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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
Sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
. Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, Post Office Box 37082,
Washington, DC 20013 'S82

3. The National Technical information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and

- licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, ant tra,.sactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these librariet.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

I Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library,7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be

f purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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APPENDIX A

REFERENCE FACILITY AND SITE DESCRIPTIONS

This appendix contains descriptions of the reference facilities and the
reference site used in this study as bases for analyzing post-accident decom-
missioning. The reference facilities and site of this study are the same as
those used for previous studies of the decommissioning of nuclear fuel cycle

.

and non-fuel cycle facilities following normal shutdown.(1-3) More complete
'

descriptions can be found in the published reports of these studies.

The reference site assumed for all the facilities in this study is
described first. This reference site is the same as that used in the previous
fuel cycle decommissioning studies. Site information given is used to assess !

the public safety impacts of post-accident decommissioning activities. Only
information directly relating to the radiation exposure pathway analysis,
required for estimating radiation doses to the public, is included here.
Although individual features of any actual nuclear facilities site may dif fer
from those of the reference site, it is believed that the use of a reference
site results in a more meaningful overall analyt.is of the potential impacts of
deconnissioning by allowing direct compart ,an of results between facilities
and, for each facility, between shutdown conditions (i.e., normal-shutdown and
post-accident). Site-specific assessme.its ould be required prior to decommis-
sioning particular facilities.

The descriptions of the reference facilities presented in this appendix
are intended to provided the background for understanding the estimates of time

1

and manpower requirements and waste volumes far post accident decommissioning'

that are developed in other chapters and appendicos of this report. The

descriptionsarebasedprimarilyonthoseincluded]h" e previous studies ofnormal-shutdown decommissioning of these facilitics , with supplementary
information added as needed.

i The reference accident scenarios for this study, described in Appendix B,
contain information about radioactive contamination, physical damage to struc-
tures and equipment, and radiation exposure rates that result from the postu-
lated accidents at the reference facilities.

,

'

A.1 RrFFRENCE SlfE_ DESCRIPfl0N

The reference site used in this study to assess the public safety impacts,

of post accident decommissioning activities is the samo as that used in pro-
t

vlous fuel cycle facility decommissioning studies. The meteorological param- !
eters and population distribution are based on information presented in

A.1
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;

:
1
,

I L

Reference 4. Other necessary site information is based !
site description of an operating nuclear power station.(on data reported in the5) Information in this

'
! appendix is believed to be representative of potential sites for nuclear fuel
{ cgle facilities in the midwestern and middle-southeastern United States. [

i
'

j A.1.1 Site location and Size
I
| The reference site is located in a rural area with characteristics similar i
j to those found in the midwesten or middle-southeastern United States. The site '

2
'

] occupies about 4.7 km in a rectangular shape of about 2 km by 2.35 km. A
3

i moderate-size river with an average follow rate of 1420 m /sec flows through |
one corner of the site.

j A.1.2 Demography |
'

|! The site is located in a rural area with a relatively low population den-
! sity. The highest population densities >ccur at distances of 20 to 60 km from ,

j the site. hpulation distribution data are given in Table A.1-1. The total
population residing within an 80-km radius of the reference site is about1

f 3.52 million. ;

i
f

I A.1.3 Land Use.
-

4

| Use of any part of the total site area for anything other than nuclear- (
! related activities is assumed to be prohibited during the operational lifetime f
I of the plant. The major plant facilities are located inside a smaller, fenced
! portion of the site. Tho minimum distanco from the point of airborne release
j to the outer site boundary is 1 km. The outer site boundary is fenced and i

i marked. (
: !

j About 80% of the land within 20 km of the site is used for farming. The l
main crops are soybeans (601); corn, oats, and other grains (30%); and hay !i

(101). It is expected that this area will remain largely agricultural, and i

j that the population will not change significantly during the operational life-
| time of the plant. [
i i

j A wildlife refuge and a state forest and campground are located about '

| 14 km from the site. A stato park is located abut 10 km from the site in the '

opposite direction.

I There are large truck gardens in the area. Thenearestdwelling(the !
'residence location of the maximum exposed individual for the public safety

analysis) is a farm located about 1.3 km from the site. A milk cow is kept at I
! this farm and is maintained on fresh pasture 7 months of the year. A family [
i garden with a growing season of 5 months is kept for fresh vegetables. River !

! water is used to irrigate the crops on this farm. !

j A.2 l

!
|
|
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TABLE A.1-1. PopulationDigqibutionAroundtheReferenceSitefor
the Year 2000 i

Distance from Population
Site boundary Density Total Populatipn Cumulative

(km) (Persons /km ) In Annulus (a,bl Population2

0 to 2 --(C) 10 10

2 to 3 136 2 130 2 140

3 to 5 104 5 230 7 370

5 to 6 230 7 940 15 300

6 to 8 133 11 700 27 000

8 to 20 85 89 300 116 000

20 to 30 239 375 000 491 000

30 to 50 175 878 000 1 370 000

50 to 60 298 1 030 000 2 400 000

60 to 80 127 1 120 000 3 520 000

(a)Itisassumedthatthepopulationineachannulusis
divided into 16 uniform 22.5-degree sectors.

(b) Totals are rounded to three significant figures
g(c) Indicates a population density less than 1.0/km .

IA.1.4 Meteorology,

The reference site has a typical continental climate. It is characterl2ed
'by wide variations in temperature, modest winter precipitation, normally ample

spring and summer rainfall, and a general tendency to extremes in all climatic '

features. January is the coldest month and July is the warmest. Table A.2-1
shows monthly meteorological statistics.

On the average, 12 days per year have maximum temperatures of 32'C and
above. Annually, an average of 168 days has minimum temperatures of O'C and
below, and 40 of them at -18'C or below. The January average relative humi-
dities at 7:00 a.m., 1:00 p.m., and 1:00 p.m. are 76, 68, and 701 respec-
tively. The corresponding humidities for July are 86, 55, and 55%.

The average annual precipitation in the area is 610 mm. The months of May
through September have the greatest amount of rainfall, with an average during
this period of 432 to 457 nn (/01 of the annual total). The maximum 24-hr
total railfall for the period 1894 through 1965 was 127 nn and occurred in

A.3
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:

TABLE A.2-1,. Monthly Meteorological Statistics at the Reference Site

Jan Feb %r Apr hy Jm Jul Aug Sep Ott ftw Dec

Air Teperature (*C)

%xinun -6.1 -4.4 3.3 12.8 20 25 28.3 26.7 22.2 15 4.4 -3.3

79ninun -16.1 -14.4 -6.7 1.7 7.8 13.3 16.1 15 10 3.9 -4.4 -12.2
,

Mean -11.1 -9.4 -1.7 7.2 13.9 18.9 22.2 21.1 16.1 9.4 0.0 -7.8

Extree Maxinun 15 16.1 27.8 32.8 40.6 39.4 41.7 40 40.6 32.2 23.9 17.2 ;

Extrue Mininun -38.9 -36.7 -34.4 -15.6 -6.7 0.6 5.6 3.3 -5.6 -13.3 -27.8 -33.9
I kan Relative Ranidity (%)
.

| 74 75 73 66 62 66 68 70 70 66 73 78
;

L
i

|
' May. Thunderstorms, with an average annual frequency of 36, are the chief

source of rain from May through September. Snowfall in the area averages
1070 m annually, with occurrences recorded in all months except June, July,
and August. Extremes of record in annual snowfall are 152 m minimum and
2235 m maximum.

;

The annual distribution of winds is predominantly bimodal. This bimodal
;

distribution is characteristic of the seasonal wind distributions as well. The '

! average wind speed for spring is 11 km/hr and for the other seasons is about
16 km/hr. The maximum reported wind speed of 148 km/hr was associated with a ,

bilityofatornadostrikingagivenpointinthisareaisabout5x10"ga-
tornado. Tornadoes and other severe storms occur occasionally. The pro

per
y year. For design purposes, a wind velocity of 480 km/hr is assumed to be asso-
1 clated with tornadoes. I

a i

{ Natural fog that restricts visibility to 0.4 km or less occurs about
30 hr/yr. Icing caused by freezing rain can occur between October and April, !

with an average of one to two storms per year.

Diffusion climatology comparisons with other locations indicate that the
site is typical of the region, with relatively favorable atmospheric dilution
conditions prevailing. Thermal inversions occur about 32% of the year, and the
frequency of thermal stabilities is 19% slightly stable 27% stable, 20% neu-
tral, and 34% unstable.

! Data from a number of river sites for nuclear power reactors (4) are used
"

to calculate the " typical" annual atmospheric dispersion pattern in an average i

1 22.5 degree sector around the site. This is done by calculating the dispersion !
l f1ctor, i/Q', for each sector at selected downwind distances and then calculat- |
l tr.g the average dispersion factor at each distance. In other words, the [

|
, ,
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l

dispersion factors in those sectors corresponding to overland trajectories are
added without regard to direction and divided by the number of sectors
involved. Thus, an average dispersion factor is obtained for each selected,

'

downwind distance for all 16 sectors.
-

Standards groups of meteorological data are interpolated from the specific !
; site data. The groupings provide four stability classes based on vertical
'

temper re gradient and five wind speed classes based on the Beaufort wind
i scale. The stability classes are based on Reference 7 information, with i

Pasquill Classes A, B, and C classified as B (unstable); Pasquill Class D
(neutral); Pasquill class E (slightly stable); and Pasquill Classes F and G as
F (moderately stable).

Where wind-speed data are available for only one height, the measured
jvalues are extrapolated to the 10-m level for ground-level release calculations '

and to the 100-m level for releases from tall stacks. Where measurements at
two heights are available, the highest is extrapolated to 10Q m and the lowest
to 10 m, using a standard power-law extrapolation procedure.t6)

The ratio of the maximum sector dispersion factor to the average sector
,

dispersion factor is 2:5. This value is used for all release heights in this !

study. Investigation of the change in this ratio with increasing distance from !

the site shows that the ratio remains essentially constant. The dispersion
factors for the average sector as a function of release height and downwind

|
:

distance are shown in Figure A.1-1.

To assess the potential effect of increased stack height, atmospheric !
dispersion factors for stack heights of 150, 200, and 300 m are estimated !

from the original joint frequency distributions of the information from
Reference 4. These values are graphically presented in Figure A.1-1.

,

No credit for plume rise from either momentum or buoyancy is taken in this
study. Where large volum s of heated air are being ejected, the plume rise

:
2constant for momentum is estimated to be about 50 m /sec. Assuming an annual |

average wind speed of 2 to 3 m/sec, the increase in effective stack height
because of momentum would be about 15 to 25 m. Plume rise from buoyancy (heat
effect) would add at least another 25 to 100 m of effective stack height,
depending on the temperature of the exhaust gases. Thus, i/Q' values illus-
trated in Figure A.1-1 are larger thin they would be if credit had been taken
for momentum and buoyancy.

A.2 _ REFERENCE SMALL MIXED-0X10E FUEL FAHRICAf!ON PLANT DESCRIPTION

The reference small mixed oxide (M0X) fuel fabrication plant is the Kerr-
McGee Company plant, located in Cimarron, Oklahoma. The description of the

f
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Cimarron M0X plant presented in this section is based primarily on the facility
description in Appendix A of Reference 1. Additional details can be found in
Reference 1. The use of the Cimarron plant as the reference M0X plant for this
study should not be construed as implying anything about the reliability and/or
safety of this plant relative to other M0X plants in operation or under con-
struction. Its use facilitates comparisons with the earlier, non-accident,
decommissioning study. The facility is assumed to be located on the reference
site described previously in Section A.1 of this appendix.

The M0X plant description in Reference 1 is based largely on the Cimarron
Plutonium Facility Safety Analysis Report (8) and Environmental Report,(9) with
additional information supplied by the sta at the reference facili.ty. For

the normal-shutdown decommissioning study, a conceptual head-end process
design based on dry blending of preformed plutonium and uranium oxides was
added to complement the existing wet-process head-end (based on blending of
plutonium and uranium solutions, coprecipitation, and calcination to form a
mixed oxide). A conceptual waste evaporator for concentrating liquid waste
steams was also added. These conceptual additions to the facility design are
also considered in this post-accident decommissioning study.

The description of the M0X facility is divided into two parts. The first
part discusses the processes employed at the facility. The second part
describes the plant structures and process equipment and their layout.

A.2.1 Mixed-0xide Plant Processes

Process activities carried out during operation of the reference M0X plant
include the following:

1. Conversion of plutonium and uranium nitrates or of plutonium and
uranium oxides to (U-Pu)02 powder.

2. Production of (U-Pu)02 fuel pellets.

3. Manufacture of nuclear fuel rods containing (U-Pu)02 pellets.

4. Recovery of plutonium and/or uranium from unirradiated scrap
materials.

5. Analytical and quality control functions in support of the activities
listed above.

Glove box flow diagrams for the activities associated with mainline M0X fuel
fabrication are given in Figure A.2-1. Summary descriptions of the major plant
processes are presented in the following subsection; more detailed descriptions

; are given in Section A.1 of Reference 1.
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Coprecipitation Head-End Process

Coprecipitation of plutonium hydroxide and ammonium diuranate (ADU) from
plutonium nitrate and uranium nitrate hexahydrate (UNH) ~ feed solutions is car-
ried out in glove boxes located in Room 128.

Plutonium nitrate feed solution is r ived in 10-1 polyethylene bottles
that are transported in L-10 containers.( After checking an L-10 container
for contamination due to leakage, a polyethylene bottle is removed from its
container and transferred into the unloading glove box where it is weighed for
receiving accountability. The plutonium nitrate solution is then vacuum trans-

ferred from the bottle to a 12 cm I.D.,14-t transfer tank backed by a similar

14-t vacuum trap tank. The empty bottle is washed with dilute nitric acid and

the wash liquor is also vacuum transferred to the transfer tank. The plutonium

nitrate feed solution is pumped from the transfer tank to one of two weighing
stations for blending with UNH.

UNH feed solution is received in 0.21-m3 steel drums with polyethylene
liners. In,the UNH receiving room (Room 156), the UNH is vacuum transferred
from the drums to a designated 107-1 holding tank in the wall of the process
building vault or directly to the weighing station for blending with plutonium
nitrate. Transfer lines are equipped with thermostatically controlled electri-

cal heating traces to prevent crystallization in the lines.

The weighed and blended solution of PU(N0 )4 and UNH can be pumped to one3
of the 107-t wall tanks for storage until needed, or for further assay adjust-

ment, or it can be pumped directly to a precipitation column.

In the coprecipitation step, mixed nitrate feed solution of known U/Pu
ratio and acid concentration is transferred to a precipitation column together
with a metered stream of ammonium hydroxide solution. The two preheated
streams are blended and vigorously mixed to form a coprecipitate slurry that
continuously overflows to a heated and agitated digestor tank, then to a pH
adjustment tank, and to a second digestor tank. Following this, the slurry
overflows to pan filter. The filter cake is washed with an ammonium hydroxide
spray, manually removed with a knife, and loaded into metal trays.

Metal trays containing the wet filter cake are inserted manually, one at a
time, into a retort furnace. The first section of the furnace provides a 200*C
drying zone. The second section of the furnace provides an 850 to 950 C zone
in a nitrogen atmosphere and is used for calcination and reduction of the
coprecipitate to (U-Pu)0 -

2

Trays of calcined filter cake are transferred to a hammer mill, where the

mixed oxide is milled to ceramic-grade powder. The powder is then passed
through a sieve, cross-blended in a V-type blender, and loaded into critically
safe 2-t stainless steel containers. These containers are loaded into a

A.9



portable glove box (on wheels) that is used for short-term in-vault storage of
the powder or for transfer of the powder to the pellet processing area.

Conceptual Dry Blending Head-End Process

For the conceptual alternative dry process head-end, plutonium oxide and i
'

uranium oxide powder received at the plant are assumed to be of a quality that
permits direct blending for fuel manufacture without the need for prior wet
processing. Direct blending operations are carried out in glove boxes located
in Room 155.

The Pu0 is received in approved double containers. The inner container2
is removed, bagged into Glove Box 56, and opened. The Pu0 is then transferred2
to the hammer mill (if necessary) and then to the Pu02 feed hopper for storage
until blending.

2The U0 is received in 0.21-m steel drums. A drum is positioned in Glove
2

Box 55, which is floor-mounted for this purpose. The UO is then unloaded into2
trays as needed for blending. The trays are passed into Glove Box 56, and the
UO is milled (if necessary) and loaded into the U02 feed hopper.2

When a blend is to be made, the two oxides are metered from their respec-
tive feed hoppers into separate batch-weighing hoppers and then drained to a V-
type blender. The two batch-weighing hoppers are interlocked to permit control
of Pu:0 ratio and blend size. Normally, several (three or four) sub-blends are
made, and then reblended to make a batch.

After blending, the finished mixed oxide is packaged into critically safe
2-t cylindrical stainless steel containers and manually loaded into a portable
glove box as described previously.

Pellet Processing

The operations conducted in the pellet processing area include: preslug-
ging, granulating, pellet pressing, sintering, centerless grinding, pellet
washing and outgassing.

Dry ceramic oxide powder is batch transferred to the pellet process area
in a small portable transfer glove box. In the pellet process area, tae mixed
oxide powder is transferred into the press glove box and loaded into t' a feei
hopper of the slugging press, which is used for preliminary forming of pellets
to increase the oxide density. The pellets formed by the slugging press are
calcined and then ground up to provide feed for the final pellet forming press.

Two parallel presses are used for final pellet formation. The pellets
formed are loaded into molybdenum sintering boats that are placed onto a belt
conveyor and automatically inserted through a nitrogen flushed air-lock into a

A.10
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sintering furnace with temperatures of 1600* to 1650*C. The sintered pellets
are manually fed, one at a time, to a centerless grinder where they are ground
to precise dimensional tolerances. The pellets then are passed through one of
two parallel vacuum retort furnaces where they are first dried in flowing

'

nitrogen and then outgassed at high vacuum at a temperature of 500* to 800'C.
Outgassed pellets are removed from the furnace, allowed to cool, and trans-
ferred to the fuel rod fabrication area.

Fuel Rod Fabrication

The final operations for the manufacture of nuclear fuel rods containing
M0X pellets are conducted in Rooms 123, 122 and 121. Fuel rod fabrication
operations consist of pellet inspection, core loading, subassembly decontami-
nation, fuel rod closure and weld decontamination. Final fuel rod inspection
operations consist of leak detection, x-ray inspection, and dimensional and,

'

visual inspections.

Fuel pellets from the fabrication area are individually inspected for
contamination or physical irregularities. They are then manually lined up ins

horizontal rows in a V-shaped trough in preparation for insertion in a cladding
tube.;

Zirconium cladding tubes received at the plant are inspected, cleaned
ultrasonically, and one end cap is welded in place with an automatic welder

j inside a glove box with an inert atmosphere. The tubes are then loaded into a
"Gatling Gun Fixture," a long tube 30 cm in diameter with inserts that permit
up to 60 cladding tubes to be held in place. The fixture is attached to a
glove box, and cladding tubes are manually removed, one at a time. The tubes
are then loaded horizontally with the fuel pellets, the appropriate spacers and ,

other hardware items previously placed in the loading troughs, and returned to
the fixture.

'

When all of the 60 tubes have been assembled, the Gatling Gun Fixture h
moved to the final weld station glove box where the tubes are evacuated and
filled with helium or other inert gas, and the final end caps are welded in

! place.

h' elds for completed fuel pins are checked at an inert gas leak test sta-
tion. The rods are then removed from the Gatling Gun Fixture and transferred
to the final rod inspection area. The fuel rods are x-rayed to check the end
cap welds and the rod loadings, after which they are placed in a controlled
process sink where the welds are scrubbed with cleanser and water to remove
low-level surface contamination. The rods are then examined on a high-
precision granite surface plate to detect bowing of as little as a few microm-
eters. Rods that meet inspection requirements are then packaged for shipment
to the customer. Rods that do not meet inspection requirements are returned

;

!
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to the rod fabrication area where the fuel pellets are removed, visually
inspected, and inserted into new rods.

Scrap Recovery

The reference M0X plant contains two systems for the recovery of plutonium
and/or uranium from scrap materials--a clean scrap recovery system and a dirty
scrap recovery system. Glove Box diagrams for the two scrap recovery systems
are shown in Figures A.2-2 and A.2-3. The clean scrap recovery system, located
mainly in Room 127, is used to recover product from noncontaminated UO -Pu022
reject pellets or grinding fines and from filtrate from the coprecipitation
process. The dirty scrap recovery system, located mainly in Room B01, is used
to recover product from cheaically contaminated UO -Pu02 reject pellets or2
powder, from combustible sollds (paper, cloth, etc.), from organic "noncombus-
tible" solids (gloves, plastics, etc.), and from contaminated aqueous and
organic plutonium-bearing solutions. If necessary, both systems can utilize
the solvent extraction equipment located in Glove Box 27A (Room B05). The
waste storage tanks in Room Bd2 are used for storage of aqueous waste solutions
generated by either of the scrap recovery systems. Details of the scrap
recovery processes are presented in Section A.1.5 of Reference 1. Scrap
recovery flow diagrams were presented previously in Figures A.2 and A.3.

Waste Treatment

Aqueouswastestreamsfromthesolventextractionandgnionexchangescrap
recovery cycles are filtered and stored temporarily in 10-m waste receiving
tanks. The filtrate is then assumed to be concentrated by passing it through
two conceptual waste evaporators in series. The evaporator bottoms (5% to 10%

3of the feed flow) are discharged into 0.21-m steel drums and solidified for
disposal. The evaporator vapors are exhausted to the stack via the ventilation
system. Condenser cooling water and evaporator steam condensate are routed
through an in-line monitoring system to the sanitary sewer.

Sanitary wastes originating frgm the nonradioactive laundry, showers, and
sinks proceed batchwise to a 37.9-m holding tank, where they are sampled for
plutonium content and discharged to the sanitary lagoon. The a contamina-
tion discharged to the lagoon is approximately luCi per 3.8 m Sanitary

,

wastes from the toilets pass through a septic tank system and are discharged
into the sanitary lagoon. Waste from the hot laundry is collected batchwyse in

3a 2.3-m holdirig tan. , sampled for plutonium content, and either discharged to
the sanitary lagoon or evaporated and the residue solidified for offs'te
disposal. |
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A.2.2 Mixed 0xide Plant Structures, Equipment, and Layout

Summary descriptions of the major structures and equipment and their lay-
out at the reference M0X plant are presented in this section. More detailed
descriptions are given in Section A.2 of Reference 1.

The reference M0X plant is assumed to be located on the reference site
described in Section A.1 of this appendix. The M0X plant and a cooling tower
for the plant air conditioning system are located in a fenced exclusion area of
about 1.2 hectares within the reference site; as shown in Figure A.2-4. Two
sewage lagoons are located outside the exclusion area but within the reference
site; these lagoons handle discharge from the nonradioactive laundry, showers,
sinks and toilets in the plant. Because of very low alpha contamination
present in the discharge from these systems, the lagoons are postulated to be
drained and decontaminated as part of normal decommissionir.g activities.

Main Plant Building

All of the major activities at the reference M0X plant are carried out

within the main plant building. The floor plan for this building is shown in

COOLING

TOWER
FOR AIR EXCLUSION
CONDITIONING AREA

|i i SEWAGE
'

I # LAGOONSX r- q
j!,M''

v- k - ::.__

> x
--' -

M0X
PLANT

ELECTRICAL-

SUBSTATION
_

FIGURE A.2-4. Reference M0X Plant Site Plan
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Figure A.2-5. The nearly rectangular building is 54.9 m long by 32.3 m wide at
the north end, and 28.5 m wide at the south end. It has a partial second floor

of approximately 28.5 m by 14.6 m that houses the supply air fan room and the
exhaust air fan room. A partial basement in the northeast corner of the build-
ing houses the dirty scrap recovery and waste treatment areas.

The outside building walls are approximately 7.3 m high at the north end
and 5.5 m high at the south end. The second floor is about 5.3 m above the
first floor and has walls that extend 4.3 m above the second floor level.

The roofs and the second floor are constructed of precast concrete double-
tee slabs about 2.4 m wide by 0.5 m thick. The roof is supported by the
exterior walls and by precast beams and columns in the building interior. The
exterior walls are composed of precast concrete panels about 3.7 m wide that
run the full height of the building. These panels are a minimum of 0.15 m
thick, with inner and outer layers of concrete over a central styrofoam
insulation core. Interior building partitions are concrete block 0.15 m to
0.2 m thick.

Administrative and support facilities (e.g., offices, locker rooms, lunch
room and laundry) are located in the southwest corner of the building. The

majority of the remaining area in the building is taken up by process equipment
and laboratories.

The process and laboratory areas of the M0X plant typically consist of
rooms with custom-made, stainless steel and plexiglass glove boxes housing the
necessary equipment. Various support equipment (e.g., electrical controls and
conduit, piping, tanks, and sealed passages between gloves boxes) is also
located where needed. The rooms are laid out to facilitate efficient operation

of the plant, with a minimum of extra space.

Detailed descriptions of the plant process and laboratory areas are pro-
vided in Section A.2 of Reference 1. Included in these descriptions are tabu-
lations of the glove boxes and major equipment items located in each room, with
estimates of shipping volumes for the various items. Assumptions used to
estimate shipping volumes are given on pp. A-19 a'nd A-20 of Reference 1.

There are several additional plant areas that provide specialized func-

tions and that may be of particular significance to post-accident decommis-
sioning of the M0X plant. These areas, described in the following subsections,
are as follows:

the storage vault and associated wall tanks (Room 126)e
the equipment maintenance room (Room 116)e

t1e supply air fan room (Room 202)e

tie exhaust air fan room (Room 201).e

A.16
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Storage Vault and Wall Tanks. The storage vault has approximate interior
dimensions of 13.7 m by 6.0 m by 4.3 m high, and provides space for temporary
storage of plutonium and uranium solutions, and plutonium oxide and mixed oxide
powder. It is designed to provide protection against tornadoes, and is capable
of withstanding wind loads of 480 km/hr and a pressure change of 0.34 atm. The
north and east walls of the vault are constructed of reinforced concrete about
1.2 m thick and contain 20 and 40 tanks, respectively, that are used for stor-
age of U-Pu nitrate, UNH, and scrap solutions.

The wall storage tanks are about 9.1 m long and 0.14 m 0.D. and are con-
structed from schedule 80 stainless steel pipe. To prevent absorption of stor-
age tank leakage by the concrete wall, each tank is mounted inside a sleeve of
0.15-m-I.D. schedule 40 wrought iron pipe. Pumps, valves, and piping connec-
tions for the wall storage tanks are heated in Rooms B01 and B02. A plan view
of the storage vault and wall tanks is shown in Figure A.2-6.

Equipment Maintenance Room. The equipment maintenance room is about
10.7 m by 6.1 m by 4.3 m high, and is located adjacent to the main processing
area corridor. A stainless steel glove box is provided for maintenance and
repair of contaminated equipment. Other major features of the room are a fence
hood, work benches, and various maintenance tools.

Supply Air Fan Room. The supply air fan room contains the building venti-
lation intake system, and is located on the second floor directly above the
laboratory and maintenance areas (see Figure A.2-5). Access to this room is by
an external stairway on the east side of the building. The supply air fan room
contains the louvers, supply air fans, motor-driven dampers, dust filters, and
heating and cooling coils needed to condition building intake air. A mixing
plenum and volume controller are also located in this room, as are the main
electrical distribution panel and distilled water treatment system for the
plant.

Exhaust Air Fan Room. The exhaust air fan room is also located on the
second floor of the building, adjacent to the exhaust air stack located on the
roof of the building. Access to the exhaust air fan room is through the supply
air fan room or by an interior stairway that terminates in the equipment main-
tenance room. The exhaust air fan room contains the high efficiency particu-
late air (HEPA)-filtered exhaust air sy. items (i.e., the process exhaust air
system and the room air exhaust system). The plant ventilation system is
described below.

Piping and Ductwork

Substantial amounts of piping and ductwork are present in the process,
laboratory, and maintenance areas of the reference M0X plant. Estimates of the
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FIGURE A.2-6. Plan View of Storage Vault and Wall Tanks (Room 126)

lengths and volumes of this piping and ductwork are given by room in
Table A.2-?. Piping includes process piping, service piping, electrical con-
duit and instrumentation lines. Piping estimates are based on engineering
judgment, accounting for room size and the type of operation carried out in a
room. Ductwork estimates are based on room size and on the number of glove
boxes and hoods in a room.

Plant Ventilation System

Air inside the reference M0X plant is maintained at a pressure below
atmospheric (-6 mm water gage) to ensure ambient air flow into the building.
The flow of air within the building is controlled so that air moves from clean
areas to areas with successively higher contamination potential, and finally
into the glove box enclosures containing process equipment where the venti-
lation system becomes effectively a gaseous radioactive effluent treatment
system. A simplified air flow diagram for the plant ventilation system is
shown in Figure A.2-7.

Air is supplied to the building through an intake system that provides for
dust filtration, heating or chilling as appropriate to the season, and distri-
bution to the various rooms of the building. All air is supplied to the rooms

<
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TABLE A.2-2. Piping, Conduit, and Ductwork in Process, Laboratory, and,

) Maintenance Areas of the Reference M0X Plant

Piping. Conduit,etc.(a,b) Ductwork(c)
, Shipping Shipping'

3 3
,

Room Number Length (m) Volume (m ) Length (m) Volume (m )
116 320 1.8 15 0.74

| 121 460 2.6 18 0.8
'

123 600 3.4 36 1.6
j 124 600 3.4 52 2.3
1 126 140 0.8 14 0.6

127 720 4.2 46 2.1 ,

128 650 3.8 39 1.8
129 370 2.2 35 1.6;

130 90 0.5 4 0.2,

131 140 0.8 6 0.3,

| 132 230 1.3 13 0.6
; 133 240 1.4 12 0.5
! 134 90 0.5 4 0.2

135 170 1.0 10 0.5
136 90 0.5 4 0.2 i

4

) 138 160 0.9 6 0.3 |
139 120 0.7 4 0.2

j 140 320 1.8 16 0.7
| 141 130 0.8 9 0.4

142 180 1.0 7 0.3'

; 143 270 1.6 14 0.6 i

i 155 190 1.1 15 0.7 :
!

156 210 1.2 5 0.2
| B01 490 2.8 21 0.9 -

| 802 740 4.3 18 0.8 ;

! B05 7 0.3
'

! 201 230 1.3 61 2.8 t

i 202 290 1.7 30 1.4

,f (a) Includes process piping, electrical conduit and instrument lines. '

(b) Assume average 0.D. of 38 mm.;

! (c) Assume average dimensions of 0.3 m x 0.3 m.
|
t
r

,,

j

! '

|
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FIGURE A.2-7. Simplified Flow Diagram for the Reference M0X Plant
Ventilation System

1

:,

of the plant through ducts and diffusers located in the ceilings. The flow of |
air in a room is from ceiling to floor, and all room air is exhausted through
the floor into underground exhaust ducts. A roughing filter followed by a HEPA ,

',

filter is installed in the floor of each room at the entrance to the under-
ground ducts. The room air exhaust ductwork leads to a final bank of HEPA
filters installed in the exhaust air fan room ahead of the exhaust air fans.

1

Supply air and room exhaust air fan systems consist of three fans each,
any two of which can supply and exhaust the required air though the interior of
the building. The third fan serves as a standby fan in each system and also as
an emergency fan to increase the airflow in any given area when required.
Supply and exhaust air fans are interlocked so that a failure of a fan in
either system will shut down the corresponding fan in the other system. |

All supply and exhaust fans are equipped with back-flow preventers.
.

All operations involving handling of plutonium are performed in glove
boxes maintained at a negative pressure compared to the room atmosphere (-12 mm
water gage). Room air entering a glove box is filtered by roughing and HEPA
filters. Air leaving a glove box is filtered first by roughing and HEPA fil-
ters at the glove box and then by a second HEPA filter located in each room for (!

!'
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all glove boxes in the room. The air then enters a central ductwork system and
is filtered by a final bank of HEPA filters before being exhausted from the
plant.

Air for hoods in the laboratory area is drawn in from the room without
filtration. Exhaust air is filtered once at the hood and once more before
discharge into the central stack.

The process exhaust fan system for glove boxes and laboratory hoods is
divided into four separate subsystems that exhaust the air from the following
glove boxes and laboratory hoods:

o acid handling glove boxes
solvent extraction glove boxese

glove boxes containing alkaline solutionse

all laboratory hoods.e

Thenormalexhaustvolumefromgheplant(bothroomairexhaustandpro-
cess exhaust) is 1400 m / min + 140 m / min, depending on filter conditions and
atmospheric conditions.

An air monitoring system in the M0X plant provides continuous sampling and
measurement of general room air and stack effluent concentrations. Room air
samples are collected continuously at approximately 95 fixed locations through-
out the plant using a central vacuum system to pull room air through filter
paper media. Plutonium radioactivity is determined by counting 20 to 30 of
these filters each day in a calibrated alpha counter. Additional room air
samples are collected with portable air samplers during nonroutine operations
and/or in work areas not serviced by the central vacuum system. Stack moni-
toring is accomplished by continuously sampling air from the stack and filter-
ing it through a fixed filter. This filter is monitored continuously by a
system capable of detecting 0.001 of MPC within one hour. The stack filter is
changed weekly and counted in a calibrated alpha counter to determine the plu-
tonium activity released in the stack effluent.

Liquid Waste Handling

Contaminated liquid waste streams are assumed to be filtered and con-
centrated by evaporation prior to solidification. Sanitary waste from non-
radioactive portions of the plant are routed to the sanitary lagoon. Facili-
ties for handling contaminated and sanitary liquid wastes are described in the
following paragraphs.

Contaminated Wastes. Contaminated aqueous waste streams are filtered
and stored temporarily in 10-m3 waste receiving tanks located in the waste
treatment room (Room 802). The filtrate is then assumed to be concentrated
by evaporation in a conceptual two-stage evaporator system.
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The waste evaporator system is contained in a floor-mounted, stainless
steel and plexiglass glove box. The system is composed of matched pairs of
evaporators, de-entrainers, and mist eliminators, coupled in a series arrange-

'

ment via an interstage vapor condenser. The system is critically safe by geo-
metry and is constructed of stainless steel. The capacity of the system is
125 t/hr of feed solution. Emissions are designed to be one-tenth of EPA's
allowable <0.5 pCia/CW-yr for the total fuel cycle.lll) The evaporator vapors
are exhausted to the plant stack via the plant ventilation system. The con-
centrated wastes produced by the evaporator are routed to the waste solidi-
fication station in the wet process room (Room 128) to be solidified and
packaged for disposal. The conceptual waste evaporator system is described

; in more detail in Section A.2.10 of Reference 1.

Sanitary Wastes. The M0X plant site includes two sanitary lagoons that
receive the discharge from the cold laundry, showers, sinks, and toilets, as
well as the condenser cooling water and evaporator steam condensate from the1

conceptualcontaminagedliquidwasteevaporatorsystem. Each lagoon covers an
area of about 1850 m and has a depth of 1.2 m. The sanitary lagoons have a
very low alpha contaminatio about I uCi of plutonium alpha radioactivity per
3800 t of liquid discharged 9 Based on a mean annual evaporation rate of

2.14mperyear,theannualinputofplutoniumradigactivitytothetwolagoons
from normal operations is estimated to be 2.2 x 10- Ci/yr. The total amount
of plutonium in the lagoons after 10 years of normal operation is estimated to
be about 0.25 g.

A.3 REFERENCE URANIUM FUEL FABRICATION PLANT DESCRIPTION

The reference uranium fuel fabrication (U-Fab) plant is the Wilmington,
North Carolina, plant of the General Electric Company. The description of the
Wilmington U-Fab plant presented in this section is based primarily on the
facility description in Appendix A of Reference 2; additional details can be
found in Reference 2. The use of the Wilmington plant as the reference U-Fab
plant for this study should not be construed as implying anything about the
reliability and/or safety of this plant relative to other U-Fab plants in
operation or under construction. Its use facilitates comparisons with the
earlier, non-accident, decommissioning study. The facility is assumed to be
located on the reference site described previously in Section A.1 of this
appendix.

Nuclear Materials Application for Wilmington Plant (12}ed largely on the Special
The U-Fab plant description in Reference 2 is ba

and the Environmental
Report.(13) Additional information was supplied by the staff at the reference
facility.

A.24



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

The Wilmington plant currently employs two head-end processes to convert
gaseous UF ,to U0 . The primary method is a chemical process involving hydro-6 2
lysis of vaporized UF6 to ammonium diuranate (ADU) precipitate using ammonia,
followed by reduction and calcining of the ADU to dry U02 powder. The secon-
dary method involves direct conversion of UF6 vapor to U 038 in a flame conver-
sion reactor and subsequent reduction of the U 038 to UO2 powder in a reduction-
calciner. Both head-end processes are conceptually decommissioned in this
study.

The U02 powder from either head-end process is milled and pressed into
pellets which are sintered and ground to size. The pellets are loaded into
rods and sealed. The rods are assembled into bundles for use in light water
reactors.

The description of the U-Fab plant is divided into two parts. The first
part discusses the processes employed at the plant. The second part describes
the plant structures and process equipment and their layout.

A.3.1 U-Fab Plant Processes

Process activities carried out during operation of the reference U-Fab
plant include the fol'.owing:

1. Conversion of uranium hexafluoride (UFf) to uranium dioxide (U0 )2
powder, t

2. Fabrication of U02 pellets.

3. Assembly of 002 2 2 3 shim rods.fuel rods and U0 -Gd 0

4. Assembly, storage and packaging of UO2 fuel bundles for light water
reactors.

5. Recovery and purification of uranium from scrap materials.

6. Treatment of fluoride, nitrate and radioactive liquid wastes.

7. Analytical, quality control, maintenance, and process development
functions in support of the activities listed above.

A process flow diagram for the reference U-Fab plant is shown in Figure A.3-1.
Summary descriptions of the major plant processes are presented in the follow-
ing subsections; more detailed descriptions are given in Section A.1 of
Reference 2.

A.25
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i

Primary Head End UF6 Chemical Conversion
,

; .

235. Uranium hexafluoride (UF ) enriched from 2 to 4 wt% in 0 arrives by |
i

6
truck at the plant site in 2300-kg, O 76-m-diameter cylinders (Model OR-308). pg35

| UF6 enriched slightly about 4 wt% in 0 arrives in 25-kg, 0.13-m-diameter t

| cylinders (Model OR-SA). The UF6 cylinders are protected by outer containers
during shipment.

!l Upon receipt, the UF6 cylinders are removed from the shipping containers
and weighed for accountability purposes. The cylinders are then stored or !

transferred to the vaporization room to provide process feed. i

For vaporization, each cylinder is transferred by overhead bridge crane to
one of 11 vaporization chambers. After the cylinder is connected to a flexible
discharge line, it is heated by electrically heated air to volatilize the UF ' I6

The UF6 vapors are routed to one of four vessels filled with water, where
the vapors are hydrolized to form UO F2 2 and HF. The HF in the off-gas is [
scrubbed and may be recovered as a by-product. The uranyl fluoride solution is t,

' recirculated through one of two identical hydrolysis storage tanks until the ;

proper UO F2 2 concentration is achieved, after which it is transferred to the |

chemical precipitation tank. t

In the precipitation tank, ammonium hydroxide is added to the solution |

to precipitate uranium as ADU. The resulting ADU slurry is transferred to a [
I

digester tank for a specified time and is then dewatered and concentrated i
;(by two stages of centrifuging) to a paste. The aqueous effluent stream is

pumped to quarantine tanks in the fluoride waste treatment system.

The ADU paste is continuously fed to the horizontal chamber of a gas-fired
reduction calciner, where the ADU is defluorinated, reduced, and dried to pro-
duce ceramic-grade uranium dioxide powder. Off-gas from the calciner passes |

| tnrough a scrubber to remove entrained powder, ammonia, and fluorides prior to i

filtration. The U02 powder discharged from the calciner is placed in 19-t cans )
for transport to the second-floor U02 powder preparation area. [

Secondary llead-End UF6 Direct Conversion [
!

Four flame conversion reactors are connected to three vaporization cham- !
to U 0 . In each reactor UF ' Ebers and can be used to directly convert UF6 38 6

natural gas, and oxygen are mixed at a carefully controlled temperature to j

to U 03 8 and HF. The HF contained in the reactor off-gas |optimally convert UF6
is retained in filter [is scrubbed and recovered as a by-product, while the U 033

|
tubes and collected in one of two identical powder collection pots. U03g is j

i then pneumatically transferred to a hopper, collected in 19-t cans, and
I weighed. {

!
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The U 0 is crushed and granulated, and the resulting powder is led to a38
horizontal gas-fired reduction calciner to produce ceramic-grade UO2 powder.

Pellet Fabrication

The U02 powder is processed through a hammer mill, a predensifier press,
and a granulator that crushes the compacted powder into material of uniform
particle size. The sized particles are placed in 19-f. buckets and transferred
to the mezzanine storage area, where the buckets are weighed and samples are

i

obtained and analyzed for particle size, enrichment, uranium content and mois-
ture content. If found acceptable, the material is placed in storage and/or
blended with other UO2 to attain the desired enrichment.

When needed, the powder is placed in a hood and dumped into a hopper that
gravity-feeds one of the 14 pellet presses located below on the main floor.
Right-cylindrical pellets approximately 13 mm in diameter are formed in the
pellet press. The green pellets are loaded into molybdenum boats and trans-
ferred to the sintering area.

The boats of pellets are charged into one of five continuous sintering
furnaces and processed at up to 1650'C in a reducing atmosphere. The pellets
are sintered to about 95% of theoretical 002 density, after which they are
transferred to the grinding area.

In the grinding area, the pellets are dumped into a pellet feeder bowl
that orients and feeds them to one of five centerless grinders. After dimen-
sional gauging, the finished pellets are placed in trays and transported to
storage cabinets. Reject pellets are packaged and stored for recovery in the
uranium purification system.

Rod Assembly

Pellets are removed from storage as needed and carted to one of four rod
loading stations where they are loaded into fuel rod mock-up channels and
checked against required specifications. An acceptable string of pellets is
pushed into an empty zircaloy tube seal-welded at ,one end. The loaded tubes,
now called rods, are placed in rod trays.

The rod trays are transferred to one of three horizontal outgas ovens,
which maintain an inert atmosphere below atmospheric pressure at about 260'C.
Af ter rods are cooled, they are analyzed for moisture. If acceptable, the rods
are moved to one of three final rod closure welding stations. At the station,
individual rods are inserted into a controlled-atmosphere weld box, evacuated
by vacuum, and then filled with inert gas. An end plug is inserted into the
rod and automatically welded in place using the tungsten inert gas process.

A.28
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The completed rod is removed from the welder and transferred to a table
where the weld and rod are inspected. The rods are decontaminated and placed
in contamination-free trays in special rod-storage compartments in the bundle
assembly area until required at bundle assembly.

Gadolinia Rod Assembly

Gadolinia rods are fabricated in a special facility adjacent to the
uranium fuels production area. Dry U02 and Gd 02 3 powders are blended in the
proper proportions for fuel-bundle-assembly shim rods. The powders are
processed and assembled into rods in essentially the same manner as the 00 '2as described previously.

Fuel Bundle Assembly and Final Inspection

Each fuel rod is scanned for 2350 content to confirm the enrichment.
Based on rod enrichment requirements for a bundle matrix form, the required
number of rods of each enrichment is laid out on an assembly table. The rods
are visually inspected for cleanliness and defects and replaced as necessary.

The spacer hardware is positioned within the fixtures on a horizontal
bundle-loading table. The fuel rods are inserted into the spacer hardware
according to a predetermined sequence. When all rods are in place, the end
pieces or tie plates are bolted into position and the assembly is raised ver-
tically, unlocked from the fixture, and removed by an overhead crane to the
leak-test and inspection station.

The assembled bundle is leak-tested in a vacuum chamber. The bundle is
next placed in a lighted inspection fixture, when the rods are examined for
various design requirements. Upon passing the leak test and inspection, the
bundle is wrapped in a plastic dust cover and removed by overhead crane to the
bundle storage racks to await shipment.

Uranium Scrap Recovery and Purification

Internally generated, " clean" uranium scrap in various physical forms that
does not meet quality standards or that is mixed with combustible foreign
material is reprocessed through scrap recovery equipment known collectively as
the Uranium Purification System (UPS). Material to be reprocessed through the
UPS is accumulated in safe batches (normally 19-1 buckets) and stored until
processed.

Uranium pellets and other compacts are crushed prior to purification.
Uranium powder, grinder fines, etc., are processed through a furnace to remove
impurities and combustible materials.
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Next, the scrap uranium (~21-kg lots) is slowly charged into one of nine
dissolver tanks (arranged in sets of three) filled with hot nitric acid
(88'C). Af ter dissolution, the uranyl nitrate is filtered, cooled, and sent to
one of three precipitation tanks. Am.nonium hydroxide and hydrogen peroxide are

4 - H 0) from the solution. The 00used to precipitate uranium tetroxide (UO
2 4

slurry is dewatered in a centrifuge, and the Uu4 cake is pumped from the U04
receiver tank to a gas-fired reduction calciner. The effluent from the centri-
fuge is pumped to the nitrate quarantine tank or back to a precipitation
tank. In the calciner, the U04 is converted to UO2 powder, collected in 19-t
buckets, and returned to the powder storage area in the main process area,

i Uranium scrap that is mixed with foreign materials (e.g., gadolinia pro-
cess wastes, nitrate wastes) and does not meet UPS quality standards for repro-
cessing is shipped to an offsite contractor for rework and recovery of ura-
nium. The recovered uranium is returned to the facility as UNH and is used as |

feed for the main process.

Liquid Waste Processing

! Uranium-bearing liquid waste streams are segregated as fluoride wastes,
nitrate wastes, and radwastes, allowing individual treatment of each waste
stream in a manner compatible with the recycle of valuable materials. Each
waste stream has its own quarantine tank system within the main building to <

permit temporary storage of the liquid wast'es. Based on uranium content, the
liquid wastes are either released for final waste treatment or are recycled to
recover the uranium residuals. Liquid waste processing at the reference U-Fab

; plant is shown schematically in Figure A.3-2. i

to 00 C0"VOI5kO"Fluoride Wastes. Chemical wastes generated from the UF6 2
process are pumped from the fluoride waste quarantine tank system to a 246-m
storage tank, where the wastes are gontinuously recirculated to keep solidsi

suspended until transfer to a 379-m settling tank. In the settling tank, the

solidmaterialsettlesandiscentrifugedoutandstoredin19-gbucketsuntil
recycled or discarded. The supernate is decanted into two 45-m tanks where it
is treated with lime slurry [Ca (0H)2] to precipitate uranium residuals in a
calcium fluoride matrix.

Final adjustment of the chemistry occurs by adding lime in a reaction tank |

in the ammonia recovery system. The liquid waste is pumped into the top of a
packed stripping column. In the column, steam is intimately contacted with the
liquid waste to strip ammonia from the waste solution. The ammonia vapors
emarging from the top of the column flow into a condenser where the ammonia is
condensed into an aqueous solution and sobsequently pumped to an ammonia
collection and storage system. The stripped fluoride solution emerging from
the bottom of the column is pumped to the fluoride storage lagoons where the
CaF2 solids are allowed to settle. The clarified liquid in the storage lagoons

I
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FIGURE A.3-2. Liquid Waste Processing Schematic

is pumped to the aeration lagoons for removal of residual ammonia, if neces-
sary. Finally, the fluoride waste solution is sent to the chemical lagoon to
be mixed with other chemical waste liquids from the plant and released to a
drainage ditch that flows offsite to the river.

CaF2 solids in the fluoride storage lagoons are periodically removed and
stored onsite for eventual reprocessing to recover the uranium residuals.

Nitrate Wastes. Nitrate wastes generated during uranium scrap recovery
operations are collected in the UPS quarantine tank system and treated on a
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batch basis. Nitrate waste treatment consists of a lime [CA(OH)2] addition
'

to precipitate and settle any uranium compounds present in the wastes. The
uranium-bearing sludge collected in the precipitation tank is centrifuged to

j remove the residual liquid, placed in 19-1 buckets, and, if the uranium content
of the sludge warrants reprocessing, sent to an offsite contractor for rework.;

The residual liquid from the centrifuge is recycled back into the precipitation'

3tank. The clarified liquid (clear supernate) is pumped from the 76-m precj j. ip

tation tank to the nitrate storage lagoons (hypalon-lined evaporation ponds) :

where the treated nitrate liquid wastes are impounded. Clarified nitrate I

i solution from the nitrate lagoons is pumped back into the waste treatment
facility for further concentration before offsite shipment to a paper manufac-
turing firm. Periodically, sludge that accumulates in the bottom of the
nitrate lagoons is removed and sent to an offsite contractor for recovery of

'
;

the uranium. The remainder of the effluent is removed by natural evaporation.
1

Radwastes. Waste solutions from sources such as laboratory sinks, laun-
dering machines, and floor drains are initially collected in a tank located in
the Radwaste Room. This tank feeds a slab accumulator tank where liquid rad- |

wastes are held for processing through a centrifuge. The centrifuge removes
suspended uranium compounds and other solids that are put into 19-1 pails for i,

eventual rework. The clarified liquid (mostly water) flows into a quarantine,

'

tank where it is sampled and either pumped to the waste lagoons or returned to ;

the process for rework.
(

Solid Waste Processing
!

Solid wastes such as paper, rags, mops, plastic, wood, protective cloth-
ing, damaged tools, and equipment are constantly generated during plant opera-
tions. To prevent loss, these waste materials are collected in designated

i containers at the point of origin. Filled containers are sealed, tagged,
stored, and eventually transferred to the waste handling facility in the Fuel

j Manufacturing Building. In the waste handling facility, uranium-bearing
,

categories and treated or disposed of as described below. A schematic of the !
'

solid waste processing at the reference U-Fab plant is shown in Figure A.3-3.
,

Noncombustible Materials. Containers of noncombustible waste are emptied
| onto a hooded cleaning and sorting table. High-velocity water spray and/or
i steam cleaning equipment is used to decontaminate the wastes, which are then

either packaged directly for final disposition or sent to a local dump after i

release for unrestricted use. Contaminated wastes are generally reduced to a
smaller volume, packaged and shipped to a government-licensed shallow-land

rburial site for disposal.

Noncombustible wastes not meeting the established release limit for |

; uranium are recycled (reworked) in the facility. Liquids generated from the :

i decontamination processes are discharged to the radwaste system described
above.

,

I
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FIGURE A.3-3. Solid Waste Processing Schematic

Combustible Wastes. Combustible wastes are generally incinerated, but may
be compacted, packaged, and shipped to a shallow-land burial site if incinera-
tion is not desirable.

The incineration system consists of a shredder, a blow-tube unit, a vortex
incineration chamber, an off-gas scrubber, and a filter unit, all housed in a
building next to the Fuel Manufacturing Building. Materials to be incinerated
are shredded and blown into the vortex incineration chamber. The incinerator
operates at about 1100*C to produce ash and off-gases.

The solid ash is removed regularly on a batch-control basis, using known
uranium input measurements, and placed in buckets for sampling and eventual
shipment offsite for processing to recover uranium. Combustion gases are
scrubbed in a liquid blanket-type spray scrubber, demisted, and filtered
through a HEPA filter prior to discharge from the stack. Liquids from the
incineration process are discharged to the radwaste system.
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A.3.2 U-Fab Plant Structures, Equipment, and Layout

Summary descriptions of the major structures and equipment and their
layout at the reference U-Fab plant are presented in this section. More
detailed descriptions are given in Section A.2 of Reference 2.

The reference U-Fab plant is assumed to be located in the reference site
described previously in Section A.1 of this appendix. The immediate plant area
includes about 285 hectares that contain the fuel fabrication plant, waste

treatment facilities, equipment and materials storage pads, and other support-
ing facilities, as shown in Figure A.3-4. The sanitary lagoon to the north is
used to handle discharge from the plant nonradioactive laundry, showers, sinks,
and toilets. The sewage treatment plant and sanitary lagoons contain very
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little if any contamination from normal plant operations and, thus, are not
postulated to require decommissioning following normal plant shutdown.

The main plant buil' ding (the fuel manufacturing building) encompasses
219,300 m of manufacturing, laboratory, maintenance, decontamination, storage,

and office space. Adjacent and connected to the south side of the main
building are two separate but interconnected single-story structures. The

structures house the chemical-metallurgical laboratory,2, 340 m , and 810 m
the uranium scrap

2 2recovery room, and the U02 powder warehouse, with 770 m of
floor space, 2respectively. Contaminated waste incineration operations occupy
another 220 m of floor space in a separate building located 30 m to the west
of the main building. Other auxiliary facilities include a fluoride and
nitrate waste treatment plant and associated lagoons, ammonia recovery facili-
ties, a liquid radwaste treatment system, liquid chemical waste treatment
lagoons, a sanitary waste treatment plant, a propane station, a tank and pump
station, equipment storage yards, uranium storage yards, an electrical sub-
station and warehouse, and CaF2 storage grounds.

Major Plant Build' igs

The majority of the activities that take place during normal operations at
the reference U-Fab plant are carried out in the fuel manufacturing building
and adjacent structures and additions. The floor plans for the ground floor
and mezzanine floor of these buildings are shown in Figures A.3-5 and A.3-6
respectively.

The fuel manufacturing building is an 80-m by 211-m structure that is
built to allow for future expansion to double the current production capacity.
It is fabricated of 38-mm insulated metal siding attached to a steel framework.
The interior walls are constructed of concrete block and gypsum wallboard. The
ground floor and the first meter of the outside walls are reinforced concrete

100 to 150 mm thick. The mezzanine area floors are steel grating or reinforced
concrete. The steel beams supporting the building steel framework are anchored
in the outside 1-m-high walls. The roof consists of a 35-mm insulated corru-
gated metal deck that is capped with asphalt and gravel.

The processing areas or rooms within the fuel manufacturing building are
generally partitioned with painted cinderblock walls, or in some instances,
with painted wall board. The floors of the production areas are generally
covered with 0.3-m-square tiles, most of which are removed and replaced yearly.
The chemical area has a sealed concrete floor. Nonproduction and noncontami-
nated areas in the facility generally have a concrete floor. Offices and
change rooms have either tiled or painted floors.

The chemical-metallurgical (chem-met) laboratory is a single-storj struc-
ture 21 m wide by 37 m long that is separated from the main building by a 3-m
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enclosed corridor. The laboratory building is constructed of concrete slab
siding and concrete floors and has the'same type of roof as the main build-
ing. The laboratory is divided equally into a controlled and an uncontrolled
section. The controlled section has hoods, enclosures, and glove boxes for
testing, handling, and containment of uranium in various physical and chemical

1

forms.
,

The uranium scrap recovery and powder storage addition is a single-story |

structure attached to both the main building and the chem-met laboratory, and
; is 27 m wide by 47 m long. The building is constructed of insulated metal

siding attached to a metal framework that is anchored to a concrete foundation~

and floor. The roof is sloped and constructed of insulated corrugated metal
decking.

1
' The waste incineration building is a 12.2-m by 18.3-m structure approxi-

mately two stories high that is located approximately 30 m to the west of the ,

l

main building. It is constructed of insulated corrugated metal siding attached
to a metal frame. The frame and metal siding rest on a concrete floor-
foundation. The roof construction is similar to that of the main building.

The fluoride and nitrate waste treatment building is a multistoried,
roofed structure that is open on four sides. It covers an area of about 12 m
by 19 m. It is constructed of large steel framework members that serve as sup-
ports for the numerous tanks, columns, pumps, and piping associated with the
facility. A small enclosed area on the ground floor of the building houses a
control room for the facility and a uranium recovery (centrifuge) room. A
separate 7-m by 14-m building next to the waste treatment facility houses a
boiler for supplying steam to the ammonia stripping column.

,

Detailed descriptions of rooms in the plant process and laboratory areas
are provided in Section A.2 of Reference 2. These descriptions include tabu-
lations of the major equipment items located in each room, with estimates of !

j shipping volume and mass for each item.

Several plant areas provide specialized functions and may be of particular
significance to post-accident decommissioning of the U-Fab plant. These areas , i

described in the following subsections, are as follows:
the hot maintenance shope

i * the hot instrument shop
e the decontamination facility

the ventilation HEPA filter rooms.e

Hot Maintenance Shop. The hot maintenance shop is located on the ground
floor of the fuel manufacturing building. The shop has a floor area of about,

:

,
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i

400 m2 and a room volume of over 1900 m . The shop is equipped with various3

machine tools (e.g., lathes, drill presses, mills), work benches and tool cabi-
nets, welding equipment, pipefitting equipment, and cleaning equipment. Two
HEPA filter units are provided to purify exhaust air from the hot maintenance
shop.

Hot Instrument Shop. The hot instrument shop is located in the fuel
.'

manufacturing building adjacent to the hot maintenance shop. The hot instru-
2 3ment shop has a floor area of about 125 m and a volume of over 600 m . The

shop contains a variety of equipment for doing maintenance on electrical and
electronic equipment. A HEPA filter unit is used to treat exhaust air from
the shop.

Decontamination Facility. The decontamination facility is located on the
ground floor at one end of the fuel manufacturing building. The facility has a

2 3floor area of about 170 m and a volume of over 1600 m . The facility includes

equipment for cleaning (i.e., a spray booth and cleaning sinks), sorting, cut-
ting, compacting, uranium scanning, and packaging of contaminated materials.
Air treatment is provided by two HEPA filter units.

Ventilation HEPA Filter Rooms. Two rooms contain HEPA filters for the
plant ventilation system. These rooms are located on the mezzanine level of

the p{ ant, as previously shown in Figure A.3-6. The two rooms contain about
3830 m of floor space and about 4000 m of room volume. A total of about 250

HEPA filters are located in these rooms, paired with an equal number of
roughing filters. (The plant ventilation system is described below.

I

Piping and Ductwork

Substantial amounts of piping and ductwork are present in the areas of
the reference U-Fab plant to be decommissioned. Estimates of the volumes and
masses of piping and ductwork are given by room in Table A.3-1. Piping
includes process piping, service piping, electrical conduit, and instrument
lines. Ventilation ducts and hood ducts are included in the ductwork esti-
mates. The trays include hangers with piping and conduit, which are batched
and supported by the trays. Light fixtures include all main overhead lighting,
most of which is fluorescent.

Plant Ventilation System

A simplified air flow diagram for the reference U-Fab plant ventilation,

system is shown in Figure A.3-7. Only the ventilation flows for the main pro-
duction rooms are shown. The gadolinia facility, uranium scrap recovery, chem-
met laboratory, process development laboratory, and other supporting areas are

A.41
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TABLE A.3-1. Piping, Ductwork, Trays, and Lighting Fixtures
in the Reference U-Fab Plant

Piping and Conduit Ductwork and Supports Trays and Light Fixtures

Cogacted Non-Cogacged Cogacted
3Volume (m ) Mass (M9) Volume (m ) Mass ( QLocation Volume (m ) Mass (Mg)

Powler nurehouse 0.7 0.7 20.6 1.0 6.3 7.2

UF6 Cylinder Storage 0.3 0.4 18.2 0.9 4.5 5.2

UF6 Vapor 1 ration Room 3.1 3.5 54.6 2.5 4.5 5.2

Chemical Area 64.4 74.6 359.8 18.3 19.9 92.5

Powler Storage and Feed Room 1.0 1.2 27.0 1.2 1.5 8.7
!

Pelletizing Room 1.6 1.8 57.7 2.7 6.2 7.2

Sintering Room 9.3 10.7 212.4 9.8 13.3 15.4

Grinding Room 2.8 3.3 26.1 1.2 3.9 4.3

Rodding Room 5.1 5.9 50.8 2.3 11.8 13.6 !

Gag Shim Rod Fabrication
Urantun Scrap Recovery Room 1.7 2.0 24.1 1.1 6.2 1.2

Chem./ Met. Analytical Laboratory 1.4 1.6 27.5 1.3 5.0 5.8

Process Developnent Laboratory 4.1 4.8 66.6 3.1 17.5 20.3

Hot Maintenance Shop 1.4 1.6 33.2 6.4 4.0 4.6

Hot Instrunent Shop 0.5 0.5 3.7 0.2 1.5 1.7

Radwaste Room 1.7 2.0 5.5 0.3 3.0 3.5

Decontamination Facility 1.4 1.6 19.4 0.9 2.5 2.9

Laundry Room 0.3 0.3 12.9 0.6 2.0 2.3

Change Rooms 0.4 0.4 32.4 1.5 2.5 2.9

Ventilation Filter Room 0.9 1.1 849.6 67.4 6.2 7.2

Incinerator Facility 2.2 2.6 48.5 2.2 4.5 5.2

Fluoride Waste Treatment System 81.7 94.5 - -- -- --

Nitrate Waste Treatment System 17.2 19.8 -- -- -- --

3.9 4.3Waste Treatment Ru11 ding 3.1 3.6 -- --

Radw.nte Treatent Syston 14.5 16.7 -- -- -- --

1.it a l., ??H.h 2h4.2 2 070.2 130.4 216.7 250.3

not included because they have similar, smaller-scale systems. Ventilation'

system capacities and capabilities in the main production areas are summarized
in Table A.3-2.

i Each room in the main building has a separate handling system that is
designed to provide clean, thermally conditioned air to the operating area and
to exhaust filtered or scrubbed and filtered air to the environs. The flow of
air within the building is controlled so that the recirculating air moves from
clean areas to areas with successively higher contamination potential.

; The UF6 vaporization room receives- all of its make-up air from the outside
air stream. The chemical room receives about 80% of its make-up air from out-
side and the remaining 20% from other areas in the building. The grinding and

A.42

s



ma2sts uo[get[2uaA queld ge3-n asuaJajag ay2 JOJ ceJ6e[Q MO[J pa[J[[dW[s *[-E*Y 380913
E""''

.Ef.tS
1

#.t.3.tX.31
., . ,

.#.so o.gtel .fle u 7. - .. . . . . .s
t
5"" x. os.

m=I t ,t
.

== wi o. t t
.t== === .a | -

{ w.pm= } 9s.o.im.n.

i';= se & i = = = ~ ~ ====,-.-x

I [ . .unu. ... | .
" " * " " ' * " " ""*'' t d,*,, i

==i."o===.=='*'i'""t. .s m ma ==. .n s==.===
. ==os. . = . = . . . , , , ,

1 1 t m ;.*,.*,=.,
.t ,

" " ~ ~

= = = = = -wa n. -.o t .=i.

i
,

t I
5==,;;,;;= s t ,i,. '"*,.",,.'" ga.,' ,I, , +.

* *. s.e". .4 i -. . t .- , aa-'a -- (t,a= s==

...

I ,, 1== =. ****. i m. I t t mw..== w .nw qm..=== s w.s ,,, ;j { t 1.

} }
-

<sa g,, ,e,,, i. . .. . .. . , ,

g a.,=,,;;';;. ni"". ;;,;,, t "' = "" w
..i. ..,

u.. .==
"""

5.B.11.
O C.

.. .. t - - _ - - ,
I m .ua .. ,= = 1 t 1 """I'"* 9 y

I :
I = ' ' " ' * * 't

wu ,=..u 2n. is.n.oo.,s. m -
.?.

o ., , , , , , , , , , , , , , , , _ _ ,
u.R3 4J. *13 EM AII

pg

i . . = - .,_. .,

"t ' t f ,t
--

mig,.,,g. . . . ,________, , ,

I == .m.

3.e e.3 pes
,,,,,9,,,, g **w*** ww no.som= wweno. gR..E h.8t
m.'.mN

8 "
.as.=2 n" .,,,,,..,,,,.t, i
= = *

$.a "2 '" .
*

. a==
suu.ww.o. =.er3 g,o, ,,,, 15 E.,.,gry g, % ha.no.kt. h.t ..1 s1

1 1 lee.i.DL3
3,

es . n y ? e
g |

w.-
. m ,,, .i m - . - u

.'s, .,
- - - - a

m , : .m>. . - - > . .

==1,.4 . ==.. ,m,,,
us.* t as p m

1 ! |
g """"*""

.. . i .':=. .,
=~

i . . . 1 H . . , > i i i

i I .T. I
. 3,.8. .t&W.G.G. 4.u J.O. St . gg



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE A.3-2. Ventilation System Capabilities in Main Fuel Fabri-
cation Areas of the Reference U-Fab Plant

Roughing /
Room Exhaust Reci rcul ation Total Sc rubbe r/ HEPA

Volyme Rate Rate Rate No. of Air Demister Filter
Area (m ) (scmm) (scam) (scmm) Otange s/hr Sys t err SystemJ

vaportsation 1 890 170 255 425 13.5 Yes Yes

Chemical 13 325 973 2 549 3 522 15.9 Partial Ye s

Powder Storage 2 375 142 198 340 8.6 No Yes

Pellettsing 1 905 238 312 550 17.3 No Yes

5tntering 5 845 340 1 700 2 040 20.9 No Yes

Grinding and Rodding 6 250 210 453 663 6.4 No Yes

rodding rooms receive about 40% of the make-up air from outside air and 60%
from other areas. The powder storage, pelletizing, and sintering rooms receive
all their make-up air from other areas within the building (e.g., offices,
change rooms, etc.).

Make-up air from other plant areas comes from the plant recirculating air
ventilation system. Recirculation air is drawn from building areas having
little or no contamination. The recirculating air is blended with fresh out-
side air, filtered through dust and HEPA filters, heated or cooled as required,
and then distributed within the plant.

There are 32 stacks associated with the exhaust air systems for fuel
manufacturing operations; 28 of these are located on the roof of the main
building and the other four are located on the roof of the incinerator build-
ing. These separate air exhaust systems remove air from the building through
hoods containing highly contaminated process equipment or through room exhaust
systems in potentially contaminated rooms.

Exhaust air from vaporization, hydrolysis, precipitation, digestion, flame
conversion, centrifuging, and calcining process steps is scrubbed and dried
before passing through HEPA filter assemblies. The scrubbing action removes
the fluoride, uranium and other compounds from the air for subsequent recovery
and waste treatment operations. Exhaust air from other process areas generally
is filtered through at least two HEPA filters in series. One intermediate HEPA
is generally located at the work station or area for quick routine changeout.
In front of each HEPA filter is a roughing filter that removes the larger
particulates.
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APPENDIX B

DETAILS OF REFERENCE ACCIDENT SCENARIOS AND RESULTANT CONTAMINATION LEVELS

Details to support the descriptions of reference accident scenarios and
resultant contamination levels presented in Chapter 6 are given in this
appendix. The details include an explanation of the methods used to estimate
radiation exposure rates from radioactive contamination of the plant buildings.

B.1 DETAILS OF EXPOSURE RATE CALCULATIONS

This section provides details of the methods used to estimate average
radiation exposure rates from contamination of the M0X and U-Fab plant build-
ings for the reference accident scenarios described in Chapter 6. Average
exposure rates are estimated for gamma radiation from plateout on building sur-
faces and equipment. The methodology uses equations for calculating photon

,

fluxes from uniformly contaminat regular geometric sources given in the
Reactor Shielding Design Manual.

This section describes the equations used to estimate average exposure
rates from gamma radiation plated out on building and equipment surfaces as a
result of the reference accidents. An evaluation of the effect on exposure
rate calculations of changes in room size and changes in the distribution of
radioactive contamination between the floor, walls, and ceiling of a room is
described in Section B.2. The results of this analysis show that, for a room
in which the contamination levels on walls and ceilings are smaller than the
average contamination level on the floor, the calculated average exposure rate
is approximately equal to the exposure rate from a uniformly contaminated
infinite plane. Therefore, the infinite plano equation is used to estimate
exposure rates from plateout on building surfaces.

The equation for the photon flux at a point P located on the axis at a
distance d from a plane disk source with uniform surface contamination (see
Figure B.1-1) is

BS

&=hE(b)-E(bg sec 0) (B.1)g t g

B.1
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FIGURE R.1-1. Plane Disk Source

where
2+ = flux (photons /cm -sec)

B = dose buildup factor (dimens
Sg=sourcestrength(photons /cm{onless)*sec)-

'

bg = E ug xg (dimensionless)
I total macrose th

material (ca'gpic attenuation coefficient for the i
ug a shield

).
th] xg = thickness of the i shield material (cm)

''t=

E(b)=b"'I / dt for n>0.
'

!

n
b t

B is assumed to be equal to 1 for air. Graphs for evaluating the
logarithmic integral, E (b), are given in Reference 1.n

For a uniformly contaminated infinite place, the photon flux in air at a
distance d becomes

e

S

$=h[El (u,d)) (B.2)
,

,

where u is the macroscopic attenuation coeffletent for air. For 0.662-MeV
gasuna rays, ua is approximately equal to 0.0001 cm-1. Thus, at a distance of
1 m from an infinite plane that is uniformly contaminated with 137Cs, the ,

photon flux is

B.2
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s
+ = ^7 [Eg (0.01)] (B.3)

I

,

Conversion factors for converting from photon flux (in units of photons /
,

2 For I| cm -sec) to exposure rate (in units of R/hr) are given in Refergnce 1. '

! 0.662-MeV gamma radiation, the conversion factor is 1 photon /cm -sec = 1.4 x
10-6 R/hr. Aversge exposure rates from surface contamination, calculated using
Equation B.3 and this conversion factor, are given in Chapter 6.

3.2 ROOM MODEL FOR ESTIMATING RADIATION EXPOSURE RATES

| The BWR decommissioning study (2) included an investigation of the
| relationship between room size, surface radionuclide contamination levels, and
! calculated gamma radiation exposure rates. The analysis evaluated the effect
I on the calculated exposure rate of changes in room size and changes in the dis-
| tribution of radioactive contamination between the floor, the walls, and the
| ceiling of the room. Radiationexposurerateswerecalculatedgtagintin
! air 1 m above the floors of rooms of various sizes, with 1 Ci/m of Co

j uniformly distributed on the room surfaces. Exposure rate calculations were
| also made for rooms in which the walls and ceilings contained 501,and 10%,
| respectively, of the floor contamination level. For comparison purposes, the
l gamma exposure rate at a point in air 1 m from a uniformly contaminated

|
Infinite plane was also calculated.

The floor of the reference room was assumed to be square and the walls of

|
the room to be 3 m high. Room surfaces were modeled as uniformly contaminated
disk sources, and exposure rates were calculated using the applicable equations
from the Reactor Shielding Design Manual, as described in Section B.1.

The results of this analysis are shown in Figure B.2-1. For very large,
uniformly contaminated rooms, the exposure rate approaches a value equal to
twice the exposure rate from a uniformly contaminated infinite plane. For
rooms in which the contamination levels on the walls and ceiling are much
smaller than the contamination level on the floor, the calculated average expo-
sure rate is closely approximated by the exposure rate from a uniformly con-
taminated infinite plane.

i
:

:
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APPENDIX C
,

GENERIC CLEANUP AND DECOMMISSIONING INFORMATION

Although each cleanup and decommissioning of an accident-damaged facility
is a unique operation with requirements that depend on the specific facility
and the nature of the accident, all post-accident cleanup and decommissioning
cperations include some common activities and requirements. This appendix pro-
vides information on some of these common elements, including:

decontamination of structures and equipmente

e contamination control
special tool and equipment requirementse

packaging, transportation, and disposal of wastese

essential systems and servicese

e quality assurance
o environmental surveillance.

C.1 DECONTAMINATION OF STRUCTURES AND EQUIPMENT

Three basic nethods can be used to remove radioactive materials from con-
taminated surfaces. These are 1) dissolution of the surface film containing
the radionuclides, 2) physical cleaning of the surface, and 3) physical removal
of the contaminated structural material. Various techniques used for each of
these methods are discussed in this section.

C.1.1 Chemical Decontamination _

The major use of surface film dissolution during cleanup and decommission-
ing is for internal decontamination of components than might be used for the
M0X and U-Fab plants. Several chemical deco 1tamination methods are available
for the removal of radioactive contamination from inside surfaces of piping,
tanks, and other equipment of the M0X and U-Fab plants. Some methods are
designed for piping systems where the chemicals can be recirculated until the
desired degree of decontamination is obtained. Others are designed to complete
the decontamination in one pass, 50 that they can be used where recirculation
is impractical. Additional information on chemical decontamination is avall-
able in References 1 through 5.

In the reference plants, the principal systems to be chemically decontami-
nated are the pipelines and tanks in the chemical processing, uranium purifica.
tion, and the fluoride, nitrate, and radwaste treatment systems.

During the decommissioning planning and preparation stage, procedures and
results from routine chemical decontamination efforts carried out during plant

C.1
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operation are reviewed to obtain maximum benefit from previous experience.
Current as-built drawings are reviewed to identify system deadlegs and to
facilitate the planning of any system modifications required to achieve decon-
tamination. Existing procedures are reviewed for applicability to the present
effort and modified as necessary. A detailed step-by-step procedure is devel-
oped for the decommissioning decontamination campaign, with checklists for
valve settings, etc., to assure proper operation of the systems. Chemical

decontamination procedures can usually p(6rgvide the necessary decontamination tomeet current shallow-land burial limits i of 10 nCi of transuranics per gram
of waste for the process equipment located in the wet processing and scrap
recovery areas, in some cases, additional treatments such as electropolishing
are required.

Some typical chemical solutions that might be used for chemical decontami-
nation of the reference plants are given below:

1. A solution of 0.025 M_ KF - 0.1 M AIN03 may be used to remove
plutonium and uranium silicato deposits. ;

2. Many sledge deposits may be removed by using a solution of 20% ;

ilNO3 - 6% AIF ' I3

3 A solution of 10 M_llN03 - 0.1 wt% CaF may be used to remove
plutonium contamination from stainless steel surfaces with only .:

modest surface corrosion. .?
,5

4. A tri-sodium phosphate (TSP) solution may also be used; the chemical .

solution chosen must be compatible with the materials used in the |
system.

Plutonium and uranium are recovered from decontamination flush solutions
using existing methods and process equipment. Therefore, a process-compatible
solution of 10 M llN03 and 0.064 M (0.1 wt%) liF is used, which dissolves
plutonium oxides, sludges, etc., and does not interfere with the process
recovery of plutonium or cause excessive damage to process equipment.

Chemical decontamination is postulated to be accomplished with batches of
acid flush solution. Up to five flushes may be required with recirculation
times Averaging three to four days per flush. Recovery of the plutonium and
uranium from the spent acid is achieved by passing the decontamination flush
solutions (chemically adjusted if necessary) through an existing, freshly
changed ion exchange resin bed. Final treatment for disposal of the decontami-
nation solution is accomplished by conventional evaporation and solidification

tmethods,

.

'
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C.l.2 Physical Cleanup of Surfaces and Equipment

This section describes some physical methods for the removal of smearable
radioactive contamination from surfaces such as walls, floors, and tank
exteriors, and from equipment surfaces. Appropriate combinations of these
methods can be used for the decontamination of an accident-damaged reactor
facility. Physical methods considered include:

e hose wash
high-pressure water jet or steam jet*

e vacuuming
e janitorial techniques

strippable coatingse

e electropolishing
' vibratory finishinga

ultrasonic cleaning.e

While these methods can be used for the decontamination of a variety of sur-
fa:es, they may not be ef fective or even applicable to the decontamination of
untreated concrete because of the adsorption of contamination liquids into the
body of the material. Concrete decontamination can require the complete remo-
val of a surface layer.

Hose Wash

llose wash is a decontamination technique that allows workers to stay some
distance from the radiation source. It of fers the advantages of flow rate con-
trol, flow pattern, and directional properties and can be ef fective in the
deconta.nination of hard-to-reach areas that cannot be adequately cleaned by
remote operation of the building spray system.

%cause of low impact forces, hose wash is less ef fective than high pres-
sure water jet or steam jrt techniques, if the surface to be cleaned is cov-
ered with oil or grease, hose wash is ineffective. Depending on conditions,
hose wash decontamination factorg range from 2 to 100. Flow rates for hose
wash are typically about 0.003 m /sec.

High-Pressure Water Jet or Steam det

liigh-pressure water or steam jets are q' lite ef fective for some types of
surface decontamination work. They are particularly effective in decontaminat-
ing surfaces covered with oil or grease, liigh-pressure water jets utilize a
high-pressure, positive-displacement pump with a hand-held lance or gun for
delivery. The selective use of nozzles can improve decontamination efficiency
by matching nozzle flow patterns to specific work tasks. liigh-pressure water
jet systems can produce pressures as high as 100 MPa. The high impact force of
these units makes them effective tools for the removal of hard-to-remove con-
tamination, and decontamination factors as high as 1000 may be obtained. Water

C.3



jets can be turret-mounted to reduce operator fatigue during long hours of use
and can be used in conjunction with the holdback-carrier technique discussed
previously. Disadvantages of these units are the large volumes of contaminated
water produced and the difficulty in controlling the scattering of contaminants
released from surfaces by this method.

Steam-jet decontamination is similar to water-jet decontamination. Water
or reagents are introduced into an injector system and mixed with steam. The

water-steammixtureisexpelledthroughanozzleatpressurgsthataretypi-
|

cally less than 7 MPa. The delivery rate is about 0.0015 m /sec at 5 MPa.

Vacuuming

Dry vacuuming is an effective method for the removal of contamination in ,
;

areas where dust has accumulated. The vacuuming involves the use of a speci-
ally equipped machine with roughing and HEPA filters in the exhaust stream for
the retention of radioactive particles. Worker exposure from airborne radio-
activity may be increased by the vacuuming activity and protective respiratory

1 equipment must be worn. Dry vacuuming does not work well on crusted deposits;
therefore, it is used primarily in areas where dust has not been wetted or
crusted.

Wet vacuuming can be used to decontaminate areas where contaminants adhere
tightly to surfaces. 'he method involves scrubbing with water and industrial
detergents and then vacuuming the resulting solution. The wash solution is
filtered and stored in barrels until it can be solidified fcr dispasal.

Janitorial Techniques ,

Janitorial techniques are hands-on decontamination procedures that include'

sweeping, wiping, wet-mopping, and scrubbing. Remote and semi-remote decon-'

tamination methods should be used first to the maximum extent possible to mini- I

'

mize the radiation dose to workers.

For small quantities of loose contamination on floors or other surfaces,
brushing, sweeping, or dry vacuuming is of ten effective. For more tenacious
contaninants, various cleansing compounds are used in combination with hand- |

,

wiping and scr b ing techniques. Several proprietary decontamination solutions |'

I are available. Ordinary household detergents are quite effective but
produce sizable quantities of waste water that may require special processing.
Aerosol-type foaming cleansers are effective and eliminate the wastewater |

,

problem, but their use produces sizable quantities of contaminated wiping
; matertal. Trichlorethylene, Freon-113, and other solvents are effective

degreasing agents that can be used to decontaminate equipment surfaces covered

(a) Reference 4 contains a list of proprietary decontamination solutions.

C.4
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with a layer of oil or grease. The use of these solvents generates contami-
nated organic solutions that must be processed.

Contaminated floors require scrubbing either by industrial floor scrubbers
or by hand, followed by wet vacuuming, and possible detergent-cloth wiping. A
final reagent / rinse mopping then completes the effort.

Overhead areas may require damp scouring with reagents followed by rinses
and cloth wipes. High-elevation work above floors involves the use of bosun
chairs, scaffolding, and telescoping platforms to reach all surfaces. The area
above the polar crane may be reached by using the crane beams as a staging
platform. ;

'

,

Strippable Coatings

This method involves the application and subsequent removal of a strippa-
ble coating. As the coating is removed, it adheres to and takes with it the
surface contamination. Strippable coatings are commonly applied to decontami-
nated areas to facilitate subsequent decontamination if recontamination should
occur.

Electropolishing

Electropolishing is an electrochemical process used on metal objec
remove a thin layer of the exterior surface and attached contamination. 3 to The
process is illustrated schematically in Figure C.1 1. The method commonly
employs a tank containing an acid solution as an electrolyte and a low-voltage,
high-current electrical source. The phosphoric acid in the decontamination
tanks is recirculated through a filter that accumulates much of the contamina-
ted solids removed from the surface. Small tools and parts can be cleaned in a
very short time to nondetectable levels and the process is effective on all
surfaces exposed to the electrolyte.

|

Electropolishing can also be used for in-situ decontamination of the
internal surfaces of cylindrical tanks. The electrolyte is sprayed onto the
tank wall from nozzles mounted on rotating arms. A power supply provides
current to these arms and, via the electrolyte stream, to the tank wall.
Contaminated electrolyte is collected at the tank bottom and returned to an
electrolyte handling system for cooling, filtration, and radiation monitoring.

| Vibratory Finishing
|

| Vibratory finishing is a surface-finishing technique that employs a
; vibrating tub of loose media through which a liquid chemical compound flows.(8)

,

,
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FIGURE C.1-1. Schematic Diagram of Electropolishing Cell

The technique is illustrated schematically in Figure C.1-2. The energy from
the tub causes the media to scrub the surfaces of the objects being finished,
while the liquid compound flushes away the material removed by the scrubbing
action. The process is effective on external and internal surfaces, in
threads, and in holes. It is being developed as decontamination technique for
processing surface-contaminated metallic and nonmetallic (e.9, plastic) waste.
Vibratory finishing will not usually decontaminate objects to the nondetectable
levels obtainable with electropolishing. However, it removes essentially all
of the smearable contamination as well as contaminated surface scale and
corrosion.

Ultrasonic Cleaning

For cleaning applications in which small objects are immersed in a chemi-
cal or detergent bath, ultrasonics provide an effective method for agitation of
the cleaning solution. Ultrasonic cleaning therefore combines the advantages
of chemical cleaning and mechanical action. It is particularly suitable for
irregularly shaped objects that contain crevices and inaccessible areas. '
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.

A typical ultrasonic cicaning system is shown schematically in Fig-
ure C.1-3. The system consists of three basic components: a go.1erator, a

The generator converts utility line power attraesducer, and a cleaning tank.
a relatively low frequency of 60 Hz to a more usabic form of electrical energy

The transducerat relatively high frequencies in the range from 18 to 90 kitz.
converts these relatively high-frequency electrical impulses to low amplitude
mechanical energy of the same frequency--18 to 90 kitz. The cicaning tank con-
tains the liquid cleaning medium through which the mechanical energy is propa-
gated in the form of supersonic waves to the object being cleaned.

C.1.3 Removal of Structural Material

Some concrete in nuclear facilities is contaminated below the surface and
cannot be decontaminated to release levels by physical surf ace cleaning alone.
The structural materials must be physically removed and disposed of during
decommissioning.
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FIGURE C.1-3. Ultrasonic Cleaning System

Several criteria should be considered when selecting a material removal
method for a particular location in the plant. The method chosen should mint-
mize personnel radiation exposure and airborno contamination dispersion. In
addition, the size and weight of removed materials should facilitate packaging
and shipping for offstte disposal.

The major methods available for concrete surface removal includet
sandblastinge

e vacuum blasting
e jackhammer

pneumatic or hydraulic impactore
i

e concrete spaller
flame cuttinge

thermic lance cutting.*

A comparison o{ these surface removal techniques is presented in
Table C.1-1.0 The techniques are discussed in the following paragraphs. The
use of controlled blasting with explosives for bulk concrete removal is also
described.

Sandblasting

Sandblasting, where the surface is mechanically eroded away, removes only
a minimal surface thickness and produces large quantities of small, contamina-
ted particles. Sandblasting primarily removes paint and a little of the con-
crete surface, it does not effectively remove contamination from the pores in
the concrete or from expansion joints. A large exhaust and air filtration sys-
tem is needed with this method to control contaminated dust. This technique is
relatively slow if the contamination penetrates beyond a thin surface layer.

C.8
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TABLE C.1-1. Comparison of Major Concrete Surface Removal Techniques

Size of Air
Type of Filtration
Rubble System

Technique Advantages Disadvantages Produced Required

Sandblasting Useful for Contamination embedded Small large
removing in pores not effec- particles
thin layers tively removed oener-
and paint ates large quantities

of dust and airborne
particulates

Vacuuai Useful for Vacuum pickup not Small Medium
blasting limiting the efficient on irregular particles

y spread of dust surfaces
and abrasive

Jack hammer Proven Awkward to use on Medium-si ze Medium
technique walls. Generates pieces and

quantities of dust. small
particles

Pneumatic or Proven Limited to large Medi um-si ze Medi um
hydraulic technique accessible facilities, pieces and
impactor

~

Generates moderate small
quantities of dust. particles

Concrete Proven Awkward to use on Medi um-si ze Small
spaller technique, irregular surfaces or pieces and

Controlled in cramped quarters, small
rate of mate- Cutting through steel particles

rial removal rebar slows cutting
speed and damages
drill.

Flame Cuts both con- Generates large quant- Small Large
cutting crete and ities of toxic gases particles

steel without and smoke. Hot gases
di f fi culty , can damage HEPA fil-
Adaptable for ters, making contami-
remote nation control
operation. difficult.

Thermic Cuts both con- Generates moderate Small large
lance crete and quantities of toxic particles
cutting steel without gases and smoke. Hot

difficulty. gases can damage HEPA
Adapt 3ble for filters, making con-

. remote tamination control
operar. ion. di f ficul t.

C.9
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Vacuum Blasting

Vacuum blasting *is an abrasive blasting technique in which the nozzle is+

surrounded by a concentric exhaust air cone to remove the blast dust and
abrasive (see Figure C.1-4). The cone through which the debris and spent
abrasive is exhausted is connected by a hose to a vacuum system.

FROM AIR

COMPRESSOR
TO VACUUM SYSTEM

u (
U "

/ u BRUSH OR RUBBER

I llllllllllllllllllllllllllllllllllll Illlll||Illllllll
7.

FIGURE C.1-4. Cross Section of a Vacuum Blaster Nozzle

Commercial vacuum blasting units are available that use a cyclone separa-
tor to remove the abrasive from the exhaust air stream and that filter the air
for collection of the radioactive dust. The abrasive material is reused. Units
can be floor-mounted or hand-held, thus allowing either semi-remote or hands-on
operation. Vacuum blasting is most useful when the unit can be held perpen-i

dicular to the surface being cleaned. On irregular surfaces, reflection of

abrasives can be a problem and vacuum pickup is less efficient. Decontamina-
tion factors of 1000 can be achieved with this technique.'

Jackhammer

Jackhammers, powered by compressed air, are readily available and are
easily operated by one man. They are used to chip off the surface material
deep enough to remove the contamination. Because they are difficult to posi-
tion on walls and ceilings, jackhammers are used primarily on floors. A
medium-size air filtration system is necessary to control the dust produced by
the use of this equipment.

Impactor

Impactors (or hoe rams), similar in operation to jackhammers but much
L larger, have been used successful'ly in several decontamination projects.(9,10)

An impactor, powered either pneumatically or hydraulically, uses a pick chisel

!- C.10
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point that is driven into the concrete surface with high-energy impacts several
times per second. The use of impactors also requires an air filtration system
for dust control.

Concrete Spaller

The concrete spaller, shown schematically in Figure C.1-5, is a light-
weight, fully portable rock-splitting tool consisting of a split collar with a

sharp triangular ridge around the circumference, mounted on a traveling shaft
which has a tapered end. The spaller is operated by inserting the expanding
bit into a predrilled hole and activating the device hydraulically, causing the
concrete surrounding the bit to be spalled off. Use of the spaller permits
localized concrete removal to depths of 50 to 75mm with no explosions and rela-
tively little dust. (The principal source of the dust is the drilling of the
hole into which the splitting tool is inserted.) The hole pattern and the
spacing between holes are important parameters in the effectiveness of this
technique.
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SPALLED CONCRETE m~ 50m m -.-
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9n

FIGURE C.1-5. Schematic of Concrete Spaller

The concrete spaller is selected as the reference device used in this

study for removal of contaminated concrete surfaces.

Flame Cutting

Flame cutting of concrete consists of a thermite reaction process whereby
a powdered mixture of iron and aluminum is ignited in an oxygen jet at a

C.11



temperature of approximately 9000 C, resulting in rapid decomposition of the
concrete in contact with the jet. The mass flow through the flame-cutting
nozzle clears away the decomposed concrete, leaving a clean kerf. Reinforcing
rods in the concrete add iron to the reaction to sustain the flame and assist
the reaction.

Flame cutting results in the production of copious quantities of toxic
gases and smoke. The gases and smoke may be removed by a squirrel cage blower,
and directed through a flexible duct that houses a water fogger to hold down
smoke particulate. The high gas temperatures preclude the use of HEPA filters
for contamination control, making the flame-cutting technique unsuitable for
use on radioactive concrete unless the effluent gas is precooled.

Thermic-Lance Cutting

The thermic lance consists of an iron pipe packed with a combination of
steel, aluminum, and magnesium wires through which a flow of oxygen gas is
maintained. The thermic lance utilizes a thermite reaction at the tip of the

iron pipe, in which the constituents are completely consumed and temperatures
in the range of 2500 C to 6000*C are generated. Thermic-lance cutting, like
flame cutting, results in the production of large quantities of smoke and hot
gases.

Controlled Blasting with Explosives

Controlled blasting is ideally suited for demolition of massive or heavily
reinforced, thick concrete sections. The process consists of drilling holes at
preselected locations in the concrete, loading the holes with explosives, and
detonating using a delayed firing technique. Placement of blasting mats over
the affected region prevents flying debris from penetrating the confinement
envelope. Fog sprays of water, typically used from one minute before to about
15 minutes after blasting, help settle the dust from the explosion. Although
blasting sequences are designed to minimize air pressure surges, the ventila-
tion enclosures must be designed to withstand those pressure surges that do
occur. Similarly, attention must be given to the ventilation system to close
dampers during blasting to prevent surge damage to filters.

Various types of explosives are available for use in demolition applica-
tions. The selection of the best type of explosive and of the appropriate
blasthole design for a given demolition application should be made by a quali-
fled blasting expert. In this study, the services of a certified blasting

technician are assumed to be retained for the duration of bulk concrete removal
activities.

C.12
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C.2 CONTAMINATION CONTROL

Decontamination following an accident requires large-scale transfers of
personnel and equipment between highly contaminated areas and less contaminated
areas. Many decommissioning operations, particularly cutting operations
required for equipment disassembly and concrete removal operations, have the
potential to generate significant amounts of airborne radioactive contamina-
tion. Effective methods of contamination control are required to minimize the
spread of contamination during these activities and to reduce the hazard to
decommissioning workers.

Requirements for contamination control during decommissioning can be cate-
gorized as follows:

e isolation of contaminated areas
local mitigation of contamination sourcese

e collection of contamination
Contamination control measures in each of these categories are described in the
following subsections.

C.2.1 Isolation of Contaminated Areas

Barriers are used to isolate contaminated areas and to minimize the spread
of radioactivity from highly contaminated areas to less contaminated areas.

One type of barrier commonly used in the nuclear industry to isolate con-
taminated areas is a " greenhouse." A greenhouse is constructed by covering a
framework, usually steel scaffolding or wood frame, with plastic sheeting and
sealing all joints. Overlapping flaps of plastic are generally used for the
door.. The greenhouse is connected either to the plant ventilation system or to
a portable system, which prevents outward leakage of contamination by drawing a
slight vacuum on the greenhouse. Greenhouses can be semipermanent, portable
structures that can be moved from one location to another as needed, but are

more often temporary confinement structures that are dismantled and discarded
after each job.

In many cases, construction of a complete greenhouse is unnecessary. A
simple plastic curtain partitioning off one section of a room may be all that
is required to isolate a contaminated area. The type and degree of isolation
required depends on the equipment or structures involved, the associated level
and mixture of radioactive contamination, the ventilation balance (direction of
airflow), and the cleanup or decommissioning operation being performed.

C.2.2 Local Mitigation of Contamination Sources

Mechanical or physical measures can be used to limit the spread of radio-
active contamination. Two methods that have been successfully used are

C.13
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1) water sprays to reduce airborne dust dispersion, and 2) painting of contami-
nated surfaces to prevent smearing.

The wetting of' dust with water or other liquids is one of the oldest meth-
ods of contamination control and can be very effective if properly used. Water
sprays are widely used to control fugitive dust emissions from construction
sites. The spraying of water containing detergent (as a wetting agent) has
been used in the nuclear ind y to reduce dust concentrations in air during
waste exhumation operations. To be effective, the liquid application must

I be designed to blanket the dust source completely and to wet the dust particles
thoroughly. Various types, sizes, and patterns of spray nozzles are used,
depending on the physical properties of the dust, the type and size of the dust
source, and the degree of control desired. Water sprays can be used in combi-

, nation with other contamination control techniques, and are commonly used for
dusty operations such as concrete removal.(10)'

.

j Nonflammable, strippable coatings can be used to seal porous surfaces
(e.g., concrete) to prevent penetration of contamination into the surfaces.'

Paint can be used to seal smearable contami on already present on surfaces
to prevent subsequent contamination spread. Spraying is generally the
easiest and quickest method of application. Painting is especially useful in
high-traffic areas, where smearable contamination is likely to be picked up and
spread around on shoe covers and equipment wheels.

C.2.3 Collection of Contamination

Collection of radioactive contamination before it can be dispersed (pre-
ferably as it is generated) reduces the need for additional decontamination
subsequent to some cleanup and decommissioning activities. Various collection
methods can be used. Vacuum collection and portable ventilation systems are
discussed in this section.

Vacuum Collection

Contaminated materials can be collected as they are generated by using
vacuum systems. A dust shield with a vacuum attachment can be installed on the
tool (e.g., concrete spaller or scrubber) being used. As the contaminated dust
is generated, it is drawn into the vacuum system and deposited in a collection
drum. The outlet air is filtered (with roughing and HEPA filters) to prevent
the collected contamination from being expelled.

Various designs for vacuum collection systems are possible, depending on
the required operating characteristics. One such system, shown schematically
in Figure C.2-1, is described in Reference 12. This system, originally
designed for collection of contaminated soil, uses a standard 0.21-m3 waste

C.14
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FIGURE C.2-1. Vacuum Collection System Schematic

drum to collect the contaminated material. When the drum is filled, it is
capped and sealed for disposal. A special, commercially-available vacuum lid
that employs a cyclone baffle arrangement to enhance dust settling is modified
to accept an inexpensive, disposable roughing filter. A HEPA filter and power /
vacuum-blower unit, mounted on a steel pallet, complete the system. The system

3is reported to be capable of pulling up to 28 m / min of air at 110-mm-Hg vac-
uum, and is estimated to cost less than $5000.

Portable Ventilation Systems

Portable ventilation systems can be used to confine and collect airborne
particulates generated during decommissioning operations. General design
information concerning such systems is discussed at length in Reference 13.
Two portable ventilation systems, a work enclosure and a fume exhauster, are
discussed here.

Portable Filtered Ventilation Enclosure

A typical portable filtered ventilation enclosure unit is illustrated in

Figure C.2-2. A large squirrel-cage blower is coupled with a high-efficiency

C.15



:

.

'k

AP AIR INLET

,

GAUGE ROUGHING FILTER

1 ROUGHING FILTER

~

' i///NU//HHni/A
-

k.

B

SQUIRREL HEPA

B0VR
!
t

FLEXIBLE $
DUCT |

'
.

h WORK ENCLOSUREi

FIGURE C.2-2. Portable Filtered Ventilation Enclosure

particulate air (HEPA) filter preceded by a glass-fiber roughing filter, all
mounted on a wheeled cart. A flexible duct couples the cart unit to the enclo-
sure unit that surrounds the work area and confines the materials being,

emitted. Roughing filters are installed at both thq/ nlet and the outlet ofi
the enclosure unit. The enclosure unit may have whatever shape best performs
the required function at a particular location. A simple, rectangular open-
faced box will suffice for many applications.

Radiation detection devices are used to monitor the buildup of radioactive
material on the filters. A differential pressure gauge is installed across the,

HEPA filter to monitor the increasing pressure drop as particulates build up on
the filter. Filters are changed when either the dose rate from the collected
radioactive particles or the differential pressure across the HEPA filter
reaches a predetermined level.

!

Portable Filtered Fume Exhauster

Another type of portable filtered ventilation system, a fume exhauster, is
illustrated in Figure C.2-3. This system has an electrostatic precipitator
coupled with a roughing filter, HEPA filter, air-handling motor, squirrel-cage
blower, and one or two free-standing intake ducts. The fume exhauster is used
to collect radioactive and nonradioactive particulates at the point of
generation. This high-volume ventilation system captures all types of particu-
late matter with efficiencies of greater than 97% for the electrostatic unit'

and at least 99.95% for the HEPA filter. The advantages of this unit are its
portability, its ability to handle large volumes of particulate-laden air, and
its generation of relatively small anmunts of solid wastes (HEPA filters).<
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FIGURE C.2-3. Portable Filtered Fume Exhauster

C.3 SPECIAL. TOOL AND EQUIPMENT REQUIREMENTS

Special tool and equipment requirements for post-accident cleanup and:

' decommissioning are identified during planning and preparation. Designs and
specifications are prepared for each item required. When an item is procured,
it is inspected to verify that it meets specifications and complies with appli-
cable Quality Assurance (QA) and safety requirements. It is then tested to

ensure that it performs as required. The testing also serves to train person-
i nel in the use of the equipment and to provide data on its operation.
i

Special tools and equipment items postulated to be needed for accident
cleanup and decommissioning are shown in Table C.3-1. The function of each

r item is-given as well as the number required for accident cleanup.

i

|- C.17
i

_ - _ . . . . - _



TABLE C.3-1. Special Tools and Equipment for Dismantlement

Estimated
Number Unit Cost

Time Required ($ Thousands) Functions

Oxyacetylene torch 2 1 Sectioning of glove boxes, tanks.
piping, support structures, etc.

Portable plasma cutting torch 4 20

Arc saw 1 100

Gulliotine pipe saw 2 1

Tube Cutter 2 0.3

RatchetInq pipe cutter 6 0.05

ReciprocatIna saw 4 0.5

Nibbler 2 1 Cutting ductwork and other thin gauge
materials.

Assorted tools such as impact as Disassembly, handling and packaging of
wrenches, bolt cutters, etc. required 5 contaminated materials

High velocity liquid Jet 1 5 Surf ace decontamination of piping,
tanks, and equipment

Low velocity Ilquid Jet 2 2

Hydraulic concrete surface 1 2 Removal of contaminated concrete
spalling device surfaces

Concrete drIIIs 2 0.2 Drilling holes in concrete as required
for spalling and volume blasting

Electric / pneumatic hammers 2 0.5

Portable filtered ventilation 1 0.5 Collecting and filtering air, smoke,
ventIIation enclosure fumes, etc., from cutting operations on

contaminated materials.
Portable fume exhauster 1 3 Same as for portable ventilation

enclosure

Supplied air bubble sult 20 0.05 Provide personnel with maximum respira-
tory and surf ace protection against
contamination

Electropolishing 1 100 Final decontamination of piping, tanks,
decontamination system ductwork, glove boxes, etc.
Nuclear waste compactor 1 120 Compact contaminated dry waste by 5:1

ratio
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C.4 PACKAGING, TRANSPORTATION, AND DISPOSAL 0F WASTES

The cleanup and decommissioning of an accident-damaged reactor results in
significant quantities of radioactive wastes requiring treatment, packaging,
and disposal. These wastes result from the accident and from decontamination
and disassembly operations. The management of these radioactive wastes is
described in this section.

C.4.1 Waste Characterization

Large quantities of radioactive wastes are generated during the dismantle-
ment of the reference plants. These wastes must be properly packaged and
shipped to an authorized disposal site.

Radioactive wastes generated during the dismantlenent include:

Solidified liquids from chemical decontamination activitiese

Concrete rubble from the mechanical decontamination of contaminatede

floors and walls

Contaminated process equipment, tanks, hoods, and glove boxese

Contaminated piping, ducts and fixturese

HEPA and roughing filterse

e Sections of ventilation ductwork

Combustible and noncombustible trash (protective clothing, contami-e

nated tools, rags, paper, plastic, metal scrap, etc.).

Contaminated Piping and Equipment

Some of the piping and equipment contaminated during normal operation or
as a result of the accident cannot be decontaminated and requires packaging and
disposal as radioactive waste. Equipment items requiring disposal include
tanks, motors, pumps, valves, filters, instrumentation, and other components.
Contact exposure rates for these materials range from a few mR/hr to thousands
of R/hr.

Water-Based Decontamination Solutions

Post-accident decontamination procedures include the use of water to wash
down internal building surfaces and equipment. This water becomes contaminated
with the radioactive materials it washes off the surfaces. The chemical and

|
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physical characteristics of the water depend on the contamination levels of the
surfaces washed, the procedure used for application of the water, and the
extent to which detergents are used. In general, water-based decontamination
solutions contain suspended solids, fission products, chemical contaminants,

I and detergents. The solutions represent a relatively large volume of low-
specific-activity liquid waste. Processing of these solutions results in the

j generation of secondary waste forms, including spent filter cartridges, loaded
: ion exchange materials, and evaporator bottoms.

j Chemical Decontamination Solutions

Post-accident decontamination operations also use chemical solutions !

(e.g., strong detergent solutions or foam-type decontamination agents). The
effectiveness of these solutions may be greater than that of water-based solu-

,

tions, and the resultant liquid may have higher specific activities than water-
based solutions. Processing of these solutions using evaporation results in

j the generation of secondary waste in the form of evaporator bottoms.

i Rubbish and Trash

Radioactive trash generated during post-accident decommissioning opera-
tions consists of compactible and noncompactible solid material, some of which
is also combustible. The compactible and combustible solids consist of dispos-
able clothing, rags, plastic covers, laydown pads, and miscellaneous trash.
Noncompactible solids consist of tools, hoses, safety goggles, miscellaneous
construction materials, and other small items of equipment used by decommis-
sioning personnel. The form and specific activity of the solid waste generated
by post-accident cleanup and decommissioning crews is comparable to the solid

|
waste generated during decontamination operations at other nuclear facilities.

Spent Filter Cartridges-

Spent filter cartridges are a form of secondary waste arising from the.

treatment of radioactive liquids. Filter cartridge assemblies are typically
right-circular cylinders used to remove particulates from liquid waste; the
contaminated particulates are deposited on the filter. They represent a form

; of waste with low to very high specific activity, with their specific activity
dependent on the contaminants in the processed waste stream.i

Evaporator Bottoms

The use of evaporation techniques to reduce liquid waste volumes results
in the generation of process solids in the form of evaporator bottoms or

,

.

sludges. The physical characteristics of these process solids depend on the
| solids content of the liquids evaporated and the equipment used for evapo-
' ration. These characteristics can range from slurries containing 10-20 wt%
i

I
i
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solids to sludges with solids contents in excess of 50 wt%. The specific
activities of these process solids also vary over a wide range.

Incinerator Ash

Incinerator ash is produced as a result of the incineration of combustible
trash to reduce its waste volume. Incineration results in a volume reduction
of abo ~ t a factor of 50 to 100 with a corresponding increase in the specificu,

activity of the ash.,

C.4.2 Alternatives for Waste Management

Waste management alternatives for the wastes from post-accident cleanup
and decommissioning, described in Section C.4.1, are shown in Tables C.4-1
through C.4-3. Management of these wastes includes treatment or conditioning
as necessary to solidify the wastes and reduce their volumes, and packaging,
followed either by onsite storage or by shipment of the wastes to an offsite
storage or disposal facility. Shipments may be made in shielded or unshielded
containers depending on package surface exposure rates.

Onsite storage of radioactive wastes is assumed to be a temporary measure,
since it is unlikely that a facility plant site could qualify as a permanent
waste repository because of such factors as nearby population densities and,

hydrology. Temporary onsite storage .of wastes may be necessary if adequate
facilities for permanent offsite disposal are not available.

Most radioactive wastes from post-accident cleanup and decommissioning
operations are assumed to be disposed of by shallow-land burial. The NRC has

its rules in Title 10 of the Code of Federal Regulations to add a new
amended (6,14) which provides licensing procedures, performance objectives, andPart 61
technical requirements for the issuance of licenses for the land disposal of

. " low-level" radioactive waste. A waste classification system has been devel-
oped and incorporated in Part 61 for the purpose of defining waste concentra-
tions and packaging and disposal requirements so that the health and safety of
the public and the long-term protection of the environment is not compromised
as a result of shallow-land burial operations.

Three classes of wastes are defined by Part 61 requirements:

1. Class A wastes are wastes for which there are no stability require-
ments but which must be disposed of separate from other wastes.;

i These wastes are defined in terms of maximum allowable concentra-
| tions of certain isotopes and minimum requirements on waste form

that are necessary for safe handling.

:

i
f a

|
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. TABLE C.4-1. Waste Management Alternatives for Solid Wastes*

from Accident Cleanup and Decommissioning
s

Contaminated
Piping and Rubbish !

Waste Management Alternative Equi pment and Trash !

Treatment X

Compaction X

Incineration X

Disassembly / sectioning X(a)

Packaging

0.21-m3 steel drum X

Disposal steel liner X

Plywood box X X

Special container X(b)

Shipment

Unshielded X X

Shielded X

Storage or Disposal
Interim onsite storage X X

LLW burial ground X X

Interim storage at
federal repository X

Deep geologic disposal (C) X

(a) X denotes alternative considered for waste type.
(b) Some equipment items are packaged by capping the piping'

connections and using the equipment outer shell as the
container.

(c) This alternative not currently available.

2. Class B wastes are wastes that need to be placed in a stable waste
form and disposed of separate from unstable waste forms. These
wastes are defined in terms of requirements for stable waste form as
well as in terms of allowable concentrations of isotopes and minimumi

handling requirements. ,

s
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TABLE C.4-2. Waste Management Alternatives for Liquid Wastes
from Accident Cleanup and Decommissioning

Waste Type
Water-Based Chemical

Decon Decon

| Waste Management Alternative Solution Solution
Treatment

Filtration X

Evaporation X X
,

Conditioning

Immobilize / cement X X

| Immobilize / vinyl ester styrene X X

|
Packaging

30.21-m X X

Disposal steel liner X X

Shipment

| Unshielded X X

| Shielded X X

Storage or Disposal
Interim onsite storage X X

LLW burial ground X X

(a) X denotes alternative considered for waste type.
(b) 0 denotes alternative for tritiated water only.

3. Class C wastes are wastes that need to be placed into a stable waste
form, disposed of separately from nonstable waste forms and in such a

'

way that a barrier is provided against potential inadvertent intru-
j sion after institutional controls have lapsed. These wastes are

defined in terms of allowable concentration isotopes and requirements'

| for disposal.
i

Maximum allowable waste concentrations for the three waste classes are
shown in Table 1 of 10 CFR Part 61.55. Wastes containing concentrations higher
than the upper limits specified in the table would be generally unacceptable-

C.23
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TABLE C.4-3. Waste Management Alternatives for Process Solids
from Accident Cleanup and Decommissioning

Waste Type
Spent
Filter Evaporator Incinerator

Waste Management Alternative Cartridges Bottoms Ash

Conditioning

Dewatering

Immobilize / cement X X

Immobilize / vinyl X

ester styrene

Packaging
30.21-m steel drum X X X

Disposal steel liner X X

Shipment

Unshielded

Shielded X X X

Storage or Disposal
Interim onsite storage X X X

LLW burial ground X X X

Interim storage at X

federal repository
Deep geologic disposal (b) X

(a) X denotes alternative considered for waste type.
(b) This alternative not currently available.

for near-surface disposal. The disposal of such wastes would be subject to
case-by-case determinations depending on the specific waste forms and disposal
techniques.

The physical and chemical characteristics and the packaging requirements
for wastes that are considered acceptable for disposal by shallow-land burial
are also defined in Part 61. Table 1 of 10 CFR Part 61.55 indicates that
radioactive wastes containing chelating agents in concentrations greater than
0.1% are not permitted for near-surface disposal except as specifically
approved by the NRC.
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The regulations in 10 CFR 61 can have a direct effect on the choices of
decontamination and waste processing methods employed for post-accident cleanup
and decomissioning. Choices should ensure that wastes intended for shallow-
land disposal meet the waste characteristics, radioisotope concentration lim-
its, and packaging requirements set forth in the regulations.

C.4.3 Packaging of Radioactive Wastes

A variety of containers are used for the packaging of radioactive wastes
from accident cleanup and decommissioning operations. Details of packaging
requirements are given in subsequent appendices where the specific cleanup and
decomissioning alternatives are described..

Only solid wastes are assumed to be transported to a commercial burial
i ground or federal repository. Radioactive liquids generated during chemical

decontamination operations are coacentrated by evaporation and solidified by
mixing with cement. The resultant solid is packaged for shipment in 208-14

(55-gal) steel drums.

Non-TRU waste from decomissioning operations is packaged for shipment in
208-t (55-gal) steel drums or in plywood boxes. ackages of non-TRU waste
qualify as low specific activity (LSA) material (a and caa be shipped without
shielding.

; TRU-contaminated decomissioning wastes are assumed to be shipped in con-
tainers that conform to current techniques for the packaging of these wastes.

TRU wastes with low external radiation levels are packaged in DOT sp(ecification7A steel boxes,15 00T specification 17C 208-t (55-gal) steel drums, 16) and in
plywood boxes assumed to require a rigid polyethylene liner in order to satisfy
a retrievability requirement at the federal repository. The steel boxes will
have outer dimensions of 1.2 x 1.2 x 2.1 m (4 x 4 x 7 ft.). Plywood boxes will

(a) Radioactive materials are classified for transportation purposes into one
of seven transport groups according to their potential hazard if released

i to the environment. Transport Group I is the most restrictive. Plutonium
and other transuranic elements are in this transport group. Transport
Group VII is the least restrictive. Shipments that pose a negligible risk
to the public health may be classified as low-specific-activity (LSA) mate-
rial 10 CFR 71.4(g). If the radioactivity is essentially distributed uni-
formly, with a concentration of not more than 0.1 Ci/g of Group I material,i

or 5 C1/g of Group II material, or 300 Ci/g of Group III or IV material,
the waste qualifies as LSA material. Externally contaminated nonradioac-
tive materials may be considered as low-spegific-activity provided thag theradioactive contamination averaged over 1 m does not exceed 0.1 C1/cm for

2 for others. Basically, only strong,Group I radionuclides or 1.0 Ci/cm
tight packaging that will not leak in normal transport is required for the
shipment of LSA material.
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normally have the same dimensions, but could be as large as 2.4 x 3.6 x 2.7 m
high (8 x 12 x 9 ft. high).(18) The ght of a single package is assumed to
be limited to 11,400 kg (25,000 lb).

C.4.4 Shipping of Radioactive Materials

All shipments of radioactive materials must be made in compliance with
federal, state, and local regulations. Federal transportation regulations of
D0T and NRC establish container regulations, dose rate limits, and handling
procedures that ensure the safety of the public and transportation workers dur-
ing shipment of radioactive materials.(191 Federal regulations applicable to
the transport of radioactive materials are:

Title 49 Code of Federal Regulations Parts 170-199 (49 CFR 170-199)--*

Department of Transportation regulations governing the transport of
hazardous materials,

10 CFR 71--NRC regulations governing the packaging and shipment ofe

radioactive materials.

In addition, for highway transport, state agencies regulate vehicle sizes and
weights and, in some cases, transportation routes and times of travel.

Dose rates, for shipments in exclusive-use, closed transport vehicles,
must not exceed the following values (DOT, 49 CFR 173.393):

1. 1000 millirem per hour at 1 m (3 ft) from the external surface of
the package

2. 200 millirem per hour at any point on the external surface of the
vehicle

3. 10 millirem per hour at 2 m (6 ft) from the external surface of the
vehicle

4. 2 millirem per hour at any normally occupied position in the trans-
port vehicle.

e dose rate limits are illustrated in Figure C.4-1 for truck trans-
port. All of these criteria must be met on a given shipment, with an
exclusive-use vehicle, properly placarded.

Shipments of non-TRU waste will be transported to licensed commercial low-
level waste burial grounds. Because none of the currently licensed commercial
burial grounds has a rail siding, it is assumed that all non-TRU waste ship-
ments will be made by truck in exclusive-use vans.
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Because individual waste packages of TRU e will probably exceed the
0.001 Ci limitation for Group I radionuclides, all of these shi nts are

presumed to be made in overpacks that meet type B package standards 22) op
their equivalent. To determine transportation costs, in this study it is
assumed that drums or boxes are transported in a Super Tiger * container.(23)
Figure C.4-2 is a schematic of the Super Tiger container. The Super Tiger is a
double-walled steel box with a fire-resistant polyurethane foam filer for shock
and thermal insulation. Interior dimensions are 1.93 x 1.93 x 4.36 m (76 x
76 x 192 in.). The empty weight is 6,800 kg, (15,000 lb), and the maximum pay-
Igad is 13 600 kg (30,000 lb). Total usable volume in the Super Tiger is 16.33 3m (575 ft ). A volumetric load efficiency of 75% '(12.0 m ) is assumed for
planning purposes. Shipment may be by truck or rail with one Super Tiger per
truck shipment or two Super Tigers per railroad flat car.

C.5 ESSENTIAL SYSTEMS AND SERVICES

All or parts of certain facility systems and services must be available

during accident cleanup and decommissioning operations until all radioactive

* Registered trademark of Protective Packaging, Inc., subsidiary of Nuclear
Engineering Company, Inc., Jeffersontown, Kentucky.
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material is either removed or secured in place, to prevent the release of sig-
,

nificant quantities of radionuclides to the environment. Some systems and
services are required for cleanup and disassembly activities. Other systems
provide health and safety protection to the decommissioning workers and the
public. If these essential systems and services have been lost or damaged as a
result of the accident, they must be repaired or replaced with temporary sys-
tems and services before cleanup and decommissioning can proceed.

The essential systems and services are listed in Table C.5-1 together with
the justification for their retention during accident cleanup and decommission-
ing operations.

C.6 QUALITY ASSURANCE

Quality assurance (QA) is an important part of the accident cleanup and
decommissioning effort. A QA program consists of all of the programmed events
necessary to ensure that cleanup and decommissioning activities are performed
in accordance with established procedures, that proper safety considerations
are observed, and that adequate documentation is maintained. QA portions are
included during the planning and preparation phase as detailed procedures are
developed.

Regulations and guidance pertaining to QA in the construction and opera-
tion of nuclear power plants are contained in several documents, including:

i
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TABLE C.5-1. Essential Systems and Services for
Accident Cleanup and Decommissioning

System or Service Justification

Electrical Power Operation of electrical equipment, including HVAC,
lighting, and radiation monitoring;

|

HVAC Systems Ventilation and radioactive contamination
confinement

Water Supply (service & Decontamination cleanup, fire protection, andi

domestic systems) potable water

Fire Protection System Health and safety ,

Compressed Air Systems Operation of pneumatic controls and tools;
(control & service) personnel fresh air supply

Communications System Facilitate and coordinate decommissioning activities

Radiation Monitoring Personnel safety cor.siderations
Systems

Radwaste Systems Treatment of radioactive liquids and solids
1

Closed Cooling Water Secondary cooling of other systems
Systems4

Chemical Feed System Radwaste handling
-

Security Systems Public. safety and plant protection considerations

! 10 CFR 50, Appendix B, " Quality Assurance Criteria for Nuclear Powere

Plants and Fuel Reprocessing Plants"

* Regulatory Guide 1.58, Qualifications of Nuclear Power Plant.

Inspection, Examination and Testing Personnel for the Construction

Phase of Nuclear Power Plants

e Regulatory Guide 1.88, Collection and Storage of Nuclear Power Plant,

Quality Assurance Records
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Regulatory Guide 1.143, Design Guidance for Radioactive Waste Manage-e
ment Systems, Structures, and Components Installed in Light-Water
Cooled Nuclear Power Plants

NRC's Standard Review Plan,(24) Section 17.1, " Quality Assurancee

During the Operating Phase."
;

While these documents do not specifically address cleanup and decommissioning
fuel cycle facilities, they do contain guidance on such topics as the design,
purchase, and fabrication of equipment, the training of personnel, and the
maintenance of QA records--topics that are pertinent to these operations.

I

C.7 ENVIRONMENTAL SURVEILLANCE PROGRAM

Levels of environmental surveillance needed are different for dismantle-
ment operations and for the period of safe storage. The scopes of the neces-
sary programs for these two cases are outlined in the following section.

The objectives of an environmental surveillance program for operating nuc-
,

lear facilities are generally recognized as valid, and that rationale can be

applied to facilities undergoing (degommissioning as well. The followinq objec-tives are taken from ICRP No. 7. 26 /

Detection of sudden changes and evaluation of long-term trends ofe

concentration in the environment, with the intent-to detect failure

or lack of adequate control of releases and to initiate appropriate
actions.

,

Assessment of the actual or potential exposure of man to radioactivee
materials or radiation present in his environment, or the estimation
of the probable upper limits of such exposure.

* Determination of the fate of contaminants released to the environ-
ment, especially with the intent of detecting previously unconsid-
ered mechanisms of exposure.

Demonstration of compliance with applicable regulations and legal*

requirements concerning releases to the environment.

Basic radiation exposure criteria and radioactive effluent release
criteria applicable to population exposure are given in 10 CFR 20, Sec-
tions 20.1, 20.105, 20.106, and 20.303. For nonradioactive contaminants, con-
sider tign must be given to applicable standards such as Water Quality Cri-
teria 261 and ambient air quality standards listed by the Environmental

C.30
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Protection Agency (EPA).(27) Local or state air quality criteria would,

| presumably also apply on a site-specific basis.

In addition, the interfaces of the environmental monitoring program
| between the plant owner, the appropriate state agencies, and the EPA should be

stipulated in the application fo( the am9n ed license, as may be required by
10 CFR, Part 70, Section 70.23(ai, 70.32tb , and 70.34.

A suggested minimum program of environmental radiological surveillance to
be conducted outside the plant during decommissioning operations for the pur-
pose of establishing population dose is shown in Table C.7-1. This minimum
program continues until all radioactive waste shipments from the site have been
completed. At that time, the program is reduced in scope.

The analytical detection limits given in Table C.7-1 are based on the
practicability of routine radioactivity measurement techniques, and in all

. cases should be sufficient to quantify radionuclide concentrations that would
| result in conservatively estimated whole body and individual organ doses in the
! range of 1 to 50 mrem / year from specific nuclides. These nuclides are identi-

fied upon completion of the operational monitoring program. They are then
i defined in terms of concentrations in environmental media at levels which, if

sustained, would result in doses in excess of acceptable limits. The deriva-
tion of these levels corresponds with the site-specific method of assessing
offsite doses from radioactive materials in estimated gaseous and liquid efflu-
ents (if any), and is assymed to be consistent with the recommendations of the
Federal Rad ation Councilt28) and the International Commission on Radiological
Protection. 29) The environmental radiologict.1 monitoring program is designed
to integrate fully with any ongoing programs of the state where the reference
plant is located. Quality assurance is achieved, in part, by the site-specific

| state QA program and by participation in the EPA analytical quality assurance
program. Sample collections and radiation measurements required to meet the
schedule suggested in Table C.7-1 are assumed to be conducted at locations and
in amounts previously established during the operational lifetimes of the ref-
erence plant. The program and any changes thereto are reportable items to the
NRC and to other appropriate regulatory agencies, as environmental technical
specifications, in accordance with the terms of the amended license. Quality 1

control mechanisms are exercised for all procedures involved.

Environmental monitoring during the period of decommissioning activities_

! is carried out by the Health Physics group of the decommissioning organization
as a part of their normal duties.

<

| C.31

l

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



,

TABLE C.7-1. Recommended Basic Environmental Monitoring Program
for the Period of Active Decommissioning Operations

Analytical Sampling
Detectign Stations

Sample Type Frequency Analysis Limi t tal Onsite Of fsite

Terrestrial
Samples

3
Air Weekly Gross Alpha 0.002 pCi/m 2 4

3 2 4Particulate Monthly Gross Beta (b) 0.002pCifmMonthly Gamma Scan 0.3 pCi/m / isotope 2 4

Direct Quarterly TLD(c) 1.25 mrem / quarter 8 10

Radiation increase

Rainfall Monthly Gross Alpha 0.5 pCi/t 1 2

Monthly Gamma Scantd) 25 pCi/t/ isotope 1 2
-

f Soil- Semiannually Gamma Scan 0.1 pCi/g/ 3 3

isotope (dry)
I Vegetation Semiannually Gamma Scan 50 pCi/kg/ 2 3

isotope (wet)

Animals Semiannually Gamma Scan 50 pC1/kg/ 2 3'

isotope (wet)

Milk Semiannually Gamma Scan 50 pCi/t/ isotope 0 5(e)

Aquatic Samples

Surface Water Monthly Gross Alphye) 0.5 pCi/t 2 3

Monthly Gamma Scan 25 pCi/t/ isotope 2 3

Well Water Quarterly GrossAlphid) 0.5 pCi/t 1 3

Quarterly Gamma Scan 25 pCi/t/ isotope 1 3 '

Bottom Sediment Semiannually Gamma Scan 0.1 pCi/g/ 1 3
,

isotope (dry)i

| Vegetation Semiannually Gamma Scan 100 pCi/kg/ 1 3
isotope (wet)

Shoreline Soil Semiannually Gamma Scan 0.1 pCi/kg/ 0 3

isotope (dry)

Fish Semiannually Gamma Scan 100 pCi/kg/ 1 3
isotope (wet)

-(a) Analytical detec'; ion limit is defined here as that concentration that is
three standard deviations above the average concentration in a blank

;

sample, and assures accuracy limits of *25%.-

3(b) To be performed if gross alpha exceeds 0.1 pCi/m ,
(c) TLD: thermoluminescent dosimeter.
(d) To be performed if gross alpha exceeds 10 pCi/t
(e) Includes on sample from a local milk processor.

,

'
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APPENDIX D

DETAILS OF MIXED-0XIDE PLANT CLEANUP AND DECOMMISSIONING

To supplement the discussion in Chapter 8 of Volume 1, this appendix pro-
vides details of the technical requirements and manpower needs for accident
cleanup at the reference mixed oxide (M0X) plant. A discussion of the ration-
ale for accident cleanup is also provided. The accidents postulated in this
report result in the severe contamination of the reference M0X plant.

The first activities following stabilization of an accident consist of an

accident cleanup campaign with two principal goals:

1. to reduce the initial high levels of radioactive contamination pres-

ent on building surfaces and equipment, thereby reducing the radia-
tion dose received by workers engaged in cleanup and decommissioning
operations

2. to collect, package for disposal, and dispose of the readily dispers-
ible radioactivity present in the plant.

To achieve these goals, the accident cleanup campaign is postulated to
include the following tasks:

processing of contaminated liquids generated by the accident (and bye
decontamination operations) to remove and immobilize radioactive
contaminants

initial decontamination of building surfaces and decontamination ore
disposal of some equipment

solidification and packaging of wastes from accident cleanupe

operations.

The sequence of accident cleanup tasks and their relationship to decommis-
sioning activities is shown schematically in Figure D.0-1. The rationale for
accident cleanup is discussed in Section D.1. Even if a decision were made to
refurbish iather than to decommission an accident-damaged plant, the same
accident cleanup tasks would be required. In Figure D.0-1, a decision point
relating to restarting the plant or completing the decommissioning is shown
following the completion of accident cleanup. This decision point could be
earlier, but an early decision to restart would probably have minimal impact on
the requirements for accident cleanup.

D.1
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FIGURE D.0-1. Sequence of Accident Cleanup Tasks

Because accident cleanup activities would be similar whether the plant is
refurbished for restart or decommissioned, the requirements, costs, and safety
analysis given in this report are considered to be a good representation inde-
pendent of the ultimate use of the plant. However,. this study does not include
a consideration of activities related to refurbishment or restart of a MOX
plant following the accident cleanup period.

Accident cleanup activities are independent of the alternative (DECON,
SAFSTOR, or ENTOMB) chosen to decommission the facility, although the methods
used complete certain tasks may vary with the decommissioning alterna-
tive. The work required to complete each task will certainly be influenced
by the severity of the accident.

'

(a) In this study, cleanup methods are assumed not to vary substantially with
decommissioning alternative.

D.2
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The rationale for accident cleanup is given in Section D.1. Details of
accident cleanup are discussed in Section D.2, including cleanup methods i d
procedures, schedules and manpower requirements, and occupational radiatioi
doses. The costs of accident cleanup are discussed in Section D.3. Details of
activities and manpower requirements for decommissioning are discussed in Sec-
tion D.4. The costs of decommissioning following an accident are discussed in
Section D.5.

D.1 RATIONALE FOR ACCIDENT CLEANUP AT A REFERENCE MIXED-0XIDE PLANT

In this report, cleanup tasks are assumed to be performed prior to other
operations of whichever alternative is chosen to decommission the facility.
The rationale for their early completion is given in the following paragraphs.

In keeping with ALARA principles, decontamination efforts during accident
cleanup are restricted to those operations that result in the greatest reduc-

tion in residual radioactive contamination with the least radiation dose to
decontamination workers. These operations include washdown of building sur-
faces using water jet equipment, and installation of temporary shielding around
localized hot spots. Hands-on decontamination work using mops and wipes with
assorted cleaners is performed in those instances where significant reductions
in local area radiation dose rates can be readily achieved.

A decision to decommission or to refurbish a facility does not affect the
goals of accident cleanup or the tasks that must be accomplished during
cleanup. A decision about future use of the plant might, however, affect the
choice of procedures used to accomplish certain cleanup tasks. For example, a
decision about whether some equipment was to be disposed of or reused couldt

I affect the choice of chemicals used to decontaminate the equipment.

As defined in this study, accident cleanup does not include the extensive
hands-on decontamination operations required to reduce surface contamination!

inside the plant to levels suitable for release of the facility for unre-

stricted use. That additional decontamination would take place during decom-
missioning activities. In addition, as defined in this study, accident cleanup
does not include the additional hands-on decontamination to reduce radiation
levels to low enough values to permit the extensive work necessary during
refurbishment of the facility. Accident cleanup also does not include the

decontamination or disposal of permanently installed equipment items such as
the wet process system and associated piping that would not be removed or
refurbished until either the decommissioning or refurbishment of the facility

following the completion of accident cleanup.

! Based on the above considerations, it is assumed in this report that the

j tasks included in accident cleanup are necessary and the procedures used to
!

!
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accomplish these tasks are essentially independent of whether the facility is
ultimately restarted or decommissioned, and if decommissioned, of the alterna-
tive chosen. The work required to accomplish each accident cleanup task ~ is,
however, affected by the severity of the accident. Technical requirements for
accident cleanup are discussed in the following subsections.

D.2 DETAILS OF ACCIDENT CLEANUP AT A REFERENCE MIXED-0XIDE PLANT

Details for accident cleanup at the reference M0X plant, including details
of the preparation for accident cleanup, are presented in this section.

D.2.1 Details of Preparations for Accident Cleanup

A period of planning and preparation precedes the actual performance of
cleanup operations within a M0X facility that has been involved in an acci-
dent. Planning and preparation activities and the manpower requirements for
their performance are described in this section.

In the studies of decommissioning following normal shutdown, planning and
preparation activities for decommissioning were assumed to take place during
the final year of operation. Obviously, since accidents are unplanned events,
preparations for accident cleanup and for the subsequent decommissioning must
begin after the accident has occurred and the plant is shut down. Many plan-
ning and preparation tasks must be completed before accident cleanup operations
can begin, thereby delaying the start of these operations. Other planning and
preparation tasks cannot be completed during the initial preparations phase and
must be deferred until some cleanup renders the accident-damaged facility more
accessible for detailed examination.

Planning and Preparation Activities

Several planning and preparation activities must be performed prior to the
operational phase of cleanup. These activities include:

contaminated area entry and data acquisitione
prepare documentation for regulatory agenciese

design, fabricate, and install special equipmente
develop detailed work plans and procedurese

e select and train accident cleanup staff.

Contaminated Area Entry and Data Acquisition. Data on the post-accident
radiological and physical condition of the plant are obtained and analyzed dur-
ing planning and preparation activities. These data provide a basis for plan-
ning accident cleanup operations and for selecting appropriate methods and
equipment to perform the cleanup. The data also provide information needed to
prepare documentation for regulatory agencies.

D.4
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Radiation surveys are performed to measure contamination levels and radia-
tion exposure rates inside the damaged area. These surveys provide information
on which to base decisions about decontamination requirements and work proce-

,

! dures as well as baseline data for later use in judging the effectiveness of

cleanup operations. Initial radiation surveys are made as detailed as possible
without excessive exposure to personnel performing the surveys.

Additional data needed for planning cleanup and decommissioning operations
include information about the operational status of plant systems and services
(such as radiation detectors, ventilation equipment, electrical services,
cranes, radwaste equipment, etc).

Initial entries into the reference M0X plant may provide only limited
information or information of general nature, especially following a severe
accident where radiation levels are high and time of access is limited. More
detailed information about the condition of the facility can be obtained after

initial decontamination of building surfaces to reduce exposure rates is
completed.

Radiation surveys continue during cleanup operations to evaluate the
effectiveness of these operations. A comprehensive radiation survey, taken
after chemical decontamination of the wet process system is completed, provides

| the basis for planning final decommissioning operations.

Prepare Documentation for Regulatory Agencies. Existing regulations,
guides, and standards that apply to a M0X plant that has been involved in an
accident are discussed in Chapter 5 of Volume 1. At the start of planning and

preparation activities, the current status of these requirements must be
reviewed by the licensee who must accomplish the cleanup and decommissioning in
. compliance with their provisions. The cleanup and decommissioning of an acci-
. dent-damaged plant by the licensee is also subject to statements, orders, and
amendments to the facility license issued by the NRC pursuant to its statutory
authority for regulating nuclear fuel cycle activities.

| A major planning task is the preparation by the licensee of the necessary
' documentation to amend the facility operating license to maintain the plant in
| a safe shutdown condition and to obtain regulatory approvals to proceed with
! cleanup operations. Regulations pertaining to termination of the operating
'' license are set forth in Section 50.82. of Part 50 of Title 10 of the Code of
| Federal Regulations. Regulatory Guide 1.86 describes methods acceptable to the

( NRC for satisfying the requirements of Section 50.82. Documentation that must
| be provided by the licensee includes:

e a description of the current facility status
>

| e a description of the ultimate facility status

a
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' proposed changes to the technical specificationse

descriptions of proposed cleanup and decommissioning operations and-e

associated environmental and safety precautions
4

safety and environmental analyses of cleanup and decommissioninge

operations and of any resultant releases of radioactivity

safety and environmental analyses of the plant and its ultimatee

status.

Consistent with the intent of 10 CFR 51, Licensing and Regulatory Policy
and Procedures for Environmental Protection, and in keeping with the purposes
of the National Environmental Policy Act (NEPA), before decommissioning begins,
an environmental impact statement or environmental assessment may be needed
describing the probable effects of the proposed cleanup and decommissioning
actions. The licensee is required to provide supporting information to assist
the NRC in the preparation of these documents. As an illustration of the type
of documentation required, as of June 1981 (27 months after the accident), the.

following environmental statements and assessments had been prepared for the
decontamination of the damaged reactor plant TMI-2. The requirements for a
reactor are probably more stringent than those for a fuel cycle facility, but

,

they provide some indication of possible requirements:

1. Final Programmatic Environmental Impact Statement (PEIS) Related to
Decontami ion and disposal of Radioactive Wastes from the TMI-2
Accident. The PEIS is an overall study of the activities neces-
sary for decontamination of the facility, defueling, and disposition
of the radioactive wastes. It is intended to provide an overall
evaluation of the environmental impacts that could result from these
activities.

2.
Final Environmental Assessme t)for Decontamination of the TMI-2Reactor Building Atmosphere. 2 This document provides an assessment

of information considered by the NRC g arriving at a recommendation
for the preferred method of removing Kr from the containment build-
ing so that workers can begin the tasks necessary to decontaminate
the building and remove the damaged fuel from the reactor core.

3. Environmental Assessment on the Use of EPICOR-II at TMI-2.(3) This
is an evaluation of the effect on public health and safety of the use
of the EPICOR-II system for the cleanup of radioactive contaminated
waste water that had accumulated in the Unit 2 auxiliary building

'
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tanks. The document includes a consideration of the environmental
impacts of the use of EPICOR-II and a discussion of alternatives to
the EPIC 0R-II system.

4. Safety Evaluation Report on the Operation of the Submerged Demineral-
izer System at TMI-2.(4) This is an evaluation of the effect on pub-
lic health and safety of the decontamination of reactor building sump
water and reactor coolant system water using the submerged demineral-
izer system (SDS) followed by polishing in EPIC 0R-II. The evaluation
only considers the processing of the contaminated water and does not
consider the disposition of the processed water.

The cleanup and decommissioning of an accident-damaged M0X plant is also
subject to constraints imposed by statements, orders, and amendments to the
facility license issued by the NRC subsequent to the accident.

The time requirement for furnishing information to regulatory agencies,
issuing environmental statements and assessments, and securing regulatory
approvals to go ahead with specific cleanup tasks is a critical factor in
determining when actual cleanup operations can begin.

Design, Fabricate, and Install Special Equipment. Planning and prepara-
tion includes the identification and procurement of special tools and equipment
required for accident cleanup and decommissioning. Some items, such as cutting
tools or decontamination equipment, can be identified early in the planning
stage before actual cleanup begins. Other items may not be identified until
the initial building decontamination is completed.

Major facilities and equipment items required to clean up an accident-
damaged M0X plant include the following:

an evaporator / solidification facility to process the decontaminatione
solutions generated

e a volume reduction incinerator to reduce the total quantities of

waste that would need to be disposed of

o shielded and unshielded storage facilities for interim storage of

radioactive wastes may be required if there is difficulty in dispos-

ing of wastes because of regulatory or political constraints

e a laundry facility.

Many of these facilities and equipment items require design and development
work as well as actual fabrication and testing. Evaporator / solidification
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facilities, volume reduction incinerators, and laundry facilities are commer-

cially available and can be purchased or rented.

Designs and specifications are prepared for each special equipment item
required. When the item is procured, it is inspected to verify that it meets

specifications and complies with applicable quality assurance and safety
,

requirements. It is then tested to ensure that it performs as required. The
testing also serves to train personnel in the use of the equipment and to pro-
vide pertinent data on its operation.

Develop Work Plans and Procedures. Detailed work plans and procedures are
developed based on an evaluation of the condition of the plant following an
accident and on the requirements for accident cleanup. Work plans are included
in documentation provided to the NRC with the request for license amendment.

.

The detailed plans and procedures contain all the information required to 'actu-
! ally carry out the accident cleanup tasks. They address the following items:

regulatory requirements and constraintso

decontamination methods and procedurese

schedules and sequences of eventse
manpower requirementse

equipment requirementse

e contamination control
i e radiological and industrial safety

i e packaging and disposal of radioactive wastes
quality assurance.e

Physical security and environmental constraints are also considered. Plans are
updated as the accident cleanup work proceeds and additional data on the physi-
cal and radiological status of the facility become available.

Select and Train Accident Cleanup Staff. The selection and training of
operations staff for accident cleanup is an important part of planning and

! preparation. Staffing requirements are identified during this period, and key
positions are filled with qualified engineering and operating personnel.

Detailed knowledge of and familiarity with the facility being decontami-
nated increases the effectiveness of the cleanup staff. Consequently, posi-

.

tions are assumed to be filled, whenever possible, with personnel familiar with
the construction and operation of the plant, to capitalize on experience and
minimize training' requirements. Additional training required to perform spe-'

cific cleanup tasks is provided, with special emphasis given to the use of new,

and unique equipment and procedures. This results in improvements in effi-
ciency and reduces occupational exposures when actual cleanup operations are
performed inside the plant.

Because of the relatively high exposure rates encountered and the need to
limit individual radiation doses, large numbers of persons are involved in

1
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accident cleanup operations. Many of these individuals are unfamiliar with the
plant, and some are unfamiliar with the basic principles of radiation protec-
tion. These persons require an orientation in the layout of the plant and in
basic radiation protection procedures as well as specific instruction in the
tasks to be performed.'

Time Requirements for Preparations for Accident Cleanup
,

Time requirements for planning and preparation depend on several factors,
including the severity of the accident, the time needed to design, fabricate,
install, and test special facilities and equipment, and the time required to

secure regulatory approvals for specific cleanup tasks.

The time required to secure regulatory approvals for specific cleanup
operations is a critical factor in determining when these operations can
begin. Delays by the licensee in responding to requests for information and/or
delays in the review process that precedes the issuing of regulatory approvals
could significantly delay the start of accident cleanup operations.

In this study, planning and preparation activities that precede accident
cleanup at the reference M0X plant are estimated to require approximately
0.5 years.

Occupational Doses for Preparations for Accident Cleanup

The major source of occupational radiation dose during preparations for
accident cleanup is the dose received by workers who enter the contaminated
building area to measure contamination levels and radiation. exposure rates,
assess the damage to the building and equipment, install moriitoring systems,
and make minor repairs to essential systems and equipment. The assumed average
external whole-body doses received by these workers are summarized in
Table D.2-1. Average dose rates are based on accident scenario information
presented in Chapter 6 of Volume 1.

Workers are assumed to spend an average of one hour in the contaminated
' area during each entry. All personnel entering the contaminated areas wear

protective clothing and full-face respirators. For entries following the
reference accident, the average individual worker dose per entry is 0.02 rem.

Staf f Requirements for Preparations for Accident Cleanup

The staff organization for preparations for accident cleanup includes a
cleanup planning branch, a plant operations branch, and several site support
branches.,

:
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TABLE D.2-1. Estimated Occupational Doses to Workers Entering
Contaminated Areas During Preparations for
Accident Cleanup at the Reference M0X Plant (a)

Number of Entries into Contaminated Area 12

Average Time per Entry (hours) 1

Average Dose Rate (rem /yr) 0.02

Number of Workers per Entry 5

Total Accumulated Occupational Dose (man-rem) 1.0

(a) Preparations for accident cleanup are assumed to require
0.5 years following the accident.

!

Major activities of the cleanup planning branch include:

e preparation of documentation for regulatory agencies

e preparation of design specifications for special facilities and

equi pment

e preparation of detailed work plans and work schedules

e acquisition of data on the radiological and physical condition of the

plant,

testing of equipment and procedures to be used in cleanup operationse

installation or repair of systems required for accident cleanupe

(e.g., reroute piping connections, install systems for remote moni-
toring,etc.).

The plant operations branch has the responsibjlity to maintain the plant
in a safe shutdown condition. In addition to operations in the control room,
this responsibility entails the following activities:

maintain and repair systems required to keep the plant in a safeo

shutdown condition.

monitor and maintain auxiliary systems such as plant communications,e

heating, ventilation and air conditioning, etc.

D.10
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They assist the cleanup planning staff in the acquisition of data on the
radiological and physical condition of the building and in the installation and
testing of systems required for accident cleanup.

Site support includes radiological health, industrial safety, plant secu-
rity, procurement and accounting, and quality assurance services.

Estimated staff labor requirements for staff involved in preparations for
accident cleanup are shown in Table D.2-2. Labor requirements are given on a
total man-year basis.

.

TABLE D.2-2. Estimated Staff Labor Requirements for Preparations
for Accident Cleanup at the Reference M0X Plant

Staff Labor Requirements
(man-years) for Prepara-

Position tions for Accident Cleanup (a)
Project Manager 0.50
Project Engineer 0.50
Health and Safety Supervisor 0.50
Contracts and Accounting Specialist 0.50
Q. A. Engineer 0.50
Radioactive Shipment Specialist 0.25
Planning Engineer 0.50

Operations Supervisor 0.50
Foreman 0.50

Secretary 1.00

Total Man-Years 5.25

(a) Based on a preparations for cleanup period of 0.5 years.

In addition to the staff involved in preparations for accident cleanup
shown in Table D.2-2 contractors are hired to provide specific services that
include the following:

engineering assistance in preparing documentation for regulatorye

agencies, designing special tools and equipment, and preparing work!

plans and work schedules
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specialized waste processing services such as evaporation of contami-e

nated solutions and incineration of combustible wastes

transportation of radioactive wastes to offsite storage or disposale

facilities

laundry services.e

D.2.2 Details of Accident Cleanup

Procedures for accident cleanup at the reference M0X plant following a
serious accident are described in this section. Work schedules, estimated
occupational doses, and estimated staff labor requirements based on these pro-
cedures are also presented.

Procedures for Accident Cleanup in the M0X Building

Accident clearup in the reference M0X plant is postulated to include the
following tasks:

processing of contaminated liquidse
initial decontamination of the M0X buildinge

e removal of nonessential items
e semiremote decontamination

refurbish or replace essential support systemse

e hands-on decontamination
o shielding of hot spots.

Procedures for accomplishing these tasks are given in this section.

Accident cleanup operations are assumed to reduce general area radiation
exposure rates at the reference M0X plant to the values shown in Table 0.2-3.
For the reference accident, cleanup operations are assumed to reduce the radia-
tion exposure rate to approximately the value that existed during plant opera-
tions prior to the accident.

TABLE D.2-3. Average General Area Exposure Rates at the
Completion of Accident Cleanup Operations
at the Reference MOX Plant

Average Exposure
Location Rate (mR/hr)

Operating Floor Level 2

Basement Floor Level 4
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As discussed in Section D.1, decontamination activities during accident
cleanup are not designed to reduce exposure rates to levels permitting unre-
stricted use of the facility, but only to limit the doses to workers engaged in
accident cleanup. An additional decontamination would be required during
decommissioning (or refurbishment) to limit the doses to workers engaged in
these activities.

Processing of Contaminated Liquids. Chemical decontamination solutions
from initial cleanup operations have radionuclide concentratiens in the range

3from 1 to 20 Ci/m . Evaporation is a suitable alternative for treatment of
these wastes. An evaporator / solidification facility is rented from a commer-
cial supplier and is installed in the building during preparations for
cleanup. The evaporator bottom liquids are postulated to be solidified with
vinyl ester styrene and packaged in stainless steel liners for interim onsite
storage in the shielded storage facility that is constructed during prepara-
tions for accident cleanup.

Initial Decontamination of the M0X Building. The objective of initial
decontamination of the M0X plant is to reduce surface contamination levels and
resultant radiation exposure levels to permit reasonable occupancy times for
workers engaged in system cleanup operations. In addition to surface decon-
tamination procedures, reduction of general area radiation exposure rates
requires the removal of contaminated sludge deposits that remain on the walls
and floors after any liquids are removed. The reduction of general area radia-
tion exposure rates may require that " hot spots" be shielded by using lead
sheet or lead bricks, high-density concrete blocks, or containers filled with
water.

For initial decontamination of the M0X plant, the following sequence of
operations is postulated:

1. Remove and package debris and small items of contaminated equipment
that are easily disposed of.

2. Employ high-pressure hose wash techniques for semiremote decontamina-
tion of building surfaces and equipment.

3. Decontaminate and refurbish or replace essential support systems.

4. Perform hands-on decontamination of selected areas where significant
| reductions in radiation exposure can be achieved with modest

effort. Decontaminate floors by scrubbing.

5. Provide local shielding of " hot spots."
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Removal of Nonessential items. The removal from the building of small,
nonessential items and debris serves to reduce the general background radiation
level and also clears away materials that can impede the progress of the acci-
dent cleanup ef fort. Nonessential items include contaminated tools, loose
equipment, barrels, boxes, staging, cables, hoses, wood pallets, etc. Damaged
pipes, cable conduits, and other damaged equipment and fixtures that interfere
with decontamination operations are cut into sections and removed. Items that
are removed from the building are wrapped in plastic and packaged as low-
specific-activity waste for disposal at a shallow-land burial ground.

Semiremote D' contamination. Semiremote decontamination involves the use
of equipment that permits the worker to stay some distance from the radiation

iiigh-pressure hose wash is postulated as the method for semiremotesource.
decontamination of the MOX building.

As a decontamination method, hose wash offers several advantages in terms
of flow rate control, flow pattern, and directional properties. These f actors
are especially advantageous for the decontamination of hard-to-reach areas.
However, because of low impact force, if the surface being cleaned is covered
with oil or grease, ordinary hose wash is ineffective. High-pressure water
blasting equipment is commercially available that operates at pressures up to

3

70MPawithwagerdeliveryratesoftheorderof0.1m/ min. (A water delivery
rate of 0.05 m / min is postulated for the high-pressure hose wash equipment in
this study.) High-pressure water hoses are ef fective in removing oil and
grease deposits. Depending on conditions and equipment, hose-wash decontamina-
tion factors range from 2 to 100.

After completion of the high-pressure hose washdown of building surfaces
and equipment, a radiation survey is performed to assess the effectiveness of
this decontamination procedure. The survey includes sample removals for labo-
ratory analysis as well as air, water, and area radiation surveys.

Refurbish or Replace Essential Support Systems. Severe contamination of
building surf aces and equipment, including the ventilation system, is postu-
lated for the reference accident.

To provide adequate ventilation for cleanup workers, contaminated and
damaged ventilation system components must be r-placed or decontaminated and
repaired. Contaminated filters are replaced. Because of the difficulty of
cleaning contaminated ductwork, it is assumed that ventilation ductwork is
replaced with new ductwork as required to maintain adequate ventilation inside
the building. Building fans and cooling units may be decontaminated or
replaced.

Hands-on Decontamination. Hands-on decontamination is minimized by first
using remote and semiremote decontamination techniques. During accident
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cleanup, hands-on efforts are limited to wiping and scouring that must be per-1

'

formed to reduce radiation exposure to workers.

Decontamination of floors is accomplished by scrubbing with brushes or
industrial floor scrubbers and a commercial decontamination agent, and then wet
vacuumingormopgingtoremovetheresultingsolution. The wash solution is
stored in 0.21-m drums until it is solidified for disposal. A final

i reagent / rinse mopping completes the effort.
1

| Shielding of " Hot Spots." Shielding may be required to protect workers
during accident cleanup operations, or it may be required to reduce radiation
exposure from " hot spots" when initial decontamination of an area is com-
pleted. A low-density shielding material, such as wood or plastic, can be used
as a shield for low-energy beta radiation. To achieve a reduction in gamma
radiation, lead blankets, lead sheet, lead brick, or high-density concrete
blocks may be interposed between the gamma source and the work area. Con-
tainers filled with water may also serve as temporary shielding materials.
Shielding materials are packaged or covered with plastic or a strippable coat-

' ing to prevent their contamination.

Waste Treatment and Disposal
<

Radioactive wastes from accident cleanup operations can be divided into
| three categories:

1. Solid Materials. Dry radioactive wastes generated from decontamina-
tion. These materials consist of trash, and contaminated equipment
and material.

2. Process Solids. Contaminated sludges and process solid wastes that
arise from the treatment of water and decontamination liquids. Tnese
solid wastes include filter cartridge assemblies and evaporator '

bottoms.

i 3. Chemical Decontamination Solutions. Liquid decontamination wastes
that have not been treated to generate process solids. These wastes

) are immobilized by incorporation in cement or in vinyl ester styrene.

: Because of the levels of plutonium contamination, all process solids (fil-
ters and evaporator bottoms), solidified waste, and miscellaneous wastes are1

postulated to be unacceptable for near-surface burial according to 10 CFR 61
: criteria. Hence, they are assumed to be transported to a federal repository

for storage or disposal.;

Solidified Decontamination Liquids. The volume of solidified decontami-
nation liquids shipped from the reference small M0X plant to deep geologic

0.15
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disposal during accident cleanup is shown in .able D.2-4. Decontamination
liquids are assumed to be processed by evaporation and solidified by incor-
poration into cement. Evaporation of flush solutions is assumed to result in a
reduction factor of ten in liquid volumes. Cementation of the concentrated
liquid is assumed to result in a volume increase by a factor of two, with a net
volume reduction factor of five from the flush solution volumes to the packaged
solidified waste.

TABLE D.2-4. Sources of Solidified Liquid Wastes Generated
During Accident Cleanup at the Reference

'

M0X Plant.

3Estimated Volume, m
Liquid Waste !

Source Generated Shipped

Flush of Solvent Extractions Columns 1.05 0.20

Flush of Wet Ceramics - Dirty and 1.00 0.20
Clean Scrap Recovery

Spray Wash of Heavily Contaminated 4.00 0.80
Glove Boxes

Spray Wash of Lightly Coataminated 1.25 0.25
Glove Boxes

Total 7.3 1.4

Waste Disposal Requir,ements. Table D.2-5 gives estimated weights and
volumes of decommissioning wastes generated during accident cleanup at the
reference M0X plant, together with packaging, shipping, and disposal require-
ments for these wastes.

Schedules and Cleanup Worker Requirements for Accident Cleanup

Task schedules and sequences and cleanup worker requirements for accident
cleanup at the reference M0X plant following the reference accident are shown
in Figure D.2-1. Work schedules and cleanup worker estimates are based on the
cleanup procedures described in Section D.4.1. Accident cleanup at the refer-
ence M0X plant is estimated to require approximately one year following the
reference accident.

Time requirements for accident cleanup are measured from the start of
building decontamination operations and do not include the estimated 0.5 years
required for preparations for accident cleanup.
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i TABLE D.2-5. Waste Disposal Requirements of Accident Cleanup at the Reference M0X Plant (a'b)
i

| Shipping Shipping Number Containers Number of
i Weight Volp container of per Truck

| Waste Category (kg) (a Type Containers Shi pment Shipments

; HEPA and Roughing Filters 10 200 30.0 g y x 1.8-m 12 3 4

Solidified Decontanination Liquids 30 500 10.0 208-t (SS-gal) Drisns 60 24(C) 3

Trash 25 500 25.0 208-t (55-gal) Drums 125 42 J
12 boxes

Totals 50 000 65.0 185 drums 10,
*
,

! "

i (a) All wastes are disposed of by deep geologic disposal.
! (b) Number of figures shown is for computational accuracy, and does not imply precision to three significant figures.
: (c) Misaber of containers per shipment is limited by weight rather than by volume.
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TIME (MONTHS) AFTER THE START OF
MOX BUILDING CLEANUP (b)

CLEANUP TASK o 2 4 6 8 10 12
. . i i i a

PROCESSING OF CONTAMINATED LIQUIDS h*I -y
'

INITIAL DECONTAMINATION OF | ,

THE MOX BUILDING

PERFORM RADIATION SURVEY H

PROCESSING & PACKAGING OF WASTES ',
,

FROM CLEANUP

'CONSTRUCTION & MAINTENANCE
' '

SUPPORT

(a) SCHEDULE DETAILS ARE GIVEN IN SECTION D 2 OF APPENDIX D.

(b) THE TOTAL TIME REQUIREMENT FOR ACCIDENT CLEANUP IN THE MOX BUILDING
FOLLOWING THE REFERENCE ACCIDENT IS 1.0 YEARS

(c) AS REQUIRED DURING THIS TIME PERIOD.

FIGURE D.2-1. Sequence and Schedule for Accident Cleanup at the
Referenc9 OX Plant Following the Reference
Accidentga

The following bases and assumptions are used to estimate time and manpower
requirements for accident cleanup in the M0X plant.

1. In general, the time required to perform a particular cleanup task is
determined by estimating the time requirement for efficient perform-
ance of the task and doubling this time to account for inefficiencies
associated with work in high radiation areas.

2. Decontamination workers are assumed to spend only four hours inside
the M0X plant during an eight-hour shif t. The remaining time is
assumed to be required to put on and remove protective clothing,
rehearse cleanup procedures, etc.

3. Most accident cleanup tasks are performed on a basis of two-shifts,
five days a week. Exceptions to this general rule are noted below.

4. Training time for staff involved in cleanup operations is included in
time and manpower estimates for completion of the various cleanup
tasks.

D.18



5. Cleanup following an accident provides unique opportunities for
research in areas related to accident consequences (contamination
dispersal mechanisms, waste management requirements, etc.). However,
in this report no scheduling allowances are made for research and
development activities except those related to the design, fabrica-
tion, and testing of the special tools and equipment required for
decontamination and defueling operations.

These assumptions provide the bases for the time schedules and cleanup
worker requirements shown in Table D.2-6. Cleanup worker requirements shown
include only the labor required to actually complete the cleanup tasks and to
provide radiation monitoring and craft support to decommissioning workers and
do not include the extra labor needed to maintain compliance with occupational
radiation dose limits.(5)

Occupational Doses for Accident Cleanup *

Estimated occupational radiation doses to cleanup workers during accident
cleanup following the reference accident are shown in Table D.2-7. The occupa-
tional doses shown in the table are external doses from gamma radiation. Work-
ers are assumed to use respiration devices as necessary to protect against the
inhalation of radioactive particulates. Cleanup workers are those workers hav-

ing work assignments in the M0X plant.

Dose calculations are based on time and manpower requirements shown in the
task schedules for accident cleanup in the M0X plant. Exposure hours are esti-
mated on the basis that workers engaged in decontamination operations and in
the installation and repair of systems needed for accident cleanup spend an
average of four hours inside the plant during an eight-hour shift. Workers who

| operate the evaporator systems, or are engaged in waste-packaging activities,
! spend an average of six hours in a radiation area during an eight-hour shift.

The total estimated occupational radiation dose to cleanup workers for
accident cleanup is 22.8 man-rem following the reference accident.

Staff Requirements for Accident Cleanup

The postulated staff organization for accident cleanup at the reference
M0X is shown in Figure D.2-2. This staff organization includes a plant opera-
tions branch and several support branches (e.g., engineering, health and
safety, security, contracts and accounting, and quality assurance) as well as
the cleanup staff.

Total staff labor requirements for accident cleanup following the refer-
ence accident are shown in Table D.2-8. The requirements presented include the
management and support staff as well as the cleanup workers but do not include

D.19
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TABLE D.2-6. Estimated Manpower Requirements During Accident Cleanup at the
Reference M0X Plant

Estimated Man-Weeks (a)
HealtnDecommissioning Activitv(b) Foreman Technician Physicist Craftsman Total

{ Flush Solvent Extraction System 8 24 6 4 42
Flusn Wet Processino and Scrap 20 60 15 10 105 IRecovery Equipment

Flush Waste Treatment Equipnent 4 12 3 2 21
Decontaminate Rooms 121-123,126 2 12 1 2 17
Decontaminate Room 155 1.5 9 2.5 1 14
Decontaminate Room 156 1 6 1.5 0.5 9'

3

Decontaminate Room 124 6 36 3 6 51
Decvtaminate Room 128 10 60 18 6 94
Decontaminate Room 127 6 36 10.5 3.5 56

; Decontaminate Rooms 130-133, 135-143 3 18 5 2 28
Decontaminate Room 116 1 6 1.5 0.5 9
Decontaminate Room B01 4.5 27 8 2.5 42
Decontaninate Room B02 3 18 5 2 28
Decontaminate Room 129 1.5 9 2.5 1 14
Decontaminate Rooms 121-123, 126 1 3 1 2.5 7.5
Deactivate Room 124 3 9 2.5 7 21.5
Deactivate Rooms 155 and 156 1.5 4.5 1.5 3.5 11
Deactivate Cold Chenical Processing 1.5 4.5 0.5 3.5 10
Deactivate Room 805 5 15 4.5 10 34.5
Deactivate Wall Storage Tanks 4 12 3.5 10 29.5
Deactivate Room 128 5 15 4.5 10 34.5
Deactivate Room 127 3 9 2.5 7 21.5
Deactivate Room 130-133, 135-143 2 6 1.5 4 13.5
Deactivate Room 801 2.5 7.5 2 6 18
Deactivate Room 802 1.5 4.5 1.5 3.5 11
Deactivate Rooms 129 and 134 1 3 1 2.5 7.5
Deactivate Room 116 0.5 1.5 0.5 1 3.5
Deactivate Miscellaneous Systems 1 3 4 4 12
Deactivate Room 117 4 12 4 15 35
Install and Test Alarm Systems 5.5 16.5 14 22 58

: Final checkout 2 6 20 6 34
' Operate Scrap and Weste Treatment 34 136 48.5 39.5 258

,

Total Man-Weeks 149.5 601 200 200 1150
'

Total Man-Years (C) 3.0 12.0 4.0 4.0 23.0

t
t

(a) Numbers shown are for computational accuracy, and do not imply accuracy to three to five significant figures.(b) See Section A.2 for fur.ctions of the process rooms.
(c) A total of 50 weeks / year is assumed. !
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TABLE D.2-8. Estimated Staff Labor Requirements for Accident Cleanup
at the Reference M0X Plant

Staff Labor Requirements (man-years)
for Cleanup Followin he

Position Reference Accident a
Project Manager 1.00

Project Engineer 1.00
Health and Safety Supervisor 1.00

Health Physics Technician 3.00
Security Force Supervisor 1.00

Security Patrolman 8.00
Contracts and Accounting Specialist 1.00

Accountant 0.50
SNM Accounting Specialist 1.00

Q. A. Engineer 1.00

Radioactive Shipment Specialist 1.00

Planning Engineer 1.00

Maintenance and Crafts Supervisor 1.00

Maintenance Man 1.00

Custodian 1.00

Craftsman 4.00
Operations Supervisor 1.00

Foreman 3.00

Technician 12.00

Secretary 2.00

Total ibn-Years 45.5

(a) Cleanup staff labor requirements are adjusted to limit individual radiation
doses to 5 rem /yr.

contractor personnel. Management and support staff man-years are directly
related to the time required for accident cleanup. Cleanup staff man-years
shown in the table are the requirements adjusted to comply with occupational

D.23
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dose limitations. The staff labor man-years shown in Table D.2.8 are used in
Appendix D.3 to compute labor costs for accident cleanup in the reference M0X
plant.

D.3 DETAILS OF COSTS OF ACCIDENT CLEANUP AT A REFERENCE MIXED-0XIDE PLANT

Details of the costs of accident cleanup at the reference MOX plant are
presented in this section. Costs are based on the technical requirements, man-
power needs, and cleanyp schedules presented in Section D.2 and are given in
1981 dollars. I

Costs of activities related to refurbishment and restart of a M0X plant
beyond the accident cleanup activities are not included in this study.

,

Unit cost information used as bases for these cost estimates is given in
Appendix H.

D.3.1 Costs of Accident Cleanup

The estimated costs of accident cleanup at the reference M0X plant are3

presented in this section and sunmarized in Table D.3-1. Accident cleanup in
the references M0X plant is estimated to require one year and to cost approxi-
mately $4.6 million following the reference accident.

Labor costs and waste management costs are the major cost items for acci-
dent cleanup of the reference M0X plant. Staff labor costs account for about
60% of the total cost of accident cleanup.

Contractor costs for engineering support contribute an additional 3% to
the total cost of accident cleanup. Waste management costs account for about
10% of cleanup costs.

D.3.2 Total Waste Management Costs

Details of total waste management cost calculations for radioactive wastes
generated during accident cleanup are shown in Table D.3-2. These calculations
are based on estimated waste quantities described in Section D.2 and on unit
cost data for packaging, transportation, and waste disposal given in Appen-
dix H. All radioactive wastes from these activities are assumed to be shipped
to a federal repository for deep geologic disposal.

For a particular waste form, the total waste management cost is the sum of
the total packaging cost plus the total transportation cost plus the burial

i Cost.
!

0.24
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TABLE D.3-1. Summary of Estimated Costs of Accident Cleanup
at the Reference M0X Plant

Cost in M11110 of Percent of
Cost Category 1981 Dollars Total

Manpower -

Planning and Preparation 0.328 8.9
Accident Cleanup 1.916 51.7
Equipment and Supplies 0.526 14.2

Disposal of Radioactive Material 0.360 9.7
Miscellaneous Owner Expense 0.536 14.5
Specialty Coni.ractors 0.037 1.0

Subtotal 3.703 100.0

25% Contingency 0.926

Total Costs of Accident Cleanup 4.629

(a) Number of figures shown is for computational accuracy and does not
imply precision to the nearest thousand dollars.

Total packaging costs are the sum of disposable container costs and reus-
able overpack rental charges. In calculating the reusable overpack charge, a
total time of 4 days is assumed for the 4800-km (3000-mi) round trip between
the M0X plant and the federal repository. A second driver is assumed to be
required for this trip.

The total transportation cost is the sum of the basic transportation cost
plus the overweight charge plus the charge for a second driver. Overweight
charges are based on charges for the state of Washington. In some in' stances,
the quantity of waste per shipment is limited by weight restrictions (i.e., the
33.1 MT limit) rather than by volume limits.

D.4 DETAILS OF ACTIVITIES AND MANPOWER REQUIREMENTS FOR DECOMMISSIONING AT A
REFERENCE M0X PLANT

This section provides the details of post-accident decommissioning activi-
ties at the reference M0X plant following completion of the accident cleanup

D.25
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at the Reference M0X Plant (o{ Radioactive Waste Management from Accident CleanupDetails of Estimated CostsTABLE D.3-2.
a

Reusable Charge Total
Disposable Overpack Total Basic for Total Waste
Container Rental Packaging Transportation Overweight Second Transportation Burial Management

Cost Charge Cost Cost Charge Driver Cost Cost Cost
Waste Category ($) ($) (5) ($) ($) ($) ($) (1) (5)

To Deep Geologic Olsposal

HEPn an$ Roughing Filters 18 800 5 400 24 200 19 800 2 900 3 100 25 000 102 000 152 000

solidifted Decontamination 1 400 7 500 8 900 27 300 10 400 4 200 41 900 29 100 79 900
.o Liquids

$ Trash 4 400 4 300 8 700 15 800 3 600 2 400 21 800 97 400 127 900

Totals 41 800 89 500 228 500 359 800

(a) Nwter of significant figures shown is for Computational accuracy only.
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|

campaign. A comparison of normal and post-accident decommissioning require-
ments is provided in Section D.4.1. The details of the post-accident decommis-
sioning of the reference M0X plant by the DECON alternative is given in
Section D.4.2. The costs associated with these decommissioning activities are
presented in Section D.5.

| The post-accident decommissioning analyses in this study use the results
of previous analyses of M0X plant decommissioning following normal plant shut-
down, presented in References 6, with appropriate modifications as necessary to
account for post-accident conditions.

A basic assumption of this analyses is that all radioactive waste mate-
rials resulting from accident cleanup and from decommissianing are shipped off-
site for disposal at the time of decommissioning.

| 0.4.1 Comparison of Normal Versus Post-Accident Decommissioning

Under normal circumstances, decommissioning of a M0X plant follows the
orderly shutdown of the facility at the end of its planned operating life.
However, the situation at a facility that has experienced an accident is sig-
nificantly different from normal, with moderate to severe contamination of the
plant buildings, and possible physical damage to plant equipment and ser-
vices. As a result, decommissioning following an accident niay differ signifi-
cantly from that following normal shutdown.

It is assumed in this study that the accident cleanup a:tivities are com-
pleted prior to the start of the actual decommissioning effort. These cleanup
activities are discussed in detail in Section 0.2. The principal goals of

j accident cleanup are:

to provide initial decontamination of certain plant systems and ofe

| selected building surfaces and equipment so as to reduce to ALARA
! levels the radiation doses to workers engaged in subsequent decommis-

sioning activities

! e to remove and process the accident liquids in the facility.
!

The tasks that must be performed to accomplish these goals are postulated to be
independent of the alternative (DECON, SAFSTOR, or ENT0MB) chosen to complete

| the decommissioning, although the methods used to complete certain tasks may
vary with the decommissioning alternative. The work required to complete each
task will certainly be influenced by the severity of the accident.

In carrying out the accident cleanup activities, certain tasks that would
*

be part of the decommissioning process following normal shutdown are completed,
and significant portions of other such tasks are undertaken.4

:

D.27
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:

e

i The requirements of carrying out the accident cleanup activities also
result in certain new tasks that must be completed during the decommissioning'

! process. In general, these new tasks are limited to the removal of new
i equipment installed to process accident water and the decommissioning of the

|
temporary onsite waste storage structures specially constructed for the
management of wastes resulting from accident cleanup activities.

A number of decommissioning tasks are independent of accident cleanup;

i activities and, thus, are co.r. mon to both post-accident and normal-shutdown

| decommissioning. However, the changes in the physical and radiological condi-

|
tion of the plant resulting from an accident lead to substantial qualitative
changes in a number of these decommissioning tasks. Manpower requirements for:

carrying out specific tasks are related to a number of factors (e.g., theI

i physical condition of the equipment and structures, local radiation dose rates, ;

I and the methods used to complete tasks) that may be affected by the accident
i and the subsequent cleanup program. Radiation doses to decommissioning workers .

i are likely to be higher than those following normal shutdown because of the [
I increased contamination of equipment, piping, and structural surfaces caused by
; the accident. The schedule and sequence of events for any particular decommis-

| ,
sioning alternative may need to be revised to account for these changes and for

1 the addition and deletion of specific tasks as a result of accident cleanup, as

] discussed previously. Furthermore, the requirements for special decommission- !

J
ing tools and equipment may vary somewhat because of changes in specific tasks

i and because some of these tools and equipment items may be available for reuse

| as a result of the accident cleanup campaign that precedes the decommissioning.
In summary, even tasks common to both post-accident and normal-shutdown decom-

i| missioning can be expected to differ significantly between the two situations.
,

,
Although the accident cleanup activities remove a large portion of the i

| accident-generated contamination in the plant, accident severity will likely
i have some impact on the decommissioning tasks subsequent to cleanup. Radiation ,

'

I doses to decommissioning' workers are likely to increase with accident severity
J because of the increased level and spread of radioactive damage to the plant

resulting from the accident. In addition, physical damage to the plant from ;

more severe accidents may compromise certain systems, structural features, and
|

! equipment items that are required to carry out the decommissioning tasks, thus |

necessitating repairs and/or substitutions and resulting in delays and addi- |i

tional expenses. In areas of extensive plant damage, different methods may be t

;

required to accomplish certain decommissioning tasks. It should be noted that j'

| the effects of accident severity on the level of effort required to complete

|
the decommissioning activities are much less than the corresponding effects on

,

'

j the cleanup activities.
: t

! 1

j !
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D.4.2 Details of Post-Accident DECON

In general, DECON is the decommissioning alternative used to remove from|

the facility, as soon as practicable following final shutdown, all materials
with radioactive contamination above unrestricted release levels. For a plant
that has experienced an accident, DECON begins following accident cleanup and
is postulated to be completed within about 1.8 years. After DECON is completed
and the radioactive materials are shipped from the site, the nuclear license
can be terminated and the facility and the site can be released for unre-
stricted use.

Details of post-accident DECON at the. reference M0X plant are discussed in,

i this section, including schedules and manpower requirement and external occupa-
, tional radiation doses. These details are based largely on the analysis of
f DECON at the reference plant following normal shutdown, presented in Appendix G

and Chapter 9 of Reference 6, because, after cleanup is completed, many of the
requirements for DECON are similar whether or not the plant has experienced an
accident. Where the postulated accident results in significant changes in the
DECON requirements, the differences in the requirements are identified and new
information is developed to support the analysis. The analysis presented is
based on-the assumption that the plant has experienced the reference accident
for M0X plants described in Chapter 6.

The facility description given in Appendix A provides the basic informa-
tion that supports the development of the tasks, schedules, manpower loadings,
and occupational radiation exposure estimates presented here. Additional
details pertinent to specific DECON activities come from engineering drawings,
manufacturers' data, and Reference 6.

The information in this section forms the basis for the estimated costs
and safety impacts of post-accident DECON at the reference plant that are"

developed in Section D.5 and Appendix I, respectively, and for the comparison
~

of post-accident and normal-shutdown DECON of the reference plant that is pre-
sented in Chapter 13 of Volume 1.

In choosing to decommission a M0X facility by DECON, the owner trades
potential further use of the facility for the relatively rapid release of the
site for unrestricted use.

D.4.3 DECON Activities

DECON of a reference M0X facility can be divided into three general areas
'

of effort: planning and preparation, decontamination, and disassembly and
transport.
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It is estimated that approximately 1.8 years are required for DECON (not
including seven weeks for building demolition and site restoration activi-
ties). The time and work estimates assume reasonable success, with a minimum
of delays and/or major unanticipated problems.

Planning and Preparation Activities

Essential to the results of this study is the assumption that the facility I

owner / operator is also the prime contractor of the DECON. Otherwise, a more I

extensive training program would be necessary to acquaint workers with details
of the facility. Approximately one year prior to start of DECON, work begins
in the engineering and operations departments of the parent organization to,

perform the planning needed to convert an operating license to a possession-
only license, to plan decommissioning operations, and to receive a decommis-
sioning license. The proposed sequence and time schedule for the planning and
preparation phase of decommissioning at the reference M0X facility is illus-
trated in Figure D.4-1.

PREPARE DECOMMISSIONING PLAN FOR NRC | |

PREPARE DATA FOR ENVIRONMENTAL IMPACT .,

*
ASSESSMENT

NRC REVIEW, DECOMMISSIONING LICENSE IS$ TID |

PREPARE TECHNICAL SPECIFICATION REVISIONS ;'

PREPARE DETAILED WORK PLANS AND PROCEDURES | |

DESIGN, PROCURE AND TEST SPECIAL[0UIPMENT |<

'

SELECT AND TRAIN STAFF |

SELECT SPECIALTY CONTRACTORS |
'

FINAL INVENTORY CLEANOUT INOT CHARGED TO |
'

DECOMMIS$10NIO
t t i

12 9 6 3 0
MONTHS BEFORE DECOMMIS$10NING BEGINS'

FIGURE D.4-1. Sequence and Schedule of the Planning and Preparation
Phase of DECON at the Reference M0X Plant

An important part of the y,3nning fevolves a review of all regulations and
guides applicable to decommisu oning. Incluled in the regulations are the<

requirements for preparation of changes in technical specifications, deleting
those related to plant operation; preparation and submittal of a decommission-
ing plan for NRC review and approval; preparation of detailed plans and proce-
dures for physical and chemical decontamination of int';t systems; sectioning
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and disposal of contaminated glove box equipment; and detailed sequences for
equipment and systems removal. In addition, design, procurement and testing of
special devices and equipment must be initiated during the year before start of
DECON to assure that work can proceed without undue delay.

Creation of a decommissioning organization within the present organization
is initiated during cleanup operations, with the structure and staffing
requirements identified, and commitments obtained from key engineering and
operating personnel to fill critical positions. Orientation and training of
personnel identified as members of the decommissioning organization are carried
on during the final six months of cleanup operations. Selection of the various
specialty contractors required for the DECON effort is accomplished during the
cleanup operations.

Also included in the planning and preparation effort are such things as
the shipment of TRU-contaminated wastes to a federal repository, and the
installation of compaction equipment in the facility. Another preparatory step
is the installation of a set of open-top tanks in the former Fuel Fabrication
Room to provide a final stage of electrochemical (electropolishing) contamina-
tion for piping, sectioned glove boxes, tank walls, tanks, valves, and similar
metallic materials that have significant salvage value.

The final preparatory step is a comprehensive survey of radiation dose
rates and contamination levels within the facility, taken after final inventory
cleanout and plant shutdown. This survey provides the baseline data for deci-
sions on chemical and physical decontamination. It also provides initial data

on radiation dose rates and contamination levels likely to be encountered dur-
ing the various DECON activities.

Decontamination

Decontamination can involve both chemical and physical attacks to remove
radioactive materials. In this plan, major chemical decontamination is per-
formed in all wet processing areas, and physical decontamination is the major
technique used in all dry and many wet processing eeas. The objectives of the
decontamination effort are two-fold: first, to reduce the contamination levels

throughout the facility in order to minimize potential worker and potential
public exposure during the remaining decommissioning activities; and second, to
attempt to clean contaminated material to levels that either pe,rmit salvage of
valuable material or reduce the quantities of material that must be packaged
and shipped to a deep geologic disposal site (i.e., to allow more waste mate-
rials to be sent to a less-expensive shallow-land burial ground).

For accounting purposes, physical and chemical decontamination generally
follow existing plant procedures for plutonium cleanout. Selected plant
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operating personnel are retained to assist in these decommissioning opera-
tions. Records of previous plant decontamination campaigns are reviewed to
identify potential problem areas and to make maximum beneficial use of past
plant experience.

Since this decontamination campaign takes place just prior to disassembly,
damage to the wet processing systems and equipment from the decontamination
solutions is of secondary concern. Chemical solutions are used that remove the
surfaces of the stainless steel in the tanks and piping, resulting in decon-
tamination factors (DF) of about two to three, a DF factor greater than can be
achieved by noncorroding acid flushes.

For this study, nitric acid combined with hydrofluoric acid is selected to
chemically decontaminate the wet processing areas. The use of this acid in
chemical decontamination is discussed in Appendix C.

In the dry processing area, corrosive acids and chemicals are generally
avoided to prevent damage to mild steel equipment, components, electrical con-
nections, etc., that would later interfere with their disassembly.

Following decontamination, the systems are disassembled. Equipment such
as glove-boxes that cannot be decontaminated internally to meet shallow-land
burial requirements is cut up and decontaminated by electropolishing, prior to
shipment to a shallow-land burial site. Ductwork, valves, piping, and glove
box plate material are also decontaminated after disassembly in the electro-
polishing station. Electropolishing systems have proven to be capable of
rapidly removing stubborn surface contamination to background levels.

Decontamination of the floors, walls, and other surfaces within the

facility structures is accomplished using the standard techniques described in
Appendix C. Removal of the surfaces of concrete walls and floors is a rela-
tively time-consuming operation. Therefore, the surface removal method is
assumed to remove most of the contaminated material in one operation, with
repeated operations needed only in isolated instances.

The removal of the contaminated concrete is accomplished using mechanical
techniques (e.g., jackhammers, rock splitters). The removed contaminated
rubble is packaged as radioactive waste and shipped to a deep geologic disposal
site.

Disassembly and Transport

Disassembly and disposal of contaminated and potentially contaminated
equipment and materials are accomplished by the facility's decommissioning
staff. The initial disassembly work begins in the Shipping and Final Inspec-
tion Rooms (Rooms 121 and 122), the Fuel Fabrication Room (Room 123), and the
Storage Vault (Room 126). The Shipping and Inspection and Storage Vault rooms
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are used to package and store contaminated wastes being shipped to shallow-land
burial and deep geologic disposal sites, respectively. The electropolishing
station is installed in the Fuel Fabrication Room to take advantage of the ven-

tilation system and the overhead hoist. The disassembly work sequences are
designed to ensure that essential services, such as plutonium scrap recovery
lines, remain in service as long as needed. As a given section of the facility
is disassembled, the extension of the essential services into those areas is

removed.

For this study, all initially contaminated materials are assumed to remain
contaminated to greater than unrestricted use levels, even after final decon-
tamination by electropolishing, and are packaged for disposal as radioactive
waste. All electropolished metals are disposed of in a shallow-land burial
ground. Nonmetallic contaminated wastes are sent to deep geologic disposal.

Packaging of contaminated materials for disposal is accomplished in accor-
dance with D0T regulations published in 49 CFR, Parts 173 through 178; NRC
regulations published in 10 CFR, Part 71; and Regulatory Guide 7.1. Containers
could be lined with shielding material if necessary to reduce surface dose

rates to acceptable levels. It is assumed that none of the contaminated waste
shipments from the M0X facility will require shielding.

Shipping of packaged contaminated materials from the facility to a waste
disposal site (shallow-land or deep geologic disposal) is accomplished using
trucking companies that specialize in transporting special materials.

Work Schedule Estimates

The proposed overall schedule and sequence of events for the DECON effort
is presented in Figure 8.4-1 of Volume 1. Initial work begins during cleanup
operation with: 1) preparation of a decommissioning plan for NRC approval,
2) preparation of the revisions to the facility technical specifications neces-
sary to change from an operating license to a possession-only license, 3) prep-
aration of the data needed to make an assessment of the environmental impact of
the DECON work, 4) preparation of detailed work plans and procedures for accom-
plishing DECON, 5) design, procurement, and testing of all special equipment
needed for DECON, and 6) selection and training of the personnel for the decom-
missioning staff.

Initial decommissioning efforts center around the physical and chemical
decontamination of the contaminated areas within the facility. DECON begins
with the Fuel Fabrication Room (Room 123), where all but the equipment needed
to install and operate the electropolishing station is removed, and generally
progresses from the dry processing zones into the wet processing areas.
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Removal of the M0X building, backfilling, grading, plowing, and landscap-
ing of the site completes DECON. As can be seen in Figure 8.4-1, about )
1.8 years of effort is required after plant shutdown to complete the DECON
effort.

DECON Staff Organization I

,

The decommissioning work force organizational chart for DECON is shown in
Figure 8.4-2 of Volume 1. The work force is described in two parts: 1) the
decommissioning support staff that plans, supervises, and provides supporting
activities for the decommissioning activities, and 2) the decommissioning work-
ers who perform the actual decommissioning activities.

Actual decommissioning activities are carried out by decommissioning crews
that consist of a foreman, two to six decommissioning technicians, and health
physics technicians and craftsmen who are added to the crews as the work situa-
tion demands.

A key assumption in estimating the manpower and time for the basic events
is that the decommissioning work force is composed primarily of former plant
operating and maintenance personnel. The decommissioning workers are therefore
familiar with plant facilities and equipment and experienced with radiation
working procedures.

Detailed estimates of the decommissioning worker manpower required to per-
form DECON of the reference M0X plant are shown in Table D.4-1.

DECON Waste Management Requirements

Estimates are made of the quantities of radioactive wastes generated dur-
ing DECON at the reference M0X plant and of packaging, transportation and dis-
posal requirements, and costs for managing these wastes. Large quantities of
radioactive wastes are generated during DECON at a M0X fuel fabrication
plant. These wastes must be properly packaged and shipped to an authorized
disposal site.

Radioactive wastes generated during DECON include:

solidified liquids from chemical decontamination activitiese

e concrete rubble from the mechanical decontamination of contaminated
floors and walls-

HEPA and roughing filterse

e sections of ventilation ductwork
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TABLE D.4-1. Estimated Decommissioning Worker Manpower Requirements
for DECON at the Reference M0X Plant

Estimated Man-Weeks (a)
He alth

Decomissioning ActivitvIDI Forema n Technician Poysicist tra f t sma n Tot al

Flush Solvent Extraction System 8 24 7.5 15.5 55.0
Flush Wet Process Equipnent 20 60 18.5 39 137.5
Flush Waste Treatment 4 16 3.5 8 31.5
Set t'p Electromlishing. Incinera- 3 12 1.5 12 28.5

tion. PackagFng

Decontaminate Rooms 121, 123. and 126 2 12 1 2 16

Dismantle Rooms 121.123 and 126 4 16 2 8 30

Decontaminate Room 155 1.5 9 1.5 1.5 13.5

Dismantle Room 155 1.5 6 1.5 3 12

Decontamicate Room 124 7 42 6.5 7 62.5

Dismantle Room 124 8 32 7.5 15.5 63

Decontaminate Room 805 5 30 4.5 10 49.5

Dismantle Room 805 25 100 23 98 246

Decontaminate Room 128 12 72 11 12 107

Di smantle Room 128 17 68 17 33 135

Decontaminate Room 127 7 42 6.5 7 62.5

Dismantle Room 127 14 56 14 27 111

Decontaminate Room 156 1 6 1 1 9

Dismantie Room 156 1 4 1 2 8

Decontaminate Rooms 130-133, 135-143 3 18 1.5 3 25.5

Dismantle Rooms 130-133, 135-143 7 .28 7 13.5 55.5

Decontaminate Room 116 0.5 3 0.5 0.5 4.5

Dismantle Room 116 1.5 6 1.5 3 12

Dismantle Cold Chemical Prep Room 2 6 -- -- 30

Decontaminate Wall Storage Tanks -- 30 -- -- 30

Dismantle Wall Stora9e Tanks 30 120 30 59 239

Decontaminate Room 801 5 30 4.5 5 44.5

Dismantle Room 801 10 40 10 19.5 79.5

Decontaminate Room 801 3 18 3 3 27

Dismantle Room 802 6 24 6 12 48

Decontaminate Room 129 1.5 9 1.5 1.5 13.5

Dismantle Rooms 129 and 134 4.5 18 4.5 9 36

Dismantle Electropolishing Station 2 8 2 8 20

Final Decontamination of Rooms 121, 2 12 2 -- 16

123.126

Decontaminate and Dismantle Rooms 2 8 2 2 14

108-111

Dismantle Room 117 3 12 -- 12 27

Decontaminate Room 201 3 12 3 3 21

Dismantie Rooms 201 and 202 7 28 7 13.5 55.5

Decontaminate Sewage Lagoon 9 36 9 -- 54

Operate Electropolishing Station 128.5 514 132 252 1026.5

Operate Packaging and Shipping 140 280 145 137 702

Operate Scrap Recovery and Waste 38 152 34 74 298
Ireatment

Package and Ship Contaminated Rubble 1.5 o 3 -- 13.5

Total Man-Weeks 551 2030 538 936 4055

ICI 11.0 40.6 10.8 18.7 81.1Total Man-Years

(a) Numbers shown are f or computational accu acy. and do not imply accuracy to three to five significant figures.r

(b) See Section A.2 for f unctions of the process rooms.
(c) A total of 50 weets/ year is assisned. D.35
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combustible and noncombustible trash (protective clothing, contami-e

nated tools, rags, paper, plastic, metal scrap, etc.)

possibly, sludge from the sewage lagoons.e

The bulk of the material that must be packaged for disposal will be con-
taminated with plutonium and uranium. The NRC has adopted a rule requiring
that all wastes contaminated with more than 10 nanocuries of transuranic ele-
ments per gram of waste be classified as TRU wastes (7) and shipped to a federal
repository. Non-TRU wastes are assumed to be disposed of at shallow-land
burial sites.

In this study, it is assumed that most decommissioning wastes initially
have levels of plutonium contamination that would require the wastes to be
disposed of at a federal repository. Electropolishing is used in this study to

reduce plutonium contamination levels on some of these wastes so that they can
be disposed of by shallow-land burial. Details of assumed waste volumes for
contaminated process equipment, tanks, and glove box sections postulated to
require disposal at a federal repository or a shallow-land burial site are
given in Reference 6. All of the contaminated ductwork and piping is electro-
polished. The level of plutonium contamination in the sludge from the sewage
lagoons is assumed to be low enough to leave the sludge in place. Alterna-
tively, if sludge removal is required, it is assumed to be disposed of by shal-
low-land burial . All other decommissioning wastes are postulated to require
disposal at a federal repository.

Only solid wastes are assumed to be transported to a commercial burial
ground or federal repository. Radioactive liquids generated during chemical
decontamination activities are concentrated by evaporation and solidified by
mixing with cement. The resultant solid is packaged in 208-t (55-gal) steel
drums and shipped to deep geologic disposal.

Non-TRU wastes from decommissioning operations are packaged for shipment
in 208-t (55-gal) steel drums or in plywood boxes. Package surface dose rates
vary from a few micro-roentgen per hour to a few mi'lli-roentgen per hour.
Shipment is by truck in sole-use closed vans. The distance from the M0X plant
to a shallow-land burial site is assumed to be 800 km (500 mi).

TRU-contagated decommissioning wastes are packaged in D0T specification
7A steel boxes or in 00T specification 17C 208-t (55-gal) steel drums.(8)
Drums and boxes are placed in a Super Tiger * overpack and shipped by truck to a
federal repository. The Super Tiger * is described in Figure C.4-2. The di s-
tance from the MOX plant to the federal repository is assumed to be 2400 km
(1500 mi).
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All shipments of decommissioning wastes are made in compliance with fed-
eral,' state, and local regulations as described in Reference 7.

Table D.4-2 gives estimated weights and volumes of decommissioning wastes
from DECON at the reference M0X fuel fabrication plant, together with packag-
ing, shipping, and disposal requirements for these wastes. It is assumed that
the sludge from the sewage lagoon would not require removal. However, an
estimate of packaging and shipping requirements for removal of contaminated
sludge from the sewage lagoon is given separately, in the event that sludge
removal is required.

D.5 DETAILS OF COSTS OF DECOMMISSIONING AT A REFERENCE MIXED-0XIDE PLANT

This section presents the estimated costs of decommissioning the reference
M0X plant via the DECON decommissioning alternative following an accident and
the subsequent accident cleanup campaign. The costs developed here are based
on the detailed descriptions of the decommissioning activities and requirements
presented previously in Section D.4 and on the cost estimating bases presented
in Appendix H. Cost information, from Reference 6, for the decommissioning of
the reference M0X plant following normal shutdown is also used where appli-
cable. The decommissioning costs are all adjusted to 1981 dollars and are
developed on a consistent basis with the costs of accident cleanup presented in
Section D.3.

The costs of decontaminating and disposing of systems and facilities
required for accident cleanup are included in the estimates presented in this
section.

D.5.1 Cost Estimates for DECON

The estimated costs for DECON at the reference small M0X plant following
the reference accident and the subsequent cleanup campaign are summarized in
Table' D.5-1. DECON is estimated to require about 1.8 years (plus one year for
planning and preparation) at a cost of approximately $11.4 million.

Manpower costs include both support staff and decommissioning workers and
represent about 58% of the total cost of DECON. In Table D.5-1, manpower costs
are shown separately for the planning and preparation and the decommissioning
phases of DECON. These costs include onsite labor for packaging radioactive
waste materials for shipment. Labor costs related to radioactive waste trans-
portation are included in waste management costs since transportation is per-
formed by a specialty contractor.
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TABLE D.4-2. Waste Disposal Requirements for DECON at the Reference M0X Plant (a)
.

Shipping Shipping Number Containers
_ . Weight

Volp) Container of per TruckWaste Category (kg) (m Type Containers Shipment .$hipments
Deep Geologic Disposal

Glove Boxes and Hoods 45 000 40.6 1.2 x 1.2 x 1.8-m 16 3 6
Steel Box

! Tanks and Equipment 7 000 6.4 1.2 x 1.2 x 1.8-m 3 3 1 .

"

Steel Box i

HEPA and Roughing Filters 11 000 34.3 1.2 x 1.2 x 1.8-m 14 3 5
-

; Steel Box
'

Concrete Rubble 24 000 20.0 208-1 (55-gal) 100 42 3o Steel Drum
| 'w Solidtfled Decontamination 46 000 14.4 208-1 (55-gal) 72 24(b) 3 :m Liquids Steel Drum

I

[ Trash 38 900 48.6 243 42 _6
Totals 172 000 164 33 boxes 24;

415 drums

Disposal by Shallow-Land Burial'

| Glove Boxes and Hoods 106 000 94.2 2.6-m Plywood Rox 36 6 6
3

3Tanks and Equipnent 114 000 101.8 2.6-m Plywood Box 40 6 7
,

| Piping, Valves and Ductwork 80 000 71.0 2.6-m Plywood Box 28 5
3

i Totals 300 000 267.0 104 18
Sludge from Sewage LagoonIC) 3 500 000 2 930 2.6-m Plywood Box 1 127 6 188

3,

(a) Number of figures shown.is for computational accuracy and does not imply accuracy to three or four
,

significant figures.3

!
'

(b Number of containers per shipment is limited by weight rather than by volume.
(c Listed for information purposes in the event that sludge removal is required. Not included in totals. ;

;

l,

!

i
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at the Reference M0X Plant a) Post-Accident DECON
Summary of Estimated Cost 9fTABLE D.5-1.

t

Cost in Millio s)of
Percent of

1981 Dollars b TotalCost Category

Staff Labor
Planning and Preparation 0.946 10.3
Decommissioning 5.269 57.5

Equipment and Supplies 1.217 13.3

Disposal of Radioactive Material 0.820 9.0 1

Miscellaneous Owner Expense 0.670 7.3

Specialty Contractors 0.238 2.6

Subtotal 9.160 100.0

Contingency (25%) 2.290

Total Decommissioning Costs 11.450

(a) Summary does not include the cost of packaging and disposal to shallow-
land burial of the sludge from the sewage lagoons that would add an
additional $0.75 million in waste disposal and contingency costs.

(b) Number of figures shown is for comp 0tational accuracy and does not
imply precision to _ the nearest thousand dollars.

D.S.2 Costs of Staff Labor

Table D.5-2 shows staff labor cost estimates for the planning and prepara-
tion phase of DECON, and Table D.5-3 shows staff labor costs for the decommis-
sioning phase. For planning and preparations, the labor cost is about
$0.9 million. For decontamination and removal of contaminated materials, the

labor cost is about $5.3 million. The total labor cost for DECON is therefore
about $6.2 million without contingencies. Manpower costs shown in Table 0.5-3,

' include labor costs for packaging radioactive waste materials for shipment.
These costs do not include specialty labor costs.

D.5.3 Material and Equipment Costs for DECON

Estimates of material and equipment costs for DECON are shown inI

Table D.5-4. Costs of decontamination chemicals are calculated on the basis of
quantities required for decontamination and unit costs given in Appendix H.1.

Cleaning supplies represent a major cost item and include assorted clean-
ing agents, rags, mops, brushes, plastic bags, plastic sheeting, etc. The cost4
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TABLE D.5-2. Summary of Manpower Costs for Planning and
Preparation Phase of DECON at the Reference
M0X Plant

Title or Function Cost ($ Millions)(a,b) |

Project Manager 0.103

Project Engineer 0.088

Health and Safety Supervisor 0.066

Contracts and Accounting Specialist 0.044

Accountant 0.033

Radioactive Shipment Specialist 0.0444

Q. A. Engineer 0.053

Planning Engineer 0.061

Engineering Technician 0.112

Operations Supervisor 0.122

Foreman 0.136

Secretary 0.084

Total Cost 0.946

,

(a) Number of figures shown is for computational accuracy
and does not imply precision to the nearest thousand,

dollars.
,

(b) Contingency of 25% is not included in these costs.

of protective clothing includes the cost of laundering the clothing by an _out-
side contractor and is estimated to be about $1385 per week. The total cost of
material and equipment for DECON at the reference M0X plant is estimated at
about $1.2 million without contingency. '

'

D.5.4 Waste Management Costs

The estimated costs of container, transportation, and disposal of the
radioactive wastes. from the reference M0X plant are summarized in
Tabl e - 0. 5-5. Cost estimates are based on projected packaging and shipping
requirements in Section D.4 and on waste management cost data in Appendix H.

,

,

r
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TABLE 0.5-3. Summary of Manpower Costs for DECON at
the Reference MOX Plant

|Title or Function Cost ($ Millions)(a,b,c)
Project Manager 0.181

Project Engineer 0.153

Health and Safety Supervisor 0.115

Health Physics Technician 0.355

Security Force Supervisor 0.083

Security Patrolman 0.413

Contracts and Accounting Specialist 0.078

Accountant 0.029

SNM Accounting Specialist 0.094

SNM Accounting Clerk 0.029

Radioactive Shipment Specialist 0.079

Q. A. Engineer 0.106

Planning Engineer 0.106

Engineering Technician 0.064

Maintenance and Crafts Supervisor 0.197

Maintenance Man 0.126

Custodian 0.058

Craftsman 0.673

Operations Supervisor 0.212

Foreman 0.524

Technician 1.496

Secretary 0.098

Total Cost 5.269

(a) Number of figures shown is for computational accuracy and does not
imply precision to the nearest thousand dollars.

(b) Information given is for support staff and decommissioning workers.
(c) Contingency of 25% is not included here.
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TABLE D.5-4. Estimated Material and Equipment Costs for DECON
at the Reference M0X Plant

,

.
Estimated
Total Cost

Description Quantity ($ thousands)(a)
'

0xyacetylene Torch 2 ea 2.8 i

. Portable Plasma Cutting Torch 4 ea 110.8

Arc Saw 1 ea 138.5
'

-Guillotine Pipe Saw 2 ea 2.8
Tube Cutter 2 ea 0.8
Ratcheting Pipe Cutter 6 ea 0.4.

i Reciprocating Saw 4 ea 2.8

Nibbler 2 ea 2.8
I High-Velocity Liquid Jet 1 ea 6.9

Low-Velocity Liquid Jet 2 ea 5.5

Hydraulic Concrete Surface Spalling Device 1 ea 6.9

Concrete Drill 2 ea 0.6
;

iElectric / Pneumatic Hammer 2 ea 1.4

Portable Filtered Ventilation Enclosure 1 ea 2.1
Supplied Air bubble Suit 200 ea 13.8.

Electropolishing System 1 ea 138.5

Portable Fume Exhaustor 1 ea 9.7 I

Waste Compactor 1 ea 16.6
!HEPA Filter 50 ea 10.4

Roughing Filter 50 ea 3.5
Decontamination Chemicals 36.7

Cleaning supplies 346.0

; Expendable Tools 138.5

Protective Clothing (including laundry) 113.6

Office Supplies>

Planning and Preparation 69.2
Decommissioning 34.6

3Cement 10 m 0.93

$ Total 1217

; (a) Contingency of 25% is not included here.
i i

?

D.42

i
i

-.n. , - . - - - - _ ~ , . - - , - _ . , , _ , - v,,, -- - - , . . , - - - , _ . . , , ,- , .-,



. __ __

i

TABLE D.5-5. Estimated Costs for Packaging, Transportation, and
Disposal of Radioactive Material from DECON at the
Reference M0X Plant.

Costs in Thousands of 1987 Dollars (a)

Waste Category Container Transportation Burial Total (b)
Deep Geologic Disposal

Glove Boxes and Hoods 28.8 33.4 121.0 183.2
Tanks and Equipment 5.3 5.5 27.7 33.5
HEPA and Roughing Filters 24.9 26.3 105.8 157.1
Concrete Rubble 6.1 17.6 61.1 84.8
Solidified Decontamination Liquids 5.3 18.6 44.0 67.9
Trash 13.4 33.4 148.5 195.3

Subtotals 83.8 134.8 503.2 721.6

Disposal by Shallow-Land Burial

Glove Boxes and Hoods 6.48 7.95 12.2 26.6
Tanks and Equipment 7.20 9.28 13.55 30.1
Piping, Valves, and Ductwork 5.04 6.62 9.47 21.1

Subtotals 18.7 23.8 35.2 77.7
Totals w/o Sludge 102.5 158.6 538.3 799

Sludge from Sewage Lagoons (C) 202.9 249.3 381.4 834

Totals with Sludge 305.4 407.9 919.8 1633

(a) Number of figures shown is for computational accuracy and does not imply three-
or four-place accuracy in waste management cost figures.

(b) Contingency of 25% is not included here.
(c) Listed for information purposes in the event that sludge removal is required.

The total waste management cost for DECON is estimated to be about
$0.8 million without contingency. If packaging and disposal of the sludge in
the sewage lagoon is required, it would add about $0.6 million (without contin-
gency) to this cost.

Waste management costs for wastes shipped to deep geologic disposal are
significantly higher than they are for wastes sent to shallow-land burial. For
example, the total cost of the container, transportation, and disposal of a
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32.6-m plywood container of contaminated glove box sections sent to shallow-
land burial is estimated to be about $734. The total cost of the container,

3transportation, and disposal of a 2.6-m steel container of contaminated glove
box sections sent to deep geologic disposal is estimated to be about $11,500.
Most of this cost differential is due to the greater disposal cost assumed for

3deep geologic disposal ($3900/m ) compared to the disposal cost assumed for
3shallow-land burial ($130/m ),

0.5.5 Miscellaneous Owner Expenses

i
Estimated miscellaneous owner expenses for DECON are shown in Table D.5-6.

TABLE D.5-6. Estimated Miscellaneous Owner Expenses for
DECON at the Reference M0X Plant

>

Cost in Thous nds)of1981 Dollars a,bCost Category

Utilities 138.5

Taxes 24.9

License Fee 300.0
.

Insurance 207.8
'

Total 670.3
.

(a) Number of figures shown is for com-
putational accuracy and does not
imply precision to the nearest
thousand dollars.

(b) Contingency of 25% is not included
here.

Utilities' costs and property tax charges are based on actual experience
at the reference plant. Utilities' costs are based on an average charge of
about $2000 per month, and property taxes are based on a charge of approxi-

' mately $16,600 for calendar year 1981.

The operating 1 cense fee for a M0X plant is currently set by the NRC at
$300,000 per year.(9 The amount of this fee that would have to be paid during
the decommissioning period has not been determined. For estimating decommis-
sioning costs, it is assumed that the full fee would be paid during the first
year, while the scrap recovery and waste treatment facilities of the plant are
being used to recover plutonium from decommissioning wastes. Thereafter, the

>

i
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fee for a possession-only license ($830 per year),(9) or a modified operating
license is assumed to be applicable.

The cost of nuclear liability insurance for a facility being decommis-
sioned has also not been determined. An allowance of $200,000 is included for
the annual insurance premium for nuclear liability and conventional insurance.

D.S.6 Specialty Contractor Costs-

Specialized services are required to accomplish the DECON of the reference
small M0X plant. These services are assumed to be supplied by the specialty
contractors listed below. Costs shown do not include the 25% contingency used
when adding the total decommissioning costs in this study.

Electropolishing

An electropolishing unit is installed in Room 123 to decontaminate piping,
ductwork, tank sections, and glove box sections to levels that allow disposal
by _ shallow-land burial. Electropolishing of some larger tanks is carried out
in place. It is assumed that a consultant is hired for a period of three
months to assist in setting up the electropolishing unit, train the crew, and
supervise the initial operation of the system. Total cost of the consultant is

estimated to be $22,000 based on a fee of $350 per day.

Removal of Wall Tanks

A crane is used to lift the vault storage tanks and the large liquid waste
tanks in Room B02 through openings in the roof of the building. Estimated
costs of the crane and of operating personnel are presented below. Labor costs
are taken from Reference 10 and have been increased by 30% to allow for infla-
tion to 1981 dollars. Work is assumed to be performed on a two-shift per day
basis, the same as for other decommissioning activities.

Crane Rental - $4850/wk x 16 wk = $78 000
Foreman (2) - $1250/wk x 16 wk = 39 900
Equipment Operator (2) - $1050/wk x 16 wk = 33 000
Laborer (4) - $760/wk x 16 wk = 48 800

Total $200 000

Decommissioning of Sanitary Lagoon

The Sanitary Lagoon is decommissioned by allowing the water in the ponds
to evaporate, after which the polyvinyl chloride liner is punctured to provide
a path for water to pass through the liner. The ponds are backfilled with soil
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to a total thickness of about 0.6 m (2 ft) above grade level, and the soil cap
is compacted and mounded. Grass is planted to reduce erosion and control water
runoff.

-Estimated costs of decommissioning the sanitary lagoon are presented in
Table 0.5-7. Labor costs are taken from Reference 10 and have been increased
by 30% to allow for inflation to 1981 dollars.

TABLE D.5-7. Subcontractor Costs to Decommission the Sanitary Lagoon
at the Reference M0X Plant

Activity Basis,_ Cost ($)(a)

3 3
Backfilling $7400 m at $0.70/m 5 1002

Grader $700/wk for one week 700

Dump Truck $700/wk for one week 700

Loader $1400/wk for one week 1 400

Foreman $1200/wk for one week 1 200

Equipment Operator Two men at $1000/wk for 2 000
one week

Laborer Two men at $750/wk for 1 500
one week

Grade, Seed, Fertilize 3700 m2 at $1.10/m2 4 100

Total 16 700

(a) Contingency of 25% is not included here.
;

i

,
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APPENDIX E

w

DETAILS OF URANIUM FUEL FABRICATION PLANT CLEANUP AND DECOMMISSIONING

To supplement the discussion in Chapter 9 of Volume 1, this appendix pro-
vides details of the technical requirements and manpower needs for accidentA discussion
cleanup at the reference uranium fuel fabrication (0-Fab) plant.The accident postu-
of the rationale for accident cleanup is also provided.
lated in this report results in the severe contamination of the U-Fab plant.

The first activities following stabilization of an accident consist of an
accident cleanup campaign with the following goals:

to reduce the initial high levels of radioactive contamination pre-1.
sent on building surf aces and equipment, thereby reducing the radi-
ation dose received by workers engaged in cleanup and decommissioning
operations

to collect, package for disposal, and dispose of the readily disper-2.
sible radioactivity present in the plant.

To achieve these goals, the cleanup campaign is postulated to include the
following tasks:

processing of contaminated liquids generated by the accident (and bye
decontamination operations) to remove and immobilize radioactive
contaminants

initial decontamination of building and decontamination or disposale
of some equipment

solidification and packaging of wastes from accident cleanupe
operations.

Even if aThe rationale for accident cleanup is discussed in Section E.1.
decision is made to refurbish rather than to decommission an accident-damaged
plant, the same accident cleanup tasks would be required whether the plant wasA decision point relating to
refurbished for restart or decommissioned.
restarting the plant or completing the decommissioning must be made followingThis decision point could be earlier, butthe completion of accident cleanup.
an early decision to restart would probably have minimal impact on the require-
ments for accident cleanup.

E.1
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Because accident cleanup activities would be similar whether the plant is
restarted or decommissioned, the requirements, costs, and safety analysis given
in this report are considered to be representative. This study does not
include consideration of activities related to restart of a U-Fab plant follow-
ing the accident cleanup period. Accident cleanup activities are independent
of the alternative (DECON or SAFSTOR) chosen to decommission the facility,
although the methods
sioning alternative.(uged to complete certain tasks may vary with the decommis-a,

Details of accident cleanup are discussed in Section E.2, including
cleanup methods and procedures, schedules and manpower requirements, and occu-
pational radiation doses. The costs of accident cleanup are discussed in Sec-

| tion E.3. Decommissioning activities that follow accident cleanup are
discussed in Section E.4. The costs of decommissioning are discussed in Sec-
tion E.5.

E.1 RATIONALE FOR ACCIDENT CLEANUP AT A REFERENCE URANIUM FUEL
FABRICATION PLANT

Cleanup tasks are assumed to be performed prior to other operations of
whichever alternative is chosen to decommission the facility. The rationale
for their early completion is given in the following paragraphs.

In keeping with ALARA principles, decontamination efforts during accident
cleanup are restricted to those operations that result in the greatest reduc-
tion in residual radioactive contamination with the least radiation dose to
decontamination workers. These operations include washdown of building sur-
faces using water jet equipment, and installation of temporary shielding around
localized hot spots. Hands-on decontamination work using mops and wipes with
assorted cleaners is performed in those instances where significant reductions
in local area radiation dose rates can be readily achieved.

A decision to decommission or to refurbish a facility does not affect the
goals of accident cleanup or the tasks that must be accomplished during
cleanup. A decision about future use of the plant might, however, affect the
choice of procedures used to accomplish certain cleanup tasks. For example, a
decision about whether some equipment was to be disposed of or reused could
affect the choice of chemicals used to decontaminate the equipment.

As defined in this study, accident cleanup does not include the extensive
hands-on decontamination operations required to reduce surface contamination

(a) In this study, cleanup methods are assumed not to vary substantially with
decommissioning alternative.
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inside the plant to levels suitable for release of the facility for unre-

stricted use. That additional decontamination would take place during
decommissioning activities. In addition, as defined in this study, accident

cleanup does not include the additional hands-on decontamination to reduce
rtdiatica levels to low enough values to permit the extensive work necessary
durir9 refurbishment of the facility.

E.2 DETAILS OF ACCIDENT CLEANUP AT A REFERENCE URANIUM FUEL FABRICATION PLANT

Details for accident cleanup at the reference U-Fab plant, including
details of the preparation for accident cleanup, are presented in this section.

E.2.1 Details of Preparations for Accident Cleanup

A period of planning and preparation precedes the actual performance of
cleanup operations within a U-Fab facility that has been involved in an acci-
dent. Planning and preparation activities and the manpower requirements for
their performance are described in this section.

In the studies of decommissioning following normal shutdown, planning and
preparation activities for decommissioning were assumed to take place during
the final seven months of plant operation. ,Following an accident, several
planning and preparation tasks must be completed before accident cleanup opera-
tions can begin, thereby delaying the start of these operations. Other plan-
ning and preparation tasks cannot be completed during the initial preparations
phase and must be deferred until some cleanup renders the accident-damaged
facility more accessible for detailed examination.

Planning and Preparation Activities

Several planning and preparation activities must be performed prior to the
operational phase of cleanup. These activities include:

e contaminated area entry and data acquisition
e prepare documentation for regulatory agencies

design, fabricate, and install special equipmente

e develop detailed work plans and procedures
i e select and train accident cleanup staff.

Contaminated Area Entry and Data Acquisition. Data on the post-accident
( radiological and physical condition of the plant are obtained and analyzed

during planning and preparation activities. These data provide a basis for
;

planning accident cleanup operations and for selecting appropriate methods and
equipment to perform the cleanup. The data also provide information needed to
prepare documentation for regulatory agencies.

.
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Radiation surveys are performed to measure contamination levels and radia-
tion exposure rates inside the damaged area. These surveys provide information
on which to base decisions about decontamination requirements and work proce-
dures as well as baseline data for later use in judging the effectiveness of
cleanup operations. Initial radiation surveys are made as detailed as possible
without excessive exposure to personnel performing the surveys.

Additional data needed for planning cleanup and decommissioning operations
include information about the operational status of plant systems and services
(such as radiation detectors, ventilation equipment, electrical services,
cranes, radwaste equipment, etc.).

Initial entries into the U-Fab plant may provide only limited information i
or information of a general nature, especially following a severe accident
where radiation levels are high and time of access is limited. More detailed
information about the ondition of the facility can be obtained after initial

decontamination of building surfaces to reduce exposure rates is completed.

Radiation surveys continue during cleanup operations to evaluate the
effectiveness of these operations. A comprehensive radiation survey, taken
after accident decontamination is completed, provides the basis for planning
final decommissioning operations.

Prepare Documentation for Regulatory Agencies. At the start of planning
and preparation activities, the current status of all existing regulations,
guides, and standards that apply to a U-Fab plant that has been involved in an
accident must be reviewed by tne licensee who must accomplish the cleanup and
decommissioning in compliance with their provisions. The cleanup and decommis-
sioning of an accident-damaged plant by the licensee is also subject to state-
ments, orders, and amendments to the facility license issued by the NRC pur-
suant to its statutory authority for regulating nuclear fuel cycle activities.<

A major planning task is the preparation by the licensee of the necessary
documentation to amend the facility operating license to maintain the plant in
a safe shutdown condition and to obtain regulatory approvals to proceed with
cleanup operations. Regulations pertaining to termination of the operating
license are set forth in Section 50.82 of Part 50 of Title 10 of the Code of
Federal Regulations. Regulatory Guide 1.86 describes methods acceptable to the
NRC for satisfying the requirements of Section 50.82. Documentation that must
be provided by the licensee includes:

a description of the current facility statuse

a description of the ultimate facility statuse

i
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! proposed changes to the technical specificationse

descriptions of proposed cleanup and decommissioning operations ande

associated environmental and safety precautions

safety and environmental analyses of cleanup and decommissioninge

operations and of any resultant releases of radioactivity

safety and environmental analyses of the plant in its ultimatee

status.

Consistert with the intent of 10 CFR 51, Licensing and Regulatory Policy
and Procedures for Environmental Protection, and in keeping with the purposes
of the National Environmental Policy Act (NEPA), before decommissioning begins,
an environmental impact statement or environmental assessment may be needed
describing the probable effects of the proposed cleanup and decommissioning
actions. The licensee is required to provide supporting information to assist
the NRC in the preparation of these documents. As an illustration of the type

of documentation required, the requirements for the damaged reactor plant TMI-2
are outlined in Section D.2 of Appendix D. The requirements for a reactor
would probably be more stringent than for a fuel cycle facility.

The cleanup and decommissioning of an accident-damaged plant is also sub-
ject to constraints imposed by statements, orders, and amendments to the facil-
ity license issued by the NRC subsequent to the accident. The time requirement
for furnishing information to regulatory agencies, issuing environmental state-
ments and assessments, and securing regulatory approvals to go ahead with spe-
cific cleanup tasks is a critical factor in determining when actual cleanup

operations can begin.

Design, Fabricate, and Install Special Equipment. Planning and prepara-
tion includes the identification and procurement of special tools and equipment
required for accident cleanup and decommissioning. A list of special tools and

equipment is given in Table 9.3-3 in Chapter 9. Some items, such as cutting
tools or decontamination equipment, can be identified early in the planning
stage before actual cleanup begins. Other items may not be identified until
the initial building decontamination is completed.

Major facilities and equipment items required for cleanup of an accident-
damaged U-Fab plant include an evaporator / solidification facility to process
the decontamination solutions generated, and a laundry facility.

Many of these facilities and equipment items require design and develop-
ment work as well as actual fabrication and testing. Evaporator / solidification

facilities, and laundry facilities are commercially available and can be pur-

chased or rented.

E.5



, .

_ _ _ _ _ _ _ _ _

Designs and specifications are prepared for each special equipment item
required. When the item is procured, it is inspected to verify that it meets
specifications and complies with applicable quality assurance and safety
requirements. It is then tested to ensure that it performs as required. The

testing also serves to train personnel in the use of the equipment and to pro-
vide pertinent data on its operation.

Develop Work Plans and Procedures. Detailed work plans and procedures are
developed based on an evaluation of the condition of the plant following an
accident and on the requirements for accident cleanup. Work plans are included
in documentation provided to the NRC with the request for license amendment.
The detailed plans and procedures contain all the information required to
actually carry out the accident cleanup tasks. They address the following
items:

regulatory requirements and constraintso
e decontamination methods and procedures

schedules and sequences of eventse
manpower requirementse
equipment requirementse

e contamination control
radiological and industrial safetye
packaging and disposal of radioactive wastese

quality assurance.e
Physical security and environmental constraints are also considered. Plans are
updated as the accident cleanup work proceeds and additional data on the phys-
ical and radiological status of the facility becomes available.

Select and Train Accident Cleanup Staf f. The selection and training of
operations staff for accident cleanup is an important part of planning and
preparation. Staffing requirements are identified during this period, and key
positions are filled with qualified engineering and operating personnel.

Detailed knowledge of and familiarity with the facility being decontami-
nated increases the effectiveness of the cleanup staff. Consequently, posi-
tions are assumed to be filled, whenever possible, with personnel familiar with
the construction and operation of the plant, to capitalize on experience and
minimize training requirements. Additional training required to perform spe-
cific cleanup tasks is provided, with special emphasis given to the use of new

E.6 |



E

I

and unique equipment and procedures. This results in improvements in effi-
ciency and reduces occupational exposures when actual cleanup operations are
performed inside the plant.

Because of the relatively high exposure rates encountered and the need to
limit individual radiation doses, large numbers of persons are involved in
accident cleanup operations. Many of these individuals are unfamiliar with the
plant, and.some are unfamiliar with the basic principles of radiation protec-
tion. These persons require an orientation in the layout of the plant and in
basic radiation protection procedures as well as specific instruction in the
tasks to be performed.

Time Requirements for Preparations for Accident Cleanup

Time requirements for planning and preparation depend on several factors
including the severity of the accident, the time needed 'to design, fabricate,
install, and test special facilities and equipment, and the time required to
secure regulatory approvals for specific cleanup tasks.

The time required to secure regulatory approvals for specific cleanup
operations is'a critical factor in determining when these operations can begin.
Delays by the licensee in responding to requests for information and/or delays
in the review process that precedes the issuing of regulatory approvals could
significantly delay.the start of accident cleanup operations. In this study,

planning and preparation activities that precede accident cleanup at the U-Fab
plant are estimated to require approximately 0.5 years.

Occupational Doses for Preparations for Accident Cleanup

The major source of occupational radiation dose during preparations for
accident cleanup is-the dose received by workers who enter the contaminated
building area to measure contamination levels and radiation exposure rates,
assess the damage to the building and equipment, install monitoring systems,
and make minor repairs to essential systems and equipment. The assumed average

. external whole-body doses received by these workers are summarized in Table
'

E.2-1. Average dose rates are based on accident scenario information presented
in Chapter 6 in Volume 1.

Workers are assumed to spend an average of one hour in the contaminated
area during each entry. All personnel entering the contaminated areas wear
protective clothing and full-face respirators. For entries following the
reference accident, the average individual worker dose per entry is 0.02 rem.

Staff-Requirements for Preparations for Accident Cleanup

The staff organization for preparations for accident cleanup includes a
cleanup planning branch, a plant operations branch, and several site support
branches.
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TABLE E.2-1. Estimated Occupational Doses to Workers Entering

dent Cleanup at the Reference U-Fab Plant (a)cci-
Contaminated Areas During Preparations for A

Number of Entries into Contaminated Area 4

Average Time per Entry (hours) 1

Average Dose Rate (rem /hr) 0.02
Number of Workers per Entry 4

Total Accumulated Occupational Dose (man-rem) 0.32
1

; (a) Preparations for accident cleanup are assumed to
require 0.5 years following the accident.

I

dajor activities of the cleanup planning branch include:

e preparation of documentation for regulatory agencies

e preparation of design specifications for special facilities and
equipment

e preparation of detailed work plans and work schedules. '

e acquisition of data on the radiological and physical condition of the ,

plant

testing of equipment and procedures to be used in cleanup operationse

installation or repair of systems required for accident cleanupe
(e.g., reroute piping connections, install systems for remote moni-
toring,etc.).

The plant operations branch has the responsibility to maintain the plant
in a' safe shutdown condition. In addition to operations in the control room,
this responsibility entails the following activities:

-e maintain and repair systems required to keep the plant in a safe
shutdown condition

monitor and maintain auxiliary systems such as plant communications,a

heating, ventilation and air conditioning, etc.

They assist the cleanup planning staff in the acquisition of data on the
radiological and physical condition of the building and in the installation and
testing of systems required for accident cleanup.

j
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Site support-includes radiological health, industrial safety, plant '

. security, procurement and accounting, and quality assurance services.

Estimated staff labor requirements fo.r staff involved in preparations for
accident cleanup are shown in Table 9.2-1 of Chapter 9 in Volume 1.:

In addition to the staff involved in preparations for accident cleanup,
. shown in Table 9.2-1, contractors are hired to provide specific services that
include the following:

. engineering assistance in preparing documentation for regulatorye
agencies, designing special tools and equipment, and preparing work
plans and work schedules

e specialized waste processing services such as evaporation of contami-
nated solutions and incineration of combustible wastes

transportation of radioactive wastes to offsite storage or disposal-e

facilities

i

e laundry services.

E.2.2 Details of Accident Cleanup-

1

'

Procedures for accident cleanup in the U-Fab plant following a serious
accident are described in this section. Work schedules, estimated occupational
doses, and estimated staff labor requirements based on these procedures are-
also presented.-

Procedures for Accident Cleanup

Accident cleanup in the U-Fab plant P, nstulated to include the following

tasks:
e process decontamination solutic.)E
e- initial decontamination

' e remove nonessential items
L e semiremote decontamination
"

.e refurbish or replace essential support systems
e hands-on decontamination

shielding of. hot spots.'e
,

Accident cleanup operations are assumed to reduce general area radiation4

'

exposure rates in the U-Fab plant to the values shown in Table E.2-2. For the
reference accident, cleanup operations are assumed to reduce the radiation
exposure rate to approximately the value that existed during plant operations

; prior to the accident.
..
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TABLE E.2-2. Average General Area Exposure Rates at the Completion of
Accident Cleanup Operations at the Reference U-Fab Plant

Average Exposure Rate (mR/hr)
location Cleanup Following Reference Accident

Operating Floor Level 2

Basement Floor Level 4

As discussed in Section E.1, decontamination activities during accident
cleanup are not designed to reduce exposure rates to levels permitting unre-
stricted use of the facility, but only to limit the doses to workers engaged in

accident cleanup. An additional decontamination would be required during
decommissioning (or refurbishment) to limit the doses to workers engaged in
these activities.

Following are descriptions of the tasks to complete accident cleanup.
,

Process Decontamination Solutions. Chemical decontamination solutions
from initial cleanup operations have radionuclide concentrations in the range

3of 1 Ci/m . Evaporation is a suitable alternative for treatment of these

wastes. An evaporator / solidification facility is rented from a commercial
supplier and installed in the U-Fab plant during preparations for cleanup. The
evaporator bottom liquids are postulated to be solidified with vinyl ester
styrene and packaged in stainless steel liners for interim onsite storage in
the shielded storage facility that is constructed during preparations for acci-

dent cleanup.

Initial Decontamination. The objective of initial decontamination of the

U-Fab plant is to reduce surface contamination levels and resultant radiation
exposure levels to permit reasonable occupancy times for workers engaged in
system cleanup operations. In addition to surface decontamination procedures,
reduction of general area radiation exposure rates requires the removal of'

.

contaminated sludge deposits that remain on the walls and floors after any
'

liquids are removed. The reduction of general area radiation exposure rates
may require that " hot spots" be shielded by using lead sheet or lead bricks,
high-density concrete blocks, or containers filled with water.

A general discussion of procedures for the physical cleaning of surfaces
and equipment is given in Appendix C. For initial decontamination, the follow-

ing sequence of operations is postulated:

1. Remove and package debris and small items of contaminated equipment
that are easily disposed of.

E.10

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



_________ ___ _ ____ -. _ _ _ _ - _ _ _

i

l

2. Employ high-pressure hose wash techniques for semiremote decontami-
nation of building surfaces and equipment.

3. Decontaminate and refurbish or replace essential support systems.

4. Perform hands-on decontamination of selected areas where significant
reductions in radiation exposure can be achieved with modest effort.
Decontaminate floors by scrubbing.

|
5. Provide local shielding of " hot spots."

Remove Nonessential Items. The removal from the building of small, nones-
sential items and debris serves to reduce the general background radiation
level and also clears away materials that can impede the progress of the acci-
dent cleanup effort. Nonessential items include contaminated tools, loose
equipment, barrels, boxes, staging, cables, hoses, wood pallets, etc. Damaged
pipes, cable conduits, and other damaged equipment and fixtures that interfere
with decontamination operations are cut into sections and removed. Items that
are removed from the building are wrapped in plastic and packaged as low-
specific-activity waste for disposal at a shallow-land burial ground.

Semiremote Decontamination. Semiremote decontamination involves the use
of equipment that permits the worker to stay some distance from the radiation
source. High-pressure hose wash is postulated as the method for semiremote
decontamination of the U-Fab plant.

As a decontamination method, hose wash offers several advantages in terms
of flow rate control, flow pattern, and directional properties. These factors
are especially advantageous for the decontamination of hard-to-reach areas.
However, because of low impact forces, if the surface being cleaned is covered
with oil or grease, ordinary hose wash is ineffective. High-pressure water
hoses are effective in removing oil and grease deposits. Depending on condi-
tions and equipment, hose-wash decontamination factors range from 2 to 100.

After completion of the high-pressure hose washdown of building surfaces
and equipment, a radiation survey is performed to assess the effectiveness of
this decontamination procedure. The survey includes sample removals for labo-
ratory analysis as well as air, water, and area radiation surveys.

Refurbish or Replace Essential Support Systems. Severe contamination of
building surfaces and equipment, including the ventilation system, is postu-
lated for the reference accident. To provide adequate ventilation for cleanup
workers, contaminated and damaged ventilations system components must be
replaced or decontaminated and repaired. Contaminated filters are replaced.
Because of the difficulty of cleaning contaminated ductwork, it is assumed that

(
|
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ventilation ductwork is replaced with new ductwork as required to maintain
adequate ventilation inside the building. Building fans and cooling units may
be decontaminated or replaced.

Hands-On Decontamination. Hands-on decontamination is minimized by first
using remote and semiremote decontamination techniques. During accident
cleanup, hands-on efforts are limited to wiping and scouring that must be per-
formed to reduce radiation exposure to workers.

Decontamination of floors is accomplished by scrubbing with brushes or
industrial floor scrubbers and a commercial decontamination agent, and then wet

The wash solution isvacuumingormopgingtoremovetheresultingsolution.
stored in 0.21-m drums until it is solidified for disposal. A final reagent /-

rinse mopping completes the effort.

Shielding of " Hot Spots." Shielding may be required to protect workers
during accident cleanup operations, or it may be required to reduce radiation
exposure from " hot spots" when initial decontamination of an area is completed.
A low-density shielding material, such as wood or plastic, can be used as a
shield for low-energy beta radiation. A thin layer of aluminum or steel can be
used as a shield for high-energy beta radiation. To achieve a reduction in
gamma radiation, lead blankets, lead sheet, lead brick, or high-density con-
crete blocks may be interposed between the gamma source and the work area.

,

Containers filled with water may also serve as temporary shielding materials.
Shielding materials are packaged or covered with plastic or a strippable coat-
ing to prevent their contamination.

Waste Management Details for Accident Cleanup

Detailed estimates of volume and weights of contaminated HEPA and roughing
filters, solidified decontamination liquids, and trash from accident cleanup
are presented in this section. These estimates form the bases for the packag-
ing and shipping requirements.

HEPA and Roughing Filters. The number and volume of HEPA and roughing
filters disposed of during accident cleanup activities and the method of their
disposal are shown in Table E.2-3.

HEPA and roughing filters attached to hoods are 0.2 x 0.2 x 0.1 m thick.
All of these filters are assumed to be incinerated, and the residue is pro-
cessed to recover the uranium.

Ventilation HEPA filters are 0.6 x 0.6 x 0.3 m thick. Ventilation rough-

ing filters are 0.6 x 0.6 x 0.15 m thick. Ventilation HEPA and roughing fil-
ters that are not incinerated are assumed to be packaged in plywood boxes and

1

shipped to a low-level waste burial site for disposal.
'

4
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. TABLE E.2-3. Estimated Sources of.HEPA and Roughing Filters for
Disposal Durigg Accident Cleanup at the Reference
U-Fab Plant (a;

r

Voline
Itaber of Filters timber (b) Maber Sipped Sigped

. Filter location - HEPA Rou@ing Incinerated HEPA Rou@ing (m')

Intenrediate-Stage Filters for Rx)ds 120 .200 -300 6 6 '1
' Roan Ventilation Filters 355 355 614 -48 48 8

Exhaust Air Filters 250 250 -(c) 250 250 41

Filter (hanges 10 100 110 -- -- --

Total 50

,

(a) Matier of significant figures shan is for cmputational carpleteness and does not inply
acctracy to the nuiber of figures shown.

(b) Incinerated filters are processed to recover the uraniun.
(c) A dash indicates that this infonmtion is not applicable.

3The average bulk density of the filters is assumed to be 320 kg/m .

Solidified Decontamination Liquids. The volume of solidified decontami-

nation liquids shipped from the reference plant to low-level waste burial dur -
ing accident cleanup is 8 m . Decontamination liquids are assumed to be pro-
cessed by evaporation and solidified by incorporation into cement. Evaporation

|
of flush solutions is assumed to resu,lt in a reduction factor of ten in liquid

-volumes. Cementation of the concentrated liquid is assumed to result in
i. a volume increase by a factor of two, with a net volume reduction factor. of

five from the flush solution volumes to the packaged solidified waste.

The averagg bulk densigy of solidified decontamination liquids is assumed
to be 3200 kg/m (200 lb/ft ), based on shipping volumes.

I Trash. Trash includes the following used and contaminated materials:
o rags, paper, plastic

tools and equipmente

protective clothinge
e incinerator ash

,

laboratory glassware and plastic, etc.e

Contaminated trash is assumed to be packaged for disposal in 208-1
,

-(55-gal) drums and shipped to a low-level waste burial ground.
.:

'

The amount of trash requiring disposal is difficult to estimate, but

|.
because'of the nature of the decommissioning activities, the volume of trash
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generated during accident cleanup is expected to be large. In this study, the

untreated volume of contaminated trash is assumed to equal the total shipping
valume of all of the glove boxes in the plant. Eighty percent of the trash

generated during accident cleanup is assumed to be compactible by a volume
reduction of 5:1, and is so treated. The final shipping volume is thereby

3estimated to be 12.0 m ,

3The average bulk density of the treated trash is assumed to be 800 kg/m
3(50 lb/ft ),

Schedules and Cleanup Worker Requirements for Accident Cleanup

Task schedules and sequences and cleanup worker requirements for accident
cleanup at the U-Fab plant following the reference accident are shown in Fig-
ure 9.2-1. Accident cleanup in the building is estimated to require approxi-
mately one-half year following the reference accident. Time requirements for
accident cleanup are measured from the start of building decontamination opera-
tions and do not include the estimated 0.5 years required for preparations for
accident cleanup.

The following bases and assumptions are used to estimate time and manpower
requirements for accident cleanup in the U-Fab plant.

,

1. In general, the time required to perform a particular cleanup task is
determined by estimating the time requirement for efficient perform-
ance of the task and doubling this time to account for inefficiencies

associated with work in high radiation areas.

2. Decontamination workers are assumed to spend only four hours inside
the U-Fab plant during an eight-hour shif t. The remaining time is
assumed to be required to put on and remove protective clothing,
rehearse cleanup procedures, etc.

3. Most accident cleanup tasks are performed on a basis of two shifts,
five days a week. Exceptions to this general rule are noted below.

4. Training time for staff involved in cleanup operations is included in

time and manpower estimates for completion of the various cleanup
tasks.

5. Cleanup following an accident provides unique opportunities for
research in areas related to accident consequences (contamination
dispersal mechanisms, waste management require'ments, etc.). However,
in this report, no scheduling allowances are made for research and
development activities except those related to the design, fabrica-
tion, and testing of the special tools and equipment required for
decontamination and defueling operations.

E.14
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Cleanup worker requirements include only the labor required to actually
complete the cleanup tasks and to provide radiation monitoring and craft sup-
port to decommissioning workers and do not include the extra labor needed to
maintain compliance with occupational radiation dose limits.

Occupational Doses for Accident Cleanup

Estimated occupational radiation doses to cleanup workers during accident
cleanup following the reference accident are shown in Table E.2-4. The occupa-
tional doses shown in the table are external doses from gamma radiation.
Workers are assumed to use respiration devices as necessary to protect against
the inhalation of radioactive particulates. Cleanup workers are those having
work assignments in the building.

Dose calculations are based on time and mannower requirements shown in the
task schedules for accident cleanup. Exposure hours are estimated on the basis
that workers engaged in decontamination operations and in the installation and
repair of systems needed for accident cleanup spend an average of four hours
inside the U-Fab plant during an eight-hour shift. Workers who operate the
evaporator systems or are engaged in waste-packaging activities spend an aver-
age of six hours in a radiation area during an eight-hour shift.

Total estimated occupational radiation, doses to cleanup workers for acci-
dent cleanup are 32.95 man-rem following the reference accident.

E.3 DETAILS OF COSTS OF ACCIDENT CLEANUP AT A REFERENCE URANIUM FUEL
FABRICATION PLANT

Details of the costs of accident cleanup at the reference U-Fab plant are
presented in this section. Costs are based on the technical requirements,
manpower needs, and cleanup schedules presented in Section E.2 and are given in
1981 dollars.

Costs of activities related to refurbishment and restart'of a plant beyond
the accident cleanup activities are not included in this study. Unit cost
information used as bases for these cost estimates is given in Appendix H.

E.3.1 Costs of Accident Cleanup

The estimated costs of accident cleanup at the reference plant are pre-
sented in this section, and are summarized in Table E.3-1. Accident cleanup in
the U-Fab plant is estimated to require one year and to cost approximately
2 million following the reference accident.

Labor costs and waste management costs are major cost items for accident
cleanup at the U-Fab plant. Staff labor costs account for about 43% of the

E.15
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TABLE E.2-4. Estimated Occupational Radiation Dose for Accident Cleanup Following the
Reference Accident at the Reference U-Fab Plant

i
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TABLE E.3-1. Summary of Estimated Costs of Accident Cleanup
at the Reference U-Fab Plant

Cost in Millio
)of

Percent of
Cost Category 1981 Dollars Total

Manpower
Planning and Preparation 0.266 15.3
Accident Cleanup 0.657 37.9

Equipment and Supplies 0.230 13.3
Disposal of Radioactive Material 0.240 13.8
Miscellaneous Owner Expense 0.302 17.4
Specialty Contractors 0.040 2.3

Subtotal 1.735 100.0
25% Contingency 0.434

Total Cost of Accident Cleanup 2.169

(a) Number of figures shown is for computational accuracy and does not
imply precision to the nearest thousand dollars.

total cost of accident cleanup. Contractor costs for engineering support con-
tribute an additional 3% of the total cost of accident cleanup. Waste manage-
ment costs account for about 14% of accident cleanup costs.

E.3.2 Total Waste Management Costs

Details of total waste management cost calculations for radioactive wastes
generated during accident cleanup are are shown in Table E.3-2. These calcula-
tions are based on estimated waste quantities described in Section E.2 and on
unit cost data for packaging, transportation, and waste disposal given in
Appendix H. All radioactive wastes from these activities are assumed to be
shipped to a low-level waste burial ground.

For a particular waste form, the total waste management cost is the sum of
the total packaging cost, the total transportation cost, and the burial cost.

Total packaging costs are the sum of disposable container costs and reus-
able overpack rental charges. In calculating the reusable overpack charge, a
total time of four days is assumed for the 4800-km (3000-mi) round trip between
the plant and the burial ground. A second driver is assumed to be required for
this trip.

The total transportation cost is the sum of the basic transportation cost,
the overweight charge, and the charge for a second driver. Overweight charges

E.17



TABLE E.3-2. Details of Estimated Costs for Radioactive Waste Management i

from Accident Cleanup at the Reference U-Fab Plant

Total
Total Total Waste

Packaging Transportation Burial Management
Cost Cost Cost Cost

Waste Category ($) ($) ($) ($)
HEPA and Roughing Filters 38.1 40.6 47.9 126.6
Solidified Decontamination Liquids 5.8 27.9 13.2 46.9
Trash 5.8 14.6 46.1 66.5

Totals 49.7 83.1 10.72 240

are based on charges for the state of Washington. In some instances, the quan-
tity of waste per shipment is limited by weight restrictions (i.e., the 33.1 MT
limit) rather than by volume limits.

E.4 DETAILS OF ACTIVITIES AND MANPOWER REQUIREMENTS FOR DECOMMISSIONING AT A
REFERENCE URANIUM FUEL FABRICATION PLANT

This section provides the details of post-accident decommissioning activ-
ities at the reference U-Fab plant following completion of the accident cleanup
campaign. A comparison of normal and post-accident decommissioning require-
ments is provided in Section E.4.1. The details of the post-accident decommis-
sioning at the reference U-Fab plant by the DECON alternative are given in
Section E.4.2. The costs associated with these decommissioning activities are
presented in Section E.5.

The post-accident decommissioning analyses in this study use the results
of previous analyses of U-Fab plant decommissioning following normal plant
shutdown, presented in Reference 1 with appropriate modifications as necessary
to account for post-accident conditions.

A basic assumption of the analyses presented in this appendix is that all
radioactive waste materials resulting from accident cleanup and from decommis-
sioning are shipped offsite for disposal at the time of decommissioning.

E.4.1 Comparison of Normal Versus Post-Accident Decommissioning

Under normal circumstances, decommissioning of a U-Fab plant follows the
orderly shutdown of the facility at the end of its planned operating life.
However, the situation at a facility that has experienced an accident is sig-
nificantly different from normal, with moderate to severe contamination of the
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!

plant buildings,' and possible physical damage to plant equipment and services, j
! As a result, decommissioning following an accident may differ significantly :

from that following normal shutdown.

; It is assumed in this study that the accident cleanup activities are com-
pleted prior to the start of the actual decommissioning effort. These cleanup
activities are discussed in detail in Section E.2.

The tasks that must be performed to accomplish the decommissioning goals
are postulated to be independent of the alternative (DECON or SAFSTOR) chosen
to complete the decommissioning, although the methods used to' complete certain
tasks may vary with the decommissioning alternative. The work required to
complete each task will certainly be influenced by the severity of the
accident.

In carrying out the accident cleanup activities, certain tasks that would
be part of the decommissioning process following normal shutdown are completed,
and significant portions of other such tasks are undertaken.

The requirements of carrying out the accident cleanup activities also
result in certain new tasks that must be completed during the decommissioning
process. In general, these new tasks are limited to the removal of new equip-
ment installed to process accident water and the decommissioning of the tempo-
rary onsite waste storage structures specially constructed for the management
of wastes resulting from accident cleanup activities.

A number of decommissioning tasks are independent of accident cleanup
activities and, thus, are common to both post-accident and normal-shutdown
decommissioning. However, the changes in the physical and radiological condi-
tion of the plant resulting from an accident lead to substantial qualitative
changes in a number of these decommissioning tasks. Manpower requirements for
carrying out specific tasks are related to a number of factors (e.g., the phys-
ical condition of the equipment and structures, local radiation dose rates, and
the methods used to complete tasks) that may be affected by the accident and
the subsequent cleanup program. Radiation doses to decommissioning workers are
likely to be higher than those following normal shutdown because of the
increased contamination of equipment, piping, and structural surfaces caused by
the accident. The schedule and sequence of events for any particular decommis-
sioning alternative may need to be revised to account for these changes and for
the addition and deletion of specific tasks as a result of accident cleanup, as
discussed previously. Furthermore, the requirements for special decommission-
ing tools and equipment may vary somewhat because of changes in specific tasks
and because some of these tools and equipment items may be available for reuse
as a result of the accident cleanup campaign that precedes the decommissioning.

E.19
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In summary, even tasks common to both post-accident and normal-shutdown decom-
missioning can be expected to differ significantly between the two situations.

Although the accident cleanup activities remove a large portion of the
accident-generated contamination in the plant, accident severity will likely
have some impact on the decommissioning tasks subsequent to cleanup. Radiation
doses to decommissioning workers are likely to increase with accident severity
because the increased level and spread of radioactive damage to the plant from
more severe accidents may compromise certain systems, structural features, and
equipment items that are required to carry out the decommissioning tasks, thus
necessitating repairs and/or substitutions and resulting in delays and addi-
tional expenses. In areas of extensive plant damage, different methods may be
required to accomplish certain decommissioning tasks. It should be noted that
the effects of accident severity on the level of effort required to complete
the decommissioning activities are much less than the corresponding effects on
the cleanup activities.

E.4.2 DECON

In general, DECON is the decommissioning alternative used to remove from
the facility, as soon as practicable following final shutdown, all materials
with radioactive contamination above unrestricted release levels. For a plant
that has experienced an accident, start of DECON follows accident cleanup and
is postulated to be completed within about one year. After DECON is completed
and the radioactive materials are shipped from the site, the nuclear license
can be terminated and the facility and the site can be released for unre-
stricted use.

Details of post-accident DECON at the reference plant are discussed in
this section, including schedules and manpower requirements, and external occu-
pational radiation doses. These details are based largely on the analysis of
DECON at the reference plant following normal shutdown, presented in Appendix G
and Section 9 of Reference 1 because, after cleanup is completed, many of the
requirements for DECON are similar whether or not the plant has experienced an
accident. Where the postulated accident results in significant changes in the
DECON requirements, the differences in the requirements are identified and new
information is developed to support the analysis. The analysis presented is
based on the assumption that the plant has experienced the reference accident
for U-Fab plants described in Chapter 6

The facility description given in Appendix A provides the basic informa-
tion that supports the development of the tasks, schedules, manpower loadings,
and occupational radiation exposure estimates presented here. Additional
details pertinent to specific DECON activities come from engineering drawings,
manufacturers' data, and Reference 1.

E.20
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The information in this section forms the basis for the estimated costs
and safety impacts of post-accident DECON at the reference plant which are
developed in Section 9.5 and Section E.5, respectively, and for the comparison
of post-accident and normal-shutdown DECON of the reference plant that is pre-
sented in Chapter 13.

In choosing to decommission a facility by DECON, the owner trades poten-
tial further use of the facility for the relatively rapid release of the site

for unrestricted use.

! DECON Activities

DECON of the reference facility can be divided into three general areas of
effort: planning and preparation, decontamination, and disassembly and
transport.

It ic estimated that approximately one year is required for DECON. The
time and w v k estimates assume reasonable success, with a minimum of delays
and/or major unanticipated problems.

Planning and Preparation Activities

| Essential to the results of this study is the assumption that the facility
owner / operator is also the prime contractor of the DECON. Otherwise, a more

j extensive training program would be necessary to acquaint workers with details
of the facility. Approximately one year prior to start of DECON, work begins'

in the engineering and operations departments of the parent organization to
'

perform the planning needed to convert an operating license to a possession-
only license, to plan decommissioning operations, and to receive a decommis-
sioning license. The proposed sequence and timing schedule for the planning
and preparation phase of decommissioning the reference U-Fab plant is illus-
trated in Figure E.4-1.

An important part of the planning includes a review of all regulations and
guides applicabla to decommissioning. Included in the regulations are the
requirements for preparation of changes in technical specifications, deleting
those related to plant operation; preparation and submittal of a decommission-
ing plan for NRC review and approval; preparation of detailed plans and pro-
cedures for physical and chemical decontamination of intact systems; sectioning
and disposal of contaminated glove box equipment; and detailed sequences for
equipment and systems removal. In addition, design, procurement, and testing
of special devices and equipment must be initiated during the year before start
of DECON to assure that work can proceed without undue delay.

Creation of a decommissioning organization within the present organization
is initiated during cleanup operations with the structure and staffing require-
ments identified, and commitments obtained from key engineering and operating
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ACTIVlilES

PREPARE DATA FOR ENVIRONMENTAL IMPACT ASSESSMENT I I

PREPARE TECHNICAL SPECIFICAil0N REVISIONS I I

PREPARE DECOMMISSIONING PLAN FOR NRC I |

NRC REVIEW, DECOMMISSIONING LICENSE ISSUED I

!

PREPARE DETAILED WORK PLANS AND PROCEDURES I

DESIGN, PROCURE AND TEST SPEClAL EQUIPMENT I

SELECT AND TRAIN STAFF |

SELECT SPECIAliY CONTRACTORS I

FINAL INVENTORY CLEAN 0UT I

(NOT CHARGED 10 DECOMMISSIONING) ' '

9 6 3 0

MONTHS BEFORE DECOMMISSIONING

PHYSICAL ACTIVITY BEGINS

FIGURE E.4-1. Sequence and Schedule of the Planning and
Preparation Phase of DECON at the
Reference U-Fab Plant

personnel to fill critical positions. Orientation and training of personnel
identified as members of the decommissioning organization are carried on during
the final six months of cleanup operations. Selection of the various specialty
contractors required for the dismantlement effort is accomplished during the
cleanup operations.

The final preparatory step is a comprehensive survey of radiation dose
rates and contamination levels within the facility, taken after final inventory
cleanout and plant shutdown. This survey provides the baseline data for deci-
sions on chemical and physical decontamination. It also provides initial data

on radiation dose rates and contamination levels likely to be encountered dur-
ing the various activities.

Work Schedule Estimates

The proposed overall schedule and sequence of events for the DECON efforts
is presented in Figure E.4-2. Initial work begins during cleanup operations
with the following steps: 1) preparation of a decommissioning plan for NRC
approval, 2) preparation of the revisions to the facility technical specifica-
tions necessary to change from an operating license to a possession-only
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l

license, 3) preparation of the data needed to make an assessment of the envi-
ronmental impact of the DECON work, 4) preparation of detailed work plans and
procedures for accomplishing the DECON of the facility, 5) design, procurement
and testing of all special equipment needed for DECON, and 6) selection and
training of the personnel for the decommissioning staff.
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DECON Staff Organization.

The decommissioning work force organizational chart for DECON is shown in
Figure 9.4-2 of Volume 1. The work force is described in two parts: 1) the

| decommissioning support staff that plans, supervises, and provides supporting
' activities for the decommissioning activities, and 2) the decommissioning

workers who perform the actual decommissioning activities.

Actual decommissioning activities are carried out by decommissioning crews
that consist of a foreman, two to six decommissioning technicians, and health
physics technicians and craftsmen who are added to the crews as the work situa-
tion demands.

A key assumption in estimating the manpower and time for the basic events
is that the decommissioning work force is composed primarily of former plant
operating and maintenance personnel. The decommissioning workers are, there-
fore, familiar with plant facilities and equipment and experienced with radia-
tion working procedures.

Decommissioning Worker Manpower Requirements

Detailed estimates of the decommis31oning worker manpower required to
perform DECON of the reference plant are shown in Table E.4-1. These estimates ,

for the decommissioning workers, plus those for the support staff, are summa-
rized in Table E.4-1.

Waste Management Requirements
|

Detailed estimates of volumes and weights of contaminated hoods, tanks and i

equipment, piping and ductwork, HEPA and roughing filters, concrete rubble,
contaminated soil and liners, and miscellaneous contaminated scrap from DECON

,

at the reference plant are presented in this section. These estimates form the,

| bases for determining packaging and shipping requirements and costs.

Hoods, Tanks, and Equipment. Table E.4-2 summarizes shipping volumes for
contaminated hoods and equipment in terms of the volumes of material shipped to

! low-level waste burial.
;

HEPA and Roughing Filters. The number and volume of HEPA and roughing
filters disposed of during DECON octivities and the method of their disposali

| are shown in Table E.4-3.

HEPA and roughing filters attached to hoods are 0.2 x 0.2 x 0.1 m thick.
All of these filters are assumed to be incinerated and the residue is processed

.

t

! to recover the uranium.

E.24 i
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TABLE E.4-1 Estimated Decomissioning Worker Manpower Requirements for
DECON at the Reference U-Fab Plant

titimates maa-wnstal
mana

Cecanetsstoataa 4ctivit, h tec*atetaas m.ys t eis t s Cea t smea totalr

1* side luf tetna

Otsmentle and Decontentaate Pouser Waronouse 2 12 1 1 16

01unentle and Decente aate UF6 Cyltaeer Storage 2.5 12 1 2.5 18

Otsmentle and Deccatminate UFg y,,,,,tation Room l.l 34 2 6 46.5

g,g,agg.at-note @-cai .. ,0.ser
Myerelysts 2.5 13.5 1 7.5 24.5
erecipitation and Ottestion 2 12 1 4 19

8 test Stage Centetfuge 1.5 10 0.5 2 14

Seceed Stage Centrifu9e 1.5 6.5 0.5 2.5 11

sedvCttea Caletnetton 9 $6.5 4 7.5 *77

hammer Militat S 31 2 4 42
51og Pross1ag 2.5 15 1 2.5 21

Greaulattal 3.5 18.5 1.5 4 27.5
sucket Filltag 3.$ 22 1.5 2 29

Flame Converstee hectica 3.5 18.5 1.5 6.5 30
Urante Purtftcattoa Systen 10.6 56 4 9.5 80

etta Hood tuneust lystees 2.5 17.5 1 3 24

mtstellaneous Itses and Final Cleestag 6 41 2.5 6.1 56

Otonsatte and Decontestaete Po.eer storese aae Feed Room 4.8 31 2 2 19.5
Otomantle one Decontestnote Pellettslag acom 4.5 al 2.5 F.5 61.5
01smentle and Decentastaate Statoring toen 9.9 61 4 7.5 62

Otomentle and Decentataate Getadtag Roam 6 34 2.5 6.5 at
01smentle ene Decentaminate needing Room I 31 2 9 47

Dissentle and Decentataate readeltate factitty 7.9 40 3 13 63.1

Otsmentle and Decentminate Ursate Scrae becovery Room 2.8 17 1 l 25.5

tismentle and Decentatnote Chantcal aae metallurgical 3 19 1 5 28
enetyttcal Laserstory
Dismaatte and Decentantaste Process Develesment Laboestery 6.5 37 2 9 53.5

Ot eneatte end Decontestaate Met 8 stat. and lastr. Sees 3.5 17 1.1 13 35

Ctsmeatle one Decentantaste Ramaste ocom 2 15 1 1 19

Otsneatle aae 3ecentsetnote Decontentaatten Factitty 1 6 0.8 1 8.8
etsmantle one Oeco*tataate lattnerator Factitty 3 21 1 4 29

Otsmentle ane Decentataste wtPA Ftitor Rooms one Ducts 6 45 2.5 1 68.5
Otsmeatle ne Decentastante taundry seen 1 7 0.1 0.5 9

Otomentle sad Cocoatsotaate @aage toons 1 F 0.8 1 9.5
miscellaneous 3.5 22 1.6 6.6 33.5

Overall Cleanno and Survey of Lattre Outletag 3 22 1 2 ft

Sutside tuttef at
01emeatle and Decoatsotaste Fluoride oeste tfflueet 20.4 149 6 13 105.5
freatment Systm

Otsneatle and Decentatnate ettrete waste tff1. eat t 32 2 6.5 46.5
feestment Systen
01emeatle sad Decentaminate Weste fresonent lutletag 2.6 17 1 4 24.5

bcovery of carg teste 7.5 61 3 0 fl .l
Clean Us (scess 2tutaneet (terage Tand f.S le 3 0.5 71

grante Storage De( Svevey 0.1 | C.$ Q )
tienentle and Decentantaate (1g=t4 Aadweste tf flueet 6 26 2 10 44
freatment Systen
overall Cleaa a and Survey of 29ttre lite 4 31 1.5 0 34.5v

-

fatal man..eees 194 1 224 ff 211.8 1 702.0

fetal osa.yearsI8I 3.4 24.44 1.54 4.23 34.04

(s) %meer of staatfices figu es snoma ts fee comutatloaal costeteess eat sees not teely accuracy to taer
aseer of f t,u es snown.r

't) a total of to unent/ year is asseed.
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TABLE E.4-2. Shipping Volumes of Hoods, Egujpment, Pipes, Ducts, and Other Equipment .!
at the Reference U-Fab Plantta j

3 3Hoods. Equipment, and Components (m ) Pipe. Condult. Duct. Trays, and Fixtures (m )
To Sanitary Landfigor to Licnsed Lowgvel To Sanitary Landfior Unrestricted UsegI to Licensed LowgvelPlant Location Unrestricted Use Waste Burial Waste Burial

Powder Warehouse 209.18 0 21.24 0
# 6 Cylinder Storage 169.40 0 22.96 0

|
T 6 Vaporization Room 38.72 182.38 0 13.05

|

; Chemical and Powder Processing 583.86 202.35 88.86 64.48 I

Area

Powder Storage and Feed Room 53.73 9.17 35.49 0

Pelletizing Room 128.63 22.71 63.92 1.56
Sintering Room 234.30 58.57 235.00 0
Grinding Room 128.07 5.32 33.42 0
Rodding Room 288.11 0 67.68 0
Gadolinta Facility 76.11 17.79 146.76 0 I

Uranten Scrap Recovery Room 4.86 27.44 30.33 1.70
! Oemical and Nta11ergical 107.22 10.79 33.90 0

"
-

.
m Analytical Laboratory

4*
Process Development Laboratory 186.58 30.22 88.25 0

: Hot Maint. and Instr. Shops 129.57 0 44.27 0 )
Radweste Room 135.29 0 10.17 0

; Decontamination Facility 20.10 0 23.31 0
| Incinerator Facility 18.74 25.86 0 11.56

HEPA Filter Rooms and Ducts (d) (d) 0 2.82
Laundry Room 6.77 20.33 0 3.58,

' Oange Rooms 7.50 0 0 0
Pfiscellaneous 183.83 0 7.25 0; 4

j Fluoride Weste Treatment System 1 680.17 'I 84.33 65.36 16.34 II

Nitrate Weste Treatment System 457.00('I 2.89 13.70 3.43

,

Waste Treatment Building 57.29 10.11 6.97 0

| Excess Equipment Storage Area 316.51 35.17 0 0

Uranlun Storage Pads 0 0 0 0

Radmaste Treatment System 56.92, 18.97 14.47 0

| Totals 5 279.06 764.40 1 053.29 118.52 |

,

(a) member of significant shown is for cogutational completeness and does not imply accuracy to the number of figures shown.
(b)1tems not cogacted in volume.
(c)ltens are assmed with compacted volumes for shipment.
(d) Fans, main ducts, and exhaust chimneys reinstalled after cleanup.
(e) Comprised mostly of lar9e tanks.
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TABLE E.4-3. Estimated Sources of HEPA and Roughing Filters for Disposal During DECON(a)

Number Volume
of Filters Number (b) Number Snipped ShigpedFilter Location HEPA Roughing Incinerated HEPA Roughing (m )

Intermediate-Stage Filters for Hoods 120 200 308 6 6 1.02

Koom Ventilation Filters 355 355 614 48 48 8.16
,

Exhaust Air Filters 250 250 --(C) 250 250 42.48m

k Filter Changes 10 100 110 -- -- --

Total 51.66

(a) Number of significant figures shown is for computational completeness and does not imply
accuracy to the number of figures shown.

(b) Incinerated filters are processed to recover the uranium.
(c) A dash indicates that this information is not applicable. '

L
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Ventilation HEPA filters are 0.6 x 0.6 x 0.3 m thick. Ventilation rough-
ing filters are 0.6 x 0.6 x 0.15 m thick. Ventilation HEPA and roughing fil .
ters that are not incinerated are assumed to be packaged in plywood boxes and
shipped to a low-level waste burial site for disposal.

3The average bulk density of the filters is assumed to be 320 kg/m ,

Concrete Rubble. The volume of potentially contaminated concrete assumed
to be removed from floors and walls at the reference plant and shipped to low-
level waste burial is shown in Table E.4-4. The estimated volumes shown in the
table assume concrete would be removed to a depth of 0.05 m. A fraction of the j

surface area of each room (based on the type of operation in a specific room)
is estimated to calculate the volume of concrete removed.

The shipping volume of the concrete rubble is assumed to be twice the l
4

2 volume of the concrete removed from the walls. The average bulk density of the
3'

concrete rubble as shipped is thus assumed to be 1200 kg/m ,

E.5 DETAILS OF COSTS OF DECOMMISSIONING AT A REFERENCE URANIUM FUEL
FABRICATION PLANT

| This section presents the estimated costs of decommissioning the reference
plant via the DECON decommissioning alternative following a reference accident

] and the subsequent accident cleanup campaign. The costs developed here are
based on the detailed descriptions of the decommissioning activities and:

requirements presented previously in Section E.4 and on the cost-estimating
bases presented in Appendix H. Cost information for the decommissioning of the-

reference plant following normal shutdown, from Reference 1, is also used where
applicable. The decommissioning costs are all adjusted to 1981 dollars and are
developed on a consistent basis with the costs of accident cleanup presented in-

Section E.3.
|
| The costs of decontaminating and disposing of systems and facilities

required for accident cleanup are included in the estimates presented in this4

j section.

E.5.1 Cost Estimates for DECON
,

The estimated costs for DECON at the reference U-Fab plant following the
reference accident and the subsequent cleanup campaign are summarized in
Table E.5-1. DECON is estimated to require about one year (plus year for plan-

j ning and preparation) at a cost of approximately $5.4 million.

; Manpower costs include both support staff and decommissioning workers and
: represent about 65% of the total cost of DECON. In Table E.5-1, manpower costs

| ;

E.28-
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TABLE E.4-4 Estimated Sources of Qcrete Rubble Generated During DECON at the
Reference U-Fab Plant 1

Estimated Volume Rubble Shipping
Floor Percent of Area Removed Weight Volume

3 3 3
Location Area (m ) Removed (m ) (kg) (m )

Fuel Manufacturing Building

Vaporization 193.6 5 0.49 590 0.98
,

'

Chemical and Powder 2 120.0 4 4.32 5 180 8.64
Processing

Powder Storage and Feed 486.9 3 0.74 890 1.48

Pelletizing 390.4 2 0.40 480 0.80

Sintering 599.2 1 0.31 370 0.62

Grinding 195.1 1 0.10 120 0.20

Incinerator Facility 222.9 2 0.23 280 0.46,,

hg Remainder of Building 6 207.0 0.4 1.27 1 520 2.54

Outside Fuel Manufacturing Building

Fluoride Waste Treatment --(b) -- 3.24 3 890 6.48
-- -- 2.08 2 500 4.16Nitrate Waste Treatment|

1.20 1 440 2.40Waste Treatment Building -- --

Equipment Storage Pads -- -- 1.00 1 200 2.00

0.41 490 0.82Uranium Storage Pads -- --

Radwaste Treatment -- -- 3.00 3 600 6.00

Remainder of Site -- -- 1.04 1 250 2.08

Totals 19.83 23 800 39.66

(a) Number of significant figures shown is for computational completeness and does not imply accuracy to the
number of figures shown.

(b) A dash indicates that this information is not applicable.
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TABLE E.5-1. Summary of Estimated Cost of P st-Accident DECON9
?- at the Reference U-Fab Plant (a)

Cost in Millio of Percent of
j Cost Category 1981 Dollars Total

i Manpower
^

Planning and Preparation 0.398 9.3
Decommissioning 2.334 54.6

Equipment and Supplies 0.174 4.1
Disposal of Radioactive Material 0.273 6.4; -

,

Miscellaneous Owner Expense 1.030 23.7'

i Specialty Contractors 0.084 2.0

Subtotal 4.293 100.0;-

25% Contingency 1.073

j Total Decomissioning Cost 5.366
| i

:
~

(a) Number of figures shown is for computational accuracy and does not imply
precision to the nearest thousand dollars.,

,

:
d are shown separately for the planning and preparation and the decommissioning
'

phases of DECON. These costs include onsite labor for packaging radioactive
waste materials for shipment. .

E.5.2 Costs of Staff Labor

Table E.5-2 shows staff labor cost estimates for the planning and prepa- i
' ration phase of DECON, and Table E.5-3 shows staff labor costs for the decom-
I missioning phase. For planning and preparations, the labor cost is about ,

j $0.4 million. For decontamination and removal of contaminated materials, the
,

labor cost is about $2.3 million. The total labor cost for DECON is, there-
'

! fore, about $2.7 million without contingencies. Manpower costs shown in
i Table E.5-3 include labor costs for packaging radioactive waste materials for

| shipment. These costs do not include specialty labor costs.
.

E.5.3 Material and Equipment Costs for DECON

; Estimates of material and equipment requirements and costs for DECON are
! shown in Table E.5-4. Costs of decontamination chemicals are calculated on the ,

i basis of quantities required for decontamination and unit costs given in Appen- "

, dix H. Cleaning supplies represent a major cost item and include assorted .

'

! cleaning agents, rags, mops, brushes, plastic bags, plastic sheeting, etc. The
4

! |
'

E.30
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TABLE E.5-2. Summary of Manpower Costs for Planning and
Preparation Phase of DECON at the
Reference U-Fab Plant

Title or Function Cost ($ Millions)(a,b)
Project Manager 0.053
Project Engineer 0.051
Health and Safety Supervisor 0.017
Contracts and Accounting Specialist 0.022
Radioactive Shipment Specialist 0.011.

Q. A. Engineer 0.030
Planning Engineer 0.090
Engineering Technician 0.020
Operations Supervisor 0.030
Foreman 0.046
Secretary 0.028

Total Cost 0.398
,

(a) Number of figures shown is for computational accuracy and
does not imply precision to the nearest thousand dollars.

(b) Contingency of 25% is not included in these costs.

cost of protective clothing includes the cost of laundering the clothing onsite
and is estimated to be about $1350 per week. The total cost of material and
equipment for DECON at the reference plant is estimated at about $174,000 with-
out contingency.

E.5.4 Waste Management Costs

The estimated costs for containers, transportation, and disposal of the
radioactive wastes from DECON at the reference U-Fab plant are summarized in
Table E.5-5. Cost estimates are based on projected packaging and shipping data
summarized in Tables E.4-2 through E.4-4 and on waste management cost data in
Section E.4. The total waste management cost for DECON is estimated to be
about $273,000 without contingency.

3Only about 3% (1100 m ) of the theoretically compacted radioactive waste
3volume of 36,900 m is assumed to be shipped to low-level waste burial. The

remainder is assumed to be decontaminated and sent to commercial waste disposal
or processed to recover the uranium.

E.31
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TABLE E.5-3. Summary of Manpower Costs for DECON at the
Reference U-Fab Plant

Title or Function Cost ($ Millions)(a,b,c)

Project Manager 0.103
i Project Engineer 0.088

Health and Safety Supervisor 0.066
Health Physics Technician 0.053

. fSecurity Force Supervisor 0.048
Security Patrolman 0.104

|

Contracts and Accounting Specialist 0.045 I

SNM Accounting Specialist 0.053.

Radioactive Shipment Specialist 0.035
,

*

Q. A. Engineer 0.060
Planning Engineer 0.060

| Engineering Technician 0.037
Maintenance and Crafts Supervisor 0.057'

Custodian 0.025
Craftsman 0.168
Operations Supervisor 0.061
Foreman 0.182
Technician 1.047
Secretary 0.042

Total Cost 2.334
.

' (a) Number of figures shown is for computational accuracy and does not
imply precision to the nearest thousand dollars.

(b) Information given is for support staff and decommissioning workers.
(c) Contingency of 25% is not included here.

4

3

t
,

I
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TABLE E.5-4. Estimated Material and Equipment Costs for DECON
at the Reference U-Fab Plant

Estimated
| Total Cost

Description Quantity ($ thousands)(a,b)

0xyacetylene Torch 4 ea 5.5 '

Guillotine Pipe Saw 2 ea 2.8
Tube Cutter 2 ea 0.8
Ratcheting Pipe Cutter 6 ea 0.4
Reciprocating Saw 4 ea 2.8

| Nibbler 2 ea 2.8
i High-Velocity Liquid Jet 1 ea 6.9
; Low-Velocity Liquid Jet 2 ea 5.5

Hydraulic Concrete Surface Spalling Device 1 ea 6.9
Concrete Drill 3 ea 0.8
Electric Pneumatic Hammer 2 ea 1.4

i Portable A-Frames 2 ea 8.3
| Portable Wash Sinks 2 ea 5.5
! Portable Spray Clean Booth 1 ea 5.5

Portable Greenhouse Erection Kit 1 ea 2.8
Portable Powered Brushes 20 ea 4.2
HEPA Filter 10 ea 2.1
Roughing Filter 100 ea 6.9

| Decontamination Chemicals 13.9
'

Cleaning Supplies 27.7
| Expendable Tools 13.9

Protective Clothing (including laundry) 24.9
Office Supplies: Planning and Preparation 13.9<

l

Decommissioning 8.3

Total 174

(a) Number of figures, shows is for computational accuracy and does not imply
accuracy to the nearest thousand dollars.

(b) Contingency of 25% is not included.
,

|

|
'

I

l

i
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TABLE E.5-5. Estimated Waste Management Costs for DECON
at the Reference U-Fab Plant

Costs in Thousands of 1981 Dollars (a)

Wiste Category (bntainer Transportation Burial Total (D)

To La-Level Wiste Burial:

lbods, Equipment, and Canponents 52.9 23.9 99.2 176.0
Pipe, condJit, Dutt, Trays, Fixtures, etc. 8.2 10.1 15.3 33.6
E PA and Roughing Filters 3.6 1.3 6.7 11.7
Gmcrete Ribble 5.5 2.3 5.1 12.9
Contaninated Liner and Soil %terials 12.7 5.8 11.8 30.4
Miscellaneous 1.7 1.3 1.7 4.7
Miscellaneous 0.9 1.2 1.6 3.7

Totals 85.5 45.9 141.4 273.0

(a) Phnber of figures is for corputational accuracy and does not inply accuracy to three or mom
sig11ficant figJres.

(b) Contingency of 25% is not included.

E.5.5 Miscellaneous Owner Expenses for DECON

Estimated miscellaneous owner expenses for DECON are given in Table E.5-6.

TABLE E.5-6. Estimated Miscellaneous Owner Expenses for
DECON at the Reference U-Fab Plant

Cost in Thousands of
Cost Category 1981 Dollars (a,b)

Utilities 360
Taxes 220
Inspections and License Amendments 100
Insurance 350

Total 1030

(a) Number of figures shown is for computational accuracy and
does not imply accuracy to the nearest thousand dollars.

(b) Contingency of 25% is not included.'

I
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The inspection fees for safety and a eguards inspections at the operating
U-Fabplantareestimatedtobe$70,000.2(1 In addition, fees for license

amendments for decommissioning could total $30,000. Thus, the license-related
costs during the first year following shutdown of operations are estimated to
be about $1 million.

The cost of nuclear liability insurance for a facility being decommis-
sioned has also not been determined. An allowance of $350,000 is included for
the annual insurance premium for nuclear liability and conventional insurance.

E15.6 Specialty Contractor Costs for DECON

Specialized services are required to accomplish the DECON of the reference
plant. These services are assumed to be supplied by the specialty contractors
listed below. Costs shown do not include the 25% contingency. '

Excavate and Refill Pipe Trenches

A contractor is hired to uncover the pipelines for the fluoride, nitrate,

and radwaste treatment systems. The trench is filled back in after the pipe
has been removed.

There are approximately 2.7 km of trench, averaging for
1.5'm in

The excavation and refilling of the trench cost about $1.80/mdepth.
3800 m , a total of about $6900.

Waste Treatment Lagoon Reclamation

Reclamation of the waste treatment lagoons involves puncturing the liners
and filling the lagoons with indigenous material. The sites are then leveled

and planted with native vegetation.

The two fluoride and two fluoride aeration lagoons are emptied earlier
during the final cleanup operation by the uranium recovery contractor. The

i lagoon sites are then cleaned to acceptable levels by the decontamination and

|
final cleanup crews.

s,

! The two nitrate lagoons will have been emptied earlier during final inven-
! tory cleanup and the residual materials shipped to an offsite contractor for

recovery of the uranium. The decontamination and final cleanup crews prepared
the site for reclamation. The aeration lagoon and two chemical lagoons are
assumed to be drained and the residual material left to be covered in the
reclamation operations.

,

! The estimated costs for reclamation of the waste treatment lagoons are
; presented in Table E.5-7.

<
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TABLE E.5-7. Subcontractor Costs for Reclamation of the
Waste Treatment Lagoons at the Reference
U-Fab Plant

Activity Basis Cost ($)(a)

Puncture Liners 15 900 m2 2at $0.14/m 2 200 |

Backfilling 38 900 m3 3at $0.70/m 27 000
- Grader Rental $700/wk for 4 weeks 2 800

Dump Truck Rental $700/wk for 4 weeks 2 800 i

Loader Rental $1400/wk for 4 weeks 5 500
.l Foreman $1250/wk for 4 weeks 5 000

Equipment Operators Two men at $1040/wk for 4 weeks 8 300
Laborers Two men at $760/wk for 4 weeks 6 100
Grade, Seed, Fertilize 15 900 m2 2at $1.10/m 17 600-

Total 77 300

(a) Contingency of 25% is not included.
, ,

a

3

i

i

L

1

1

4

!

;
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APPENDIX F

DETAILS OF DECOMMISSIONING 0F REFERENCE NON-FUEL CYCLE FACILITIES

This appendix provides manpower, waste management, and cost details for
the decommissioning by the DECON alternative of the materials licensee labora-
tory facilities following an accident. The reference laboratory for which data
are given is described in Chapter 5.

Estimates of manpower requirements and costs for both the planning and
preparation phase and the actual decommissioning phase of facility decommis-
sioning are given in this appendix. Planning and preparation activities
include.the preparation of documentation for regulatory agencies, an initial
radiation survey of the facility, and the development of detailed work plans.

Decommissioning of the reference laboratories is assumed to be performed
by a work crew consisting of a foreman and three technicians, assisted by a
health physicist. Craftsmen (electricians, pipefitters, etc.) are added to
this crew on a part-time basis to perform specific tasks. The members of the
work crew are recruited from the staff of the facility owner. Manpower costs
are postulated to include the salary of a supervisor on a half-time basis.

The final decommissioning activity is a comprehensive radiological survey
to document levels of radioactivity remaining in the facility after DECON pro-
cedures are completed and to verify that these levels are less than those
specified for unrestricted release. The procedures and instrumentation for
performing this radiological survey are described in Appendix J.

!
'

F.1 DETAILS OF DECOMMISSIONING OF FACILITY COMP 0NENTS

This section provides manpower and cost details for DECON of facility
components by the options of 1) decontamination of the component to unre-
stricted release levels or 2) disassembly and packaging of the component and
disposal at a shallow-land burial ground. Facility descriptions are given in!

Chapter 5.

The facility components for which decommissioning details are given, and
the DECON options evaluated for each component, are shown in Table F.1-1.! -

.

l' The following key bases and assumptions are used for estimating manpower
! requirements and costs:
!

!
!

F.1
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TABLE F.1-1. DECON Options for Facility Components

DECON Option
Clean to Unrestricted Dismantle and Package

Facility Component Release Levels for Disposal

Fume Hood x(a) x

Glove Box .x x

Laboratory Workbench x x

Ventilation Ductwork x

Building Surfaces (b) x

(a) An "x" indicates that the facility component can be decommissioned
by the indicated option.

(b) Some contaminated material, such as floor tiles or concrete shipped
from walls, might be packaged and shipped for disposal.

1. To determine the total time required to decommission a facility com-
ponent, an estimate is made of the time required for efficient per-
formance of the work by a postulated work crew. This time estimate
is then increased by 50% to provide for preparation and set-up time,
rest periods, etc. (ancillary time).

2. One important factor that affects time and manpower estimates for
decontamination of a component is the amount of residual contamina-
tion that must be removed from the surface. Residual surface con-

' taminatior, levels on facility components are taken from the facility
descriptions of Chapter S. Allowable contamination levels for unre-
stricted release are based on the NRC guidelines for the decontamina-
tion of facilities and equipment prior to release for unrestricted

use.(1)

3. An individual decontamination step, such as steam-cleaning, spraying
and rinsing, mopping, scrubbing, etc., is assumed to reduce the level
of surface contamination on a component by one or two orders of mag-
nitude. This is an average value based on experience and is used as
a guide for estimating the time required to decontaminate a component
to release levels.

4. Several small equipment items, such as wet-dry vacuum cleaners, power
scrubbers, and steam generators, are used for decontaminating facil-
ity components. Because an equipment item is only used for a few
days, it is not reasonable to charge its entire cost to the decommis-

sioning of one component. To estimate equipment costs, a one-year

F.2
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equipment lifetime is assumed and a charge of x/250 of the cost of
the item is made, where x is the number of days required to decontam-
inate the component.

5. Radiati;n survey equipment and equipment for the analysis of wipe
samples is assumed to be readily available and not chargeable to
decommissioning because such equipment is in routine use during the

, operation of a facility.
|
1

6. All radioactive wastes from the decommissioning of facility compo-
4 nents are shipped by truck a distance of 800 km to a shallow-land
'

burial ground. Radioactive wastes from the decontamination option
i include solidified decontamination liquids, protective clothing, and
i cleaning supplies from decontamination operations. Radioactive
! wastes from the packaging and disposal option include the facility

component. Transportation charges are based on the fraction of a
truckload required to transport the wastes. Itisassumedthatong
truckload consists of one hundred-twenty 208-t steel drums or 30 m,

of plywood boxes.

| 7. Because transport and waste disposal operations are contracted
activities, manpower costs for the transportation and disposal of
radioactive wastes are included in the total costs of these items.

.

8. The base-case scenario for determining the requirements and costs of
,

packaging and disposal of contaminated facility components assumes
that large components, such as fume hoods and glove boxes, are -

shipped intact with a minimum of sectioning. Volume reduction proce-
} dures such as compaction and incineration are not used. To provide a

basis for cost comparisons, a second scenario is evaluated that
assumes sectioning of the component and compaction or incineration of
appropriate wastes. Compaction is estimated to reduce the waste
volume by a factor of five. Incineration is assumed to reduce the
waste volume by a factor of ten. '

,

9. Cost estimates are based on unit costs for manpower, equipment, sup-
plies, and waste management that are given in Appendix H.

For ease in evaluating time and manpower requirements of the decontamina-
tion option and the packaging and disposal option, each option is divided into
a series of tasks or steps. The steps in the decontamination option are as
follows:

.

Remove equipment and material and perform initial radiation survey,e

Decontaminate component.e

Monitor for compliance with release limits.e
,

F.3
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e Reclean hot spots and monitor.
e Dispose of radioactive wastes.

The steps in the packaging and disposal option are as follows:

Remove equipment and material and perform initial radiation survey.*

1 e Remove loose contamination and fix residual contamination.

Disconnect service lines and ductwork and prepare component for pack-*

aging.
.

e Package component.

e Ship packaged component to shallow-land burial ground.

F.1.1 Fume Hoods

Estimated costs for decommissioning a fume hood by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated hood at an authorized disposal site are shown in Table
F.1-2. Total costs include manpower, equipment and supplies, and waste manage-
ment costs. Costs for the packaging and disposal option are shown for the case
in which the hood is sectioned and other wastes are compacted or incinerated to
reduce the volume of radioactive material shipped to a shallow-land burial
ground.

Time and manpower requirements for the DECON of a fume hood are shown in
Table F.1-3.

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination in the fume hoods from residual levels

to unrestricted. release levels. These contamination levels are shown in Table
F.1-4. Postulated decontamination procedures are 1,isted in Table F.1-5. A

decontamination step that reduces the surface contamination by a factor of3

about 100 is assumed to require three hours for completion for hoods contami-
nated with 3g op 14C For hoods contaminated with 125g of 137Cs, a single

,

decontamination step is assumed to reduce surface contamination by a factor of'

F 50. For hoods contaminated with 241Am,' a single decontamination step is
assumed to reduce' surface contamination by a factor of 50 and to require six
hours for conpletion. A work crew consisting of a foreman and two technicians
ispostulate(toperformthework.

IFor the p v.kaging and disposal option, the manpower requiremerits shown in
Table F.1-3 include only those needed' to prepare and package the hond for ship-
ment to the shallow-land burial ground. Craftsmen (an electrician and a pipe-
fitter) are added to the work crew on a temporary basis to disconnect services'

and prepare the hood for packaging.

F.4
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i
TABLE F.1-2. Estimated Costs for DECON of a Fume Hood I

Cost ($ thousands) for DECON of a Component
Cost Item Contaminated by 241Am(a)

Decontamination

Manpower 3.05
Equipment & Supplies 1.90 i

Waste Management-
Packaging 0.35
Transportation 0.09
Disposal 0.31

Subtotals 5.70 .

25% Contingency 1.43

Totals 7.13

Packaging & Disposal
w/o Volume Reduction

Manpower 2.28
Equipment & Supplies 1.38

; Waste Management
'

Packaging 0.61
Transportation 0.26
Disposal 5.67

Subtotals 5.67
'

25% Contingency 1.42
| Totals 7.09

! (a) Number of figures shown is for computational accuracy only.
L
l

| Material costs' for the decontamination option are assumed to include the
| 1 costs of~ replacement filters. Waste management costs for this option include
|- the costs of packaging, transportation, and disposal of the decontamination

liquids and cleaning supplies'used to clean the hoods to unrestricted release
levels. Decontamination wastes are packaged in 208-t steel drums and are pos-
tulated to include three drums of solid waste (including filters) and two drums
of solidified liquid waste.

Waste management costs for the packaging and disposal option include the
; costs of disposal of the hood and of the roughing and HEPA filters and 1 m of
,

F.5
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TABLE F.1-3. Details of Estimated Time and Manpower
Requirements for DELON of a Fume Hood

Requirements for DECON of a Component
241AmDECON Option Contaminated by

Time (days) Man-Days

Decontamination

Remove Equipment &
Survey Component 0.50 1.50

Decontaminate 3.00 9.00
Monitor 0.25 0.75
Reclean Hot Spots &

Monitor 0.75 2._25

Subtotals 4.75 14.25

50% Ancillary Time 2.35 7.00

Totals 7.10 21.25

Packaging & Disposal
w/o Volume Reduction

Remove Equipment &
Survey Component 0.50 1.50

Fix Contamination 1.50 4.50
Disconnect Services &

Prepare for Packaging 0.50 2.50

Package Component 0.50 1.50

Subtotals 3.00 10.00

50% Ancillary Time 1.50 5.00
Totals 4.50 15.00

contaninated ventilation ductwork attached to the hood. The hood and asso-
ciateo items are wrapped in plastic and packaged for shipment in a plastic-
lined plywood box. Decontamination wastes for this option include one 208-t
drum of solid waste and one drum of solidified liquid waste.

F.1.2 Glove Boxes

Estimated costs for decommissioning a glove box by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated hood at an authorized disposal site are shown in Table |
F.1-6. Total costs include manpower, equipment and supplies, and waste i

F.6
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TABLE F.1-4. Comparison of Residual Contamination Levels
on Fume Hoods with Allowable Cont mination
Limits for Unrestricted Release (a

Contaminant
241Am

Residual
Contamination (b)

2 3 4(d/m/100 cm 10 to 10

Release Level (C)
2 1(d/m/100 cm 2 x 10

(a) The numbers refer to removable contamination.
(b) From Chapter 5.
(c) Based on NRC guidelines for decontamination

of facilities and equipment prior to release

for unrestricted use (Reference 1).

TABLE F.1-5. Postulated Pr c dures for the Decontamination
aof Fume Hoods

Conginant
Decontamination Step Am

Remove Contaminated Equipment x
Initial Radiation Survey x
Dry Vacuum x

Sweep
M0p

Wet Wipe x
Spray
Steam Clean
Wash x

Scrub
Scrape
Strip Paint

Final Radiation Survey x
Reclean Hot Spots & ftnitor x

(a) An "x" indicates that the step is party of

the decontamination procedure for a fume
hood with the indicated contaminant.

|

F.7



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

.

-

TABLE F.1-6. Estimated Costs for DECON of a Glove Box

Cost ($ thousands) for DECON of a Component
Cost Item Contaminated by 241Am(a)

Decontamination

Manpower 2.18

Equipment & Supplies 1.65

Waste Management
i Packaging 0.25

Transportation 0.07
Disposal 0.25

Subtotals 4.40
25% Contingency 1.10

Totals 5.50
i

Packaging & Disposal
w/o Volume Reduction'

|
Manpower 1.29

Equipment & Supplies 1.98

Waste Management4

Packaging 0.24
Transportation 0.06
Disposal 0.24

Subtotals 2.81

25% Contingency 1.40 '

Totals 4.21
1

(a) Number of figures shown is for computational accuracy only.
(b) There are no glove boxes in the reference 137Cs laboratory facility.

management costs. Costs for the packaging and disposal option are shown for
1) the case in which the glove box is packaged without sectioning and 2) for
the case in which the glove box is sectioned and other wastes are compacted or
incinerated to reduce the volume of radioactive material shipped to a shallow-
land burial ground.

Time and manpower requirements for the DECON of a glove box are shown in
Table F.1-7.

e
'
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TABLE F.1-7. Details of Estimated Time and Manpower
Requirements for DECON of a Fume Hood

Requirements for DECON of a Component
DECON Option Contaminated by 241Am

Time (days) Man-Days

Decontamination

Remove Equipment &
Survey Component 0.50 1.00

Decontaminate 3.50 7.00

Monitor 0.25 0.50

Reclean Hot Spots &
Monitor 0.75 1.50

Subtotals 5.00 10.00

50% Ancillary Time 2.50 5.00

Totals 7.50 15.00

Packaging & Disposal
w/o Volume Reduction

Remove Equipment &
Survey Component 0.50 1.00

Fix Contamination 0.75 1.50

Disconnect Services &
Prepare for Packaging 0.50 2.00

Package Component 0.50 1.50

Subtotals 2.25 6.00

50% Ancillary Time 1.12 3.00

Totals 3.37 9.00

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination in the glove boxes from residual levels
to unrestricted release levels. These contamination levels are shown in Table
F.1-8. Postulated decontamination procedures are listed in Table F.1-9. A

decontamination step that reduces the surface contamination by a factor of

about 100 is asgumed {g require two hours for completion for g25 , a single
love boxes con-

taminated with H or C. For glove boxes contaminated with 1

decontamination step is assumed to reduce surface contamination by a factor of
241 m, a single decontamination step isA' 50. _ For glove boxes contaminated with

assumed to reduce surface contamination by about a factor of 50 and to require

F.9
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TABLE F.1-8. Comparison of Residual Contamination Levels on Glove Boxes with
Allowable Contamination Limits for Unrestricted Release (a)

241Am

ResidaalContag)ination(b) 7 9(d/m/100 cm 10 to 10

ReleaseLevej()c) 1(d/m/100 cm 2 x 10
4

(a) The numbers refer to removable contamination.'

(b) From Chapter 5.
(c) Based on NRC guidelines for decontamination of facilities and equipment

prior to release for unrestricted use (Reference 1).

TABLE F.1-9. Postulated Procedures for the Decontamination of Glove Boxes (a)

241Decontamination Step Am

Remove Contaminated Equipment x

Initial Radiation Survey x

Dry Vacuum x

|
Sweep

Mop

Wet Wipe x

Spray x,

Steam Clean

Wash x

Scrub

Scrape,.

Strip Paint

: Final Radiation Survey x

Reclean Hot Spots & Monitor x

(a) An "x" indicates that the step is part of the decontamination procedure
for a glove box with the indicated contamination.

J ,

>

c
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1

four hours for completion. Re-cleaning of hot spots is assumed to require
241twice as much time for a glove box contaminated with Am as is required for

other glove boxes. A work crew consisting of a foreman and one technician is
assumed to perform the work.

For the packaging and disposal option, the manpower requirements shown in
Table F.1-7 include those needed to prepare and package the glove box for ship-'

ment. An electrician and a pipefitter are added to the work crew on a tempo-
I rary basis to disconnect services and assist in preparing the glove box for

packaging. A second technician is added to the work crew to assist in pack-
aging the glove box.

Material costs for the decontamination option are assumed to include the'

costs of replacement filters and glove box gloves. Waste management costs for
this option include the costs of packaging, transportation, and disposal of the
decontamination liquids and cleaning supplies used to clean the glove boxes to
unrestricted release levels. Decontamination wastes include three 208-t drums
of solid waste (including contaminated filters and glove box gloves) and one-

; drum of solidified liquid waste.

I Waste management costs for the packaging and disposal option include the
costs of disposal of the glove box and of the roughing and HEPA filters and 1 m
of contaminated ventilation ductwork attached to the box. The glove box and
associated items are wrapped in plastic and packaged for shipment in a plastic-

| lined plywood box. Decontamination wastes for this option include one 208-t
drum of solid waste and one drum of solidified liquid waste.'

F.1.3 Laboratory Workbenches

' Estimated costs for decommissioning a laboratory workbench by the DECON [
options of 1) decontamination to unrestricted release levels or 2) packaging
and disposal of the contaminated workbench are shown in Table F.1-10. Total
costs include manpower, equipment and supplies, and waste management costs. ,

"

The workbench is assumed to be 0.9 m high, 0.75 m wide, and 4.6 m long.

Time and manpower requirements for the DECON of a workbench are shown in
Table F.1-11.

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination on the bench top and other surfaces
from residual levels to unrestricted release levels. These contamination
levels are shown in Table F.1-12. Because bench tops are used mostly for the |

'assembly of apparatus and the preparation of non-radioactive chemical componds,
radioactive contamination is kept at low levels by routine monitoring and
housekeeping procedures during the operation of the laboratory. Postulated
decontamination procedures are listed in Table F.1-13. Decontamination is
performed by a work crew consisting of one foreman and one technician.

|
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TABLE F.1-10. Estimated Costs for DECON of a Laboratory Workbench

| Cost ($ thousands) for DECON of a Component
Cost Item Contaminated by 241Am(a)

f Decontamination

| Manpower 0.48 i

Equipment & Supplies 0.74
Waste Management

| Packaging 0.17
Transportation 0.04
Disposal 0.17,

i

Subtotals 1.60
25% Contingency 0.40
Totals 2.0

Packaging & Disposal

Manpower 0.74
Equipment & Supplies 0.73

| Waste Management
Packaging 0.61
Transportation 0.30
Disposal 1.34
Subtotals 3.72

| 25% Contingency 0.93
; Totals 4.6

|

| (a) Number of figures shown is for computational accuracy only.

Cleaning supplies and contaminated liquids from the decontamination option
are packaged for disposal in two 208-1 steel drums (one for cleaning supplies

! and one for solidified liquids).

For the packaging and disposal option, the manpower needed to prepare and
package the bench for shipment to a shallow-land burial ground is shown in,

j Table F.1-11. An electrician and a pipefitter are temporarily added to the
| work crew to disconnect services. A second technician is added to the work
| crew to assist in packaging the bench. The bench is cut into two sections,
l each 2.3 m long, for ease of packaging. It is then packaged in two large

plywood boxes.

F.12
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TABLE F.1-11. Details of Estimated Time and Manpower Requirements
for DECON of a Laboratory Workbench

Requirements for DECON of a Component
Contaminated by 241Am

DECON Option Time (days) Man-days

Decontamination

Remove Equipment &
Survey Component 0.26 0.50

Decontaminate 0.50 1.0

Monitor 0.13 0.25

Reclean Hot Spots &
Monitor 0.25 0.50

Subtotals 1.14 2.25

50% Ancillary Time 0.57 1.13

Totals 1.7 3.4

Packaging & Disposal

Remove Equipment &
Survey Component 0.25 0.50

Fix Contamination 0.25 0.50

Disconnect Services &
Prepare for Packaging 0.25 1.0

Package Component 0.50 1.50

Subtotals 1.25 3.5

50% Ancillary Time 0.63 1.75

Totals 1.9 5.25

F.13



TABLE F.1-12. Comparison of Residual Contamination Levels on Laboratory
Workbenches with A119wgble Contamination Limits for
Unrestricted Releaseta;

241Am

Residual Cont mination(b) 10 to 2 x 101 2

(d/m/100 cm )

ReleaseLeve}(c)
12 x 10

(d/m/100 cm )

la) The numbers refer to. removable contamination.
(b) From Chapter 5.
(c) Based on NRC guidelines for decontamination of facilities and equipment

prior to release for unrestricted use (Reference 1).

TABLE F.1-13. Postulated Procedures for the Decontamination of Laboratory
Workbenches (a)

241
Decontamination Step Am

Remove Contaminated Equipment

Initial Radiation Survey x

Dry Vacuum x

Sweep

Mop

Wat Wipe x

Spray

Steam Clean

Wash x

Scrub x

Scrape

Strip Paint (b) x

Final Radiation Survey x

Reclean Hot Spots & Monitor x

(a) An "x" indicates that the step is part of the decontamination pro-
cedure for a laboratory work bench with the indicated contaminant.

(b) Paint stripping may be necessary to remove hot spots on painted
bench tops.

F.14



F.1-4 Ventilation Ductwork

Dirt that accumulates on inside surfaces of ventilation ductwork makes
decontamination very difficult. Therefore, the usual practice when decom-
missioning a laboratory in which radioactive materials have been processed is
to package the ductwork for disposal at a shallow-land burial ground. Esti-
mated costs for this DECON option are shown in Table F.1-14. the estimates are
based on the packaging and disposal of 20 m of 0.20-m-diameter sheet metal
ductwork plus 20 m of 0.25-m by 0.60-m rectangular sheet metal ductwork. Cost
estimates are made for the case in which the ductwork is packaged without com-
paction and for the case in which the ductwork is compacted before being pack-
aged for shipment.

TABLE F.1-14. Estimated Costs for DECON of Ventilation Ductwork

Cost ($ thousands) for DECON of(a) Component241 aContaminated by AmCost Item

Packaging & Disposal
w/o Volume Reduction

Manpower 1.91

Equipment & Supplies 0.94

Waste Management
Packaging 0.66
Transpoatation 0.29
Disposal 1.26

Subtotals 5.06

25% Contingency 1.27

Totals 6.40

(a) Number of figures shown is for computational accuracy only.

Time and manpower requirements for the disassembly and packaging of the
ductwork are. shown in Table F.1-15. Levels of radioactive contamination on
inside surfaces of the ductwork are shown in Table F.1-16.

A work crew that includes a foreman, a technician, and a sheet metal
worker are postulated to section the ductwork and wrap each section in plastic.
.For the packaging step, a foreman and two technicians are required. For. pack-
aging without compaction, the ductwork is cut into sections 2 m long. Smaller
sections, each 1 m long, are required if the ductwork is to be compacted prior

F.15
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TABLE F.1-15. Details of Estimated Time and Manpower Require-
ments for DECON of Ventilation Ductwork

Requirements for DECON of a Component
241AmDECON Option Contaminated by

Time (days) Man-Days

Packaging & Disposal
w/o Volume Reduction

Survey Ductwork 0.50 1.00

Fix Contamination 0.50 1.00

Section Ductwork 1.50 4.50
Package Ductwork 0.50 1.50

Subtotals 3.00 8.00
50% Ancillary Time 1.50 4.00

Totals 4.50 12.00,

TABLE F.1-16. Comparison of Residual Contamination Levels
on Ventilation Ductwork with Allowable Con-
tamination Limits for Unrestricted Release (a)

241Am

Residual

Contaminatign(b)
1 3(d/m/100 cm 10 to 10

Release Lev 1(c);

I(d/m/100cm 2 x 10

'

(a) The numbers refer to removable contamination.'

(b) From Chapter 5.
(c) Based on NRC guidelines for decontamination'

of facilities and equipment prior to release
for unrestricted use (Reference 1).

to packaging. To estimate the time requirements for cutting the ductwork, it
is postulated that each cut requires approximately 20 minutes.

F.1-5. Building Surfaces

Building surfaces include walls and floors. Decontamination to unre-
stricted release levels is the DECON option evaluated for these surfaces. Some

F.16
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contaminated material, such as floor tiles or concrete chipped from walls,
might be packaged and shipped to a shallow-land burial ground.

The reference laboratories assumed for these decommissioning cost evalua-
tions measure 6 m by 10 m, with walls 3 m high. Building materials used in
individual laboratories are specified in the laboratory descriptions of
Chapter 5.

Walls

Estimated costs for decontamination of the walls of the reference labora-
tories to unrestricted release levels are shown in Table F.1-17. Total costs
include manpower, equipment and supplies, and waste management costs.

TABLE F.1-17. Estimated Costs for DECON of Walls

Cost ($ thousands)forDECg41N of a Component
Cost Item Contaminated by Am(a)

Decontamination

Manpower 6.02
Equipment & Supplies 4.31

Waste Management
Packaging 2.10
Transportation 0.39
Disposal 1.44

Subtotals 14.26

25% Contingency 3.56

| Totals 17.8

!

(a) Number of figures shown is for computational accuracy only. |

Time and manpower requirements for wall decontamination are shown in Table;
' F.1-18. these requirements are based on reducing the levels of contamination

from residual levels to unrestricted release levels. These contamination
levels are shown in Table F.1-19. Postulated decontamination procedures are
listed in Table F.1-20.

|-
The decontamination work crew includes a foreman and two technicians."

1 Decontamination of walls by steam cleaning is estimated to require less time
than decontamination by washing and scrubbing. Surfaces covered with epoxy or.

| acrylic paint require less re-cleaning of hot spots than do surfaces covered
with latex enamel paint.'

i
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TABLE F.1-18. Details of Estimated Time and Manpower
Requirements for DECON of Walls

Requirements for DECON of a Component
DECON Option Contaminated by 241Am

Time (days) Man-Days

Decontamination

Initial Suryey 0.50 1.50

Decontaminate 5.00 18.00

; Monitor 1.50 4.50

Reclean Hot Spots &
Monitor 1.50 4.50

Subtotals 9.50 28.50.

50% Ancillary Time 4.75 14.25

Totals 14.20 42.70

TABLE F.1-19. Comparison of Residual Contaminatian Levels
on Walls with Allowable ontamination Limits
for Unrestricted Release a)

P41Am

Residual
Contaminatign(b)

1 2(d/c:/100 cm- 10 to 10

ReleaseLevgl(c)
(d/m/100 cm- 2 x 101

(a) The numbers refer to removable contamination.
(b) From Chapter 5.
(c) Based on NRC guidelines for decontamination,

of facilities and equipment prior to release
for unrestricted use (Reference 1).

Wastes generated during decontamination operations include eight drums of
solid waste (rags, brushes, contaminated clothing, etc.) and 16 drums of solid-
ified liquid waste. Liquid wastes from steam cleaning operations are solidi- '

fled with cement and packaged in 208-1 drums.

F.18
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TABLE F.1-20. Postulated Procedures for he
Decontamination of Walls (a

241Decontamination Step Am

Remove Contaminated Equipment

Initial Radiation Survey x

Dry Vacuum

Sweep.

Mop

Wet Wipe x

Spray

Steam Clean

Wash x
'

Scrub

Scrape

Strip Paint

Final Radiation Survey x

Reclean Hot Spots & Monitor x
;

(a) An "x" indicates that the step is parte

of the decontamination procedure for a
wall with the indicated contaminant. '

.

Liquid wastes from cleaning operations that are organic deconta:nination
: solutions are adsorbed on diatomaceous earth or some other adsorbent contained
! in 113-1 drums. The 113-1 drums are then overpacked in 208-t drums. There-

fore, waste packaging costs for operations that utilize organic decontaminants
are greater than those for operations that use steam cleaning.

*

Floors -

Estimated costs for decontaminating the floors of the reference labora-
tories to unrestricted release levels are shown in Table F.1-21. Total costs

i include manpower, equipment and supplies, and waste management costs.

Time and manpower requirements for floor decontamination are shown in
Table F.1-22. These requirements are based on reducing the levels of contami-
nation from residual levels to unrestricted release levels. These contamina-
tion levels are shown in Table F.1-23. Postulated decontamination procedures
are listed in Table F.1-24.

F.19
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TABLE F.1-21. Estimated Costs for DECON of Floors

Cost ($ thousands) for DECON of a Component
241Am(a)Cost Item- Contaminated by

,

Decontamination

Manpower 2.30

Equipment & Supplies 2.16

Waste Management
Packaging 1.40
Transportation 0.27
Disposal 0.95

: Subtotals
"

7.08

) 25% Contingency 1.77

Totals 8.8
,

(r.) Number.of figures shown is for computational accuracy only.-

TABLE F.1-22. Details:of Estimated Time and Manpower
. Requiraients for DECON of Floors

Requirements for DECON of a Component
241AmDECON Option Contaminated of,

Time (days) Man-Days

Decontamination'

.

Remove Equipment &
Survey Component 0.25 0.75

Decontaminate 2.0 6.0

Monitor 0.50 1.50,

Reclean Hot Spots &
Monitor 0.50 1.50

Subtotals 3.25 9.75
50% Ancillary Time 1.63 4.88

1 Totals 4.9 14.6

,

F.20
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TABLE F.1-23. Comparison of Residual Contamination Levels
on Floors with Allowable Contamingtion
Limits for Unrestricted Release (ai

241Am

Residual
Contamination (b)
(d/m/100cm 103 to 1042

| Release Level (c) 2 x 10 1

,

j (a) The numbers refer to removable contamination.
|- (b) From Chapter 5.
| (c) Based on NRC guidelines for decontamination
| of facilities and equipment prior to release
[ for unrestricted use (Reference 1).

TABLE F.1-24. Postulated Procedures for the Decontamination of Floors (a)

241Decontamination Steo Am

Remove Contaminated Equipment

Initial Radiation Survey x

Ory Vacuum x

Sweep

Mop x

Wet Wipe

Spray

Steam Clean

Wash

Scrub x

Scrape

Strip Paint
Final Radiation Survey x

Reclean Hot Spots & Monitor x

.

Remove Contaminated Tile
!
'

i I

| (a) An "x" indicates that the step is part of the

decontamination procedure for a wall with the
! indicated contaminant.

F.21
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,

The decontamination work crew includes a foreman and two technicians.
241With the exception of the floor in the Am laboratory, all of the floors are

covered with asphalt tile. The floor in the 241Am laboratory is covered with
linoleum with heat-treated semas. Because the linoleum is free from cracks, it

is easier to decontaminate and requires less re-cleaning than do the asphalt
tile floors.

Wastes generated during decontamination operations include four drums of
solid waste and eight drums of solidified liquids.;

F.2 DETAILS OF DECOMMISSIONING THE REFERENCE LABORATORY FOR THE
MANUFACTURE OF NAM SEALED SOURCES

241The reference laboratory for the manufacture of Am sealed sources is
described in Chapter 5. The DECON options postulated for the contaminated
components and building surfaces of this laboratory are shown in Table F.2-1.

DECON Options for Facility Componeng in the Reference (a)TABLE F.2-1.
2Laboratory for the Manufacture of Am Sealed Sources

DECON Option
i Clean to Unrestricted Dismantle and Package

Facility Component Release Levels for Disposal

Fume Hoods X

Glove Boxes (b) X X

Laboratory Benches X

Other Components

Transfer Tunnels (c) X

Filters X,

Ventilation Ductwork X

Ceiling X

Walls- X

Floor X

.

'

(a) An "X" indicates that the facility component is decommissioned
by the indicated options.

(b) One glove box is cleaned to unrestricted release levels. The
remaining six glove boxes are decontaminated to acceptance levels
for shallow-land burial and are then packaged for disposal.

(c) Transfer tunnels are decontaminated to acceptance levels for
shallow-land burial and are then packaged for disposal.

F.22
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i

These DECON options provide a basis for estimating the manpower and waste man-
agement requirements and costs of decommissioning the laboratory.

'

| The locations of-fume hoods and glove boxes in the reference 241Am labora-
tory are shown schematically in Chapter 5. The fume hoods and the glove box in
the low-level alpha lab are postulated to be decontaminated to unrestricted
release levels. The glove boxes and transfer tunnels in the high-level alpha
lab are decontaminated to remove loose or lightly held contamination and to
reduce total transuranic contamination to acceptable levels for shallow-land
burial of these components. These glove boxes and transfer funnels are then

! packaged and shipped to a shallow-land burial site for disposal. Laboratory
benches are decontaminated to unrestricted release levels. Ventilation duct-
work is sectioned and packaged for disposal. HEPA and roughing filters are
packaged for disposal. The ceiling, walls, and floor of the laboratory are
decontaminated to unrestricted release levels.

Details of estimated manpower requirements and costs for DECON of the
241

| reference Am laboratory are shown in Table F.2-2. Manpower costs for plan-
ning and preparation are estimated to account for about 22% of the total decom-

| missioning manpower costs. Manpower costs for the final radiation survey are
| estimated to account for about 6% of the total manpower costs.

Details of estimated waste management requirements and costs for DECON of
241

therejerence Am laboratory are shown in Table F.2-3. A total volume of
| 54.5 m of contaminated components, equipment, and cleaning supplies is pos-
| tulated to be packaged in 15 plywood boxes and in one hundred eighty-five 208-t
! steel drums and to be shipped to a shallow-land burial site for disposal.

All of the decontamination liquids are organic liquids that are absorbed on
diatomaceous earth and packaged in 113-t drums before being overpacked in 208-t

j drums.

1

i

|

4
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TABLE F.2-2. Details of Estimated Manpower Requirements and Costs for DECON of the
137Reference Laboratory for the Manufacture of Cs Sealed Sources

i

1

Worker Man-Days Manpower i
!Time H. P. Total Costs

Operation (days)(a) Supervisor Foreman Craftsman Technician Technician Secretary Man-Days ($ thousands)(b)
Planning and |

"

Preparation

Prepare |
Documentation 15 7.5 15 -- -- -- 7.5 30 5.39

Prefons
Radiological
Survey 4.5 -- 4.5 -- 9 00 00 13.5 2,08

Develop Work Plan 10 5 10 00 5 00 5 25 4.29

Subtotals 29.5 12.5 29.5 00 14 -- 12.5 68.5 11.76 I

Decommissioning.

$ Fume Hoods 9.6 4.8 9.6 00 4.8 28.8 -- 18 7.11
'

Glove Boxes 21.6 10.6 21.1 14.1 10.6 63.4 120 19.14--

Laboratory Benches 0.8 0.37 0.7 -- 0.37 2.2 3.7 0.59--

, Ductwork 2 1 2 2 1 6 12 1.91 j--

; Other Components 2 1 2 -- 1 6 -- 10 1.61
'

Ceiling 8.1 4.1 8.2 -- 4.1 24.7 -- 41 6.59
Walls 16.2 8.1 16.2 8.1 48.6 81 13.00-- --

Floor 2.7 1.6 3.2 -- 1.6 9.6 -_ 16 9.6 i

Subtotals 63.0 31.6 63 16.1 31.6 189.3 -- 331.7 60.15

Final Radiological
Survey 5 2.5 5 -- 10 -- 5 22.5 3.48

251 Cost
Contingency -- -- -- -- -- -- -- -- 15.91 j

|

Totals 98 47 98 16 56 189 18 423 91.3
:
,

(a) 50% ancillary time is included in estimates of decomnissioning times.
(b) Costs are in 1981 dollars. Number of cost figures shown is for computational accuracy only.

1
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TABLE F.2-3. Details of Waste Management Requirements and Costs for DECON of the
241x

Reference Laboratory for the, Manuf acture of Am Sealed Sources.

Disposable
Shipping Contatngr Transportqtion Buri 1 Total Waste

Container Number of Volume Cost,a; Cost (af Cost a) . Management
''

i

Waste Category Type Containers- (m ) ($) ($) ($) Cost ($)(a)3

Components and _

1 160 1 942
Equipment Plywood Box 10 5.0 520 262

Ventilation Ductwork Plywood Box 5 5.0 520 262 1.160 1 942
'

HEPA and Roughing Steel Drum
n Filters 208-t 3 0.63 104 38 148 290

,

Solidifled Decontami- Steel Drum
nation Liquids 208-t 110 23.1 9 900 1 440 5 375 16 715

: Trash Steel Drum
! 208-t 72 15.12 2 490 942 3 520 6 952

Cost Subtotals 13 500 2 944 11 363 27 841'

6 96025% Contingency

Totals 15 Boxes 54.42 34 800

185 Drums
'

.,

(a) Costs are in 1981 dollars. Number of significant figures shown is for computational accuracy only.

. .
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APPENDIX G

DETAILS OF ORE PROCESSING SITE CLEANUP AND DECOMMISSIONING

This appendix provides details to support the description of the decommis-
sioning of the ore processing site following an accident presented in Chapter
11. The reference site is described in Section 5.5.

The decommissioning alternatives for contaminated sites are 1) site stabi-
lization followed by long-term care, and 2) removal of the contaminated mate-
rial to an approved shallow-land burial ground. Details of the technology and
costs of these two alternatives are given in another report on the technology,
safety, and costs of decommissioning a low-level waste burial ground.(1) For
convenience of reference, brief descriptions of several site stabilization

options are given in Section G.I.

The following key bases and assumptions are used for estimating manpower
requirements and costs:

1. The decommissioning of a site is performed by a contractor hired by
the owner / operator of the site. Separate contractors might be hired
for the site survey and for the actual decommissioning operations.
(In some instances, the owner / operator would perform his own site
survey.)

2. To de. ermine the total time required to decommission a radioactively
contaminated site, an estimate is made of the time required for effi-
cient performance of the work by a postulated work crew. This time
estimate is then increased by 50% to provide for preparation and set-

up time, rest periods, etc.

3. All radioactive wastes from the decommissioning of contaminated sites
are shipped by truck a distance of 800 km to a shallow-land burial
ground.

4. Transportation and waste disposal operations are subcontracted
activities. The manpower costs for the transportation and disposal

-of radioactive material are included in the total costs of these
items.

5. Decommissioning includes the backfilling of a site from which wastes
have been exhumed and the restoration of the decommissioned site by
grading the site and/or planting grass or other appropriate vegeta-
tive cover. Costs of backfilling and site restoration are included

in the costs of decommissioning.

G.1
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6. If a site is to be released for unrestricted public use, the final

decommissioning activity is a site survey to verify that residual
levels of radioactivity are below unrestricted release limits. Costs
of this final radiation survey are included in the estimated costs of
decommissioning.

For ease in evaluating time and manpower requirements for the decommis-
sioning of sites, each decommissioning alternative is divided into a sequence
of tasks or steps. For the site stabilization alternative, the steps are
listed below:

planning and preparation (including initial site survey)e

e mobilization / demobilization
e site stabilization
e revegetation.

For the removal alternative, the steps are as follows:

planning and preparation (including initial site survey)e

mobilization / demobilizatione

e removal of overburden

exhumation and packaging of contaminated materialo

transportation and disposal of contaminated material at a shallow-e

land burial ground

e backfill and restoration of site

c. final site survey.

G.1 SITE STABILIZATION DETAILS

Various stabilization techniques can be used to reduce the potential for
radionuclide migration from the sites analyzed in this study. Some stabiliza-
tion techniques are described in this section:
e soil cover
e hard cover
e rock cover

site topography adjustmente

improved drainagee
revegetatione

leachability reduction.e

G.2
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A more complete description of site stabilization techniques is given in
Reference 1.

G.1.1 Soil Cover

A layer of soil (backfill) can be added to a contaminated site to provide
a cover over the radioactive material. The backfill used is generally selected
to provide a suitable base for subsequent revegetation of the area. The mate-
rial is hauled in, dumped, and graded to form a layer of uniform specified
depth. Standard earthmoving techniques are used. The soil is then compacted
either by packing the area using heavy rolling equipment (e.g., a sheepsfoot
roller,(a) wobbly-wheel roller,(b) or road roller) or by vibrating the earth
with a vibrating baseplate compactor. Other measures can be taken to aid in
compaction, the most common being the use of water sprays to wet the soil.
Little or no surface preparation is needed prior to backfilling and compaction
of an area, although removal of vegetation and debris is desirable. Reference
2 provides a detailed treatment of fill compaction.

The new surface can be graded to preserve the original site contours, or
new contours can be established. Site contours are chosen to control the
drainage from the area and to reduce the potential for the accumulation of
water on the surface. After completion of the contouring operation, the sur-
face is revegetated or otherwise stabilized.

Backfilling and compaction can be used as a control measure against subsi-
dence. Backfill returns the surface to its original level, and compaction
reduces the extent of subsidence that might be caused by future settling.

The addition of a layer of soil can reduce the background radiation level
existing on the site from contaminated surface soil or from tailings dumped on
the ground. The thickness of backfill required depends on the level of surface
contamination and the radionuclides involved. Generally, a soil thickness of
0.3 m to 3.0 m is required.

G.1.2 Hard Cover

A hard cover may be composed of any of a variety of m
concrete, asphalt, asphalt-soil, soil cement, bentonite (3)aterials, includingor other clays, and
other mineral or chemical materials. The thickness of the layer is dependent
on the material used and on t e structural strength desired, but is generally
in the range of 20 to 200 mm. 4)

(a) A sheepsfoot roller is a cylindrical steel drum to which knob-headed
spikes are fastened.

(b) A wobbly-wheel roller is a roller with freely suspended pneumatic tires.

G.3
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Prior to emplacement of a hard cover, the surface should be prepared by
the removal of vegetation and by grading and/or compacting the surface. Provi-
sion should be made for drainage of rainwater and snowmelt from the surface.
The hardcover may be placed directly on the ground surface after site prepara-
tion, it may be placed as a stabilizing agent over a layer of backfill, or it

may be covered with a layer of topsoil. When bentonite or asphalt is used, a

protective cover of soil is often added to reduce the rate of cracking and
deterioration of the hard layer, thereby reducing annual maintenance costs.

The hard layer provides a physical barrier to digging and burrowing ani-

mals, human penetration, and plant-root penetration by presenting a relatively
impenetrable layer in the soil profile. It also serves to limit erosive action
and can reduce the percolation of water into the soil.

To maintain the effectiveness of a surface hard layer, a certain amount of
upkeep is necessary. Cracks and other damage to the layer must be repaired.
Without this upkeep, the effectiveness of the layer is severely reduced, par-
ticularly in preventing water percolation.

G.1.3 Rock Cover

A rock layer (4) may be placed on the surface of a site as ground cover,~or
it may be a subsurface layer covered by a blanket of topsoil.

A surface rock layer is composed of rocks or large gravel. It is placed

directly on the surface to a depth of 0.15 m to 0.4 m after a minimum of ground
surface preparation (leveling and removal of vegetation and debris). The sur-
face of the rock is leveled to obtain a layer of uniform specified depth.

A subsurface rock layer is a thick blanket of rock placed in the soil pro-
file. It is topped with a material to prevent soil from sifting down into the
void spaces between the rocks. The rock layer is then covered with topsoil to
provide a base for surface stabilization. The layer is composed of rock or
cobbles at least 40 mm in diameter, placed to a thickness of 0.3 m to 1.0 m.
Plastic or other composite sheeting, layers of progressively smaller gravel or
rock chips, or a polymeric or asphaltic sealer can be used to prevent topsoil
from sifting down between the rocks.

A rock layer provides protection against erosive action by presenting a
relatively erosion-resistant surface. Animal burrowing is restricted by the
difficulty of digging through the layer. The layer also acts as a deterrent to

inadvertent human excavation. The barrier protects against penetration by
plant roots, because of the hostile environment present to the roots by the
rocks and the void spaces between them. Thus, agriculture is essentially
eliminated by a surface rock cover. However, shallow-rooted vegetation can be
planted in the soil that covers a subsurface rock layer.
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G.1.4 Site Topography Adjustment

Site topography adjustment is the grading, scraping, or other movement of
surface soils to alter site contours. Site topography is adjusted using stan-
dard earthmoving and surface contouring techniques. After completion of the
contouring operation, the surface is stabilized as desired, using one of the
surface stabilization techniques described in this section.

Adjustment of site topography can be very effective in reducing radionu-
clide migration. Topography is a factor in both wind and water erosion, and
adjustment therefore provides a method of reducing erosion damage. The altera-
tion of site contours is a means of controlling runoff from rainfall and snow-
melt, and therefore is useful in adjusting the hydrological parameters of a
site.

G.1.5 Improved Drainage

In addition to being adjusted by the alteration of site contours, site

drainage can be improved by the construction of an engineered drainage system
to route runoff from incident precipitation away from the site. A drainage
system is designed and installed after a civil survey of the site and an analy-
sis of the drainage requirements. Runoff from rainwater and snowmelt is chan-
neled away from the site by a system of pipes and/or trenches. Surface waters
are drained, if desired, in the same manner. Pipes and trenches can be sealed,
where necessary, to prevent leakage that can percolate into the soil. The
drainage system is installed using standard construction techniques.

A peripheral drainage and diversion system can also be designed for the
interception and diversion of surface and/or ground waters either at the site
boundaries or outside the site. Some techniques for peripheral drainage and
diversion are described in Reference 5. Ditches for the drainage of surface
water can be lined to prevent leakage if desired, but ditches used to intercept
groundwater are unlined to allow the water to seep into the ditch. The ditch
banks are stabilized using one of the surface stabilization techniques dis-
cussed in this section.

Improved site drainage prevents the accumulation of water on the surface
of the site, and reduces the percolation of moisture into the soil. Surface
water runoff from onsite is improved, and surface runoff from offsite is inter-

cepted and diverted away from the site. By reducing the potential for overflow

seepage, the local level of the water table can be reduced in areas where per-
colation significantly influences the groundwater flow. Groundwater can also
be intercepted, thus reducing the potential for water intrusion into radioac-
tive material buried on the site.

G.5
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G.I.6 Revegetation

Revegetation is the establishment of a vegetative ground cover on a site
where the surface has been disturbed. A variety of vegetation types and spe-
cies can be used, depending on soil and climate conditions and also on the
results desired. Shallow-rooted plants are preferred in order to limit root
penetration into buried radioactive material.

Before revegetation begins, soil tests are made at the site to determine
the plant species to be used and the nutrient balance in the soil. After the
surf ace to be revegetated is graded or leveled as desired and cleared of
debris, the area is planted with selected vegetation species. Use of ferti-
lizers and soil amendments to improve soil texture and nutrient balance is com-
mon, as is the use of mulches and/or chemical stabilizers to conserve moisture
and protect the surface until the vegetation becomes established.

A vegetated surface must be managed to ensure the cnntinued viability of
the vegetative community and to provide remedial measures for incidental prob-
lems. A vegetation management program can include, but is not limited to, the
following elements: herbicides, acting at the surface and/or subsurface to
control undesirable plant growth and to limit plant-root penetration; use of
competing plant species to control growth of undesirable species; periodic
clearing of undesirable vegetation from the site; use of bacterial and/or
insect controls to limit the growth of undesirable species; and replanting of
areas damaged by erosion, pests, or human activities.

surface.(getationcanbeusedtocontrolwindandwatererosionofthegroundReve
,7) It also affects the site moisture balance by reducing runoff and

increasing moisture return to the atmosphere through evapotranspiration.
Revegetation may, in some cases, reduce mass wasting by anchoring the soil.
One possible disadvantage of revegetation is that plant roots may penetrate
areas where radioactivity is located.

The erosion protection afforded a site by a vegetation cover increases as
the plant community becomes more established. This results in a gradual
improvement of the site over several years, until the plant community reaches
maturity.

G.1.7 Leachability Reduction

Leachability reduction involves the injection of suitable material into
the buried radioactive material (e.g., a tailings pile) to chemically and/or
physically bond the radionuclides into a stable mass, thus reducing leaching.
The technique involves the injection of grout material into the radioactive
waste and the surrounding soil. Possible grouting materials include cement,
clays, asphalts, bitumens, silicates, lignochromes, lignosulf ates, epoxy
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i

resins, acrylamide, polyester resins, polyphenolics, resorcinolformaldehyde,
and other chemical polymers.(4) These materials are injected by pumping them

| through distribution pipes driven into the soil or tailings pile. Injection
techniques are described in Reference 8.

By reducing waste leachability, radionuclide releases caused by hydro-
logical action _ are decreased by limiting or eliminating dissolution of the
radionuclides. Groutingtoreduceleachabilitzisarelativelyexpensiveoperation with costs ranging as high as $350/m .(4) A useful life of 25 to 100
years is anticipated for the technique, assuming no regular maintenance.

4

i

G.2 DETAILS OF DECOMMISSIONING A TAILINGS PILE

Time and manpower requirements and total costs for decommissioning a tail-t

*

.ings pile following an accident by the alternatives of 1) stabilization of the
pile or 2) removal of the pile are evaluated in this section. Annual require-
ments and costs of long-term care following pile stabilization are also i

evaluated.

The tailings pile is described in Section 5.5. It is actually a settling
pond that contains the residue from ore refinery operations in which tin slag
is processed for the recovery of niobium and tantalum. The residue from thesei

operations contains 0.2 wt% V 03 8 and 0.5 wt% Th0 . The pond measures 100 m2
long by 50 m wide by 5 m deep with a slope of 2.5 to 1 on each side. It

3contains 16,400 m of glassy residue weighing 4.1 x 107 kg.

G.2.1 Decommissioning Procedures

Decommissioning begins with planning and preparation activities that
include a radiological survey of the site, the preparation of documentation
describing anticipated environmental effects of proposed decommissioning pro-

|cedures, and the formulation of written work procedures. |

The initial radiological survey provides data to guide the planning of
decommissioning operations. The survey includes the following measurements:

,

e measurements of external gamma radiation levels at 1 m above the
ground surface on the pile and on the site

surface soil samples at several onsite locationse

,

measurements of the rate of radon emanation from the pilee
,

measurements of the concentrations of radon and daughters in air one

the site

G.7
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measurements of gamma radiation at various depths in core holese
drilled into the soil near the edge of the pile

subsurface soil samples obtained from these core holes.e

Equipment and techniques for making radiological measurements at a site
are described in Section 10.1.1. At the reference site, ten cores are drilled
to a depth of eight meters. Three soil samples are obtained from each core.
The samples are sent to a commercial laboratory for analysis of 226Ra, 232Th,
and 2380 concentrations.

Site Stabilization Alternative

Several site stabilization techniques are described in Section G.I. To

provide an example of the costs of stabilization, the following set of tech-
niques is assumed for stabilization of the reference tailings pile. The pile
is covered with a layer of asphalt 50 mm thick. This asphalt layer is then
covered with 1 m of soil. The soil is mounded slightly at the center of the
pile to allow water to drain from the soil cover and to prevent the accumula-
tion of runoff from rainfull or snowmelt. After compaction and contouring of
the soil cover, the area is seeded with grass.

Long-term care activities following stabilization include administrative
control, site maintenance, environmental monitoring, and vegetation management.

Removal Alternative

Removal of the pile is accomplished by using conventional earthmoving
equipment. Bulldozers and front-end loaders are used to break up the pile and
transfer the residue to plastic-lined plywood boxes for shipment to a shallow-
land burial ground. A layer of potentially contaminated soil 0.6 m thick is
also removed from beneath the settling pond and around the edges of the hole.
Some manual excavation work is required for the removal of spots of low-level
contamination.

The site is restored by backfilling with soil. After the fill soil is
compacted and graded, grass is planted on the site. A final site survey is
performed to verify that levels of radioactivity remaining on the site are less
than limits prescribed for unrestricted release.

G.2.2 Manpower and Cost Details

Details of estin. ted manpower requirements for decommissioning a tailings
pile are presented in Table G.2-1. Cost details are presented in Table G.2-2.

G.8
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TABLE G.2-1. Details of Estimated Time and Manpower Requirements for Decommissioning a Tailings Pile

Worker Man-Days Manpower
Time Equipment Truck Health Physics Total Costs

Operation (Days)(,)~ Supervisorg Foreman Op rator Driver Technician Laborer Secreta _ry Man-Days ($ thousands)(c'd)

Site Stabiltration Option

Planning and Preparation 20 23 20 -- -- 10 -- 20 70 9.81

Mobilize / Demobilize 2 1 2 4 -- -- 4 -- 11 1.90

Placement of Asphalt 2 1 2 4 -- 2 4 -- 13 2.10
Layer

Placement of Soil Cover 6 3 6 12 40 2 12 -- 75 11.71

Revegetation 2 1 -- 2 -- 2 -- 5 0.88
Totals 32 26 30 22 40 14 22 20 174 26.40

Long-Term Care (Annual
Values)

Administration 2 2 -- -- -- -- -- 2 4 0.51

Site Maintenance 3 -- 3 3 -- -- 3 -- 9 1.10

Environmental Surveil- 1 -- -- -- -- 2 -- -- 2 0.20
lancea

'e vegetation Management 4 -- 4 -- -- -- 8 -- 12 1.36

Totals 10 2 7 3 2 11 2 27 3.17

Removal Option

Planning and Preparation 20 20 20 -- -- 10 -- 20 70 9.81

Mobilize / Demobilize 4 2 4 24 -- -- 24 -- 54 9.07
Exhume and Package 90 45 90 540 -- 90 540 -- 1 305 213.16

Tailings
Cackfill and Restore 20 10 20 40 100 -- 40 -- 210 33.54

Site
Final Site Survey 5 3 5 -- -- 10 -- -- 18 2.45

Totals 139 80 139 604 100 110 604 20 1 657 268.03

(a) 50% ancillary time is included in estimates.
(b) Charged half-time to project.
(c) Costs are in 1978 dollars. Number of cost figures shown is for corpputational accuracy only.
(d) 25I contingency not included.
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TABLE G.2-2. Cost Details for Decommissioning a Tailings Pile

Cost ($ thousands)(a)
Site Long-Term Care Pile

Cost Item Stabilization (Annual Costs) Removal

Manpower 26.4 3.2 268.0

Equipment 19.2 1.0 104.4

Material 66.6 0.5 46.2

Soil Analyses 5.0 1.0 7.0

Contractors Fee (b) 8.3 157.4--

Waste Management

1568.9Packaging -- --

1295.0Transportation -- --

3258.7Disposal -- --

Subtotals 125.4 5.7 6705.6

25% Contingency 31.3 1.4 1676.4

TOTALS 157.0 7.0 8382.0

(a) Costs are in 1981 dollars. Number of figures shown is for
computational accuracy only.

(b) Based on 8% of the sum of contractor's charges for manpower,
equipment, and materials.

Site Stabilization Alternative

The asphalt for the hard cover over the tailings pile is delivered to the
site in tanker trucks. It is then transferred to a self-propelled soil stabi-

lizer for application to the surface of the pile. The asphalt is applied at an
assumed rate of 50 t/m2. Two days are required to complete this operation,
which is performed by a work crew consisting of a foreman, two equipment opera-
tors, and two laborers.

The soil used as backfill over the hard cover is hauled to the site in
3 310 m dump trucks. Approximately 5600 m of soil is required. Af ter the soil

is in place, it is graded to the specified contours and compacted with a rol-
ler. Six days are required to complete this operation, which is performed by a
work crew that includes a foreman, two equipment operators, eight truck
drivers, and two laborers.

G.10



After the soil cover over the tailings pile is compacted and contours are
established, the area is planted with grass. Two equipment operators and two
laborers perform this operation.

The total cost of site stabilization is estimated to be about $157,000.

More than half of this cost is for the asphalt and the soil used to establish
the cover over the tailings pile.

The total annual cost of long-term care is estimated to be about $7,000.
Manpower costs represent almost 60% of this cost.

Removal Alternative

Two work crews, working at opposite ends of the pile, are employed to
remove and package the residue from the tailings pile. Each crew includes
three equipment operators and three laborers. A foreman supervises the work,
and a health physics technician assists the crews. Bulldozers and front-end
loaders are used to break up the residue and load it into 1.2 m-by-1.2 m-by-

32.4 m (3.4 m ) plastic-lined, plywood boxes for shipment to the shallow-land
3burial ground. Approximately 5,700 boxes are required for the 19,400 m of

tailings residue and contaminated soil removed from the site. The boxes are
shipped by truck to the burial ground. Shipments are weight-limited and
restricted to five boxes per flat-bed trailer. Theref ore,1140 shipments must
be made to decommission the site.

Afger the contaminated material is removed, soil is brought from offsitein 20-m -capacity scraper-haulers to fill the hole. The site is then graded
and seeded with grass.

Approximately 114 work days (23 weeks) are required to remove the contami-
nated material and restore the site.

The total cost of the removal option is estimated to be almost $8.4 mil-
lion. Most of this cost (approximately 91%) is associated with the packaging,
transportation, and disposal of the exhumed material. The waste management
costs could be reduced by about $1.5 million if the contaminated matgrial was
transported to the shallow-land burial ground in plastic-lined,10-m -capacity
dump trucks instead of being packaged in plywood boxes.

G.11
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APPENDIX H

COST-ESTIMATING BASES

Cost data are presented that can be used to develop cost estimates for
accident cleanup and for decorr.missioning. Categories for which basic cost data
are presented include labor, waste packaging, transportation, waste disposal,
and equipment and supplies. The data presented are all early-1981 costs,
whereas earlier decommissioning studies in this series used a 1978 cost base.
The cost updating in this study is consistent with that performed previously in
Reference 1.

H.1 LABOR COSTS

Labor cost data for typical accident cleanup and decommissioning staff
positions are given in Table H.1-1. both owner / operator staff and contractor
staff are included. The 1978 data base used in earlier decommissioning studies
and referenced in the table has been adjusted by a factor of 1.2, based on
building trades labor cost trends reported in the Handy-Whitman Index.(2) The

base pay rates for owner / operator staff in Table H.1-1 are increased by 70% for
nonunion employees and by 50% for union employees to account for owner costs
such as fringe benefits, taxes, and insurance. An overhead rate of 110% is
applied to contractor staff positions to account for anticipated additional
expenses.

The labor costs shown are representative of average labor costs rather
than labor costs for a particular decommiss ing project at a given loca-
tion. A recent decommissioning costs study estimates that regional labor
costs can deviate by as much as 17% from the national average. Costs at indi-
vidual locations might deviate even more. In addition, the owner cost will
depend on the values used to estimate fringe benefits, taxes, insurance, and
other owner overhead expenses.

H.2 WASTE-PACKAGING COSTS

The costs of packaging radioactive waste materials prior to shipment to a
shallow-land burial site or other authorized waste repository include the ship-
ping container cost, the cost of additional shielding provided by overpacks and
casks, and the cost of a solidifying or dewatering agent for radioactive
liquids or wet wastes. These costs are discussed in the following subsections.

4
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TABLE H.1-1. Deconsnissioning Labor Cost Data

Assumed
Base Pay Overhead Cost (a)

Position ($/yr) Rate (1) ($/yr) Reference
Owner / Operator's Staff

Project Manager 52 000 70 88 400 b

Project Engineer 44 700 70 76 000 b

Health & Safety Supervisor 35 200 70 59 800 e

I,

Health Physicist 27 600 70 46 900 c

Health Physics Technicfan 20 000 50 30 000 d

Security Force Supervisor 32 900 70 55 900 c

. Security Patrolman 16 900 50 25 400 e

Contracts & Accounting Specialtst/ 23 100 70 39 300 c
Accountant

SNM Accounting Specfalist 26 900 70 45 700 c

Sim Accounting Clerk 19 000 50 28 500 c

Radioactive Shipment Specialist 23 100 70 39 300 c

QA Engineer 27 600 70 46 900 ca

- Planning Engineer 27 600 70 46 900 b

Engineering Technician 20 000 50 30 000 d

Operations Supervisor 30 700 70 52 200 t.

Maintenance & Crafts Supervisor 27 600 70 46 900 c

Crew Leader / Foreman 26 100 70 44 400 d

Craftsman / Instrument Technician / 21 400 50 32 100 d
Maintenance Mechanic<

Custodian 19 000 50 28 500 c
Equipment Operator 26 100 50 39 100 c

Truck Driver 20 600 50 30 900 c
Laborer 20 600 50 30 900 e

Secretary / Word Processor / Clerk 16 100 50 24 200 c

{ Contractor's Staff
Supervisor 30 700 110 64 500 b

Crew Leader / Foreman 26 100 110 54 800 d,

j Craftsman / Maintenance Mechanic 21 400 110 44 900 d

i Technician 20 000 110 42 000 d

Equipment Operator 26 100 110 54 800 c

Truck Driver 20 600 110 43 300 e

j Laborer 20 600 110 43 300 e

Secretary / Clerk 16 100 110 33 800 e

'

(a) References for 1978 data base, which has been adjusted upward by a factor
. of 1.19 to update it to early-1981.

(b) U.S. Department of Labor, Bureau of Labor Statistics, Bulletin March
; 1975.
7 Author's estimate.

Hanford Atomic Metal Trades Council Pay Scales,
R. S. Means Co., Building Construction Cost Data - 1975, 33rd Edition.i
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H.2.1 shipping Container Costs

The shipping containers assumed to be used for packaging radioactive mate-
rials for disposal are listed in . Table H.2-1. Because of increases in labor
and material costs, some container costs have increased significantly since
1978. Suppliers and users of these containers were consulted to obtain 1981

| cost information.

TABLE H.2-1. Unit Costs of Shipping Containers for Radioactive Materials

Buria1 Volume Estimated Unit
3Description (m ) Cost ($)

Standard Steel Drum 0.21 30
l 0.21 m3, 23 kg empty

Small Steel Drum 0.11 20
0.11 m3, 18 kg empty

Polyethylene Drum Liner (a) 1

Fiberglassed Plywood Box 3.46 400
1.2 m x 1.2 m x 2.4 m, 175 kg empty

| Fiberglassed Plywood Box Variable 40/m2 of Surface
Specially Fabricated i

Steel Box Variable 275/m2 of Surface

(a) Included in outer steel drum, no added burial volume.

1

H.2.2 Overpack and Cask Charges

Some packaged wastes with tigh surface dose rates require transport to a
burial site in shielded casks. Containers of TRU waste are assumed to be over-
packed in a DOT-approved type B container (Super Tiger *). In general, it is

more economical to rent casks and overpacks than to purchase them, especially
those used infrequently or for a short time period. The casks and overpacks
assumed for use in this study are listed in Table H.2-2, together with physical
characteristics and estimated rental charges.

H.2.3 Solidifying Agent Costs

The solidifying agents assumed to be used for packaging of wet solid and
liquid wastes are listed in Table H.2-3 together with their respective costs.

Registered trademark of Protective Packaging, Inc., subsidiary of Nuclear*

Engineering Company, Inc., Jeffersontown, Kentucky.

H.3
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TABLE H.2-2. Rental Charges for Casks and Overpacks

Empty Weight Daily Rental
Description (kg) ($)

-

1.95 m OD x 1.04 m hi h 55-nin Pb 7000 225
thickness (70-3L cask

i

2.44 m x 2.44 m x 6.10 m double- 6800 300
.)walled steel with fire-resistant

insulation (Super Tiger *)

TABLE H.2-3. Solidifying Agent Costs

Estimated Unit
Item Cost ($)

Cement (45-kg bag) 6/ bag

Diatomaceous Earth (23-kg bag) 12/ bag

H.3 TRANSPORTATION COSTS

Shipments of radioactive wastes to a shallow-land burial site or to an
authorized waste repository are assumed to be by exclusive-use truck. Trans-
portation costs for these shipments are based on published rates of a car-
rier licensed to transport radioactive materials. To compute transportation
costs, the following assumptions are made:

One-way shipping distance is 1600 km.e

Shipments not requiring casks or overpacks are separate one-way ship-e

ments destined for west of the Mississippi River (the highest rate
category) . Cask or overpack shipments are continuous-excursion round
trips.

A fuel surcharge is levied at a rate of 18%.(a)e

Where applicable, overweight charges are computed at the rate for the*

state of Washington.

A trend that could add significantly to future nuclear transportation
costs is the requirement by state and local governments for permits in advance

(a) The fuel surcharge rate is subject to change as fuel prices increase or
decrease. The 18% rate was in effect as of February 12, 1981.
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of each radioactive material shipment through their jurisdiction. A major car-
rier plans to charge t customers $25, plus the cost of the permit, for each
such permit required. 5 In the future, these permit charges could be substan-
tial for long-distance shipments. However, no such permit charges are included
in the transportation cost estimates of this study.

The rate schedule for truck shipments of legal size and weight that forms
the basis for transportation costs in this study is shown in Table H.3-1. The

gross vehicle weight (GVW) for legal-weight shipments by truck is assum )to be
less than 21.32 Mg. The maximum allowed GVW is assumed to be 38.55 Mg.
Overweight charges by states vary widely. The additional charges assumed in
this study to be levied by the carrier and the state for overweight shipments
are shown in Table H.3-2.

Example shipping costs, calculated for several different payloads and for
one-way and round-trip shipments, are shown in Table H.3-3. For a one-way
1600-km shipment, the base charge is that shown in Column 2 of Table H.3-1. To

this must be added the 18% fuel surcharge, as well as any applicable overweight
charges shown in Table H.3-2.

Casks and overpacks are assumed to be picked up loaded at the site of the
decommissioning operations, delivered to the disposal site to be unloaded, and
then returned to the original site. Thus, each 3200-km round trip consists of,

two 1600-km one-way moves, with charges based on continuous-excursion rates
shown in Column 3 of Table H.3-1. From the reference rate schedule, the basic
charge for the round trip is $2272. With the additional 18% fuei surcharge,
this is increased to $2681. Applicable overweight charges must also be
added. To ensure rapid turnaround on these shipments and to minimize cask

; rentalcharges,aseconddriverisassumedtobeused,costinganadditional
| $0.093/km.( )

H.4 WASTE DISPOSAL COSTS

A basic assumption of this study is that nearly all of the radioactive
material resulting from cleanup and decommissioning of the reference facilities
can be disposed of by burial at a commercial shallow-land burial facility. The
only exception is the transuranic (TRU) waste from the M0X facility, which is
assumed to be placed in deep geologic disposal. The unit costs of waste dis-
posal are given in the following subsections.

H.4.1 Shallow-Land Burial

The shallow-land burial costs used in this study are based on a November

| 1980 price list from U.S. Ecology, Inc.,(6) which operates burial sites at
,

i

i
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TABLE H.3-1. Transportation Rates for Legal Weight Shipments
(effective August 15,1980)(a-c)

Rate in Cents / Kilometer Rate in Cents / KilometerKilometers KilometersColumn Column Column Column Column ColumnOne-way One-Way
(Not Over) 1(d) 2(e) 3(f) (Not Over) 1(d) 2(e) 3(f)

160 233 244 168 1200 86 103 71
200 214 226 155 1280 82 100 71
240 196 209 143 1360 81 99 71
280 179 192 133 1440 80 98 71
320 155 169 121 1520 79 97 71
360 147 162 115 1600 77 95 71
400 141 156 108 1760 77 94 71
440 134 150 101 1920 77 94 71
480 128 144 96 2080 77 93 71
520 125 141 91 2240 77 92 71
560 121 137 88 2400 77 92 71
600 116 132 84 2560 77 91 71
640 111 128 82 2720 77 91 71
680 108 124 80 2880 77 90 71
720 102 119 78 3040 77 89 71
760 100 117 76 3200 77 89 71
800 96 114 75 3360 77 88 71
880 94 111 73 3520 77 88 71
960 92 109 71 3680 77 87 71

1040 89 106 71 3840 77 86 71
1120 87 104 71 4000 77 86 71

and Beyond

(a) Reproduced from the published rates of a carrier (4) licensed to
transport radioactive materials.

(b) Effective August 15, 1980.
(c) Rates do not include a fuel surcharge, which amounted to 18% of the base

rate as of February 13, 1981.
(d) Column 1 rates apply to one-way shipments having a destination east

of the Mississippi River.
(e) Column 2 rates apply to one-way shipments having a destination west

of the Mississippi River.
(f) Column 3 rates apply to continuous excursion moves in which a subsequent

shipment is made available to the carrier within 24 hours after arrival at
the point of loading or unloading.

Richland, Washington, and Beatty, Nevada. These prices are comparable to those
charged by Chem-Nuclear Services, Inc.,(7) at their Barnwell, South Carolina,
disporal site. Burial ground charges are shown in Table H.4-1.
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TABLE H.3-2. Additional Charges when Gross Vehicle Weight Exceeds
21.32 Mg(a,b)

Gross Vehicle Weight State Surcharge Carrier Surcharge Total Overweight
(Mg) ($) ($) Surcharge ($)

21.32 to 23.12 10 + 0.031/km 0.131/km 10 + 0.162/km
23.13 to 25.84 10 + 0.062/km 0.131/km 10 + 0.193/km
25.85 to 28.56 10 + 0.093/km 0.131/km 10 + 0.224/km
28.57 to 31.28 10 + 0.155/km 0.131/km 10 + 0.286/km
31.29 to 34.00 10 + 0.218/km 0.131/km 10 + 0.349/km
34.01 to 36.72 10 + 0.280/km 0.131/km 10 + 0.411/km
36.73 to 38.55 10 + 0.373/h 0.131/km 10 + 0.504/km

(a) State surcharge is based on rates for the state of Washington.
(b) Carrier surcharge is based on the published ratesL4) of a carrier

licensed to transport radioactive materials.

TABLE H.3-3. Example Shipping Costs of Truck Shipments

Number of Payload GVW Cost
Status Drivers (Mg) (Ma) ($)

Legal weight, one-way(a) 1 8.61 21.31 1794

Overweight,one-way(a) 1 19.95 32.65 2362

Overweight,one-way(a) 1 25.85 38.55 2610

Overweight,round-trip (b) 2 19.95 32.65 4105

Overweight,round-trip (b) 2 25.85 38.55 4601

(a) 1600-km distance.
(b) Shi)ments involving casks or overpacks, with overweight charges applicable

| bot 1 directions. Charges computed on the basis of two 1600-km trips.

H.4.2 Deep Geologic Disposal of TRU Wastes

j Disposal requirements for TRU wastes such as those resulting from decom-
missioning of a M0X facility are not currently defined. For this study, it is
assumed that these wastes are placed in deep geologic disposal, as was assumed
in the previous study of decommissioning a small M0X facility following normal
shutdown.(8) Since a facility for deep geologic disposal does not presently
exist, disposal costs at such a facility are somewhat speculative. A deep geo-
logic disposal cost of $30,000/m3 is assumed for this study.

H.7
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-TABLE H.4-1. Commercial Shallow-Land Burial Charges (a,b)

1. DISPOSAL CHARGES, NON.TRU WASTE

A. Steel Drums. Wood Boxes

Container Surf ace Dose Rate (R/hr)ICI PricefJnit Volwne ($/m
0.00 to 0.20 307.20

0.201 to 1.00 335.45j

1.01 to 2.00 376.05

2.01 to 5.00 459.05

5.01 to 10.00 542.00 i

10.01 to 20.00 702.65

20.01 to 40.00 870.40

40.01 to 60.00 1332.95

60.01 to 80.00 1601.30

80.01 to 100.00 1765.50

3100 by request
t

8. Disposable Liners
,

Container SurfaceICI 3Dose Rate (R/hr) Surcharoe/ Liner ($) Price / Unit Volume ($/m ) |

0.00 to 0.20 None 307.20

0.201 to 1.00 119.00 307.20
"

1.01 to 2.00 292.00 307.20

2.01 to 5.00 411.00 307.20

5.01 to 10.00 594.00 307.20

10.01 to 20.00 758.00 307.20

20.01 to 40.00 941.00 307.20

40.01 to 60.00 1116.00 307.20

60.01 to 80.00 1288.00 307.20

80.01 to 100.00 1463.00 307.20
,

>100 by request by request
s

!!. $URCHARGES
3A. State of Washington Surcharge: $10.60/m

8. Curie Surcharge (per load):
4 Less than 100 curies No charge

101 to 300 curies $660.00 ,

i 301 to License Limits (i.e., 50,000 C1) $660.00 + $0.09/Ci
C. Handling Surcharge:

0 to 4.54 Mg No Charge

>4.54 Mg $87.50 + $0.44/kg over 4.54 Mg
Special Equipment By special quotation

O. Cask Handling Fee $335.00/ cask

(a) Reproduced from the published rates (6) of a licensed burial ground
operator.

(b) Prices effective November 17, 1980.
(c) Maximum reading at container surf ace, irrespective of physical site or

configuration.
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H.S COSTS OF SPECIAL EQUIPMENT AND SUPPLIES

Costs of special equipment and supplies from the 1978 data base have been
reviewed and updated as appropriate to reflect 1981 costs. Costs of construc-
tion-type items (hoists, cranes, lifts, etc.) are based on costs shown in the
1981 gatalog of building constructicn costs published by the R. S. Means Com-

91 Costs of special equipment and supplies purchased during decommis-pany.l
sioning are shown in Table H.5-1.

Unit charges for equipment owned by decommissioning contractors hired dur-
ing the project are shown in Table H.5-2. The monthly charges shown in the
table are calculated on the basis of 3 to 6% of the capital cost of equipment
and include allowances for equipment depreciation, maintenance and operating
expenses (e.g., fuel, lubrication, etc.), decontamination following use, and i

return on investment. They do not include the operator's wage. We9 y chargesk '

9aro estimated to be approximately one-third of the monthly charges.\

Unit costs for supplies and materials needed for site decommissioning
activities are shown in Table H.5-3.

!
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|

|
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; TABLE H.5-1. Unit Costs for Equipment and Supplies

Estimated Unit Cost
item (5 thousands)

1

'Equipment
'

0xyacetylene Torch 1

Portable Plasma-Arc Torch 20
Arc Saw 120

Guillotine Pipe Saw 1.

Tube Cutter 0.3
Ratcheting Pipe Cutter 0.1

Reciprocating Hacksaw 1

Nibbler 1

Electric / Pneumatic Hanner 2 |

- Steam Cleaner 4
Wet / Dry Vacuum 1-5(a)
Powered Floor Scrubber 0.3 ;

i '

High-Velocity Liquid Jet 20
Low-Velocity Liquid Jet 4
Waste Compactor 12

Concrete Ort 11 with HEPA-Filtered Dust
i Collection System 2

Concrete Surface Spaliar 5
Electropolishing Decontam' nation System 100(b) j-'

Portable Filtered Ventila. ion Enclosure 2-10(8)
Filtered-Exhaust Fan Unit 5
Portable A-Frames 3

Portable Wash Tanks 2
Paint Sprayer 0.5-1(c)
Incinerator 100-300(c)

Supplies

HEPA Filter 0.2'

Roughing Filter 0.1
Supplied Air Plastic Suit 0.05

:
Otsposable Anti-Contamination Clothing (per 0.1

person per week),

Polyethylene Sheeting (per 1000 m3) 1-

Paint (per 10001) 5

EDTA (per 1000 kg) 1.3
0xalic Acid (per 1000 kg) 1.8
Citric Acid (per 1000 kg) 1.8

10 M Nitric Acid (per 10001) 0.7
Phosphoric Acid (per 10001) 1.6
Freon (per 10001) 2.4

Soap (per 1000 kg) 0.2
Decontamination Solution (per 0.21-m3 drum) 0.5i

i Hand-Powered Brushes 0.2

Depends on size and complexity.
Electrolyte tank has dimensions of 1.2 m x 2.4 m.
Depends on capacity of system.,

i
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TABLE H.5-2. Charges for Contractor Equipment (a)

Estimated Estimated
Weekly Charge Monthly Charge

Item ($) ($)
Tractor, farm-type 500 1 500

Grader, self-propelled 1 000 3 000

Roller, sheepsfoot, self-propelled 1 000 3 000
3Front loader (2-m -capacity) 1 350 4 100

3Backhoe (1-m -capacity) 750 2 200

Bulldozer 1 450 4 300
Soil stabilizer, self-propelled 5 000 15 000

3Scraper-hauler (20-m -capacity) 2 350 7 000
3Truck, 10-m -capacity dump 775 2 300

Lift truck (10-Mg-capacity)
Crane, boom-type (10-Mg-capacity) 1 000 3 000
Light-duty drilling rig 2 500 7 500
Disc-harrow, tractor-drawn 200 550

Seeder, tractor-d. awn 250 750

(a) Includes equipment depreciation, operating expenses (fuel,
! lubrication, etc.), decontamination following use, and return
| on investment. Does not include operator's wage.

|

|
|

|

|
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7

,

4

TABLE H.5-3. Unit Costs of Supplies and Materials for Decomissioning of Sites
i Estimated

Unit Cost,

Item Unit ($)

3 7(a)Backfill (topsoil) m

3 2(a)Backfill (comon borrow) m,

3 8.5(a)Gravel (graded) m
J- Asphalt emulsion 1 0.2,

Seed kg 3

Fertilizer kg 0.3
Straw bale 1.5

PVC pipe (0.15-m diameter) m 6
: Chain-link fencing (1.8-m wide) m 24

Soi? Analysis each 150,

Cutie Pie detector each 600-

: G-M probe each 100
'

Gama scintillation probe each 500

Ratemeter each 400
,

i' Phoswich detector each 8000

,

T

|

|
,

f

-

L

i

!
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APPENDIX I

SAFETY ASSESSMENT DETAILS

The purpose of this appendix is to quantify the parameters and define the
methodology for estimating the impacts to public and occupational safety from
post-accident cleanup and decommissioning of the reference non-reactor nuclear:

< plants. Radiological and nonradiological impacts of both routine activities
and selected generic industrial and transportation accidents during post-
accident cleanup and decommissioning are evaluated. !

,

The following sections contain detailed discussions of the technical
approach to safety assessment and of the safety impacts resulting from accidenti

cleanup and from decommissioning. A summary of this information is given in,

Chapter 12.

A basic assumption of the analyses presented in this appendix is that the
radioactive waste materials from accident cleanup and decommissioning are
shipped offsite for disposal at the time of decommissioning.

4

: 1.1 TECHNICAL APPROACH

! To estimate the safety . impacts from post-accident cleanup and decommis-
sioning of the reference plants, the following basic assumption are made:

,

1. Appropriate radiation protection and contamination control techniques
are applied to conform with the principle of keeping occupational
radiation doses and radioactivity levels in effluents as low as rea-
sonably achievable (ALARA).

2. The assessments of the safety impacts from post-accident decommis-
sioning use information pertaining to the decommissioning of the
reference plant following normal shutdown, to the maximum extent
possible. Appropriate adjustments are made to account for differ-
ences between post-accident and normal-shutdown radionuclide inven-
tories .and decommissioning requirements.

3. HEPA filters in the plant ventilation systems are tested in place on
a regular basis and replaced as required. The measured particle~

collection efficiency of these filters is 99.95%.(1) Atmospheric
releases of radioactivity are assumed to pass through a single HEPA
filter with a transmission factor of 5 x 10-4.(1),

1

1.1
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4 Unneeded hazardous chemicals and equipment are removed from the plant
after the plant is stabilized following the postulated accident.
Decontamination agents such as phosphoric acid, ethylenediaminetetra-
acetic acid, oxalic acid, and citric acid are available in the plant.

5. In areas with high levels of radioactive contamination, a temporarily
installed " greenhouse," or contamination control envelope, is assumed
to be used. The contamination control envelope is assumed to be
vented through a HEPA filter with a transmission factor of 5 x 10-4
to reduce the airborne radionuclide concentrations in the buildings

from selected accident cleanup and decommissioning operations.

6. The airborne concentrations of dust or liquid droplets are assumed to
3be 1 x 10-2 g/m , equal to the concentrations observed at the decom-

missioning of the Elk River reactor.(2,3) For tasks involving blast-
ing or explosions, the airborne conce are assumed to be
higher by a factor of ten, or 1 x 10 gtratg/m

7. All offsite radioactive waste shipments are assumed to be conducted
in accordance with Department of Transportation (D0T) regulations.
The one-way shipping distance is assumed to be 1600 km.

8. Radiation doses to the maximum-exposed individual and to the popula-
tion residing within 80 km of the reference site are calculated using
the environmental data and assumptions discussed in Appendix E of
Reference 2. These met s are consistent with those outlined in
Regulatory Guide 1.109.

Other assumptions relating to specific accident cleanup and decommissioning
tasks are discussed at the point at which they apply to the analysis.

I.2 M0X PLANT ACCIDENT CLEANUP

The accident cleanup activities at the reference M0X plant precede the
actual refurbishment or decommissioning of the plant and are essentially inde-
pendent of whether the facility is to be refurbished or decommissioned. In the
latter case, they are also independent of the alternative chosen for completing
the decommissioning.' As a practical matter, accident cleanup efforts contri-
bute to the refurbishment or decommissioning effort. However, in this appen-
dix, accident cleanup 's addressed separately from decommissioning for the M0X
and U-Fab plants. Accident cleanup for the non-fuel cycle facilities is dis-
cussed with decommissioning.

I.2
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This section contains the detailed analysis of the safety impacts result-

ing from accident cleanup activities. The radiological and nonradiological
impacts of both routine activities and selected generic industrial and trans-
portation accidents are considered. Radiological safety impacts to the public

~

are assessed in Section 1.2.1. Occupational safety impacts of accident cleanup
are discussed in Section 1.2.2. Transportation safety impacts, both public and
occupational, are addressed in Section 1.2.3.

I.2.1 Public Safety Aspects of Accident Cleanup

The public safety impacts of onsite activities during accident cleanup are
;~

discussed in the following subsections. Public radiation doses from, atmos-
pheric releases that result from routine tasks and from postulated industrial
accidents during accident cleanup are considered. Nonradiological safety
impacts to the public from onsite activities are judged to be negligible and
are not considered further. Public safety impacts from offsite shipment of
radioactive waste materials during accident cleanup are included in the assess-
ment of transportation safety impacts presented in Section 1.2.3.

During accident cleanup, the routine tasks and the postulated industrial
accidents can generate airborne radioactivity in the plant, primarily in the
form of solid particulates and/or suspended liquid droplets. The airborne
radionuclide concentration depends on the particular task or accident con-
sidered and on the corresponding radionuclide inventory at the location
involved. (The post-accident radionuclide inventories in the reference, M0X
plant are discussed in detail in Appendix B.) Contamination control measures,
where applied, and HEPA filters in plant ventilation systems reduce the levels
of radioactivity in the air leaving the plant.

i The atmospheric releases and corresponding radiation doses to the public
during accident cleanup at the reference M0X plant are discussed in the follow-
ing subsections. The atmospheric releases are estimated by determining the
realistic maximum atmospheric release for each task or industrial accident andi

' then using this value whenever the particular release situation occurs, even
for areas with lower levels of radioactive contamination.

;
,

Public Radiation Doses from Routine Tasks During Accident Cleanup

A complete discussion of the tasks required for accident cleanup of the
reference M0X plant is contained in Appendix D. To quantify the radiation
doses to the public that result from these tasks, atmospheric releases of
radioactivity are estimated for the particular radionuclide inventories

; involved, and the resulting doses to the maximum-exposed individuals and to the
' population are calculated.

l

|
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The radiation doses to the public from these releases are calculated using
the dose models discussed in Reference 6, in conjunction with characteristics
of the reference site described in Appendix A of this report. Dose conversion
factors are used that are appropriate for the post-accident radionuclide inven-
tories at the reference plant. Each of the atmospheric releases is assumed to
be a chronic release (i.e., one that occurs at a uniform rate for a period of
one year) to allow direct comparisons of the impacts of individual accident
cleanup tasks. The first-year doses and the fifty-year committed dose equiva-
lents to both the maximum-exposed individual and to the population residing
within 80 km of the site are calculated for each accident cleanup task. The
calculated doses include direct exposure, inhalation, and ingestion pathways;
radiation doses from air submersion are not calculated since they have been
shown to be insignificant in Reference 6.

The estimated atmospheric releases of radioactivity and the resulting
doses to the maximum-exposed individual from routine tasks during accident
cleanup following the reference accident are shown in Table I.2-1. The
releases and the resulting doses to the population residing within 80 km of the
site from these tasks following the reference accident are shown in Table
I.2-2.

Doses to the maximum-exposed individual in any given year are estimated to
be below th ppropriate dose design objectives as set forth in 10 CFR 50,
Appendix 1.

The atmospheric releases and resulting public radiation doses presented in
this study'for accident cleanup are based on cleanup activities in the process
building of the reference M0X plant.i

Public Radiation Doses from Releases Due to Postulated Industrial
Accidents During Accident Cleanup

Estimates of releases of radioactivity due to industrial accidents during
accident cleanup and of the resulting first-year doses and fifty-year committed
dose equivalents to the maximum-exposed individual are presented in Table
I.2-3. Each release is assumed to occur during a one-hour period so that a
comparison of the releases and associated doses can be made.

While it is beyond the scope of this study to evaluate every potential
industrial accident situation that could result in a release of radioactivity

'

during accident cleanup, the releases presented here are judged to represent
the range of credible events and to reflect realistic maximum impacts to the
public from industrial accident situations. Multiple-failure-event accidents
are not considered (i.e., each release considered is the result of a single
failure and does not require a chain of failure events to occur).

I.4
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TABLE I.2-1. Calculated Radiation Doses to the Maximum-Exposed Individual
from Airborne Radionuclides During Accident Cleanup

Release to Fi rst-Year Dose, mrem
Atmosphere Total

Activity or Location (uCi) Body Bone Lung

Preparation for Accident
Cleanup 3.7 x 10-8 5.8 x 10-8

Chemical Decontamination:

Flushing of Wet Systems -_(a)

Surface Cleaning:

Spray Decontamination (Dry
Processing Glove Boxes) 4.6 x 10-3 3.8 x 10-11 8.2 x 10-10 6.2 x 10-8

Spray Decontamination (Wet
Processing Glove Boxes) 1.2 x 10-2 1.6 x 10-9 3.7 x 10-8 5.8 x 10-8

Handwiping --

Physical Decontamination
@f Surfaces:

Metal Surface Scraping 2.9 2.4 x 10-9 5.4 x 10-8 3.8 x 10-6

Exhaust Duct
Decontamination 52 4.4 x 10-7 9.2 x 10-6 6.8 x 10-4

Filter Replacement 990 7.9 x 10-6 1.8 x 10-4 1.3 x 10-2

Radiation Survey

TOTALS 1 042 8.2 x 10-6 1.9 x 10-4 1.3 x 10-2
,

(a) A dash means that the atmospheric release value is less than 2 x 10-4 C1.

|-
i

i

L
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TABLE I.2-1. (cont)

Fifty-Year Dose Commitment, mrem
Activity or Location Total Body Bone Lung

"

Preparation for Accident
Cleanup 2.8 x 10-6 7.4 x 10-8

Chemical Decontamination:

Flushing of Wet Systems --(a)-

Surface Cleaning:
!

Spray Decontamination (Dry
Processing Glove Boxes) 1.8 x 10-8 3.8 x 10-7 2.8 x 10-7

Spray Decontamination (Wet
Processing Glove Boxes) 1.3 x 10-7 2.8 x 10-6 7.4 x 10-8

Handwiping --

Physical Decontamination4

of Surfaces:

Metal Surface Scraping 1.1 x 10-6 2.4 x 10-5 1.8 x 10-5

Exhaust Duct
Decontamination 2.0 x 10-4 4.4 x 10-3 3.2 x 10-3

Filter Replacement 3.9 x 10-3 7.9 x 10-2 1.4 x 10-2

Radiation Survey --
.

TOTALS' 4.0 x 10-3 8.2 x 10-2 1.7 x 10-2

(a) A dash means that the atmospheric release value is less than
2 x 10-4 C1.

I.6
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TABLE I.2-2. Calculated Radiation Doses to the Population from Airborne
Radionuclides Released During Accident Cleanup

Release to First-Year Dose, man-rem

Atmosphere Total
Activity or Location (uCi) Body Bone Lung

Preparation for Accident
Cleanup 5.9 x 10-8 4.4 x 10-6

Chemical Decontamination:

Flushing of Wet Systems --(a)

Surface Cleaning:

Spray Decontamination (Dry
Processing Glove Boxes) 4.6 x 10-3 4.2 x 10-11 9.0 x 10-10 7.1 x 10

Spray Decontamination (Wet
Processing Glove Boxes) 1.2 x 10-2 2.1 x 10-9 4.7 x 10-8 7.6 x 10-8

Handwiping --

Physical Decontamination
of Surfaces:

Metal Surface Scraping 2.9 2.6 x 10-9 5.9 x 10-8 4.4 x 10-6

Exhaust Duct
Decontamination 52 4.8 x 10-7 1.0 x 10-5 8.0 x 10-4

Filter Replacement 990 8.0 x 10-6 2.0 x 10-4 1.4 x 10-2

Radiation Survey --

TOTALS 1 042 9.1 x 10-6 2.1 x 10-4 1.6 x 10-4

(a) A dash means that the atmospheric release value is less than 2 x 10-4 Ci

L
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TABLE I.2-2. (contd)

Fif ty-Year Dose Commitment, man-rem
Activity or Location Total Body Bone Lung

Preparation for Accident
2.8 x 10-5 2.0 x 10-5Cleanup

Chemical Decontamination:

--(a)Flushing of Wet Systems

Surface Cleaning:

Spray Decontamination (Dry
Processing Glove Boxes) 2.0 x 10-8 4.3 x 10-7 3.2 x 10-7

Spray Decontamination (Wet
Processing Glove Boxes) 1.7 x 10-7 3.5 x 10-6 9.5 x 10-8

Handwiping --

Physical Decontamination
of Surfaces:

Metal Surface Scraping 1.3 x l'0-6 2.7 x 10-5 2.0 x 10-5

Exhaust Duct
2.3 x 10-4 4.8 x 10-3 3.6 x 10-3Decontamination

Filter Replacement 4.0 x 10-3 9.2 x 10-2 7.0 x 10-2

Radiation Survey --

TOTALS 4.3 x 10-3 9.6 x 10-2 7.4 x 102

(a) A dash means that the atmospheric release value is less than
2 x 10-4 C1.

I.8



TABLE I.2-3. Calculated Radiation Doses to the Maximum-Exposed Individual from
Accidental Airborne Radionuclides During Accident Cleanup

Release to Fi rst-Year Dose, mrem
Atmosphere Total

Incident (uCi) Body Bone Lung

Loss of Intermediate-Stage
HEPA Filter After Exhaust

4 2.4 x 10-2 5.2 32Duct Decontamination 1.0 x 10

Explosion and/or Fire of
Ion Exchange Resin 83 3.1 x 10-3 7.0 x 10-2 6.6 x 10-2

Loss of Local Airborne
Contamination Control /
Loss of Vacuum Filter 3.5 8.3 x 10-6 1.9 x 10-4 1.1 x 10-2

Temporary Loss of Services:

Electricity (Normal and
Emergency 1.4 3.4 x 10-6 7.4 x 10-5 4.4 x 10-3

Other --(a)

Liquid Leak, Chemical
Decontamination 16 6.0 x 10-4 1.4 x 10-2 1.3 x 10-2

Fire Involving Contaminated
Clothing or Combustible
Waste 0.11 4.1 x 10-6 9.2 x 10-5 8.8 x 10-5

Natural Phenomenon:

Tornado Not calculated

Earthquake Not calculated

(a) A dash means that the atmospheric release value is less than 2 x 10-4 Ci.

I.9
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TABLE I.2-3. (contd)

Fifty-Year Dose Commitment, mrem
Incident Total Body Bone Lung

Loss of Intermediate-Stage
HEPA Filter After Exhaust
Duct Decontamination 5.2 1.1 y 102 77

Explosion and/or Fire of
Ion Exchange Resin 1.2 2.5 6.6 x 10-2

loss of Local Airborne
Contamination Control /,

Loss of Vacuum Filter 1.8 x 10-3 3.9 x 10-2 2.8 x 10-2

Temporary Loss of Services:

Electricity (Normal and
Emergency 7.0 x 10-4 1.5 x 10-2 1.1 x 10-2

,

Other

Liquid Leak, Chemical
Decontamination 2.3 x 10-2 4.8 1.3 x 10-2

Fire ' Involving Contaminated
Clothing or Combustible
Waste 1.5 x 10-4 3.3 x 10-3 8.8 x 10-5

Natural ' Phenomenon:

Tornado

: Earthquake

I.10
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f I.2.2 Occupational Safety Aspects of Accident Cleanup.

The occupational safety impacts of accident cleanup activities are
discussed in the following subsections, including radiation doses to workers
performing the accident cleanup tasks and potential industrial-accident (non-
radiological) impacts to these workers. The information developed here is
based on the detailed description of accident cleanup activities presented in
Appendix D of this study.

Occupational Radiation Doses from Accident Cleanup Activities

The estimated occupational radiation doses accumulated by cleanup workers
are based on postulated external gamma radiation dose rates in various areas of
the reference plant during accident cleanup and on estimated staff labor
requirements for completing the accident cleanup tasks. Workers are assumed to
use respiration equipment as appropriate to protect against inhalation of
radioactive materials.

Summaries of the estimated occupational radiation doses during accident
cleanup following the reference accident are given in Table 1.2-4.

I.3 DECOMMISSIONING

Decommissioning activities at the reference M0X plant follow completion of
accident cleanup activities at the plant. Accident cleanup efforts contribute
to the total decommissioning effort, but in this study, accident cleanup and,

( decommissioning are addressed separately for the M0X and U-Fab plants.

This section contains the details of the analysis of the safety impacts
resulting from the post-accident decommissioning activities at the reference
plant. Radiological and nonradiological impacts of both routine activities and
selected generic industrial and transportation accidents are considered.

I.3.1 Public Safety Aspects of Post-Accident Decommissioning Activities

The public safety impacts from onsite activities during post-accident
decommissioning (following completion of accident cleanup activities) are dis-
cussed in the following subsections. Public radiation doses from atmospheric
releases that result from routine decommissioning tasks and postulated indus-
trial accidents during decommissioning are considered . Nonradiological safety
impacts to the public from onsite activities are judged to be negligible and
are not considered further.

I.11
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During decommissioning, as during accident cleanup, the routine tasks and
postulated industrial accidents can generate airborne radioactivity in the
plant. Contamination control measures, where applied, and HEPA filters in
plant ventilation systems reduce the levels of radioactivity in the air leaving
the plant. The radioactivity released depends on the specific task or indus-
trial accident considered and on the corresponding radionuclide inventory at
that particular location.

The radionuclide inventories used in this study for post-accident decom-
missioning are the same as those used in Reference 6 for decommissioning fol-
lowing normal M0X plant shutdown.

In the following subsections, the atmospheric releases and resulting radi-
ation doses to the public are discussed. Analyses are performed for decommis-
sioning following the reference M0X plant accident. The atmospheric releases
are estimated by determining the realistic maximum atmospheric release for each
situation and then using this value whenever similar conditions occur, even for
areas with lower levels of radioactive contamination.

Public Radiation Doses from Routine Tasks During Post-Accident
Decommissioning

The atmospheric releases of radioactivity for post-accident decommission-
ing are based on estimated values for decor 6missioning the reference M0X plant
following normal shutdown, presented in Appendix I of Reference 6. Each of the
atmospheric releases is assumed to be a chronic release (i.e., one that occurs
at a uniform rate over a one-year period) to allow direct comparisons of the
impacts from individual decommissioning tasks. The first-year dose and the
fifty-year committed dose equivalents to both the maximum-exposed individual
and to the population residing within 80 km of the site are calculated. The,

dose calculation includes direct exposure, inhalation, and ingestion pathways.

The estimated atmospheric releases of radioactivity and the resulting
doses to the maximum-exposed individual from routine tasks during DECON are
shown in Table I.3-1. The releases and the resulting doses to the population
residing within 80 km of the site from these routine tasks dur,ing DECON and
during preparations for safe storage are shown in Table I.3-2.

Public Radiation Doses from Releases Due to Postulated Industrial
Accidents During Post-Accident Decommissioning

Unexpected situations may arise during decommissioning that lead to the
; accidental atmospheric release of radioactivity from the plant. Estimated

atmospheric releases of radioactivity and the resulting doses to the population|

f are shown in Table 1.3-2. The industrial accident situations considered for
post-accident decommissioning are the same as those considered in Reference 6
for decommissioning following normal plant shutdown.

I.13
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TABLE I.3-1. Calculated Radiation Doses to the Maximum-Exposed Individual from Airborne
Radionuclides During Nonnal DECON of the M0X Plant

First-Year Oose, aren Fif ty-Year Oose Comitment mrem

Release to
Atmosphere Total Total

Activity or Location (pC1) Body Bone Liver Luno Body Bone Liver Lung

Chemical Decontamination:
- I*IFlushing of Wet Systems

Electropolishing(station) 210 2.7 x 10-5 6.6 x 10~4 4.9 x 10** 1.0 x 10'3 2.3 x 10'3 4.9 x 10-2 3.0 x 10-2 1.3 x 10~3

Electropo11shing(in-situ) 2.1 x 10-2 2.7 x 10 6.6 x 10-8 4.9 x 10-8 1.0 x 10*I 2.3 x 10*I 4.9 x 10-6 3.0 x 10-6 1.3 x 10'I

Surface Cleaning:

0 6.2 x 10-10 6.2 x 10-8 1.8 x 10-8 3.8 x 10'I 2.4 x 10'I 2.8 x 10*ISpray Decontamination (Dry
4.6 x 10'3 3.8 x 10'II 8.1 x 10Processing Glove Boxes)

Spray Decontamination (Wet
1.2 x 10'2 1.6 x 10'9 3.7 x 10~0 2.8 x 10-8 5.8 x 10-8 1.3 x 10'I 2.8 x 10-6 1.7 x 10-6 7.4 x 10-8

Processing Glove Boxes)

Handwiping -

." Physical Decontamination:

Scraping Metal Surfaces 2.9 2.4 x 10'9 5.4 x 10-8 3.8 x 10-8 3.8 x 10~6 1.1 x 10-6 2.4 x 10-5 1.5 x 10-5 1.8 x 10-5

Scraping Fire Brick 5.5 4.7 x 10*9 9.7 x 10-8 7.2 x 10-8 7.2 x 10-6 2.2 x 10-6 4.7 x 10-5 2.9 x 10-5 3.4 x 10-5

Concrete Removal 340 2.8 x 10-6 6.4 x 10-5 4.4 x 10'S 4.4 x 10-4 1.3 x 10'3 2.8 x 10-2 1.8 x 10-2 2.1 x 10-2

Exhaust Duct Decontamination 52 4.4 x 10*I 3.2 x 10-6 6.8 x 10'0 6.8 x 10'4 2.0 x 10'4 4.4 x 10'3 2.) x 10~3 3.2 x 10'3

Removal of Concrete Rubble -

Segmenting Equipment:

Arc Saw 97 8.0 x 19'I 1.7 x 10-5 1.3 x 10*S 1.3 x 10'3 3.8 x 10-4 8.0 x 10'3 5.1 x 10'3 5.9 x 10~3

Plasma Torch 2.1 x 10 1.7 x 10'4 3.8 x 10'3 2.8 x 10'3 2.8 8.4 x 10~2 1.7 1.1 1.34

Nibbler --

Filter Replacement 990 7.9 x 10-6 1.8 x 10~4 1.3 x 10'4 1.3 x 10-2 3.9 x 10'3 7.9 x 10-2 5.3 x 10-2 6.2 x 10-2

Radiation Survey --

TOTALS 2.25 x 10 2.2 x 10'4 5.1 x 10'3 3.6 x 10'3 2.9 9.2 x 10-2 1.9 1.2 1.44

(a) A dash means that the atmospheric release value is less than 2 x 10'4pC1.
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TABLE I.3-2. Calculated Radiation Doses to the Population from Airborne Radionuclides
Released During Normal DECON of the M0X Plant

First-Year Oose, man-rem Fif ty-Year Oose Comitment. san-rem

Release to
Atmosphere Total Total

Activity or location (pCi) - Body Bone Liver Lung Body Bone Liver Lung

Chemical Decontamination:, ,

i

-(*Flushing of Wet Systems
Electropolishing (station) 210 3.2 x 10-5 7.2 x 10-4 5.3 x 10'4 1.2 x 10'3 2.5 x 10'3 5.3 x 10-2 3.3 x 10-2 1.4 x 10'3

d 7.2 x 10-8 5.3 x 10-8 1.2 x 10'I 2.5 x 10'I 5.3 x 10-6 3.3 x 10-6 1.4 x 10'IElectropolishing (in-situ) 2.1 x 10-2 3.2 x lo

Surface Cleaning:

$ pray Decontamination (Ory
0 7.1 x 10-10 7.1 x 10-8 2.0 x 10-8 4.3 x 10'I 2.7 x 10'I 3.2 x 10'IProcessing Glove Boxes) 4.6 x 10'3 4.2 x 10'M 9.0 x 10

Spray Decontamination (Wet
Processing Glove Boxes) 1.2 x 10-2 1.8 x 10 4.1 x 10-8 3.0 x 10-8 6.6 x 10-8 1.4 x 10~7 3.0 x 10-6 1.9 x 10-6 8.3 x 10-84

|
Handwiping --

Physical Decontamination:*

Scraping Metal Surfaces 2.9 2.6 x 10'9 5.9 x 10-8 4.4 x 10-8 4.4 x 10-6 1.3 x 10'6 2.7 x 10-5 1.7 x 10-5 2.0 x 10-5

Scraping Fire Brick 5.5 5.1 x 10 1.1 x 10'I 8.5 x 10-8 8.5 x 10-6 2.4 x 10-6 5.1 x 10-5 3.2 x 10-5 3.9 x 10-5

Concrete Removal 340 3.1 x 10-6 6.9 x 10-5 5.1 x 10'S 5.1 x 10'3 1.5 x 10'3 3.2 x 10-2 2.0 x 10-2 2.4 x 10-2

Exhaust Duct Decontamination 52 4.8 x 10'I 1.0 x 10-5 8.0 x 10-6 8.0 x 10'4 2.3 x 10~4 4.8 x 10'3 3.0 x 10'3 3.6 x 10'3

Removal of Concrete Rubble --

Segmenting Equipment:

Arc Saw 97 8.9 x 10*I 1.9 x 10-5 1.5 x 10-5 1.5 x 10'3 4.2 x 10~4 8.9 x 10'3 5.5 x 10'3 6.7 x 10'3

Plasma Torch 2.1 x 10 1.9 x 10'4 4.2 x 10'3 3.2 x 10~3 0.32 9.3 x 10'2 2.0 1.2 1.54

Nibbler -

Filter Replacement 990 8.8 x 10-6 2.0 x 10'4 1.5 x 10~4 1.5 x 10-2 4.4 x 10'3 9.2 x 10-2 5.7 x 10-2 7.0 x 10-2

Radiation Survey

TOTALS 2.25 x 10 2.5 x 10~4 5.5 x 10'3 4.1 x 10'3 3.4 x 10'I 1.0 2.2 1.3 1.64

(a) A dash means that the atmospheric release value is less than 2 x 10~4 pCl.



___

_

_

1

Estimates of the releases of radioactivity due to postulated industrial
accidents during DECON following an accident, together with the resulting
first-year doses and fifty-year committed dose equivalents to the maximum-
exposed individual, are shown in Table I.3-3.

It is beyond the scope of this study to evaluate every potential indus-
trial accident situation that could lead to the release of radioactivity during

decommissioning. However, the postulated situations presented here are judged
to represent the range of credible events and to reflect realistic maximum
impacts from such situations to the public.

I.3.2 Occupational Safety Aspects of Post-Accident Decommissioning

The occupational safety impacts of post-accident decommissioning activ-
ities at the reference M0X plant are discussed in the following subsections.
Included are occupational radiation doses and potential industrial-accident
(nonradiological) impacts to the decommissioning workers. The information
developed here is based on the detailed description of decommissioning activ-
ities presented in Appendix D of this study.

Occupational Radiation Doses from Decommissioning Activities

Summaries of the estimated occupational radiation doses during CECON fol-
lowing the reference accident are given in Table I.3-4.

I.4 U-FAB PLANT ACCIDENT CLEANUP

The accident cleanup activities at the reference U-Fab plant precede the
actual refurbishment or decommissioning of the plant and are essentially inde-
pendent of whether the facility is to be refurbished or decommissioned and, in
the latter case, of the alternative chosen for completing the decommissioning.
As a practical matter, accident cleanup efforts contribute to the refurbishment
or decommissioning effort. However, in this appendix, accident cleanup is
addressed separately from decommissioning for the M0X and U-Fab plants.

I.4.1 Public Safety Aspects of Accident Cleanup

The public safety impacts of onsite activities during accident cleanup are
discussed in the following subsections. Public radiation doses from atmos-

pheric releases that result from routine tasks and from postulated industrial
accidents during accident cleanup are considered. Nonradiological safety
impacts to the public from onsite activities are judged to be negligible and
are not considered further.

I.16
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TABLE I.3-3.- Calculated Radiation Doses to the Ma'ximum-Exposed Individual from Accidental
Airborne Radionuclide Releases During DECON of the M0X Plant

First-Teer Dese, aren Fifty-Veer Oose Coumitment, aren
Espected

Release to
Atmosphere Total Total Frequency of

Incident (LC11 Body Bone Liver Luno Body Bone Liver Luno Occurrence (a)

Loss of intermediate-Stage MEPA Filter 4 2

( Af ter Exhaust Duct Decontamination 1.0 s 10 2.4's 10-2 5.2 s IO~I 4.0 32 5. 2 1.1 a 10 69 * 78 High

inadvertent Cutting of 2 3.9 a 10'' B.5 a 10'3 6.5 a 10-3 5.0 8.0 a 10-2 1.8 1.1 1.3 Migh
undecontaminated Metal 1.6 x 10

Emplosion and/or Fire of Ion
3.1 s 10'3 7.0 a 10-2 5.2 a 10-2 6.6 m 10-2 1.2 2.5 1.5 6.6 a 10-2 p,gio,

Exchange Resin 83

Inadvertent Dumping of
Contaminated Solid Wastes:

Abraded Firebrick 14 3.4 x 10-5 7.4 a 10'4 5.7 a 10'4 4.4 a 10-2 7.0 x 10-3 1.5 9.6 a 10-2 1.1 High
I

Concrete Dust 1.4 3.4 a 10-6 7.4 x 10'' 5.7 x 10-5 4.4 a 10'3 7.0 x ID'" 1.5 a 10-2 9.6 a 10'3 1.1 10-2 gggg

Condensed Metal Vapor 7.0 x 10'2 1.7 a 10'I 3.8 x 10-6 2.8 s 10-6 2.2 x 10'' 3.6 x 10-5 7.9 x 10'' 4.8 x 10'' 5.7 x 10'0 High

Loss of Local Airborne Contamination 8.2 x 10-0 1.9 a 10"" 1.4 a 10-4 1.1 a 10-2 1.8 a 10-3 3.8 x 10'2 2.4 a 10-2 2.8 a 10-2 High
Control / Loss of Vacuum Filter 3.5

-
*
ea Temporary Loss of Services:

Electricity (Normal and Emergency) 1.4 3.4 a 10-6 7.4 a 10-5 5.7 a 10-5 4.4 x 10-3 7.0 a 10-4 1.5 a 10-2 9.6 m 10'3 1.1 a 10-2Medium

IDI Not Estimated
Other

Liquid Leak:

Chemical Decontamination 16 6.0 m 10'' 1.4 x 10-2 1.0 a 10-2 1.3 a 10-2 2.3 a 10-2 4.8 2.9 1.3 s 10-2 High|

2.8 a 10'2 2.4 a 10'I 5.4 a 10-6 4.0 a 10-6 5.1 a 10'' 9.0 a 10'' 1.9 a 10'd 1.2 a 10-8 5.1 a 10'' Medium
Electropolishing

Fire involving Contaminated Clothing
4.2 a 10'' 9.6 a 10' 7.0 a 10-5 9.2 a 10-5 1.6 x 10"" 3.4 x 10-3 2.1 a 10'3 9.2 a 10-5 p,qi,,

or Co.nbustible Waste 0.11

7.1 m 10'3 2.6 a 10*I 5.9 a 10-6 4.6 m 10'' 5.5 a 10-6 1.0 m 10-5 2.1 a 10'4 1.3 a 10', 5.9 w 10-6 HighEmplosion of Hydrogen During
Electropolishing

Natural Phenomenon: |

Tornado Not Low
Calculated

Earthquake Not Low
Calculated

5 5
High 31.0 x 10-2; Medium 1.0 x 10-2

(b) A dash means that the atmospheric release value is less than 2.0 m 10*g 10 ; Low 41.0 a 10-
to 1.0 per year.(a) Frequency of Occurrences:

pC1.
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TABLE I.3-4. Estimated Occupational Radiation Dose
for DECON of the M0X Plant

Foremen Operefors H P. Technciens Crohsmen

Event
Average 7csel Average Total Average Total Average Total Totes
Emposure Esposure Deee Emposwe Enposwe Done Empoewe Esposure Dose Empoewe Esposwo Done Dose

Event Desa pe.on Mete (R/hr) Man-Hours Men Rom Rate (R/hr) Man-Hours Man-Rom Rete (R/hr) Man-Hours Man Rom Rete (R/tw) Man-Hours Mars Rom Man Rom

Fluen sotwent estraction system 7 m 10* 240 0 17 14a108 720 1 1a108 225 0 23 14 a 10 8 465 0 65 2.1
Flumn wet process and scrap recovery system 5a10* 600 03 9 m 10* 1800 18 7a10* 555 0 39 9 a 10* 1170 11 3 41
Flush weste weetment 4 a los 120 48a108 8a10* 480 0 38 6a10* 105 6 3 a 108 8 a 10* 240 0 19 0 61
Decomamenste Roomo121.123,126 14 a 10* 60 84 a to8 3 3 a 10* 360 0 12 2 4 m 10* 30 -7 2 a 10 8 33a10* 60 2a108 0 16
Decentammene Room 155 2 3 a 10* 45 1a30s 67a10* 270 018 45a10* 45 2 a 10s 6 7 a 10* 45 3 a 10 8 0 24

Decomamenete Room 124 6a10* 210 017 11a108 1250 14 8 3 a 10* 195 0 16 11 a 108 210 0 23 1 96
Decontaminste Room 805 7 a 10 * 150 0 11 14 a 108 900 13 45a10* 135 0 11 1.4 a 10 8 300 0 42 1 94
Decontemmere Room 128 5 a 10* 360 0 18 1a108 2160 22 7 5 m 10* 330 0 25 1a108 360 0 36 2 95
Decontammate Room 127 4a10* 210 8 4 a 10 a 8a10* 1260 1 6s10* 195 0 12 8a10* 210 017 1.37
Decontemenete Room 156 2 3 a 10* 30 69a10a 6 7s10* 180 0 12 4 5 a 10* 30 1.4 s 108 6.7 a 10 * 30 2 a 10 s 0 16

Decontommene Room 116 6a108 15 9 a 108 6s10' 90 54a108 6a108 15 9 a 10 * 6alos gg g,30 g:,30s

Decontem.nete Room 130L133.135-143 6s10' 90 5 4 a 10 8 7a106 540 3 8 a 10a 65a108 45 2 9 a 10 8 7a108 90 6 3 a les 53m10
Decontammate Room 801 5a10* 150 7 5 a 10 8 9a10* 900 0 81 7a10* 135 9 5 a 10 8 9 a 10* 150 0 14 1 12
Decontaminate Room 802 4a10* 90 3 6 a 108 8 a 10* $40 0 43 6a10* 90 5 4 a 10 a 8a10* 90 7 2 a 10* 0 59
Decontammate Room 129 6 a 10 6 45 27a108 7s108 270 19 a 10 6 5 a 108 45 2 9 a 108 7 a 108 45 3 2 a 10 8 2 8 m 108

Decontammate Room 20t 1a108 90 9a108 1a108 360 0 36 1a108 90 9 a 108 1a108 90 9a108 0 63," Decontammate Sewege Lagoon 6 a 10 * 270 16a108 6a108 1080 65m108 6a10' 270 16alos 6a10* - 0 97a108
p-*

CD Diementie Rooras121,123.126 14a10* 120 1.7s108 32a10' 480 0 15 2 3 s IO* 60 14s108 3 2 a 10* 240 77s108 0 26
Desmentle Roorn 155 2 2 a 10* 45 9 9 a 10s 66m10* 180 0 12 4 4 a 10 * 45 2 a 10 a 6 6 a 10* 90 59a10a 0 21
Deementle Room 124 4 a 10* 240 9 6 a 10 8 85a10* 960 OJ2 6 3 a 1D* 225 0 14 85aIO* 465 04 11
Diame,itle Room 805 4 a 10* 750 03 4 a 10* 3000 12 4 a 10* 690 0 28 4 = 10* 2940 12 2
Desmentle Room 128 4 a 10 * 510 02 8 5 a 10* 2040 17 6 3 a 10* 510 0 32 8 6 a 10' 990 0 64 31

D.amentie Room 127 4 a 10 * 420 017 8a10* 16M t .3 6a10* 420 0 25 6a10* 810 0 65 24
Desmentie Room 158 2 2 s 10' 30 6 6 a 10 8 66a10* 120 7 9 a 108 44a10* 30 13 s to8 6 6 a 10* 60 4 a 10 8 0 14
Diementle Rooms 130 133.135-143 6a10' 210 13 a 10 a 65aIOS 840 55a10a 83a10* 210 13 a tea 65s10* 405 2 6 a 10e og
Dismantle Room 116 6 a 10 e 45 2.7 a 10s 6a108 180 11 a 10s 6 a 108 45 2 7 a 10 8 6a10' 90 5 4 a 10s 22 30:
Desmentie Coad Chem Preg Room 6s10e 60 3 6 m 10 8 6a106 240 14 a 108 6m108 - 0 6a10* 120 72 m les 2 5 s 10s

Desmentie Wen Starage Tart 4 a 10 * 900 0 36 8 5 a 10* 4500 38 6 3 a 10 * 900 0 58 8 5 a 10* 1770 15 6 24
Desmentle Room 801 4 a 108 300 0 12 8a10* 1200 0 96 6 m 10 * 300 018 8a10* 585 047 1 73
Desmentie Roorn 802 3 s10* 180 5 4 a 10 8 7 a 10' 720 05 5m10* 180 9a108 7 a 10 * 360 0 25 0 89
D smentie Rooms 129 and 134 6m106 135 81a108 6 5 a 108 540 35m108 6 3 a 108 135 85ato8 65a108 270 18 m IC'8 7 a 10 8
Dismentie Electropot.shmg Station 21 a 10* 60 13 a 10 a 62al0* 240 0 15 41 a 10 * 60 25a108 6 2 a 10* 240 0 15 0 34

D.smentie Rooma108-111 6atot 60 3 6 a 108 6 a 10* 240 14a108 6a10' 60 3 9 m 10 s 6a10' 60 39a10s 2 5 a 10 8
Dismentse Room 117 6 a 10 * 90 59a108 6a108 360 2 3 a 108 6a108 - 0 6 a 10e 360 2 3 a 10 8 52s108
Desmentse Rooms 201 and 202 5 a 10 * 210 0 11 5a10' 640 0 42 5a10* 210 0 11 5a10* 405 02 0 84

Fmel Decert Roorns 121,123.126 6m108 60 39a108 6m10e 360 2 3 a 108 6a10e 60 3 9 a 10 8 6a108 - 0 31 a 108
Package and ship coneemeneted rut ble 6a106 45 2 9 a 10 a 6 a 10s 270 18 a 108 6a10' 90 59s108 6a108 - 0 2 7 a 10 8
Set up electroochshmg. packogm0 21 a 10' 90 19a10a 6 2 a 10* 360 0 22 4 1 s10* 45 1 E a 10 8 62a10* 360 0 22 0 48
Operste electropohshing stet.on 2.1 a 10* 3655 0 81 6 2 a 10* 11565 72 41 a 10* 3960 16 6 2 a 10* 7560 47 14 3
Opersie Octag no end shippmg 2.1 a 10 * 4200 0 88 8 2 m 10* 8400 52 41 m IO* 4350 18 6 2 m 10* 4110 25 to 4
Operatocrap recovery and weste treatment 45a10* 1140 0 51 65a10* 4560 39 65a10* 1020 0 66 85a10' 2220 19 7

Tosess 16.530 50 57.045 38 9 10.140 78 28.000 18.7 70.2
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During accident cleanup, the routine tasks and the postulated industrial
accidents can generate airborne radioactivity in the plant, primarily in the
form of solid particulates and/or suspended liquid droplets. The airborne
radionuclide concentration depends on the particular task or accident con-
sidered and on the corresponding radionuclide inventory at the location
involved. (The post-accident radionuclide inventories in the reference U-Fab
plant are discussed in detail in Appendix B.) Contamination control measures,
where applied, and HEPA filters in plant ventilation systems reduce the levels
of radioactivity in the air leaving the plant.

In the following subsections, the atmospheric releases and corresponding
radiation doses to the public during accident cleanup at the reference U-Fab
plant are discussed. The atmospheric releases are estimated by determining the
realistic maximum atmospheric release for each task or industrial accident and
then using this value whenever the particular release situation occurs, even
for areas with lower levels of radioactive contamination.

Public Radiation Doses from Routine Tasks During Accident Cleanup

A complete discussion of the tasks required for accident cleanup of the
reference U-Fab plant is contained in Appendix E. To quanti i the radiation
doses to the public that result from these tasks, atmospheric releases of
radioactivity are estimated for the particular radionuclide inventories
involved, and the resulting doses to the maximum-exposed individual and to the
population are calculated.

The radiation doses to the public from these releases are calculated using
I the dose models discussed in Reference 8, in conjunction with characteristics
I of the reference site described in Appendix A of this report. Dose conversion

factors are used that are appropriate for the post-accident radionuclide inven-
tories at the reference plant. Each of the atmospheric releases is assumed to
be a chronic release (i .e., one that occurs at a uniform rate for a period of
one year) to allow direct comparisons of the impacts of individual accident
cleanup tasks. The first-year doses and the fifty-year committed dose equiva-
lents to both the maximum-exposed and individual and to the population residing
within 80 km of the site are calculated for each accident cleanup task. The

calculated doses include direct exposure, inhalation, and ingestion pathways;
radiation doses from air submersion are not calculated since they have been
shown to be insignificant in Reference 8.

The estimated atmospheric releases of radioactivity and the resulting
doses to the maximum-exposed individual from routine tasks during accident
cleanup following the reference accident are shown in Table 1.4-1. The

|

releases and the resulting doses to the population residing within 80 km of the
site from these tasks following the reference accident are shown in Table I.4-2.

I.19
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TABLE I.4-1 Calculated Radiation Doses to the Maximum-Exposed Individual
from Airborne Radionuclides Released during Accident Cleanup

Release to
Atmosphere First-Year Dose, mrem. Fif ty-Year Cosettted Dose Equivalent, erem

Activity or Location (sCl) Total Body Boae Lung Total BodL Bone Luna

Surface Cleaning
Operations
Spray decontamina. 2.9 m 10-5 1.0 m 10'II 1.7 a 10-10 4.1 m 10'' 3.5 a 10'U 5.9 x 10-10 2.0 a 10-8
tion of glove
bones

Physical Decontamina.
tion of Surfaces
Scraping metal 1.2 a 10-2 8.3 m 10 7.0 x 10-8 1.7 x 10-6 1.5 a 10-8 2.5 x 10"I 8.3 a 10-6
surfaces

Enhaust duct 84 5.7 m 10-5 4,g , jg 4 1.2 a 10-2 1.0 a 10** 1.7 a 10'' 5.7 m 10-2
decontamination

Enhaust Filter 8.6 a 10-2 5.5 a 10'O 4.7 a 10'I 1.2 x 10-5 9.9 x 10-8 1.6 a 10-6 5.5.a 10-5
Removal

Totals 84 5.7 a 10'$ 4.8 a 10'' l .2 a 10 2 1.0 x 1.7 a 10~3 5.7 m 10-2

TABLE I.4-2 Calculated Radiation Doses to the Population from Airborne
Radionuclides Released during Accident Cleanup

Release t- FRtgear _Comitted Do fliut valent, ran-re.
Atmosphere First-Veer Dose pan-rer

Tone--D uaq fotal Body Bone Lung

Activity or Location (pC1) Total Body

Surf ace Cleaning

2.9 x 10'$ 2.0 a 10'" 1.7 m 10'IU 4.8 x 10*9 3.5 x 10 5.9 a 10^0 2.2 x 10'8Operations I

Spray decontamina-
tion of glove bones

Physical Detontamina-
tion of Surf aces -8 -6

Scraping metal 1.2 a 10'I 8.3 a 10 7.0 m 10 2.0 m 10-6 1.5 m 10 2.5 a 10'I 9.1 x 10~9 -8

Exhaust duct 84 t.7 m 10 4.8 x 10'4 1.4 x 10-3 l.0 a 10 1.7 s 10'I 6.3 x 10'2surfaces
-5

decontamination
-8 9.9 a 10~8 1.6 x 10-6 6.2 a 10-5

[xhaust Filter C.6 a 10-2 5 5 x 10 4.7 a 10'I 1.4 x 10
Removal

Totals 24 5.7 a 10'$ 4.8 a 10'" 1.4 x 10-2 1.0 a 10 1.7 a 10'3 6.3 m 10

1.20
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Doses to the maximum-exposed individual in any given year are estimated to be
below the a opriate dose design objectives as set forth in 10 CFR 50,
Appendix I.

The atmospheric releases and resulting public radiation doses presented in
this study for accident clednup are based on cleanup activities in the process

''
building of the reference U-Fab plant.

Public Radiation Doses from Releases Due to Postulated Industrial
Accidents During Accident Cleanup

Estimates of releases of radioactivity due to industrial accidents during
accident cleanup and of the resulting first-year doses and fifty-year committed

*
dose equivalents to the maximum-exposed individual are presented in Table
I.4-3. Each release is assumed to occur during a one-hour period so that a
comparison of the releases and associated doses can be made.

TABLE I.4-3. Calculated Radiation Doses to the Maximum-Exposed Indivi-
dual from Accidental Airborne Radionuclide Release During
Accident Cleanup -
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C F C 2.8 a M 6.7 a 10 6.7 a 10 2. 2 a 10 7.8 s 10 1.3 m W 5.6 a 10
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While it is beyond the scope of this study to evaluate every potential
industrial accident situation that could result in a release of radioactivity

during accident cleanup, the releases presented here are judged to represent
the range of credible events and to reflect realistic maximum impacts to the
public from industrial accident situations.

I.4.2 Occupational Safety Aspects of Accident Cleanup
'The occupational safety impacts of accident cleanup activities are dis-

cussed in the following subsections, including radiation doses to workers per-
forming the accident cleanup tasks and potential industrial-accident (nonradio-
logical) impacts to these workers. The information developed here is based on
the detailed description of accident cleanup activities presented in Appendix E
of this study.
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Occupational Radiation Doses from Accident Cleanup Activities

The estimated occupational radiation doses accumulated by cleanup workers
are based on postulated external gamma radiation dose rates in various areas of
the reference plant during accident cleanup and on estimated staff labor
requirements for completing the accident cleanup tasks. Workers are assumed to
use respiration equipment as appropriate to protect against inhalation of
radioactive materials.

Summaries of the estimated occupational radiation doses during accident
cleanup following the reference accident are given in Ttble I.4-4.

TABLE I.4-4. Estimated Occupational Radiation Dose for Accident Cleanup

Foremen H. p. Techatc t eas Opera tors Craf tvaen
To'tal Total Total Total

Average Espos- Average Espos- Average Expos- Average E spos- Eveat
Es posure ure E sposure ure E sposure ure Esposu e are Totalr

Event Rate ka a- Dose Ra te kan- Duse Gate (m a- Cose kate (ma n- Dose Dose

Deu ristion (t/hr) hou j herea (m/hr) hourj tasa-ren)
le/ar)O hours) (wa-re )

(af ne) hours maa-c.m> (man-re.)r

Drain and Ship 3. 7 a 10- 3 40 1.5 a 10' 3.7 a 10 40 1.5 a 10'3 3.7 a 10 160 5.9 a 10'3 3.7 a 10-5 20 7.4 a 10'' 9.6 a 10'34

Restduals from ht-
trate Lagoon

-2
Drain and Cover 3. 7 a 10' 80 3.0 a 10'I 3.7 a 10'I 40 1.5 a 10'3 3.7 a 10-5 240 8.9 a 10'3 3.7 a 10-5 40 1.5 a 10-3 1.5 a 10
Other Lagoons

Audit all Pumps 1.5 a 10'" 40 6.0 a 10*I 2.1 a 10'' 40 8.4 a 10'3 2.6 a if" 80 2.1 a 10-2 2.6 a 10-4 80 2.1 a 10-2 5.6 a 10-2
and Ptoeltaes

Secure Valves. 1.s a 10'' 40 6.0 a 10'3 2.1 a 10'" 40 8.4 a 10*3 2.6 10-4 120 3.1 a 10-2 2.6 a 10'' 80 2.1 a 10"I 6.6 a 10-2
Moods and Coaveyers

0 4 4 2.8 a 10-2Otsconnect Services 3.7 a 10-5 80 3.0 a 10'3 6.6 a 10-5 40 2.6 10'3 9.4 a 10 80 7.5 a 10-3 9.4 s 10 160 1.5 a 10
Ito Longer needed

Tag Eeutament 3.7 a 10'$ 40 1.5 a 10*I 6.6 a if 80 5.3 a 10-3 9.4 a 10 80 7.5 a 10'3 9.4 a 10-5 80 7.5 a 10-3 2.2 a 10-2I 0

and Systems to
Ideettfy Status

0 -2
Safety Audit 3.7 a 10-5 40 1.5 a 10* 3 6.6 a 10-5 CO 5.3 a 10-3 9.4 10 80 1.5 a 10-3 9.4 a 10 5 80 7.5 a 10'3 2.2 a 10

lasta11 Butidiaq 3.7 a 10 40 1.5 a 10'3 3.7 a 10'$ -- 3.7 a 10'I 40 1.5 a 10'3 3.7 a 10 80 3.0 a 10- 3 6.0 a 10*34

Access Locks and
Waratag $lgas

Perfore Bulldtag 3.7 a 10*I 40 1.5 a 10-3 6.6 a 10*I 40 2.0 a 10'3 9.4 a 10'I 80 7.5 a 10'3 9.4 a 10'I 80 7.5 a 10 -3 1.9 a 10-2
Systems Check

lastall Fences aad 3. 7 a 10' 40 1.5 s 10'3 3.7 a 10"I - -- 3.7 a 10 40 1.5 a 10-3 3.7 a 10-5 40 1.5 a 10'3 4.5 a 10'34

Locks on Outside
Fac t i t tles

Complete Of fsite 3.7 a 10-5 41 1.5 a 10'I 6.6 a 10"$ 80 5.3 a 10"I 9.4 a 10-5 160 1.5 a 10-2 9.4 a 10'I 20 1.9 a 10'3 2.4 a 10 2

Sht rent of alli
Recovered
Ursatum

Comple te . Intrusion 3.7 a 10'5 40 1.5 a 10' 6.6 a 10 40 2.6 a 10'I 9.4 a 10 80 7.5 a 10-3 9.4 a 10'I 240 1.9 a 10*3 2.4 a 10'20
Af are System
Installation

Complete Radiation 3.7 a 10 40 1.5 a 10'3 6.6 a 10 5 40 2.6 s 10'3 9.4 a If 80 7.5 s 10'3 9.4 a 10"I 160 1.5 a 10 2.7 a 10-2I

Monitortag System
Ins talla tion

P C 3.7 a 10*I 40 1.5 a 10"I 6.6 a 10 5 160 1.1 a 10 9.4 a 10 160 1.5 a 10 9.4 a 10 - 2.7 a 10-24 -2 4

Survey

Totals 640 3.3 a 10'
-

4
-

720 5.7 a 10 1880 0.145 1960 0.126 0.341
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1.5 U-FAB PLANT POST-ACCIDENT DECOMMISSIONING

Decommissioning activities at the reference U-Fab plant follow completion
of accident cleanup at the plant. Accident cleanup efforts contribute to the

total decommissioning effort, but in this study, accident cleanup and decommis-
sioning are addressed separately for the M0X and U-Fab plants.

This section contains the details of the analysis of the safety impacts
resulting from the post-accident decommissioning activities at the reference
plant. Radiological and nonradiological impacts of both routine activities and
selected generic industrial and transportation accidents are considered.

I'. 5.1 Public Safety Aspects of Post-Accident Decommissioning Activities

The public safety impacts from onsite activities during post-accident
decommissioning (following completion of accident ( aanup activities) are dis-
cussed in the following subsections. Public radiation doses from atmospheric
releases that result from routine decommissioning are considered. Nonradio-
iogical safety impacts to the public from onsite activities are judged to be
negligible and are not considered further.

During decommissioning, as during accident cleanup, the routine tasks and
postulated industrial accidents can generate airborne radioactivity in the
plant. Contamination control measures, where applied, and HEPA filters in
plant ventilation systems reduce the levels of radioactivity in the air leaving
the plant. The radioactivity released depends on the specific task or indus-
trial accident considered and on the corresponding radionuclide inventory at
that particular location.

The radionuclide inventories used in this study for post-accident decom-
I missioning are the same as those used in Reference 8 for decommissioning fol-
i lowing normal U-Fab plant shutdown.
|

In the following subsections, the atmospheric releases and resulting radi-,

' ation doses to the public are discussed. Analyses are performed for decommis-
sioning following the reference U-Fab plant accident. The atmospheric releases
are estimated by determining the realistic maximum atmospheric release for each
situation and then using this value whenever similar conditions occur, even for
areas with lower levels of radioactive contamination.

Public Radiation Doses from Routine Tasks During Post-Accident

Decommissioning

The atmospheric releases of radioactivity for post-accident decommission-
ing are based on estimated values for decommissioning the reference U-Fab plant
following normal shutdown, presented in Appendix I of Reference 8. Each of the
atmospheric releases is assumed to be a chronic release (i.e., one that occurs
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at a uniform rate over a one-year period) to allow direct comparisons of the
impacts from individual decommissioning tasks. The first-year dose and the
fifty-year committed dose equivalents to both the maximum-cxposed individual
and to the population residing within 80 km of the site are calculated. The
dose calculation includes direct exposure, inhalation, and ingestion pathways.

The estimated atmospheric releases of radioactivity and the resulting
doses to the maximum-exposed individual from routine tasks during DECON are
shown in Table I.5-1.

Public-Radiation Doses from Releases Due to Postulated Industrial
Accidents During Post-Accident Decommissioning

During deconnissioning, unexpected situations may arise that lead to the
accidental atmospheric release of radioactivity from the plant. Estimated
atmospheric releases of radioactivity and the resulting doses to the population
are shown in Table I.5-2. The industrial accident situations considered for

TABLE I.5-1. Calculated Radiation Doses to the Maximum-Exposed Individual
from Airborne Radionuclides Released During DECON

Release to
Atmosphere First Year Dose, mrem -rif t -Veer Cotnitted vose Equivalent, mree

Activity or location (yC1) Total Body Bone Lung GI-LLI TitaTlodyL Ee Lung GI-LU __

Radiation Survey --I'3
Chemical Decontamina-

tion
Flushing of wet --

systems

surface Cleaning
-Opera tions

Handmiping

Spray decontamina- 2.9 a 10-5 1.0 x 10'" 1.7 a 10-10 4.1 x 10 1.3 x 10'U 3.5 x 10'" 5.9 x 10-10 2.0 m 10-8 1.3 x 10'N
tion of glovebones

Physical Oecontamina-
tion of Surf aces

-8 4 1.5 x 10~8 2.5 m 10'I 8.3 x 10-6 5.7 x 104Scraping metal Sur- 1.2 x 10' 8'.3 x 10'9 7.0 a 10 1.7 x 10-6 5.7 x 10
faces

Scraping firebrick 7.! x 10' 4.8 m 10 4.0 x 10 1.0 x 10*I 3.2 x 10 8.5 m 10 1.4 x 10-8 4.8 x 10'I 3.2 x 100 0 0 0

Concrete removal 2.' x 10-3 1.8 x 10-9 1.5 x 10'8 3.7 x 10'I 1.2 a 10 3.2 x 10 5.5 a 10~8 1.8 x 10-6 1.2 a 10A 0

C4 5.7 a 10-5 4.8 a 10'" 1.2 x 10-2 4.0 m 10 5 1.0 x 10'" 1.7 m 10'3 5.7 a 10 4.0 x 102 0h"*I[M, tgg,,

Removal of contami- --

noted concrete
re hle

5egnenting and Trans-
fer of Equipment

0 0 2.7 x 10-10 4.6 a 10 1.5 x 10'I 1.0 a 1040
Arc saw 2.3 a 10'" 1.5 m 10 1.3 x 10 3.2 x 10-8 1.0 x 10
Plasma torch 1.8 x 10-2 1.2 x 10-8 1.0 x 10*I 2.5 x 10-6 8.2 x 10 2.1 x 10 3.6 x 10'I 1.2 x 10~5 8.2 a 10''4 -8

Nibbler --

Packaging and --

Transfer

faha t 11ter 8.6 a 10 5.5 a 10'8 4.7 a 10'I 1.2 x 10-5 3.7 a 10-8 9.9 s 10-8 1.6 a 10-6 5.5 s 10'5 3.7 x 10-8

Totals 84.1 S.7 x 10'5 4.0 a 10'" 1.2 a 10-2 4.0 a 10 1.0 a 10'" 1.7 m 10-3 5.7 m 10-2 4.0 a 100 4

0(alA dash means the atsospheric release value is less than 1 a 10 uCt.
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TABLE I.5-2. Calculated Radiation Doses to the Population from Airborne
Radionuclides Released During DECON

Reieas. t.
Atmosphere First-veer Oose. man-ree Fif ty-Veer Convaitted Dose Equivalent. man-ree

Activity or Location (uC1) Total Body Bone Lune GI-LLI E l Body kne lung GI-LLI

hadiation Survey - I*I
Chemical Decontamina-

tion
Flushing of wet -

systems

Surface Cleaning
Operations

Handwiping --

Spray decontamina- 2.9 a 10-5 2.0 a 10'U 1.7 a 10 4.8 a 10'' 9.0 a 10-12 3.5 a 10'U 5.9 a 1010 2.2 a 10-8 9.1 a 10*II40
tion of glove bones

Physical Decoetamina-
tion of Surfaces
Scraping metal 1.2 a 10-2 8.3 a 100 7.0 a 10-8 2.0 a 10-6 3.8 a 10 1.5 a 10-8 2.5 a 10'I 9.1 a 10-6 3.8 a 10''
surfaces
Scraping fire- 7.2 a 10-4 4.7 a 10-10 4.0 a 10'' 1.2 m 104 2.2 a 10-10 8.5 a 1040 4.4 a 10*8 5.2 a 10 2.2 a 104 40
brick
Concrete removal 1.1 a 10-2 1.8 a 10 1.5 a 10-8 4.5 a 10*I 8.2 a 10 3.2 a lo 5.5 a 10-8 2.0 a 10-6 8.2 a 100 d 40

(shaust Duct De- 84 5.7 a 10-5 4.8 a 10'" 1.4 a 10-2 2.7 a 104 1.0 a 10*" 1.7 a 10'3 6.3 a 10 2 2.7 a 10-5contamination
'

Removal of Contamina- --

ted Concrete Rubble
Se9aenting and Trans.

fer of Equipment

| Arc saw 2.3 a 10'" 1.5 a 10-10 1.3 m 10'' 3.7 a 10-8 7.0 a 10*U 2.7 a 10-10 4.6 a 10'' 1.7 a 10 7.0 a 10'U
| Plasma torch 1.8 a 10-2 1.2 a 10-8 1.0 a 10 2.9 a 10-6 5.5 a 10'' 2.1 a 10-8 3.6 a 10'I 1.3 a 10-5 5.5 a 10''

Nibbler --

Packaging and --

Transfer
(shaust Filter 8.6 a 10-2 5.5 a 10'' 4.7 a 104 1.4 a 10-5 2.6 a 10-8 9.9 a 10-8 1.6 a 10-6 6.2 a 10-5 2.6 a 10-8

Removal

Totals 84 5.7 a 10-5 4.8 a 10'' 1.4 a 104 2.7 a 10'' 1.0 a 10'' 1.7 a 10'3 6.3 a 10 2.7 a 10-54

(a)A dash means the atmospheric release value is less than 1 a 10-5 uC1.

post-accident decommissioning are the same as those considered in Reference 8
for decommissioning following normal plant shutdown.

Estimates of the releases of radioactivity due to postulated industrial
accidents during DECON following an accident, together with the resulting
first-year doses and fifty-year committed dose equivalents to the maximum-
exposed individual, are shown in Table I.5-3.

It is beyond the scope of this study to evaluate every potential indus-
trial accident situation that could lead to the release of radioactivity during
decommissioning. However, the postulated situations presented here are judged
to represent the range of credible events and to reflect realistic maximum
impacts from such situations to the public.

I.25
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TABLE I.5-3. Calculated Radiation Doses to the Maximum-Exposed Individual
from Accidental Airborne Radionuclide Releases During DECON

Release to

Incident C To tal a
*

to
"

toss of latermediate ntP4 2.7 s 2.3 10-3 7.6 a 10 2.7 s 10'' bh 54

f t1 er af ter Duct Decontami-

' ' * - " = " " " " " " " ' " " " ' " ' ' "' "" '''"" " = " ' ''

1":' 00J:CiJ

d t

Aereded firebrick 3.4 10-6 8.2 a 10* D 8.2 s 10 " 2.7 s 1o*I 9.5 a 10 1.6 10-8 6.8 a 10'IM

Concrete dust -

Condenses metal vapor 1.7 s 10-6 4,y , jn-M 4.1 a 10 1.3 a 10 4.7 a 10* * 8.0 10*' 3.4 s 13'I4

"" " " " " " ' " " " " "'I " ' " " ' ' ' " ' ' " = "'Ii'JiiA:'2!i;PToJ'";
sacuum Filter

Temporary toss of scrui.es
flec tricity 2.8 s if 6.7 a 10'' 6.7 a 10 2.2 s 10'' 7.8 s 13*' t.3 10' # 5.6 s 10-6
Other --

U Leek 1 Chemi- 4.s = 10'I 3.7 s 10'' 3.7 a 10-6 1.3 10' 4.4 10*I 7.3 a 10-6 3.1 s 10'4

e lying Contamine- --

P,iC!tJ"""'"'**"

4
m . ..sh .s to at.osree.c reie.se ..u is iess t%. i n 10 o

I.5.2 Occupational Safety Aspects of Post-Accident Decommissioning

The occupational safety impacts of post-accident decommissioning activ-
ities at the reference U-Fab plant are discussed in the following subsections.
Included are occupational radiation doses and potential industrial accident
(nonradiological) impacts to the decommissioning workers. The information
developed here is based on the detailed description of decommissioning activ-
ities presented in Appendix E of this study.

Occupational Radiation Doses from Decommissioning Activities

Summaries of the esti:nated occupational radiation doses during DECON fol-
Icwing the reference accident are given in Table I.5-4.

I.6 DETAILS OF OCCUPATIONAL DOSE ESTIMATES FOR NON-FUEL CYCLE FACILITIES

Models and assumptions used to estimate worker dose rates from the decom-
missioning of the reference laboratory and components are described in this
section. The estimated worker dose rates form the bases for occupational dose
calculations in Section 12.5. Dose rate calculations are based on residual
contamination levels on individual facility components given in Chapters 6 and
10. Both direct-exposure dose rates and inhalation dose rates are estimated.

I.26
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TABLE I.5-4e Estimated Occupational Radiation Dose for DECON

Foressa se. P. Techate taas Operators Craf tsmen

TeLT Total Total Gl
se Esses. Average (seos. Average Espos- Average espos-

L'otal
eas

es,e.raee Te ore ramore -. tam re we espos.re ve
tveat Rate $ssa- Dose Rate 6 sea. Dose Rate bea- Dose aate esen- Dose Dose

Dewetation (R/hel ho_wrj bea-res( (9/hr) sp,r]| (*a n - res J bourst (mea-rea) . {R/hr) ,n,gr,p Jgda.rd (men-rd
Deccatastaate Pow- 3.7 a 10' 80 3.0 a 10 3.7 a 10'3 40 1.5 a 10' 3.7 a 10' 480 1.8 a 10 3.7 s 10 40 1.5 a 10-3 2.4 a 10 24

l der warehouse :__

4 4 4 4 2.7 a 10-2Decentaatnated isF 3.7 a 10 100 3.7 a 10'I 3.7 a 10-5 40 1.5 a 10'I .L 7 a 10 480 1.8 s 10 2 3.7 a 10 100 3.7 a 10
6Cyllnaer Stora9e

- .

g
Otsanatie 9aportie. 3.7 a 10'I 220 8.1 a 10'3 1.2 a 10'8 80 9.6 s 10 2.1 a 10'' 1 MO 0. ?9 2.1 a 10'" 200 4.2 a 10-2 0 354

tion Room

Ottmantle Chemical 1.5 s lo 2 140 0.32 2.1 a 10-8 800 0.18 2.6 s 10 12 720 3. 3 2.6 a 10'8 2 460 0.64 4.4d

and Pomoer Pre-
4essla9 Aree
Otmanatie Po=ser 1.5 a 10'' 180 2.7 s 10'I 4.9 a 10'' 80 3.9 a 10 8.2 s 10'* 1 240 1.0 8.2 s 10'' 80 6.6 a 10-2 g,g-2

Stora9e sad Feed
Room

Otsasatte Pellet- 1.5 a 10'" 260 3.9 a 10-2 4.9 a 10'" 100 4.9 a 10 8.2 e 10-4 1 800 n.5 8.2 a 10'' 300 0.25 1.84

tag Aeae c

Dismaatle 5 tater- 1.5 s 10'* 3e0 5.7 a 10-2 2.1 a 10** 160 3.4 a 13-2 2.6 a 10'" 2 440 0.63 2.6 a 10'' 330 7.8 a 10 0.80 g4

ta9 Roam

Otsmaatte Grtad- 1.5 s 10'" 240 3.6 a 10-2 4.9 a 10'' 100 4.9 s 10 8.2 a 10'# 1 360 1.1 8.2 a 10"* 260 0.21 1.4-2

tag none
*

Otsematie Goddint 3.7 a 10 200 7.4 a 10'I 4.6 a 10-5 80 5. 3 a 10*3 9.4 s 10 1 240 0.12 9.4 a 10 360 3.4 a 10-2 0.17 <-
4 4 4

Area
4 2.6 s 10'4 I 600 0.42 2.6 a 10 8 520 0.14 0.62Otsmaatte Gado- 1.5 a 10'4 300 4.5 a 10 2 2.1 a 10'8 120 2.5 s 10 *

Itate Shne Ros
Produc tion
Fac tit ty

Otsmentle Red 1.5 a 10'" 100 1.5 s 10-2 2.1 a 10'' 4G 8.4 a 10'I 2.6 a 10'' 680 0.18 2.6 s 10'' 200 5.2 a 10 2 0.25
Cap Area #

01smentle 3.7 a 10 120 4.4 a 10*I 6.6 a 10 40 2.6 a 10 9.4 a 10 760 7.1 a 10 9.4 s 10-5 200 1.9 a 10-2 9.7 a 10-2
-

4 -3 4 4

Chemical and
netaller9tcal
Testtag ten

Otsmentle 1.5 s 10'' 200 3J a 10-2 2.1 a 10'' 80 1.7 s 10 2 2.6 a 10'8 1 480 0.38 2.6 a 10'# 360 9.4 a 10-2 0.53
-Developseat .

Lab

Otseeatle 3.7 s 10*I 140 5.2 a 10-3 6.6 e 10'I 60 40m 10'I 9.4 a 10 680 6.4 a 10 2 ,,, , g g 52 0 4.9 a 10-2 0.124 d
peot main-

teneace
and lastrw-
seat Shops

Otseentie sad 1.5 a 10'' 80 1. 2 10-2 g , , yg 40 2.0 a 10 s. 2 a 10'"-4 4
600 0.a9 8.2 s 10"* 40 3.3 a 10 0.56

Weste team

Otsmentle Decon- 3.7 s 10'I 40 1.5 a 10-3 1.2 s 10-8 20 2.4 s 10'3 2.1 s 10** 240 5.0 a 10 2.1 10 40 8.4 a 10'3 6.3 s 10-2
tamina tten
Fac tit ty

O t sanat l e 3.7 a 10-5 120 4.4 s to'3 1.2 a 10'8 40 4.8 a 10 2.1 a 10** 340 0.18 2.1 a 10'" 160 3.4 a 10 0.22
d d

tacineretten
Fac tit ty

Decoatameante 1.5 a 10** 240 3.4 s 104 2.1 a 10'' 100 2.1 m 10 2 2.6 s 10'' I 800 0 47 2.6 a 10** 200 5.2 a 10-2 0.58
lIEP4 FiIter
Rooms

3.7 a 10*I 40 1.5 a 10'3 6.6 a 10 20 1.3 a 10'I 9.4 a 10 280 2.6 a 10 2 9.4 a 10'I 20 1.9 s 10'3 1.1 a 104 O 4L ed oss

Otseentle thaage 3.7 a 10*I 40 1.5 a 10'3 3.7 a 10'I 20 7.4 s 10'* 3.7 a 10 200 t.0 a 10-2 3,7 , ig-5 40 1.5 s 10'3 1.4 a 10-24
toom

Flaal Cleaata9 3.7 a 10 120 4.4 a 10*3 3.7 a 10'I 40 1.5 s 10*I 3.7 s 10 880 3. 3 a 10 3.7 e 10'I 80 3.0 a 10'I 4.1 a 10-24
of Feel Fabrica-
ttoa Gutiding

Disenatie Fico- 3. 7 m 10 5 820 3.0 m 10'I 3.7 a 10'I .120 1.2 a IC-2 3, , , 99-5 i 926 0.22 3. 7 a 10 $10 1.9 s 10 2 0.28
ride waste
Ffflueat treat-
seat Systee

Ot smaatte 3.F a 10 200 F.4 e 10-3 3.7 a 10*I 80 3.0 a 10-3 3 7 m 10'I I 280 4.7 s 10'I 3.7 s 10-5 160 5.9 a 10'I T.6 a 10-2
4

h6trate weste
Effluent Treat-
seat Systee

Ottmentle Waste 3.F a 10 100 3.7 s to 3.F a 10-5 40 1.5 a 10 3.7 a 10 680 2.5 m 10'I 3.7 a 10-5 160 5.9 a 10-3 3.6 a 1044
Trea tment
Outissag

secovery and Ots- 3.7 a 10 30C 1.1 a 10*I 3.7 a 10 120 4.4 a 10'I 3.7 a 10'I 2 443 9.0 e 104 O 4 3.7 a 10 5 - - 0.11
posal of Selle

(eF Westeg

Ottoosal of Stored 1.5 s 10'" 300 4.5 a 10*I 2.1 a 10* * 120 2.5 a 10 2 2.6 a 10'' 2 160 0.56 2.6 s 10'" 260 6.8 a 10-2 0.70
Escess Contamtaated
festoneat
Decentasiaattoa of 3.7 a 10-5 20 F.4 s 10~3 3.7 a 10 20 F.4 a 10** 3.7 a 10-5 80 3.0 m 10'I 3.7 a 10'I - 4.4 s 10*I

4
ursaium Storage
Pads

tisanatlaneet of 1.5 a 10'' 200 3.0 s 10 4.9 a 10'' to 3.9 s 10'# 8.2 a 10'' 1 041 0.85 8.2 s 10'' 520 0.43 13Red weste Effluent
Treatmeat Systee

fetals
- -- - _

7 300 0.791 2 960 0.563 46 800 12 t 4 200 2.28 15.7
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1.6.1 Estimates of Direct Exposure Dose Rates

Estimates of direct-exposure dose rates are made for work with facility
241Am. The results of these dose rate estimatescomponents contaminated with

are shown in Table I.6-1. Dose rates are given in mrem /hr at various distances
from the different facility components.

IS0SHLD.t9,10)posure dose rates are calculated using the computer codeThe IS0SHLD program uses a point-kernel integration techniqueDir9ct-ex

to evaluate exposure rates at the detector. Photon-energy flux is calculated
for 25 energy groups with average energies ranging from 15 kev to 3.0 meV.
Twelve source / detector geometrics are available.

Components such as hoods, glove boxes, hot cells, and ductwork are modeled
as rectangular boxes of the correct dimensions. A value for the total contami-
nation inside a component is obtained by multiplying the average surface con-
tamination per unit area by the total inside surface area of the component.
For computational purposes, this total contamination is assumed to uniformly
fill the volume of the box. Appropriate credit is taken for the shielding

TABLE I.6-1. Estimated Worker Dose Rates from Direct Exposure

Assumeo
Contamination

Level on Dose Rates (mrem /hr) at Various Distances
Internal Surf ces 0.5 m from 1.0 m from 5.0 m from

comoonent Isotooe (d/m/100 ) Comoonent Comoonent Comoonent

3 4x10-5 2x10-3 2x10-6241Am 2x10Fume Hood

Glove Box Am 2x10 2x10 5x10-1 4x10-2241 8 0

241Am 5x10 (a) 5x10-7 2x10-7 lx10-81Lab Bench

241Am lx102 2x10-5 1x10-5 lx10-6Ductwork

241Am 2x101 lx10-6 1x10-6 lx10-7Wall

__ b)(241 2 __(b) 4x10-6Floor Am lx10

(a) Assumed contamination on bench top.

(b) Not estimated.

I
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afforded by the walls of the component. Drain lines are modeled as cylindrical
sources. Bench tops are modeled exactly. The floor is modeled as a disk hav-

2ing a 60-m surface area (4.4-m radius). A wall is modeled as a disk having a
30-m2 surface area (3.1-m radius). (Facility components 'are assumed to be

clocated in a room that measures 10 m by 6 m, with walls 3 m high.)
,

'

I.6.2 Estimates of Inhalation Dose Rates

cEstimates of inhalation dose rates are-made using the equations in Appen-
, dix I' of ? Reference 11:.

\

R=xF (I.1)

where:
\'
- R'is the worker dose rate, rem /hr

5' x is .the air concentration in the room, pCi/m3
F;is the dose factor, rem per pCi/m3 per hr.

s. 3

analysis ( { concentration in a room is calculated using a resuspension rate
The a

described by the equationo
,

#f" (1.2)x= v

where:
v.

7 f is the resuspension rate, h-1! - q

| = [A'is the contaminated surface area in the room, m2
'

in is the surface contamination level, pCi/m2

Y is the volume of air in the room, m3

n is the rate.of air exchange in the room, h-1.

The resuspens gg rate for vigorous activity, including cleaning operations, is
'

5 x 10-3 h-l. Contaminated surface areas and assumed surface contamination
levels for facility components are shown in Table I.6-2. Assumed surface con-
tamination levels are derived from facility descriptions in Chapter 5. The
room is assumed to measure 6 m by 10 m, with walls 3 m high. Ten air exchanges
per hour are assumed.

i Dose factors are . calculated using the computer code DACRIN,(13) with an

assumed breathing rate of 350 cm /sec(14) for workers engaged in moderately3

strenuous activity. Dose factors are shown in Table I.6-3. These factors

!
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TABLE I.6-2. Assumed Surface Contami ion Levels
for Facility Components

Surface Assumed Surface Con-
2Area tamination (pCi/m )

Component (m ) 241Am2

Hood 5.6 1 x 105
10(C)Glove Box (b) 2.9 1 x 10

Hot Cell 8.6 --

3Workb h 3.8 3 x 10
Drain 0.1 --

Ductwork 5 5 x 103
Floor 60 5 x 103

3Wall 96 1 x 10

(a) Surface contamination levels are
based on facility descriptions in
Chapter 5.

(b) To calculate dose rates, it is

assumed that because these compo-
nents are closed, only 0.01 of the
surface contamination is available
for resuspension.

(c) To calculate dose rates, it is

assumed that because of special
ddiign, only 0.001 of the surface
contamination is available for
resuspension.

TABLE I.6-3. Inhalation Dose Factors (a)

3Dose Factor (rem per pCi/m per br)
Radioisotope Organ 1-Year Commitment 50-Year Commitment

241Am Total Body 2.0 x 10-6 1.9 x 10-5
Bone 2.4 x 10-5 1.1 x 10-3
Lung 2.6 0-4 6.5 x 10-4
Thyroid N.C. N.C.

(a) Inhalation dose to workers from I hr of exposure to air contaminated
to 1 pCi/m3 of the listed radioisotopes.

(b) Not calculated.

I.30
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represent 1-year and 50-year committed dose equivalents from one hour of expo-
3sure to an air concentration of 1 pCi/m of the indicated radioisotope. (The

50-year dose factors are used in the calculation.)

Estimated inhalation dose rates, calculated by using Equation I.1, are
shown in Table I.6-4. Dose rates are estimated for the organ receiving the
maximum exposure. The " dose rates" shown in Table 1.6-4 are not true dose
rates in the sense that a direct exposure rate is a true dose rate, because
inhalation " dose rates" represent 50-year dose commitments from one hour of
inhalation of radioactivity. Since inhalation results in the deposition of

radioactivity in the organs of the body, the " dose rates" estimated in this
manner are believed to provide reasonable measures of the radiological hazards
of worker exposure to airborne radioactivity.

TABLE I.6-4.
Estimated Worker (a

ose Rates
from Inhalation

Inha ion Dose
Ratei (rem /hr)

for Given
Contaminant

241Component h

Hood 2 x 10-3
Glove Box 9 x 10-2
Workbench 4 x 10-5
Ductwork 8 x 10-5
Floor 9 x 10-4
Wall 3 x 10-4

!

| (a) Estimated by the use of Equa-
tion I.1.

,

(b) Fifty-year committed dose equiv-
| alents from I hour of inhalation

exposure.

I

i
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