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NIST DECOMMISSIONING FUNDING PLAN DEVELOPMENT
Health Physics, April, 1993

Introduction

As required by the USNRC for license number SNM-362, a decommissioning funding
plan has been developed for the eventual termination of radiological work covered by that
license. Decommissioning a facility assures that the facilities and components involved in the
terminated work are either sufficiently free of radiological contamination that they may be
turned over to the general public or packaged 1 delivered to radioactive waste disposal
authorities.

In developing this plan. the pnmary reference was NUREG/CR-1754, Technoiogy,
safety and costs of decommissioning reference non-fuel-cycle nuclear facilities, dated
February, 1981, and its more recent addendum, NUREG/CR-1754-ADD-1, Compendium of
current information, dated October, 1988. Only the work associated with license SNM-362
was reviewed. None of the facilities covered by the NIST reactor license was considered.

For this plan development, the NIST matenals license operations were divided into
three secaons, one covering the laboratory facilities used for radiochemistry, sealed sources,
ete., one covering the accelerator facilities, especially the terminated Linear Electron
Accelerator project’s Wing A of Bldg. 245, and one covering the portions of Bldg. 235 that
are not included in the reactor license's indemnified areas. The projected costs for each of
the sections were generated separately, using techniques that are explained in the appropriate
section of this report, following this introductory section.

Labor costs were estimated using current civil service general schedule pay tables and
the current overhead charge of 19% for personnel benefits now used for NIST Health
Physics staff salaries, and Plant Division labor charges applied to work orders. The latter
use a 52% charge-out overhead cost.

Comparison of current labor costs to those used in the NUREG for 1988 indicate that
an average increase of 36% has occurred from 1988 to 1993. This increase, a factor of
|.36, was assumed to hold for all costs from 1988 to 1993. Therefore, the per unit costs
cited in the reference information have been increased by a factor of 1.36.

Table 1 - LABOR COSTSIN 1993 %

hasic cost($/y) o'head( %) cont($/y) cost($/d)
SupervisorGS5-14) 65000 19 77350 309
Foreman §2000 52 79040 316
Craftsman 42000 52 63840 255
Laborer 29000 52 44080 176
HP TechmcianiGS-8) 27000 19 32130 129
Secretary(GS-4) 19000 19 22610 90
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Cost estimation

The NUREG reference uses a calculational scheme that subdivides the facility into
components and further subdivides each component into unit portions, Calculations are |
performed with unitary elements and cost factors for each unitary element to derive a ;

complete cost for decommissioning each component type. |
Table 2 shows the components used for calculation, the dimensional unit for each |

component, and the number of units of each component in the standard size and

configuration,
Table 2 - COMPONENT UNIT DETAILS
COMPONENT units of DIM_PAR DIM_PAR (standard unit size) |
hood decontamination and RAW cubic meters 1838
glove box deconamination snd RAW cubic meters 0.8
hench deconamination and RAW meters 8.7
wunk decontsmination and RAW melers 10
cent decontamination and RAW mieters 16
wall decontaminaton wuare meters 3016
Noor decontamination’ square melens 19.72

1 Mo RAW i3 considered for floor or wall/ceiling because » number of barrels of RAW are estimated for these, based on the
materials estimated as required (or deconmination. Little of the normai floor or wall/ceiling surfaces should be comaminated so
thet removal 18 required

The tabulated unit cost factors from the tables in the NUREG, adjusted with the factor

of 1.36, were used to generate costs for decommissioning the various components to be _
treated in a module. In the NUREG, values for UNIT _Cy, in $k, were estimated for a |
variety of laboratory types, depending on the radionuclide used in a laboratory. As
radionuclide work at NIST involves any radionuclide, almost any of the radionuclides might |
he encountered in the decommissioning project. Therefore, an average value was determined
from all the various values shown in the NUREG for each of the unit component costs. The
various unit cost factors used in this calculation are shown in Table 3, below.
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Table 3 - UNIT COSTING FACTORS
(all values in $k)

COMPONENT UNIT C., UNIT Cyy UNIT C.,, UNIT Cys
hood decontamunation 090 0.87 0.08 0.33
hood RAW 1.35 0.69 008 0.05
glove hox decontamination 406 6509 0.07 0.29
glove box RAW 6.53 4.9 0.07 018
bench decontamination 0.12 19 0.08 037
bench RAW 0.3s 0.18 0.08 0.04
Sk decomamineuoT 0.07 0.04 0.08 0.20
unk RAW 012 0.07 008 0.04
vent decomamination (.08 0.04 0t 0.14
verl RAW 0.1 0.04 0.1 0.03
wall secontaminetion 0.08 0.08 0.08 0.45
floor decomanination 004 004 0.08 045

In Table 3, UNIT C. is the umt cost factor for each cost element. as used in this
plan, with XX as:
MP - labor cost element,
ES = equipment and supplies cost element,
WP = waste packaging cost element,
and VR = waste volume reduction cost element.

DECOPLAN RFY Page

PSseae T R L R S ..



Laboratory Section

Certain assumptions and decisions must be made prior to starting the
decommissioning project. These influencing factors can be modified as additional
information becomes available.

There are 100 standard laboratory modules, each 5.8 maters long by 3.4 meters wide
by 3.4 meters high.

Fach laboratory module has | hood of 2.835 m’ volume, 1 sink with a 10 m long
drain pipe, and a 10 meter length of vent/duct piping.

Each laboratory has |'2 wall lengths of bench space.
I'here are 10 glove boxes, each with 0.5 m’ volume.

Initial radiation surveys ‘ncicate that:
. Five percent of a laboratory's floor area and 5% of the wall/ceiling area will
need to be decontaminated.
e Ten per cen' of the bench length will need decontamination.
e Ten per cent of the hoods will need decontamination.
. Half of the glove boxes will need decontamination.
e Ten per cent of the length of the vent/duct will need decontamination.

Follow up radiation surveys, upon compietion of decontamination efforts, indicate that
each laboratory will generate | barrei (55-gallon or 0.21 m’) of low level radioactive
waste. The scrap contributions from components to be disposed of, estimated to be 1
hood, | glove box, 8.7 m of bench length, and 100 m of vent/duct length, are
included in this.

« total dimensions of the laboratories considered at NIST were about 20 times the
dimensions of the NUREG's reference institutional user laboratory. That factor of 20
was apphied to determine the labor costs for the preliminary development work.
Actual decommissioning labor calcuiations use the actual dimensions of the
components of the laboratories, so application of that factor was unnecessary as an
extra element,

5 The status of radioactive waste (RAW) disposal options is currently uncertain. The
customarily used disposal site at Barnwell, SC, is in the process of closing to out-of-
state customers such as NIST. It is assumed for the purposes of this plan that the
Appalachiar states group, 1.e.. Maryland, Pennsylvania, Delaware, and New Jersey,
will complei* the task of preparing to accept low-level radioactive wastes (LLRW) by
the time that «>commissioning is necessary for NIST. The cost of a 208-1 (55-gallon)
drum of LLRW ‘s estimated at $1,000. This is assumed to include the cost for an
agent to accept the waste at the NIST site and transport the waste to the disposal site.
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Prior to initiation of the labor on the project, certain tasks are required to minimize
errors, reduce wasted effort, and assure adequate cieanliness of an area and its residual
components for general public use. Table 4 shows these tasks and the work estimates
required 1o accomplish those tasks, with a cost assigned by time spent by each involved
worker type.

Table 4 - PRELIMINARY WORK EFFORT FOR LABORATORIES
(work days and 1993%)

SUPERVISOR FOREMAN CRAFTSMAN HP TECH LABORER SECTY

Prepare documents b1 3! Q 0 0 25
Verform rad. survey 106 106 0 200 0 0
Lievelop work pian 14 50 (1] 35 0 25
% per day L 1it 258 129 152 90
Fotal cost. $ 46350 100 0 2904 0 4500

A total cost for the imitial work assessment, including the imtial radiological surveys
w classify the elements of the laboratones as “clean” or as candidates for decontamination or
disposal 1s the sum of the vanous portions of the work, $150,975. Rest periods, preparation
ume, materials movements, etc. will increase the time required to do the work, so an
ancillary tme fraction of S0% is added to this. The total for this preliminary work is, thus,
estimated to be $226.462. The sepregation of elements into those to be cleaned of residual
contamination or those to be dismantled and prepared for radioactive waste disposal will be
included in subsequent projects, described below.

Work gstimates

Using the product of DIM_PAR and UNIT_Cyy for each component, a cost for
decommissioning each component can be calculated. Table 5 shows these data, with Cyx
indicating the cost in $k. The DIM PAR column indicates the total units to be treated and,
in parentheses, the per cent of the total units in the laboratory complex.
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Table 5 - COMPONE! = COSTS FOR LABORATORIES
{C values in $k)

COMPONENT GIM PAR Con Com Con Towal $k
hood decomanunation 2838 {10%) 25 .48 24 68 127 928 61.64
hooxd RAW p AANER 3] 82 1.97 023 0.15 6.17
glove box decomrmunation 15 (3%0%) 12.44 1523 018 0.71 28.53
ghove hox RAW 05(10%) 326 2.45 4,03 0.09 584
bench decomam.nstion A7 (10%) 10.65 16.56 6.96 31.95 66,12
hench RAW RTaWm 108 1.54 0.7 035 5.68
sink decontamimnaion 0 (10%) 6 80 408 800 20.40 3928
sink RAW 10 (1 %) 1.22 0.68 0.82 0.41 313
vent decontamination 00 (10%) 816 408 11,00 13.60 16 84
vent RAW 100 (10%) 10 .58 408 10 .88 im 28.56
WAl decontaminalion W5 R (5 1414 1608 13 66 1331 197.00
flooe dec Gtamination WA (5% 402 4.0 789 44.25 6019
SubToal i13.89 98 47 12.63 257.00 538,98
SO% ancillary time increase 56 94 56.94
(prep . setup, rest pervxis, et )
15 '% contingendy increase 2.1 2287 15.16 6425 14K 98
TOTAL 213 .54 119.33 00,78 321.28 744 91

The total doliar sum of the cost of decontaminating and preparing for radioactive
waste disposal is $744,910. This includes the 50% increase in ancillary time for the labor
cost figures and an overall 25% increase as a contingency fund. The 100 barrels of
radioactive waste that are generated will cost $100,000 in the final disposal effort. The
iitial preparation and planning effort costs e $226,462. Thus, the total cost for
decommissioning the laboratory portion of the NIST materials licensed activities, 1.e., the

sum of these three parts, will be $1,071,372.

Accelerator Section

Certain assumptions about this portion of the materials licensed facilities are necessary
to project decommissioning costs, Among the assumptions and decisions are the following:

o The involvement of licensed materials in accelerator operations force the facilities to
be treated as if they were licensed by authorities, regardiess of their uniicensed status,
per se. Also, it is quite likely that other regulatory impacts and public perceptions of
the facilities will make 1t necessary to decommission them in a manner like those
facilities that are licensed.

o Portions of certain beam intensive areas in the Wing A Linac complex will require
removal of concrete to remove activation products. It is estimated that an average

DECOPLAN RPY  Puge &



and,

depth of 0.1 m (4") will reduce radioactivity levels to acceptable. The cost of
concrete removal, from a substantial wall, with final smooth finish restoration, is
estimated 10 be $215 per square meter ($20 per square foot) of wall surface. Among
the areas that will require this treatment are:

. the Linac tunnel, AG10, 45.8 meters long by 0.9 meters wide by 0.9 meiers
high, 10% will be removed,

* Measurement Room No. 1, AO18, a cube 12 meters on a side, 5% will be
removed,

A the Magnet Room, A7, estimated to be the equivalent of a Measurement

Room, 10% will be removed.

L the ent =e Neutron Time of Flight Facility, NTOF and Blockhouse, G104 and
(105, considered, with the shaft from the Magnet Room to the Blockhouse, to
be the equivalent of a Measurement Room, 10% will be removed.

The radiochemistry facility in Service Area No. 2, A006, is considered the equivalent
of a standard radiochemistry laboratory, as treated in Part | of this plan. Associated
with the hood is a pneumatic system for sample movement that will approximate
another hood for the laboratory,

The Low Scatter Room of the positive 1on Van de Graaff, B23, is about 9 meters
squared by 18 meters high, with a grating floor between the two levels and equipment
on both levels. 1t will be considered as having 10% of its area contaminated with
tritum. This will be treated as if it were wall contamination for cost estimating
pUrposes.

All the other accelerator and reliation use areas will be found with no contamination
nor activation requiring action be vond the initial surveys.,

Preliminary evaluauon efforts costs

Just as in the standard laboratory portion of this plan, prior to initiation of the labor

on the project, certain tasks are required to minimize errors, reduce wasted effort, and assure
adequate cleanliness of an area and its residual components for general public use. Table 6
shows these tasks and the work estimates required to accomplish those tasks, with a cost
assigned by time spent by each involved worker type. Given that a substantial learning curve
will have been developed through implementing the work in Part 1, it is estimated that 25%
of that effort will be required for the same result in Pant 2, here, except for the radiological
survey portion of the work. It is estimated that an equivalent amount of work for monitoring
will be required here as for the laboratory facilities.

DRCOMLAN RFT  Saps 7
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Table 6 - PRELIMINARY WORK EFFORT FOR THE ACCELERATOR
(work days and 1993%)

SUPERVISOR FOREMAN CRAFTSMAN HP TECH LABORER SECTY

Prepare documents 6.3 1R 7% 0 0 0 6.3
Perform md . survey 1 100 0 200 0 0

Dievelop work plan 63 2.8 0 6.3 0 6.3
% per day 3G 36 255 129 152 90
Total cost, § 4793 41478 0 26613 0 128

Thus, a total cost for the initial work assessment, including the initial radiological
surveys to classify the elements of the areas as "clean” or as candidates for decontamination
or disposal is $104,006. A 50% anci'lary time addition for preparation, rest periods, etc.
brings the total to $156,009.

Work estimates

Concrete removal will require Health Physics attendance and supervisory functions,
w0 the $215 per square meter cost 15 estimated to increase to twice that figure, i.e., $430 per
square meter. From the areas involved, 232.5 m* of wall surface will need removal and
renovation: the total cost of this will be $99,975. The total volume of concrete removed will
be 23.25 m’, yielding a total of 112 barrels of RAW, costing $112,000. It is estimated that
about 25% of that number of barrels of waste will be required to contain the matenals used
in the surface removal, including workers' Anti-C clothing, wipers, tools, etc. That
calculates to 28 barrels, for a cost of $28.000. Thus, the total cost of concrete removal is
estmated to be $239 975.

The single laboratory, with one hood, one sink/drain, and 10 m of vent/duct, but with
no glove box nor bench, is estimated to be the size of a standard laboratory module and costs
can be calculated to cost as shown in Table 7.

TABLE 7 - COMPONENT COSTS FOR ACCELERATOR LAB
(C values in $k)

COMPONENT DIM PAR G Ca Cw Co Total
hood decontamination 1838 (100%) 244 147 0.23 093 6.17
hood RAW 2835 (100%) 182 197 0.23 0.18% 617
wink desOnamInalion 10 (100% ) 068 0.4l 0.80 204 ien
duct RAW 10 (100%) .08 0.41 1.09 027 286
wall decontamnation 206 (4%) 0.24 016 0.24 1.33 1.97
floor decontamination 0199 (5%) 004 004 0.08 044 0.60
Total $k $.4) .46 2.67 5.18 21.70
S50% ancillary time increase 421 4.21
(pren . setup, rest perioda, ew
15% contingency i rease 35 1.37 0.67 1.29 648
TOTAL 18,77 5.8 134 6.45 323

The component cost for decommiissioning the laboratory in the accelerator complex,
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including the ancillary time for labor and the contingency factor, will be $32,390.

For the Low Scatter Room, the decontamination of 10% of the total wall area will
involve ¥ areas, i.e.. 4 walls on each of 2 levels, and 2 floor areas on each of the 2 levels,
each of the areas being 9 meters square, so the total wall area to be treated will be 64.8
square meters and the total floor area to be treated will be 16.2 square meters. Using the
unit costing factors from Table 3 for wall and floor decontamination, the total cost to
decommission the Low Scatter Room will be $42.8k for the walls and $9.9k for the floors.
Thus, the total cost will be $52,700.

The total cost for decommissioning the accelerator complex is, therefore estimated to

be $481,074

Reactor Section

Initial esumates and assumptions

I'here are two independent areas at the Reactor complex that do not fall within the
ndemnified area described in the Reactor license. These are that area within Bidg. 235 but
outside the Confinement Building, and the Radioactive Waste Annex. For the purposes of
this plan, these two arcas will be treated separaiely, after the preliminary work effort costs
are estimated.

The initial labor costs for the Annex will approximate those for the Accelerator
portion described in the section immediately preceding this section. The labor costs for the
lab.: story portion of the Reactor will approximate the costs for the laboratory section
described in the first section of this plan, because of the significant potential for titium
contamination of any surface within the building. Thus, the total labor costs for the
preliminary studies and surveys are estimated to be $156,000 + $226,500 = $382,500.

Work gsumates

The Radioactive Waste Annex is an appendage at the rear of Bldg. 235, Itis
approximately 7.5 meters wide by 12 meters long by 4.5 meters high. It is estimated that
75% of the floor and S0% of the walls will require decontaminating. Various pieces of
equipment, e.g., compactor, barrel handling tools, bins, etc., are within the enclosed
volume. It is estimated that the equipment will be the equivaient of 5 hoods, with 50% to be
decontaminated and 25% 10 be treated as RAW. Table 8 shows the calculated values for the
various elements in the costing process.
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Table 8 - COMPONENT COSTS FOR RADIOACTIVE WASTE ANNEX

(C values 1 $k)

COMPONENT DM PAR Cup Cg Con Cor Total $k
hood decontatmination 709 (50%) 638 6.i7 0.57 2.34 15 46
hood RAW I 5d.(25%) 478 2.45 0.28 018 7.69
wall decontanunation 99 (S0%) 192 495 79 44 55 65 34
floor deconanunalion AT8 (8% 2.70 2.0 5.40 3038 4118
Tonal 3K .8 1627 14.17 17.4% 129.67

SO% anciliary tme 1 rease 1089 10.89

(prep., selup, rest perods. el |

15 R conlngency \nrease 217 407 1.54 19.36 35.14
TOTAL 40 K4 20.34 17,74 96 81 175.70

The cost for the Annex work is, then, $175,700. [f an estimated 5 barreis of RAW

are generated, a disposal cost of $5.000 is added to this, for a grand total for the area of
$S180,700.

can be

The interior portion of Bldg. 235 that 1s not covered by the Reactor operating license
described as follows:

There are the equivalent of 20 standard laboratory modules, considering the warm,
semi-warm, and hot labs

Each laboratory has 2 hoods; half will be decontaminated and half will be disposed of
as RAW.

There are 5 glove boxes in the complex; all will be disposed of as RAW.

There 1s | sink/drain in each laboratory; 8 will be decontaminated and 2 will be
RAW.

There 1s a 10 meter length of vent/ducting for each laboratory; 5 will be
decontaminated and 15 will be RAW,

Workbenches cover 3.7$ meters of each 5.8 meter wall length; 75% will be
decontaminated and 25% will be RAW.

One barrel of RAW will be generated for each laboratory.

Ten barrels of RAW will be generated in decontaminating the non-laboratory part of
the building,

The decommissioning component costs, based on these assumptions, will be as shown

in Table 9.
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Table 9 - COMPONENT COSTS FOR REACTOR LABORATORIES
(C values in $k)

COMPONENT DIM PAR Ceo o Cia Cue Towl
hood decontamination 6.7 (50%) 5049 4935 4.54 18.51 123.29
hood RAW 6.7 (50%) 76 34 RLJE ) 463 1.08 123.38
glove box decontamnation ] 0.00 0.00 0.00 0.00 0.00
glove bax RAW 18 (00%) 16.32 1227 017 .44 29.21
workbenoh decomaminstion 174 (715%) 21.30 33.13 1392 63.89 132.24
workbench RAW 2% 20.51 10.28 4.7 237 31.86
sk deconamination B0 (80%) 5 44 3.26 6.40 16.32 a2
unk RAW 20 (20%) 2.45 1.36 1.63 08 5.26
duct decontamunation 100 (25%) LR L 4 .08 1100 13.60 a6 84
duct RAW Wi (T8 %) 11.64 12.24 12 64 K16 £5.68
wall decontamination PR3 (10%) 968 a4 v 46 $3.24 .19
foor decomamnaiin Tu8 K (75%) 12.97 i2.07 23,66 132.76 180.56
Tonal K 235.77 18378 112,79 313,18 #65.52
SO% ancillary Uine incresse 127.89 127 .89
(prep , setup, rest periods, ¢ )
25 % contingend y increase 98 91 4595 28.20 78.29 24835
TOTAL 479 57 297 140 98 191 47 1241.76

The costs for component work on the interior portion of Bldg. 235 is estimated to be
$1.241,760. Radioactive waste disposal for 30 barrels of RAW generated will cost $30,000.
Thus, the total cost of the laboratory portion will be $1,271,760. Combined with ihe
estimate for the preliminary work, $382,500, and the work to decommission the Radioactive
Waste Annex, $180,700, the total cost for decommissioning the Reactor complex, exclusive

of that portion of the facility that 1s covered by the Reactor license, is $1,834,260.
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Total Decommissioning Costs for License SNM-362

Summing the costs of the various parts of the radiological areas used in work under
Lcense SNM-362 leads 1o a total cost estimate as shown in Table 10 for decommissioning.

Table 10 - SNM-362 TOTAL DECOMMISSIONING COST ESTIMATE

(in 1993 $k)
Facility Cost in 1993 §
laboratories 1,071,372
accelerators 441,074
reactor 1,814,260
TOTAL 3,385,706

Fstimates of the decommissioning costs projected into the future for license SNM-362
can be based on the "Imphcit Price Deflators for Gross National Product”, the inflabon
indicator commonly used by the Federal Government. This assumes about a 5% per annum
increase in costs, leading 10 estimated costs in future years as shown in Table 11,

Table 11 - ESTIMATES OF FUTURE DECOMMISSIONING COSTS
Year Projected Estimated Decommissioning Cost

1995 3,725,377
2000 4,572,053
2010 6,265,406
2025 %,805.436

A review of the estimated decommissioning costs for license SNM-362 will be
performed at each license renewal application.

DECOPLAN KPT Page (2



NIST DECOMMISSIONING FUNDING PLAN DEVELOPMENT
Health Physics, Apnl, 1993

introduction

As required by the USNRC for license number SNM-362, a decommissioming funding
plan has been developed for the eventual termination of radiological work covered by that
license. Decommissioning a facility assures that the facilities and components involved in the
lerminated work are either sufficiently free of radiological contaminauon that they may be
turned over to the general public or packaged and delivered to radioactive waste disposal
authonues.

In developing this plan, the primary reference was NUREG/CR-1754, Technology,
safery and costs of decommussioning reference non-fuel-cycle nuclear facilities, dated
February, 1981, and 1ts more recent addendum, NUREG/CR-1754-ADD-1, Compendium of
current informaiion. dated October, 1988, Only the work associated with license SNM-362
vas reviewed. None of the tacilities covered by the NIST reactor license was considered.

For thus plan development. the NIST matenals license operations were divided into
hree sections, one covering the laboratory tacilites used for radiochemistry, sealed sources,
etc.. one covering the accelerator tacilities, especially the terminated Linear Electron
Accelerator project’s Wing A ot Bldg. 245, and one covering the portions of Bldg. 235 that
are not included in the reactor license's indemnified areas. The projected costs for each of
the sections were generated separatelv, using techniques that are explained in the approprniate
section of this report, following this introductory section,

Labor costs were estimated using current civil service general schedule pay tables and
the current overhead charge of 19% for personnel benefits now used for NIST Health
Physics staff salaries, and Plant Division labor charges applied to work orders. The later
use a 52% charge-out overhead cost

Comparison of current labor costs to those used in the NUREG for 1988 indicate that
an average increase of 36% has occurred from 1988 to 1993, This increase. a factor of

| 36, was assumed to hoid for all costs from 1988 to 1993, Therefore, the per unit costs
cited in the reference information have been increased by a factor of 1.36.

Table | - LABOR COSTS IN 1993 §

hame coid/y) o'head( %) cosis/y) con($/d}
Superyisori3s-14) #5000 19 7350 el
Foreman § 2000 52 79040 36
e fmman 42000 52 63840 255
Laborer 29000 52 44080 176
HP TechmonnGS-8) 27000 19 32130 129
SecrotaryiGS-4) 19000 19 22610 90
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The NUREG reference uses a calculational scheme that subdivides the facility into
components and further subdivides each component into unit portions. Calculations are
performed with uniary elements and cost factors for each uniary element to denve a
complete cost for decommmissionming each component type.

Table 2 shows the components used for calculation, the dimensional unit for each
component, and the number of units of each component in the standard size and

configuration,
Table 2 - COMPONENT UNIT DETAILS

COMPONENT o of DIM PAR DIM PAR (standard umii size)
noad decontamination snd RAW ub meters 1838

glove box decontanunstion snd KAW ubie meters 0.5

hench decomamnation amé KAW neIers 8.7

ik decontamnation and RAW nelers 19

cerd decomiaminaton and RAW wrers 10

oall decontaminstion wuaTe melers §9.16

1130f dec DMATEnaLOn Luare melers 1972

No RAW s conadered (or flooe nr s Laiing because & number of barrels of RAW are esumated for these . based on the

materials estimaled a8 required (0 decoaminauon. Litle of the normai (loor or wall/ceriing surfaces snould be conamnated 0
Uit removal s required

The tabulated unit cost tactors from the tables in the NUREG, adjusted with the factor
of 1.36, were used to generate costs for decommissioning the various components o be
treated in @ module. In the NUREG, values for UNIT _Cy, in $k, were estimated for a
vaniety of laboratory types. depending on the radionuclide used in a laboratory. As
radionuclide work at NIST invoives any radionuclide, almost any of the radionuclides might
he encountered in the decommissioning project. Therefore, an average value was determined
from all the various values shown 1n the NUREG for each of the unit component Costs. The
VAriOous unit cost factors used in this calcuiation are shown in Table 3, below.
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Table 3 - UNIT COSTING FACTORS

: (all values in $k)

' COMPONENT UNIT Cp UNIT C,, UNIT Cy UNIT Cyy

; hood decontaminauon 190 0.87 008 0.33

| hood RAW i 13 069 0.08 0.08

| glove box decomtamunalion 498 608 0.07 0.29

) glove box RAW 453 49 0.07 18
hench decomaminaiion 012 019 0.08 037
hench RAW 038 0.18 0.08 0.04
sink decomamination .07 0.04 .08 020
sk KAW h12 0.07 008 004
vent decomaminsion OB 0.04 0.1 014

| ot RAW . 1 0,04 Ll 0.0
wall decontamination i 4.0 0.08 .45
Toor decomtamination ik 104 0.08 0.45

In Table 3, UNIT €., . ihe unit cost tactor for each cost element, as used in this
plan, with XX as:
MP = labor cost ¢iement,
ES = equipment and supplies cost element,
WP = waste packaging cost element,
and VR = waste volume reduction cost element.
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Laboratory Section

Iniual esumates and assumpuons

Certain assumptions and decisions must be made prior to starting the
decommissioning project. These influencing factors can be modified as additional
information becomes available.

There are 100 standard laboratory modules, each 5.8 meters long by 3.4 meters wide
by 3.4 meters high.

Fach laboratory module has | hood of 2.835 v’ volume, | sink with a 10 m long
drain pipe, and a 10 meter length of vent/duct piping.

Fach laboratory has 1'2 wall lengths of bench space.
There are 10 glove boxes, each with 0.5 m’ volume.
Imtial radiation surveys indicate that:
. Five percent of a laboratory's floor area and 5% of the wali/celing area will
need to be decontaminated.
. Ten per cent of the bench length will need decontaminaiion.
. Ten per cent of the hoods will need decontamination.
. Half of the glove boxes will need decontamination.
*  Ten per cent of the length of the vent/duct will need decontamination.

Follow up radiation surveys. upon completion of decontamination efforts, indicate that
each laboratory wiil generate | barrel (55-galion or 0.21 m’) of low level radioacuve
waste. The scrap contributions from components to be disposed of, estimated to be 1
hood, | glove box, 8.7 m of bench length, and 100 m of vent/duct length, are
included in this.

The total dimensions of the laboratones considered at NIST were about 20 times the
dimensions of the NUREG's reference institutional user laboratory. That factor of 20
was applied to determine tue labor costs for the preliminary development work.
Actual decommissioning labor calculations use the actual dimensions of the
components of the laboratories, so application of that factor was unnecessary as an
extra eiement.

The status of radioactive waste (RAW) disposal options is currently uncertain. The
customarily used disposal site at Barnwell, SC, is in the process of closing to out-of-
state customers such as NIST. It is assumed for the purposes of this plan that the
Appalachian states group, 1.¢., Maryland, Pennsylvania, Delaware, and New Jersey,
will complete the task of prepanng to accept low-ievel radioactive wastes (LLRW) by
the time that decommissioning 18 necessary for NIST. The cost of a 208-1 (55-gallon)
drum of LLRW is estimated at $1,000. This 1s assumed to include the cost for an
agent to accept the waste at the NIST site and transport the waste to the disposal site.
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Prel . :
Prior to iniiation of the labor on the project, certain tasks are required to minimize

errors, reduce wasted effort. and assure adequate cleanliness of an area and its residual

components for general pubiic use. [able 4 shows these tasks and the work estimates

required 1o accomplish those tasks, with a cost assigned by time spent by each involved
worker type.

Table 4 - PRELIMINARY WORK EFFORT FOR LABORATORIES
(work days and 1992%)

SUPERVISOR T OREMAN CRAFTSMAN  HP TECH LABORER  SECTY
Prepare documents 15 1% 0 0 0 a8
Pertorn rad survey iy {00 0 200 0 0
Deveiop work plan % 50 0 25 0 25
5 per dav ] 116 258 129 152 50
lotal vom, § N3N0 R Y] ] 29028 0 4500

A total cost for the inttial work assessment, including the imual radiological surveys
o classily the elements of the wboratones as “clean” or as candidates for decontaminauon or
disposal 1s the sum of the vanous portions of the work, $150,975. Rest peniods, preparation
nme. matenals movements, ¢ic. w1l increase the ume required to do the work, so an
ancillary tme fraction of SO% 1\ auded to this. The total for this preliminary work 1s, thus,
estimated 1o be $226.462. [he segregauon of elements 1nto those to be cleaned of residual
contamination or those to be dismantied and prepared for radioactive waste disposal will be
included 1 subsequent projects. descnbed below,

Work estiiales

Using the product of DIM PAR and UNIT_Cyy for each component, a cost for
decommissioning each component can be calculated. Table 5 shows these data, with Cyy
indicating the cost 1in $k. The DIM PAR column indicates the total units to be treated and,
n parentheses, the per cent of the total units in the laboratory complex.
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Table 5 - COMPONENT COSTS FOR LABORATORIES
(€ values 1o $k)

COMPONENT DIM PAR Cw Cu Con Con Towl $k
howwd decontanination e S LAGHE 3 1545 1468 27 928 61.64
hood RAW DEM{LE) im 1.97 0 0.1% 6.17
gluve box decontaminstion 28 0% 12.41 1523 0.18 0.7 8.5
glove box RAW 5(10%) 126 1.4% 0.03 0.09 S 84
DEMR GOCOMAIMINILON 7 (0% 10.65 16.56 6.96 31.98 6612
bench RAW TR 1.08 1.54 071 0.35 5 68
sk decomarinanon o0 (10%) 6 80 408 §.00 10.40 3928
wnk RAW 0% 1.22 .68 0.82 04l 113
cent decontamination X (10%) %16 408 11.00 13.60 36 B4
vent RAW K (10%} 1048 408 10.8% in 28.56
wall deconsminaion Al WAL 3 414 1608 11.66 133,11 197.00
floor deconamination CCRRE $ 0 4 02 189 44 25 6019
SubTodal 1389 Gs A7 72.63 57.00 33898

0% encillery ume (i rease 56 94 56.94

Prep . sewip. rest penods. i

5% coningency i rease 42.7 2387 18.16 H4.25 148 9%

TOTAL 213.54 11933 90.78 321.28 744 91

The total dollar sum of the cost of decontaminating and preparing for radioactive
waste disposal 15 $744 910, This includes the 50% increase in ancillary ume for the labor
cost figures and an overall 25% increase as a contingency fund. The 100 barreis of
radioactive waste that are generated will cost $100,000 in the final disposal effort. The
initial preparation and planning etfort costs are $226,462. Thus, the total cost for
decommissioning the laboratory portion of the NIST matenals licensed activiues, 1.e., the

sum of these three parts, will be $1.,071,372.

Accelerator Section

Iniual esumales and assumplions
Certain assumptions about this portion of the materials licensed facilities are necessai’y
1o project decommissioning costs. Among the assumptions and decisions are the following:

'S

5 The involvement of licensed materials in accelerator operations force the facilities t©
be treated as if they were licensed by authorities, regardless of their unlicensed status,
per se. Also, it is quite likely that other regulatory impacts and public perceptions of
the facilities will make it necessary to decommission them in a manner like those
facilities that are licensed.

Portions of certain beam intensive areas in the Wing A Linac complex will require
removal of concrete 1o remove activation products. It is estimated that an average
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and,

depth of 0.1 m (4") wiil reduce radioactivity levels to acceptable. The cost of
concrete removal, from a substantial wall, with final smooth finish restoration, is
estimated to be $215 per square meter (320 per square foot) of wall surface. Among
the areas that will require this treatment are:

. the Linac tunnei, AQ10, 45.8 meters long by 0.9 meters wide by 0.9 meters
high, 10% will be removed,

® Measurement Room No. |, AO18, a cube 12 meters on a side, 5% will be
removed,
® the Magnet Room, AO07, estimated to be the equivalent of a Measurement

Room, 10% will be removed,

. the entire Neutron Time of Flight Facility, NTOF and Blockhouse, G104 and
(3105, considered, with the shaft from the Magnet Room to the Blockhouse, to
be the equivalent of a Measurement Room, 10% will be removed.

The radiochemistry tacility i Service Area No. 2, A006, is considered the equivalent
of a standard radiochemistrv [aboratory, as treated in Part | of this plan. Associated

with the hood is @ pneumatic system for sample movement that will approximate
another hood for the laboratory.

The Low Scatter Room of the positive ion Van de Graaff, B23, is about 9 meters
squared by |8 meters tigh, with a grating floor between the two levels and equipment
on both levels. [t will be considered as having 10% of its area contaminated with
tnuum.  This will be treated as 1f it were wall contamination for cost esumatng
purposes.

All the other accelerator and radiation use areas will be found with no contamination
nor activation requiring action bevond the initial surveys.

Just as in the standard laboratory portion of this plan, prior to initiation of the labor

on the project, certain tasks are required to minimize errors, reduce wasted effort, and assure
adequate cleanliness of an area and 1ts residual components for general public use. Table ©
shows these tasks and the work estimates required to accomplish those tasks, with a cost
assigned by time spent by each involved worker type. Given that a substantial learning curve
will have been developed through implementing the work in Part 1, it is esimated that 25%
of that effort will be required for the same result in Part 2, here, except for the radiological

survey portion of the work. [t is esumated that an equivalent amount of work for monitoring
will be required here as for the laboratory facilities.
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Table 6 - PRELIMINARY WORK EFFORT FOR THE ACCELERATOR
iwork days and 1993%)

SUPERVISOR  FOREMAN CRAFTSMAN HP TECH LABORER SECTY
Prepare documens 5 875 0 0 0 53
Perform md. survey 12 100 0 200 0 0
Develop work plan hl 115 0 63 Q 63
§ per day 18 I8 255 129 152 940
Total com, § 14793 41478 0 26613 0 1125

Thus, a total cost for the inital work assessment, including the initial radiological
surveys to classify the elements of the areas as "clean” or as candidates for decontamination

or disposal is $104,006. A 50% ancillary time addition for preparation, rest periods, etc.
brings the total to $156,009.

Work estnates

Concrete removal will require Health Physics attendance and supervisory functions,
w0 the $215 per square meter cost 15 estimated 1o increase to twice that figure, 1.e., $430 per
square meter, From the areas invoved, 232.5 m* of wall surface will need removal and
renovation: the total cost of this will be $99,975. The total volume of concrete removed will
he 23.25 m’, yielding a total of 112 barrels of RAW, costing $112,000. It is esumated that
about 25% of that number of barrels of waste will be required to contain the matenals used
in the surface removal, including workers Ant-C clothing, wipers, tools, etc. That
calculates to 28 barrels, for a cost of $28,000. Thus, the total cost of concrete removal is
esumated (o be $239 975,

The single laboratory, with one hood, one sink/drain, and 10 m of vent/duct, but with

no glove box nor bench, is estimated to be the size of a standard laboratory module and costs
can be calculated to cost as shown in Table 7.

TABLE 7 - COMPONENT COSTS FOR ACCELERATOR LAB
C values i $k)

COMPONENT DIM PAR

Cin Cas Tva Cop Total
hood dedoniamination RIS (100%) 154 147 0.23 093 6.17
hood RAW 2838 (100%) 182 197 0.23 015 6.17
vk decontamination 10 (0% ) 68 0.41 080 2.04 19
dust RAW 10 (100%) 109 0.4l 1.9 027 1.86
wall decontamunation 196 (5%) 024 0.16 0.24 1.33 1.97
Nloor decontamunation .99 (5%) 004 0.04 0.08 0.44 0.60
Total $k 84 5 46 1.67 5.16 2100
SO% ancillary ime ncroase 421 4721
(prep.. setup, rest penods, etc,
15% contigendy increase 313 1.37 067 1.29 648
TOTAL 5.7 643 334 6.45 1239

The component cost for decommissioning the laboratory in the accelerator complex,
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including the ancillary ume for labor and the contingency factor, will be $32,390.

For the Low Scatter Room, the decontamination of 10% of the total wall area wiil
nvolve 8 areas. i.e.. 4 walls on each of 2 levels, and 2 floor areas on each of the 2 levels,
cach of the areas being 9 meters square, so the total wall area to be treated will be 64.8
square meters and the totai floor area to be treated will be 16.2 square meters. Using the
unit costing factors from Table 3 for wall and floor decontamination, the total cost to
decommission the Low Scatter Room will be $42.8k for the wails and $9.9k for the floors.
Thus, the total cost wiil be $52.700.

The total cost for decomrmuissioning the accelerator complex 1s, therefore, estimated to

be $481.074

Reactor Section

loitial estmates and assumpuons

Ihere are two independent areas at the Reactor compiex that do not fall within the
indemnitied area described 1n the Reactor license. These are that area within Bldg. 235 but
outside the Confinement Building, and the Radioactive Waste Annex. For the purposes of
this plan. these two areas will be treated separately, after the preliminary work effort costs
are estimated.

I'he initial labor costs tor the Annex will approximate those for the Accelerator
portion described in the section immediately preceding this section. The labor costs for the
laboratory portion of the Reactor will approximate the costs for the laboratory section
described in the first section of this plan, hecause of the significant potential for tritium
contamination of any surface within the building. Thus, the total labor costs for the
preliminary studies and surveys are estmated to be $156,000 + $226,500 = $382.500.

Work gstumates

The Radioactive Waste Annex 15 an appendage at the rear of Bldg. 235. It is
approximately 7.5 meters wide by 12 meters long Ly 4.5 meters high. [t is estimated that
75% of the floor and 50% of the wails will require decontaminating. Various pieces of
equipment, ¢.g., compactor, barrel handling tools, bins, etc., are within the enclosed
volume. It is estimated that the equipment will be the equivalent of 5 hoods, with 50% ‘u pe
decontaminated and 25% 1o be treated as RAW. Table 8 shows the calculated values for the
various elements 1n the costing process.
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Table 8 - COMPONENT COSTS FOR RADIOACTIVE WASTE ANNEX
(C values 10 $k)

COMPONENT DIM PAR Coo Cea Com Couw Total $k
nood dacomaninaton T 09 (S0%) 638 617 0.57 1.34 1546
hoosd RAW b Npad B 478 2.45 0.28% 018 769
wall decontamination 9 (50%) 192 408 792 44 55 65.34
(loor decomamiraton 515 05%) 1.0 1.0 540 30.38 4118
Total Sk P | 16.27 1407 77.4% 129.87
SU% snciilary hme e rease 1089 10.89
prep. . selup, res penods. e
I8 % contingenc v inerease 417 4.07 1.54 1936 3514
TOTAL ) B4 1034 17N 96 Bl 175.70

The cost for the Annex work 15, then, $175,700. If an estimated S barrels of RAW
are generated, a disposal cost of $5.000 1s added to this, for a grand total for the area of
$180,700.

The intenor portion of Bldg 235 that is not covered by the Reactor operating license
can be described as follows

There are the equivalent or 20 standard laboratory modules, considering the warm,
semi-warm, and hot labs

Each laboratory has - hoods, halt will be decontaminated and half will be disposed of
as RAW.

There are 5 glove boxes in the complex, all will be disposed of as RAW.

There is | sink/drain in each laboratory; 8 will be decontaminated and 2 will be
RAW.

here i1s a |0 meter Jength of vent/ducting for each laboratory; 5 will be
decontaminated and |15 wiil be RAW.

Workbenches cover 175 meters of each 5.8 meter wall length; 75% will be
decontaminated and 25% will be RAW,

One barrel of RAW will be generated for each laboratory.

Ten barrels of RAW will be generated in decontaminating the non-laboratory part of
the building.

The decommuissioning component costs, based on these assumptions, will be as shown
in Table 9,
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Table 9 - COMPONENT COSTS FOR REACTOR LABORATORIES
(C values in $k)

COMPONENT (M PAR Cuw Cu Con Con Total
ot decomamunauon 54 7 (508} 50 89 49 35 454 18.51 123.29
hood RAW a7 150%) 7634 39.33 4.6 3.08 123.38
glave box decontaminaiion 0,00 0.00 0.00 0.00 0.00

. glove box RAW P8 (10%) 16.32 12.27 0.17 044 19.21
workbench decontamination 4% 11.30 xn 13.92 63.89 132.24
workbench RAW ‘8 A5%) 20.51 10,25 4n axn 17.86
sk desontaminatsn S0 RO RS 5 44 328 4 40 16.32 3142
snk KAW L (20%) 3.4 1.36 1.63 0,82 6.26
Juet decontamnation URPAR 3 516 408 11.00 13.60 16 B4
et RAW LA ¥ 12 64 12.24 1164 A6 £S.68
wall decontamunation 1 & 3 965 h 44 g 46 §31.24 R
lowrt decontaminaion CHITER) 13.07 12,07 23 66 132.76 180.56

Towal S 55N 183,78 112.19 1318 %65.52

SO% ancdlary Ume 1o rease 127.89 127.89
prep . scup, rest perioda. el

5% conUnReNncy inc rease 48 91 45,95 28.20 R J4R DS

TOTAL 474 57 291 140 98 191 47 128176

I'he costs for component work on the interior portion of Bldg. 235 is estimated to be
$1,241,760. Radioactive waste disposal for 30 barrels of RAW generated will cost $30,000.
Thus, the total cost of the laboratory portion will be $1,271,760. Combined with the
esumate for the preliminary work, $182,500, and the work to decommission the Radivactive
Waste Annex, $180,700. the total cost for decommissioning the Reactor complex, exclusive

of that portion of the facility that is covered by the Reactor license, is $1,834,.60.
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Total Decommissioning Costs for License SNM-362

Summing the costs of the varnous parts of the radiological areas used in work under
license SNM-362 leads to a total cost estimate as shown in Table 10 for decommissioning.

Table 10 - SNM-362 TOTAL DECOMMISSIONING COST ESTIMATE

(0 1993 $k)

_Faaility Cost in 1993 $
laboratoui 1,071,372
accelerators 481,074
reactor 1,834 260
TOTAL 3,386,706

[stimates of the decommissioning costs projected into the future for license SNM-362
can be based on the “Implicit Price Detlators for Gross National Product”, the inflation
indicator commonly used by the federal Government, This assumes about a 5% per annum
increase i costs, leading (o estimated costs in future years as shown in Table 1.

Table 11 - ESTIMATES OF FUTURE DECOMMISSIONING COSTS

Year Projected Estimated Decommissioning Cost
1995 3,725,377
~000 4,572,053
2010 6.265,406
2028 8,805,436

A review of the estimated decommissioning costs for license SNM-362 will be
performed at each license renewal application.
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