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ABSTRACT

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

This report provides a methodology and data needed to estimate the generic costs of
disposing of radloactive wastes that may be generated as a result of NRC regulations
requiring modifications or repairs to nuclear facilities. Also presented are
descriptions of typical low-level radioactive wastes generated at nuclear power plants
and the various processes used to treat the wastes in preparation for shipment and
burial. The waste disposal cost estimates included in this report cover all the major
elements that contribute to the overall costs. The key factors that influence the costs
are discussed. Pertinent ra.rzu of values for the key variables are explored and
important sensitivitivs identified. The cost implications of the burial surcharges
authorized by the Low-Level Radioactive Waste Policy Amendments Act of 1985 are
covered. Occupational rudiation exposure associated with in-plant handling of the
wastes is also discussed.

This report updates and revises information presented in NUREG/ CR-4555.
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1.0 EXECUTIVE SUMMARY

9 | RAD'OACTIVE WASTE TYPES AND VOLUME REDUCTION PROCESSES

Waste Types



Tabkle 1.1

summary of Total : .ost Estimates for the Disposal of Low Level Radloactive Wastes (1988 dollars)
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are general'y roferred to as waste streams. Each stream is relatively distinct in terms of
its form (wet or dry, compactible or noncompactible), its chemical makeup, and its
radionuclide content and concentration. For the purposes of this study, the following
waste streams have been pursued:

Waste Types Symbel
PWR Compactible Trash P-COTRASH
PWR Noncompactible Trash P-NCTRASH
PWR lon-Exchange Resins P-IXRESIN
PWR Concentrated Liquids P-CONCLIQ
PWR Filter S es P-FSLUDGE
BWR Compactible Trash B-COTRASH
BWR Nonrcompactible Trash B-NCTRASH
BWR lon-Exchange Resins B-IXRESIN
BWR Concentrated Liquids B-CONCLIQ
HBWR Filter Sludges B-FSLUDGE

Compactible and noncompactible 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-
mandatec. modifications or repairs to the plants. The other wastes may also be
denerated as a result of activities such as system drainage to accomplish the
modifications, system flushing and decontamination, area washdowsn, and laundering.

Noncompactible trash is the waste stream of primary interest to this study. This is
because the noncompactible trash is made up of the hardware and components which
are most commonly the subject of the repair or modification efforts. Other wastes such
as compactible trash are normally generated as a by-product of the repair, removal,

3 , or modification efforts. Noncompactible trash typically consists of
materials such as conduit, piping, valves, wood. hardware equipment, tools, concrete,
dirt and glass. This waste Is not amenable to extensive volume reduction.

The other waste stream expected to be produced from r;pun and modifications to
nuclear plants is compactible trash. Large quantities of this waste .re typicaily
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 ts amenable to considerable volume reduction.

lon exchange resins, concentrated liquids. and filter sludges are classified as wet
wastes. They are generated as a result of filtering and purification efforts for
radiocactive iquids. [on exchange resins are small porous beads used to process various
llauid waste streams through a combination of absorption and/or adsorption of
soluble tonic 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 {ltering and demineralizing qualities.

Many nuclear plants have employed evaporator systems to reduce the volume of liquid
radwastes Concentrated liquid wastes are a combination of the liquid stream and
accumulations of solids and solut#s carried (n the stream. Concentrators (evaporators)
are used in processing laundry waste water, decontamination solutions, liquids from
floor drains, and other such sources.

Fiter sl 'dges refer to powdered lon-exchange resin generally used as a precoat material
on filter demineralizers. and flocculating agents (filter aids) used to extend the

! Solid vnod pleces are sometimes disposed as compactible trash



Iife of the filter. Most plants use powdered resin not for fltration of
insoluble material but also for its fon-exchange [ roperties. Sludge from precoat filters
can be a combination of the original precoat material, insolubles such as dirt removed
from the liquid stream being processed, corrosion particles, and other suspended solids

and flocculatin, agents used in the system.

An important characteristic of each radwaste stream 1s its radionuclde content. The
following tabulation indicates the typical activity concentration for each waste type in
its as- generated state, Le., prior to any compaction or other processing (Ref. 1).

Typical Activity Concentration, C1/ft3

Siream BWRs PWRs
Noncompactible Trash 0.00133 0.00267
Compactible Trash 0.00011 0.000185
lon-Exchange Resins 0.176 0.11
Concentrated Liquids 017 001
Filter Sludges 023 007

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

112 Volume Reduction Processes

Radioactive waste volume reduction processes have always been employed at nuclear
power plants. Volume reduction is attractive from practical as well as economic
standpoints. In recent years, the costs of disposing of low-level radioactive wastes have
risen dramatically. This is particularly true of burial costs (Ref. 2). Since burial ces. s
are generally assessed on a per-unit-volume basis (i.e.. $/1t3), tn general, the lower the
velume of waste from a given plant requiring burtal the lower the disposal costs to that
plant. Thus there is an incentive for nuclear utilities to improve their effectiveness in
reducing the volume of radioactive wastes which must ultimately be disposed.

Enhanced volume reduction efforts have occurred on two fronts. First, the problem of
waste generation is getting renewed attention at nuclear plants. Utllities are changing
their procedures and administrative contrels to help reduce the amount of low-level
wastes generated  Second, once waste hus been generated it s generally subjected to
some type of volume change process. For compactible trash, the as-sh: volume s
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
increiascs the volume to be disposed, while Incineration processes can substantially
decrecse the final volume

Table 1 2 summarizes the various waste processing systems and assoctated volume
reduction or increase factors for each waste siream. 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 systems employing the same basic
technique, e g . evaporation, will reduce the volume of a given waste stream to different
extents. An example of this s shown for the concentrated liquid waste stream
(CONCLIQ). Three duferent 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 (s dependent on 'vhether the waste
stream was generated in a BWR or a PWR



Table 1.2 Waste Processing Techniques and Assoclated Volume Reduction Factors

Waste Volume
Stream Reduction Processing Technique
Factor *
COTRASH 23 Standard Compactor
38 Standard Compactor, complete filing of was'e coritaners
57 Improved Compactor
8.7 Supercompactol
113.4 Incinerator, solidification o« ash
NCTRASH 02 Hand packing
04 Careful hand packing
06 Cutting plus careful hand packing
08 Cutting, careful hand packing, and supercompactor
IXRESIN 07 Solidification in Cement
0.95 Dewatered, placed in high integrity containers
14 Mobile evaporator, solidification in binder
20 Evaporation of water, grinding of resins, mixing with binder
40 Incineration, mising ash with binder
CONCUIQ BWR/PWR
07/07 Solidification in cement
1.9/3.7 Evaporator/crystallizer process. solidification in binde -
24/54 Mobile evaporatos, solidification in binder
3R/66 Evaporator, grinding of residue, solidification in Jinder
45/104 Dryer/incinerator, solidification in hinder
FSLUDGE 0.56 Solidification in cement
20 Evaporator. solidification in Linder
40 Incinerator, solidification in binder

* Volume Reduction: Factor (VRF) = Untreated (As-generated) Waste Volume
Em dEEEEE Waste Volume



12  ESTIMATION OF WASTE \ OLUME GENERATION

The foregoing disc .ssions indicated that in order to develop estimates of the cost of
disposing «- radivactive waste, it Is necessary to know the volume of waste generated.
In the case of NC-initiated plant modiiications, this capability to predict waste
volume generat‘on will be required for a very wide range of specific tasks. Moreover,
since the cc s 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 is 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 discussions with waste handling equipment
vendors and information in the open litera ure, 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 noncompactible dry
active waste (P- or B- NCTRASH). The first sterm the estimation of the volume of this
primary waste stream is (o evaluate the actual physical volume of the identifiable plant
components and materials that will be removed/replaced and thus become waste. The
next step is o determine the packing fraction of the const*_¢nts in the shipping
containers. To estimate packing fraction, the opt**.um configuration of the
constituents in the box is estimated. The packing fraction is the ratio of the volume of
the constituents to the volume of the box. al packing fractions for
noncompactible trash are estimated to be on the order of 0 75

The volume of compactible DAW (P- or B-COTRASH) yienerated in (he course of a specific
task ts difficult to estimate. This is because this waste stream s composed mostly of
pap.r ard plastic (includiag PVC). The quantities of disposable paper and plastic
generated in the course of a task is a function of general housekeeping considerations at
any particular plant, and cannot be dertved from first principles.

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

Volume Compactible DAV

Al FWhs: olume Noncompact

=09

Volume Compactible DAW
AN BWRs Tolime meo.npachs.c DAW “21

Gtven the estimated volume of noncompactible DAW generated, these ratios can be used
to estimate the assoclated voluine of compactible DAW generated. Tt = volLmes used in
dertving the above ratios are those for the as-shipped (L.e., after processing) condition

To provide unalog s estimates for the as-generated condition. the as-shipped volumes
should be adjusted according to ‘he appropnate volume reduction ‘actors For example.
for both BWRs and PWRs typical volume reduction factors for non- compactible trast
are about 0.2 to 0 4, while those for cormpactible trash are about 38 to £ The ratio ol
the as-generated compactible trash volume to the volume of nor - compactible trash
generated at each type of plant can be approximated as follows



WASTE DIS™OSAL COSTS

Major Cost Elements

Conts and Basls




TABLE | 3 Summary Approsch to Waste Volume Estimating

——————-———I—W

WASTE STREAM COMPONENTS APPRGACH GUIDANCE
Noncongpactible DAW Miping. cor.duit. msulation ! Estimate physical volume Use geametry.
i or B-NCTRASH! valves pu mps. cable Cays. of plant compon-—nis.
concrete, Nirt, et
2 Estimate approximate VRF Range l 0210 2 m
(packing fraction) in ~100 £ boxes. (Typical
waste containers. values are 02 10 0.4)
3 Might be able to derontaminate Overall. estimated cost of
and ~evcle at a lower cost. recycle = 80 85% cost of disposal
Compactible DLW Large! pape:r and plastic Correlation based on 1981 data lor
& or B-COTRASH; nusstry wide, as shipped “olumes of

compactibie and noncompactible OAW Mu%-ll
mﬁ%mw:l - - 09

lon Exchange Kesin From cleanup of pnmary Depietion of resin is a function For -2 conductivity:
i or B-IXRESIN] svstem, fuel pool water, of concentration of dissolved ~1.5 dm/lo‘.ﬂ.
or plant drat  aler solids in hquid stream.
For -150 pmho conductivity:
~1.5 A3 of waste/107-10% gal
From cleanup of aec o Depietion of resin is a function For LOMi decon solution:
taininan solution deas‘udzﬂ ~0.1 £ of waste /gal decon soln.
being decomaminated. and
decon solution used
Filters From decontamination Use actual data. ~1x10°3 13 of waste/ res~irator
of personnel respirators. deconned (-1 /2 comp. & ~1/2
non -comp |
Froin laundering protective  Use actual data. -2x10 3 2 of waste /dressout
clothing. (all compactibie)

 Volumes and ratios are gven on as-shipped hosis. To estimate on as generated basis, use following relationship with appropriate
volume reduciton factors (VRF). As-Generated Volume = As-Shipped Volume x VRF



Reactor type (BWR and PWR)

Waste type (NCTRASH, COTRASH, IXRESIN, "ONCLIQ and FSLUDGE)
Activity level (Low, Typical, High and Very High)

Extent of © olume reduction (3 to 5 different volume reduction factors for
each waste type).

Each of these factors was essentially treated as an indep ~dent vatiable. Costs were
ulcuhted for all applicable combinations of these paraineters, In addition, for each

ase transportation uistance was treated as an independent variable and costs were
cakuhtcd for several distinct one-way distances from the nuciear plant to the burial
site,

All costs ed in this section represent the costs to dispose of 1000 ¢\ bic feet of as-
generated waste for each waste stream. This s the volume of the waste in 1 i as-
generated condition, Le., prior to any type of processing to reduce its volum, *, solidify it,
or otherwise treat it The selection of the 1000 ft3 reference voiume s arbit. ary, but
reasonable. Costs for volumes other than this can be estimated using linear scaling.

Tables 1.4 and 1.5 summarize the waste disposal costs lor each waste stream. BWR
wastes are treated in Table | 4 and PWR wastes in Table 1.5. Each table shows costs for
each waste siream, for low, typical, high and very high activity levele, and for each
applicable volume reduction factor. Costs for processing, transport, storage, and
burial, as well as the total costs, are displayed. In these tables the transportation
distance has been set at 1,000 miles.

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

*  The costs are for the disposal of 1000 t? of as-generated wastes; | ¢ . given
1000 13 of waste prior to processing. the table shows estimates of the costs
to process (Including volume reduction), store, transport, and bury the
wastes, as well as the total costs.

¢ The typical activity of each waste stream Is as discussed in Section 1.1.1.
The low activity cases are a factor of 10 less than the typical, the high
act cases are a [actor of 10 greater than the typical, and the very high
are a factor of 100 greater thar for the typical waste conditions.

¢ Al costs shown in Tables 1 4 and 1.5 are based on an as* med one way
transport distunce from the plant to e disposal site of (000 miles. Cost
stments for distan.es r than 1000 miles can be made using the
ormation provided in Appendix B,

o The use of 7.5-ft3 disposal contatners is assumed throughout. For certain

of the waste streams r containers are ally used. However, the
spectfic container stze used is believed to play a minor role in the overall
COsts.

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

¢ Even though the costs of facilities for intertm on-site storage are included
in the tables, all costs are treated as U they are present day costs.
Therefore, transportation and burial costs, even though they might in
reality occur several months or years after the waste is proe . are
assumed 10 occur immediately and are not discounted.



Tabie 1.4 Estimated Cost for the Disposal of Low Level Radioactive Wastes (BWRs)

1LEVEL COSTS
oW 02 $106. 908
04 $64 250

06 £50.087

08 $43 908

TYPICAL 02 $1086 908
04° $64 250

06 S50 087

08 $43 908

HIGH 02 $106 908
04 $64 250

06 $50.087

08 $43 908

VERY HIGH 02 $106 908
04 $64 250

06 $50.087

08 $43 908

Tost per 1000 cubic Teet of As-Generated Waste
* Typical Conditions
** Based on 1000 mile distance

B XCTRASH WASTE STREAM COSTS (1988 dollars)

$14.591
$5.902
$8.672
$8.596

$14.591
$5.992
$8.672
$5.596

$14.591
$8.992
$8.672
28,506

$131.553
$65 925
$44.016
£32.963

$50 862
$25 469
$17.005
$12.735

$50 862
£25.469
$17.006
$12.735

$56.049
$28 066
$18.739
$14.033

$56 049

$18.739
$14.033

$162.951
$81.597
$100.721
“T5.428

$162.95)
$81.597
$100.721
$75.428

$162.951
$81.597
$100.721
$75.428

$234.718
$120.141
$126.455

$98 456

T/88

$335.311
$180.309
$176.485
$130.667

335311
$180.3209
$1.648%
$140.667

$340 998
$182 906
$178.219
$1141.965
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Table | 4 Est.mated Cost for the Disposal of Low Level Radioactive Wastes (BWRs) (cont )

LEVEL COSTS
LOW 227 $9.159
78 $5.555

567 $3911

869 $3.355

1134 $2.880

TYPICAL 227 $9.159
378° $5.555

567 $39:1

H 69 £3.355

1134 $2 880

HIC 1 227 $9.159
378 $5.555

567 $21911

B 6 $3.355

1134 $2 880

VERY HIGH 227 $9.159
378 $5.555

567 $3911

K69 £3.355

1134 $2 880
Tiost per 1000 cublc Teet of As-Generated Waste

* Typical Conditions
** Based on 1000 mile distance

BOOTRASH WASTE STREAM COSTS (1988 dollars)

$1.291

$2.769
$1.690
$1.280
$1.252

$11.645

$4.737
$4.880

$4.499
$2.745
$1 8%
$1.220

$153

$4.499
$2.745
$1.830
$1.220

$i68

$4 958
$£3.025
$2.017
$1.334

$165

$4.968
£3.025
$2.017
$1.344

$i68

$14414
$8.795
$5.863
$3.909
$489

$14.414
$8.795
$5863
$3.900
$489

$15.669
$9.561
$6.47%0
$4.431
$719

$21.000
$13.094
$8.730

$1.382

7/88

$29.362
$17.882
$12.129
$8.848
£3.580

$29.362
$17 882
$12.12¢
$8.548
£3.505

£32.554
$19.830
$:13637
$10.382

$4.162

$46.762
$28.780
$19.394
$16.249

$5219
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Tabie 1 4 Estimated Cost for the Disposal of Low Level Radiosctive Wastes (BWRs) (cont ) 7/68

B} SLUDGE WASTE STREAM COSTS (1988 dollars)

ACTIVITY VRFs PROCESSING  TRANSPORTATION ** STORAGE BURIAL TOTAL
LEVEL COSTS COsTS COsTS COSsTS COsTS
LOwW 056 39 704 $24 744 $20.083 $68 390 $153.001

2 $26 (030 $13.225 $5 630 $24.100 $68 985

4 $28 943 $10.370 $2.857 $14.173 $56.343

TYPICAL 056°* $39.784 $72.895 $20 083 $99 627 $232 390
2 £26.0030 $26.417 $5.630 $37.231 $95.308

4 $28.543 $13.46 $2 857 $24.285 $69 491

HIGH 0.56 $39.784 $94.234 $20.083 $200.268 $354.370

2 $26 030 $56 699 $5.630 $115.075 $200 434

) $28.943 $28.773 $2 857 $66 564 $127.137

VERY HIGH 056 $39.784 $202 254 $20.083 $468 616 $730.737
2 $26 G330 $56.699 $5.630 $165241 $253.599

1 $28.943 $28.773 $2 857 $85.025 $145597

Tost per 1000 cubic foel of As-Genevated Waste
* Typical Conditions
** Based on 1000 mile distance
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Tabie ! 4 Estimated Cost for the Disposal of Low Level Radioactive Westes (BWRs) (cont.) 7/88

BOONCLEG WASTE STREAM COS™S (1988 dollarw

ACTIVITY VRFs PROCESSING TRANSPORTATION ** STORAGE. BURIAL TOTAL

LEVEL COSTS COSTS COsTS COSTS COSTS

Low 07 £31.100 $18.907 $15.798 $53 504 $119.400

19 $36 569 $14014 $5 966 $24. 965 $81.535

24 $17.476 $11.053 $4.706 $20.143 $53.378

38 $23527 $7.106 £3.025 $12949 $46.607

45 $28 875 $5921 $2.521 $10912 $48.229

TYPICAL on-* $31.100 $57.340 $15.798 $78 368 $182 606

19 $36.569 $21.655 $5.966 $39 454 $103.645

24 $17.476 $17.080 $4.706 $31.119 $70.380

3s $23.527 $14.194 £3.025 $21.651 $62.397

45 $28 875 $11.829 $2.521 $21.428 $64 652

HIGH 071 $31.106 $74.126 $15.798 $157.519 $278.543

19 $36 569 $60 084 $5 966 $16G. 599 $207.218

24 $17.476 $47 390 $4.706 $8. 537 $152.109

38 $23.527 £30 465 $£3.625 $€ 877 $118.894

45 $28 875 $25.388 $2.521 $.1.590 $108.376

VERY HIGH 071 $31.100 $159.095 $15.798 $368 480 $574.473

19 $36 569 $60.084 $5 966 $174.318 $276.937

24 $17.476 $47.390 $4.706 $137 856 $207 428

38 $23.527 £30.465 $3.025 $89.241 $146.258

45 $26 87 $25.388 $2.521 $74 656 $131.439
mm Waste

* Typical Conditicsis

** Based on 1000 mile distance



Taber 1 4 Estimated Cost for the Disposa’ of Low Leve! Radicactive Wastes (HWR=! (cont )

B IXRESIN WASTE STREAM UOSTS (1988 dollars)

PROCESEING TRANSFORTATION ™
COSTS COSTS
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Table 1.5 Esttimated Cost for the Dispusal of Low Level Radioac ive Wastes (PWRs) 7/88

P NCTRASH WASTE STREAM COSTS (1988 dollars)

ACTIVITY VRFs PROCESSING TRANSPORTATION = STORAGE BURIAL TOTAL
LEVEL COSTS COsTS COSTS QOsTS
ow 02 $10G.578 $14.591 $50 862 $162.951 £331 981
04 $62 584 $9.742 $25 469 $81.597 $179.393
06 $48977 $9518 $17.006 $100.721 $176.221
08 $42 206 $9 427 $12.735 $75.428 $139.796
TYPICAL 02* $103.578 $145¢1 $50 862 $162.951 £331.981
04-° $62 5684 $9.742 $25.469 $81.597 $179.390
06 $48.977 $9518 $17.005 $100.721 $176.221
08 $42.206 $9.427 $12.735 $75.428 $139.796
HIGH 02 $103.578 $36. 685 $56.049 $180.800 $377.111
04 $62 584 $33.591 $28 066 $96.779 $221.020
06 $48977 £32.707 $18.739 $115.073 $21£ 496
08 $42.206 $32.658 $14.033 $89 525 $178.422
VERY HIGH 02 $103.578 $203.435 $56.049 $311.826 $674 888
04 $62 584 $101.870 $28 066 $167 507 £360 028
06 $48.977 $68.015 $18.739 $173.575 £309 306
08 $42.206 $50.935 $14.033 $129.987 $237.161
Tosl per 1000 cubic Teet of As-Generated Waste



Tabie 1.5 Estimated Cost for the Disposal of Low Level Radioactive Wastes (PWRs) (cont.) 7/88

P COTRASH WASTE STREAM COSTS (1988 dollars)

ACTIVITY VRFs PROCESSING  TRANSPORTATION ** STORAGE BURIAL TOTAL
LEVEL COSTS COsTS COsTS COsTS COsTS
LOow 378 $5.555 $788 $2.745 $8.795 $17 882
567 $3911 $625 $1.5830 $5 863 $12.129

869 $3.355 64 $1.220 $3.909 $8.848

1134 $2 880 $58 $153 $459 £3.580

TYPICAL 378* $5.555 $788 $2.745 $8 745 $17 882
567° $3911 $625 $1.530 $5 863 $12.129

569 $3.355 364 $1.220 $3.90:5 $5.848

1134 $2 880 $201 $i6s $570 $3819

HIGH 3.78 $5.555 $1.69% $£3.025 $9.561 $1983%0
567 3911 $1.280 $2.017 $6.489 $13.697

869 $3.355 $1.252 $1.344 $4.489 $10.441

1134 $2.880 $610 $168 S04 $4.492

VERY HIGH 378 $5.555 $10.980 $3.025 $15.530 $35.089
567 $3911 $7.320 $2.017 $10.353 $23 601

869 $3.355 $4.880 $1.344 $7 446 $17.026

1134 $2.880 $789 $168 $1.676 $5.513

Tost per 1000 cubic leet of As-Generated Waste
* Typical Conditions
** Bosed on 1000 mile d*stance



FAl

ACTIVITY VRFs
LEVEL OO8TS
LOwW 07 £31.553
095 $21.912
14 $25.733
2 $42.179
4 $29.093
TYPICAL 071°* $31.327
095°* $21912
14 $20,382
2 $41.786
1 $29093
HIGH 071 $£31.553
095 $21912
1.4 $25.733
2 $42.179
1 $29.093
VERY HIGH 071 $31,553
095 $21912
14 $25.733
2 $42.179
4 $29.093
Tost per 1000 cubic Teet of As-Generated Waste

Tabie 1.5 Estimated Cost for the Disposal of Low Level Radicactive Wastes (PWRs) (cont.)

* Typical Conditions

** Based on 1000 mile distance

PIXRESIN WASTE STREAM COSTS (1988 dollars)

$5875
$13.787
$7.509
$5615
$6.711

$37.108
$43.005
$29.280
$20.435
$10.370

$74.126
$55.50
§37.851
$56.699
$28.773

$159.095
$119.321
$81..40
$56.699
$28.773

$15.798
$11.848
$8.067
$5.630
$2 857

$15.798
$11.848
$8.067
$5.630
$2.857

$15.798
$11848
$8.067
$5.630
$2 857

$15.798
$11.848
$8.067
5630
$2.857

$45.929
$40.052
$26.937
$18953
$12.230

$67 624
$58.776
$43283
$31.181
$18.893

$129 909
$1:8.122
$93 801
$82.361
$58.388

$323.357
$276.188
$188 403
$163.990

$83.774

7/88

$99.155
$87 599
$68.246
$72.377
$50.891

$151.856
$135541
$106012
$99 032
$61.214

$251.386
$207 477
$165.453
$186 869
$119.111

$529. 800
$429270
$306 443
$268 498
$144.497
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Table 1.5 Edtimated Cost for the Disposal of Low Leve! Radicactive Wastes (PWRs) (cont.) 7/88

P-CONCLIQ WASTE STREAM COSTS (1988 dollars)

ACTIVITY VRFs PROCESSING ~ TRANSPORTATION ** STORAGE BURIAL TOTAL
LEVEL COSTS COSTS OOsTS CO8TS QOSsTS
LOW 0.71 $31.553 $5.576 $14.336 $45.929 $97 395
37 $19.182 $820 $3.109 $9.039 $32.150

54 $9.210 $1.630 $2.101 $6.805 $19.746

66 $15.107 $683 $1.765 $5.130 $22.585

104 $14.075 $1.307 $1.092 $3.706 $20.181

TYPICAL 071* $31.553 $5.576 $15.798 $45.929 $98.857
3.7 $19.182 $7.306 £3.109 $13.309 $42 904

54 $9.210 $4.935 $2.101 $9.090 $25.339

66 $15.107 $4.145 $1.765 $7.554 $28.570

104 $14.075 $2.566 $1.092 $5.023 $22.757

HIGH 0.71 $31.553 £37.108 £15.798 $67 624 $152. 083
37 $19.182 $11.285 $£3.109 $20.561 $54.137

54 $92'0 $9.857 $2 101 $15616 $36.784

66 $15.107 $5.280 $1.765 $12.629 $37.781

104 $14.075 $5.126 $1.092 $10891 £31.184

VERY HIGH 071 $31.553 $74.126 $15.798 $129.909 $251.386
37 $19.182 $£31.311 £3.109 $54.523 $108.126

54 $9210 $21.156 $2.101 $42.954 $75.421

66 $15,107 $17.771 $1.765 £36.098 $70.740

104 $14.075 $11.001 $1.092 $25.464 $51.633

mwwm
* Typical Conditions
** Based on 1000 mile distance



Tabie 1.5 Estimated Cost for the Disposal of Low Level Radicactive Wastes (PWRs) (cowt.)

P FSLUDGE WASTE STREAM COSTS (1988 dollars)

ACTIVITY PROCESSING TRANSPORTATION **
LEVEL COSTS COSTS







1.4 OCCUPATIONAL RADIATION EXPOSURE




- If the tmpacted nuclear plants and the specific burial sites are known,
adjust the total costs obtained from Tables 1.4 and 1.5 to reflect actual
transport distances anticipated. Determine the amount of the cost
correction from Appendix B. Also, e distances from the five NRC
regions to the three existing commercial low-level radwaste burial
sites are discussed in Section 5.2.2.

Surcharge costs have to be {acluded for waste produced in all unsited
states and regional compacts. These surcharges are $20/t3 during
1988 and 1989, and $40/Nt3 during and after 1990. A penalty surcharge

of $80/1t3 for the second six-month period of 1988 will be assessed to
all plants in states not In ¢ llance with the 1986 legislation
milestones. Appendix D includes a list of surcharge costs for each state
by regional compact or present compliance status. Section 5.2.4.2
presents surcharge costs by VRFs for all waste streams. If a su

is applicable to the generic estimate being calculated, the following
formula should be used:

Surcharge
1000 R?Unproc. Waste

3 W
1000 ft %@ 8¢ x  Surcharge Rate ($/t3)

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

multiply the costs per 1000 ft3 by the ratio of:

Actual Waste Volume (As-Generated )[(t3)
1000 (17

To estimate occupational radtation exposure:

1.

Estimate the total volume of as-shipped waste for each waste stream. The
as-shipped volume is 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 generated as a result of the

repair or modification of interest by the factor 1.2 x 10°? person-rem/ft3
For example,

Exposure [Person-rem)| =

1.2 x 10-3.Pe_n°?.£’.;

m Total Volume (As-Shipped) |17




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

2. Perform a sutvey of nuclear plant operators to establish current waste
handling practice and future trends. This survey identified typical
handling methods for each waste stream. It also helped 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 to dispose of
radioactive wastes.

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

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

For Revirion 1 of this report, each of these basic steps was revisited with the objective of
identify .ag significant changes, if any, that have taken place since the compilation of
the original information. Changes have been made to the the original text to update the
information to 1988 conditions. These changes are identifled with a vertical bar in the
right-hand margti. Tables and figures have also been updated with the current date
shown (n the upper right-hand corner for a complete revision or a vertical bar in the
right-hand margin for changes or additions.

23  REPORT CRGANIZATION

Section 1.0 of this report is the Executive Summary. [t presents, in an abbreviated
fashion, the overall results accomplished in this study. The means for estimating the
volume and of wastes likely to be generated as a co uence ov NRC requirements
are . It briefly describes the various waste types, the waste characteristics, and
the pronessing methods applicable to each waste stream. Generic estimates of d

costs for each waste are then presented (n Section 1.0, along with a brief outline of a
procedure for applving these estimates to a specific case.

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
discu<tyd. The various processes used to treat each type of waste to prepare it for

sto. age, transport. and burtal are reviewed. A brief discussion of current trends and
practices is also prevented.

An approach and methodology for estimating waste volume generation is presented in
Section 4. 0. That section also discusses the general relationship between the quantity
of one type of waste generated and the quantities of other wastes generated.

Section 5.0 discusses each of the various elements making up the total waste disposal
costs. Each cost element 1s described. together with the basis and cost methodology
Section 5.2 4.2 contains an extensive discussion of the effects of the Low Level
Radioactive Waste Policy Act of 1985 on the costs of radioactive w aste disposal.

Section 6.0 presents a detatled assessment of the costs of disposing of each diferent
type of waste, Costs are presented to cover a wide range of conditions. This section also
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3.0 LOW-LEVEL RADWASTE CHARACTERISTICS
AND VOLUME REDUCTION TECHNTLOGY

This section discusses tlie physical and radiological characteristics of the various
waste streams that might be generated as a result of repatr or nuiodification activities at
nuclear power plants. It also briefly reviews the volume reduction technologies
available for treating the wastes. Both waste volume ger.eration and volume reduction
techniques ar» being carefully evaluated throughout the nuclear industry. Both can be
considered to be in a state of lux at the present time. This section also discusses
projected trends in both waste generation and volume reductior. technologies.

a1 WASTE CHARACTERIZATION

There are several different types of wastes which could be generated as a result of NRC-
required modifications or repairs to nuclear Enr plants. The different types of wastes
are generally referred to as waste streams. h stream is relatively distinct in terms of
its form. (wet or dry, compactible or noncompactible), its chemical makeuo. and its
radionuclide content and concentration. For the purposes of this study. the following
waste streams have been pursued:

Process Wastes & Trash Symbol
PWR Compactible Trash P-COTRASH
PWR Noncompactible Trash P-NCTRASH
PWR lon-Exchange Resins P-IXRESIN
PWR Concentrated Liquids P-CONCLIQ
PWR Filter Sludges P-FSLUDGE
BWR Czripactible Trash B-COTRASH
BWR Noncompactible Trash B-NCTRASH
BWR lon-Excharge Resins B-IXRESIN
BWR Concentrated Liquids B-CONCLIQ
BWR Filter Sludges B-FSLUDGE

Dry active wastes (DAW), compactible and noncompactible trash, are 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 12sult of activities such as system drainage to
accomplish the modifications, system flushing and decontamination, area washdown,
and laundering.  The physical and chemical makeup of each waste strear was taken to
be as defined in EPRI NP-3370 (Ref. 1).

EPR! NP-3370 presents the results of a survey taker. in 1981 and 1982 The survey
included two-thirds of the U 8. nuclear plants in operation as of December 1981, Waste
volumes. waste characteristics, and waste processing system characteristics prevalent
at that time were detailed for both BWRs and PWRs. This repornt gives general
information on wastes generated durtag both periods of plant operation and plan’
shutdown. It does not specifically charecterize wastes generated as part of NRC
mandated repairs or modifications to r uciear plants

Estimates of the radionuclide concentrations in each of the waste streams was based on
information presented in Reference 2 and discussions with utlity and radwaste support
vendors. Tables 3.1 and 3 2 show these radionuclide concentrations and also give the
total activity for each waste stream. In actual use of this data, the concentrations were
adjusted to reflect the nominal (total) stream activity as reported in Reference 1
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TABLE 3.1
AS-GENERATED (UNTREATED) ISOTOPIC CONCENTRATIONS -- PWR

(C1/m3)
“
ISOTOPE P-IXRESIN P-FSLUDGE P-COTRASH P NCTRASH
H-3 266E-03 2 86E-03 2 59E-03 JMME-C4 6.99E-03
C-14 S T74EO5 1.05E-(q 9 55E-05 1.12E-05 257E-04
Cr-51° 7 66E-06 6 17TEO5 101E-03 1.94E-05 4 48E-04
Mn-54* 345E-04 2 78BE(03 4 57E-02 8.76E-04 2.02E-02
Fe-55 234E-03 1 88E-02 3.10E-01 S597E-03 1.37E-01
Co-58* 223E-03 1 BOE-02 2.95E-01 5 66E-03 1.30E-01
Ni-59 2 79E-06 2 25E-05 371E-04 7.11E-06 1. G4E-04
Co-60) 453E-03 365E-C2 ¢ O0E-01 1 15E-02 2 65E-01
Nt-63 B6IE04 6 94E-03 1.14E-01 2 19E03 5 05E-02
Nb-94 B B4E-O8 7 I12E-07 1.17E-05 2.25E-07 5 18E-06
Sr-90 1 94E-04 20904 1.89E-04 222E05 S 11E-04
Te-99 8 23E-07 B B8E 07 8 G3E-07 942E-08 2. 17E-06
Ru-106* 2 19E-05 237E05 2 14E05 2.51E06 5.78E-05
Sbh-125* 3 62E05 2 92E-04 4 80E-03 9 20E-05 2. 12E-03
1-129 2484706 2 62E-06 2 37E06 2.78E-07 641E-06
Cs-134° 2. =02 237E02 2. 14E-02 251E03 5.78E-02
Cs-135 8.23E-07 8 88E-08 803E-07 9 42E-08 2.17E-06
Cs- 137 2 19E-02 237E02 2. 14542 251E-03 5 78E-02
Ce-144* S5 26E-05 5 68E-05 5 14E05 6.02E-06 1.39E-04
Eu-1549* 3 62E-06 292E-05 4 8B0E-04 9 20E-06 2 12E-04
Ra-226° 0 0 0 0 O
U-234° 9 77TE06 1. 06E-05 3.05E-05 1 64E-06 3.7BE-05
U-235 471E08 5 10E-0O8 1.46E-07 7 89E-09 1.82E07
U-238 371E07 402E07 1.i5E-06 6.22E-08 1. 43E-06
Np-237 SO6E-12 Q79E-12 28I1E-11 1.52E-12 349E-1i
Pu-233 2 60E-05 425206 4 76E-05 5 97TE-06 1.38E-04
Pu-239/240 1.82E-05 2.75E05 1.55E-04 5 53E-06 127TE-04
Pu-241 7 94E-04 1.20E-G3 $.75E-03 2 41E-04 5.55E-0
Pu-242 299E-08 6.02E-08 33907 1.21E08 2.79E-07
Am-241 1. 87E05 2 48E-05 264E-04 3. 96E-06 9. 12E05
Am 243 126806 1 68E-06 1.78BE-05 267E07 6.15F-06
Cm-243 992E-09 971E-09 3. 10E-07 2.74E-09 6.30E-08
Cm-244 1.3BE-05 1 59E-05 1.77E-04 261E-06 6.00E 05
TOTAL 5 82E-01 1 35E-01 2 ABE+00 3 20E-02 7.36E-01

* %ot included tn NRC source terms
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TABLE 3.2
AS-GENERATED (UNTREATED) ISOTOPIC CONCENTRATIONS -- BWR

(Ci/m3)

ISOTOPE B IXRESIN B-FSLUDGE B-COTRASH B-NCTRASH
M3 L REOS 4 78E-04 1.26E-02 6.75E-05 1.09E-02
C-14 11E4Q3 2 98E-05 7.78E-04 4 17E-06 6.73E-04
Cr-51* 2 69E-03 1 65E-04 4 07E4Q3 1.71E-05 2 74E-03
Mn-54° 121E-01 742E03 1 84E-01 7. 70E-04 1.23E-01
Fe-55 9 48E 01 5 82E02 1 44E+00 6.01E-03 9 69E-01
Co-58* TRED] 4 79E02 1. 19E+00 4 97E-03 797E-04
N1-59 9 80E-04 6.02E-05 1 49E-03 6.21E-06 1.00E-03
Co 6 1.59E«00 Q73E42 2A41E+00 1.01E-02 1. 62E+00
N1-63 2.15E02 1 32E-00 325E-02 1.36E-04 2. 19E-02
Nb 94 3 08E-O05 1 9OE-06 4. 70E-05 1.96E-07 3. 16E-05
Sr-90 364AE-03 QOMEO0S 237E°X3 1.27TEO05 2 05E-03
Te 99 7o5E-07 1 92E-06 S5 00E-05 2 68E-07 4 33E-05
Ru- 106* 2MMEQ3 S5 10E-05 1.33E03 7. 14E-06 1. 15E-03
Sb- 125° 127E02 78Z2E04 1.93E-02 8 08E-05 1.30E-02
1-129 24E04 5 10E-06 1 3BE-4 7. 14E-0O7 1.15E+00
Cis-134° 2 AE+O00 5 10E02 1.33E+00 7.14E-03 1.15E+00
Cs- 135 7 65E-05 1 92E-06 S5 00E-05 2 68E-07 4 3305
Cs-137 2 04E+00 S 10E02 1.33E+00 7.14E-03 1.15E+00
Ce-149° 4 9CE 03 ) 23E-04 319503 1.71E-05 2.76E-03
Eu-154* 1.27EQ03 7 B2EA05 19303 8.08E-06 1.30E-03
Ra 226° 0 0 O 0 0
U-234° 1L1IE05 547E 06 & RIE-05 2 53E-07 4.09E-05
U-235% 5.33E08 264E-O8 3.32E-07 1.22E09 1.97E07
U-238 4 20E 07 208E-07 261E-06 9 60E-09 1.55E-06
Np-237 1022-i1 SO7TE-12 6.38E-11 2.35E-13 3.78E-11
Pu-238 3.34E£05 1 S2E-04 4 66E-04 2 30E-0F 3.71E-04
Pu-239/240 5 34E 05 7 23E05 2.36E-04 1.16E-06 1.86E-04
Pu-241 2 6OE-03 352E03 1.1SE-02 5.62£-05 C.08E-03
Pu-242 1.17E07 1 S8E-O7 5 18E-08 2.53E-09 4 08E-07
Am-241 2. 32ECS 92905 1. 56E-04 9.67E-07 1.56E-04
Am-243 1 57E-06 6.21E-06 1. 05E-05 6.52E-08 1.05E-05
Cm-243 2. 7T0EO08 1 98E 07 297TEO7 1.93E-09 3.12E07
Cm-244 1.82E-05 1 57EO, 224E-04 1.49E-06 2.41E-04

TOTAL 7 6OE+00 3 20E-01 7 97E+00 3 65E-02 5.08E+00

* Not inGuded in NRC source terms



311 Loy Sctive Waste Characteristics
3.1.1.1 Noncompeactible Trash (NCTRASH)

Noncompactible trash is the waste stream of primary interest to this study. This is
because the roncompactible trash is mace ap of the hardware and components which
are tiie subject of the repair or modification efforts. Other wastes such as compactible
trash are normally generated as a byproduct of the repair, removal, replacement, or
modification efforis. Noncompactible trash typically consists of the

materials as reported by plants surveyed in the 1981 EPRI study (Ref. 1)

Wood includes construction lumber, plywood, packing etc.

Condull includes tubing, cable, wire, eiectrical fittings, etc.

Plpe/Yalves includes pipe, tubing, valves, pipe fittings, etc.

Filters include cartridge type, (ilter canister, etc.

Compactible Material includes those items that are either inadvertently L7
intentionally packed with noncompactible waste. This can be . . °
material that is considered compactible.

Futer Frapiwes are the wooden or me.al frames that surround HEPA filters.

concrels can be the debris from scartfying and demolishing concrete
structures and supports, or large concrete pieces.

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

Ria includes dust, floor sweepings, and similar small particulates or large
antities [ contaminated dirt/sand.

includes bottles, laboratory glassware . instrument tubing, face
plates view parts, etc.
Lead s generally shielding material in any configuration.

w y I8 A ~ategory to include anything that has not been
in the previous 11 types.

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



Fractional Composition of Noncompactible Trash

EWR
Wood 0.29 024
l;xu/vum 021 0.13
ers 0.07 0.13
Conduit 0.05 0.13
Compactible Materials. 0.04 0.06
Filter Frames 008 0.0%
Dint O 003
Class 004 -0-
Concrete 003 0.03
Tools 0.65 0.03
Miscellaneous 017 0.18%
Other 002 0.02

The average specific activity of the noncompactible wastes was reported to be 0.4
mCi/f3 (14.1 mC1/m3) for PWRs. This average excluded several plants over a
factor of 10 greater than this value. The specific activity for BWR noncon.pactible waste
was 0.20 mCi/f3 (7.1 mCt/m3), half that reported for PWRs. These acuivity levels
represent the as-shipped conditions for the waste As-generated activity

concentrations for this and the other waste streams were noted in Sec. 1.1.1.

The data presented in the 1981 EPRI utility survey (Ref. 1) indicated that the average
density of the packaged noncompactible trash was about 19 Ib/ft3. Based on the typical
composition for thie waste, the maximum theoretical density should be about 212
Ib/ft3 for BWRs and 233 Ib/ft3 for PWRs. Thus, the density of the packaged material was
typically only about 10% of the maximum pocsible density. This indicates that
significant void spaces were unfilled in the boxes and drums used to package this waste.
This is at least partially due to the fact that the shanes and rigidity »f noncompactible
trash do not lend themselves to high packing efliciecies.

For the purposes of this study, a VRF of 1.0 for noncompactible trash is taken to be
waste packaged to its theoretical density. Obwicusly a VRF of 1.0 Is unattainable for
this waste stream. The data from Ref. l-umtmdethhUMQmon
the order of 0.1 to 0.15 in the early 1980s. tmprovements have been m, de in
recent years but the packing efliciency s still relatively low.

As noted above, the average adiivity concentration for the as-shipped noncompactiole

trash was 0.4 mCi/ft3 for PWRs and 0.2 mCi/ft3 for BWRs. Since the as-shipped wasle
density was not more than 15% of the theoretical density, cne can infer that the as-

generated activity of the waste was about 2,67 x 10" mCi/f3 for PWRs and 1.33 x 103

mCi/N3 for BWits. This is the as-generated activity concentration based on the actual
waste value. exciusive of any voids.

3.1.1.2 Compactible Trash (( JTRASH)
Substantial amounts of compactible wastes are generated at nuclear power plants. in

many cas»s it represents one of the largest quantities of any of the waste streams
generated over a (ixed period of time.
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Compactible trash, as reported in Reference 1, is made up of the following materials:
¢ Plastic consists of nonhalogenated plastics which can be coveralls.
ective suits, lab coats, boots. rloves, sponges, hats, raincoats, sheets,
, containers, bottles, etc.

* Paper includes coveralls, lab coats, absorbent paper, wrappings, cartons,
etc.

« Absorbent Malerials are hygroscopic materials used to absorb fluids.

¢ Insulation includes most nonrigid types of insulation.

. consists of halogenated plastics which can be
ective sults, ¢ . lab coats, boots, gloves, hosus, containers,

tles, etc.

¢ Cloth includes coveralls, lab coats, rags, mops, gloves, etc.

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

¢ Woog includes construction lumber, plywood, packing. etc.

. ummﬁnhk includes those items that inadvertently are packed with
compactible waste. It can include small tools, hardware (nuts, bolts,

screws), or any other noncompactible material.

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

*  Fllters include high efficiency particulate air (HEPA) filters, respirator
canisters, etc.

*  Glass includes bottles, laboratory glassware, instrument tubing. face
plates. view ports, cic.

¢ Miscellancous s a category to include anything that cannot be classified
in the previous 11 types.

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



Fractional Composition of Compactible Trash

EWR EWR
Plastic 0.30 029
PVC 0.10 0.19
Paper 025 0.16
Cloth 017 0.10
Rubber 0.04 0.08
Wooa 003 003
Miscellaneous 007 0.06
Other 0.04 0.04
Absorbent Materials O 0.08

The Wm;pacnc activity of PWR compactible trash was report~d to be 0.7 mCi/ft3
(24.7 mCt/m3), while for the BWRs the corresponding value was 0.25 mCt/ 3 (8.8

mCi/m3). These values correspond to the as-paci or as-compacted condition. The
EPRI survey (Reference 1) found that BWRs and were not compacting the waste to

the same Cegree, even the composition of the waste is basically similar for the
two ?pn of plants. For the typical compaction ratio or volume reduction ratio
was 3.78, while for BWRs it was only 2.27. Thus in the as-generated state, L.e. prior to

compaction, the average specific activity levels for ¢ ympactible trash correspond to
0.185 mCi/ft3 (6.5 mC1/mY) for PWRs and 0.110 mC1/ft3 (3.9 mC1/mY) for BWRs. As
with noncompactible trash, the specific ac. -~ y of compactible trash can vary widely
from one plant to another and from one batch of trash to another. A factor of 10
variation the nominal activity is not unlikelv for a given case.

312  Wet Waste Characteristics
3121 lon-Exchange Resins (IXRESINS)

lon-exchange resins are small porous beads used to process various liquid waste
streams th a combination of absorption and adsorption of soluble tonic matenal
(both chemical and radiochemical), and rhm-ufh the filtration of insoluble matertal
Mmauanbert’:!medmdan typically usec in reactor condensate polishing
systems. Resins used [or cleanup of quid radwaste streams are generally not
regenerated but must be disposed of as waste once they have lost their filtering and

qualities. lon-exchange resins from PWRs are generally in bead form,
whiile that from BWRs is often (n the form of a powder. Both the powder and bead forms
of the resins can be treuted similarly regarding their disposal.

PWR resins from the liquid radwaste processing systems had an average specific
activity of 0.078 C1/R3 (2.75 Ci/m?) for resins in the as-shipped condition. Bead resins
from BWR radwaste cleanup systems were reported to have an average spectfic activity
of 0.125 Ci/ft3 (4.41 C1/m3), while powdered resins from this source had an average
activity of 0.13 Ci/t3 (4.60 Ci/mY)

3122 Concentrated Liquids (CONCLIQ)

Many nuclear plants have employed evaporator systems to reduce the volume ol liquid
radwastes. Concentrated liquid wastes are a combination of the liquid stream and
accum ulations of salids and solutes carried in the stream  Concentre’ors (evaporators)
are used in processing laundry waste water, decontamination solutions, liquids from
floor drains, and other such sources



Many ts are phasing out this method of trealing liquid wastes. uvenlrunuhm
Mo::n the filter/demineralizer type of system. Nevertheless, a number of plants

still employ the evaporator-concentrator system for processing liquid radwaste
streams.

For PWRs, the average ic activity from evaporator concentrales was ed to be
7.zm3‘mcuk3 (0.254 C1/m™), while, for BWRs, the average v-lue was 0.12 C1/i3 (4.24
C/mY).

3.1.23 Fiter Sludges (FSLUDGE)

Futer sludges refer to powdered ion-exchange resin generally used as a precoat material
on fiter demineralizers, and flocculating agents ({liter aids) used to extend the

Itfe of the filter. Most plants use powdered resin not for filtration of
insoluble material but also for its loir-exchange properties. Sludge precoat fters
can be a combination of the original precoat material, insolubles such as dirt removed
from the liquid stream being processed, corrosion particles and other suspended solids
and Nocculating agents in the system.

This type of radioactive waste is generated primarily by water reactors since
PWRSs rarely use precoat filters. Filter sludges (rom BWR liquid radwaste processing

systems had an average specific activity of 0.13 Ci/ft3 (4,58 Ci/m).
313  Other Wastes

Othe: types of waste may also be generated as a result of NRC-mandated changes to
nuclear plants. One such item is fUter cartridges. These are typically used in PWR
liquid radwaste processing systems to remove insolut 'e wastes. The reported typical
activity for these filter cartridges was 200 mCi/t3. The quantity of these filters
disposed of each year is small compared to the volumes of most of the other waste
streams. Because the typical activity levels of these (liters is essentially the same as
that used for FSLUDGE wastes. and because they are often disposed of tin cement -filled
drums, the cost of disposing of this type of waste is assumed to be approximately the
same as that for dispostng of PFSLUDGE. Inaccuracies due to this assumption are not
expected to be large since the total ouantity of these filters is estimated to be quite small
compared to the quantities of other types of wastes.

a2 VOLUME REDUCTION TECHNIQUES

Radioactive waste volume reduction processes have always been employed at nuclear
power plants  Volume reduction is attractive from practical as well as economic
standpoints. In recent years, the cost aspects ol dbpanwgd low level radioactive
wastes have risen dramatically. This is particularly true of hurtal costs (Ref. 2). Suwe
burial costs are generally assessed on a per unit volume basis (f.e., $/nd), generally
speaking. the lower the volume of waste [rom a given plant requiring burial, the lower
the disposal costs to that plant. Thus, there is an incentive for nuclear utilities to
improve thet effectiveness in reducing the volume of radioactive wastes which must
ultimately be disposed.

Enhanced volume reduction efforts have oocurred on two fronts. First, the problem of
waste generation is getting renewed attention at nuclear plants. Utilities are changing
their procedures administrative controls to he'p reduce the amount of low-level
wastes generated One of the waste streams most amendable to improvement in this
way is compactible trash. Measures that have been emploved (0 reduce the volume of
waste generated include substitution of reusable items and matenals for disposable
matertals. careful monitoring of waste activity lev:ls 1o separate clean trash from that
which must be classified and treated as radioactive, !imiting the materials brought into
contaminated areas to prevent their beconung contaminated, and more prompt

S8



attention to liquid leakage from radioactive systems to minimize the butldup of liquid
wastes. Many other waste generation mintmization measures are also em ,
Many of these techniques and ideas are discussed in Refl 1.

Once waste has been ed, It is generally su ed to some type of volume change
process. For compac trash, the as-shipped ts 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, whilc (ncineration processes can substantially decrease the final volume.

The following sections discusa the various waste , methods avatlable to
nuclear plant operators. Section 3.2.1 reviews practices and techniques,
while Section 3.2.2 presents an overview of improved processes (hat have recently
become available.

321  Conventional Low-Level Radwaate Processing Methods
3.2.1.1 Dry Active Wastes (DAW)

Dry active wastes are the noncompactible trash, compactible trash, and certain filters
used in ;emoving particulates from liquid waste streams. Normally noncom ible
trash receives no volume reduction treatment or processing. This is because this class
of waste has a substantial quantity of materials ge not amenable to further
volume recluction. This waste stream contains items such as siee! , valves, wood,
and electrical conduit. At best, noncompactible trash can be caref hand-packed
into the transport and burial containers Some utilities cut sections of pipe
longitudinally and etpioy other such techniques to improve th: packaging factor for
this tyne of waste. The hand packing requires considerabl * Yor. Also, the low VRFs
for this waste necessitate the use of a relatively large number Jf containers to package a
given volume of as-generated waste. These factors make provessing of NCTRASH
considerably more expensive than processing for CO™ASH.

Compactible trash in the as-generated state typically has a Jdensity of about 8 1b/ft3
Until . most plants employed mechanical compactors to reduce the volume of
this waste. conventional compactors can generally increase the density of this
waste stream 10 about 20 to 30 Ib/fi3. According to Pef ' at least through 1982, most
plants were packaging this waste in 7 5-113 (55 gailor) drums

Contaminated filters can be classed as noncompactible trash. compactible trash, or as
separate ftems. When these filters are highly contaminated, they are typically placed in
separate containers which include » mm‘kam amount of shielding material Thus,
the shipped volume for filters can be substantially greater than the volume of just the

filters.

3213 Wet Wastes

Wet wastes, generated at nuclear plants consist of the concentrated | , lon-
exchange resins. and fllter sludges generated in processing liquid radioacttve streams
The conventional approach tn these wastes, at least until recently, was to

solidify them in cement or other binding agents. Cement is often used becaus? of its
relatively low cost. Mixing the wet wastes wich the solidification agent increases the
volume of waste (o be disposed The folowing volume increase ratios ave believed (o be
typical (Ref. 1.2, & 4)
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Waste Type —aglidification
lon- Resins 1L1-14
Concentrated Liquids 14

Filter Sludges 18

¢ incineration
*  evaporation

The following sections brieflly describe these advanced methods. Much more

following sections describe a lmited number of advanced waste processing systems and

The discussions are by no means exhaustive. However, the approaches
discussed are believed to be representative of what ts available to utilities at the present
time and tinto the near future.

3221 Mechanical Compaction

Section 3.2.1.1 noted that mechanical compaction of compactible trash is a standard
processing method for this waste stream  Conventional compactors (ncrease the waste
density from about 8 I/t to 20 or 30 Ib/R3. These conventional compactors typically
Wl&mmmmevm. More advanced compactors are now

which exert higher forces to achieve greater compaction 10 addition, some
plants have gone to the use of shredders In conjunction with the compactors {3 further
enhance ihe compactibility of the waste. One improved compactor available for use
with 7 5-ft3 drum containers achieves waste densities for compactible trash of about 45
/3. Thus, it offers a volume reduction factor of about 5 6 compared to the 3 8 factor
for the standard compactor. This tmproved compactor can by used as a retrofit in
plants with older, less effeciive it. The capital cost of a this improved
device in 4 nuclear plant is estimated to be less than $200 000 .2, Vel 3).

An ultra-high pressure compaction device is also avallable. This “su or
exerts a force of about tvio milllon pounds on the waste to produce densities on the order
duumm;w.zumm trash. m&mbuymmm
standard requires more bullding space. capital cost system
s reported to be about $3 5 milon (Ref 2)

uummmm.mwwmmuMnu
trash as well as with wastes. This type of compactor could

be ur.d to ‘nesting of weste . 1o crush components such as thin-walled
elecucal and tul . and generally to reduce the void space in
contatners for wastes  Application of supercompactors to H s

not § common practice at this time.

Both the tmproved compactor and the supercampactor have gas aspiration and
fitration systems which minimize the spread of contaminated aerosols during the
processing of the waste



A number of diferunt mmmmpwa&wuubh. Most will handle the
combustible matertals present in the compactible trash waste stream. Some processes
will also handle lon-exchange resins. fUter sludges, and organic liquid wastes.

The incineration processes produce radioactive ash and radioactive smoke as a result
of the combustion. mmuwmummmmm.mw
(cement, polymer, bitumen). The exhaust gases or smoke must be carefully scn

anu filtered to remove particulates which may be radioacttve. The exhaust gas must
aleo be treated to remove vapors and to neutralize acids that muy be present in the gas
streamn. lodine removal features are also present on some of these systems.

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

However, as with other volume reduction tech es, the volume of waste has
an increased specific activity since all of the radioactive originally present is
now concentrated in a smaller volume. For combustible wastes the velume
reduction factor with incineration is about 113:1. For lon-exchange resins and (iiter

sludges, these factors are about 4:1. These factors include the effect of
inding/ ents used to encase the incineration products. Thus, the
specific activity levels of the waste will be (ncreased by factors ranging from 4 to about
113 compared to the activity of the ory2al waste stream. If the oiiginal waste has a
specific activity, extensive volume Muuwnmymmknduuo

by handling, skipping. and burial ¢ rations.

The waste incineration system costs ng considerably, depe on the system
capacity, and the overall capabilities of the system. The costs cited in Ref %, Vol 3,
range from $2 .6 million to more than $24 million.

Inctnerators have another problem associated with them Because they discharge
combustion products (o the air, they must be licensed by the Envirorvnental Protection
Agency Many utilities have found the regulatory burden of this option expensive At
thctmduusm.m}ymmntammmmwuu#mldbyl
radwaste services vendor (Scientific Ecology Group, Inc.) in Oak Ridge, TN

3223 Evaporstors

Evaporator systems are used to treat .iquid waste streams in nuclear plants.
Evaporator systems have been in use for many years in nuclear plants to reduce the
volume of liquid wastes The newer, more advanced systems are similar to the older
systems except they produce more highly concentrated effluents or completely dry
waste products

|

§§

Several of the evaporator systems can handle both iquid, and slurry wastes. They
can proces, concentrated liquids and lon-exchange resin and filter slany
wastes. A'f of these ems heat the waste streams to induce evaporation of the water
in the waste . steam is used 1o accomplish the heating The eflluents from the
evaporation process are typically solidified in cement, a r binder. ar bitumen
The net volume reduction achieved varies. depending on the nature of the waste feed.
Norninal volume reduction factors achieved through evaporation processes for varous
waste streams sre as follows (Ref 2, Vol 3)

Concentrated Liguids 240686
lar, Exchange Resivs 14020
Filter Sludge ~-30

The above faciors include the effect of solidification of the wastes
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The capital cost of evaporator systems is estimated to be in the $4 million to $9 million
range.

3.224 Combined Systems

The mechanical compaction equipment discussed previously is suitable for reducing
the volume of dry active wastes. It is not suitable for treating wet wastes. Conversely,
the evaporation processes cannc' treat dry wastes. Certain of the incinerator systems
can accommodate both Ury and wa . wastes, but these tend to be somewhat expensive.

Combined systems may be needed and desirable to achieve effective volume reduction
l‘ov”n:m.m. Several combinations of systems were cor.sidered in References
2 4

were discussed in Section 3.2, Table 3 3 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 systems employing the same basi. technique, e g, evaporation,
will reduce the volume of 4 given waste stream to different extents. An example of this
is shown for the concentrated liquid waste stieam (CONCLIQ). Three different

systems are noted, each resulting in a diTerent final volume for the
3 waste. Also, with this particular waste stream the extent of volume reduction
R mm system is dependent on whether the waste stream was generated in a

ora

i

CURRENT PRACTICE AND FUTURE TRENDS

noted previously, nu~lear power plant operators have had increasing incentives over:
past several years to reduce the volume uf radioactve waste which must be shipped
to disposal sites mmmpdmmlathuulmmhuhwmm
costs of disposal, and the volume limits and surcharges tmposed on waste generators as
result of the Low-Level Radioactive Waste Policy Amendments Act of 1985 | This Act
provides the framework and nee for .nterstate compact regions and independent
states ‘o develop a system for low-level waste disposal

it B

Currently, most nuclear uu‘uuumu‘u‘a two- strategy for reducing the
volume of low-level radwaste (LLRW) which must be shipped to sites. On the
front end there ts grovring on reducing the amount of LLRW which is

find tnnovative ways to reduce the amount of waste . On the back end, nucless

plants are using a variety of radwaste processing t and systems (see Tablc 3 3)
to reduce the volume of LLRW which has to be shipped to disposa)l sites.

ulgudtheem“banfndtbodﬂeumrmtxmmm
3 18 very complicated and site dependent For this and other reasons. it s
difficult to discern any clear and definite trends within the nuclear industry regarding
the current and future selection of techniques and systems for dry active waste and wet
waste processing However, based on a review of current techrical Uterature. and
contacts witr both nuclear utility personnel and suppliers of LLPW services and
equipment. the following observations can be made

;?

;T:se;lmdmh law on radioactive waste disposal costs are discussed In Section
242




Table 3.3

Waste Processing and Volume Reduction Techniques

Volume
Waste Stream | Reduction Processing Technique
Factor
COTRASH 23 Standard Compactor
38 Standard Compactor, complete filling of waste containers
57 Improved Compactor
87 Supercompactor
1134 Incinerator, solidification of ash
NCTRASH 02 Hand packing
04 Careful hand packing
06 Cutung plus careful hand packing
08 Cutting, careful hand packing, and supercompactor
'XRESIN 07 Solidification in Cement
095 Dewalered, placed in high integrity containers
1.4 Mobile evaporator, solidification in binder
20 Evaporation of water, grinding of resins, mixing witli binder
10 Incineration, mixing ash with binder
CONCLIQ BWR/ PWR
07/07 Solidification in cement
19/37 Evaporator/crystallizer process. soliclification in binder
24/54 Mobtle evaporator, solidification in binder
i18/66 Evaporator, grinding of residue, solidification in binder
45/104 Dryer/incinerator, solidification in binder
FSLUDGE 0 56 Solidification in cement
20 Evaporator, solidification in binder
40 Incinerator. solidification in binder




331  Regulatory and Technical Risks

Uncertainty within the nuclear utility industry regarding waste form requirements of
state comnacts, EPA requirements regarding incineration and disposal of mixed toxic
wastes, and the performance and cost-effectiveness of different waste pru:nwﬁn
systems and techniques has caused many utilities to deley decisions regarding
purchase of capital systems and equipment for LLRW processing. As a consequence,
there continues to be a definite trend towards the purchase of radwaste contractor
services, including leasing of mobtle mcmr%equlpmem. rather than purchase of
permanently installed systems This approach provides more flexibility, espectally if
waste form requirements change

332 High Capital Cost of Waste Processing Systema

The disincentives towards capital investment in relatively high cost and duficult to
operate and license waste mmﬁm and equipment (e g , those involving
evaporation and incineration), cou with the ormarnc * problems which have
plagued some of those systems, has resulted in a growing erence for simple, less
costly, waste processing methods Examples of these erred techniques include
processing resins Ly dewatering in high integrity containers (HIC), and using filters or a
combination of filters and ion exchange 'o process concentrated liquids.

333 Shredding and Supercompactors

The trend towards shredding and supercompaction of dry acitve waste Is clear. Several
service companies have or are in the process of establishing reg centers for drv
active waste processing using supercompactors. Mobtle shredding and compaction
~quipment is A)so being used by a number of utilities and waste processing service
companies.

334 laclaeration

Incineration has not proven, as yet, to be a viable alternative for volume reduction for ¢
number of ressons, including the strict emissions control requirements which must be
met, the difficulty in obtummh::uuu from the EPA and other agencies. and the
performance which been experienced with incineration systems and
equipment. Such systems have had little testing and operating experience at nuclear
plants The volume reduction advantage of Incineration may. however, prove to be
enough (ncentive to ensure its place in future. Some evidence for this is the
continuing taterest by the private sector in the design and development of Incinerators
for processing both radwaste and other hazardous waste

The increasing emphasis ca front end reduction in waste generation has created a
demand for decontumination and recycling services. A number of regional facilities
have been set up to decontaminate and recycle tools, equipment and materials These
centers typically include means for sectioning and repacking noncompactible waste
such as conduit, piping. valves, wood, and other similar materials Moblle
decontamination services are also being used by utilities

The uncertainty with regard to the future requirements for LLRW disposal has prompted
a number of utilities to develop contingency onsite storage as an interim measure for
handling LLRW and as a hedge against the possible disruption of burial site availability
in the future Onsite storage capability alse Is useful for providing temporary storage




during short-term operational surges. Two approaches are prese.tly being used The
first involves construction of radwaste holding factlities for the interim storage of

The clear need to reduce front-end generation of LLRW has prompted many utllities to
initlate radwaste minimization programs in order to track down and characterize the
specific sources of LLRW ard find innovative ways to reduce the generation of such
waste. These programs typically involve the use of interdisciplinary committees

The NRC has an effort underway to develop a generic rule for "below regulatory concern’
(BRC) low-level radwaste. The prospect is that some LLRW may be designated and
Lﬂunwu&MdMemmllymummmmmru not
rejulated as radioactive. mﬂmumpcudmudmntmm-m
First, it adds to the justification utilities already have to delay decisions regarding
purchmdw-eouvelmnductbnwmwmtmm Second, It Increased
the value of strategies aimed at segregation o uncontaminated from contaminated
waste. There is a growing interest, for example, th manual and automated moniioring
and sorting systems for segregation of dry active wastes.

Finally, although an EPRI study published in 1984 curi luded that "VR is generally more
cost-effective at BWRs (bolling water reactors) than PWRs (pressurized water reactors),
and at multi-unit stations than at single-unit stations,” the implications of these
conclusions are not clearly evident in the decisions made by utllities regarding LLRW
processing. Most If not all nuclear uttlities are concemed with LLRW volume reduction
and the methods being used do not appear to be a function of reactor type.
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2.0 ESTIMATES OF WASTE VOLUME GENFRATION
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TABLE 41| Swnmary Approach 1o Waste Vol une Estimating

WASTE STREAM COMPONENTS APPROACH GUIDANCE
Nonw ompw tSie DAW Piping. conduit. insulation I Estimaie phystcal volume Use geometry
W or B NCTRASH valves. pumpe cable trays. of plant components
concrete, dirt, ote
2 Estimate approximaie VRF Range ol G20 120
ipacking acton) ~100 17 boxes [Ty
waste containers values we 02 100 4)
3 Might be able to decontaminate Overall. estimated cost of

Filters

Largely paper and plasts

From cleanup of primary

system. fuel pool wate:
or plant drain water

" rom cleanap of decon:

From Aeconiamination
of prrsonne]l resplsatons

From launderning protes tive
clothing

T Vobumes and rutiom are @ven on as shipped basis 1o estima’e on

and recycie at a lower cost.
Corvelation based on 1981 data lor

mdustry wide  as shipped volumes of
compactible nd noncompeactible DAW

Depletion of resin is 8 function

ol concentration of dissched
solids in Bguid stream

Depletion of resin s a lunction

ol volume and condition of system
heing decontamtnated. and the
decon solution used

1se sctual data

Use actual deta

vedumme reduction factoms (VRF)  As Generated Volume = As Shipped Vaolume < VRF

recycle - 80O 855 cost of disposal

For -2 pmbo conductivity:
~1.5 8% of waste/10° gal.

For -150 pmbo conductivity:
~1.5 87 of waste/ 107 10% gal.

For LOMI decon solustion:
~0.1 12 of wast /gl decon soln.

~1x10 3 A7 of waste / resplrator
deconmed (- 1/2 comp. & ~1/2
non comp |

~2x10 3 17 of waste /dressout
fall compactible)

basts use following relationship with appropriats
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Plant floor drain water is considerably dirtier (approximately 150 micro-mho
conductivity) than primary system water. Accordingly, approximately cne cubic foot of
resin is generated per 102 to 104 gallons of iiquid .

lon-exchange is also generally used to clean up solutions which are used to chemically
decontaminate LWR systems. The quantity of resin generated depends on the volume
and condition of the system being ontaminated, 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 NS1.

Using LOMI as the solution, decontamination of a BWR recirculation piping system
takes approximately 4,000 to 6,000 gallons of solution and results in the generation of
roughly 400 cubic feet of jon-exchange resin. Decontamination 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 feet of jon-exchange resin. Decontamination of a
steam generator channel head takes approximately 100 cubic feet of fon-exchange
resin. All other factors being equal, use of Candecon rather than LOMI as the
decontamination solution results in approximately the same waste volume as LOMI.
After volume increase from solidification, one cubic foot of generated resin results in
approximately 1.5 cubic feet of as-shipped waste (based on solidification in cement),
Particulates entrained in the decontamination solution are removed using filters.
However, the volume of waste filters generated is typically negligible in comparison
with the spent fon-exchange resin.

45 F:L.TERS

At one BWR utility the system used to decontaminate personnel respirators generates
roughly 1 x 10°3 113 of waste filters per respirator decontaminated. Approximately one-
half of this waste is compactible DAW: the remainder is noncompactible DAW. At this
same utility, respirators are worn in appreximately one-third of cortainment entries.
Many stations, recognizing the high impact of disposable clothing on radwaste
volumes, have converted to launderable clothing. Several use a Freon™ system for
laundering the clothing. At one utility, roughly 2 x 10°3 t3 of waste filters are
generated per dressout (coveralls, shoecovers, hoods, booties) . These waste fllters are
con;pacuble DAW. At this same utility, there are typically four dressouts per 10-hour
shift,
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5.0 WASTE DISPOSAL COST ELEMENTS AND COST METHODOLOGY

There are four primary cost elements that contribute to the costs of disposing of low-
level radioactive was!es generated at nuclear power plants. These elements are those
assoclated with processing, interim-storage, transportation, and burial of the wastes.
This section discusses ecach of these elements. The costing methods and their basis are
presented to help the user of this document understand how the disposal costs are
dertved. Hopefully, this section will 2lso allow the user to adjust the cost basis as
necessary to reflect the effects of changing conditions relattve to disposal costs.

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

All cost estimates generated (n this study were based on a fixed volume of waste for each
waste stream. That is, given a fixed volume of waste in the as-generated (unprocessed)
condition, the costs of disposing of that waste were determined. The value selected for
this fixed volume in the as-generated state is 1000 ft3. This value is quite arbitrary, but
it does provide a reasonable basis on which to proceed. The volumes of wactes generated
as a result of NRC-mandated repairs or modifications to nuclear plants can easily be in
this range, especially for the COTRASH and NCTRASH waste streams. Table 5.1 shows
the quantities of the various waste types generated (n typical BWRs and PWRs during
1981 (Ref. 1). The quantities shown are as-shipped, i.e., after processing. They indicate
that the reference volume of 1000 ft3 selected as the basis for the present cost estimates
is reasonably small compared to the yearly total waste generated in typical LWRs.

M

TABLE 5.1
WASTE PRODUCTION SUMMARY FOR 1981
Waste Type Feet*/Unit Year Av
BWR PWR

Dry

Compactible 15350 5800

Noncompactible 7200 6150

Other 100 20

Subtotal 22650 12200
Wet

Resit.s 2800 1250

Sludges 5500 0-

Concentrates 2850 2400

Subtotal 11150 3650
Totals 33800 15850

*All vaiues refer to the as-shlga:d conditions.

51 WASTE KEY CHARACTERISTICS
Several waste stream characteristics which enter into the determination of waste

disposal costs are presented in Tables 5.2 and 5.3. Each of the ten waste streams are
noted, along with the applicable volume reduction factors, the as-shipped volume
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Table 5.2 BWR Waste Stream Characteristics 7/88

Volume As-Shipped As-Shipped Activity Activity Surface
Waste Stream Reduction | Volume (a) Density (b) Concentration Concentration Dose (c)
Factor {cubic feet) |(pounds per cubic footy} (Curies per cutic foot) | (Curies per cubic meter)]  (R/hr)
B-COTRASH 23 4403 18 2.50E-04 8.83E-03 0.02
38 W47 30 4.16E-094 1.47E-02 0.03
57 176 .4 45 6.23E-04 2.20E-02 0.03
8.7 115.1 70 9.57E-04 3.38E-02 0.03
1134 88 93.3 1.25E-03 4.40E-02 0.32
B-NCTR/ SH 02 5000 426 2.66E-04 9.39E-03 0.01
04 2500 852 5.32E-04 1.88E-02 002
06 16667 1278 7 98E-04 2.82E-02 0.02
08 1250 170.4 1.07E-03 3.76E-02 0.02
B-IXRESIN 07 1406 4 933 1.25E-01 4 41E+00 333
095 1052 6 709 1.67E-01 5.90E+00 484
14 7143 708 2 46E-01 8.69E+00 895
2 500 753 3.52E-01 1.24E+01 12.08
R 250 933 7.04E-01 2.49E4+01 19.87
B-CONCLIQ 07 1408 4 478 1.02E-01 3.60E+00 361
19 526.3 68 3.21E-01 1.13E+01 11.43
24 416.7 56.5 4.06E-01 1.43E+01 14.77
38 263.2 88 6.42E-01 2.27E+01 18.55
45 222 a3 7 60E-0O1 2. 68E+01 2244
B-FSLUDGE 0.56 1785.7 96 1.30E-01 4 59E+00 3.29
2 500 69.3 4 64E-01 1.64E+01 15.78
4 250 693 9.28E-01 3.28E+01 31.56
Notes:

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



lable 5.3 PWR Waste Stream Characteristics
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result'ng from 1000 ft3 of the as-generated wast=, the as-shipped waste density and the
activity concentration and surface dose rate for the as-packaged wastes. The latter two
characteristics are based on the typical activity for each waste stream as reported in
Ref. 1.

There are some diTerences in the waste stream characteristics due to the reactor type
involved. The concentrated liquids, for example, will be different between BWRs and
PWRs. Their chemical makeup is different as is their typical activity levels. These
liquid waste streams have diffcrent levels of solids concentrations, and thus, their
densities after processing will be somewhat dependent on whether they originated in a
BWR or a PWR. This also effects the extent of volume reduction achieved with a given
process. A range of volume reduction factors s 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 reduvction factor
(VRF) of 3.8 is generally achlevable with a stancard drum compactor. The VRFs= of 5.8
and 8.7 correspond to an improved compactor and a "supercompactor”, respectively.
The 113.4 factor corresponds to the volume reduction achieved when the compactible
trash is incinerated and the ash products are chemically stabilized prior to burial. For
BWF s, the lowest VRF for COTRASH is 2. 3. This is the norm reported for BWRs up
through the early 1980s (Ref. 1).

The noncompactible trash waste stream is not amenable to extensive volume reduction.
The 0.2 and 0.4 VRFs imply hand packing of these waste matertals but with different
degrees of care. Even the 0.4 factor may be optimistic. The 0.6 VRF corresponds to
careful cutting and hand packing of the n.ncompactibles te leave as little void space in
the disposal containers as possible. The [inal NCTRASH ~ase, that with a VRF of 0.8,
assumes careful cutting and “and packing plus compaction of the waste in a
supercompactor. Some compaction should be possible which could reduce void spaces.
Some of the scrap materials in this waste stream can be compressed into more
condensed forms. Examples of this are thin-walled electrical conduit and thin-walled
piping. These can be flattened. The density corresponding to NCTRASH with a VRF of
1.0 1s the theoretical density of this waste stream based on the compositions defined tn
Section 3.1.1.1,

The activity concentrations noted in Tables 5.2 and 5.3 are based on the typical waste
stream activity as reported in the EPRI-sponsored utility survey (Ref. 1). The activity
concentration obviously increases as the waste itselfl is concentrateu (n the volume
reduction processes.

The s} cific activity for a given waste stream can vary widely from one plant to the next
and frum one batch of waste to the next within a given plant. To account for such
variations, an activity range of - 10x to +100x was assumed and used in assessing the
importance of activity in determining waste disposal costs. This factor of 1000 range
generally encompasses the ranges reported (n Ref. i,

Tables 5.2 and 5.3 present rough estimates of the surface dose rate applicable to each
waste stream a.d the extent of volume reduction achieved. These surface doses apply to
the waste follewing its processing and placement (n unshielded burial containers. The
surface dose was *stimated using the {ollowing approximation:

Constant x curies per Container
Dose Fate = Weight of Filled Container
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where
Weight of Filled Container =

Weight of Container (7.5-t3 barrel = 60 Ibs) + Weight of Contents (volume x
density)

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

TABLE 5.4
CONACT DOS¥ RATE CONSTANTS

Constant
Waste Stream (R/hr/Ci/1b)
B-COTRASH 260x 103
B-IXRESIN 286 x 107
B-CONCLIQ 2.99 x 109
B-FSLUDGE 263 x 103
B-NCTRASH 264 x 103
P-COTRASH 3.38x 103
P-LXRESIN 2.45 x 109
P-CONCLIQ 281 x 103
P-FSLUDGE 3.00 x 107
P-NCTRASH 298 x 103

5.2 WASTE DISPOSAL COST ELEMENTS

The major waste disposal cost elements are those resulting from processing, interim-
storage, transportation, and burtal. Each of these is discussed (i the lollowing sections.
These discussions present the cost basis and important assumptions used in
quantifying waste disposal costs.

8521  Processing Costs

Processing encompasses all activities and costs assoclated with converting and/or
packaging raw wastes (as-generated) into states or conditions wherein they are suitable
for storage, transportation, and burial. For the simplest case, this may only involve
placing the waste into suitable containers. On the other extreme, It may involve drying
or incinerating, mixing of the residue in a solidification or stabilization agent, and
placing in appropriate containers. The nature of the processing will influence the costs
assoclated with this element of waste disposal.

Two major aspects make up processing costs. These are labor costs and the costs of
consumables. Manpower (s needed to control the physical movement of waste from its
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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 oflsite for burial. Manpower is also
needed to carry out the actual processing and packaging of the wastes. And finally,
labor is expended In maintaining the processing equiptnent.

The category of consamables 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 tc calculate processing costs.
The values vary, depending on the waste stream and the extent of volume reduction
achieved. The information presented in the table is largely dertved from Ref. 2. Where
practical, the information was cross-checked based on actual utility experience,
although this was possible in only a few cases. The Information in Ref. 2 is orfented
toward the use of 7.5 cubic foot drums for the waste containers for all waste streams.
This type of container is still widely used in the U.S. nuclear industry. Many utilities
use iarger containers such as 100 and 200 i3 baxes for waste such as compactible and
le trash. Our assessment has assumed the use of 7.5-t3 drums as the
disposal container. The cost profections on ihis basis should be somewhat on the high
side, but not to any significant degree. Aspects such as operator time and container

handling time could be expected to decrease on a per unit basis (hrs/ft3) for larger
containers than the 7.5-1t3 drum.

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

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

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

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

The actual calculation of waste processing costs nroceeds as follows.
Container Costs.

As-generated Waste volume (1t3)

No. Required
4 Container Volume (t°] x Volume Reduction Factor




GS

Tabie 5.5 Waste Processing Unit Cost Components (1988 dollars)

Waste Volume Waste Binder Binder Equipment | Container Energy Maintenance
Stream Reduction Unii Unit Unit Operator Handling Unit Unit
Factor Mass * Mass * Cost Time Time Cost Costs
fbs/cuft] | [bs/cuft] | $/caft] | [hrs/cu ftj | Ihrs/cont] | 1$/cu fi) [$/cu fi)

COTRASH 23 1802 014 1.0 002 416
38 30 0.14 1.0 0.03 4.16

57 45 0.15 1.0 0.03 4.93

87 70 - -- 0.18 1.5 0.08 851
1134 66 67 26.7 1.55 0627 1.0 126.51 11.45

BWR/PWR

NCTRASH 02 426/956 014 1.0 0.00 001
04 852/932 - 027 1.0 0.00 0.02

06 1278/1398 041 10 0.03 0.02

08 170.4/186 .4 041 1.0 0.08 0.02

BWR/PWR

IXRESIN 07 48 51.3/480 0.05 0.14 08 0.05 3.33
095 642 0.6/00 0.00 0.14 1.0 0.05 484

14 30.1 40.7/36.9 0.13 033 05 1.66 895
2 37 W7/347 0.13 0.80 05 7.35 12.08
4 66 67 26.7/26.7 1.55 060 1.0 7.35 19.87

B-CONCLIQ 07 4667 44.7 005 014 08 0.05 361
19 4933 26.7 1.55 0.22 1.0 0.05 11.43
24 33.33 408 0.13 033 05 7.50 14.77
38 56 373 0.13 (.80 05 12.22 18.95
45 o667 267 1.55 052 1.0 30.07 2244

P-CONCLIQ 07 42.67 513 005 014 08 0.05 361
o7 4133 267 1.55 0.22 1.0 1.17 11.43
54 26 67 299 0.13 033 05 16.51 14.77
66 RE 420 0.13 080 05 20.89 18.95
104 66.67 26.7 1.55 052 1.0 46.14 2244

FSLUDGE 0.56 e 480 0.05 0.14 08 0.05 329
2 3467 347 0.13 045 05 737 i5.78
4 3467 347 0.13 1.15 05 735 31.56

* Note: Cost components and unit masses are based on the as-shipped conditions of the wastes.
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Container Cost = Container Unit Cost [Can—t‘;l-n_el-'] x No. Required

Based on recent vendor estimates, the cost of 7.5-ft> drums is $60.00 each.
Binder Cost.
Binder Cost =

Binder Unit Mass [Ib/ft3] x Binder Unit Cost [$/1b] x No. of Containers x
Container volume (ft3)

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

Binder wvost, $/1b
Cement 0.05
Bitumen 0.13
DOW 1.58

Note that the binder unit mass is per unit volume ol processed waste.
Enecrgy Cost

Energy Cost =

Energy Unit Cost® [$/ft3] x No. of Containers x Container Volume [ft3)
Labor Cost

Container Handling Cost =

Unit Handling Time [hrs/container] x No. of Containers x Labor Rate ($/hr)

Equipinent Operator Cost =

Equipment Operator Unit Time* [hrs/f13) x No. of Containers x Container
Volume (3] x Labor Rate ($/hr]

Suitable labor rates for equipment operators and waste handlers were
assumed to be $32 00/hr, including overheads and fringe benefits.

Matntenance Costs.
Maintenance Costs =
Maintenance Unit Costs’ [$/113) x No. of Containers x Contziner Volume (t3)

The overall processing cost is the sum of the foregoing individual costs. These
are the costs of processing a given volume of as-generated waste.

* Per 3 of processed waste



522  Transportation Costs

Transportation costs encompass all activities necessary to transport radioactive waste
from the nuclear plant to the burial site. It Includes shipping charges and fees
associated with shielded van or cask rental f such casks are needed. This element does
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 used a number of assumptions and bases. These
assumptions and bases are as follows:

1

10,

11

All shipments are made via licensed and qualified commereial carriers
using trucks. Shipment by rail was not considered. This is consistent
with prevalent practice in the U.S. nuclear industry.

All wastes are shipped in /. 5-ft3 drums. This is not the most effective
container size for some waste streams but s still widely used at the
present time. The use of larger containers may result in somewhat lower
transportation costs.

Shipments to the burial site are made only when full-truck-load
shipments are available. When the quantity of waste of intere~t would
not make up a full load or where a combination of full loads plus a
partial load was involved, the partial load was essentially assumed to be
stored at the plant until the next full-load shipment was available. In
this way the partial load was assessed transport costs only in proportion
to the fraction of the full-load represented by these wastes. For example,
\f 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.

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

The maximum payload capacity for non-overweight vehicles is 45000
pounds. The maximum payload capacity for shielded vans is 26000 1bs.

The time required to load the waste onto the trucks plus the time
required to ofl-load at the burial site {8 one day or less.

Transportation costs are assessed as (f 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 on present day rates charged by licensed
radloactive waste carriers. Where different rates would apply in different
parts of the country, these rates were averaged and a single rate was used.

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

The maximu.n practical number of 7.5-ft3 containers that can be
transported on a single truck load 1s 80.

Inspection fees for safe packaging and transportation of low level

radioactive wastes can be substantial, for example, $2500 in the State of
Nevada, these costs, however, are assumed to have been already incurred
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by the utilities whose wastes travel through states requiring these one-
time inspections or have been exempted [rom ihe fee based upon past
performance.

12. Liability insurance costs are assumed to be reflected in the rates charged
by transporters and it is s3ssumed that the transporters are insured for
hauling radioactive materials through industry pools.

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

Three conditions determine how much waste can be transported in a single truck
shipment. These conditions deternine how many separate shipments must be made to
trans a fixed quantity of waste. First, barring other limitaticas a maximum of 160
7.5-ft° containers of waste can be accommodate on a single truck shipment. However,
the current practice is not to haul more than 80 7 5-ft3 drums on a single truck load.
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 in
the present cost assessiients,

The second limiting condition on quantity of waste transported in a stngle truck load is
gross payload weight. The maximum shipment load ts about 45000 pounds. This is the
maximum waste payload f the activity level is low enough that shielding (s not
required. If shielding 1s required and a shielded van is used, this payload drops to about
26097 pounds.

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

Table 5.6 presents a listing of typical shipping cask capabllities and limitations. The
listing shown is not exhaustive but is felt to be representative. The surface dose of the
waste determines the minimum cask shielding requirements needed for a given
shipment of waste, The table also indicates typical cask rental fees and paylna.l limits
used In the present analysis. Competitive pricing may have temporarily reduced the
cost of leasing shipping casks. The cost reductions on bid work have ranged {rom 5-
209 over a three-vear period. This cost reduction appears to be minor and temporary
untll the number of competitors decreases,




M

TABLE 5.6
SHIPPIN” “ASK CAPABILITIES (.988 DOLLARS)

Maximuu: 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 30 21 225 =
14 Drum Cask* 150 14 250 =
14 Drumn Cask 50.0 14 500 .-
8 Drum Cask 750.0 8 750 -

*Heavier shielding

smpmam are assumed to be leased or r ated on a datly basis rather than

purc . Utility ownership of cusks may be more economical in the long rin, but this
option was not considered here. Cask rental fees typically are not the major
contributor to shipping costs.

If a shielded van or cask is required, it is assumed that the van or cask must be
transported to the plant from a terminal near a burial site befors use. The analysis
assumes that rental fees are ¢ ed for the deadhead time when the cask is be‘ng sent
empty to the plan  One day is allowed for loading and unloading of the wastes. Thus, I
a cask is needed the cask rental time is taken to be the round trip time plus the one day
for loading and unloading.

Shipping rates typically vary with distance traveled, and they may vary from one part
of the country to the other. Certain states require permits for the transport of
radioactive materials withia or through their boundaries. Typical fees for such
permits range from $50 to about $125 per shipment per state or municipality. Only
seven states require such permits at the present time. These charges are relatively
small compared to total transportation cost-.. Therefore, they were not included in the
present evaluations

The shipping rates used were based o' commercial shipper rate schedules effective
through at least mid-1988. The rates applv to low-level radloactive waste and the
related shipping casks The schedule used specified separate rates for destinations west
of the Mississippl River wig «.2t of the Mississippi River. These (wo retes were
averaged to define a single rate for use in the cost calculations.

Table 5.7 presents the mileage rate schedule. [t 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 radioactive wastes,




TABLE 5.7
WASTE TRANSPORTATION RATES (1988 DOLLARS)

Maximum One-way One-Way Rate, Round-Trip Rate,
Distance, Miles $/Mile $/Mile
100 512 3.58
250 3.18 2.30
500 2.25 1.61
750 <03 1.51
1000 1.85 1.51
over 1000 1.90 1.51

In the present analysis several one-way distances were used in calculating
tion costs. These distances v re 250, 500, 1000, 2000 and 3000 miles. Costs
were calculated for each waste stream for each of these distances.

As a general aid to the user of this document, a survey was made of the distances from
nuclear plant= to each of the three burial sites. The survey was made for each NRC
region. Table ,.8 indicates the average, minimum, and maximum 4istances be.ween
the reartor sites in each of the 5 NRC regions and the 3 waste d itory sites (Barnwel!
SC; Beatty, NV, and Richland, WA). The mileage were estimated by measuring the

straight line distances on a map, scaling to miles, then multiplying by a factor of 1.2 to
account for actual road miles.

In Region V, about half the sites are within 380 miles of Beatty, Nevada and the other
half are within 260 miles of Richland, Washington. Similarly, in Region IV, ene-third
of the plants are approximately 1370 miles from Beatty, NV and the others range from
820 to 1820 miles (rom Beatty. Two-thirds of the Region IV plants are within 1100
miles of Barnwell, SC. Reglons I-1Il are sufficiently detailed tn Table 5.8,

TABLE 5.8
APPROXIMATE DISTANCES /ROM POWER PLANT SITES
TO WASTE REPOSITORIES FOR EACH NRC REGION

Barmwell, SC Beatty, NV Richland, WA
NRC Region Avg. Min Max Avyg Min Max Avg. Min.  Max
I 860 570 1200 2740 2300 3020 26090 2350 3020
b} 310 140 670 2260 1780 2780 2450 2160 3120
11 910 720 1300 187C 1630 2300 1870 1480 2300
v 080 720 1630 1370 820 1820 1680 100 2300
v 2500 2160 2880 620 200 1010 50 30 1200

R i B e e

The calculation of transportatior <osts is described below,




Number of shipments required:

The number of containers of waste generated from the reference volume of

1000 13 of unprocessed waste is deteimined as discussed in Section 5.2.1. The
contact dose rate is also determined as noted in Section .1,

Given the number of containers of waste and t.ie surface dose rate, a
comparison is made with the limits speciled in Table 5.6 describing shipping
cask capablilities. Thal comparison determines the need for a cask, the cask
capabllities, and maximum weight limitations. The maxiraum number of
containers per truck is determined from that comparison. The number of
shipments is then determined.

No. Shipments per
1000 ft3 of .
unprocessed waste

Total No. of Containers
No. of containers per shipment

As pointed out previously, wherc fractional loads enter into the assessment of
the transport costs of a given 1000 ft3 of as-generated waste, the partial load
segments are assumed to be stored at the plant until a full-truck-load
shipment is available for transport. The transport costs are apportioned to
the waste according to the fraction of a full load occupied by the waste in
question.

If a cask or shielded van is required, round-trip distances and rates are used.
Cask rental fees are charged as approp 1ate. Trip duration is calculated as

follows:
One-way Distance [mi] x RT
Where RT s 1 if an unshielded van 1s used, or 2 If a shielded van or casks are
used.
Cask Rental Costs:
Cask Rent = TIME |days| x Rental Rate ($/day]|
Milcage Costs:

The mileage costs are determined from the transportation rates (Table 5.7), the
one-way distance from the plant to the burial site, and the RT factor as
determined above.
Mileage Costs Per Trip = Rate [$/mi] x Distance [mi] x RT

Transportation Costs:

Total transportation costs = (mileage costs [$/trip) + cask rental [$/trip)) x
number of shipments
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523  Storage Costs

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

The present cost assessment has included costs associated with on-site stonﬁe of
radioactive wastes. The assumption is made that a n ansount of storage floor space
is required for each container of waste produced by the plant. Thus wastes generated as
a result of NRC requirements are assumed to generate incremental storage space needs.
The capital costs assoclated with this increment~] space are added to the other costs
assocfated with waste disposal.

The capital costs for on-site st e lacilities are based on information presented in
Ref. 2. That source gives storage facility requirements and costs for a specific type of
factlity. It 1s assumed hor> :h.at these costs and requirements are reasonable, but they
may not represent { < ustry-wide average costs for such facilities.

The data repr (ed in Ref. 1 indicates that LWRs generate on the order of 3000 drums of
packaged waste each year, assuming that nominal volume reduction procosses are used
and that the wastes are packaged in 7.5-f3 drums. The wastes generated as result of

NRC mandated repairs or modifications are typtrally a smal) (raction of this total
(Ref. 1), L.e. 10% or less.

Reference 2 states that storage facility costs would basically be made up of a fixed
component and a variabic component. The fixed compenent includes vosts for
handling equipment (cranes, fork .i{ts), loading bays, fixed walls. a control room, and
engineering design and construction management. Th: variable component is the cost

of the storage space ‘tself, which varies depending on the amouzit 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 (s assumed to be incurred by the utility
in allowing for the storage of wastes generated as a result of routine operatiors and
maintenance. Also as noted above the volume of wastes generated as a result of NRC
requirements is small compared to the normal annual volume of waste produced by a
typical LWR.

Reference 2 indicates that, beyond a certain size, about 0.72 12 of storage area floor
space is needed for each 7 5-t3 drum. Tuls floor space requirement per drum assumes
that the drums are staciied one on top of another, several high. This incremental
amount of floor space is appropriate for faci!ties which can hold about 1000 drums or
more. As indicated above, typica! LWRs produ.e the equivalent of about 3000 drums per
year. Thus even a one-year storage capability would be sxpanded to accommodats
incremerital wast# ) at the rate of about 072 12 per drum. This value was used tn
determining the incremental space requirem#n.s used In the present assessment. The
cost per square foot of storage area vares, depending on the dose rate of the wastes. The
capital costs cited in Rel. 2 (in 1982 dollars #nd escalated to 1988 dollars) are as follows:

Capital Costs of Intertm-Storage Facilities
1982 cos [B/07 1988 cosls (8/02)

Surface dose <100 mR/hr 98 00 105 .91
Surface dose > 100 mR/hr 108 00 116.71




m«ue costs assoclated with a given volume of as-generated waste s calculated as
o o,

No. of drums

- - 2
Storage space floor area required [t4] = 0.72 (it /Mxm

Cost = Storage area [t2] x Unit Cost [$/112]

BummmmmgmnothMRmtmnmememnud
waste disposal costs. In many instances, this is the t 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 by some of the states with
commercial low-level radloactive waste burial sites. Different inspection
requirements and different fees are charged by the different states involved.

Currently there are only three sites avatlable in the U.S. for the disposal of low-level
radiocactive wastes. Two sites are operated by U.S. Erology, Inc. These are located In
Beatty, Nevada. and Richland, Washington. The third site is located at Barnwell, South
Carolina, and is operated by Chem-Nuclear Systems, Inc.

Section 5.2 4.1 discusses present-day burial costs as determined (rom rate schedules
obtained from the operators of the three existing low-level waste burial sites.

Ls gislation was passed in the U.S. Congress in 1980 which required the formation and
development of additional burial sites to serve regional needs. Most states have joined
compacts to develop regional burial sites, and Congress has legislated a surcharge
schedule to ensure that these new burtai sites are operating by 1992. This legislation
will have a significant impact on burta! costs. These potential impacts are discussed in
Section 5.2.4.2.

5.24.1 Current Burial Costs

The contacts with utilities made during the course of this study indicated that all three
of the existing commercial burial sites are being used by utilities for disposal of their
low-level radwastes. Some utilities will ship one type of waste to one site and another
type of waste to another site, although there is no untformity from one utility to
another in regard to this practice. Thus it 1s impractical to attempt to predict where a
given utllity or the plants In a given region 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 avallable burial sites. The rates charged by U.S.
Ecology for their Beatty, Nevada, and Hanford, Washington, sites are not vastly
different. These were averaged (o establish a single U .S, Ecology rate schedule.

The costs of burial at sites operated by U 8. Ecology. Inc. are dependent on the dose rate
at the waste container surface, the weight of the containers, and the total curte
‘nventory per truck load of wastes, Charg~s are also assessed for cask handling,
decontamination services, and unusual exposure to personnel, if applicable.

The averaged rates charged lor 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 iri the present calculations is that these unusual charges should not be
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Table 5.9
Average of US Ecology’'s Beatty, NV and Hanford, WA Rate Schedules for
Burial of Low-Level Radloactive Wastes
Effective August 17, 1987

Disposal Charge (Packages 12.0 cu ft or less):

R/hr at Container Surface Price per cublc foot
0.00 -0.20 $28.98
0.201 - 1.00 $30.10
1.01 200 $£31.43
201 -500 $32.50
501 - 10.00 £36.38
10.01 - 20.00 $41.93
20.01 - 40.00 $48.13

Minimum charge per shipment, excluding surcharges and specific other charges, is $485 00

Surcharges
Surcharge for Heavy Objec.s
Weight of Container Surcharge per Container
0 - 10000 1bs No surcharge
Over 10000 Ibs $214 .76 plus 10¢/1b above 10000 Ibs
Curle Surcharges:
Curie Content per shipment Surcharge per Shipment
0-100 No surcharge
101 - 300 $1561.50 plus 20 5¢/Ct above 100 Ci
Other Charges
Cask Handling Fee: $550.00 per cask, minimum

Note The above rate schedule (s abridged. Chsrges for weighits and curtes and
container volumes not mentioned are available from the buria) site



incurred if reasonable care Is taken by utilities in processing their wastes and properly
packaging them.

The current rate schedule appiicable for the disposal of wastes at the Bamwell, SC, site
is shown in Table 5.10. At Barnwell, a basic charge is assessed based on a $/1t3 rate

which s of the surface dose rate of the waste containers. Surcharges are
then for container w’ht and the total curte conteni of the shipment The
weight surcharge applies only if the waste containers must be offloaded using a crane.

Drums whiich are on pallets or waste which is in boxes can be handled by a lft and
the t surcharges do not apply in most cases. However, If the waste was shipped n
casks, then a crane must be used for offloading and the t charges do
apply. Barmnwell 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 Barmwell and the sites operated by U.S. Ecology will assess charges for special
nuclear materials (SNM) in the wastes, SNM includes U-233, U-235, Pu-241 and similar
fissile mat 'rials. Most of the waste streams contatn 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-241 in B-FSLUDGE, for example, is
1.15X10°2 Ci/m3. For a thousand cubic feet of this waste, the total mass of Pu-241
would be on the order of 3.0X10°3 grams. Thus the masses of these special nuclear
materials are very small and the SNM ch-rges were not included in the calculation of
burtal costs.

The predicted costs of burtal at Barmwell are significantly higher than those for burial
at Buy NV, or Hanford, WA. Costs are higher by from 10% or 40% t» as much as a
«actor of 2 or so, depending on the waste stream. The higher costs are due to the highe:
curie and weight surcharges assessed for disposal of waste at Barnwell

The evaluation of low level radwaste burial costs calculated the present day costs for
burial both at Barnwell and at the sites operated by U.S. Ecology. Inc. A single cost
number was ther generated by taking a linear average of these two cost figures. This
average burial cost was used (n arriving at the estimated total cost {or dispusing of each
waste stream.

The calculation of burial costs proceeds as follows

Bucal al S, Ecology Sies

Compare container surface dose rate against rate schedule shown in Table 59
Select the appropriate burial rate

Basic burtal charge = rate [$/13) x No. of containers x container volume [ft3]
Check for application of weight charges

Check for total curte 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 = charge per shipment (8] x no. of shipments per 1000 13 of
unprocessed waste.
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Table 5.10
Barnwell, SC Rate Schedule ror
Burial of Low-Level Radloactive Wastes
Effective January 15, 1988

Base Disposal Charge: 83532/ utt

Minimum charge per shipment, excluding surcharges and specific ¢ er chargss, 5/80 00
The base disposal charge includes charges for the Extended Care Fund ( 2.80 ‘c. t),

the South Carolina Low-Level Radioactive Waste Disposal Tax ($6.00,/¢1i f1) and the
Southeast Regional Compact Fee (66¢/cu ft),

Swcharges
Welght Surcharges (Crane Loads Only):
Weight of Container Surcharge per Container
0 - 1000 Ibs No surcharge
1001 - 5000 Ibs $406.00
5001 - 10000 Ibs $710.00
10001 - 20000 Ibs $1.010.00
20001 - 30000 Ibs $1.210.00

Curie Surcharges for Shielded Shipments:

Curie Content per shipment Surcharge per Shipment
0-5 $2.,500.00
5-15 $2.820.00
15-28 $3,750.00
25 - 50 $5.650.00
5% .78 §6.900 00
8- 100 $9,350.00
100 - 150 $11.200.00
150 - 280 $15.000.00
250 < 500 $18,800.00
Other Charges
Cask Handling Fee: $1.00000 per cask, mintmum

Barnwell County Business License Tax: 2 40%  surcharge added to sach bill

Note: The above rate schedule is abridged. Surcharyges for we.ghts and curies not
mentioned are avallable from the burtal site



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

If a cask was used for .ransporting the waste, include the cask handling fee.

Total costs for burial at U.S. Ecology sites

Basic Container Cask
Toal » Weight + Burial + cpauc + Handling
Charges Charges Charge
Burial at Bamwell, SC

Basic charge =  rate ($/ft3] x No. of containers x container volume (ft3]

Check if a cask is vs d for waste transport. If yes, determine applicable weight
charges per contair.er from Table 5.10.

Weight charge = rate [$/container| x No. of containers per
1000 113 of unprocessed waste

Determine curie surcharges based on rates shown in Table 5 10.

No. of shipments per
curfe charge = charge per shipment (8] x 1000 it3 of unprocessed

waste
If a cask is used in transport, assess the cask handling fee.
Basic Container Cask
Total . weight +  Bural o+ quic o+ Handling
Charges Charges Charge

Tax is applied to get the overall cost.

Average burial cost:
Barnwell  US Ecology
Rurial  «+ Burial
~ost Cost
Average 2

As noted previou . burtal costs have been rising rapidly (n the past few years. Users of
this document should contact the burial site operators to determine current burial rate
schedules. Changes relative to the rates presented in Tables 5.9 and 510 raust be
factored into the intended analysis to determine the prevailing burial costs.

5242 Regional Burial Sites and Surcharges

In 1980, Congress passed the Low-Level Waste Policy Act. By this act, C directed
the states (o set up regional, multistate groups responsible for dupourg waste
produced In each . The interstate groups were to be approved by Congress by

January 1, 1986, After that date, those states then bearing the burden for waste burial -

67




Washington, Nevada, and South Carolina -- could refuse to accept wastes generated
outside of their respective regions. Although several regional compacts had been
formed as a result of the 1980 legislation, no new burial sites were developed as was
intended.

On January 15, 1986, Congress passed the Low-Level Radioactive Waste Policy
Amendments Act of 1985 (Put.lic Law 99-240) (Ref. 7). Key aspects of this legislation are
as follows:

¢ It approves several of th:‘:s;oml compacts (Rocky Mountain, Southeast,
Northwest, Midwes!, Ce Midwest and Central States).

¢ It extends the deadline for accens to the three existing low-level waste
disposal sites from January 1, 1986 to January 1, 1993

* It allows the iImposition of surcharges by host states on out-of-region
generators.

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

¢ It provides (or a pos! of additional disposal volume in the event of unusual
circumstances.

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

* It provides for rebate of surcharges for waste generators in compacts
meeting milestones for establishing their own waste disposal sites.

The 1986 legislation extended the time period wherein nuclear plants will be allowed to
dispose of their wastes at the existing burial sites. However, the provision for
surcharges on wastes produced by out-of-region generators could increase disposal costs
substantially. The schedule of surcharges was tied to several milestones that must be
met by compacts or single states "going-alone” by providing for their own radwaste
disposal facility. These milestones are:

* States n.ust join compacts or declared themselves as a single state
providing their own disposal site by July 1, 1986

¢ Compacts or single states must select a state and develop a siting plan by
January 1, 1988,

¢+ Compacts or single states must file an application for a low-level
radioactive waste disposal factiity with the NRC (or appropriate state body
if the sited state is an agreement state) by January 1, | , or the non-
compact state must prove that (s capable of storing. managing, and
disposing cf all low-level radwaste generat~d within its borders.

* All compacts or single-states must file a complete application for a
mm‘r?:cmty with the NRC by January 1, 1992,

¢ Access to out of state or compact disposal sites ends on December 51, 1992

If these milestones are not met, the state or compact may be denied access to the existing
disposal sites. In uddition, all unsited states and compacts pay surcharges of $20/ft3
during 1988 and 1989, and $40/113 during and after 1990 (Note that states in the
Northwest, Rocky Mountain, and Southeast compacts do not pay these charges since




they are tn a sited compact). A one-year grace period, broken into two six-month

segments, has been allowed for the 1988 milestone. The penalty surcharge for the first

stz-month period is twice the applicable charge, t.e., $40/ft3. The penalty surcharge for

the second six-month period is four times the applicable charge, i.e., $80/t3. After

January 1, 1989, states or compacts not in compliance with the milestones can be

;nde:lmdmtolcummdnposﬂhctmy. There is no grace period for the 1990
estone.

The surcharges are collected by the currertly sited states. Twenty-five percent of the
funds are transferred to the Department of Energy and returned to states as further
incentive to meet the deadlines. This incentive money is be used for site selection,
development, and regulation. The incentive money is paid to states and compacts that
meet the milestones. If a state or compact fails to meet the 1993 deadline, the utility
may transfer possession of the waste to the state or receive its proportion of the
incentive payment that would have gone to the state. The unsited state also is lable fcr
any damages resulting from the unburied waste.

If a surcharge is applicable to the generic estimate being calculated, the following
formula should be used.

Surcharge 1000 ft? Unproc. Waste .
1000 17 Unproc. Waste 8 = \w x Surcharge Rate ($/f°)

For example, for typical activity BCOTRASH, If the surcharge rate is $20/ ft3, and the
VRF 1s 3.78, then

n3
Total Surcharge = % X % B $5291

Tables 5.11 and 5.12 contains a list of surcharges for each waste type, VRF, and various
surcharge rates for BWRs and PWRs, respectively.

Several states and compacts are already working on the design of the new disposal
factlities. The design of these new sites is tending toward the use of engineered barriers
rather than the traditional shallow landfill. The engineered barrier designs will
dramatically increase the capital cost of these new sites and these costs will be passed
on to the users. These high capital costs, coupled with the trend toward volume
reduction tn the nuclear power industry, will increase costs far higher than today. One
utility radwaste services vendor predicted burial costs on the order of $500/ 13 when
the first new burial site opens.

Altogether, there are eight regional compacts consisting ol a total of 39 states. Figure
5.1 shows the boundaries of the regional compacts (Rel. 8) Several compacts have made
decisions regarding their sites.

¢ The Appalachian compact consists of Pennsylvania, Maryland, Delaware,
and West Virginia. Pennsylvania (s host state,

¢ The Central Midwest compact consists of [llinois and Kentucky. lllinols has
been selected as the host state and Is currently peirforming site
characterization studies

¢ The Central States compact consists of Nebraska (host), Kansas, Oklahoma,
Arkansas, and Loulsiana

¢ The Midwest compact consists of Michigan (host), Ohlo, Indlana, Wisconsin,
Minnesota, lowa. and Missoun




Table 5.11 BWR Waste Disposal Surcharges (1968 dollars)

Wasle Volume Typical $20 Percent Su Percent $20 00 Percent
Stream Reduction Activity percaft ol per cu ft of percu ft of
Factor Base Costs *| Surc? Base Cost | Surcharge | Base Cost Surcharge | Base Cost
COTRASH 227 $29.362 $8.811 30% $17.621 60% £35.242 120%
378 $17 882 $5.291 30% $10.582 59% $21.164 118%
567 $12.129 £3.527 29% $7.055 58% $14.109 116%
869 $8.848 $2.301 26% $4.6003 52% $9.206 104%
1134 £3 555 $176 5% $£353 10% $705 20%
NCTRASH 02 £335311 $100.000 30% £200.000 60% $400.670 119%
04 $180.309 $50.000 28% £ 100,000 55% $209Cn) 111%
06 £176.485 $£33.333 19% 6667 "% $133.333 76%
08 $140.667 $25.000 18% £50.000 36% $100.000 71%
IXRESIN 071 $183.059 $285.169 15% 446,338 31% $112676 62%
095 $142.429 $21.053 15¢ $42.105 30% $84.211 53%
1.4 $114.429 $14.286 12 . $28.571 25% 7.143 50%
2 $105475 $10.000 2% $20.000 19% $40.000 38%
R $65 504 5000 8% $10.000 15% $20.000 30%
CONCLIQ 071 $i182 608 $28.169 15% $56.338 31% $112676 62%
19 $10C 645 $10.526 10% $21.053 20% $42.105 41%
24 $70.380 $8.333 12% $16.667 24% $£32.333 47%
3s $62 .39, $5.263 5% $16.526 17% $21.063 34%
45 $54 652 $4 4494 7% $8 889 14% $17.778 27%
FSLUDGE 056 $232 3% $£35.714 15% $71.329 31% $142.857 61%
2 $95 308 $10.000 10% $20.000 21% $40.000 42%
4 $69 491 $5.000 7% $10.000 14% $20.000 29%

“ Total Disposal Costs per

cubic feet of Unprocessed Waste m
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Table 5.12 PWR Waste Disposal Surcharges (1968 dollars)

Waste Volume Typical $20 Percent >40 Percent S50 00 Peri«
Stream Reduction Activity per cu fit of per cu fi of percu ft of
Factor Base Costs *| Surchaige | Base Cost Surcharge | Base Cost Surcharge | Base Cost

COTRASH 378 $17.882 $5.291 30% $10.582 59% $21.164 118%
567 $12.129 $£3.527 29% $7.055 58% $14.109 116%
869 $8. 548 $2.301 26% $4.600 52% $9.206 104%

1134 £.819 $176 5% 353 9% $705 18%
NCTRASH 02 £331 981 $100.000 30% $200.000 60% $400.000 120%
03 $179.390 $50.000 28% $1002.000 56% $200.000 111%

06 $176.221 £33.333 19% $66 667 38% $133.333 76%

0s $139.796 $25.000 18% $50.000 36% $100.000 72%

IXRESIN 071 $151 856 $28.169 19% $56.338 37% 112676 74%
095 $135541 $21.053 16% $42.105 31% $84211 62%

14 $106.012 $14.286 13% $28.571 27% $57.143 54%

2 $99.032 $10.000 10% $20.000 20% $40.000 40%

4 $61.214 $5.000 8% $10.000 169 $20.000 33%

CONCLIQ 071 $48 857 $285.169 28% $56.338 57% $112676 114%
19 $42 904 $10.526 25% $21.053 49% $42.105 98%

24 $25.339 $8.333 33% $16.667 66% $£33.333 132%

38 $28.570 $5.263 18% $10.526 37% $21.052 74%

45 $22 757 S bk 20% $8.889 39% $17.778 78%

FSLUDGE 056 $193.011 £35.714 19% $71.429 37% $142 857 74%
2 $80.9903 $10.000 12% $20.690 25% $40.000 49%

Kl $61 064 $5.000 8% $10.000 16% $20.000 33%

= Total Disposal Costs per cubic Teet of Unprocessed Waste Belore Surcharges




7/88

oL

© : g
: - i
' Low Level Radioactive Waste
i e\ § Compact Membership
- = ‘" . »
D . | 5 B Appalachian
7 {3 Central Midwest
& i Central States
s , B3 Midwest
e [J Northeast
[J Northwest

B Rocky Mountain
Southeast

B "Go-it-alone” States
O undecided

Figure 5.1 Low-Level Radioactive Waste Disposal Compacts



¢ The Northeast compact consists of New Jersey and Connecticut. They have
cu decided for each to host a disposal site: one for Class A waste, and

one for B and C waste.
* The Northwest conipact consists of W n (host), Oregon, Idahn, Utah,
Montana, Aluk’ly and Hawall. The Hanford site in Washington will remain
indefinitely.

. e Rocky Mountain compact consists of Nevada, Colorado, New Mexico,
and Wyoming. Nevada will host until 1992 at the Beatty site. Colorado will

host thereafter.

¢ The Soutaeast compact consists of Alabama, Florida, G . Mississippt,
North Carolina, South Carolina, V' , and Tennessee, uth Carolina
will host at the Barnwell site until 1 . and then North Carolina will host a
site for 20 years,

Eleven states, the District of Columbia, and all other U'.S. territories are presently on
their own. The following status of these states Is current as of March 1988, but is subject

to change:

¢ Texas, Calfornia, and New York are developing their uwn disposal sites.
These states have made substantial progress toward site selection ard
characterization,

¢ Massachusetts and Maine have plans to develop their own disposal sites. but
are not as far along as the previous group of states.

* Rhode Island, a small LLW producer, has a contract through 1989 with the
Rocky Mountalii compact to dispose its waste at the Beatty, NV site. Because
of this arrangement, Rhude Island was judged in compliance with the
miles,tones by the sited states. The District of Columbia is see a similar
arrengement with the Rocky Mountain compact. It is likely that the US
ove ‘'seas possessions -- Puerto Rico, Virgin Islands, Guam, ete. -- will follow
sult since they are 2l50 very small producers.

¢ Arizona, New Hampshire, North Dakota, South Dakota, and Vermont have
no current plans for jolning a compact or developing their own site.

Appendix D contains a list of operational nuclear plants and the statcs and compacts in
which they are located. [t also lists all applicable surcharges for each state by regional

compacts or present compliance status.

The complicated nature of the compacts, go-it-alone  states, and milestones makes it
dificult to factor surcharges into the generic estimates. For examnple, in 1988, a plant
in a sited compact pays no surcharge, while a plant in a state or compact in compliance
with the milestones pays a $20/1t% surcharge. and a plant in a state not in compliance
pays $80/13. As shown in Tables 5 11 and 5 12, the significance of these surcharges
range from 5 to 120% of the total dis posal cost without the surcharges The analyst
should apply these surcharges at his discretion depending on the nature and scope of the
modification he is estimating.




53 COMPUTATIONAL MODEL

The foregoing methods for calculating costs for processing, storage, transportation, and
burial of low level radwastes as discussed in Section 5.2.1 through 5.2 4 were modeled
using a Microsoft Excel™ spreadsheet operating on a Macintosh™ 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.
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6.0 ESTIMATES OF WASTE DISPOSAL COSTS

mmmmwmmhdtumadwmm

performed as part of this results were generated the
and bases described in Section 5. Mfommmdmevwmfu

each waste stream. Major factors or sensitivities that significantly influence the costs
are noted.

6.1 COST BASIS

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

Reactor type (BWR and PWR)

Waste cyg‘mcrmu COTRASH, IXRESIN, CONCLIQ and FSLUOGE)
Activity 1 (Low, Typical, High, and Very High)

Extent of volume reduction (3 to 5 different s for each waste type)

Each of these factors was essentially treated as ar  dependent vartable. Costs were
calculated for all applicable combinations of these parameters. In addition, for each
case transportation distance was treated as an inaependent variable and costs were
calculated for several distinct one-way distances from the nuclear plant to the burial
site: 250, 500, 1000, 2000 and 3000 miles. This range of transp ..t distances covers
most cases that might arise for U.S. nuclear plants. Sufficient information is provided
so that costs for intenmediate distances can be estimated.

All costs presented in this section represent the costs to dispose of 000 cubic feet of as-
generated wasce for each waste stream. This is the volume of the waste in its as-
generated condition, i.e., prior to any type of processing to reduce its volume, solidify it.
or otheiwise 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 m of 15000 to 35000 cubic feet, the reference value of
1000 represents a relatively fraction of the total annual waste generation (Ref 1)
Costs for volumes greater than this can readily be estimated using linear scaling. None
of the cost elements in this volume range appear to be sensitive to volume throughput,
and thus, the linear scaling with volume should give reasonable results. However, costs
for volumes less than 1000 cubic feet tend to be overestimated when curie or weight

burtal surcharges had been assessed against the 1000 (t? reference volume. Since these
charges are threshold chaiges, they would not tend to scale linearly downward and
burial costs would be nverestimated.

The quantitative results show that the extent of volume reduction for any of the waste
streams and the radioacttvity contont of the wastes heavily influence the total disposal
costs. It is worthwhile to review the ranges of ‘hese parameters and characleristics to
better understand their unpact on costs.

The extent of volume reduction for a given waste stream basically determines the
volume of waste that must be stored, transported. and burted. It also influences the
specific activity (C1/M3) of the processed wastes and the container surface dose rate, The
greater the volume reduction, Lthe lower the overall costs in general, and the higher the
surface dose rate.

Figure 6 1 shows the vartation in the number of 7.5.1t? containers needed to hold 1000
1 of waste after the waste has been processed, The independent variable is volume
reduction factor (VRF). For the cases of interest to this study, the YRFs varted {rom a
low of 0.2 to a high of almost 114 The important area of this overall range is covered in
the figure. As indicated in Figure 6.1, the number of containers needed is inversely
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proportional to the volume reduction achieved. For the lowest volume reduction factor,
~ 0.2, over 676 7.5-ft3 drums are needed. At the other end of the spectrum the VRF of ~
114 only slightly more than one drum would be needed.

The number of contatners 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 reduction factors are applicable to a given waste stream.

The different waste streams vary significantly in their typical activity levels. At the
lower extreme, as-genera’ed 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 at least a factor of 1000,
at least for BWR wastes. PWR wastes appear to have less variation, but the difference
from one stream to the next is still quite large.

The typical activ'iy for each waste stream was dertved from the nuclear plant survey
results presented in Ref. 1. The typical values, thersfore, 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 concentrations were consicered 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 htgh 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 DISPOSAL COSTS

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

NCTRASH Costs
COTRASH Costs
IXRESIN Costs
CONCLIQ Casis
FSIUDGE Coata

Pl

Each section discusses costs for both BWR and PWT, wastes. Variations in costs due to
waste stream activity level, extent of volume reduction, and distance from the plant site
to the burial sites are also discussed.

For more detailed cost estimates, users of this document may wish to adjust the costs
for specific transportation distances and specific burtal sites. Appendix B presents
transportation costs for one- distances of 250, 500, 2000, and 3000 miles.
Differential costs compared to the 1000 mile transport case are noted. Data are
provided for low, typical, high, and very high activity concentrations for each waste
stream. Appendix C g 5 bunial costs spectfic to the two sites operated by U S Ecology,
Inc. (Beetry, NV and Hanford, WA) and to the Barnwell, SC bunial site operated by Chem-
Nuclear Systems, Ine. The differential costs for specific bunial sites compared to the
average burial costs are also presented in Appendix C.

6.2.1  Disposal Costs for Non-Compactible Trash (NCTRASH)

The primary waste stream likely to result from NRC mandated modifications or repairs
te nuclear power plants is nca-compactible trash. As no\ 'd previously, this waste
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streain encompasses Lhe p . components, and similar hardwure which are replaced
and become scrap as a result of a given regulatory requirement.

Figures 6.2 (a) and 6.2(b) display the total waste disposal costs for BWR and PWR non-

trash, respectively. The results are shown for each volume reduction
factor applicable to these waste streams. The contributions to the costs for processing,
storage, transport, and burial of the wastes are also displayed. Figure 6.2 applies to the
case of typical activity wastes being transported a distance of 1000 miles.

For the conditions shown, the costs are almost identical for both BWR and PWR wastes.
Al the lowest volume reduction factor (0.2) the analysis indicated that the waste
disposal costs should be on the order of 335,000 per 1000 cubic feet of waste. This is the
as-generated volume of the waste solids and excludes void volume. The figure indicates
that costs should drop by roughly a factor of 2.5 If highly effecttve packing and some
degree of compaction can be employed with this waste stream.

The avatlable 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 .0 0.4 (
kaging. no added compaction or extensive cutting to maximize density). Thus, the
costs displaved tn 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 bunal costs, followed
by processing costs. Processing becomes relatively less costly as greater volume
reduction is achieved. The burial cos's displayed in these figures are averages for
Barnwell and the twe sites operated by U S. Ec . In general. the burial costs, and
thus the total costs, would be about $19,000 to $52.000 higher than shown per 1000
cubic feet of waste if the burial site is Bammwell. Conversely, the values would be $19.000
to 852,000 lower if U.S. Ecology burial sites are used. Site-specific burtal cost
adjusiments for all waste types and VRFs are presented in Appendix C.

The cost estimates displayed in Figure 6.2 apply to both typical and low activity
NCTRASH. The typical activity oi this waste stream is low enougli that very little, if
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 the factor of 100 vanation in spe~tfic activity covered from the lactivity =
1.33 x 104 Ci/ft3) low to the htgl cases. - ‘rease in the activity level to the very

high case (activity = 0 133 C1/tV) results 1. . .airly substantial increase in disposal
conts. 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
and bunal cost components are the dominar.. contributors 10 the increased costs with
the rise In activity level

Figures 6.2 and 6 3 indicote that the costs of disposing of non-compactible trash vary
significantly with both volume reduction and waste activity level At very high waste
activity levels the costs also become sensilive to reactor type. Increased volume
reduction reduces each of the cost components, except for the burial costs. It reduces the
number of containers needed to package a (ixed volume of as-generated waste. This also
reduces the amount of in-plant labor assoclated with the packaging Both of these
factors contribute to reduced processing costs. Similarly, the higher VRFs translate
into fewer containers that have to be storad and transported. Each of these costs are
reduced accordingly.

Casts rise with increasing waste activity level because of the effects on transportation
and bunal. As activity increases, a point {s reached where shielded casks are needed for
transport. At this point, cask rental charges are incurred and the payload per shipment
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is reduced, thus necessitating more shipments. A point is also reached where the cune
content per shipment is high enough to trigger curie surcharges for burial.

6.2 and 6.3 are basec on transport distances of 1000 miles. 6.4 shows the
on costs for distances both greater and less than 1000 miles. flrure applies
to NCTRASH from both BWRs and . and it also covers the cases for low and typical

activity waste streams. The tn:zoﬂauon costs for mnmvgcubk trash are
relatively insensitive to volume reduction factor, at least for s 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 ov radiation considerations. Therefore, as the
VRF increases and more 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.

622  Disposal Costs for Compactible Trash (COTRASH)

Compactible trash is likely to be generated whenever repairs or modiJications are made
to radioactive systems of nuclear power plants. The description of this waste stream in
Section 3 noted that it s made up ely of paper, plastic, and cloth; materiais that are
typically used to prevent the spread of contamination, to prote<t 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-commblc
trash generated during a given repair or modification. On a plant-wide annual .
the 1981 utility data indicated that the 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, [rom a volume standpoint, one would expect that COTRASH generation, and
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() to PWRs.  The 1000 cubic leet refers (o the as-
generated waste volume, Le . prior to any compaction or other volume reduction

. The conditions represented in these figures include a one-way transport
distance of 1000 miles and a typical or average acttvity level for the waste. For BWR
COTRASH the typical activity is 0.00011 Ci/t3 and for PWRs 1t is 0 000185 Ci/ft3, both
in the as-generated condition (Ref 1)

Figure 6.5 (a) covers one additional VRF (VRF=2 27) than does 6.5(b). This lower-end
VRF 18 included to reflect the conditions reported in Ref 1.

The total costs and the elements making up the totals are considerably smaller than the
dis costs for non ible trash. Figure 6.5 shows that the disposal costs for

are estimated to be less than $30.000 per 1000 cubic feet of waste. Thus,
COTRASH costs are less than one-tenth of the NCTRASH costs for the same
as-generated vob me. There are several reasons why the COTRASH costs are much less
than those depicted in Figures 6 5 (a) & (b) for NCTRASH. First, the average VRF for
compactible trash is about 4 to € whie that for non-compactible trash is 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 4 Jiven 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 Simdlarly, the burtal valume, and thus the
burial charges. will be much greater for the non-compactible wasts 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
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volume reduction factors from 3 78 to 113.4. The lower compaction case for EWRs (VRF
= 2.27) 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 is relatively light
weight. Therefore, weight Is typicaily not a limitation for efther transportation of this
waste or in terms of incurring -lft charges at the burial sites. Costs are strongly
influenced by the uumber of containers of processed waste which must be :
This, in turn, is inversely proportional to the extent of volume reduction achieved.

The burial costs shown (n mn 6.5 are averages based on distinct rate scheduies for
the different burial sites available. For COTRASH the dilerence in costs hetween the
average and specific burial site costs is only an the order of + $1000 or less per 1000
cubic feet of as-generated waste. The higher cost would be for Barnwell and the lower
cost for Beatty, NV, or Hanford, WA (see Appendix C).

The limited survey made of present dav utility practices revealed that most utilities are
currently ackh volume reduction factors for COTRASH in ths m}e of 38106.7.
This 1s true for both BWRs and FWRs. It s estimated that fswer than 20% o the plants
are achleving VRFs of 8.7, which corresponds to the use of a ‘supercompactor’, and even
fewer are using inctneration procedures (VRF = 113 4).

Figures 6 6 (a) and (b) show the effects of waste stream activity level on waste ¢isposal
costs. Total estimated costs are shown for low, typical, high, and very high activity
wastes. The ussoclated activity concentrations for the waste tn the as- generated
condition are as follows.

COTRASH Waste Stream Activity Concentration, Ci/ft3

BWRs. PWEs
Low 000001 0.0000185%
Typical 000011 0000185
High 00011 0.00185
Very High 0011 00185

The levels of activity for COTRASH are low enough so that total costs are rehuwl’
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 thousand dollars per 1000 cubic feet of waste.
However, a factor of 100 increase in act cormpared to the average activity level will
roughly double the overall disposal costs. There is essentlally no difference in cost
between the low activity and average activity cases.

The resuits 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 (o reactor type.

nﬁa! 6.7 shows the eflects of transport distance on the overall costs. Distance plays a
relatively minor role. in general changing the total costs by 10% or less over distances
ranging up to 3000 miles

623  Disposal Costs for lon Exchange Resing (IXRESIN)

Repairs or modifications (o nuclear plants mandated by NRC requiremenits may
generate some fon-exchange resin wastes The resins are used to remove paticulates
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and dissolved solids from liquid steams Liquids that must be nrocessed may be
ted as a result of cleanup, washing, or decontamination of radioactive systems.
may also b~ ‘roduced from laundering of protective clothing and masks. The
amount of contavainated resins generated as a 1esult of maintenance and repair
operations is not exnected to be large (Ref. 3).

The activity levels which typify lon-exchange resins are several orders of magnitude
than that which characterize the dry waste streams. mm.heracu::gfor

§ generally results in significantly higher storage, transportation, burtal
mumﬂtommufudlgm. .

ure 6.8 shows costs for [IXRESIN over the range of applicable volume

uction factors. relative cmmb\mumdebzzmm. storage,
transportation, and burial are displayed. Part (a) of this figure applies to BWR 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 displayed in Figure 6 8 reveal that burtal costs are the largest
contributors te total disposal costs, at least for the lower volume reduction factors
applicable to DIRESINS. In contrast to the results shown for the dry waste streams
(Sections 6.2.1 and 6.2 2), transportation costs play a much more prominent role. The
high activity of this waste stream emr:lnz requires tliat shielded casks be used for
Ummmw increases the number of trips required per
1000 cubic feet > unp waste. BWR resins typically have an activity
concentration which is about 60% higher than that for PWR resins. They require more
shielding during t rt, which results in heavier casks and fewer containers of
waste per shipment. Thus, the BWR waste requires more shipments. The higher curie
inventory for BWR wastes also translates into higher burtal costs as compared to PWR
resins.

The results displayed in Figure 6.8 indicate that costs vary by a factor of about 2.8
between the highest and lowest volume reduction factors. There does not appear to be
much difference in costs between volume reduction factors of 1.4 and 2 0.

Each of the volume reduction factors shown in Figure 6 8 rep.esents a dilferent
treatment process for the waste. These dilferent processes are noted below.

IXRESIN Volume Reduction Processes

Proces. Applicable Volume Reduciion Factor
Solidification in cement 071

Dewatered, placed in high integrity

containers 0.95

Mcbile evaporator, solidification in
binder 1.4

Evaporation of water, grinding of
resins, solidification in binder 20

Incineration. solidification of ash
in binder 40
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Al the present time, most plants appear to dispose of lon-exch resins by dewatering
them and them tn high integrity containers for burtal. This process is

ted by volume reduction factor of 0.95. A significant number of plants still
:W&Qmmmu(vw-o.n). Few plants have gone to the more advenced
treatment processes which result in volume reduction factors greater than 1.0,

As with the other waste streams, the eflects of higher and lower activity concentrations
on costs was studied. Activity level has a much r influence on costs for

than that for the dry waste streams. Figure 6.9 tes the eflects for
[IXRESINS. The graphs indicate that a factor of 10 reduction in stream activity,
compared to the average, will reduce disposal costs about 30 to 50%. while a waste
activity which is a factor of 10 higher than average will increase the total costs about 60
;‘clgﬂt Activity levels 100 times greater than average result in costs 2 to 3.5 times
gher.

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 involved

The results displayed in Figures 6 8, 6 9 and 6 10 indivate 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 , to volume
reduction ievel, to waste stream ac.ivity. and to transport distance. Therefore, (n

the costs of disposing of lon-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. and
the transport distance involved. In addition, the specific burial site used can impact
total costs by as much as +50% (see Appendix C).

624  Disposal Costs for Concentrated Liquid Wastes (CONCLIQ)

Concentrated liquid radwastes are produced in nuclear plants as a result of efforts to
reduce the volume of contaminated liquid wastes. These waste streams are sublected (o
heating which evaporate much of the water but leave L=hind the non-volatile
chemicals and solids. Liquids with high concentrations of su !\ chemicals are also
produced by the evaporators normally used in the plant steam generation process The
costs of disposing of this waste stream is of literest here because concentrated liquid
wastes may be generated from dratning and flushing operations or from wash-down
efforts associated with repairs and modifications

The disposal of wastes in liquid form is discouraged because of the greater potentias wor
contamination of water systems or migration of radioactive matertals to uncontrolled
areas. Therefore, the concentrated liquid wastes from nuclear plants are generally
solidified with cement or otherwise stabilized prior to disposal

The following table lists the various processes considered herein to treat this waste
stream. The associated volume reduction lactors are also shown
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CONCLIQ Volume Reduction Processes

Volume Reduction Factor
Process R PW3
Soldification in Cement 071 071
Evaporator/Crystaliizer, solidification
in binder 19 a?
Mobile evaporator, solidification in
Evaporator, grinding of residue - -
nl!dﬂcm.m binder 38 06
Dryer/incinerator, solidification of
ash e binder 45 104

The volume reduction factors are different between BWRs and PWRs for this waste
stream because ths chemical makeup and chemical concentrations of the u

waste are different. The limited survey of nuclear utilities conducted during this study
indicated that most plants sclidify the concentrated liquid in c2ment. This s without
maore extensive concentration through more advanced evaporation processes Thus. the
VRF of 0.71 represents the type of (reatment in most commen use at this time,

Figure 6.11 shows the costs of of concentrated liquid radwastes. The BWR
case is shown in 6 11 (a) and the mmo.um.mummm

and the costs assoclated with processing, storage, transport, and the wastes for
each of the a able volume reduction factors. The costs are for 1000 cubic
feet of activity wastes transported 1000 miles to the burial site.

The costs in F 6.11 indicate that it Is more costly to dispose of BWR concentrated
liquids than concentrated liquids. There are two primary reasons for this. First,
the activity concentration in this waste stream is typically about 0.17 C1/t3 for BWRs
and only about 0.01 C1i/R3 for PWRs. This higher activity for BWR wastes translates

PWR wastes, as displayed in Figure 6 11 (b), the costs are substant less  Normal
disposal by solidication in cement (VRF = 0 71) should result in total disposal costs on
the order of $99.000) 1000 cubic feet of waste (unprocessed volume) The use of more
advanced volume action processes should lower the costs to roughly $25 000 to
$45.000 for this same quantity.

The effects of waste stream level are shown in Figures 6 12 (a) and (b). These
figures show that the costs for CONCLIQ waste disposal are quite sensitive to this
parameter, more so than simtlar PWR wastes. For the BWR wasic "¢ costs decrease by
about 40%  the waste stream activity level s an order of magr low . Lan the
typical or average value used. Conversely, Figure 6 12 la) iIndicates (b’ a factor of 10
than typical activity essentially doubles the disposal costs while a fac.or of 100
activity Increases costs by about a factor of 3 For PWR concentrated wastes, a
factor of *0 lower activity will reduce costs by O to 25 nt. Afmadlot’hﬂ
activity will l;cfemmdsbynbom 30 to SO percent on the extent of volume
achieved.

t
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Transport distance from the plant site (o the waste burial location
the total costs. mmmtmmsdmmm':
‘uwrﬁuﬁ%dm:‘har - levels for the BWR CONCLIQ
wastes, act or

e L i e T L T T

muuub'mamwu‘.lsmmntt‘mrm&wmmmu
Appendix B presents data to st total costs for varfous transport distances
concﬂa.s , Appendix C data can be used to
sites.

quantities of these are not expected as
a result of maintenance and repair activities. Hcwever, some of type of waste may

m processes were identified for treating flter s'udges prior to disposal. These are as
ollows.

Erocess Yolume Reduciion Factor

Solidification in Cement
Evaporation, solidification in binder
Incineration, solidification in hinder

- 00

56
0
0

Typical fter sludges generated during normal plant operat»n cun nave quite high
activity concentrations. For BWRs the average activity concentration for this waste
was 0.23 C1/ft3 and for PWRs the value was 0.07 €1 &3 (Ref 1), These relatively high
activity levels cause the transportation and burtal costs for this waste to be relatively
high

Figures 6 14 (a) and () show total costs and costs of processing, storage, transportation,
and burial for filter sludge The costs apply to 1000 cubic feet of tyyical activity filter
sludge, transportd a distance of 1000 miles from the plant to the burtal site.

figures indicate that transportation and burial costs are the largest contributors to
costs for the low volume reduction factor  As more advarced reduction
processes arc used, the pracessing costs take on added imponance

The case represeated by a volume reduction factor of 2 0 represents about one-fourth as
much waste in the processed state as the case with VRF = 0 56 m:hrnlcaum
reduced by mare than a factor of 2.0 in going from VRF = 0 56 to VRF = 2 0. toa
process with VRF = 4.0 gives an additional decrease in cost, but the benefit is relatively
small compared to the » 2.0 case.

The cost m&odhﬂermm.r than normal activity concentrations on costs are
shown (n Figures 6 15 (a) and (b) As might be expected from the discussions of other
waste sireams, higher acuvity can antly increase the costs. A factor of 10

her activity increases BWR disposal costs by lv a factor of 2, while a factor of
lumm can mcrease costs by a factor of 3 For PWR wasres, the effect of a
t increase in aciivity 1s 1o increase costs by factors of | 4 (o | 9, depending on the

volume reduction employed At the highest activity level considered. costs are higher
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than average by about a factor of 3. If the FSLUDGE (s characterized by lower than
normal activity levels, the disposal costs will decrease. A factor of 10 lower activity
concentration will reduce the disposal costs by 20 to 50 percent.

Figures 6.16 (a) and (b) show cost variations with changes in transport distances. Since
transportation costs play a relatively more nt role at lower volume reduction
factors, transportation distance impacts overall costs more at low VRFs than at the
higher VRFs. At VRF = 0.56, doubling the 1000 mile transport distance to 2000 miles
increases the total costs by $45,000 to $70,000, on the reactor type. Halving
the distance reduces costs by $20,000 to &30,000. magnitude of the cost changes
with distance decreases for the higher volume reduction processes
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The plant data obtained was quoted on 4 cost-per-container basis These costs excluded
costs associated with in-plant handling of the wastes (1.e. plant labor) and interim
orage of the wastes. [n addition, the plants sampled shipped all wastes (o the
Bamwell, SC, waste disposal site. tors attempted (o obtain "'ﬁ"“
representations of the actual wastes in to make the rison with the

a generic estimate cases Information regarding such aspects as extent of
ume reduction achieved, volume reduc’ n process employed. type of shipping
container used. and activity concentration or surface dose rate was solicited.

lnmnh;tm actual vs generic estLnate comparisons, investigators first attempted to
adequately characterize wastz “elitive Lo Lthe various cases and ranges covered by
the generic estimates. The miran . information needed was waste type, actual
volume of untreated waste per ~ontainer and/or volume reduction achieved, and the
activity concentration or surface dose rate from the packaged wastes Given this
information, the generic estimates were determined. The generic estimates were

to bring them to the same basis as quoted by the utility contacts, | e, the costs
were adjusted to exclude costs assaciated with tn-plant handling and interim on-site

:mt of wastes. Stmilarly, investigators adjusted the generic estimatss (o reflect
at Bamwell, SC. The burtal location influenced not only the burial costs but also
the transport costs.

Tahhrunna\\nm”nnnmmamncm Seven distinct cases are
shown five of waste are included INCTRASH, COTRASH, IXRESIN, CONCLIQ.
and FSLUDGE), not for each type of reactor. The table shows the waste type,
the assoctated volume reduction factor and reported container surface dose rate, the
quoted (actual) disposal cost, and the costs dertved from the generic estimates. It also

the ratio of the generic estimates to actual quoted costs of dis posal 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
s for NCTRASH The ratio of generic estimated costs to actual costs was | 60

The utilities providing actual cost data reported that most wastes were packaged in
containers other than the 7 5 ). drums assumed for the generic estimates  The generx
estimate values shown in Table 7 | assume the use of this type of container for all waste
streams. The results of this comparison tend to indicate that the influence Jf container
type and size on the total waste disposal costs is probably not large

The following discussions indicate how the individual case comparisons were carned

out and calculated. These ar: provided as examples of how generic costs can be
estimated and adjusted lor specific cases
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Table 7.1 Estimated vs Actual Cost Summary (1988 dollars)

[Waste Type|  wuoied | Surace | Quoied ® )
VRF Dose Disposal Cost /At
Cost Estimate Costs

! [R/brl Lt/ 1000cul | W/i000cu |
COTRASH 44 05 14,764 18,068 1.22
NCTRASH 02 08 325,000 475.084 1 46
BIXRESIN 09 3 124,901 159 808 1.28
BCONCLIQ 0.7 3 164, 897 203,424 1.23
BFSLUDGE 088 3 127,006 181 866 1.27
PIXRESIN [ 25 122,720 154,551 1.26

L 1

* Excludes costs ol in-plant labor and interim storage of wastes
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71 COMPACTIBLE TRASH (COTRASH) DISPOSAL COSTS

The estimates for this waste had both a BWR and a PWR at this ¢
whose was mixed and processed jointly. Figure 71 the details o/ the
cost compartson for Mixed BWR and PWR compactible trash. disposal cost quoted
by the utility for this type of waste was 865/t (as-shipped) T).+ stated volume
reduction factor was t 4.4, and the container surface dose 1 ute was quoted as being
500 mR/hr. The actual disposal cost is about 814,764 per 1000 ft? of as-generated waste.

The determination of the nc estimates requires knowleuge of the waste type, the

::\mmmw .meuum%mampm:‘m N
burial site. .enw?u most closely mate the activity

the mixed waste. Generwe costs for PCOTRASH were calculated for volume reduction

factors which bracket the stated VRF of 4 4 Wmtmtuwmw

# 3.78 and VRF = 5 67 were used and were adjusted to the conditions stated for the

mwm‘ . The results were linearly interpolated to arrive at the generic estimates for
=44

The surface dose rate for the utility waste was stated to be 500 mR/hr. Table 5 2 gives
approximate surface dose rates for the varlous BWR waste streams. For typtcal activity
concentrations for PCOTRASH, 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 0.5 R/hr | the high activity case was chosen for the generic estimate basis.

To determune the base cost for the generic estimate, Table 1 5 was used. The estimated
distance from the plant to the Barnwell burial site (s 1000 miles. The. xfore, base
m.mchmnhmcmddmam-lmm.mdmmw.m
VRFs of 3.78 and 5 67. Table | & presents the total costs for conditions.

The total estimated costs from Table 1 5 must be adjusted to put them on the same basts
as the utility cost quotes. Costs assoctated with in-plant handling of the wastes and
intertm storage should be subtracted from the generic estimates. The n-glam handling
costs are determined from detatled calculations as described In Section 521 sung
costs are ed in Table 1.5 The final adjustment to the estimated costs is that
burial at - Table C 2 presents the differential cost for burial at Bamwell
Mm wwmb\mﬂm. Surcharge costs, presented in Table 5.12, have
inc

There are three sub-elements to the in-plant labor costs These are the labor costs
associated, with container handling, ¢ fon or waste processing tpment
operation, and equipment maintenance unit cost base for each of sub-
elements was presented tn Table 5 5 for each type of waste and each volume reduction
factor. An example of the calculation of in-plant (abor costs for 100G ft? of as-generated
BCOTRASH with VRF=3 78 is as follows

Table 5.5 gives the following unit costs needed to calculate tin-plant labor costs.
Equipment operator time: O 14 thrs/ftY) |
Container

handiing time: 1 O (hrs/contatner)
Maintenance unit costs: 4 16 ($/0Y) !

3 '
* Number of containers = ‘gyxm = 3827 w
78 ey * 378

' Based on as-shipped conditions
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Actual Cost:

Waste Type: Compactible Trash (COTRASH)
Plant: NRC Region | BWR and PWR

Container type used: 92.7 cu ft boxes
Surface Dose Rate : 0.5 R/hr
Total Curies: 0.2 Curies per container
4.90E-04 Curies per cu t as-generated
VRF: 4.4
Qucted disposal costs: $6,022 per container

$65 per cu ft as-shipped
fexcludes costs for tn-plant handling and interim storage)

Distance to Burial Site: 1000 miles

Actual Cost: $14,764 per 1000 cu ft of as-generated waste

Generic Estimates:

Waste Type: PCOTRASH

Case VRF! 3.78 5.67
Curies per 1000 cu ft (Ax-generated) 0.00185 0.00185
high activity
Total Cos* $15.330 § 2.697
(@ 1000 mi, Table 1.5)
5djustinents:
in-plant Handung costs (®75,389) ($2.465)
(Section 7.1)
Intertim Storage Costs (83.025) ($2.017)
("able 1.5)
Burial at Barnwell $1.434 $1.071
(Table C.2)
Surcharge Costs $5.291 83,527
(Table5.12)
Generic Estimates $20,145 $13.813
Linear Interpolation (5 VRF = 4 4. $18.068 per 1000 cu ft
[Ratio of Generic Estimate (0 Actual Cost T.22)

Figure 7.1 Cost Comparison for Mixed BWR and PWR Compactible Trash
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¢ Container handling labor cost =

hours $
l.Ocom. er X 35.27 containers x 31.85m = $1147
* Equipment Operating Labor cost =
3
n.u"%“,’l x 35.27 (cont) x 7.5;‘}57 x 31.35,‘—35; . $1138
+ Maintenance cost =
$ f3
4.18h-g x 35.27 containers x 7.5m = $1101
Total In-plant labor cost = $3385

(per 1000 ft3 of as-generated waste)

This total labor cos! figure 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 $20.145/1000 ft® and $13.813/1000 ft? for VRFs
of 3.78 and 5.67, respectively. Linear interpolation to a VRF of 4.4 gives a generic
estimate of $18,068/1000 ft®. The actual cost quoted by the utility was $14,764/1000 ft3,
Thus, the generic estimate is about 20% more than the actual cost for this particular
case.

72 NONCOMPACTIBLE TRASH (NCTRASH) DISPOSAL COSTS

The utility providing estimates for this waste had both a BWR and a PWR at this site
whose NCTRAS!” was mixed and processed jointly. The surface cdose for the was'e wois
stated (o be 0.6 R, hour. The VRF was given as 0.2. The distance {rom the plant tc ‘12
Bamwell, S.C, burial site is roughly 1000 miles.

Figure 7.2 chov.s the detatis of the cest comparison for this case. As noted sbove, this
waste contained nioncompactibie trash from b.th a PWR and a PWR. Tue average
surface dose of the aciv2) waste 1s 0.5 R/hr. From Table 5.3. this 15 very close to the
predicted surface dose i PNCTRASH with a “high” activity concentrution (1 2., a factor
of 10 higher than typica) #rd with a VRF of C.2. Therefore, PNCTPASY generic costs
were used based on these conditicns. The specific generic cost base uscd was that from
Table 1 § for high actt-ty wastes with VRF of 0.2, The total costs, including
surcharges, were $475,084,' 1000 ft3. This data is applicable to the 1000 mile transport
distance appropriate for this comnparison.

Figure 7.2 shuws the cost adjustments made to bring the generic estimate to the same
basis as that for the actual cost reported by the utility. The results show that the generic
estimate overestimates the actual costs by about 50%.

73 BWR ION-EXCHANGE RESINS (BIXRESIN) DISPOSAL COSTS

Figure 7.3 presents a comparison of generic estimates versus actual costs for the
disposal of BWR jon-exchange resins. The utility providing the data stated that these
wastes are disposed (n 202 1 ft3 contatners and that 181 Nt9 of actual waste are put in
each container. This gives a VRF of 0.90. The quoted disposal costs are $124,901 per
1000 ft3 of us-generated waste. The surface dose rate of the IXRESIN wastes was stated to
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Actual Cost:
Waste Type: Noncompactible Trash (NCTRASH)
Plant: NRC Region | BWR and PWR
Container type used: 92.7 cu ft boxes
Suriace Dose Rate : 0.5 R/hr
Total Curies: 0.2 Curies per container
1.08E-02 Curies per cu ft as-generated
VRF: 0.2
Quoted disposal costs: $6.022 per container
$65 per cu ft as-shipped
(excludes costs for in-plant handling and interim storage)
Distance to Burial Site: 1000 miles
Actual Cost:  $325,000 per 1000 cu ft of as-generated waste
Generic Estimates:

Waste Type: PNCTRASH

Case VRF:
Curies per (000 cu it (As-generated)
high activity
Total Cost
{®@ 1007 1ni, Tabie 1.5,
Adjustments:
In-plant Handling ccsts
(Section 7.1)
Intertm Storage Cos's
(Table 1.5)
Burial at Barnwell
(Table C.2)
Surcharge Costs
(Table 5.12)

Generic Ertimates

0.2

0.0533

$377.111

(835,540)

($18,73¢9)

$562.272

$100,000

$475,084

[Ratic of Generic Estumate (o Actual Cost

T.40)

Figure 7.2 Cost Comparison for Mixed BWR and PWR Noncocnpactible Trash
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Actual Cost:
Waste Type: BWR lon Exchange Resins (BIXRESIN)

Plant: NRC Region | BWR and PWR

Container type used: 202.1 cu ft boxes
Surface Dose Rate : 3 R/hr
Total Curies: 5 Curies per container

2.76E-02 Cures per cu ft as-generated
VRF: 0.90
Quoted disposal costs: $22,607 per container
$112 per cu ft as-shipped
lexcludes costs for in-plant handling and interim storage)
Distarnice to Burial Site: 1000 miles

Actual Cost:  $124,901 per .000 cu ft of as-generated waste

Generic Estimates:

Waste Type: BIXRESIN

Case VRF: 0.25
Curtes per cu ft (As-generatecd) 0.176
typical activity
Fotal Jos’ $142.385
(@ 1000 nd, Tabl2 1.4)
Adjustments:
in-plant Handling costs ($13,299)
(Section 7.1)
Intertm Stovaye Costs $.° P48)
(Tabie 1.4)
Bunal at Bamwell 871614
[Table C 1)
Surcha:ge Costs $21.063
(Table 5.11)
Generic Estimate $155,205
[Ratio of Generic Estimate Lo Actual Cost T.28)

Figure 7.3 Cost Comparison for BWR lon-Exchange Resins
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