disposal costs. In many
instances this is the dominant cost component.

Burial 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 burial
sites. Other fees and taxes are also assessed by some of the
ctates with commerical low-level radioactive waste burijal sites.
Different inspection reguirements and different fees are charged
by the different states involved.

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 Beatty,
Nevada, and Hanford, Washington. The third site is located at
Barnwell, South Carolina, and 1s 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. Legislation was
passed in the U.S. Congress in 1980 which required the formation
and development of additional burial sites to serve regional
needs. Thus far this legislation has not resulted in the re-
quired development, and ameniments to the Low-Level Waste Policy
Act of 1980 are currently being considered. This legislation
could potentially have a significant impact on burial costs.
These potential im[scts are discussed in Section 5.2.4.2.

5.2.4.1 Current Burial Costs
The contacts with utilities made during the course of
this study indicated that all thiee of the existing commercial

burial sites are being used by utilities for disposal of their
low-level radwastes. Some utilities will ship one type of waste
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to one site and another type of waste to another site, although
there 1s nouniformity from one utility to another in regard to
this practice. Thus it is impractical to attempt to predict
where a given utility or the plants in a given regicn of the
country will ship to in the future.

In determining suitable burial cost algorithms
investigators obtained present day rate schedules applicable to
the three available burial sites. The rates charged by U.S.
Ecology for their Beatty, Nevada, and Hanford, Washington, sites
are not vastly different. These were averaged to establish a
single U.S. Ecology rate schedule.

The costs of burial at sites operated by U.S. Ecology,
Inc. are dependent on the dose rate at the waste container
surface, the weicht of the containers, and the total cuiie
inventory per truck load of wastes. Charges are also assessed
for cask handling, decontamination services, and unusual exposure
to personnel, if applicable.

The averaged rates charged for waste disposal at the
Beatty, Nevada, and Hanford, Washington, burial sites are shown in
Table 5.9. Special case charges, such as those levied for unusual
personnel exposure or decontamination are not shown. The
assumption used in the present calculations is that these unusual
charges should not be incurred if reasonable care is taken by
utilities in processing their wastes and properly packaging them.

The current rate schvedule applicable for the disposal
of wastes at the Barnwell, SC, site is shown in Table 5.10. At
Barnwell a basic charge is assessed based on a s/ft> rate which
is independent of the surface dose rate of the waste containers.
Surcharges are then assessed for container weight and the total
curie content of the shipment. The weight surcharge applies only
if the waste containers wust be offloaded using a crane. Drums
which are on pellets or waste which is in boxes can be handled by a
fork 1ift and the weight surcharges do not apply in most cases
(Ref. 4). However, if the waste was shipped in shielded casks
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Table 5.9
Averaje Burial Cost Rates,
Beatty, Nevacda and Hanfc.d, Washington
Disposal Charges
Solid Wastes

Steel Drums, Wood Boxes:

B/HR AT CONTALNER SURFACE BRICE PER CU. FT.
0.00 =~ 0.20 19.80
0.201 ~ 1.00 21.3S
l1.01 =~ 2.00 23.89
2.01 =~ 5.00 26 .88
5.01 - 10.00 31.55
10.01 - 20.00 40.60
20.01 - 40.00 50.12
40.01 - 60.00 74.16
60.01 -~ 80.00 88.82
80.01 ~ 100.00 97 .88
Disposal Liners Removed from Shield: (Greater than 12.0 cu.
ft. each)

E/HR AT CONTAINER SURFACE SURCHARGE PER LINEE ERICE=PER CU. FT.
0.00 =~ 0.20 No Charge 19.80
0.201 -~ 1.00 236.5 19.80
1.01 =~ 2.00 581.15 19.80
2001 o i 5.00 816.9 19.80
5.01 - 10.00 1181.2 19.80

10.01 - 20.00 1507 .6 19.80
20.01 - 40.00 1872.8 19.80
40.0. - 60.00 2220.8 19.80
60.01 - 80.00 2562.9 19.80
80.01 =~ 100.00 2910.9

S'""CHARGE FOR HEAVY OBJECTS:

Less than 10,000 pounds No Charge
10,000 pounds to Capacity of Site $179.35 plus $.09 per 1lb,
Equipment above 10,000 lbs.

SURCHARGE FOR CURIES (Per Load):

Less than 100 Curies No Charge

100 - 300 Curies $1304.00 plus $.17/Ci
above 100 Ci

301 - License Limits By Request

MINIMUM CHARGE PER SHIPMENT $403.50

CASK HANDLING FEE: $664.00
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Table 5.10
Barnwell, SC, Rate Schedule for
Burial of Low-Level Radiocactive Wastes

BASE DISPOSAL CHARGES (Not including Surcharges and
Barnwell County Business License

A. Standard Waste $25.11/ft3

B. Biological Waste $26.11/ft3

C. Special Nuclear Material $25.11/f¢3
plus $1.75 per Gram SNM

Note: Minimum charge per shipment, excluding
Surcharges and specific Other Charges is $500.00.

SURCHARGES
A. Weight Surcharges (Crane Load Only)
Weight of Container surcharge Per Container
0 = 1,000 No Surcharge
1,001 5,000 $ 275
5,001 -~ 10,000 $ 550
10,001 20,000 $ 825
20,001 30,000 $1,100
30,001 40,000 5 $1,650
40,001 50,000 ; $2,200

Greater than 50,000 By Special Request




Table 5.10 (continued)

B. Curie Surcharge

Curie Content Pex Shipment  Surxcharge Per Shipment

0 - 1 No Surcharge
l.1 = 5 $§ 1,500
S« = 18 $§ 2,250
15.1 - 25 $ 3,000
25.1 - 50 $ 4,500
50.1 - 75 $ 5,500
75.1 - 100 $§ 7,450
100.1 - 150 $ 8,900
150.1 - 250 $ 12,000
250.1 - 500 $§ 15,000
500.1 ~-1,000 $ 18,000
1,000.1 -5,000 $ 24,000
Greater than 5,000 By Special Request
3. QTHER CHARGES
A, Cask Handling Fee $600.00 per cask,
minimum
B. Barnwell Country Business 2.4% of total

License Tax
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then a crane must be used for offloading and the weight charges do
apply. Barnwell 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 Barnwell 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-24l and similar fissile
materials. Most of the waste streams contain small quantities of
these isotopes. The highest concentrations appear to be in the
filter sludge waste stream (See Tables 3.1 and 3.2). There the
nominal concentration for Pu-24] in B-FSLUDGE, for examrle, is
1.15%102 Ci, m3, For a thousand cubic feet of this waste the
total mass of Pu-24l1 would be on the order of 3.0X1073 grams.
Thus the masses of these special nuclear materials are very small
and the SNM charges were not included in the calculation of
burial costs.

The predicted costs of burial at Barnwell are
significantly higher than those for burial at Beatty, NV, or
Hanford, WA. Costs are higher by from 10% or 40% to as much as
a factor of 2 or so, depending on the waste stream. The higher
costs are primarily due to the higher Curie charges assessed for
disposal of waste at Barnwell.

The evaluation ot low level radwaste burial custs
calculated the present day costs for burial both at Barnwell and
at the sites operated by U.S. kcology, Inc. A single cost nunber
was then generated by taking a 1.near average of these two co: t
figures. This 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:

o Burial at U.S. Ecology Sites
Compare container surface dose rate against rate

schedule shown in Table 5.9. Select the appropriate
burial rate.
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Basic burial charge=rate(s/ft3)_x no. of containers x
container volume (ft”)

Check for application of weight cnharges.

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 container(Ci) x no. of
containers per shipment.

Determine Curie charge rate from schedule in Table 5.9.

curie charge-chatge per shipment($) x no. of shipments
per 1000 ft° of unprocessed waste.

Check container weight againt minimum weight above
which weight charges are assessed. If greater than
minimum weight calculate charges as specified in Table
5.9.

I1f a cask was used fur transporting the waste, include
the cask handling fee.

Total costs for burial at U.S. Ecology sites

Total Basic Cask
= Weight + Burial + Curie + Handling
Costs Charges Charges Charges Charges

Burial at Barnwell, SC

Basic charge
No. of Sontainnts per container
=rate($/£t3) x 1000 ft° of unprocessed x volume (£t3)
waste

Check if a cask is used for waste transport. If yes,
determine applicate weight charges per container from

Table 5.10.

Weight charge=rate($/container’ x No. of &ontainets per
1000 ft° of
unprocessed waste

Determine Curie surcharges based on rates shown 1in
Table 5.10.

Curie charge=charge per shipment($) x No. of snipgents
per 1000 ft° of
unprocessed waste
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If a cask is used in transport, assess the cask
handling fee.

Basic Cask
Total Cost= Weight + Burial + Handling + Curie
Charge Charge Charge Charge

Tax 1s applied to get the overzll cost.
o Average burial cost:

Average= Barnwell + U.S. Ecology x 0.5
Burial Cost Burial Cost

As noted previously, burial costs have been rising
rapidly in the past few years. Users of this cocument should
consult with NCR's Cost Analysis Group staff to cetermine the up-
to~-date burial rate schedules. Changes relative to the rates
presented in Tables 5.9 and 5.10 must be factored into the
intended analysis to deteimine the prevailing burial costs.

5.2.4.2 Legislation Potentialy Impacting Low-Level Waste Burial
Costs

In 1980 Congress passed the Low-Level Waste Policy Act.
By this act Congress directed the states to set up regional,
multistate groups responsible for disposing of waste proauced in
each region. The interstate groups were to be approvead by Con=-
gress by Jenuary 1, 1986. After that date those states then
bearing the burden for waste burial -- Washington, Nevaaa, and
South Carolina =-- could refuse to accept wastes generated cutsidce
of their respective regions. Although several regional compacts
have been formed since the 1980 legislation, no new buiial sites
have been developea as was intended,

As this document is being written, Congress 1& con-
sidering amendments to the Low-Level Waste Policy Act of 1980.
The House and Senate versions are somewhat different, but the key
aspects of the pending legislation are as follows:

o It approves several of the regional compacts (Rocky
Mountain, Southeast, Northwest, Midwest, Central Mid-
west and Central States).

83



o It extends the deadline for access to the three exist-
ing low-level wacte (LLW) aisposal sites from January
l, 1986 to January 1, 1993.

o 1t allows the imposition of surcharges by host states
on out-of-region generators.

(¢} It puts a cap on the maximum volume of waste required
to be accepted by the three existing LLW disposal
sites.

o It provides for a pool of additional disposal volume 1in

the event of unusual circumstances.

0 It allocates to each nuclear plant a set amount of
capacity at the three existing disposal sites.

o It may add a provision for rebatz of surcharges for
waste generators in compacts meeting milestones for
establishing their own waste disposal sites.

Thus, the pending legislation is likely to extend the
time period wherein nuclear plants will be allowed to dispose of
their wastes at the existing burial sites. However, the provi-
sion for suicharges on wastes produced by out-of-region gener-
ators could increase disposal costs substantially. The basic
disposal charges may rise from about $20 per cubic foot to about
$80 per cubic foot (Ref. 26). This is a possible near-term
impact which many utilities will have to face.

In the longer term the legislation promotes the devel-
opment of regional disposal fscilities. The increase in the
number of sites and the regional control of these sites should
tend to stabilize burial costs. Studies of the costs of aevel-
oping and operating new low-level waste burial sites indicate
that burial costs at cuch sites could reasonably be expected to
be on the same order as present day charges at existing sites
(Ref. 2, Vol. 4).

Another potential impact of the pending legislation 1s
that transport distances from generators to burial sites should
be reduced as new burial sites are developed and put into opera-
tion. These new sites, on average, should be located closer to
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nuclear plants than is presently the case. This reduced trans-
port distance should translate into reduced waste transportation
costs.

In summary, the impacts of the pending low-level waste
legislation would appear to be:

Keep open the option for nuclear plant operators to
dispose of their low-level wastes at the three
existing LLW burial sites.

For the near term, allow for surcharges for out-~
of~region waste generators. This may
substantially increase burial costs for such
generators.

In the longer term, promcte the development of
regional burial sites which should stabilize
burial costs.

Reduce transport distances, and thus transport
costs, as new disposal sites become operational
closer to waste generators.

Users of this document must factor in these impacts as

appropriate once the final legislation is enacted by Congress.

The foregoing methods for calculating costs for
processing, storage, transportation, and burial of low level
radwastes as discussed in Sections 5.2.1 through 5.2.4 were
programmed for use on a personal computer. This 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.




6.0 ESTIMATES OF WASTE DISPOSAL COSTS

This section presents the quantitative results of the
waste disposal cost analysis performea as part of this effort.
These resulcts were generated using the methodology and bases
described in Section 5.

The following discussions describe the ccst results for
each waste stream. Major factors or sensitivities that signifi-
cantly influence the costs are noted.

6.1 COST BASIS

There are four primary variables or key factors that
have prominent influences on wastc disposal costs. These key
facters are:

o Reactor type (BWR and PWR)

o Waste type (NCTRASH, COTRASH, IXRESIN, CONCLIQ ana

FSLUDGE
o Activity level (Low, Typical, digh, and Very High.
o Extent of volume reduction (3 to 5 different VRFs for

each waste type)
Each of these factors was essentially treated as an independent
variable. Costs were calculated for ail applicable combinations
of these parameters. In addition, for each case transportation
distance was treated as an independent variable anco costs were
calculated for several distinct one-way distances from the nuclear
plant to the burial site: 250, 500, 1000, 2000 anad 3000 miles.
This range of transport distances covers most cases that might
arise for U.S. nuclear plants. Sufficient information is
provided g0 that costs for intermediate distances can be
estimated.

All costs presented in this section repres.nt the costs
to dispose of 1000 cubic feet of as-generatea waste for each
waste stream. This 1s the volume of the waste in 1ts as~
generated ccndition, 1.e., prior to any type of processing to
reduce 1its volume, solidify it, oi. otherwise treat it. The
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 1000 represents a
relatively small fraction of the total annual waste generation
(Ref. 1). Costs for volumes other than this can readily be
estimated using linear scaling. None of the cost elements appear
to be sensitive to volume throughput, and thus, the linear
scaling with volume should give reasonable results.

The gquantitative results show that the extent of volume
reduction for any of the waste streams and the radioactivity
content of the wastes heavily influence the total aisposal costs.
It is worthwhile to review the ranges of these parameters ana
characteristics to better understand their impact on costs.

The extent of volume reduction for a given waste
stream basically determines the volume of waste that must be
stored, transported, and buried. It also influences the
specific activity (Ci/ft3) of the procesced wastes and the
container surface dose rate. The greater the volume reduction,
the lower the overall costs, in general, and the higher the
surface dose rate.

Figure 6.1 shows the variation in the number of 7.5 £t3
containers needed to hold 1000 ft3 of waste after the waste has
been processed. The independent variable is volume reauction
factor (VRF). For the cases of interest to this study, the VRFs
varied from a low of 0.2 to a high of almost 115. The important
area of this overall range is covered in the figure. As 1indi-
cated in Figure 6.1, the number of containers needed 1s inversely
proportional to the volume reduction achieved. For the lowest
volume reduction tactor, “0.2, over 666 7.5 tt3 arums are neeaed.
At the other ena of the spectrum the VRF ot 115 only slightly
more than one drum would be needed.

The number of containers needed to hold the remains of
1000 £ft3 of as-generated waste is essentially independent of
waste type. There is a dependency to the extent that only
certain volume recuction factors are applicable to a given waste
stream.
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100 ft3 of Unprocessed Waste as a Function
of Volume Redurtion Factor.

Figure 6.1. Number of 7.5 ft3 Containers Needed to Hold
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The different waste streams vary significantly in their
typical activity levels. At the lower extreme, as-generated
compactible trash for a BWR (BCOTRASH) has a typical activity
concentration of 0.11 mCi/ft3. At the other extreme, BWR filter
sludge (BFSLUDGE) has a typical activity concentration of about
230 mCi/ft3. Thus, the specific activity from one waste stream
to another can vary by a«t least a factor of 1000, at least for
BWR wastes. PWR wastes appear to have less variation, but the
difference from one scream to the next is still quite large.

The typical activity for each waste stream was derived
from the nuclear plant survey results presented in Ref. 1. The
typical values, therefore, are averages of the data obtained from
a large number of nuclear plants. For any plant, the specific
activity 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 activity, the
effects of both lower activity concentrations and higher concen-
trations were considered for each waste stream. The lowest level
was assumed to be a factor of 10 less than the typical or average
activity as reported in Ref. 1. The high activity 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.
This range covers most of the range reported in Ref. 1.

6.2 WASTE STREAM WASTE DISPOSAL COSTS

The following discussions review the estimated costs
for the disposal of each type of low-level radicactive waste.
The discussions are presented in the following order:

1. NCTRASH Costs

2. COTRASH Costs

3. IXRESIN Costs

4. CONCLIQ Costs

5. FSLUDGE Costs
Each section discusses costs for both BWR and PWR wastes.
variations in costs cue to waste stream activity level, extent of
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volume reduction, and distance from the plant site to the burial
sites are also discussed.

For more detailed cost estimates, users of this docu-
ment may wish to adjust the costs for specific tianspo:tation
distances and specific burial sites. Appendix B presents trans-
portation costs for one-way distances of 250, 500, 2000, and 3000
miles. Differential costs compared to the 1000 mile transport
case are noted. Data is provided for low, typical, high, anag
very high activity concentrations for each waste stream. Appen~
dix C gives burial costs specific to the two sites operated by
U.S. Ecology, Inc. (Beatty, NV and Hanford, WA) and to the Barn-
well, SC burial site operated by Chem-Nuclear Systems, Inc. The
differential costs for specific burial sites compared to the
average burial costs are alsc presented in Appendix C.

6.2.1 Risposal Costs for Nop-Compactible Trash (NCTRASH)

The primary waste stream likely to result from NRC
mandated modifications or repairs to nuclear power plants is non-
compactible trash. As noted previously, this waste stream encom-
passes the piping, components, and similar hardware which are
replaced and Lecome scrap as a result of a given regulatory
requirement.

Figure 6.2 displays the total waste disposal costs for
BWR and PWR non-compactible trash. The results are shown for
each voiume reduction factor applicable to these waste streams.
The contributions to the costs for processing, storage, trans-
port, and burial of the wastes are aleso displayed. Figure 6.2
applies to the case of typical activity wastes being transportec
a distance of 1000 miles.

For the conditions shown, the costs are identical for
both BWR and PWR wastes. At the lowest volume reduction factor
(0.2) the analysis indicated that the waste disposal costs
should be on the order of $260,000 per 1000 cubic feet of waste.
This 1s the as-generated volume of the waste solids and excludes
void volume. The figure indicates that costs should drop by
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NCTRASH - COST COMPONENTS
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Figure 6.2. Disposal Costs for Non-Compactible Trash.
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roughly roughly a factor of 3 if highly effective packing and
some degree of compacticn can be employed with this waste stream.

The available data indicate that the majority of U.S.
nuclear plants today are achieving volume reduction factors for
this waste stream on the order of 0.2 to 0.4 (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 burial costs, tollowed by processing costs. Proces~
sing becomes relatively more costly as greater volume reduction
is achieved. The burial costs displayed in Figure 6.2 are aver-
ages for Parnwell and the two sites operated by U.S. Ecology. In
general, the burial costs, and thus the total costs, would be
about $4,000 to $15,C00 higher than shown per 1000 cubic feet of
waste if the burial site is Barnwell. Conversely, the values
would be $4,000 to $15,000 lower if U.S. Ecology burial sites are
used. Site-specific burial cost adjustments for all costs are
presented in Appendix C.

The cost estimates displayed in Figure 6.2 apply to
both typical and low activity NCTRASH. The typical activity of
this waste stream is low enough that very little, i1f any, of the
charges are dependent on the activity.

Figures 6.3(a) and 6.3(b) show the effects on costs of
higher activity levels. The BWR case, Figure 6.3(a) shows that
there is only a very slight cost dependence on activity, at least
over tihe factor of 100 variation in specific activity covered
from the (act = 1.33E-4 Ci/ft3) low to the high cases. An
increase in the activity level to the very high case (act = 0.133
Ci/ft3) results in a fairly substantial increase 1in disposal
costs. Figure 6.3(b), for PWRs, on the other hand shows a more
pronounced effect of activity on costs throughout the activity
range shown. Increases in the transportation anad burial cost
components are the dominant contributors to the increased costs
with the rise in activity level.
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Figures 6.2 and 6.3 indicate that the costs of
disposing of non-compactible trash vary significantly with both
volume reduction and waste activity level. The costs are
not very sensitive to reactor type. Increased volume reduction
reduces each of the cost components. It reduces the number of
containers needed to package a fixed volume of as-generated
waste. This also reduces the amount of in-plant labor
associated with the packaging. Both of these factorz contribute
to reduced processing costs. Similarly, the higher VRFs
translate into fewer containers that have to be stored,
transported and buried. Each of these costs are reduced
accordingly.

Costs rise with increasing waste activity level because
of the effects on transportation and burial. 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 is reduced, thus necessitating more
shipments. A point 1s also reached where the Curie content per
shipment is high enough to trigger Curie surcharges for burial.

Figures 6.2 and 6.3 are based on transport distances of
1000 miles. Figure 6.4 shows the effects on costs for distances
both greater and leess than 1000 miles. This figure applies to
NCTRASH from both BWRs and PWRs, and it also covers the cases for
low and typical activity waste streams. The transportation costs
for non-compactible trash are relatively insensitive tc volume
reduction factor, at least for VRFs greater than 0.2. This is
because the quantity of NCTRASH transported on a single vehicle
is limited by the total weight rather than by volume or raaiatiocn
considerations. Therefore, as the VRF increases and more NCTRASH
is loaded into a fixed size container its weight increases. The
number of containers per shipment must decrease to stay within
the vehicle weight limits. Thus, transportation costs remain
relatively constant over the range of volume reduction factors
applicable to this waste stream.
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6.2.2 DRisposal Costs for Compactible Trash (COTRASH)

Compactible trash is likely to be generated whenever
repairs or modifications are made to radioactive systems of
nuclear power plants. The description of this waste stream in
Section 3 noted that it is made up largely of paper, plastic, ana
cloth; materials that are typically used to prevent the spread of
contamination, to protect personnel, and to clean up contaminated
areas. The previous discussions also noted that the as-generated
volume of compactible wastes may often be larger than the volume
of non-compactible trash generated during a given repair or
modification. On a plant-wide annual basis, the 1981 utility
data indicated that -he ratio of as-generated compactible
trash volume to non—-compactible trash volume was on the order of
15 for PWRs and 30 for BWRs (Ref, 1). Thus, from a volume
standpoint, one would expect that COTRASH generation, anc the
related disposal costs, would be a significant consideration in
the total waste disposal cost picture.

Figure 6.5 shows the estimated costs to dispose of
1000 cubic feet of compactible trash. Figure 6.5(a) applies to
BWRs and 6.5(b) to PWRs. The 1000 cubic feet refers to the as-
generated waste volume, i.e., prior to any compaction or other
volume reducticn processing. The conditions representea in these
figures include a one-way transport distance of 1000 miles and a
typical or average activity level for the waste. For BWR COTRASE
the typical activity is 0.00011 Cci/ft? and for PWRs it is
0.000185 Ci/£t3, poth in the as-generatea condition (Ref. 1).

Figure 6.5(a) covers one additional VRF (VRF=2.3) than
does 6.5(b). This .ower-end VRF is included to reflect the
conditione repcrted in Ref, 1.

The total costs and the elements making up the totals
are considerably smaller than the disposal costs for non-com=
pactible trash. Figure 6.5 shows that the disposal costs tor
COTRASH are estimated to be less than $25,000 per 1000 cubic feet
of waste. Thus, COTRASH costs are less than one-tenth of the
NCTRASH costs for the same as-generated volume. There are
several reasons why the COTRASH costs are much less than those
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for NCTRASH. First, the average VRF for compactible trash is
about 4 to 6 while that for non-compactible trash 1s only about
0.2 to 0.4. Thus there is over a factor of 10 difference in the
volume of packaged waste between the two waste streams. This
means that at least 10 times as many containers are consumed in
processing a given as-generated volume of non-compactible waste
as for the same volume of compactible waste. More containers
must be handled and more shipments must be made for the NCTRASH.
Similarly, the burial volume, and thus the burial charges, will
be much greater for the non-compactible waste as compared to the
compactible trash.

A comparison of Figures 6.5(a) and (b) reveals that the
total disposal costs and the various cost elements are virtually
identical for BWRs and PWRs over the range of volume reauction
factors from 3.8 to 113.4. The lower compaction case for BWRs
(VRF = 2.3) reflects practices at BWRs as of the early 1980s
(Ref. 1).

The 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 i1s relatively light
weight. Therefore weight is typically not a limitation for either
transportation of this waste or in terms of incurring heavy=-lift
charges at the burial sites. Costs are strongly influenced by
the number of containers of processed waste which must be
disposed of. This, in tucn, is inversely proportional to the
extent of volume reduction ach.eved.

The burial costs shown in Figure 6.5 are averages based
on distinct rate scheaules for the different burial sites avail-
able. For COTRASH the difference in costs between the average
and specific burial site costs is only on the order of ¢ $1000
per 1000 cubic feet of as-generated waste. The higher cost would
te for Barnwell and the lower cost for Beatty, NV, or tanford, WA
(see Appendix C).

The limitec survey made of present day utility prac~
tices revealed that most utilities are currently achieving volume
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reduction factors for COTRASH in the range of 3.8 to 5.7. This
is true for both BWRs and PWRs. It is estimated that fewer than
20% of the plants are achieving VRFs of 8.7, which corresponds to
the use of a "supercompactor®, and even fewer are using incinera-
tion procedures (VRF = 113.4).

Figure 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 activity wastes.
The associated activity concentrations for the waste in the as-
generated condition are as follows.

COTRASH Waste Stream Activity Concentration, C1/£t3

~BHBs . | .

Low 0.00001 0.0000185
Typical 0.00011 0.000185
High 0.0011 0.00185
Very High 0.011 0.0185

The levels of activity for COTRASH are low enough so
that total costs are relatively insensitive to this parameter,
except when very high activities are considered. A factor of ten
higher activity concentration compared to the average level for
this waste stream increases disposal costs by at most a few thou-
sand dollars per 1000 cubic feet of waste. However, a factor of
100 increase in activity compared to the average activity level
will roughly double the overall disposal costs. There 1s essen-
tially no difference in cost between the low activity and average
activity cases.

The resulte displayed in Figures 6.5 and 6.6 reveal
that the key factors influencing COTRASH costs are the extent of
volume reduction achieved and waste activity level. Costs are
not very sensitive to reactor type.
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Figure 6.7 shows the effects of transport distance on
the overall costs. Distance plays a relatively minor role, 1n
general changing the total costs by 10% or less over distances
ranging up to 3000 miles.

6.2.3 D&lﬁﬂl.l_CﬂlLl_lﬂL_I9n:Elﬁhlnﬂl_llllnl_lllllﬁlll

Repairs or modifications to nuclear plants mandated by
NRC reguirements may generate some ion-exchange resin wastes.

The resins are used to remove particulates and dissolved solids
from liguid steams. Liguids that must be processed may be
generated as a result of cleanup, washing, or decontamination of
radioactive sytems. They way also be produced from laundering of
protective clothing and masks. The amount of contaminated resins
generated as a result of maintenance and repair operations 1s not
expected to be large (Ref. 5)

The activity levels which typify ion-exchange resins
are several orders of magnitude higher than that which character-
ize the dry waste streams. This higher activity tor IXRESINS
generally results in significantly higher storage, transporta-
tion, and burial costs as compared to these elements for COTRASH.
Disposal costs for IXRESINs are roughly 30 to 508 higher than for
NCTRASH if comparable volume reduction cases are consicered (1.e,
VRF = 0.6 for NCTRASH and 0.7 for IXRESIN). These higher costs
are due to the higher activity levels typical of ion-exchange

resins.
Figure 6.8 shows disposal costs for IXRESIN over the

range of applicable volume reduction factors. The relative
contributions made by processing, stotéze, transportation, and
burial are displayed. Part (a) ot this figure applies to BWER
wastes and part (b) to PWR wastes. The 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 burial site.

The characteristics displayec in Figure 6.8 reveal
that burial costs are the largest: contributors to total aisposal
costs, at least for the lower vo.ume reguction factors applicable
to IXRESINS. In contrast to the results shown for the ary waste
streams (Sections 6.2.1 and 6.2.2,, transportation costs play a
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much more prominent role. The high activity of this waste stream
generally requires that shielded casks be used for transport.
This decreases the paylcac and increases the number of trips
required per 1000 cubic feet of unprocessed waste. BWR resins
typically have an activity concentration which is about 60%
higher than that for PWR resins. This 1s sufficiently higher
that the BWR wastes require more shielding during transport,
which results in heavier casks and fewer containers of waste per
shipment. Thus, the BWR was:e requires more shipments. The
higher Curie inventory for BWR wastes also translates intoc higher
burial costs as compared to PWR resins.

The results displayed in Figure 6.8 indicate that
costs vary by a factor of about 2.3 between the highest ana
lowest volume reduction factors. There does not appear to be
much difference in costs between volume reduction factors of 1.4
and 2.0.

Each of the volume reducticn factors shown in Figure
6.8 represents a different treatment process for the waste.
These different processes are noted below.

IXRESIN Volume Reduction Processes

Erocess Appdicaile Volume Reducticn Faclol

Solidification in cement
Dewatered, placed in high integrity
containers
Mobile evaporator, solidification in
binder 1.4
Evaporation of water, grinding of resins,
soliaification in binder 2.0
Incineration, solidification of ash
in binder 4.0

At the present time, most plants appear to aispese of
ion-exchange resins by dewatering them and gplacing them in high
integrity containers for burial. This process 1s representea by
the volume reduction factor of 0.95. A significant number ot
plants still solidify the resins in concrete (VRF = 0.71). Few
plants have gone to the more advanceca treatment processes which
result in volume reduction factors greater than 1.0.




As with the other waste streams, the effects of higher
and lower activity concentrations on disposal costs was studied.
Activity level has a much larger influence on costs for IXRESINS
than that for the dry waste streams. Figure 6.9 1llustrates the
effects for IXRESINS. The bar graphs indicate that a factor of
10 reduction in stream activity, compared to the average, will
reduce disposal costs about 20 to 40%, while a waste activity
which is a factor of 10 higher than average will increase the
total costs by about a factor of 2. Activity levels 100 times
greater than average result in costs 3 to 5 times higher.

Figure 6.10 shows the quantitative effects of transport
distance. The total costs are much more sensitive to transport
distance for this waste stream than was the case for NCTRASH and
COTRASH. The effect is more prominent at the lower volume
reduction factors where more individual waste shipments would be
required because of the greater numbers of containers of waste
inveolved,

The results displayed in Figures 6.8, 6.9 and 6.10
indicate that disposal costs for IXRESINS are sensitive to each
of the key factors studied. That is, the total disposal costs
per 1000 cubic feet of as-generated IXRESIN are sensitive to
reactor type, to volume reduction level, to waste stream
activity, and to transport distance. Therefore, in estimating
the costs of disposing of ion-exchange resins, it is important
that the particulars of the case be well defined. The estimator
should know the reactor type, the relative level of activity of
the resin in question, the volume reduction process used, ana the
transport distance involved. In addition, the specific burial
site used can impact tctal costs by as much as £50% (see Appendix
C).

6.2.4 Rispesal Costs for Concentrated Liguid Wastes (CONCLIC)

Concentrated liquid radwastes are produced in nuclear
plants as a result of efforts to reduce the volume of contam~
inated liguia wastes., These waste streams are subjected to
heating processes which evaporate much of the water but leave
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behind the non-volatile chemicals and solids. Liquids with high
concentrations of such chemicals are also produced by the evapor-
ators normally used in the plant steam generation process. The
costs of disposing of this waste stream is of interest here
because concentrated liguid wastes may be generatea from draining
and flushing operations or from wash-down efforts associatea with
regp..rs and modifications.

The disposal of wastes in liguid form is discouraged
because of the greater potential for contamination of water
systems or migration of radiocactive materials to uncontrolled
areas. Therefore, the concentrated liquid wastes from nuclear
plants are generally solidified with cement or otherwise stabil-
ized prior to disposal.

The following table lists the various processes consi-
dered herein to treat this waste stream. The assoclated volume
reduction factors are also shown.

CONCLIQ Veolume Reduction Processes

Yelume Reduction Factor

Rrocess EWE EWB
Solidification in Cement 0.7 0.7
Evaporator/Crystalizer, solidification

in binder 1.9 3.7
Mobile evaporator, solidification in

binder 2.4 5.4
Evaporator, grinding of residue,

sclidification in binder 3.8 6.6
Dryer/incinerator, solidification ot

ash in binder 4.5 10.4

The volume reduction factors are different between BWRs and PWRs
for this waste stream because the chemical makeup and chemical
concentrations of the unprocessed waste are different. The
limited survey of nuclear utilities conductea curing this stuay
indicated that most plants solidify the concentrated liquic in
cement. This is without more extensive concentration through
more advanceo evaporation processes., Thus, the VRF of 0,71
represents the type of treatment in most common use at this time,




Figure 6.11 shows the costs of disposing of concen=
trated liguid radwastes. The BWR case 1is shown in 6.11(a) and
the PWR case in 6.11 (b). These figures display total costs and
the costs associated with processing, storage, transport, an
burial of the wastes for each of the applicable volume reduction
factors. The costs displayed are for 1000 cubic feet of nominal
activity wastes transported 1000 miles to the burial

The costs in Figure 6.11 indicate that it
costly to dispose of BWR concentrated liguids than .
concentrated liguids. There are two primary reasons f¢ €.
First, the activity concentration in this waste stream 1is
typically about 0.17 Ci/ft3 for BWRs and only about 0.01 Ci/ft?
for PWRS. This higher activity for BWR wastes translates into
significantly higher transportation and burial costs. Second,
the BWR wastes are not as amenable to extensive volume reduction
with the result that a greater volume of wastes must be alsposed
of.

Figure 6.11 (a) indicates that disposal of BWR concen-
trated ligquids by solidification in cement shoula result in total
disposal costs of about $150,000 per 1000 cubic feet of unpro-
cessed waste. However, if one of the volume reduction processes
with a VRF > 1.0 1s employed, the costs should be more on the
order of $80,000 for this same volume. For PWR wastes, as dis-
played in Figure 6.11 (b), the costs are substantially less.
Normal disposal by solidification in cement (VRF = 0,71) should
result in total disposal costs on the order of $80,000 per 1000
cubic feet of waste (unprocessed volume). The use of more
advanced volume reduction processee should lower the costs to
roughly $25,000 to $35,000 for this same quantity.

The effects of waste stream activity level are snown in
Figures 6.12 (a) and (b). These figures show that the costs for
BWR CONCLIQ waste disposal are quite sensitive to this parameter,
more S0 than similar PWR wastes. For the BWR wastes, the costs
decrease by roughly one-~thira if the waste stream activity level
is an order of magnitude lower than the typical or average value
used. Conversely, Figure 6,12 (a) indicates that a factor of 10
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higher than typical activity essentially doubles the disposal
costs, while a factor of 100 higher activity increases costs by
about a factor of 5. For PWR concentrated wastes, a factor of 10
lower activity will reduce costs by 10 to 20 percent. A tactor
of 10 higher activity will increase costs from about 20 percent
to almost a factor of 2, depending on the extent of volume reduc~
tion achieved.

Transport distance from the plant site to the waste
burial location obviously impacts the total disposal costs. The
guantitative impacts of distance are illustratea in Figures 6.13
(a) anéd (b). The BWR wastes are more sensitive to transport
distance than PWR wastes, primarily because of the higher average
activity levels for the BWR CONCLIQ stream. The higher activity
requires more extensive shielding during transport, and thus,
necesitates fewer containers of wastes per shipment than is the
case for PWE wastes.

The trends shown in Figures 6.13 (a) and (b) are based
on typical activity wastes. Appendix B presents dota necessary
to adjust total costs for various transport distances for higher
or lower activity CONCLIQ. Similarly, Appendix C data can be
used to estimate disposal costs based on specific burial sites.

6.2.5 Risposal Costs for Filter Sludge (FSLUDRCE)

Contaminated filter sludges can be generated as a
result of filtering and purification processes on liguic waste
streams. Large guantities of these sludges are not expectec as a
result of maintenance and repair activities. However, some of
this type of waste may be produced, so the disposal costs shoulga
be taken intoc account.

Three processes were identified for treating filter
sludges prior to disposal. These are as follows:

Process Yolume Reduct.on Factol

Solidification in Cement 0.56
Evaporation, solidification in binder 2.0
4.0

Incineration, solidification in binder
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Typical filter slucges generated during normal plant operaticn
can have guite high activity concentrations. For BWRs the aver-

age activity concentration for this waste was 0.23 Ci/tt3 ana for
PWRs the value was 0.07 Ci/ft3 (Ref. 1). These relatively high
activity levels cause the transportation ana burial costs for
this waste to be relatively high.

Figures 6.14(a) and (b) show total costs and custs of
processing, storage, transportation, and burial for filter
sludge. The costs apply to 1000 cubic feet of typical activity
filter sludge, transported a distance of 1000 miles from the
plant to the burial site. The figures indicate that
transportation and burial costs are tae largest contributors to
costs for the low volume reduction factor. As more advanced
volume reduction processes are used, the processing costs take or
added importance.

The case represenced by a volume reduction factor of
2.0 represents abuut one-fourth as much waste in the processed
state as the case with VRF = 0,56. The disposal costs are re-
duced by more than a factor of 2.0 in going from VRF = 0.56 to
VRF = 2.0. Going to a process with VRF = 4.0 gives an additicnal
decrease in cost, but the benefit is relatively small comparea to
the VRF = 2.0 case.

The cost impacts of higher and lower than normal
activity concentrations on costs are shown in Figures 6.15 (a)
and (b). As might be expected from the discussions of other
waste streams, higher activity can significantly increase the
costs. A factor of 10 highar activity increases BWR cisposal
costs by roughly a factor of 2, while a factor of 100 higher
activity increases costs by more than a factor of 5. For PWR
wastes, the effect of a tenfold increase 1n activity 1s to in-
crease costs by tactors of 1.4 to 1.9, depending on the volume
teduction employed. At the highest activity level consicered,
costs are higher than average by abuut a factor of 3. If the
FSLUDGE is characterized by lower than normal activity levels,
the disposal costs will decrease. A tactor of 10 lower activity
concentration will reduce the disposal costs by 20 to 35 percent.
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Figure 6.14.(a) Disposal Costs for BWR Filter Sludge.
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BFSLUDGE - COST VS ACTIVITY
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Figure 6.16 shows cost variations with changes in
transport distances. Since transportation costs play & relative-
ly more important role at lower volume reduction factors, trans-
portation distance impacts overall costs more at low VRFs
than at the higher VRFs. At VRF = 0,56, doubling the transport
distance increases the total costs by $40,000 to $80,000,
depending on the reactor type. Halving the distance reduces
costs by $20,000 to $30,000. The magnitude of the COst changes
with distance decreases for the higher volume reduction

processes.
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7.0 EXAMPLE APPLICATIONS: COMPARISON OF GENERIC
COST ESTIMATES WITH ACTUAL DISPOSAL COSTS

The waste disposal costs presentec in the preceding
chapters and in the appendicies are based on generalized models
of plant-incurred costs (i.e., cost of handling, consumables, ana
interim storage) and on specific cost schedules for waste trans-
port and hurial. The overall model should give reasonable esti-
mates of waste disposal costs even though it 1s based on certain
conditions and assumptions. The guestion raturally arises as to
how well the "generic" estimates compare to actual waste disposal
costs.

Tc address this question, investigators queriea a few
nuclear plants for actual waste disposal costs incurrec in the
recent past. The plants were selected at random. The resulting
actual cost data obtained represent a very limited sampling.
However, even a small number of cases can be useful in evaluating
the validity of cost estimates derived from the generic basis.

The plant data cbtained was quoted on a cost-per
container basis. These costs excludeo costs associated with
in-plant handling of the wastes (i.e., plant labor) and interim
storage ot the wastes. In addition, the plants samplea shipped
all wastes to the Barnwell, SC, waste disposal site. Investiga-
tors attemptea to obtain adequate representations of the actual
wastes in order to make the comparison with the agppropriate
generic estimate cases. Aspects such as extent of volume reduc-
tion achieved, volume reduction process empioyed, type of ship~
ping container used, anc activity concentration or surface aose
rate were needed. Those interviewed gave the desired informaticn
in most cases, although data ranges were generally given rather
than single point values.

In making the actual vs generic estimate comparisons,
investigators first attempted to adequately characterize the
waste relative to the various cases and ranges covered by the
generic estimates. The minimum information needea waes waste
type, actual volume of untreated waste per container and/or
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volume reduction achieved, and the activity concentration or
surface dose rate from the packaged wastes. Given this informa-
tion, the generic estimates were determined. The generic esti-
mates were adjusted to bring them to the same basis as guotea by
the utility contacts, i.e., the costs were agjusted to exclude
costs associated with in-plant handling and interim on-site stor-
age of wastes., Similarly, investigators adjustea the generic
estimates to reflect burial at Barnwell, SC. The burial location
influenced not only the burial costs but also the transport costs.

Table 7.1 presents the overall results of this
comparison. Seven distinct cases are shown. All five types of
waste are included (NCTRASH, COTRASH, IXRESIN, CONCLIQ, and
FSLUDGE), althouch not for each type of reactor. The table shows
the waste type, the associated volume reduction factor ana
reported container surface dose rate, the quoted (actual)
disposal cost, and the costs derived from the generic estimates.
It also presents the ratio of the generic estimates to actual
guoted costs of disposal for each type of waste. In most cases,
the generic estimate compares quite favorably to the actual
costs. Most are within 10% of the costs quoted by the utilities.
The poorest comparison is for BWR COTRASH. The ratioc ot generic
estimated costs to actual costs was only 0.70. On the other
hané, COTRASH from another utility (mixea BWR anac PWR wastes at
this site) had an estimated vs actual cost ratio of 0.97.

The utilities providing actual cost data reportea that most
wastes were packaged in containers other than the 7.5 tt3 arums
assumed for the generic estimates. The generic estimate
valuzs shown in Table 7.1 assume the use of this type of
container for all waste streams. The results of this comparison
tend to indicate that the influence of container type and size on
the total waste disposal costs 1s probably not large.

The following discussions indicate how the indivigual case
comparisons were carried out and calculated. These are providec
as examples of how generic coste can be estimatead and adjusted

for specific cases.
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Waste Type

BIXRESIN
BOONCLIQ
BFSLUDGE
PIXRESIN

Table 7.1.

Stated or

4.8
0.75
3.7
0.71
0.71
0.82
<0.8

Surface

<.200
0-.15
0=-.15
50-75
1-5

5~10

25-50

Quoted Disposal_  Generic Est.
Img. ied VRF Dose, R/Hr Cost,*$/1000 ft3 Cost,*$/1000 ft3

9,400
48,300
8,800
410,000
141,300
152,500
393,700

Estimated vs Actual CQost Summary

6,600
45,400
8,500
379,600
134,800
151,700
350,100

*Excludes costs of in—plant labor and interim storage of wastes.
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7.1 BWR COMPACTIBLE TRASH (BCOTRASH) DISPOSAL COSTS

Figure 7.1 presents the details of the cost comparison
for BWR compactible trash. The disposal cost quoted by the
utilicty for this type ¢f waste was $45/£¢3 (as-shipped). The
stated volume reduction factor was about 4.8, and the container
surface dose rate was quoted as being considerably less than 200
mr/hr. The actual disposal cost is about $9400 per 1000 ft? of
as-generated waste,.

The determination of the generic estimates requires
knowledge of the waste type, the volume reduction a2chieved, the
activity of the waste, and the distance from the plant to the
burial site. For BCOTRASH, generic costs were calculated for
volume reduction factors which bracket the stated VRF of 4.8.
Therefore, generic estimates based on VRF = 3.8 and VRF = 5.7 were
used and were adjusted to reflect the conditions stated for the
actual costs. The results were linearly interpolated to arrive
at the generic estimates for VRF = 4.8.

The surface dose rate for the utility waste was stated
to be less than 200 mr/hr. Table 5.2 gives approximate surface
dose rates for the various BWR waste streams. For typical
activity concentrations for BCOTRASH the surface dose is
estimated to be about 0.03 R/hr. The "high" activity case would
be a decade higher ("0.3 R/hr). Since the actual case was stated
to be less than .2 R/hr (how much less is not clear), the typical
activity case was chosen for the generic estimate basis.

To determine the base cost for the generic estimate
Table B.l was used. The estimated distance from the plant to the
Barnwell burial site is 250 miles. Therefore, base estimates are
chosen for the cases of distance = 250 miles, typical activity
lJevel, and VRFs of 3.76 and 5.67. Table B.l presents the total
costs for these conditions.

Vo
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Actual COsSt

Waste Type: BWR Compactible trash (BCOTRASH)
Plant: NRC Region II BWR
Container type used: 98 £t3 boxes
Surface dose rate, R/hr: <.20
Volume reduction factor: ~“4.8
Quoted dispcsal costs: $45/f¢3 as-shipped
(excludes costs for in-plant handling and interim storage)
Distance to burial site: ~5 hrs (250 mi assumed)

Actual costs (per 1000 £t3 of as-generated waste)
(45 x 1/4.8) x 1000 = $9400/1000£¢>

. .
Waste Type: BCOTRASH
Case VRF: —all 7 .
Surface dose (R/hr) (Table 5.2), typical .03 .03
activity
Total Cost (€250 mi, Table B-1l) 13300 9000
Adjustments:
In-Plant handling costs: (=)3200 (=)2300
Interim Storage costs: (Table
1.4) (=) 2800 (=) 1900

Burial at Barnwell (Table C-1) ____80C 1 -
Generic estimates (adjusted) $8100 $5500
Linear interpolation to VRF = 4.8, Cost = $6600/1000 ft3

Geperic Est 6600
Ratio: Actual 9400 = 0.70

Figure 7.1 Cost Comparison for BWR Compactible Trash
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The total estimated costs from Table B.l must be
adjusted to put them on the same basis as the utility 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 l.4. The final adjustment to the
estimated costs is that for burial at Barnwell, SC. Table C.1
presents the differential cost for burial at Barnwell compared to
the average site burial costs.

There are three sub-elements to the in-plant labor
costs. Thense are the labor costs associated with container
handling, compaction or waste processing eguipment operation, and
equipment maintenance. The unit cost base for each of these sub-
elements was presented in Table 5.5 for each type of waste and
each volume reducticn factor. An example of the calculation of
in-plant labor costs for 1000 ££3 of as-generated BCOTRASH with
VRF=3.,78 is as follows:

Table 5.5 gives the following unit costs needed to
calculate in-plant labor costs.

Equipment operator time: 0.14 (hrs/fe3)*
Container handling time: 1.0 (hts/goptainet)
Maintenance unit costs: .0 (8/£¢t°)

o Number of containers:
1000 (£t3)

No. = = 35.27 (cont./10° ft3)
7.5 (ft3/cont) x 3.78

o Container handling labor cost:
Hand. Cost = 1.0 (hrs/cont) x
35,27 (cont) x 30 ($/hr) = $1058.1

o Equipment Operating Labor:
Op. cost = 0.14 (hrs/ft°) x 35.27 (cont)
x 7.5 (ft3/cont) x 30 ($/hr) = $1111.1

"Based on as-shipped conditions.
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o Maintenance cost:
Maint. Cost = 4.0($/ft3) x
35.27 (cont) x 7.5 (ft3/cont) = $1058,1

Total in-plant laber cost (per 1000 £t of
as~-generated waste) = $3227.3

This total labor cost figure is rounded to $3200 per 103 ft3, and

is used in Table 7.1. In-plant labor costs for the other cases are
calculated in an analogous manner.

Figure 7.1 shows each of the above adjustments. The
resulting estimated costs as determined from the generic basis
are $8100/1000 ft> and $5300/1000 ft> for VRFs of 3.8 and 5.7,
respectively. Linear interpolation to a VRF of 4.8 gives a
generic estimate of $6600/1000 ft3. The actual cost quoted by the
utility was $9400/1000 fe3, Thus, the generic estimate is about
30% less than the actual cost for this particular case.

7.2 NON-COMPACTIBLE TRASH (NCTRASH) DISPOSAL COSTS

The utility providing estimates for this waste had both
2 BWR and a PWR at this site whose NCTRASH was mixed and
processed jointly. The surface dose for the waste was stated to
be in the range of 0 - .15 R/hr. The VRF was not given, so a
value of 0.2 was assumed. The distance from the plant
to the Barnwell, S.C, burial site is roughly 1000 miles.

Figure 7.2 shows the details of the cost comparison for
this case. As noted above, this waste contained non-compactible
trazh from both a BWR and a PWR. The average surface dose of the
actual waste is takein to be about 0.08 R/hr. From Table 5.2 this
isvery close to the predicted surface dose of BNCTRASH with a
"high" activity concentration (i.e., a factor of 10 higher than
typical) and with a VRF of 0.2. Therefore, BNCTRASH generic
costs were used based on these conditions. The specific generic
cost base used was that from Table 1.4 for high activity wastes
with a VRF of 0.20. This gave a total cost, prior to
adjustments, of $270100/1000 £t3, which is applicable to the 1000
mile transport distance appropriate for this comparison.
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Actual CosSt
Waste Type: Non-Compactible Trash (NCTRASH)

Plant: BWR & PWR, NRC Region I
Container type used: 87 £t boxes
Surface dose rate, R/’hr: 0 -.15

Volume reduction factor: ~0.2
Quoted disposal costs: $3151/container

(excludes costs for in-plant handling and interim storage)

Distance to burial site: ~1000 m1

Actual costs (per 1000 £t3 of as-generated waste)
3151/(87 x .2) x 10° = $181100/1000£¢3

i ‘ -
Wacte type: BNCTRASH

Case VRF:

Surface dose (R/hr) (Table 5.2)

High Activity

Total Cost:
Adjustments:
In-Plant handling costs:
Interim Storage costs:
(Table 1.4)
Burial at Barnwell (Table C-1)

Generic estimates (adjusted)

Gepneric Est 2172800

(=) 59900

(-) 58600
—21200

Ratio: Actual $181100 *

Figure 7.2 Cost Comparison for Mixed BWR and PWR

Non-compactible Trash
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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 agrees guite well with the actual cost.

7.3 MIXED BWR AND PWR COMPACTIBLE TRASE (COTRASH) DISPOSAL

COSTS

The utility providing this cost input stated that the
BWR and PWR compactible trash from this site wa2s mixed and
processed in common. This waste 1s disposed of in 7.5 £t3 drums.
‘The as-generated waste volume placed in each drum was stated to
be 27.5 ft3. This gives a volume reducticn factor of about 3.7.
The utility contact stated that the disposal costs were $243 per
drum, and that the surface dose rate was in the range of 0 - 0.15
R/hr.

Figure 7.3 presents the actual versus generic cost
comparison. The waste stream conditions chosen for the generic
estimate are those for PWR compactible trash, typical activity
level (SDR ~ 0.062) and a volume reduction factor of 3.78. Total
disposal costs for the 1000 mile transport distance case are
taken from Table 1.5. Figure 7.3 shows the adjustments made to
the generic estimate and the subsequent comparison to the actual
costs. The generic estimate compares quite favorably to the
actual costs gquoted by the utility.

Note that the generic estimate could have been based cn
BWR COTRASH rather than PWR COTRASH. Costs for disposal of
compactible trash are quite insensitive to reactor type.
Similarly, they are only mildly dependent on the activity level
of the wartes.



Actual COSL
Waste Type: Mixed BWR & PWR Compactible Trash (COTRASH)

Plant: NRC Recgion I, BWR & PWR

Container type used: 7.5 ££3 drum

Surface dose rate, R/hr: 0 - .15

Volume reduction factor: ~3.7 (27.5 ft3 of as-generated
waste per container)

Quoted disposal costs: $243/drum
(excludes costs for in-plant handling and interim stcrage)

Distance to burial site: ~1000 miles

Actual costs (per 1000 ft3 of as-generated waste)
(243/27.5) x 1000 = $8800/1000 ft3

i ic Esti
Waste type: PCOTRASH, typical activity case
Case VRF: 3.78

Surface dose (R/hr (Table 5.3) 0.062
Total Cost (Table 1.5): $13700
Adjustments:
In-Plant handling costs: (=) 3200
Interim Storage costs: (Table 1.5) (=) 2800
Burial at Barnwell (Table C-2) —hon
Generic estimates (adjusted) $8500/1000 £t
Geperic EsSt 8300
Ratio: Actual 8800 * 0.97

Figure 7.3 Cost Comparison for Mixed BWR and
PWR Compactible Trash
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7.4 BWR ION-EXCHANGE RESINS (BIXRESIN) DISPOSAL COSTS

Figure 7.4 presents a comparison of generic estimates
versus actual ccsts for the disposal of BW 1on-exchange resins.
The utility prtovidiiig the data stated that these wastes are
disposed in 84 cubic foot containers and that 60 cubic feet of
actual waste are put in each container. This gives a VRF of
0.71. The quoted disposal costs are quite high, giving the
equivalent of $410000 per 1000 £t3 of as-gen2rated waste. The
surface dose rate of the IXRESIN wastes was stated to be between
50 and 75 R/hr. A mean value of about 62 R/hr 1s used. Generic
estimates for this waste are shown in Table 1.4 for VRF = 0.71
and for four different activirty concentrations.

Table 1.4 shows that the disposal costs are guite
sensitive to the activity level in the waste. Therefore, it 1s
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 0.7 have an estimated surface dose of about 3.3 R/hr.
The high and very high activity level cases would have surface
doses which are factors of 10(i.e., 33.0 R/hr) and 100 (330 R/hr)
higher than the typical case, respectively. The surface doses
for the high and very high cases bracket the actual case surface
dose conditions. Therefore, generic estimates are produced for
these two conditions. Linear interpolation based on surface dose
was then used to estimate the generic costs for a case correspon-
ding to the surface dose rate of 62 R/hr. The resulting generic
disposal costs are 93% of the actual disposal costs reported by
the utility.
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Actual CCsSL
Waste Type: BWR Ion-Exchange Resin (BIXRESIN)

Flant: NRC Region I BWR
Container type used: 84 ft2
Surface dose rate, R/hr: 50-75
Volume reduction factor: ~0.7.1 (actual waste/container = 60 £e3)
Quoted disposal costs: $24600/container
(excludes costs for in-plant handling and interim storage)
Distance to burial site: ~1000 miles

Actual costs (per 1000 £t3 of as-generated waste)
($24600/60) x 1000 = $410000/1000 ft3

; ic Bati
Waste type: BIXRESIN
Case VRF: 0.71 High act. Very High act.
Surface dose (R/Hr) (Table 5.2) 33 330
Total Cost $289700 723800
Adjustments:
In~-Plant handling costs: (=) 15700 (=)15700
Interim Stcrage costs:
(Table 1.4) (=) 16500 (=) 16500
Burial at Barnwell
(Table C-1) (BNWL-Ave) —257700 —aB83300
Generic estimates (adjusted) $315200 $974900

Linear interpolation to surface dose condition of “62 R/hr gives
adjusted generic estimates of $379600/1000 £t

Generic Est = 379600

Ratio: Actual 410000 * 0.93

Figure 7.4 Cost Comparison for BWR Ion-Exchange Resins
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7.5 BWR CONCENTRATED LIQUID (BCONCLIQ) DISPOSAL COSTS

Figure 7.5 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 activity case with a
VRF of 0.71 as used to produce the generic cost estimate.
Therefore, no interpolation was necessary to make this
comparision. As noted in Figure 7.5, the generic estimates for
this waste stream compare guite favorably with the reported
actual disposal costs.

7.6 BWR FILTER SLUDGE (BFSLUDGE) DISPOSAL COSTS

The actual conditions cited by the utility for their
BWR filter sludge lies between the specific cases covered by the
generic estimates. Specifically, the VRF given by the utility
for this wéste was about 0.82, whereas the generic estimates were
calculated for cases of VRF = 0.52 and 2.0. Since the waste
disposal costs for this stream vary considerably in the VRF range
between 0.56 and 2.0, cost interpolation was used to arrive at
the generic estimate corresponding to a case with a volume
reduction factor of about 0.8.

Figure 7.6 shows the details of the cost comparison for
BWR filter sludge. The costs derived from the generic estimates
compare very favorably with the actual disrosal costs reported by
the utility.

If the generic esctimate had been based on the case with
VRF = 0.56, (the nearest VRF to that reported by the utility),
the resulting estimated disposal cost would be $171200/1000 £e3,
This is about 13% higher than the actual reported cost. Thus,
even the less precise estimate based on VRF = 0.56 rather (han
0.8 is still reascnably close to the actual reported cost.

The data in Table 1.4 indicates that the disposal costs
for BFSLUDGE are fairly sensitive to activity level in the waste.
The generic estimates noted above are based on a typical activity
concentration which gives an estimated surface dose (SDR) of
about 3.5 R/hr for the case with VRF = 0.56. The utility stated
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Actual Cost
Waste Type: BWR Concentrated Liquids (BCONCLIQ)
Plant: NRC Region I BWR
Container type used: 195 ft3 liners
Surface dose rate, R/hr: 1-5 R/hr
Volume reduction factor: ~0.7i (138 ft3 actual waste vol.
per container)
Quoted disposal costs: $19500/1liner
(excludes costs for in-plant handling and interim storage)
Distance to burial site: ~ 1000 miles

Actual costs (per 1000 ££3 of as-generated waste)
(19800/138) x 1000 = $141300/1000 f£t3

e Bati
Waste type: BCONCLIQ, typical activity case
Case VRF: 0.71

Surface dose (R/hr) (Table 5.2) 3.6
Total Cost (Table 1.4) $152700
Adjustments:
In-Plant handling costs: (=) 15700
Interim Storage costs: (Table 1.4) (=) 16500
Burial at Barnwell (Table C-1) —d4300
Generic estimates (adjusted) §134800
Geperic Est 134800
Ratio: Actual 141300 = 0.95

Figure 7.5 Cost Comparison for BWR Concentrated Liguias
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Actual COSt
Waste Type: BWR Filter Sludge (BFSLUDGE)
Plant: NRC Region I BWR
Container type used: 195 £t liner
Surface dose rate, R/hr: 5-10
Volume reduction factor: ~0.8 (160 ft3 of actual waste per
container)
Quoted disposal costs: $24400/container
(excludes costs for in-plant handling and interim storage)
Distance to burial site: ~1000 miles

Actual costs (per 1000 ft3 of as-generated waste)
24400/160 x 1000 = $152500/1000 ft3

Gepneric Estimates
Waste type:
Case VRF: 0.32 2.0
Surface dose (R/hr (Table 5.3): 3.3 15.8
Total Cost $193900 $77300
Adjustments:
In-Plant handling costs: (=)19900 (=)15100
Interim Storage costs: (Table 1.4) (-)2090C (-) 5900
Burial at Barnwell (Table C-1) —d8luo ____7100
Generic estimates (adjusted) §171200 $63400

Linear interpolation to VRF = 0.8 gives an adjusted generic estimate
of $151700 per 1000 ft3 of as-generatea waste.

Gepneric Est A21700
Ratio: Actual 152500 * 0.99

Figure 7.6 Cost Comparison for BWR Filter Sludge
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their BFSLUDSE had an SDRwhich was generally in the range of 5
to 10 R/hr. A further adjustment of the generic estimate to
correspond to a condition with an SDR oi “7.5 R/hr would give an
adjusted cost of roughly $175000 per 1000 £t3 of as-generated
waste., This 1s about 14% higher than the stated actual costs.

7.7 PWR ION-EXCHANGE RESIN (PIXRESIN) DISPOSAL COSTS

Figure 7.7 presents the comparison of actual versus
generic estimated disposal costs for PWR IXRESINS. The utility
supplying the cost data stated that 121 ft3 containers were used
for the disposal of this waste, and that as much as 95 £t3 of
waste could be disposed in each. Thus, the applicable VRF 1is
about 0.8 or less. The implication 1is that typically, a VRF of
less than 0.8 is achieved. Therefore, the generic estimates were
chosen corresponding to a volume reduction factor of 0.71.

The reported surface dose rates for the actual wastes
is ia the range of 25 to 50 R/hr. This range lies between the
doses applicable to the high (SDR " 18 R/hr) and the very high
(SDR ~ 184 R/hr) generic estimate cases for a volume reduction
factor of 0.71. Costs for this waste stream are fairly sensitive
to surface dose rate. Therefore, a cost interpolation was made
to obtain the estimate applicable to the reported dose range of
25 to 50 R/hr. Figure 7.7 displays the results. The generic
estimated is about 11% less than the actual disposal costs
reported by the utility.




Waste Type: PWR Ion-Exchange Resins (PIXRESIN)
Actual Cost
Plant: NRC Region I PWR
Container type used: 121 £t3 liner
Surface dose rate, R/hr: 25-50
Volume reduction factor: 0.8 or less (max: waste volume per
container is 95 ft3)
Quoted disposal costs: $37400/container
(excludes costs for in-plant handling and interim storage)
Distance to burial site: ~1000 miles

Actual costs (per 1000 £t3 of as-generated waste)
(37400/95) x 1000 = $393700

) .
Waste type: PIXRESIN
Case VRF: Use 0.71

Surface dose (R/hr) (Table 5.3) High Yery Highb
18.4 184
Total Cost $269100 $650900
Adjustments:
In-Plant handling costs: (=)15700 (=)15700
Interim Storage costs:
(Table 1.5) (=) 16500 (=) 16500
Burial at Barnwell
(Table C-2) —a0600 -—4sl800
Ceneric estimates (adjusted) $287500 $830500

Interpolation to a condition with a surface dose rate of 37.5 R/hr
gives an estimated cost of $350100 per 1000 ft? of waste.

comparison
Ggeneric Est 420100
Ratio: Actual 293700 * 0.89

Figure 7.7 Cost Comparison for PWR Ion-Exchange Resins
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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 require-
ments should include an estimate of the radiation exposures
received by workers. For consistency with the dollar cost esti-
mates 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 Ef-
fluent and Annual Waste Disposal Reports filed by the utilities
pursuant to Regulatory Guide 1.21 (Ref. 27) do not correspond to
the waste streams of interest. Moreover, the Occupational Radia-
tion Exposure Reports filed pursuant to Regulatory Guide 1.16
(Ref. 28) do not provide breakdowns of exposure by waste stream.
However, the data in these tvo reports can be used to derive
overall estimates for exposure to total wastes shipped, and such
an estimate is provided here. The 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=1.2 2V

where

E = Occupaticnal radiation exposure, 1in 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 coperations, mainten-
ance, radiation protection, engineering, and supervision. It
does not include exposures outside of the plant, such as those
associated with transportation or waste burial. The correla-
tion should be used with caution when it 1s necessary to consider
the exposure associated with any particular waste stream. This
is because it was derived using the overall annual exposure to
all wastes. Therefore, the correlation 1s likely to over-
estimate the exposures incurred in handling dry active waste, and
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to underestimate the exposures associated with handling and pro-
cessing wet and irradiated waste streams.
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RPFENDIX A

ESTIMATION OF OCCUPATIONAL RADIATION EXPOSURE INCURRED
IN HANDLING RADIOCACTIVE WASTES



The derivation of the estimate for occupational radia-
tion exposure is described in this Appendix. The data reported in
NUREG/CR-2907 ana NUREG-0713 for the years 1980, 1981, and 1982
were used in deriving the estimate. These &#.e the most recent
years for which waste volume data for indi.idual plants have been
published. The radiation exposure data published in NUREG-0713
include all in-plant job functions associated with waste genera-
tion, 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.

The firs: step in deriving the estimate was to
eliminate from consideration stations thet are atypical. Five
stations, Big Rock Point, Fort St. Vrain, Humbecldt Bay, LaCrosse,
and Yankee Rowe, were eliminated because their designs are atypi-
cal of contemporary reactors. Three Mile Island was eliminated
because the nat.ure of the waste handling and processing at the
station stemming from the accident at TMI-2 is not typical of the
work at operating reactors. Data on exposures incurred in wasie
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 Table A-l.

In order to determine whether the data from the three
years could be treated as a single data set, a variance analysis
was perfomed on the data (separately for PWRs and BWRs). For
each reactor type, the annual means and standard deviations of
the values of pezson-rem/m3 shown in Table A-l were computed, and
an f test for variance between the means was performed. The
results for BWRs were the following: 1980, n=14, ;-3.735-2.
s.d.=4.48E-2; 1981, n=12,  =5.46E-2, s.d.=5.32E-2; ana 1982,
n=13, ;=6.32E-2, s.d.=6.69E-2; £=0.72. The results for PWRs were
the following: 1980, n=25, =4.07E~2, s.d.=3.76E~2; 1981, n=26,
x=5.54E-2, 5.d.=6.39-2; and 1982, n=27, x=7,118~-2, s.d.=9.46E~2;
f=1.22. In both cases, the value of f is not significant at the
0.01 level, and therefore it is concludead that the variance



between years is not as significant as the variation within
years. Therefore, the data were treated for all three years as a
single data set.

Since total station radiation exposures are known to be
generally greater at boiling wate reactors (BWRs) thain at pres-
surized water reactors (PWRs), a number of statistical analyses
were performed to determine whether different estimating factors
were needed for BWRs and PWRS. Initially the mean radiation
exposure incurred in waste processing was computed for both the
BWR 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. The
coemputed t = 3,22 is significant at the 0.01 level, ana there-
fore, the mean exposures are significantly different.

Next the mean volume of waste shipped at BWRs ana PWRs
was computed. Again, over the three-year period, the mean volume
of waste shipped from BWR stations was 1,529 n3/year {n= 39,
s.d., = 1,313), and at PWRs it was 757 m3/year (n = 78, s.d., =
745)., Statistical analysis 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 waste shipped
were significantly higher at the BWRs, exposure per unit volume
shipped (person-tem/m3) was then computed for all stations (see
Table A-l). Over the three year period, the mean was 0.051
person-rem/m3 at BWRs (n = 39, s.d. = 0,055 and 0.056 person-
rem/m3 at PWRs (n = 78, s.d4. = 0.070). The computed t for the
difference of these means 1s 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 processing at BWRs 1s accompanied by a
greater volume of waste shipped.

To derive the estimate, a linear regess.on analysis ot
the exposure and waste volume data was performed. Again, the
data in Table A-1 were usea, and these data, along with the line
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that best fits the data, are plotted in Figure A-i. The best fit
line intersects the y axis at 2.9 person-rem, with a slope of
0.042 person-tem/m3. The correlation coefficient, r = 0,525 (n =
117), demonstrates a reasonable degree of correlation. The com-
puted t for r = 0,525 is 6.61, which is significant at the 0.01
level. Therefore, investigators concluded that the correlation
reflects a true relationship between exposure and velume of waste
shipped.

The Jerived correlation is [2.9 + 0.042 x (waste volume
in m3)) person-rem or rougaly 1.19 x 10~3 x (waste volume in ft3)
person-rem.* Since the activity associated with different waste
streams varies, it should be wovted that this correlation 1s likely
to over-estimate the exposures incurred in handling dry active
waste, and to under-estimate the exposures associatead with hand-
ling and process .ng wet and irradiated waste streams.

Thus, 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 £t
of as-shipped waste 1s estimated to result ir 1.19 x 1073 x 10000
= 11.9 person-rem.

*The least scuares fit of the data has not been constrained to
pass through the origin. It could be arguec that 1t 1is
physically unrealistic for the line not to pass through the
origin,
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TABLE A-1

RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
MAND VOLUMES OF WASTES PRODUCED AT PWRs IN 1980

Waste
Station Exposure Yol yme an:g-ﬂ./
(person=rem) (o)
Beaver Valley 6.010 2.84E+2 2.126-2
Calverxt Cliffs 142 24,593 2.51E+2 9.80E-2
Cook 142 62.707 2.10E+3 2.99€~2
Crystal River 12.450 9.27E+2 1.34E-2
Dav {s-Besse 1 0.815 3.30E+2 2.47€-3
Farley 1 9.014 4.41E+2 2.04E-2
Fort Calhoun 1 24,509 4 .06E+2 6.06E-2
Ginna 15.250 4.00E+2 3.81E-2
Haddam Neck 43,430 1.26E+3 3.47E-2
Indian Point 142 37.700 1.03E+3 3.66E-2
Indian Point 3 8.160 3.47E+2 2.35€E-2
Kewaunee 14,163 1.03E+2 1.38E-1
Maine Yankee 18.993 4.57E+2 4.16E-2
North Anna 1 25.778 2.64E+2 9.76E-2
Oconee 1,243 22.310 1.32E+3 1.69€-2
Palisades 2.469 7.31E+2 3.38E-3
Point Eeach 142 9.172 4. .49E+2 2.04E-2
Prairie Island 142 5.138 5.25E+2 9.79¢-3
Ranchoc Seco 1 54.290 4,.60E+2 i.18E-1
Robinson 2 61.799 3.99E+3 1.55€=2
San Onofre 1 1.810 7.126+2 2.54E-3
St. Lucie 20,300 3.12E+2 6.51E=-2
Surry 142 14.530 2.01E+2 7.23E-2
Turkey Point 344 20.606 7 .24E+2 2.85E~-2
Zion 142 15.500 1.64E+3 9.45E-3

Data fram the following stations are amitted for 1980:

Arkansas 142, no waste volumes reported;

Millstone 2, waste voiumes reported, in part, with Millistone 1;

Salem 142, exposure data available only for unit 1, waste voiumes available
only for both units combined;

Sequcyah, no exposure or waste data reported;

and Trojan, expo ure reported as 0.00
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TABLE A-1 (continued)

RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
AND VOLUMES OF WASTES PRODUCED AT PWRs IN 1961

Waste
Station Exposure Yol me Persop=Rem/
(person=-rem) (lr) -?.
Beaver Valley 6.790 2.136+2 3.19€-2
Calvert Cliffs 142 15.672 5.J0E+2 3.13E-2
Cook 142 64.085 9.63E+2 6.65E-2
Crystal River 13.870 1.278+3 1.09E-2
Dav is-Besse 1 0.615 3.256+2 1.89E-3
Farley 1 6.356 S5.64E+2 1.13E=2
Fort Calhoun 1 11.950 2.53E+2 4,728-2
Ginna 5£.852 3.76E+2 1.56E-2
Haddam Neck 75.150 4,.38E+2 1.726=1
Indian Point 142 182.500 1.58E+3 1.16E~1
Indian Point 3 6.320 3.17E+2 1.99€-2
Xewaunee 6.121 7.38E+1 8.29€-2
Maine Yankae 15.989 4.14E+2 3.86E-2
North Anna 142 33.473 3.02E+2 1.11E=1
Oconee 1,243 31.085 2.48E+3 1.256-2
Pal isades 11.820 8.54E+2 1.38E-2
Point Beach 142 11.889 1.776+2 6.72E-2
Prairie Island 142 7.537 2.97E+2 2.54E-2
Rancho Seco 1 60.240 2.31E+2 2.61E-1
Robinsen 2 40.800 9.02E+2 4,52E-2
San Onofre 1 3.420 1.62E+3 2.11E-3
St. Lucle 43,600 2.50E+2 1.74E-1
Surry 142 11.953 2.80E+3 4,.27€=3
Trojan 4,510 3.75E+2 1.20€E-2
Turkey Point 344 55.167 1.25E+3 4 .41E-2
Zion 142 35.000 1.53E+3 2.29E-2

Data from the following stations are amitted for 1981:

Arkansas 142, no waste volumes reported;

Millstone 2, waste volumes reported, in part, with Millstone 1;

Salem 142, exposure cdata available only for unit 1, waste volumes available
only for both units combined;

and Sequoyah, no exposure or waste data reported.
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RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
AND VOLUMES OF WASTES PRODUCED AT PWRs IN 1982

TABLE A-1 (continued)

wWaste
Station Exposure Yol yme Pnuﬁ—n-/
(person=ream) (m”)
Beaver Valley 5.895 2.94E+2 2.01E-2
Calvert Cliffs 142 71.257 1.576+2 4.54E-1
Cook 142 50.452 7.14E+2 7.076=2
Crystal River 5.770 6.62E+2 8.72E-3
Farley 142 3.908 3.46E+2 1.13€-2
Fort Calhoun 1 11.357 3.42E+2 3.326-2
Ginna 11.339 4 ,89E+2 2.32E-2
Haddam Neck 16.590 3.12642 5.326-2
Indian Point 142 220.917 1.176+3 1.89E~1
Indian Point 3 4.700 3.79€+2 1.24E-2
Kewaunee 5.208 6.73E+1 7.74E=2
Maine Yankee 8.665 2.20E+2 3.94E-2
McGuire 7.895 9.91E+1 7.97E=2
North Anna 142 60.617 4.21E+2 1.44E~1
Oconee 1,243 49.660 3.06E+3 1.62E-2
Pal isades 1.950 7.31E+2 2.67E-3
Point Beach 142 17.073 2.52E+2 6.786-2
Prairie Island 142 20.470 9.91E+1 2.07E=1
Rancho Seco 1 37.050 2.40E+2 1.54E-1
Robinson 2 73.108 1.38E+3 $.30€-2
Salem 142 74.056 1.91E+3 3.88E-2
San Onofre 1 1.431 9.276+2 1.54E-3
Sequoy ah 5.200 3.58E+2 1.45E-2
St. Lucie 14,690 3.07E+2 4,79€E-2
Surry 142 104,205 2.17E+3 4 ,.80E-2
Turkey Point 344 40.218 1.01E+3 3.98E-2
Zion 142 10.030 8.82E+2 1,14€=2

Data fraom the following stations are amitted for 1982:
Arkansas 142, no waste volumes reported;
Dav is~-Besse 1, waste valume not reported;

M{illstone 2, waste vclumes reported, in part, with Millstone 1;

Susquehanna, exposure data not reported;
and Trojan, el iminated because computed porso:m--ru/m3 was statistically
outside the range for PWRs.
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TABLE A-1 (continued)

RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
AND YOLUMES OF WASTES PRODUCED AT BWRs IN 1980

Waste
Station Exposure Yol Pon:g-ku/
(person=-rem) (-r)‘
Browns Ferry 1,243 4,800 2.49€+3 1.93E-3
Brunswick 142 233.915 6.73E+3 3 .48E-2
Cooper 5.722 4,35E+2 2.52E~2
Oresden 1,243 62.700 1.16E+3 S.41E-2
Duane Arnold 19.963 7.35E+2 2.72E=2
Fitzpatrick 129.000 7.50E+2 1.72E~1
Hatch 142 6.000 7.23E+2 8.30E-3
Mcnticello 12.922 7 .42E+2 1.74E=2
Nine Mile Point 36.591 8.14E+2 4 .50E-2
Qyster Creek 3.834 2.03E+3 1.17E=2
Peach Bottom 243 19.614 2.64E43 7 .43E-3
Pilgrim 89.720 2.94E+3 3.05€=2
Quad Cities 142 138.700 1.67E+3 8.3.E-2
Yemont Yankee 1.637 4 .B4E+2 3.38E-3

Data fraom the fo iowing station 1s omitted for 1980:
Millstone 1, waste data includes data for Millstone 2.
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TABLE A-1 (continued)

RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
AND VOLUMES OF WASTES PRODUCED AT BWRs IN 1981

Waste
Station Exposure Yol Per Rew/
(person-rem) (lr)‘ .:s’.
Brunswick 142 406.882 4.30E+3 9.53E-2
Cooper 4,995 4 ,99E+2 1.00E-2
Dresden 1,243 131.000 1.14E+3 1.15€=1
Fitzpatrick 137.000 8.61E+2 1.59€~1
Monticello 7.556 5.54E+2 1.36€-2
Nine Mile Point 61.411 S.31E+2 1.16E-1
Qyster Creek 13.368 1.78E+3 7.51E=3
Peach Sottom 243 40.275 2.34E+3 1.72E-2
Piigrim 60.825 1.06E+3 S5.74E-2
Vermont Yankee 5.764 4 .39E+2 1.31E=2

Data fram the following stations are amitted for 1981:

Browns Feiry 1,2,43, waste data are not reported;

Millstone 1, waste data Inciudes data for Millstone 2;

and Quad Cities 142, exposure data are outside the range of expected values
for BWRs,
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RADIATION EXPOSURES INCURRED IN WASTE PROCESSING
AND VOLUMES OF WASTES PRODUCED AT BWRs IN 1982

TABLE A-1 (continued)

Waste
Station Exposure Vol Per Rem/
(person=-rem) (lr). .S-
Brunswick 142 677.036 3.53E+3 1.92E-1
Cooper 6.184 4 45E+2 1.39€-2
Dresden 1,247 170.200 8.99E+2 1.89E-1
Duane Arnold . 21.032 4,.57€E+2 4 .60E-2
Fitzpatrick 120.3480 1.64E+3 7.34E-2
Hatch 142 20.000 1.69E+3 1.18E~2
Monticello 6.395 7.50E+2 8.53E-3
Nine Mile Point 72.627 S.76E+2 1.26€E-1
Qyster Creek 19.618 9 .96E+2 1.97E-2
Peach Bottom 243 14 .688 3.28E+3 4 .55E-3
Pilgrim 106.820 2.28E+3 4,69€E-2
Quad Cities 142 104.826 1.46E+3 7.18E=2
Vermont Yankee 3.007 4.51E+2 6.67E-3

Data fram the following stations are amittec for 1982:
Browns Ferry 1,2,43, waste data are not reported;
and Millstone 1, waste data includes data for Millstone 2,
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APPENDIX B

VARIATION IN TRANSPORT COSTS
WITE TRANSPCRT DISTANCE



Variation in Transport Costs
with Transport Distance

Tables B.l and B.2 indicate the variation in
transportation costs and tctal disposal costs as a function of
the distance between the reactor site and the waste burial site.
These 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 activity level and volume reduction factor. The
1000 mile cases were covered in Tables 1.4 and 1.5.

The differential cest column shows the difference in
costs between the tabulated distance cases and the costs for the
1000 mile case conditions. For example, the first item in Table
B.l for Differential Transport Costs 1s for a transport aistance
of 250 miles. Compared to the 1000 miles case for these wastes the
transport costs are less by $8700 per 1000 tt3 of as-generated

waste.



Table 4. 1. Transport Costs for BWR Waste Streams

e S < - ——— T ]~ ] ————-— - ——— . —————_—

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, M1 CO875, 9 COSTS, § TRANSE COSTS, §
BRCTRASH LOW TO 0.20 250 6300 250400 ~7900
HIGH 0.40 250 3900 136100 -4900
0.60 250 3jaoo 98700 -4800
0.80 250 jr00 aoooc ~-4700
VERY HIGH 0.20 250 47100 351600 ~74800
0.49 250 23600 192000 ~37400
0.60 250 15700 166100 ~24900
0.80 250 11800 132800 ~-18700
BNCTRASH LOW TO 0.20 500 8800 253000 ~-5300
HIGH 0.40 500 5500 137700 ~3300
- 0 ot 500 5400 100300 -3200
K 0.80 500 5200 81600 -3100
VERY HIGH 0.20 500 67300 371800 -54600
0.40 500 33roe 202100 ~27300
0.60 500 22400 172800 -18200
0.80 500 16800 137800 -13700
BNCTRASH LW TO 0.20 2000 28300 272500 142060
HIGH 0.40 2000 17700 149900 8900
0.60 2000 17200 112100 8600
0.80 2000 16700 93000 813100
VERY HIGH 0.20 2000 237500 541900 115600
0.40 2000 118700 287209 57800
0.60 2000 719200 229500 38500
0.80 2000 59400 1680400 28900
BNCTLASH LOM TO 0.20 3000 42500 286600 28300
HIGH 0.40 j000 26600 158700 17700
0.60 1000 25800 120700 17200
0.80 jouo 25000 101400 16700

Sttt forent bl costs compared to 1N wile dlstanre case




——— e . .

WASTE
TYPE

ACTIVITY
LEVEL

VRF

BNCIRASH

BCOTRASH

¢-4

BCOTRASH

VERY HIGH

LOW

TYPICAL

HIGH

VERY HIGH

“Differential costs compared to 1000 mile distance case

0.20
0.40
0.60
0.80

2.27
3.78
5.67
8.69
113.40

2.27
3.78
5.67
8.69
113.40

2.27
3.78
5.67
8.69
113.40

2.27
3.78
5.67
8.69
113.40

2.27
3.78
5.67
8.69
113.40

Table B.1. (Continued)

TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
DISTANCE, M1 COSTS, § COSTS, § TRANSP COSTS,$
1000 353000 657500 231100
3000 176500 345000 115600
jo0ouo 117700 268100 77000
000 88300 209300 57800
250 600 22100 ~700
250 00 13300 ~-400
250 200 9000 -300
250 100 6600 ~200
250 0 2100 0
250 600 22100 -700
250 300 13300 -400
250 200 9000 -300
250 100 6600 -200
250 0 2200 -1006
250 1000 240600 -1600
250 600 14400 ~1000
250 500 9900 ~700
250 400 7400 ~700
250 100 2400 ~-200
250 4200 31700 -6600
250 2500 19700 -4000
250 2500 15100 -4000
250 1600 10600 -2600
250 200 io00 ~-400
500 800 22300 ~500
500 500 13400 ~300
500 3oo 9100 -200
500 200 6700 -190
500 0 2100 0



Table 8.1 (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VRF DISTANCE, MI CO8TS, § COSTS,$ TRANSP COSTS,$
BCOTRASH TYPICAL 2.27 500 800 22300 -500
3.78 500 500 13400 -300
5.67 500 100 9100 -200
8.69 500 200 6700 -100
113.40 500 100 2200 -100
HIGH 2.27 500 1400 24400 ~1200
.78 500 900 14600 -700
5.67 500 700 10100 -500
8.69 500 600 7600 -500
113.40 500 200 2400 ~100
VERY HIGH 2.22 500 5900 3i400 ~-4800
3.78 500 3600 20700 ~-2900
5.67 500 3600 16200 -2900
8.69 500 2300 11300 ~-1900
@ 113.40 500 400 3200 ~300
>
BCOTRASH LOwW 2.27 2000 2500 24000 1200
3.78 2000 1500 14400 700
5.67 2000 1000 9800 500
8.69 2000 700 7100 300
113.40 2000 100 2100 0
TYPICAL 2.27 2000 2500 24000 1200
3.78 2000 1500 14400 700
5.67 2000 1000 9800 500
8.69 2000 700 7100 300
113.40 2000 200 2300 100
HIGH 2.27 2000 5200 28100 2500
3.78 2000 1100 16530 1500
5.67 2000 2400 11800 1200
8.69 2000 2300 9200 1100
113.40 2000 600 2900 ioo
VERY HIGH 2.27 2000 20900 48400 10200
3.78 2000 12600 29700 6100
5.67 2000 12600 25200 6100
8.69 2000 8200 17200 4000
113.40 2000 1300 4100 600

*Differential costs compared to 1000 mile distance case




Table 8.1. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VEF DISTANCE, MI COSTS, § COSTS, § TRANSP COSTS,§

BCOTRASH LOW 2.27 3000 3700 25300 2500

31.78 Joo0 2200 15200 1500

5.67 Jooo 1500 10300 1000

8.69 jooo 1000 7500 100

113.40 3000 100 2200 100

TYPICAL 2.27 3000 3700 25300 2500

3.78 3000 2200 15200 1500

5.67 Jooo 1500 10300 1000

8.69 jovo 1000 7500 100

113.40 3ooo joe 2500 200

HIGH 2.27 3ooo 7700 30600 5100

.78 1000 4600 18400 3000

5.67 000 3600 13000 2300

6.69 jooo 1400 10400 2300

- 113.40 jooo 909 3260 600

&

VERY HIGH 2.27 jooo jllo0 58600 20400

3.78 icoo 18700 15800 12200

5.67 3000 18700 31300 12200

8.69 3000 12200 21200 8000

113.40 Juoo 1900 4700 1200

BIXRESIN LOW 0.71 250 7500 85800 -12100

0.95 250 5200 61700 -8200

1.40 250 6700 59700 -16700

2.00 250 4700 L6400 ~1560

4.00 250 2400 40800 ~-3700

TYPICAL 0.71 250 19%00 121600 -31600

0.95 250 14500 93000 ~23600

1.40 250 10100 80300 -16000

2.00 250 7100 81300 ~1126G0

4.00 250 7100 58700 -11200

HIGH 0.7 250 3800 226500 ~63200

0.95 250 29800 208000 -47200

1.40 250 20200 170400 ~32000

2,00 250 16500 171400 ~26200

4.00 250 12400 118100 -19600

*Differential costs compared to 1000 mile distance case




Table ) (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VRF DISTANCE, MI CO8TS, § COsTS, § TRANSP COSTS,§
VERY HIGH 0.71 250 69700 613200 ~110600
0.95 250 52100 510900 ~-82600
1.40 250 35400 357400 ~-56100
2.00 250 33000 340000 ~52300
4.00 250 16500 212500 ~26200
BIXRESIN LW 0.71 500 10700 assoc ~-8900
0.95 500 7300 63800 -6100
1.40 500 9600 62600 ~1800
2.00 500 6700 668400 -5500
1.00 500 3400 41800 ~2700
TYPICAL 0.7 500 28400 130100 -23100
0.95 500 21300 99400 -17200
1.40 500 14400 84600 ~11700
2,00 500 10100 84300 -8200
| - 4.00 500 10100 61800 -8200
| o
HIGH 0.71 500 56900 243500 -46100
.95 500 42500 220700 ~214500
1.40 500 28800 179100 -23400
2.00 500 23600 1768400 ~19100
4.00 500 17700 123400 -14300
VERY HIGH 0.71 500 99500 643000 -80800
0.95 500 74400 533200 -60400
1.40 500 50500 372600 ~-41000
2.00 500 47100 354100 ~-38200
4.00 500 23600 219500 -19100
BIXRESIN LOw 0.71 2000 38600 116900 19000
0.95 2000 26400 82900 13000
1.40 2000 31500 86900 16500
2.00 2000 23700 85400 11600
4.00 2000 11%00 50300 5800

*Diffcrential costs compared to 100 mi.e distance case

-



Table §,},.(Continued)

ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
LEVEL DISTANCE, MI COSTS, § COSTS, § TRANSP COSTS,$

BIXRESIN TYPICAL 100300 202000 48800
2000 75000 153100 36500

2000 50900 121100 24800

15600 109800 17300

315600 87300 17300

200700 387300 97700
150000 j28200 73000
16i800 252000 49500
83100 238000 40400
62300 168000 30300

VERY HIGH 3s1200 894700 170900
262500 721200 127700
178100 500200 86700
166200 473200 80900
8iloo 279100 40400

BIXRESIN jsooc
26000
3iooo
23100
11600

TYPICAL $7700
73000
49500
34700
34700

195300
146000
99000
80900
60700

*Differential costs compared to 1000 mile distance case

e ———————




Table g.1. (Continued)

WASTE ACTIVITY TRANEPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, Ml COSTS, § COSTS, » TRANSF COS7TS,$

BIXRESIN VERY HIGH 0.71 3000 522100 1065600 341800
0.95 jooo 3%0200 8486500 255400
1.40 3000 264800 586900 173300
2.00 jooc 247100 554100 161800
4.00 jooo 123600 319500 #0900

0.71 250 6900 84300 -11000
1.9%0 250 5000 62800 ~7900
2.4G 250 3s00 3600 ~6200
.80 250 2500 36000 -3%00
4.50 250 2100 3%400 -3300

TYPICAL 0.71 250 19900 121100 ~31600
1.90 7400 78500 -11800
2.40 5900 51100 -9300
j.80 7400 55000 ~11800
4.50 6300 56100 -10000

0.71 39800 226100 ~63200
1.90 17400 154800 ~27500
2.40 13800 126200 -21800
j.e0 13000 117400 ~20700
4.50 11000 167800 -17400

VERY HIGH 0.71 69700 612700 ~110600
1.90 34700 350700 -55100
2.40 27500 266500 -43600
.40 17400 216600 ~27500
4.50 14700 191800 ~23300

*Differential costs compared to 1000 mile distance case




Table 8.1, (Continued)

WASTE
TYPE
BCONCLIQ
@
'
b=
BCONCL IC

*Differential costs compared to 1000 mile distance case

ACTIVITY
LEVEL

TYPICAL

HIGH

VERY HIGH

TYPICAL

HIGH

VRF

0.71
1.9
2.40
3.80
4.50

0.71
1.90

TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
DISTANCE, MI COSTS, § COSTS, § TRANSF COSTS,$
500 28400 129700 -23100
500 10600 81700 ~8600
500 8400 53600 ~6800
500 10600 58200 -8600
500 9000 58800 -7300
500 56900 243100 -46100
500 24800 162200 ~20100
500 19600 132000 -15900
500 18600 123000 -15100
500 15700 112600 -12709
500 99500 642500 -80800
500 49690 365600 -40200
500 3%300 278600 -31900
500 24800 224100 ~20100
500 20900 198100 ~17000
2000 35300 112700 17400
2000 25000 82900 12200
2000 19800 54500 9600
2000 12500 16100 6100
2000 10600 47900 5100
2060 100300 201600 s8800
2000 37500 108600 18200
2000 29700 74800 14400
2000 37500 85000 18200
2000 31700 81500 15400
2000 200700 386900 87700
2600 87500 224900 42600
2000 69300 181700 33100
2000 65600 1700060 31%00
2000 55400 152300 27000

R



Table p.1. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VRF DISTANCE, M1 CO8TS, § COsTS, § TRANSP COSTS,$
BCONCL IQ VERY HIGH 0.71 2000 351200 894200 170900
1.90 2000 175000 491000 85100
2.40 2000 138500 377%00 67400
j.80 2000 87500 266700 42600
4.50 2000 73900 251000 36000
BCONCL 1Q LM 0.71 3jooo 52700 130100 jq800
1.90 jooe 37200 95000 24300
Z.40 3000 29400 64109 19300
.80 joo0 18600 52100 12200
4.50 3000 15700 53000 10300
TYPICAL 0.71 1000 149200 250400 97700
1.9%0 3000 55700 126800 36500
2.40 joou 44100 893100 28900
.80 3000 557¢0 103360 36500
= 4.50 j000 47100 96900 30800
=
HIGH 0.71 jooo 298300 484500 195300
1.90 3000 130100 267500 85100
\ 2.40 3ooe 163000 215400 67400
\ j.e0 3ooo 97500 201%00 63900
4.50 jooo 82400 179200 53900
VERY HIGH 0.71 1000 522100 1065100 341800
1.90 3000 260100 576100 170300
2.40 joco 205900 445300 134800
.80 3000 130100 325300 85100
4.50 3000 109800 287000 71900
BFSLUDGE LOw 0.56 250 9300 108c00 ~14800
2.00 250 4700 51200 -71500
4.00 250 31500 431500 -5600
TYPICAL 0.56 250 25300 153%00 -40100
2.00 250 7100 66100 ~11200
.00 250 7100 59700 -11200

*Differentfal costs compared to 1000 mile distance case



11-4

Table .1, (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, M1 COSTS, § COSTS, § TRANSY COSTS,$

BFSLUDGE HIGH 0.56 250 50500 286900 -80100

2.00 250 16500 156200 -26200

4.00 250 12490 130700 ~-19600

VERY HIGH 0.56 250 88400 177300 -140200

2.00 250 33jo00 392500 -52300

4.00 250 16500 212700 ~-26200

BFSLUDGE LOwW 0.56 500 13100 111900 ~11000

2.00 500 6700 53200 ~5500

4.00 500 5000 45000 ~-4100

TYPICAL 0.56 500 36100 164700 ~29300

2.00 500 10100 69100 ~-8200

4.00 500 10100 62700 ~8200

HIGH 0.56 500 72100 308500 -58500

2.00 500 23600 163300 ~19100

4.00 500 17700 136000 ~14300

VERY HIGH 0.56 500 126200 815100 ~102400

2.00 500 47100 407600 ~38200

4.00 500 23600 219700 -19100

BFSLUDGE LOW 0.56 2000 7562 146300 23400

2.00 2000 23700 70200 11600

4.00 2000 17800 57800 8700

TYPICAL 0.56 2000 127200 255800 61%00

2.00 2000 15600 94600 17300

4.00 2000 15600 88200 17300

HIGH 0.56 2000 254400 490800 123800

2.00 2000 83100 222800 40400

4.00 2000 62300 180600 joioo

Pifferential costs compared to 1000 mile distance case



Z1-8

Table 8.1.. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VRF DISTANCE, MI COSTS, § COSTS, § TRANSP COSTS,$
BFSLUDGE VERY HIGH 0.56 2000 445200 1134100 216700
2.00 2000 166200 526800 80900
4.00 2000 83100 279300 40400
BFSLUDGE LOw 0.56 j000 70900 169600 46800
2.00 3060 35300 #1800 23100
4.00 3000 26500 66400 17300
TYPICAL 0.56 3000 189100 317700 123800
2.00 jooo 53000 111%00 34700
4.00 3000 53000 105500 34700
HIGH 0.56 1000 378200 614600 247600
2.00 joo0o 123600 263300 80900
4.00 joo00 92700 211000 60700
VERY HIGH 0.56 jooo 661900 1350800 433300
2.00 1900 247100 607600 1€1800
4.00 1000 123600 319700 86900



£1-4

Tablegn 2.

PNCTRASH

PNCTRASH

Transport Costs for PWR Waste Etreams

*Differential costs compared to 1000 mile distance costs

——— .

ACTIVITY TRANSPORT TRANSPORT TUTAL DIFFERENTIAL*
LEVEL VKF LISTANCE, NI CO8TS, § COSTS, § TRANSP COSTS,$
LOK TO 0.20 250 6300 250490 ~7900
TYPICAL 0.40 250 4200 136400 ~5400
0.60 250 4100 ¥9000 ~-5100
0.80 250 4000 80400 -5100
HIGH 0.20 250 13600 2715300 ~21700
0.40 250 1260¢ 157000 ~20100
0.60 250 12400 117900 -19900
0.80 250 11900 97700 -19000
VERY HIGH 0.20 250 47100 371300 ~74800
0.40 250 15400 221800 -56100
0.60 250 23600 192000 ~37400
0.80 250 17700 149200 -28000
LW TO 0.20 500 8800 253000 -5300
TYPICAL 0.40 500 6000 138200 ~-3600
0.60 500 5700 160700 ~3500
6.80 500 5700 82100 -3400
HIGH 0.20 500 19300 280900 ~16100
0.40 500 17800 162300 - 14900
0.60 500 17600 123100 ~-14700
0.80 500 16%00 102700 ~14100
VERY HIGH 0.20 500 67300 391500 ~-54600
0.40 500 50500 236500 -41000
0.60 500 33700 202100 -27300
0.80 500 25200 156800 ~20500
LCW TO 0.20 2000 28300 272500 14209
TYPICAL 0.40 2000 19200 151400 9600
0.60 2000 18400 113400 $200
0.80 2000 18300 94700 9100




vi-4

Table p.2. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPe LEVEL VRF DISTANCE, M1 CosTs, § COSTS, § TRANSP COSTS,$

PNCTRASH HIGH 0.20 2000 6960C0 33lio0 34300

0.40 2000 64500 208900 31800

0.60 2000 63600 169100 31300

0.80 2000 60900 146800 10000

VERY HIGH 0.20 200¢ 237500 561600 115600

0.490 200v 178100 364500 86700

0.60 2000 118700 287200 57800

0.80 2000 89000 220600 43300

PNCTRASH LOW TO 0.20 jooo 42500 286660 28300

TYPICAL 0.40 jooo 28800 161000 19200

0.60 jooo0 27600 122600 16400

0.80 Jooo 27400 103800 18300

HIGH 0.20 jooo 103900 365600 68600

0.40 1000 96300 240700 61500

0.60 3000 94900 200400 62600

v.80 jooe 90900 176800 60000

VERY HIGH 0.20 3000 353000 677200 231100

0.40 3000 264800 451200 173300

G.60 3000 176500 345000 115600

9.80 jooo 132400 263900 86700

PCOTRASH LOW 1.78 250 300 13300 -400

5.67 250 250 9000 -300

8.69 250 100 €600 ~-200

113.40 250 0 2100 0

TYPICAL 3.78 250 3oo 13300 ~400

5.67 250 200 9000 -300

8.69 250 100 6600 -200

113.40 250 ] 2200 -100



si-4

Table %.2. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL®
TYPE LEVEL VRF DISTANCE, MI COSTS, COSTS, ¢ TRANSP COSTS,$
PCOTRASH HIGH 3.78 250 600 14400 -1000
5.67 250 500 10000 ~700
8.69 250 400 7500 -700
113.40 250 100 2400 -200
VERY HIGH j.7¢e 250 3700 23000 -5900
5.67 250 2500 15500 -4000
8.69 250 1600 11300 -2600
113.40 250 200 3600 ~400
PCOTRASH LOwW 3.78 500 500 13400 -300
5.67 500 300 9ioo -200
8.69 500 20¢ 6700 -100
113.40 500 0 2100 0
TYPICAL 3.78 500 500 13400 -300
5.67 500 oo 9100 -200
8.6S 500 200 6700 -100
113.40 500 100 2200 -100
HIGH 3.78 500 $00 14600 -700
5.67 500 700 10200 -500
8.65 500 600 7700 ~-500
113.40 500 200 2500 -100
VERY HIGH 3.78 500 5300 24600 -4300
5.67 500 3600 16600 - 2900
8.69 500 2300 12000 -1900
113.40 500 400 3700 -300
PCOTRASH LOwW 3.78 2000 1500 14400 100
5.67 2000 1000 J800 500
8.69 2000 700 7100 ioo
113.40 2000 100 2100 0

*Differential costs compared to 1000 mile distance case



Table 8.2, (Continued)
WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFEREFTIAL®
TYPE LEVEL VRF DISTANCE, MI COSTS, $ COSTS, § TRANSP COSTS,§
PCOTRASH TYPICAL 3.78 2000 1500 14400 700
5.67 2000 1000 9800 500
8.69 2000 700 7100 300
113.40 2000 200 2400 100
HIGH 3.78 2090 3100 16900 1500
5.67 2000 2400 11500 1200
8.69 2000 2300 9400 1100
113.40 2000 600 2900 300
VERY HIGH 3.78 2000 18800 38100 9200
5.67 2000 12600 25600 6100
8.69 2000 8200 17900 4000
113.40 2000 1300 4600 600
@ PCOTRASH LOW 3.78 1000 2200 15200 1500
o 5.67 jooe 1500 10300 1000
o 8.69 3000 1600 7500 700
113.40 31000 100 2200 100
TYPICAL 3.78 3000 2200 15200 1500
5.67 3000 1500 10300 1000
8.69 3000 1000 7500 700
113.40 3000 300 2500 200
HIGH 3.78 1000 4600 18400 3000
5.67 3000 3600 13100 2300
8.69 3000 3400 10500 2300
113.40 3000 900 3300 600
VERY HIGH .78 3000 28000 47300 18300
5.67 3000 18700 31700 12200
8.6% 3000 12200 21800 8000
113.40 3000 1900 5200 1200




Table 8.2, (Continued)

ACTIVITY
TYPE LEVEL

PIXRESIN

VERY HIGH

FIXRESIN

TRANSPORT TRANSPOKT
DISTANCE, MI

250
250
250
250
250

250
250
250
250
250

250
250

250

TOTAL
COSTS, §

DIFFERENTIAL®
TRANSF COSTS, §

———— —— A e S—— ——— .~ — -

77300
59400
51300
58600
40800

104600
89200
14800
75000
48200

205900
167600
151100
141700

93300

540300
456400
320000
272500
177800

-6000




Table B.2 (Continued)

——— ———— - ——

WASTE TRANSPORT TOTAL DIFPFERENTIA! *
TYPE DISTANCE, NI CO57TS,$ CUSTS, § TRANSF COSTS,$

PIXRESIN 0.71 500 56900 223000 -46100
500 42500 180300 ~34500
500 28800 159700 ~23400
500 20200 147700 -16400
500 iiedo $6800 ~9600

VERY HIGH 500 99500 570100 -80800
500 74400 478700 -60400
500 50500 315100 ~41000
500 35300 283100 ~-28700
500 23600 184800 ~19100

PIXRESIN 85900
74900
62200
66400
50300

158200
149300
115500
103500

62500

366800
287800
232600
198800
126600

VERY HIGH 821800
666800
462700
372400
244400

*pifferential costs compared to 1000 mile distance case




Table 6.2. (Cont inued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, NI COSTS, ¢ COSTS, § TRANSP COSTS, §
PYXRESIN LOwW 0.71 3000 16500 91400 11000
0.95 3000 287¢0 84400 18%00
i.40 3000 29300 68900 13400
2.00 Y 14500 71200 9600
4.00 3000 17700 56100 11600
TYPICAL e.71 icoo 99400 190800 65100
0.95 3000 111500 185800 73000
1.40 jooo 75600 140300 45500
2.00 1000 53000 120800 34700
4.90 jooo 26500 711060 17300
HIGH 0.71 jooo 2981300 464400 195300
0.95 jooo 223000 j6 0800 146000
1.40 jo00 151306 282200 99000
2,00 jooo 10590t 233400 69300
- 4.00 juoo 61800 146600 40400
'
©
VERY HIGH 0.71 3000 522190 992700 341800
0.95 iooo 190200 794500 255400
1.40 3000 264800 549400 173300
2.00 3000 185300 433100 121300
4.00 jooo 123600 284800 80900
PCONCLIQ LOwW 0.71 250 2400 73500 -3000
3.10 256 joo 27000 -400
5.40 250 200 14700 -300
6.60 250 200 19100 -300
10.40 250 500 17060 -800
TYPICAL 0.71 250 2460 17500 ~3000
3.2 250 25% 32400 -4000
5,29 250 1706 18500 ~-2800
.60 25¢ 1460 22100 ~2300
12.40 250 %00 18800 ~1400

*Differential costs compared to 1000 mile distance case




0z-4

Fable P.2  (Contipyed)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE , MI COSTS, § COSTS, ¢ TRANSP COSTS,§

PCONCL IQ HIGH 0.7 250 13300 104800 ~21100

3.70 250 3600 40500 ~-6100

5.40 250 5200 jisoo ~-8300

6.60 250 2100 27400 ~3400

10.40 250 2700 26700 -4300

VERY HIGH 0.71 250 19900 167000 ~31600

j.70 250 8900 89200 -14100

5.40 250 9200 75700 -14500

6.60 250 5000 59100 -79¢0

10.40 250 4800 53100 ~71500

PCONCLIQ LOW 0.71 500 3400 74500 -2000

3.70 500 500 27100 ~3100

5.40 500 300 14800 -200

6.60 500 300 19200 -200

10.40 500 700 17200 -6060

TYPICAL 0.71 500 3400 78500 -2000

3.70 500 3600 33500 -3000

5.40 500 2500 19200 ~2000

6.60 500 2000 22700 ~1700

10.40 500 1300 19100 ~1100

HIGH 0.71 500 1%000 110509 ~15400

3.70 500 5500 42100 ~4400

S.40 500 7500 34100 -6100

6.60 500 3100 28300 ~2500

10.40 500 3900 27800 -3200

VERY HIGH 0.71 500 28400 175500 -23100

3.70 500 12700 93000 -10300

5.40 500 13100 79700 -10600

6.60 500 7100 61300 ~5800

10.40 500 6800 55100 -5500

*Differential costs compared to 1000 mile distance case



TYPICAL

to 1000 mile distance

Table 8.2. (lontinued!

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERERTIA"*
TYPE LEVEL VKF DISTANCE, M] COSTS, § COSTS, § TRANSP COSYS,§

PCONCLIQ LOW 0.71 2000 10800 81%00 5400

3.70 2000 1600 28200 s00

5.40 2000 1000 15500 500

6.60 2000 1100 20000 500

10.40 2000 2500 19009 1200

TYPICAL 0.71 2000 10800 LoH9%00 5400

3.70 2000 12800 42700 6200

5.40 2000 8800 25500 4300

6.60 2000 7200 27%00 1560

10.40 2000 4600 22400 2200

HIGH 0.71 2000 66900 158400 326900

3j.7¢ 2600 19300 55900 9400

.40 2000 26400 53000 12800

6.60 2000 10800 36000 5300

10.49 2000 13700 37700 6700

VERY HIGH .71 2000 100300 247400 4B8E00

3.70 20600 44500 125200 21%00

2.40 <000 46200 112800 22500

6.60 2000 25200 79300 12300

10.40 2000 24000 72300 11700




Table B.2. (Continucd)
WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, M1 COSTS, § COS7T8,§ TRANSY COSTS,$
PCONCL IQ HIGH 0.71 3060 9400 121000 65100
3.70 joou 28600 65390 18700
5.40 3000 39200 656800 25700
6.60 3000 16000 41300 10500
10.40 3000 20400 44300 13300
VERY HIGH 0.71 jo000 149200 296300 97700
3.70 3000 66800 147100 43700
5.40 3000 68600 135200 44900
6.60 3300 37400 91600 24500
10.40 J00d 315600 84000 21300
PFSLUDGE LOW 0.56 250 3100 98000 -3900
2.00 250 1900 43200 -3000
4.00 250 2400 39%00 -3700
% TYPICAL 0.56 250 16800 132600 ~26700
3 2.00 250 7100 58300 -11200
4.00 250 31500 48000 ~-5600
HIGH 0.56 250 25300 185800 -40100
2.00 250 14100 104000 ~22400
4.00 250 8300 84200 -13100
VERY HIGH 0.56 250 58900 5077060 ~93500
2.00 250 2480v 231700 ~39200
4.00 250 16500 177200 -26200
PFSLUDGE LOW 0.56 500 4400 99300 ~2600
2.00 509 2700 44000 ~2300
4.00 500 3400 40900 -2700
TYPICAL 0.56 500 24000 139800 ~19560
2.00 500 17100 61300 -8200
4.00 500 50060 49500 ~4100

*Differential costs compared to 1000 mile distance case



Table B.2. (Continued)

WASTE ACTIVITY TRANSPORT TRANSPORT TOTAL DIFFERENTIAL*
TYPE LEVEL VRF DISTANCE, M1 COSTS, § COS7TS, § TRANSP COSTS,$
PFSLUDGE KIGH 0.56 500 36100 196600 ~29300

2.00 500 20200 110100 ~16400
4.00 500 11800 871750 -9600
VERY HIGH 0.56 500 84100 532800 68300
2.00 500 35300 242300 -28700
4.00 500 23600 184200 ~19100
PFSLUDGE LOW 0.56 2000 14000 108900 7000
2.00 2000 9700 51000 4800
4.00 2000 11900 49400 5600
TYPICAL 0.56 2000 84800 200600 41300
2.00 2000 315600 86800 17300
4.00 2000 17800 62200 8700
2
- HIGH 0.56 2000 127200 287700 61900
2.00 2000 71200 161100 34700
4.00 2000 416090 117500 20200
VERY HIGH 0.56 2000 296800 745560 144400
2.00 2000 124700 331600 60700
4.00 2000 83100 243800 40400
PFSLUDGE LOW 0.56 3000 20900 115900 14000
2.00 3000 14500 55600 9600
4.00 3000 17700 55200 11600
TYPICAL 0.56 3000 126100 241900 32500
2.00 3000 53000 104200 34700
4.00 3000 26500 70900 17300
HIGH 0.56 3000 189100 3149600 123800
2.00 3000 105900 195600 69300
4.00 3000 61800 137700 40400

*Differential costs compared to 1000 mile distance case




APPENDIX C

SITE-SPECIFIC BURIAL COSTS



Site-Specific Burial Costs

Tables C.1 and C.2 present burial costs for BWR and PWR
low~level radwastes, respectively. Burial costs are shown based
on two rate schedules. The costs for burial at sites operated by
U.S. Ecology, Inc. (Beatty, NV and Hanford, WA) are based on the
average rates charged between these two sites. The 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.

The differential cost columns simply show the site
specific burial costs minus thée average burial costs. These
differentials should allow the user to adjust the tctal disposal
costs for particuiar wastes to reflect burial at a specific
burial site.



Tabl

ACTIVITY
LEVEL

BNCTRASH

O
J
L

BCOTRASH

LOW to

TYPICAL

HIGH

VERY HIGH

LOW TO

TYPICAL

HIGH

VERY HIGH

0.20
0.40
0.60
0.80

0.20
0.40
0.60
0.80

0.20
0.40
0.60
0.80

2.27
3.78
5.67
8.69
113.40

2,27
3.78
5.67
8.69
113.40

2,27
3.78
5.67
8.69
113.40

e C.1. Site-Specific Burlal Costs for BWR Wastes

o —— e

U.S5. ECOLOGY BARNWELL AVERAGE DIFFERENTIAL* DIFFR/ENTIAL**
BUR COSTS, 8§ BUR COSTS,$§ BUR COSTS,$ U.5.EC - AVG BNWL -~ AVG

99000 128600 113800 -14600 14800
49500 64300 56900 ~7400 7400
3ijooo 42500 37900 -4900 5000
24800 32100 28400 ~3600 3700
99000 141400 120200 -21200 21200
49500 72300 60900 -11400 11400
33000 50600 41800 - 8800 BBOO
24800 39700 32200 ~7400 71500
140600 196800 158700 ~-28100 28100
70300 110600 90400 ~20100 20200
46900 136300 91600 ~44700 44700
is5100 108300 71790 ~36600 36600
8700 11300 i0000 -1300 1300
5200 6800 6000 ~-R00 800
i%o0 4500 4000 ~500 500
2300 3060 26350 -300 400
200 500 300 ~100 200
9400 12500 11000 ~-1600 1506
5700 7500 6600 -900 900
3800 5100 4400 -600 100
2500 3500 3000 -500 500
joo 800 500 ~200 300
13700 i7300 15500 -1800 1800
8200 11700 10000 -1800 1700
5900 9400 76006 ~1700 1800
jgoo 6200 5000 -1200 1200
600 1600 1100 -500 500

*U.S. Ecology site burial costs minus average burial costs,
**Barnwell, SC site burial costs wminus average burial cosis.
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Table ¢.). (continued)

S s e e S-S S e e S S i w———— —_— — - - -

WASTE ACTIVITY U.S. ECOLOGY BARNWELL AVERAGE DIFFERENTIAL* DIFFERENTIAL**
TYPE LEVEL VRF BUR COSTS,$ BUR COSTS,$ BUR COSTS,$ U.S5.EC - AVG BNWL - AVG
BIXRESIN LOwW 0.71 Joioo 45200 37700 ~-7600 7500
0.95 22500 33200 27900 ~5400 5300
1.40 18300 28100 23200 -4900 49%00
2,00 141090 22100 18100 -4000 4000
4.00 7000 11100 9000 -2000 2100
TYPICAL 0.71 46800 75400 61100 ~14300 14300
0.95 35000 64000 49500 -14500 14500
1.40 27100 53900 40500 ~13400 13400
2.00 23500 37760 30600 ~7100 7100
4.00 13300 31300 22300 ~9000 9000
HIGH 0.71 88400 203800 146100 ~57700 57700
0.95 106800 192300 149600 -42800 42700
1.40 90300 150700 120500 -30200 10240
2,00 66400 156200 111300 -449%00 44900
4.00 jgsoo 113900 76400 -37600 37500
VERY HIGH 0.71 219700 786200 502900 -283200 283300
0.95 164900 €95400 430100 -265200 265300
1.40 112900 471900 292400 -1719500 179500
2.00 90706 436100 263400 -172700 172700
4.00 46900 286300 166600 -1197¢00 119700
BCONCLIQ LOwW 0.71 10100 44500 37300 -7200 7200
1.90 14800 23300 19000 ~4200 4300
2.40 11700 18400 15100 -3400 3300
1.80 7400 11600 9500 ~2100 21¢0
4.50 6900 9800 8400 ~1500 1400
TYPICAL 0.71 46800 75400 61100 ~14300 14300
1.90 24700 3’700 32200 ~-71500 71500
2.40 19600 31400 25500 -5900 5900
3.80 14000 32900 23500 -9500 9400
4.50 13900 27800 20900 -7000 6900
HIGH 0.71 88400 203800 146100 ~57700 57700
1.90 69800 127300 98600 ~28800 28700
2.40 55400 130200 92800 -37400 37400
3.80 40800 119900 80400 -39600 19500
4.50 34500 101300 6/900 ~33400 33400

*0.8. lcofagy site burial costs minus average burial costs.
**Barnwell, SC site burial costs minus averagye burial costs,
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Table C.1. (cont inued

WASTE ACTIVITY U.8. FCOLOGY BARNWELL AVERAGE DIFFERENTIAL* DIFFERENTIAL**
TYPE LEVEL VRF BUR COSTS,$ BUR COSTS,$ BUR COSTS,$ U.S.EC -~ AVG ENWL - AVG
VERY HIGH 0.71 219500 786200 502900 -283490 283300
1.90 95200 459100 2717200 ~-182000 181900
2.40 76000 363400 219700 ~143700 143700
3.B0 49100 3ol400 175200 -126100 126200
4.50 41900 254500 148200 -106300 106300
BFSLUDGE LOwW 0.56 38200 57000 47600 ~9400 9400
2.00 141060 22100 18100 ~-4000 4000
4.00 8100 13400 10800 -2500 2600
TYPICAL 0.56 59300 95500 77400 ~-18100 18200
2.00 23500 37700 joeoo ~71100 7100
4.00 15700 31300 23500 ~1800 7800
HIGH 0.56 112000 258400 185200 ~73200 73200
2.00 66500 156200 111300 -44800 44900
4.00 38900 139500 89200 ~50300 50300
VERY HIGH 0.%6 278600 996800 637700 -359190 359100
2.00 91700 572600 332200 ~240500 240400
4.00 47800 286300 167160 -119300 119200

*U.S. BCOlogf_;itc burial costs minus average burial costs,
*s*parnwell, SC site burial costs wminus averaye burial costs,



Table ¢.2. Site-Specitic Burial Costs tour PWR Wasles

WASTE ACTIVITY U.S5. ECOLOGY BARNWELL AVERAGE DIFFERENTIAL* DIFFERENTIAL**
TYPE LEVEL VRF BUR COSTS,$ BUR COSTS,$ BUR COSTS, § U.5.EC -~ AVG BNWL - AVG
PNCTRASH LOW TO 0.290 99000 1265600 113800 ~14800 14800
TYPICAL 0.40 49500 64300 56900 ~1400 7400
0.60 33000 42900 37900 -4900 5000
0.80 24800 jz2100 284060 ~3600 3700
HIGH 0.20 107000 144800 125%00 ~-18900 18900
0.40 53500 19300 66400 ~12900 129C0
0.60 35700 57760 46700 -11000 11000
0.80 26800 46400 16600 -9800 9800
VERY HIGH 0.20 155600 221200 168400 ~32800 32800
0.40 83100 1313800 108400 -25300 25400
0.60 55400 163900 1us8700 -54300 54200
0.80 41500 123000 82200 -40700 40800
PCOTRASH LOW TO 3.78 5200 6800 6000 -800 800
TYPICAL 5.67 iso0 4500 4000 -%00 500
8.69 2300 3000 2600 ~300 400
113.40 200 500 o0 -100 200
HIGH 3.78 5700 1500 6600 -900 900
5.67 jsoo 5400 4600 ~-830 800
8.69 2500 jaco 3100 -600 100
113.40 100 860 600 -300 200
VERY HIGH 3.78 10000 14200 12100 -2100 2100
5.67 6700 9400 8100 -1400 1300
8.69 4400 7009 5700 -1300 1300
113.40 100 2100 1600 -500 500
PIXRESIN LOW 0.71 27900 41200 34500 6600 6700
0.95 22500 11600 27000 -4500 46006
1.49 15300 23100 19200 ~3900 i%00
2,00 , 10700 16300 13500 -2800 2800
4.00 7000 11100 9000 -2000 2100

*U.S5. Ecology site burial costs minus average burial costs,
**Barnwell, SC site burial costs minus average burial costs.
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Table C.2, (continuea)

e e e . . - —

WASTE ACTIVITY U.S. ECOLOGY BARNWELL AVERAGE DIFFERENTIAL® DIFFERENTIAL**
TYPE LEVEL VRF BUR COSTS,§ BUR COSTS,$ BUR COSTS,$ U.S5.EC -~ AVG BNWL —~ AVG
PIXRESIN TYPICAL 06.71 39600 62300 51600 ~11400 11300
0.95 35000 56300 45600 ~10600 10700
1.40 21100 4:400 35300 -8200 8100
2.00 19000 30400 24700 -5700 5700
4.00 11800 16200 15300 ~3500 je00
HIGH 0.71 75100 176300 125700 ~50600 50600
0.95 66100 152300 109200 ~43100 43100
1.40 712500 130500 101500 ~-29000 29000
2.00 63200 105500 84300 ~21100 21200
4.00 33200 18100 55700 ~22500 22400
VERY HIGH 0.71 218500 642000 430200 ~2117/60 211400
0.95 163800 587600 3ist00 ~211900 211906
1.40 111800 i%8/00 255290 ~143400 143500
2.00 78800 330300 204500 -125700 125800
4.00 45700 218100 131960 ~86200 86200
PCONCL 1Q LOW 0.71 27900 36200 32100 ~4200 4100
3.70 5400 1100 6500 -1100 1200
5.40 3700 5200 4500 -800 /00
6.60 jo00 4400 3100 ~130 700
10.40 2100 31090 2600 ~500 “00
TYPICAL 0.71 27900 41100 14500 -6600 6600
j.70 1600 12000 9800 -2200 2200
5.40 5200 8200 6700 =1500 1500
6.60 4300 6700 5500 ~1200 1200
10.40 3000 400 3900 -9%00 600
HIGH 0.71 1%600 62300 51000 ~11400 11300
3.70 12700 20400 16600 -3%00 00
5.40 9900 23200 16500 -6600 6/00
6.60 7100 12900 10000 -29060 2900
10.4v 6000 13%00 10000 -4000 31900
VERY HIGH 0.71 66200 146800 106500 -40300 40300
3.70 15900 84400 60200 -24300 24200
5.40 28700 84400 56500 -27600 27900
6.60 20200 571700 38900 ~-1870¢C 18800
10.40 15000 53700 34300 ~19300 19400

*U.S. Ecology site burial costs minus averags burial costs.
*sgarnwell, SC site burial costs minus average burral coste.



Table C.2. (contirued)

WASTE ACTIVITY U.S. ECOLOGY BARWELL AVERAGE DIFFERENTIAL" DIVFERENTIAL®**
TYPE LEVEL VRF BUR COSTS,$ BUR CO5TS,§ BUR COSTS,$ U.S.EC - AVG BNWWL - AVG
PFSLUDGE LOW 0.56 35400 52200 438900 ~8400 8400
2,00 10700 15100 12900 ~2200 2200
4.00 7000 96800 8400 -1400 1400
TYPICAL 0.56 50200 79000 64600 ~14400 14400
2,00 19000 26800 22906 -3%00 3900
4.00 11800 18900 15300 ~3500 J6uo
HIGH 0.56 84000 134700 109400 -25400 25300
2.00 50700 72300 61500 -10800 10800
4.00 33200 €0500 46800 -13600 13700
VERY HIGH 0.56 237200 557900 397600 -160400 160300
2.00 78100 279100 178600 -100500 100500
4.00 45100 2168100 131600 ~-86500 B6 500

=9

*U.5. Ecology site burial costs minus average burial costs.
**Barnwell, SC site burlal costs minus average burlial costs.
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NRC regulatory impact analyses address t
regulatory requirements. Many of these
to existing structures and systems at nucle

costs and benefits associated with proposed
irements will result in physical modifications
power plarts.

This report provides a methodolcgy and data needed to estimate the generic costs of
disposing of radioactive wastes that'may be genlrated as a result of NRC regulations
requiring modifications or repairs to nuclear fadjlities. Also presented are descriptions
of typical low-level radwastes generated at nucledr power plants and the various

processes used L0 treat the wastes in preparation fur shipment and burial. The waste
disposal cost estimates included in this report cover all of the major elements that
contribute to the overall costs. The key factors that influence the costs are discussed.
Pertinent ranges of values for the key variables are eXplored and important sensitivities
identified. Occupational radiation exposure associat ith in-plant handling of the
wastes is also discussed.
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