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APPENDIX A

REFERENCE SITE DETAILS

Supporting material necessary to evaluate the radiological safety impacts
of decommissioning activities at the reference Tow-level waste {LLW} site is
presented in this appendix. The location of the maximum-exposed individual in
relation to the reference site is described in Section A.1. Parameters used
for the calculation of radiation doses from the consumption of foods grown on
a decommissioned site are given in Section A.2. Demographic characteristics
of the reference site are presented in Section A.3. For the calculation of
radiological safety impacts, the parameters discussed here are assSumed to apply
to both the arid western site and the humid eastern site.

A.7 LOCATION OF MAXIMUM-EXPOSED INDIVIDUAL

To determine use Timitations for public use of a decommissioned burial
site (Section 8 of Volume 1), the maximum-exposed individual is assumed to live
and work on the decommissioned site. To determine public safety impacts of
decommissioning activities (Section 13 of Volume 1), the maximum-exposed indi-
vidual is assumed to reside 1 km from the site, where the atmospheric dilution
factor is estimated to be 7.5 x 107% sec/m?® for a ground-level release. This
dilution factor is derived by multiplying the average dilution factor for a
ground-level release, taken from Figure A.1-1, by 2.5 to adjust for the maximum
sector. The atmospheric dilution factor for a large population group is calcu-
lated to be 2.4 x 1079 sec/m? for a ground-level release.

A.2 FQOOD CONSUMPTION PARAMETERS

Parameters used to calculate radiation doses from the consumption of
foods grown on a decommissicned site are listed in Table A.2-1. Only that
fraction of the diet grown locally and consumed by the maximum-exposed indi-
vidual is shown in the table. For the arid western site, the irrigation rate

A-1
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TABLE A.2-1. Parameters Used for Calculation of Radiation Doses
from Consumption of Foods

Growing
Period Yield Ho]d?p Consumptzgn

. Food (days) {kg/m?) (days){a)  (kg/year)(b)
Leafy Vegetables 80 1.5 1 30
Other Above-Ground Vegetables 60 0.7 30
Potatoes 80 4.0 10 110
Other Root Vegetables 80 5.0 1 72
Berries 60 2.7 [ 30
Melons 80 0.8 1 40
Orchard Fruit 80 1.7 10 265
Wheat 80 0.72 1 80
Other Grain 90 1.4 1 8
£9gs 90 0.84%C) 2 30
MiTk 30 1.3t¢) 2 27449)
Beef 90 0.84!¢) 15 40
Pork 90 0.84¢) 15 40
Poultry 90 0.84!¢) 2 18
Fish 1 20
Crustacea 1 10
Molluscs 1 10
Drinking Water 0.5 730t9)

{a)Time between harvest and consumption.

{b)Only that fraction of the diet grown locally, and therefore potentiaily
contaminated, is listed. Consumption by the maximum-exposed individual
15 assumed,

(c)Yield of animal feeds (i.e., grain or pasture grass).

(d)Units of liters/year.

is assumed to be 150 £/m? per month for 8 months out of the year. Because of
the high average rainfall at the eastern site, irrigation is not required.
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A.3 DEMOGRAPHY

Existing LLW burial sites in the United States are all located in rural
areas having reiatively low population densities. For this study, in order
to calculate public safety impacts of decommissioning activities, a generic
population distributicon is assumed that is common to both the arid western and
hunid eastern sites. The population distribution is summarized in Section 7.5
of Volume 1. Details are given in Table A.3-1. The total population within a
circle with an 80-km radius is 3.52 million.

TABLE A.3-1. Popuiation Distribution Around the Generic Sites

Population

Digtqnge from Density Total Popula% ?n Cumulative

Facilities (km) (persons/km?) __in Annulusi@ Population
0 - 1.6 --- 10 10

1.6 - 3.2 87 2 130'P) 2 140!P)
3.2 - 4.8 129 5 230 7 370
4.8 - 6.4 139 7 940 15 300
6.4 - 8.0 160 11 70D 27 000
8.0 - 16 146 89 300 116 000
16 - 32 154 375 000 491 000
32 - 48 216 878 000C 1 370 000
48 - 64 181 1 030 000 72 400 000
64 - 80 154 1 120 000 3 520 000

{a)It is assumed that 1/16 of the population resides within each of the
16 sectors.
(b)Totals are rounded to three significant figures.
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APPENDIX B

WASTE INVENTORY DETAILS

This appendix presents supporting material for the reference radipactive
waste inventory shown in Table 7.3-3 of Volume 1. Waste inventory data for
existing commercial sites are summarized in Section B.1. The bases for the
inventory shown in Table 7.3-3 are discussed in Section B.2. The method used
to calculate the inventory at burial ground closure is described in Section B.3.

B.1T WASTE INVENTORY DATA FOR COMMERCIAL SITES

Data on radiocactive waste buried at the six commercial LLW burial grounds
in the United States are shown in Tables B.1-1 and B.1-2., Table B.1-1 shows
annual total radioactive waste disposal at the six sites through CY-1976.
Table B.1-2 shows total waste buried at each of the sites as of January 1,
1977. Data for both tabies are based on Reference 1.

As shown in Table B.1-2, byproduct and special nuclear material (SNM)
activity concentrations at the six commercial sites vary by about an order of
magnitude. Richland, Washington, and Morehead, Kentucky, have the highest
reported byproduct activity concentrations and Sheffield, I11incis, has the
Towest reported byproduct activity concentration. Beatty, Nevada, has the
highest reported SNM activity concentration and Sheffield, I1linois, and
West Valley, New York, have the lowest reported SNM activity concentrations.
The average specific activity {(not corrected for decay) of buried byproduct
material at the six sites is 8.95 Ci/md.

During 1977 about 72,000 m® of waste was received at the commercial

(2)

accommodated at the Barnwell site because of the closing of the West Valley

sites, as shown in Table B.1-3. Most of the increase in waste volume was

site and the 10 cents per pound excise tax imposed by the State of Xentucky
on wastes to be buried at the Morehead site. HNo increase in waste volume was
noted at Beatty and only a small increase at Richland. This is probably

because of the relative geographic isolation of the western sites from
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TABLE B.1-1. Annual National T til Waste Disposal at the Six Commercial Waste
Burial Facilitiesi®

Byproduct Ma;gyiaT{b) (c) (d)

Special Nuclear Materiai Sauyrce Material

_Year Woluemd © "G Ci/m* . — " g~ " g/m®  — _"Kg_ _kg/m® _
1962 1860 NS g fte) 319 0.17 296 0.16
1963 6 240 29 618 4.75 13 215 6.93 13 266 2.13
1964 13100 165 060  12.60 - 187 073 14,28 15 993 1.22
1965 13 120 91 864 7.00 341 359 26.03 23 025 1.75
1966 16190 106 773 6.59 19 751 1,22 39 359 2.43
1967 19 370 9% 626 4.89 42 170 2.18 W0 229 1.56
1966 19 640 116 772 5.95 30 172 1,50 22 459 1.14
1969 21 360 122 208 5.72 47 687 2,23 89 28 4.18
1970 25 000 163 811 6.55 69 392 2,78 a1 296 1.65
1671 29300 792 883 27.06 101 512 3.46 70 983 2.42
1972 37 300 321 449 8.62 153 389 411 98 455 7.64
1973 47 040 402 406 B.55 181 607 3.86 114 866 2.44
1974 53 380 568 130 10.64 167 662 3.14 125 432 .35
1975 57 300 455 751 7.94 143 653 2.50 160 462 2.80
1976 62820 _ 355789  5.66 148486 236 106068  1.69
TOTALS 423 100 3 787 133 8.95 1 677 547 3.96 951 468 2.25

{a)The data in this table are from Reference 1.

(b)Byproduct material (reported in curies) refers to any radicactive material (except
source material and special nuclear material) obtained during the production or use
of source or special nuclear material and includes fission products and other radio-
isotopes,

(c)Special nuclear material (reported in grams) refers to plutonium, 233U, uranium
containing more than the natural abundance of the isotope 235, or any material
artificially enriched with any of the foreqoing substances. Special nuclear material
does not include source material.

{d)Source material {reported in kilograms) refers to thorium, natural or depleted
uranium, or any combination thereof. Scurce material does not include special nuclear
material.

{eIN.A. - Not Available.
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TABLE B.1-2.
December 31, 1976
Barnwell, Beatty, Morehead, Richland, Sheffield,
South Carolina _Mevada  Kentucky Washington —I11inois
Date of Initial
Operation 1971 1962 1965 1965 1867
Status as of
January 1, 1979 (Jpen Open  Clased by Open Filled to
State Licensed
Capacity
Burial Area {m?) 1 090 000 3z4 Q00 1 340 Q00 405 000 82 000
Buried Waste
Yolume (m?] 85 440 53 800 134 900 13 500 69 000
Total Byproduct
Activity (C1) 422 476 132 318 2 139 225 468 B24 46 512
8yproduct Specific
Activity (Ci/m7} 4,94 2. 46 15.86 34.73 0.67
Total Special
Nuclear Material
(g} 427 407 683 669 403 609 57 6493 49 609
SMM Concentratian
{g/m3} 5.00 12.71 2.99 4,27 0.72
Total Source
Material (kg) 143 015 40 813 7228 673 11 486 80 908
Source Material
Concentraion
{kg/m?} 1.67 0.76 1.70 .86 1.17
TABLE B.1-3. Comparison of Annual Volumes of Radicactive N?ste
Buried at the Six Commercial Sites, 1974-1977
Volume of Radicactive Waste Buried Annually {m3)}
Barnwell, Beatty, Morehead, Richland, Sheffield,
Year South Carolina Nevada Kentucky Mashington I1linois
1974 18 019 4 103 8 897 141 12 373
1975 17 829 4 G843 17 109 1 500 14 116
1976 28 829 3 8k4a 13 ?83(C) 2 Be7 13 480
1977 46 5H64 4 742 423 2 380 17 644

(a)Data for the years 1974 to 1976 are from Reference 1.

from Reference 2.
(b)Receipt and burial of wastes suspended on March 11, 1975,
(c)Only 845 m3 of waste was buried at Morehead after the 10¢ per pound excise tax went

into effect on July 1, 1976.
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Radioactive Waste Buried at Commercial Sites as of

West Valley, Averages
__New York _ or Tfotals
1963
Closed hy
Site Operator
© 89 006
66 520 423 200
577 778 3787 133
8.69 8.95
55 555 1 677 547
0.84 1.96
446 473 951 468
6.71 2.25

West Valley

__ New York

53 377
1 899¢°)

b

Totals

53 377
57 386
62 823
71 753

Data for the year 1977 are



locations where the waste is generated. {(As of December 31, 1977, 60 of the
65 licensed commercial nuclear reactors were located in the eastern, south-
eastern and central regions of the nation.)

As of January 1, 1979, the burial grounds at West Valley, New York, and
Morehead, Kentucky, are closed, and the site at Sheffield, I311inois, is filled
to licensed capacity (see Section 3 of Volume 1). The state of South Carolina
has imposed a ceiling of 2.1 x 10° cubic feet per year (5.95 x 10% cubic meters
per year) on radicactive wastes buried at the Barnwell site. While officials
from South Carolina have stated that this burial limitation will initially be
somewhat flexible to avoid causing hardship to utiiities, it is probable that
the two western sites will experience significant increases in volumes of waste
buried at these sites.

B.2 REFERENCE BURIAL GROUND INVENTORY DETAILS

Pubiished information about radionuclide concentrations in buried waste
at commercial LLW burial grounds is limited. A computer study(B) has been
made of radicactive shipment records for waste buried at the Morehead, Kentucky,
site. The study provides an estimate of the radiocactivity at the site as of
1974. An estimate of the isotopic composition of radicactive waste buried at
West Valley is contained in an EPA report(q) dealing with waste migration
problems at the site in northwestern New York State. Because a significant
fraction of the radioactivity at the West Valley site is listed as "mixed fis-
sion products" or "mixed and miscellaneous," the report is of limited use.
Data on the isotopic composition of byproduct material buried in Trench 14
at the Sheffield, I1lincis, site have been provided toc the NRC(S) by the site

operataor.

Because data on radionuclide concentrations in waste buried at commercial
sites are limited, and because significant variations in isotopic concentra-
tions exist between sites for which data are reported, 2 generic waste inven-
tory is used in this study. The radionuciide inventory used in this report
(i.e., the inventory shown in Table 7.3-3 of Volume 1) is derived from an
unpublished NRC estimate of the average radionuclide concentrations in com-
mercial radicactive waste. The NRC waste inventory estimate is shown in
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Table B.2-1. A normalization factor, based on 9.0 Ci/m3 for the average
specific activity of byproduct waste, is applied to the NRC data to obtain the
activity concentrations shown in Table 7.3-3 of Volume 1. This byproduct
specific activity normalization factor is derived from inventory data for com-
mercial sites, presented in Table B.1-2.

To obtain the isotopic concentrations shown in Table B.2-1, both fuel-
cycle and non-fuel-cycle wastes are included. Three significant assumptions
are made. First, the waste is assumed to be composed of 60% fuel-cycle waste
and 40% non-fuel-cycle waste.(]} Second, isotopes with half lives less than
50 days, or with only one or two pieces of evidence supporting their presence
at low concentrations in wastes from operating 1ight water reactors (LWR),
are excluded from consideration. Finally, decay during transport to a shallow-
land burial ground is neglected, and in some cases concentrations are based on
records that neglected decay during storage at the source.

(6)

fuel-cycle facilities, such as UFg conversion plants, gaseous diffusion plants,

Fuel-cycle waste comes predominantly from LWR operation. Supportive
and fuel fabrication plants produce relatively small quantities of waste in
supporting a reference reactor for 1 year, compared to the amounts generated
by the reactor. The reference reactor is an LWR rated at 1000 MWe and is
postulated to operate at 80% of capacity. It is assumed that the LWR genera-
ting system is composed of pressurized water reactors and boiling water
reactors, at a plant ratio of 2:1.

In determining isotopic concentrations for fuel-cycle waste, LWR decommis-
sioning wastes are included by substituting a decommissioning waste radio-
nuciide concentration whenever it exceeds the average concentration for waste
from operating LWRs.

Non-fuel-cycle waste radionuclide concentrations are estimated by using
concentration averages from Reference 7. This study pertains exclusively to
institutional waste sources (hospitals, universities, clinics, etc.) and
therefore neglects industrial and government laboratory waste sources. How-
ever, the authors of the Reference 7 study estimate that these other non-fuel-
cycle sources are contributing less than 6% of the waste volume currently
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TABLE B.2-1.

Radionuclide Concentrations in Low-Level
Waste for Use in Estimating Total Burial
Site Inventories (unpublished estimate

made by the NRC)

Average Activity

Isotope in Waste {Ci/m?) Source of Waste
M 1.2 x 10-1 Non-fuel Cycle
leg 3.8 x 1073 Non-fuel Cycle
355 8.6 x 107% Non-fuel Cycle
SIcy 4.3 x 107!} LWR Operations
S4Mn 2.5 x 10-1 LWR Operations
55Fe 4.3 x 107! LWR Qperations
>80 4.3 x 1071 LWR Qperations
50Co 1.3 x 109 LWR Oecommissioning
53N 1.3 x 102 LWR Decommissioning
63N3 2.4 x 109 LWR Qecommissioning
637n 2.0 x 102 LWR Operations
305 4.8 x 10-3 LWR Operations
I4Nb 1.4 x 10-4 LWR Decommissioning
357y 2.0 x 10-2 LWR QOperations
99T¢ 3.2 x 10-° LWR Operations
106Ry 2.0 x 102 LWR Operations
L2454 5.0 x 10-3 LWR Operations
123gh 5.0 x 1073 LWR Operations
1257 1.5 x 10-3 Non-fuel Cycie
129y 6.4 x 10-5 LWR Operations
134cg 4.8 x 10-! LWR Operations
135¢s 3.2 x 10°5 LWR Qperations
137¢s 8.6 x 107} LWR Operations
tatce 2.0 x 1072 LWR Cperations
152Ey 4.8 x 10-5 LWR Operations
LS4Ey 4.8 x 107" LWR Operations
155y 4.8 x 107" LKR Operations
226pa 1.2 x 10-* Burial Ground Records
230Th 7.1 x 10°° Burial Ground Records
2327Th 8.4 x 10°¢ Burial Ground Records
235y 3.2 x 10-5 Burial Ground Records
238y 7.1 x 1074 Burial Ground Records
237Np 4.6 x 10°8 LWR Operations
238py 3.2 x 104 LWR Operations
233%py 4.3 x 10-° LWR Operations
2u0py 6.7 x 10-° LWR Operations
241py 1.6 x 10°2 LWR Qperations
2h2py 2.4 x 107 LWR Qperations
Z41pm 3.0 x 10-° LWR Operations
242 8m 1.6 x 1076 LWR Operations
243Am 2.1 x 10°% LWR Operations
242Cm 2.5 x 1073 LWR QOperations
243Cm 6.0 x 1077 LWR Operations
2440 1.9 x 10-* LWR Operations
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going to commercial burial sites. A comprehensive study of radionuclide con-
centrations in industrial and government laboratory low-level waste has not
been published,

In addition to the consideration of individual types of low-level waste
generators, the concentrations of 22%Ra and a few isotopes associated with
source material are estimated from records at shallow~land burial sites. It
should be noted that many shipments of source material and 225Ra are from
industrial and government laboratory sources, thus their influence, while not
specifically identified, is directly affecting these concentration estimates.

Because of the national policy deferring the reprocessing of power reactor
fuel, wastes generated from reprocessing and plutonium fuel fabrication are
not considered in the estimates. Uranium mines and mills are also not included
since radioactive wastes from these operations are normally disposed of near
the facilities themselves and not at commercial burial grounds.

The contribution of various isotopes to the total byproduct activity is
shown in Table B.2-2 for the generic waste inventory used in this study and
for waste inventories reported for three commercial sites. Large variations
exist in the isotopic concentrations of the waste buried at the different com-
mercial sites. The percentage of ®3Ni activity is much higher for the generic
inventory than it is for commercial burial ground inventories. Nickel-63 is
postulated to be a constituent of LWR decommissioning waste. Reactor decom-
missioning waste is not buried at the commercial sites for which data are
given in Table B.Z-2.

B.3 CALCULATION OF WASTE INVENTORY AT SITE CLOSURE

This section describes methods for calculating the radiocactive waste
inventory of the reference burial ground at the time of site closure,

Table 7.3-3 of Volume 1 shows both the undecayed inventory for a single
trench (i.e., the radioactivity in the waste at the time the waste is buried)
and the total radioactive inventory at the time of site closure. The site is
assumed to contain 180 identical trenches, with six trenches being filled
during each of the 30 years of burial ground operation. The radioactive
inventory at the time of site closure is calculated on the basis that there
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TABLE B.?2-2. Comparison of the Isotopic Composition of the
Generic Waste Inventory with Waste Inventories
at Commercial LLW Burial Grounds

Percent of Byproduct Activity
Half Life Generff \ Morehead, Sheffield West Valley
a

Isotope {years)  Inventory kentucky(B)  I11inois{c)  New York(d)
3y 1.2 x 10! 1.8 9.0 0.64 3.4
1t 5.7 x 103 0.056 3.6 0.82 0.13
I+ b 15.4

27Na 2.6 x 10 0.004

35§ 2.4 x 10°! 0.013

gy 7.6 x 1072 £.3 1.5

54Mn 8.3 x i0-1 3.7 4.4

bire 2.6 x 100 6.3 0,02

59Fe 1.2 x 10-! 0.67

7o 7.4 x i0-! 0.1

5ECp 2.0 x 10-! 6.3 3.4

60Co 5.3 x 100 19,1 14 .8 32.7 22.6
S9N 8.0 x 10% 0.19 TR{®)

B3N 9.2 x 10! 35.2 0.0002

€3Zn 6.7 x 10-! 0.29 0.97

85Rp 5.1 x 10-2 10.8

EAUY S 2.8 x 10! 0.07 1.1 0.70 4.6
29Nb 2.0 x 10% 0.002

¥37¢ 1.8 x 107! 0.29 0.39

I97¢ 2.1 x 10° 0.0005 ¢.001 0.24

oepy 1.0 x 100 .29 0.05

1245 1.6 x 107! 0.073 1.6

12h6h 2.7 x 108 0.073 0.16

1251 1.6 x 10-1 0.022 1.5 0.07
129] 1.7 x 107 3.0001 TR(®) 0.07
NERN 2.2 x 10°? 3.2

L3y 2.0 x 100 7.0 TR{®) 4.9

135¢ 3.0 x 106 0.0005 Trie)

137(s 3.0 x 10! 12.6 3.5 31.2 0.01
lwbce 7.8 x 10~} 0.29

W 7pp 2.6 x 10 0,18

132gy 1.3 x 10! 0.0007 Trie)

Isugy 1.6 x 10! 0.007 2.2

185y 1.8 x 100 0.007

28785 3.0 x 10! 64.8
210pg 2.0 x 101 0.001

21ipg 3.8 x 10} 0.75

226Ra 1.6 x 109 0.0018 0.69 0.001
Mrp{f) 6.2
Misc. 19.5
{a)From Table B.2-1.

{b}From Reference 3.

(c)From Reference 5.

{d)From Reference 4.

(e)Trace {<0.001%).

(f)Mixed Fission Products.
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is no migration of radiocactivity away from the trenches and that changes in
inventory come about solely as a result of filling the trenches and subsequent
radioactive decay.

For most radioisotopes in the waste inventory, a decrease in activity
with time comes as a result of simple decay to a stable daughter nuclide.
Section B.3.) describes the calculation of radivcactivity at site closure for

these isotopes.

For a few isotopes {(notably 2“lAm and %38Py), the activity during burial
both increases as a result of isotope buildup from the radicactive decay of a
relatively short-lived precursor and decreases as a result of decay. A calcu-
lation of the radioactivity at site closure must take account of the buildup
in activity that results from precursor decay. This case is described 1in
Section B.3.2.

In a few cases (notably °0Sr, !06Ry, 1%%Ce, and 225Ra), a long-lived
parent decays to a very short-lived daughter. For these isotopes, the daughter
isotope is also included in Table 7.3-3, and the activity of the daughter at
site closure is approximated as being equal to that of the parent.

B.3.1 Radioactive Decay

The activity of a radicactive sample at time t is related to the initial
activity of the same sample by the equation:

where:

An (t) is the activity of the sample, in curies, at time t,
Ano is the initial activity of the sample,
t is the ftime measured in years,

A is the decay constant measured in years ™!,

and the subscript n is used to designate a particular species of radionuclide.

B-9



For this study, let Ano be the initial activity of the n'th isotope in
the waste buried in one trench. Since six trenches are assumed to be filled
per year for each of 30 years, the total activity of this isotope present in
the burial ground at the time of site closure can be approximated by:

_ St
A, =6 A Ete n (B.2)

where t takes successively the values of 0.5 yr, 1.5 yr, ..., 28.5 yr,
29.5 yr.

8.3.2 Growth of Radiocactive Daughters

The following analysis applies to cases where a radicactive nuclide (the
parent nuclide) decays to another radicactive nuciide {the daughter nuclide),
which in turn decays to a stable end product. The analysis is used, for
example, to determine the ?“1Am activity present in the waste at site closure
where this activity results both from the burial of waste containing Z%!Am
and from the presence in the waste of 2%1Pu that decays to 2*!Am. It also
applies to the growth of 238Pu from the decay of 2%2Cm and to several other
radicactive parent-daughter chains in the waste inventory.

The parent-daughter system is described by the differential equations:

S = (B.3)
3@2 = }n] Nl - }'.2 N2 (B.d)

The subscript 1 refers to the parent nuclide, the subscript 2 refers to the
daughter nuclide, N is the number of radiocactive nuclei in the waste sample,
and % is the decay constant.

tEquations B.3 and B.4 can be integrated(g) to give:
N (L) = Npy e "1t (8.5)
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N (t) = B—A?{T Nyp (et _ ettty o, e7P2t (B.6)

where Nig and N,y represent the number of parent and daughter nuclei present
in the waste sample at time t = 0.

From equation B.6, the daughter nuclide activity in a single trench at

time t, measured in curies, is given by

(e Mt

A, (t) = —22 A oty 4op,, e7het (B.7)

Ag=Aq ©

where A;, is the initial radiocactivity, in curies, of the parent nuclide and
A,y is the initial radioactivity, in curies, of the daughter nuclide in a
single trench when the waste is buried.

The total radicactivity of the daughter isotope present in the burial
ground at the time of site closure can be approximated by:

§ A2 Ot -t st
Az_ﬁ}x—z.:')_\-l_A]DZt (e 1 - e 2 )+6A20 Ete (88)

where t takes successively the values of 0.5 yr, 1.5 yr, 2.5 yr, ..., 28.5 yr,
29.5 yr.
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APPENDIX C

RADIATION DOSE METHOOOLOGY

Results of radiation dose calculations are presented in Sections 8 and 13
of this report. The calculated doses are used in the analysis of release
conditions for the reference low-level waste {(LLW) burial grounds, and to esti-
mate the safety impacts of decommissioning operations. This appendix contains
details of the assumptions, models, and parameter values used to support the
dose calculations.

Oefinitions and terminology are given in Section C.1. Assumptions, models,
and parameter values used to determine radicnuclide source terms from air and
water pathways are described in Section C.2. Models that use these source
terms and estimate radiation dose to people are described in Section C.3. The
methodology for caiculating the maximum annual radiation dose received by a
maximum-exposed individual is described in Section C.4. Calculated maximum
annual radiation doses at the reference eastern and western sites are presented
in Section C.b.

C.1 DEFINITIONS AND TERMINOLOGY

The following definitions and terminology apply for the airborne and water-
borne release of radionuclides:

Chronic Release

A chronic release occurs over a long time span {e.g., months to years).

Acute Release

An acute release is of short duration. Accident analyses summarized in
Section 13 are based on acute releases. The meteorological model used for
these analyses assumes that an acute release is of less than 8 hours duration.

Organs of Reference

These include the total body, thyroid glands, lungs, bone, and the Tower
large intestine (LLI} of the GI-tract. These are the interna) organs of the human



body for which radiation doses are calculated. The total body is the head and
trunk of the human body, including active blood-forming organs, lens of eyes,
and gonads.

Exposure Pathways

The potential routes by which people may be exposed to radionuclides
or radiation are called exposure pathways. Exposure pathways considered in
this study are inhalation of radicactive particulates, external exposure from
the waste, and ingestion of food products, drinking water, and aquatic animals
containing radionuclides.

Maximum-Exposed Individual

This individual receives the maximum radiation dose to an organ of refer-
ence. The maximum-exposed individual is assumed to reside at the location
where the highest radiation exposure is received. Maximized exposure pathway
parameters are used.

Collective Dose

The collective dose is the summation of radiation dose eguivalents received
by all individuals in the population of concern. It is calculated by multiplying
the dose to the average individual by the population distribution discussed in
Appendix A. Average parameter values are used for the exposure pathways.

First-Year Dose

This radiation dose equivalent is accumulated during the year of the

release period.

50-Year Committed Dose Equivalent

This is the first-year dose equivalent plus the dose accumulated for the
next 49 years from the radionuclides that are deposited within the human
body during the year of the release period.

Annual Dose

This is the radiation dose equivalent calculated during any year for

continuous exposure. It is the sum of the doses received by the total body
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or an organ of reference during the year of interest from all pathways, including
the doses resulting in that year from intake of radionuclides during previous
years.

Maximum Annual Dose

The maximum annual dose is the largest of the n annual doses calculated
to occur during an n-year exposure period following the start of continuous
exposure. The maximum annual dose is further defined in Section C.4. To
determine disposition criteria for a decommissioned facility, the maximum
annual dose to each organ of reference is compared separately with an assumed

anpual dose Timit.

Class W and Y Material

These consist of radionuclides that are slowly removed from the pulmonary
region of the lungs, either by gradual dissolution in extracellular fluids or
in particulate form by translocation to the GI-tract, blood, or lymphatic
system., Class W represents material with maximum clearance haif-times in the
Tungs from a few days to a few months, and Class Y is used to describe material

(1)

with maximum clearance half-times ranging from 6 months to several years.

Class D Material

Radionuclides in this class are dissolved upon contact with extracellular
fluids and transiocated to the biood. Class D material is expected to exhibit

(1)

maximum ciearance half-times of less than 1 day.

These definitions appiy for all dose calculations performed for and
reported in this study. Table C.1-1 gives the solubility class assumed for
each element considered in this study.

C.2 RADIONUCLIDE TRANSPORT AND DISPERSION

The models used to estimate local atmospheric concentrations from resus-
pension and to estimate liquid releases into a neaby river from groundwater
migration and overland flow are described in this section, Surface erosion
must occur to expose the waste before resuspension becomes important. The
equations used to predict surface erosion are described first.



TABLE C.1-1.

SoTubility Class Assumpfi?ns
a

for the Waste Inventory

Solubility Class

Element {A11 Other Organs/Lungs and GI-LL]) Reference
Tritium D reLmt V)

Carbon D TGLM

Chromium W/Y TaLM

Manganese O/W NUREG/CR-0150(2)
Iron W/Y NUREG/CR-0150
Cobalt W/Y NUREG/CR-0150
Nickel W TGLM

Zine WY TGLM

Strontium A NUREG/CR-0150
Zirconium W/Y NUREG/CR-0150
Technetium D/W NUREG/CR-0150
Ruthenium NUREG/CR-0150
Iodine NUREG/CR-0150
Cesium NUREG/CR-0150
Certum W/ Y TGLM

Radium W TGLM

Thorium WiY TGLM

Uranium W/Y TGLH

Neptunium Y £pA-520/4-77-016(3)
Plutonium Y EPA-520/4-77-016
Americium W Assumed

Curium ¥ FPA-520/4-77-016

(a)For use in the Task Group Lung Model irhalation calculations.

C.2.1 Surface Erosion

Two geologic processes for surface erosion are considered in this study:

water and wind. Both result in a decrease in the overburden and eventual

surface exposure of the buried waste.

The annual soil Toss due to water erosion can be predicted using the

universal soil Toss equation.

(4-6)

A=RKLSCP



where:
A e estimated soil loss, tons/acre/yr

R e rainfall factor; a measure of the erosivity of
annual rainfall, tons/acre/yr

K e soil-erodibility factor; a measure of the
erosion susceptibility of a particular
s0il1 type {dimensioniess)

LS e topographic factor representing the combined
effects of slope, length, and steepness

(dimensionless)
C e cover and management factor (dimensionless)
P e supporting practices factor (dimensionless).

Water erosion is not considered to be a significant soil removal mechanism
for the western site. In an arid region, soil loss from water erosion is
negligible compared to soil loss from wind erosion, assuming runoff from thaw

and snowmelt 1is sma11.(5)

The values of the factors most representative of the eastern site are
presented in Table C.2-1. Using the values given in Table C.2-1, the estimated
annual soil loss at the eastern site from water erosion is calcuiated to be
52 tons/acre. Assuming a soil density of 1490 kg/m3, the erosion rate of the
overburden is estimated to be 8 nm/yr. Over the long term (200 years), erosion
effects of individual rainstorms are expected to be small compared to the soil
loss calculated using Equation C.1.

Potential annual soil Toss from wind erosion that could occur from a

given agricultural field is expressed as:(?)

E= 7 (I', k', €', L', V) {C.2)
where:

E e amount of erosion, tons/acre/yr

1' » s0il erodibility index, tons/acre/yr
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TABLE C.2-1. Parameter Values Used in Estimating
Water Erosion for the Eastern Site

Parameter Assumed Value

R(q) 175 tons/acre/yr

K(a) 0.3 {can be obtained from
References 4 and 5.)

sl 2.0 (5% grade, 1000 ft.
Tength)

P(S) 1.0 {no supporting practices)

C(S) 0.5 {corn and soybeans)

(a)Inquiry, U.S. Department of Agri-
culture, Soil Conservation Service,
Chicago River Basin Station.

k' ® s0il ridge roughness factor {dimensionless)

C' e climatic factor, percent

L' e field length along the prevailing wind erosion direction, ft
V e equivalent quantity of vegetative cover, 1b/acre.

Values of these parameters and tables to evaluate Equation C.2 are given
in Reference 7. The values assumed for this study are listed in Table C.2-2
for the two sites. It is assumed that 100% of the particles have diameters
less than 0.8 mm.

TABLE C.2-2. Parameter Values Assumed for Estimating Wind Erosion

Assumed Value

Parameter Eastern Site Western Site Reference
I 310 tons/acre/yr 310 tons/acre/yr Table 3 of Reference 7.
k* 0.6 0.6 Soil ridge roughness of 1 inch from

Figure 7 of Reference 7,

c' 7.5% 56% ¥alue for eastern site from Figures
11-22 of Reference 7. Value for
western site calculated using
Equation 1 on page €05 of Reference 8.

L' »3 000 ft >3 000 ft Assumed from site dimensions

't 3 000 1b/acre 3 000 1bh/acre Figures B, 9, and 10 of Referencg 7,
assuming & crop yield of ~1 kg/m<.
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The annual soil losses from wind erosion predicted for the western and
eastern sites are 40 tons/acre and 3 tons/acre, respectively. The value for
the western site includes the contribution from the frequent dust storms.
These soil losses correspond to erosion rates of 6 mm/yr and 0.5 mm/yr for
the western and eastern sites, assuming a soil density of 1490 kg/m3,

The total surface erosion rates from both water and wind are calculated
to be 6 mm/yr for the western site and 8.5 mm/yr for the eastern site. For
this study, because of the approximate nature of these values, an average
erosion rate of 7 mm/yr is assumed for both sites. This erosion rate is
used to predict the removal of overburden by geomorphological processes. The
estimated time for removal of 3 m of overburden is about 400 years.

€.2.2 Mass-Loading

A simple method of predicting the average local concentration of resus-
pended radioactive material is the mass-loading approach. This method uses the
product of the surface soil radionuclide concentration and the average mass
loading of the atmosphere. 1In the absence of data for a particular site, a
value of 1 x 107" g/m3 has been suggested for predictive purposes.(3’9’]o)
This value is used in this report for the annual average mass-loading factor,
Annual arithmetic averages around the United States vary from 9 x 107% to
7.9 x 1075 g/m?. %)

The mass-loading factor for the breathing zone of individuals producing

(11)

This is a factor of 100 times the annual average mass-loading factor and is
(12-14)

resuspension by mechanical disturbance is assumed to be 1 x 1072 g/m3.

in agreement with other reported values used for similar situations.
Ten percent of the resuspended particies are assumed to be of respirable size,
with diameters less than 10 um. Although this mass-loading factor is not

a maximum value, it is considered to be reasonably conservative for the
excavation scenario devised. The exposure time for higher mass-loading factors
is expected to be less than the 2,000 hours assumed for our scenario, which
would probably result in a similar intake.
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C.2.3 Air Concentration from Resuspension

The annual average local air concentration, ¥, from resuspension {in
pCi/m3) is calculated with equation C.3.

X; = CSi ML/o (C.3)

where:

Csi e the concentration of radionuclide i in the so0ijl

that is available for resuspension, pCi/m?

I
o)

ML e Mass-loading factor, g/m

o e 501l density, g/m3; for wind resuspension of the
topsoil, a soil density of 1.49 g/cm?® is used
("surface density" of 224 kg/m? divided by a 15 cm
plow depth).(15)
density of 1.7 g/cm® is given in Section 7 of

For excavation, a bulk soil

Yolume 1.

The soil concentration, Csi’ for the wind erosion caiculation includes radio-
nuclides from irrigation deposits and any radioactive waste present in the top
0.15 m of soil. This contamination is assumed to be uniformly mixed in the top
0.15 m of soil. For excavation, the concentration of radioactive waste in the
s0il down to a depth of 3.5 m is used for Csi' The soil concentration contri-
bution from the buried radioactive waste is calculated with Equation C.4.

Coi = FCy *+ Cof (c.4)

where:

f e the fraction of the radicactive waste concentration in the
waste trench that is estimated to be in the volume of soil
under consideration (dimensionless)

Cti e the concentration of radionuclide i in the waste trenches,

pCi/m3; given in Table 8.2-1 for the time of site closure



Cof e radionuclide concentration in the soil caused by overiand

flow, pCi/m?; calculated in Section C.2.4.

The f parameter changes with time due to erosion of the overburden. The
fraction of the buried radjoactive waste in the top 0.15 m of soil, f;, is
calculated by Equation C.5.

f, = hww/(15 x 18) (C.5)
where:

e the height of the waste layer in the top 15 cm of soil, cm
e the average width of the portion of the waste trench in
the top 15 cm of soil, m

15 e the plow layer, cm

18 e width of the waste trench plus the separation distance
between trenches, m.

The height of the waste layer, hw, is determined using the erosion rate calcu-
Tated in Section C.2.7.

The fraction of waste in the excavated soil (top 3.5 m), f,, is calculated
using Equation C.6.

£, = D(w + w')/sa, (C.6)
7

where:

D ¢ the height of the waste contained in the top 3.5 m
of soil, m

W o width of the top of the waste trench, m

W' o width of the bottom of the waste trench contained
in the top 3.5 m of soil, m

63 e width of the waste trench plus the separation dis-
tance between trenches multiplied by 3.5 m, m2.
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C.2.4 Percolation, Groundwater Migration, and Overland Flow

This section presents the models, assumptions, and data used in estimating
the transport of radionuclides away from the burial ground by water. The
geometries assumed for the two sites (eastern and western) are presented in
Section 7 of VYolume 1, Figures 7.2-1, 7.4-1, and 7.4-4,

The site characteristics necessary to simuiate groundwater migration
and overland flow are soil composition, permeability, porosity, sorptive (ion
exchange) properties, groundwater velocity, distance to surface water, size
and shape of area, evapotranspiration rate, and precipitation. The site
characteristics assumed for the western and eastern sites are given in
Tables 7.4-1 and 7.4-3 respectively. The burial ground is assumed to be
located above the water table, up groundwater gradient from a flowing surface
stream. The radionuclide concentrations in the aquifer below the burial ground
are estimated, and the discharge rates of radionuclides into the surface stream
are determined for two cases. The first case is the discharge rate for radio-
nuclides that leach from the waste to the water table and then migrate via the
aquifer to the surface stream. The second case is the transport of radionuclides
out of the waste trenches to the surface and then to the surface stream via
overland flow. The water transport of radionuclides away from the burial ground
depends on the total inventory buried, not on the radionuclide concentration
in the waste trenches. The total waste inventory used for these calculations
is given in Table 8.4-1, Section B.

The model used for these simylations is the MMT (Multicomponent Mass

(16) Ahlstrom derived

(17)
The model assumes a constant groundwater velocity and a constant dispersion
coefficient. It accounts for a linear adsorption isopleth with a slope described

by the empirical distribution coefficient, Kd’ and for the effect of decay of
parent radionuclides to their daughters {decay chains). The empirical distri-

Transport) model originally developed by Ahlstrom, et al.
the MMT model from a heat transport model developed by Eliason and Foote.

bution coefficient is defined as the quantity of adsorbed material per mass of
soil divided by the quantity of dissolved material per volume of water.



Because of the great difficulty of direct field measurement of Kd’ values
determined by laboratory measurement are normally used in calculations of
water transport of radionuclides. However, the validity of applying laboratory
values to field situations is often questionable. Measured values of the
distribution coefficient are strongly dependent on the physical and chemical
conditions of measurement. Among other variables, mineralogy, particle size,
nature of solution, and chemical nature of radicactive species are important.
In the absence of site-specific field data, conservative values based on

laboratory measurements are recommended for use in transport ca1cu1ati0n5.(]8)

The Kd values assumed for the eastern and western sites are listed in
Table C.2-3 for each element of the reference waste inventory. Values are
based on published data for Hanford and Sheffield whenever possible. Distri-
bution coefficients from other studies are listed in the table for comparison.

C.2.4.1 Assumptions and Basic Data for the Eastern Site

The first step in simulating groundwater migration is to calculate the
groundwater velocity for both the unsaturated zone above the water table and
the saturated zone below the water table. The pore velocities are calculated

using Darcy's Law:

q = k_(_d_u) (c.7)
n dx

e :
where :
e the Darcy velocity, length per unit time
k ® the hydraulic conductivity, length per unit time
n. ¢ effective porosity, dimensionless
gﬁ_ e the hydraulic gradient, dimensionless.
X

For the unsaturated zone the gradient is assumed to be one. At the
eastern site, the unsaturated zone has a water content near saturation. To
be conservative, the hydraulic conductivity is assumed to be equal to the

saturated hydraulic conductivity given in Table 7.4-3. The velocity is

calcutated for the saturated zone from the average gradient and saturated



TABLE C.2-3. Distribution Coefficients

Ky (1/kg}
Values Assumed for T
This Studyla) Values Used in Other Studies -
Element wg?zgrn Egiigrn aacol®) NE%E) NEC?d} Dames{g?d Le@dicotteFf] ' __§Egl%¥T%AEﬁH
_ARHCOD ™S MayiC/  June Moore Dry Site Humid Site Sand Clay
H a ] 0 o] 0 4 0
C 0 s} 2
Cr 10 50 10 100
Mn 100 200 10 100
Fe 100 200 150 150 1 500
Lo 2 060 350 138-  700-800 75 1 000 2 500 100 1 000
593
N1 70 70 80 100 1 000
in 50 50
Sr 20 10 5-38 3.4- 3.4-5 20 g a0 2 20
17.3
ir 500 500 Z Dog
Te 0 0 we] o] 0.1 1
Ru 400 30 26-750
1 0 0 0 5 25 0.1 1
Cs 100 40 12-200 3 93%9- 27-50 200 1 000 2 500 20 200
9 429
Ce 200 200
Ra 100 30 222- 2 000- 100
67 4 200
Th 1 000 1 000 15 000
] 20 30 <1 3 000
Np 10 15 15 70 700
Pu 200 200 200 2 D0g 1 000 2 500 200 2 000
Am 1 200 500 1 200 Z 000 1 000 2 500 70 700
m 500 500 600 1 000 2 500 70 700

{a}Based on reported values for Hanford, #ashington, and Sheffield, IT1linois, whenever data are
available.

{bJR. C. Arnett, O. J. Brown and R. G. Baca, Hanford Groundwater Transport Estimates for Hypothetical
Radipactive Waste Incidents, ARH-LD-162, Atlantic Richfield Hanford Company, Richland, Wa.,

June 1977,

{c)Sheffield, Low-Level Radioactive Waste Disposal Site - Report of Additignal Investigations
Conducted During February and March, 1978, Nuclear Engineering Company, Inc. Louisville, Kentucky,
Revised May 5, 1878. (Distribution coefficients for sands.)

{d)Sheffield, 111ingis Low-Level Radiocactive Waste Disposal ite - Responses to Questions, Nuclear
Engineering Company, Inc., washington, DC, June 29, 1978. (Distribution coefficients for loess,
till, and shale.}

{elA. E. Aikens, Jr., R. E. Berlin, J. Clancy and Q. I. QOztunali, Generic MethodoTogy for Assessment
of Radiation Doses from Groundwater Migration of Radionuclides in LWR Wastes in Shallow Land Burial
Trenches, AIF/NESP-013, Prepared by Dames and Moore for Atomic Imdustrial Forum, Inc., January
1579, {Efstimated values for a typical desert soil,}

{f)G. W. Leddicotte and W. A. Rodger, "Suggested Quantity and Concentration Limits to be Applied to
Key Isotopes in Shallow Land Burial," in M. W. Carter, et a)., Management of Low-Level Radigcactive
Waste, ¥ol. 2, New York, Pergamon Press, 1578,

{g)G. B. Staley, G. P. Turi and D. L. Schreiber, "Radionuclide Migration from Low-Level Waste:

A Generic Qverview," in M. W. Carter, et al., Management of Low Level Radicactive Waste, wvol. 2,
New York, Pergamon Press, 1979. ({Distribution coefficients for sand were selectad to be near the
iow end of the range of values reported in KUREG-0140. Kd values were increased by a factor of

10 for silt, clay, loess, and till.)




hydraulic conductivity given for the site. Using the distance from the waste
trenches to the water table (10 m) and the distance from the burial ground to
the surface stream (1 km), a water travel time to the surface stream through
the aquifer is calculated to be about 270 years. The dispersion coefficient
used is 3.5 m?2/yr, which was arrived at from comparisons of model predictions

with environmental measurements.(]G)

Leach rates are influenced by many factors. These include the character-
jstics of the radionuclide and of the waste material, the properties of the
leachant, frequency of leachant changing, leaching time, and temperature.
Specific field data on the leachability of radionuclides from waste buried
in LLW burial grounds are not available. Published Teach rate data come mainly
from laboratory experiments in which small samples are leached by distilled
water or by actual or simulated disposal-environment water, Laboratory leach
rate data are summarized in a recent Brookhaven National Laboratory report.(]g)
Reference 19 reports leach rates for cement monoliths that range from 107 to

1072 g/cm?-day.

Because leach rates are not well known, only two leach times are used in
this study to predict radionuclide release from the buried waste. A Teach
time of 1000 years is assumed for reactor decommissioning waste (i.e., for
60Co, °INi, and ©3Ni in structural material) and a leach time of 100 years is
assumed for leaching of radionuciides from all other waste forms. These values
are mid-points of ranges assumed in Reference 18 for decommissioning wastes
and reactor wastes. These leach times are considered conservative, although
research is needed to develop a quantitative understanding of leaching of
radicactive waste.

Overland flow is modeled assuming the burial ground is inundated by a
water table that intersects the soil surface at the burial ground. This is
necessary because the unsaturated zone existing at the site is close to
saturation and thus the prevailing driving force for movement of the water
is gravity. Therefore, movement of the radionuclides to the surface would be
extremely uniikely without this assumption,



To use MMT for the overland flow case, one more assumption is necessary.
Two cases can be envisioned: one where the water table essentially takes
the shape of the ground surface; the second where all the water flowing through
the burial ground arrives at the surface and forms a small stream. The second
case is the more conservative and provides the basis for the overland flow
model in this study. Thus, it is assumed that all the water flowing through
the burial ground arrives at the surface and flows overland in a small stream
to the river 1 km distant. Sorption is assumed to be insignificant during over-
land flow. This is equivalent to assuming that the sediment load in the
stream that flows along the ground is small and that no significant sorption
occurs on the ground surface. Since no significant sorption is assumed to
occur, it is far too conservative to assume leach times from the waste forms
of 100 or 1000 yeazzé) Preliminary data from the Waste Isolation Safety

10,000 years. Therefore, this more realistic leach time is used for the

Assessment Program indicate that leach times are probably on the order of

overland flow case,

The groundwater results from the MMT model are in terms of concentration
(uCi/me) versus time, and concentration versus distance 100 years after site
closure to obtain a maximum concentration in the ground water. Examples are
shown in Figures C.2-1 through C.2-4 for a radionuclide with a Kd value of 0,

d value of 1,000, 232Th. The first
two curves show maximum concentration in the ground water versus distance, which

99T¢, and for a radionuclide with a K

is used for calculating the potential concentration in the well water. The
next two curves give the predicted groundwater concentrations versus time

at the surface stream located 1 km from the burial ground. These concentrations
are multiplied by the groundwater flow, calculated to be 8.5 x 10° &/yr for
an assumed groundwater velocity of 3.7 m/yr and cross section of 2.3 x 103 m?
for the affected aquifer, to arrive at the radionuclide release rates into
the surface stream. The overland flow results are given in Ci/yr released

to the surface stream. An example is shown in Figure C.2-5 for i*C. The
estimated radionuclide concentrations in the well water, and the estimated
radicnuclide release rates into the surface stream by groundwater migration
and overland flow, are given in Tables C.2-4 and C.2-5 for each radionuclide
of the waste inventory. Uniform and complete mixing from a point source are















TABLE C.?-5. Predicted Radionuclide Release Rates to the
Surface Water Stream from Groundwater Migration
and Overland Flow at the Eastern Site

Release to Surface Water Overland Flow Results
From Groundwater Migration in the First Year After Site Closure
Time Period Since Release to Surface Ground
Radionuclide Site Closure {yr) _ pCifyr Water (pCi/yr}  Contamination (pCi/m?)
M 3642 to SE+2 1.58412(2) 11E413 1.6647
1+¢ JE+?Z to SE+2 5_.9E+13 7.6E+11 1.1E46
SLer 0.0tb! 0.0 0.0
3 YMp 0.0 J.9E412 2.TE+6
53Fe 0.0 1.0E+13 1,4E+7
%8Co 0.0 5.1E+1) 7.3045
60Co 0.0 £.2E+13 B.BE+7
23N BE+4 to 1,2E+5 6.6E+11 2.5E+12 3.6E+6
£3Ni 0.0 4,3E+414 6.1E+8
537n 0.0 1.2E+11 1.7E+5
505y 0.0 9.3E+11 1.3E+6
35zr 0.0 2.0E+10 2.9E+4
29T¢ 30+2 to 5£+2 5.8E+411 6.5E+9 9. 3E+3
106Ry 6.0 3.86411 5.5E+5
17 i5h 0.0 3.8E+9 5.50+3
1255h 0.0 1.36+11 1.9E+5
1291 3E+2 to SE+2 1.2E+11 1.3E6+9 1.86+3
134cg 6.0 gG.4E+12 1.3E+7
135Cg 6L+4 to BE+4 4 _.9E+10 6.8E+10 9.7e+4
137¢g 0.0 1.2E+14 1.7E+8
lisce 0.0 0.0 0.0
226Ra 0.0 2.1E410 3.0F+4
2307h 0.0 1,4E+10 Z2.0E+d
232Th 1.5E+6 to 2.2E+6 4.6E+7 1.6E+8 2.3E+3
2auylc) 4E+4 to EH 2.5E46 0.0 0.0
235y 4E+d to GE+4 6.4E+9 6,5E+9 9.3E+3
238y 4E+4 to BE+4 1.3E+11 1.4E+11 2.0E+5
237Np 2E+4 to 3EHL 5.9E+7 9.2E+6 1,341
238 py 0.0 B6.0E+10 8.5E+4
T 39py 2E+5 to 3E45 Z.5E+7 B8.5E+8 1.2E+4
2hbpy 0.0 1.3E+10 1.9E+4
241py 0.0 1.6E+12 2,38+
242py 2E+5 to 3.5E+5 4_9E+6 4,.7E+7 6.7E+1
2.lam 0.0 5.1E+10 7.3E44
2438m 0.0 4 0E+8 5.BE+2
2420m 0.0 9. 4E+9 1.3E+4
24bem a.q 2. 18410 3.08+4

{alNotation: 1.5E+12 is equivalent to 1.5 x 102,

{b)Negiigible due to radicactive decay during travel time between initial leaching
from the waste forms and arrival at the surface stream.

{c)Daughter of 2384,



assumed for calculating resulting radionuclide concentrations in the surface
water stream. Thus, the average radionuclide concentration in the surface
stream (pCi/2) equals the release rate (pCi/yr) divided by the annual flow of
the surface stream (Z/yr), given in Section 7 as 220 %/sec. Ground contami-
nation from overland flow is calculated by dividing the release rate by the
burial ground surface area (7 x 10° m?).

The results for groundwater transport represent conservative leach times
of 100 years and 1000 years, whereas the results for the overland transport

(20}

must be viewed in terms of probability of occurrence. The probability

case represent a more realistic leach time of 10,000 years. The results
of transport through the ground water is much greater than the probability
of overland transport.

To obtain radionuclide concentrations in drinking water from a well drilled
into the shale beneath the burial site (Table C.2-4), the groundwater concentra-
tions are further diluted by a factor of 5.5 to account for the full ground-
water flow of 4.7 x 107 2/yr underneath the site. (See Table 7.4-3.)

Since the groundwater concentrations in Table C.2-4 represent maximum concentra-
tions at any location 100 years after site closure, this method of determining
radionuclide concentrations in drinking water is believed to produce conserva-
tive results.

€c.2.4.2 Assumptions and Basic Data for the Western Site

The same methods described for modeling groundwater transport at the
eastern site are applicable for the western site. Because of the extremely
dry soils at the western site, the unsaturated hydraulic conductivity is, on
the average, 3.5 x 107% cm/day. Soil moisture from precipitation is returned
to the atmosphere by evaporation before it has had a chance to percolate down-
ward to any significant depth. Using the mean depth to ground water at the
western site of 60 m, a travel time for water from the reference burial ground
to the aquifer below the site is predicted to be 470 million years. In the
Waste Isolation Safety Assessment Program,(zo)
carried to 2 million years. Even if the conductivity is increased by 2 orders

the consequence analyses are

of magnitude, the water travel time is still longer than 2 million years.
Therefore, the groundwater transport case is not modeled.
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The probability for overland flow is essentially nonexistent for the
western site. Since sand is the most prevalent surficial material and the
uncompacted soil at the site has a relatively high permeability, the water
infiltration rate is too high to allow any overland flow. The climatological
data on precipitation and rainfall intensity for the western site, given in
Section 7, also eliminate any potential for overland flow. The climatological
data indicate that it is extremely improbable that the water table would rise
the 60-m distance up to the waste trenches at any future time.

C.2.4.3 Uncertainties

Many uncertainties exist in the hydrologic data used to model radionuclide
migration via the water pathway.

One uncertainty involves the value of hydraulic conductivity used in the
equation to calculate the groundwater flow velocity. Several methods are used
to measure hydraulic conductivity in aquifers. Varjous assumptions are inherent
in all the methods, and values obtained by different methods at a given loca-

(18)

tion may vary by an order of magnitude. Hydraulic conductivity in an

aquifer is also spatially variant.

Two parameters in the transport equation have uncertainties in them: the
dispersion coefficient and the distribution coefficient. Both of these
parameters can be measured with relative ease in the laboratory, but it is
difficult to measure them in the field due to many practical problems. However,
because measured vaiues of these parameters are strongly dependent on the
physical and chemical conditions of measurement, the application of laboratory
values to field situations is of questionable validity. Examples of distribu-
tion coefficient (Kd) values reported in the literature are shown in Table C.2-3.

Finally, as discussed in Section C.2.4.1, there are order-of-magnitude
uncertainties in Teach rates and leach times used to describe the leaching of
radionuclides from buried waste. Because of this, conservative values are
chosen for the Teach times used in this study.

An example of the effect of a change in leach time on radionuclide concen-
tration in the surface stream is shown in Figure C.2-6 for a Tong-lived
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FIGURE C.2-6. Predicted Technetium-99 Concentration in the Ground
Water versys Time at the Surface Stream {using 100-
year and 1000-year Teach times)

radionuclide with a small Ky value. The nuclide chosen is 937¢ (Kd = 0).
Increasing the assumed leach time by an order of magnitude results in almost
an order of magnitude decrease in the maximum radionuclide concentration in
the ground water at the point of discharge to the surface stream. It also
results in a significant postponement of the time when this concentration
attains its maximum value. For a radionuclide with a large Kd value, such
as 230Th, neither the maximum radionuclide concentration nor the time when
the concentration attains its maximum value are significantly affected by

an order of magnitude increase in Teach time.

C.3 MODELS FOR ESTIMATING RADIATION DOSE TG PEQPLE

The fundamental relationship for the calculation of radiation dose to

people from exposure pathways is given for any radionuclide in Equation C.9.(21)

Ripr cip up D (C.9)

ipr
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where:

Ripr o Radiation dose equivalent or committed dose equivalent
from radionuclide i via exposure pathway p to organ r
Cip ¢ concentration of radionuclide i in the media of exposure
pathway p; for inhalation, Cip 1s replaced with the term
i&, which represents the average airborne concentration
Up e exposure rate or intake rate associated with exposure
pathway p
Dipr e radiation dose equivalent or committed dose equivalent

factor for a given radionuclide i, exposure pathway p and
organ r that converts a given concentration of the radio-
nuclide and the intake rate of that radionuclide to the
radiation dose eguivalent or committed dose equivalent.

Specific equations for each exposure pathway are derived from Equation C.S.
The principal difference among the exposure pathways is the manner in which
the radionuclide concentrations in water, air, s0il, or food products are cal-
culated as an integral part of the computerized models used in this study.(15’21)
The concentrations are functions of such parameters as the radionucliide release
rates, resuspension, deposition rates, irrigation rates, root uptake parameters,

bicaccumulation, atmospheric dispersion, and water migration and dispersion.

The usage parameter (Up in Equation C.9) assigns hours of external exposure
and intake rates of contaminated foods, water, and air to the radiation dose
equation. Average adult usage parameter values are the basis for the collective
radiation dose estimates, whereas maximum adult usage vaiues are used in develop-
ing the disposition c¢criteria and for calculating the dose to the maximum~exposed
individual.

Equations for calculating the internal radiation dose equivalent or commit-

ted dose equivalent factors (D in Equation C.9) for ingestion are derived

ipr
from those given by the International Commission on Radiological Protection
(ICRP) for body burdens and Maximum Permissible Concentrations (MPC} of each

radionuc]ide.(21'25)

Internal dose factors for the adult not fgund in the
literature are calculated in a manner similar to that discussed in Reference 25.

Effective decay energies for the nuclides are calculated from the ICRP model,
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which assumes that all of a given radionuclide is in the center of a spherical
organ with an appropriate effective radius. Dose equiva]ent factors for inhala-
tion are calculated using the computer code DACRIN.(ZG) This code incorporates
the ICRP Task Group lLung Mode](]) to calculate the dose equivalent to the lung
and other organs of reference. Dose equivalent factors are calculated for
Translocation Class D, W and Y material. A particle size of 1 um diameter

is assumed. Radiation dose equivalent factors have units of mrem in the first
year per pCi taken into the body during that year either via ingestion or
inhalation. Radiation committed dose eguivalent factors have units of mrem/50-yr

per pCi taken into the body in the first year.

External doses from gamma radiation are calculated for three contributors:
activation products buried in steel canisters, radicnuclides deposited on the
ground by irrigation with contaminated water and by overland flow, and radic-
nuclides evenly distributed in a subsurface trench. Dose contributions from
exposure to bodies of water and shoreline contaminated by liquid releases
are considered negligibie in comparison with these three.

Cylindrical steel canisters buried end to end in a trench are medeled
as one long cylindrical source with a slab shield of scil. The total-body
dose rate factors are calculated for a peint 1 m above ground level at a
depth of 50 mm of tissue at the center of the trench. The dose rate factors

are generated by the shielding code 1SOSHLD'Z7)

for each overburden depth
considered. Dose rate factors are calculated in rem/hr for a given inventory

of activation products.

Radionuclides deposited on the ground from irrigation with contaminated
water and from overland flow are assumed to be evenly distributed in the top
0.15 m of soil due to plowing, along with any of the subsurface waste plowed
into the upper layer of soil. The dose rate factors are calculated for a
point 1 m above the ground at a tissue depth of 50 mm. The shielding code
ISOSHLD is used to generate the dose rate factors in rem/hr per Ci/m3.

The radionuclides distributed in a subsurface trench are represented by a
rectangular solid source with uniform source strength, shielded by a variable
thickness of soil. The soil thickness is assumed to be greater than 0.15 m
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(piow layer), since any radioactive waste entering the top 0.15 m of soil is

mixed and considered with the radjonuclides deposited on the surface by irrigation
and overiand flow. The dimensions of the subsurface source are such that it

is essentially a semi-infinite slab source. Dose rate factors for expasure

1 m above the surface are in units of rem/hr per pCi/m3. Factors are radio-
nuclide {and therefore energy)} specific. These factors are generated by the
shielding code ISOSHLD. A separate dose rate factor is required for each
radionuclide for each different surface-soil shield thickness. The soil

thickness is assumed to be constant for a given 50-year deose period.

The 50-year committed dose equivalent for the external exposure pathways
associated with ground contamination and with the buried waste is equal to the
first-year dose.

€.3.1 Dose From Ingestion of Food

The annual radiation dose in mrem, er, to a person consuming vegetation
grown on the contaminated site is given by Equaticn C.10.

o~ 2
¥r

n
. Civ Uv Dir (€.10)
i=1

Similarly, the annual radiation dose equivaient in mrem, Rar’ to a person con-
suming a particular contaminated animal product is given by Equation C.171.

n
Rar ) EE: Cia Ua Dir (c.11)
i=1
where:
Civ’ Cia o the concentration of radionuclide i in the vegetable or
animal product, pCi/kg or pCi/&
u,u e annual consumption of contaminated vegetable or animal

products, kg or %

C-25



Dir e radiation dose equivalent factor for ingestion discussed
in Section C.2, mrem/pCi.
Exposure from routine releases is assumed to be a 1-year chronic inges-
tion at a uniform rate. Specific values of the consumption parameters Uv and
U, are taken from uasH-1258(28)

the population. This exposure pathway is not considered for an acute release,

for both the maximum-exposed individual and

Models used for estimating the transfer of radionuclides from air to
plants {through leaves and soil) to farm products and animal products were

(24)

originaliy derived by Soldat. A more detailed treatment of this topic

is found in Reference 15,

C.3.7.1 Deposition Directly from Air

Equation C.12 is used to describe the deposition of resuspended airborne
particulate radicnuclides directly onto food products and onto the ground.

d? = 86,400 ¥, V (C.12)

di

ds e deposition rate or flux of radionuclide i, pCi/{m?-day)
86,400 e dimensicnal conversion factor, seconds/day

X e average air concentration of radionuclide i is
estimated using the mass-loading factor discussed
in Section C.2.2, or given as the result of a
decommissioning operation or accident, pCi/m®

vdi s deposition velocity of radionuclide i, m/second

Specific values for the deposition velocity, Vdi’ are contained in
Reference 29.

€.3.1.2 Deposition by Irrigation

The deposition rate in pCi/m’-day, d}, for radionuclide i, from irrigation

water onto the ground is defined by Equation C.13.
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al < c. 1 (¢.13)

where:

Ciw e concentration of radionuclide i in the water used for

jirrigation, pCi/&; calculated in Section C.2.4,

I e irrigation rate; the amount of water sprinkled on a
unit area of field in 1 day, &/(m?-day); given in
Appendix A.

€.3.1.3 Concentration in Vegetation

The concentration of radicactive material in vegetation resulting from
direct deposition onto plant foliage, uptake of radicactive waste, and uptake
of radionuclides previously deposited on the soil is determined by Equation C.14.

R i “ho-t i
— (di tds)r T, (1 - exp [ "Eie]) . difthi(] - exp[Aitb])
1V YVAEi p li

# 05T CBy  NEeiBi [exn (at) (c.14)

p P

where:

C.. e concentration of radionuclide i in the edible portion of the
vegetation, pCi/kg

d. e previously defined {see Equations C.12 and €.13), pCi/{m?-day)

r e fraction of deposition retained on the vegetation (dimensionless),
taken to be 0.25

T ¢ factor for translocation of externally deposited radionuciides
to the edible parts of the vegetation (dimensionless). For
simplicity, this parameter is assumed to be independent of
the radionuclide and is assigned values of 1 for leafy vegetables
and fresh forage and 0.1 for all other produce, including grain.
{Reference 23 Tists values for this parameter, which vary with
radionuclide.)
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ti

radiological decay constant for radionuclide i, days-!

the effective removal constant for radionuclide i, days~';

hps = A,
*Fi A'I + )\w

weathering removal constant for vegetation, days-!; taken to
be {0.693/14) days~!

vegetation yield, kg {wet weight)/m?

concentration factor for uptake of radionuclide i from the soil
in vegetation v, pCi/kg (wet weight) per pCi/kg {dry soil)

time for buildup of radionuclides in the scil, days; assumed
to be 50 years for irrigaticn

time of exposure of above-ground vegetation to contamination

during growing season, days
fraction of the roots in the plow layer of soil {dimensionless)
holdup time between harvest and food consumption, days

soil "surface density," kg {dry soil)/m?; a value of 224
kg/m? is used assuming the contaminated ground is plowed
to a depth of 15 cm(]S)

concentration of radionuclide i available for plant uptake
from the waste contained in the plow layer (top 15 cm of soil),
pCi/m?; calculated in Section C.2.3

plow layer, m

fraction of the roots that penetrate the waste trenches
(dimensicnless); assumed to be 0.01 when the cverburden
depth is greater than 1 m, and 0.10 when the overburden is
between 0 and T m

concentration of radionuclide i available for plant uptake
in the waste trenches, pCi/m3®; given in Table 8.2.3-1 for the
time of site closure

bulk soil density of subsurface material, kg/m3; given in
Section 7 as 1.7 x 103 kg/m3.
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The first term inside the brackets of Equation C.14 relates to the con-
centration resuiting from direct deposition of resuspended material and irri-
gation on foliage during the growing season. {(Irrigation is not considered
for the reference sites of this study.) The second term relates to the
plant uptake from the soil and reflects the deposition from irrigation for
the past 50 years. The third and fourth terms account for uptake of waste
material contained in the top 0.15 m of soil and below this layer, respectively.
Specific values used for the parameters in Equation C.14 are found in
References 15, 28, and 29.

Under certain conditions, plants may have deep, extensive root systems. The
depths to which roots can penetrate are dependent on plant species, soil character-
istics, soil moisture profile, time, and other site-specific factors. WMany
(30)

The

question of whether and to what degree roots will penetrate into buried waste

plants are known to have root systems that exceed depths of 2 m.

is not clear and should be researched. The values assigned to fw in this
study are chosen arbitrarily.

£.3.1.4 Concentration in Animal Products

The radionucliide concentration in animal products such as meat, miik, and
eqgs 1s dependent on the amount of contaminated forage or feed eaten by the
animal. This concentration is described by Equation C.15.

Cia ® Sia{CiF U+ Cyau Qaw} (C.15)
where:

C.. ® concentration of radionuclide i in the animal product, pCi/kg

ia
or pCi/L

Sia e transfer coefficient of radionuclide i from daily intake of the
animal to the edible portion of the animal product, pCi/e (milk)
per pCi/day or pCi/kg (animal product} per pCi/day

CTF e concentration of radionuclide i in feed or forage, pCi/kg;

calculated from Equation C.14
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QF e animal consumption rate of contaminated feed or forage, kg/day

C..  ® concentration of radionuclide i in the water consumed by animals,
pCi/f; assumed to be the same as the irrigation water, Ciw

Q e consumption rate of the contaminated water by the animal,
L/day.

Specific values for the parameters used in Equation C.15 are found in
References 15, 28, and 29. For parameters where data are lacking, comparisons
are made with biological data from chemically similar elements.

C.3.2 Dose from Drinking Water

The dose Rwr in mrem, from ingestion of water containing radionuclides,
is calculated from Equation C.16.

n
Rwr = Uw E Cidw exp (—lith) Dir (C.16)
i=1
where:
Uw e annual consumption of contaminated drinking water, %
Cidw e the concentration of radionuclide 1 in the drinking water,

pCi/%; assumed to be well water
%. & radiological decay constant for radionuclide i, days™!

t e transit time required for radionuclide to reach the point
of exposure, days

Dir e radiation dose equivalent factor for ingestion discussed in

Section C.3, mrem/pCi.

C.3.3 Dose from Aguatic Food Ingestion

Concentrations of radionuclides in aquatic foods are directly related
to the concentrations of the radionuclides in water. Equilibrium ratics
between the two concentrations, called bioaccumulation factors, are taken
from Reference 21. The dose Rafr in mrem, from consumption of aquatic foods
containing radionuclides, is calculated from Egquation C.17.
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where:

annual consumption of contaminated aquatic foods, kg
the concentration of radionuclide i in the water, pCi/%

the bicaccumulation factor for radionuclide i, pCi/kg
per pCi/%

radiation dose equivalent factor for ingestion discussed
in Section C.3, mrem/pCi

'radio1ogica1 decay constant for radionuclide i, days~!

holdup time -between harvest and food consumption, days.

C.3.4 Inhalation Radiation Dose

The inhalation dose, th in mrem, is calculated using Equation C.18.

where:

n

Ry = :E: D % VT (C.18)

i=1

radiation dose equivalent or committed dose equivalent factor
for inhalation discussed in Section C.3, mrem/pCi or mrem/50-yr
per pCi

the annual average airborne concentration of radionuclide i,
pCi/m?

ventilation rate of exposed individual, m¥/sec. Human venti-
lation rates for three time periods are derived from ICRP
recommendations:(31) 3.3. x 10~* m3/sec for the period 0-8
hours, 2.3 x 1D-% m3/sec for 8-24 hours, and 2.7 x 10-% m3/sec

for greater than 24 hours
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T e time of exposure to the airborne radionuclide concentration,
seconds. A year's exposure of 3.16 x 107 seconds is assumed
for inhalation of resuspended radionuclides. A working year
of 2,000 hours (7.20 x 10° seconds) is used for the excavation

scenario.

The inhalation dose model presented in Equation C.18 is consistent with
the ICRP Task Group Lung Model.'!)

C.3.5 External Radiation Dose

Annual doses resulting from exposure to surface and subsurface soil con-
tamination and to buried canisters of waste (slit trench) are calculated using
Equation C.9 and the external dose rate factors discussed in Section C.3. These
dose rate factors are calculated for a point located 1 m above the ground. An
exposure period of 8,766 hours per year is assumed. The surface soil contamina-
tion increases with time from irrigation with contaminated water. (However,
irrigation is not considered for the reference sites of this study.) Daughter
build-in through chain decay is accounted for. The fraction of subsurface soil
(the soil below the plow layer) that is contaminated waste material is assumed
to be 0.8. This is based on 15-m-wide trenches separated by 3-m spaces of soil.
The subsurface waste also undergoes chain decay with time. Additional methodology
used to calculate doses to workers during decommissioning operations is dis-

cussed in Section 13 of Volume 1.

C.4 DETERMINATION OF MAXIMUM ANNUAL RADIATION DOSE

The method used in this study to analyze release conditions for a
decommissioned LLW burial ground is based on a comparison of the calculated
maximum annual dose received by a maximum-exposed individual with an established
annual dose limit. The maximum-exposed individual is assumed to live and work
on the decommissioned site; to consume all of his food from crops and animal
products grown on the site; and to drink water from a well drilled on the site.
In the absence of regulatory guidance on permissible dose Timits from a decom-
missioned burial ground, an annual dose limit of 50 mrem to the maximum-exposed

individual is assumed for the purpose of demonstrating the methodology.
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Caiculation of the maximum annual dose to an organ of reference requires
the dose equivalent from exposure during the year of interest. It also requires
a detailed accounting of the doses resulting in the year of interest from intake
of radionuclides during previous years. For continuous exposure to a radio-
actively decaying soufce, the year in which the annual dose reaches a maximum
depends on the chemical and physical characteristics of the radionuclides in
the source, the organ of reference, and the exposure pathway. If internal
exposure from inhalation or ingestion is the dominant dose contributor, the
maximum annual dose may not occur in the first year. The annual dose to internal
body organs from internally deposited radionuclides tends to increase for a
time after the start of continucus exposure to a radioactively decaying source
until a maximum is reached. The annual dose then tends to decrease with time
due to radioactive decay, a decrease in the exposure-pathway-dependent radio-
nuclide concentrations, and biclogical elimination of radionuclides deposited
in the organ.

The calculated first-year dose from ingested or inhaled radionuclides
will most likely underestimate the maximum annual dose, and therefore does
not provide the best comparison to an annual dose limit. It is also not
appropriate to compare a committed radiation dose equivalent, accounting for
50-years of dose commitment, to an annual dose Timit. Therefore, an extension
of the general dose relationship given in Equation C.9 is required to calculate
annual doses for a period of years, from which the maximum value is then selected.

The derivation of a general expression describing annual dose calculations
is illustrated by considering the annual dose eguations for the first 3 years
of a continuous exposure to radiation. The annual dose for the first year to
an organ of reference is simply the summation of the radiation dose eguivalents

from all internal and external exposure pathways.

The second-year annual dose to an organ of reference is the summatiocn
of the radiation dose equivalents from all exposure pathways during the
second year and the dose equivalent delivered during the second year fram
radionuclides internally deposited in that organ during the first year. For

the second year, the annual dose is calculated by the mathematical expression:
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1,2

1,1

“
Ay =Ry + (Ry 5 - Ry q) (€.19)

the annual dose during the second year from all exposure pathways
to the organ of reference, mrem

the radiation dose equivalent in the second year to the organ
of reference from all internal and external exposure pathways
from intake and exposure in the second year of continuous
exposure, mrem

the committed dose equivalent to the organ for the first two
years from radionuclides internally deposited during intake
from exposure pathways in the first year, mrem

the radiation dose equivalent to the organ of reference for
the first year from radionuclides internally deposited during
intake from exposure pathways in the first year (no external
component to the dose equivalent), mrem.

The term in parentheses in Equation C.19 is the expression for the dose

equivalent to the organ of reference from radionuclides deposited in the organ

in the first year. It is found by subtracting the first-year dose equivalent

from internally deposited radionuclides from the two-year committed dose

equivalent.

The third-year annual dose to an organ of reference is the summation of

the radiation dose equivalents from all exposure pathways during the third

year and the dose equivalent delivered during the third year from radionuclides

internally deposited during the first and second years. For the third year,

the annual dose is calculated by the expression:

- R (C.20)

2.2~ Ro.q)
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where:

A3 e the annual dose during the third year from all exposure pathways
to the organ of reference, mrem

*x

R3 e the radiation dose equivalent in the third year to the organ of
reference from all internal and external exposure pathways from
intake and exposure in the third year of continuous exposure, mrem.

The terms R1,3, R1,2, R2,2, and R2,] are of a similar form, each with two
subscripts. The first subscript defines the year of intake or exposure after
the start of continuous exposure, and the second defines the number of years
used in calculating the committed dose equivalent,

The quantity in the first parenthesis in Equation C.20 is the dose
equivalent to the organ of reference in the third year from radionuclides
deposited in the first year of continuous exposure (i.e., the difference
between the 3-year committed dose eguivalent and the 2-year committed dose
equivalent). The quantity in the second parenthesis is the dose equivalent
in the third year to the organ of reference from radionuclides deposited in
the second year of continuous exposure {i.e., the difference between the 2-year
committed dose equivalent and the first-year committed dose equivalent).

The general expression for calculating the annual dose tc an organ of
reference during any year after the start of continuous exposure can be
expressed as:

t-1
A, = R+ 1_);1 R _ R (c.21)

i, (t-1+1) i, (t-1)

At e the annual dose during the year t from all exposure pathways to the
organ of reference, mrem

R, ®» the radiation dose equivalent in year t to the organ of reference
from all internal and external exposure pathways from intake and

exposure in the year t, mrem.
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The summation term in Equation C.21 represents the dose equivalent delivered
to the organ of reference in year t from radionuclides deposited in the organ
from intake in all previous years since the start of continuous exposure. This
term is valid only for integer values of t>1. For t equal to 1, the summation
term 15 set equal to zero, since the subscripts define a non-real case.

The annual dose, At’ to the organ of reference is calculated for each
value of t from 1 to 50 for the 50-year exposure period of an individual who
is assumed to live and work on the decommissioned site. The maximum annual
dose is determined by inspection. For each year of exposure, the radionuclide
inventories used in the calculations are adjusted for radicactive decay and
daughter-product buildup.

C.5 CALCULATED MAXIMUM ANNUAL RADIATION DOSES AT THE REFERENCE LLW BURIAL
GROUNDS

Maximum annual doses are calculated for two property release scenarios:
conditional release of a decommissioned site 200 years after site closure, and
unrestricted release of a decommissioned site 200 years after site closure.

The scenarios are described in Section 8.5 of Volume 1.

C.5.1 Dose Calculations for the Western Site

Calculated maximum annual doses to the maximum-exposed individual for
various release conditions for the western site are presented in Tables C.5-1
through C.5-3. Only those radionuclides that contribute 1% or more of the

total dose to the organs of reference are shown.

Dose calculations are based on the radionuclide inventory of Table 8.4-]
and include contributions from radiocactive daughters where appropriate. Dose
contributions from radioactive daughters that grow into the inventory before
deposition in the organ of reference are shown as separate entries in the
tables. Dose contributions from radioactive daughters that grow into the
inventory after deposition of the parent nuclide in the organ of reference
are shown with the dose contribution from the parent. For example, *19Pb is
a radioactive daughter of 225Ra. The contribution to dose from 719Pb that

grew into the inventory before deposition of the radioactivity in the organ
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of reference is shown as a dose contribution from 21CPb+D. The contribution
to dose from 210Pb that grew into the inventory after 22°Ra was deposited in
the organ of reference is included as part of the dose from 226Ra+D.

Calculated maximum annual doses to the maximum-exposed individual for
conditional release of the western site are presented in Table C.5-1. The
doses are for the 50-year period immediately foilowing release of the site.
Farming that involves the cultivation of shallow-rcoted crops is assumed to
be permitted. However, it is assumed that the site resident does not excavate
the area.

The nuclide which is the major contributeor to both the total body and
bone doses for the food ingestion pathway is 219Pb. Lead-210 is not present
in the original burial ground inventory (Table 7.3-3}, but is a radicactive
daughter of 225Ra. The dose conversion factor is only slightly greater for
210ph than it is for %2%Ra. However, the rate of plant-root uptake is more
than an order of magnitude greater for 2!°Pb than it is for 22%Ra.

For comparison purposes, Table C.5-2 shows maximum annual doses that
would result to the maximum-exposed individual during the 50-year period
following site release if excavation were permitted. Doses presented in this
table include inhalation and external expeosure doses that would result if the
resident worked at onsite construction, including excavation, for 2000 hours
per year.

The doses in Table C.5-3 are also for comparison purposes and assume
complete removal of the 3-m overburden as a result of wind erosion. Using
the erosion rate of Section C.2.1, total erosion of the site overburden is
calculated to occur approximately 450 years after site release. The dose data
demonstrate the importance of erosion-prevention measures in connection with

the conditional release of the site.

Calculated maximum annual organ doses to the maximum-exposed individual
for unrestricted release of the western site with the inventory of Table 8.4-2
are presented in Table C.5-4. The revised inventory would permit unrestricted

release of the site 200 years after burial ground closure.

c-37



TABLE C.5-1. Maximum Annual Doses to Maximum-Exposed Individual from Conditional
Release of Western Site - Excavation Prohibited

‘ () Maximum Annual Dose [mrem) via:
Organ of Reference  Radionuclide Ingestion External = ATT Pathways

Total Body at 245 vears(®]  fiy 1asnl€l ol 1.4£+0
sayep(d) 5.1E-1 0.0 5161

35y 4.0E-1 .0 4.QE-1

1370 1.7E-2 8.1E-8 1.7E-2

S3ETh4D 6.6E-7 0.0 £.6E-2

7 Ra+D 1.7E-1 .0 1.7E-1

CLIPheD 11840 0.0 1.1E4D

S dRa+l 1.0E-1 0.0 1.0E-1

D 2.BE-2 0.Q 2.6E-2

Total 3.8E+0 #.1E-9 3.8E+0

Bone at 234 Years TN 4 .5E+] 0.0 4.5E+]
BRI 2.4E4D .0 2.4E+0

"% 1.8E+0 0.0 1.8E+0

R 2.4E-7 1.2E-8 2,8E-2

23 Th+D 1.8E+0 c.0 1.8E+D

S4TRath 1.5E+0 3.0 1.5E+0

< Ph+D 2.8E+1 0.0 2.8E41

ST RRaAD 5.6E-1 2.0 5.B6E-1

ruen L2 0.0 1261

Total g8.1E41 1.2E-8 8.7g+1

Lungs at 202 Years T £.9E-4 0.9 6.9E-6
isigg 7.6E-5 0.0 7.6E-5

“3Cs 7.9E-3 2.4E-8 7.9E-3

< ipy 9.8E-5 0.0 2.8E-6

_Am 6.26-5 0.0 6.2E-5

Total 8.1E-3 2.4E-8 8.1E-3

Thyroid at 207 Years 1241 5.3E-2 2.9E-36 5.3E-2
17igs 0.0 2.1E-8 2.1E-8

Total 5.3E-2 2.1E-8 5.3t-2

GI-LLI at 200 Years S3eD 1.0E-2 3.0 1.0E-2
LR 0.0 2.5E-8 2.5E-8

LR 6.8E-4 0.0 6.8E-4

“Th+D 8.9E£-4 0.0 8.9L-4

Titpy 5.4E-5 0.0 5.4E-5

239py 3.4E-5 .0 3.4£-5

2e0py 5.2E-5 0.0 5.2E-5

AL 3.46-4 0.0 344

Total 1.2E-2 2.5t-8 1.2E-2

{a}0mly radionuctides that centribute more than 1% of the total dose for each pathway
are listed.

{b)The time the annual dose peaks after site closure for the exposure period considered.

{c}Notation: 1.4E+0 is equivalent to 1.4 x 107,

(d)+ 0 indicates that after deposition in the organ of reference, the decay energy of
the daughter is included with the parent. .

C-38



TABLE C.5-2. Maximum Annual Doses to Maximum-Exposed Individual from
Release of Western Site - Excavation Permitted

_Maximum Annual Dose [mrem) yia:

Organ of Reference Eggippuclide(f}_ Ingestion’ InhaTaticn External =~ AT1 Pathways
Total Body at 200 fears!®? £ o 1.4g+0'¢) £.6 4.9 1.4£+8
#yagepld 5.1E-1 0.0 3.7 5.1E-1
ERLT 4.0E-1 8. 7E-6 4.0E-4 4 .0E-1
37y 1.7E-2 5. 2E-5 I BE+2 3.BE+2
R LA b BE-2 2.3E-2 0.0 8.9£-2
2ifRa + [ 1.76-1 7.E-4 2.0 1.7E-1
S1iph o+ D 1U1E+D 7 BE-4 [y 1.1E+0
SPRRg o+ ) 1.9€-1 6.0 a.n 1.3E-1
2EM e D ¢ BE-Z 4,9E-3 a7 ITE-7
A 2.06-4 1.4E-3 1,261 1.2
Tatai 3.BE+T 3.0E-2 1.6E+7 3.BE~?
Bone a1 200 Years GoNi 4 .58E+4] o.n 3.2 4. GE+T
FRED O+ D 7 AE+D 1.9 n.G 7L AE+D
ERLYS 18240 3.3F-3 4.0E-3 1.8E~0
s 2 4E-F 1.4E-4 I.BE+2 I.8E+2
FIMR 4D L LBE+D &.0E-1 oG Z.6E+0
tRg + 1 1,550 TOIF-1 n.a .58+
FiiBh 4 ] 2.8E+1 4 4E-1 0.0 2.8+
TiRa + D S.6E-1 0.0 1.1 EN
SRR 1.26-1 2.4€-3 ] 1.2E-1
2ol 5.4€-3 3.26-2 2] 1561
Tutal 8.1E+1 a.50-! 3.BE+2 4 _RT+2
Lungs at 200 Years HUSy n.0 a.0 4. 0E-4 4. 0E-4
LR 7.3E-3 2.2¢-% 1.8E+7 3.8E+2
FUTH + non 22640 0.0 226+
ShRa + O n.r 13E-7 a.7 1.30-7
S e p 2.0 1,08+ 0.0 1.0E+0
41 Am 6.2E-5 8.48-1 1.26-1 1.3E-1
Total A.E-3 3.2E4D 38842 1.BE47
Thyroid at 200 Years B 1.2 2.87-4 n.n Z.BE-8
gy 0.9 0.0 4.0E-4 4.0F-4
2y 5.3E-2 5.0E-5 7.96-4 5.4€-7
13%0s 0.0 3.0 3.80+2 3.BE+2
olpm 2.0 0.0 I 2E-7 121
Total 5. 3k-2 3.3E-5 38012 3.8E+2
GI-LLI at 200 Vears B 0.0 2.45-4 (£ g.4F-4
RIS 1.0E-¢ 0. 0.0 1.0E-2
angp 0.0 4.0 4.0E-4 4.0F-4
L3i7gs 2.9 2.7E-6 1.BE+2 1.8E+7
SYTh o+ D 0.0 §.1E-4 0.0 5 1E-4
PYNRa v D 0.0 1.7E-5 a.n 3.7€-5
PI0RY 4 O 0.0 2.8E-5 0.2 7 _BE-5
230 O 6.86-4 7.1 0.c £.8E-4
FUTh o+ I 8.9E-4 2.7E-% n.n 3, 1E-4
hAm 3.4E-4 3.0E-5 1.28-1 1.28-1
Total 1.2E-2 BTE-d 1.BE+2 3.8E+7

{a}linly radionuclides that contribute more than 1% of the total dose for each pathway are listed.

[B}The time the annual dose peaks after site closure for the exposure period considered,

{ciNotation: T1.4E+0 is equivalent to 1.4 x 107,

{d)+ D indicates that after deposition in the organ of reference, the decay enerqy of the daughter is
included with the parent.

C-39



TABLE C.5-3. Maximum Annual Doses to Maximum-Exposed Individual from Release
of Western Site - Overburden Removed by Erosion

Maximum Annual Cose (rrem] via;

__rgan of Reference  Badvonuclise'?!  TigesTien  inheYation  Extermal AT Palmmys
Total Hody at 699 vears'P) 13 5. 5poyic] 4165 1.A-2 57641
s 1.3E-2 Z.hT-4 ZOAT-0 2. BE-1
ERTIEH 3,861 £ .0 3.8641
CTh+ D 5 9L +d FRIRS: RS 5. E)
a3+ D 1.7t+2 151 ¢.0 I
LpE o+ D 1IE+E €, 357 hH 1763
ihag e ) 7.BE+0 5.0 0.0 7OBE#
Fa + D 3 16-8 1.0E-5 1,752 1.7€-2
=py 1.0E-1 1,03 A.2E-1
722 7.4E-4 5.70-1
_ 9.3E-1 1.4E+0 7LBESD
13843 17847 1.3E+
Bone at 649 “ears B 1.90-1 BT 1.8E-7
s -7 1 0E-5 7.8E-1
- 282 N7 0.z
a4 D 1L 9E+7 £, 8E-1 T
Ry - 1.7E+3 1 49E+i L%}
SR+ D EIRERTY: 1.0 e
_+D 1. 1E~ £BE -1 [
“Pav D 1,8E-7 4.50-0
Fu 2. 3E+ VBE.
Ry 1.EL+0 1.10+]
Chm BEH 1.3847 iL4E-
Total 3.3E+4 332 17840
Lungs at 612 Yeavrs e 5.6E-2 6.1 ] 4.60-F
s £.4F FET-4 Z.9i-3 B.4F-1
5 5,2E-3 ?.ZE-6 £6h-1 &, 7E-
ST D B 13541 a0 1.32+1
ctRa v D 0.0 A.2F-0 1.0 4300
PE s 0 G c Ty T 431
L .0 4 3E-0 G 4.3Ee0
P 3EF-3 .11 a 5 .8F-0
+ Ty 7 7E-2 126+
B 5.2L-2 H 8.6E+N
A 2.7L-1 1.4 b 1E+0
“otal 115+D 7. L0640
Tngraid at 604 Vears - .0 0.9 , 2E-4
'l 3.8048 1.8E-2 E Y
s o+ 0 ] B.UF-1 A.NE-1
A 0% 15042 15840
"azal 1.8647 7,300 3.8E-2
GI-LLL at 00 Years 0.9 1.4: -4 a0 1,15-9
7OAF. o o 7.aE-1
0.0 9.7E-5 3.7E-1 3.7L-1
V.G 9504 i T
5 k-2 3.1F-4 ) 5 8E-2
a0 2664 a _ 5,008
4.98-2 2.0 0. 4,5E-7
I.6E-] 9.27-2 16i-7 36I-]
Fu zaE-1 f.30-4 TeE-4 7 E-i
Am_ 1.3k+0 3.2F-2 151+ 2.2E+U
Tatal Z.7i40 T AE-1 7.dEe 51E+D

fainiy radionuclides that contribute more tham 14 0 the totd) dose for each pathway are listed,

'bjThe time the annual dose peaks afier site closure fOr tne expoturn nerios consideced.

fcNptation: H.5F-1 75 equivalenrt to 5.5 x 107-.

[di+ D fndicates that afier depesition in the organ of referonce, tne decay encrgy of the daughter e
included with the parent.
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i i - A from
TABLE C.5-4. Maximum Annual Doses to the Maximum E*poseq Indwvndua] '
Unrestricted Release of the Western Site with the Radionuctide
Inventory of Table 8.4-2.

(a} Maximum Annual Dose {mrem} via:
Organ of Reference Radionuc]ide é Ingestion [nhalation External A1 Pathways
(b} o {d) (e) -6 4.0E-4 4.4£-)
Q0 Y “Sr + D 4,4E-1 8.6k .
Total Body at 200 Years Gl 1.8E-10 7.2E-10 2.BE-2 2.6E-$
137¢s + D Z.4E-3 5, 1E-5 3.8E+1 3.BE+]
Tota - TIE-1 6.0E-5 3.BE+T 3.8E+1
3°8r + D 1.8E+0 3.2E-5 4, 0E-4 1.8E+0
Bone at 200 Years oy £.3E-9 2. 7E-3 ?.bE-2 2.6E-2
137¢s + D 2.6E-3 1,9E-4 3.8£+1 3.8E+1
Total 18640 1.7E-4 3.8E+ 4, 0E+]
9oy 0.0 1.7E-8 2.6E-2 2.6E-2
Lungs et 200 Years Hitcg Z.9E-31 3.7E-7 1.3E-4 1.3E-4
14705 + D 7.9E-4 2.26-5 3.8E+1 3.8E+1
Total 7.9E-4 2.2E-5 3.BE+1 3.8t11

(3)0n1y radionuclides that contribute mere than 1% of the total dose for each pathway are listed.

{b]The time the annual dose peaks after site c]gsure for the exposure pericd considered.

(c}Motation: 4.4E-1 is equivalent to 4.4 x 1071, ‘

(d}+D indicates that after deposition in the organ of reference, the decay energy of the daughter is
ingluded with the parent.

C.5.2 Dose Calculations for the Eastern Site

Contributions to the maximum annual dose to the maximum-exposed individual
at the eastern site from water pathways are presented in Table C.5-5. Dose
calcuiations are based on the radionuclide inventory of Table 8.4-1. Pathway
contributions are shown for 1) ingestion of aguatic foods from the nearby
river that is contaminated by radionuclide transport along the aquifer, 2)
drinking water from a well drilled into the contaminated near-surface aquifer
beneath the site, and 3) ingestion of aguatic and locally grown foods contami-
nated by overland flow. The large doses calculated for the well-water and
overland flow pathways demonstrate the importance of restricting the use of
well water at the conditionally released reference site and of maintaining
site drainage features to prevent inundation of the site with water.

Calculated maximum annual organ doses to the maximum-exposed individual
for unrestricted release of the eastern site with the inventory of Table 8.4-2
are presented in Table C.5-6. The revised inventory would permit unrestricted
release of the site 200 years after burial ground closure.
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TABLE C.5-5. Contributions to Maximum Annual Doses to Maximum-Exposed
Individual from Water Pathways - Eastern Site

_ Mawimue Angual Bose (mrem) wias

Tngestion of

Aquatic Foads Lrinking ot Water Ingestion nf foods Contaminated by
Zontaminated by from Well Jrilled _Overland Flaw __
) . o ta) Radignuciide Transpart into Eontaminateq Farm = Aquatic  OverTand Flow
___ Urgan of Reference = Radionuglide*”’ Alpng Aquifer  Aguifer Beneath Site  Praducts  Foods totals
Tatal Zody at 209 years'®)  1ig 1.9e+11¢0 7.0Ee2 0.0 2.56-1 25621
N 1.0 6. 4p+2 2.4E4+) 3,162 23042
RTNALE 0.3 1064z 9562 2.4E40 2.4EH0
BTN 5.0 1.2E+5 6, 9E+0 E.BE+D 1.4E+1
T 5.9E-5 .6E-) 4.0E-3 L0 4.0E-3
-1 733 1.0E-1 1.2£-3 2.6E-5 1.2E-3
Dyl | 14643 2,861 1.86+2 1.0642
S Tna 0.0 2 BE-] 13840 2.3E+0 4.2E40
SeRzen 0.3 3342 4,481 3.6E42 3.6E47
CiTPR] 3.0 0.c 1.9E+0 1.0E+1 1.2E+1
BT 9.0 0.g 1.5E-1 1.5E+1 1.5E+1
SEeLHd Y 1.7E+0 31E-7 7.BE-2 3.98-1
Eripy, a.0 3.9E-1 1.76-4 1.5E-1 1.56-1
TRy o.% 3.0¢-1 1. EBE-4 1.4E-1 1.4E-1
SR T 2.6E-1 ZAE-4 21641 2.1E-1
L] a0 2840 1.98-3  L.0E+? 40641
Tota' 1aEs 1 2pes 35641 A.0E<2 IR
Bore at 249 Years g 3.3 3,81 0.0 1. 2E+G 1.2E+0
U 0. 1 9E+4 7.3642  6.2(43 6.9E+3
ERE U | 5.8E+2 £.4£-1 1,341 1,364
gl 4.0 4 _9E+5 2.9E+1 2.9E41 5.HE41
e 1,64 9.0E-1 1.0E-3 .0 1.0E-3
(B 50E-4 3,662 4.36-4 0.0 4,364
R 9.0 1.4E+3 3.1E-1 2.1E+2 2.0E#2
SAITh+] n.n A.TE+N 4. 3841 G.TE+1 1. 4E+2
S RRaeD 4.0 3.3f+3 4.4E+0 3.BE+3 3.6E+3
SVipLeD 2. 0.L 5.4E41 2. 9E+2 3.4E+2
Sitpa 0.0 0.0 2161 1.08+2 1.0E+2
TN 5 37841 IBE-2 B.GE-] 6.8E-1
ERLT o 8. DE+G 3.5E-3 30640 3.0E+D
ivipy a.0 5.&E+0 3.4E-3 2.9E40 2.9E+0
SRy 0. 8. 3040 S 1E-1 4. 4E+{ 4,440
T 65501 9.9e-7  1L.OE+2 1.9E+3
9.3E+1 52045 B.6E+7 T.2E+4 1.2E+4
Lungs at 203 Years T 1.8E-4 1161 1.2E-4 Z2.0E-7 1.26-4
R T 0.0 2382 1.4E-1 B RE+] 9.5E+1
LRamy 0.0 3.4E-1 1.8E-4 1.6E-1 1.6E-1
Py ) 1.9E-1 1.26-4 1.0€-1 ¥.0E-1
Telpy a.n 2. 9F-1 1.8e-4 1.5E-1 1.5E-1
i o0 7.761 1.E-3 1.2e+] 1.2ex}
Total 1.8E-5 2.2+ 1.4E-1 T 1B+ T.1E42
Thyroid at 202 fears far a.n 0.0 0,4 &.a 0.0

B | RD+3 8.0E+7 0.4E-1 2.0E-2 3.6E-1
17050 3.0 o A 0.0 _ 0.0
“otal T _AED H.OE41 9.4E-1 2.0e-2 9.6E-1
GI-LLT at 270 Years RERTEY 0.c 2.0L+0 1.9E-3 4, RE-2 4 _8E-2
EEET u 0 1.5E-1 1.3E-9 3.QE-3 3.1e-3
11Tpe] a.0 0.0 1.6E-2 I 1.7E-6 1.6E-2
Jrapy 0.0 1,58E+40 9.9E-4 8. 6E-1 8.6E-1
Fi9py L] 1.0F+0 6.1E-4 5.3E-1 $.3E-1
iy 0.0 1,560 9,453 8.2E-1 8,261
lam 0.3 42640 6.26-3 63041 8.3641
Tatal L] 1.1E+1 2.TE-2 b.5E+] £.5E+1

[a)Only radianuclides that contribute mare than 15 of the total dose fram each vatkway sre listed.

{niThe time the annual duse peaks for the exposure period considered.

{clWotation: 1.9E+] is equivalent to 1.9 x 10!,

{g}+D indicates that after deposition in the grgen of refercnce. the decay energy of the daughter 1s tncluded with the parent,
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i imum- jvidual
TABLE C.5-6. Maximum Annual Doses to the Maximum Exposeq Indivi
from Unrestricted Release of the Eastern Site with the
Radionuclide Inventory of Table 8.4-2.

Maximum Annual Dose {mrem) yia:

Ingestion
{a) Farm Aquatic Well A11

Organ of Reference Radignuclide Praducts Fonds Water  Inhalation External  Pathways
Total Body at 202 Years(P) soge + 00V 1 7est) eEss 14E-1 2264100 4.26-9 1L4E-]
137Cs + D 8.6E-3 5.5E+40  1.3E+] 2.1E-6 4.0E+0 2.3E+1

Total 8.6E-7 DRE+D  T.3E+] 2.1E-6 4.0E+0 2.3E41

Bone at 223 Years 0gr 4 D 3.2E-4 3,0E-4  3.5E+0 3.7e-9 2.4E-9 3.5E+0
137¢s + D 6.0E-3 3.8E40  T.4E+1 3.3E-6 2.4E+0 2.0E+1

Total 6.3E-13 38640 1.8EH 3.3E-6 24D e

Lungs at 203 Years PEs 4+ D 1.5E-3 9.5E-1  2.2E+40 2.1E-6 4. 0E+0 7.2E+0

{a}Only radionuclides that contribute more than 1% of the total dose for each pathway are 1isted.

{b)The time the annual dose peaks after site closure for tha exposure period considered.

{c]+ D indicates that after deposition in the organ of reference, the decay energy of the daughter is included
wWith the parent.

{d)Notation: 1.7E-5 is equivalent to 1.7 x 1077,
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APPENDIX D

ENVIRDNMENTAL SURVEILLANCE AND RECORDS MAINTENANCE DETAILS

This appendix provides details to support the description of environmentai
surveillance and records maintenance activities presented in Section 9 of
Volume 1. Examples of enyironmental monitoring results from one of the com-
mercial LLW burial sites are given in Section D.1. Generalized environmental
sampling procedures, together with example data sheets, are given in
Section D.2. An example Radioactive Shipment Record form is shown in
Section D.3.

D.1 TYPICAL ENVIRONMENTAL MONITORING RESULTS FROM
A COMMERCIAL LLW SITE

The environmental monitoring programs postulated for the reference sites
are discussed in Section 7.2.4 of Volume 1. These postulated programs are
based on the existing programs at commercial LLW sites. Typical environmental
monitoring results from one of the commercial sites, based on information in
Reference 1, are presented here to aid in the more complete understanding of
enyironmental monitoring activities at existing sites.

Typical analytical results of routine environmental samples are presented
in Table D.71-1. Results are shown for water, soil, and vegetation samples,
and are reported for the same time period insofar as the reference data permits.
The table is not a complete T1isting of all envirconmental results for the time
period considered, but the results shown are selected to be typical of all
those reported.

Typical readings of direct radiation exposure, measured with thermo-
Juminescent dosimeters (TLD), are presented in Table D.7-2. Results are given
for five sample locations {inciuding a cortrol) and for three time periods.
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TABLE D.1-1. Typical Environmental Monitoring Results for a
Commercial LLW Burial Ground

_Analytical Results‘?)

Gamma
Sample Type and Period Obtained Total Alpha Graoss 8eta Tritium Specific Concentration
Station Number _[Quarter-Year}) {pCi/i} {pCi/i] [eCi/e) Radionuclide {pCi/g)
Y
Trench Water - 1 (1-76) np {0 1.5 - 1,2 2058 + 45 noGte?
-2 [1-76} ND 1.2 £+ .1 16532 -39 NOG -
-3 {1-76) 1.8+ 2.0 3.8 £ 1.4 1 B67 43 NDG ---
- 4 {1-76) ND 2.6 - 1.3 1 750 * 42 DG .-
Onsite Ground Water - 1 (1-76) ND 2.7 + 1.4 1432 - 38 NDG ——-
- 2 t1-76) ND 2.7 £1.4 1065 + 33 NDG ---
-3 (1-761) ND HO 1 589 « 40 HDG -
0ffsite Ground Water - 1} {1-78) ND 2 + 1,3 1045 = 32 NA(d] ---
-2 {1-76) 0.9 : Q.8 2.4+ 1.3 1 398 « 37 HA ---
-3 {1-76) i1+ 1.0 2.8 - 1.5 893 + 30 HOG ---
Mfsite Surface Water - 1 (1-76) 0.1 - 0.4 3.4+ 1.3 1130 - 34 NA -——
Soil (onsite) - 1 (1-76) NA WA NA Y37y 0.9 1 0.
I3%rg 0.4 « .06
BoCo 0.1 - 0.06
-2 {1-76) A . MA NA ‘?TCS 4.4 0 D.08
Hikcs 1.5 + 0.04
EEdoli} 1.3+ 0.04
&Ly 10.7 + 0.2
S4Mp 0.7 + 0.04
-3 {1-78) NA NA NA }??CS 1.0 - 0.08
Hikgs 0.3 + 0.06
“?CO 0.04: 0.03
tica 0.8 + 0.1
SUMR 0.1+ 0.04
Vegetation - | {4-72) N, NA NA gp 0.19
-2 (84-72) NA NA NA 34Mn 6.3
50Co 26,9
-3 {4-72) NA HA NA £iCa 20.4

{ajResults include estimate of range {+} at the 95% confidence level, insofar as reference data permits.
(bIND indicates radicactivity not detectable, below the sensitivity of the instrument used.
{c
{d

JNDG indicates no detectable gamma emitters.
JNA indicates no analysis performed.



TABLE D.1-2. Typical Direct Radiation Exposure Readings for a
Commercial LLW Burial Ground

Exposure
Sample Station Exposure Peried Total Period Average
Kumber Sample Period Time {days) {mrem} {mrem/day)

1 3/18/76-6/14/76 88 17 0.19
6/14/76-9/9/76 87 69 0.79
9/9/76-12/10/76 92 52 0.57

2 3/18/76-6/14/76 a8 Yoid --
6/14/76-9/9/76 87 101 1.16
9/9/76-12/10/76 92 135 1.47

3 3/18/76-6/14/76 88 Missing --
6/14/76-9/9/76 87 39 0.45
9/9/76-12/10/76 g2 Missing --

4 3/18/76-6/14/76 88 - 12 0.14
6/14/76-9/9/76 87 102 1.17
9/9/76-12/10/76 92 Yoid --

Control 3/2/76-6/9/76 99 19 0.19
6/9/76-5/3/76 87 25 0.29
9/3/76-12/8/76 96 Yoid --

D.2 ENVIRONMENTAL SAMPLING PROCEDURES

A general discussion of sampling methods and measurement techniques for
environmental monitoring is contained in Reference 2. The reference also
provides general guidance on the selection of sampling locations and the
frequency of collection of sampies.

Generalized procedures for environmental sampling, together with examples
of data sheets used to record sampling data, are presented here to provide
additional detail concerning the methods used to obtain environmental data
at an LLW burial site. These procedures are simplified somewhat to make
them more readily understandable; the actual sampling procedures contain all
information necessary to obtain the required samples at the specific LLW site.
Procedures are given for all sample types required by the environmental surveil-
Tance programs postulated for the reference LLW sites, as described in
Section 7.2.4 of Volume 1,
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D.2.1 Mater Sampling

Water samples are obtained using the following procedure, and are recorded
on an Environmental Sampling Record form similar to the example shown in
Figure D.2-1.

1. Assemble the sampie containers (1-z plastic sample bottles) and other
required equipment.

2. Check sample bottles for any flaws and discard damaged containers.

3. Rinse sample bottlies with distilled water and attach self-adhesive
Tabels to bottles.

4, Remove well or sump cap, lower sampling bucket into well, withdraw
filled bucket, and empty bucket into the sample bottle. Repeat
until sample bottle is full, and then replace well cap.

5. Enter required data on the sample bottle label and on the Environ-
mental Sampling Record form.

D.2.2 Soil Sampling

Soil samples are obtained using the following procedure:

1. 0Obtain a clean plastic bag and verify that it is unflawed.
Discard any damaged bags.

2. Collect approximately 500 g of soil and seal it into the bag.

3. Enter required data on the Environmental Sampling Record form and
on a self-adhesive label, and attach the label to the bag.

D.2.3 Vegetation Sampling

Vegetation samples are obtained using the following procedure:

1. Obtain a clean plastic bag and verify that it is unflawed.
Discard any damaged bags.

2. Collect approximately 500 g of growing vegetation. If vegetation
has died, select sample of latest growth. Put sample in bag and

then seal the bag.
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ENVIRONMENTAL SAMPLING RECORD

1 Sample
Date Statien Type of Date Sent
Sampled Number Sample For Analysis Remarks Signature
FIGURE D.2-1. Example Environmental Sampling Record Form




3.

Enter required data on the Environmental Sampling Record form and on
a self-adhesive label, and attach the label to the bag.

D.2.4 Small Mammal Sampling

Small mammal samples are obtained using the following procedure:

Check trap to verify proper operation and then set it up in the area
to be sampled.

Obtain sample box and verify its integrity, then attach self-adhesive
label.

Check trap daily until sample is obtained.
Remove sample from trap and seal into sample box.

Enter required data on the sample box label and on the Environmental
Sampling Record form.

D.2.5 Air Sampling

Air samples are obtained using the following procedure, and are recorded

~on an Air Sampling Record form similar to the example shown in Figure D.2-2.

1.

Obtain a clean plastic bag and verify that it is unflawed.
Discard any damaged bags.

Shut air sampler off.

Remove filter from sampler, insert it into bag, and then close
and seal the bag. Replace fresh filter in sampler.

Remove strip-chart from sampler and retain, replace with fresh
chart paper.

Restart air sampler and verify that it is operating properiy.

Enter required data on the Air Sampling Record form and on a
self-adhesive label, and attach the Tabel to the bag.
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AIR SAMPLING RECQRD

Sample Obtained Volume
Air Sampler Samp]ed
Time Date Number (m3) Remarks Signature
FIGURE D.2-2. Example Air Sampling Record Form




D.2.6 TLD Exposure Sampling

TLD samples are obtained using the following procedures:
1. Obtain adequate supply of fresh {unexposed) TLDs.

2. Remove exposed TLD from holder, label properly, and replace with
fresh TLD.

3. Enter required data on the Environmental Sampling Record form.

4. Package TLDs for shipment to analytical laboratory.

D.3 RADIOACTIVE SHIPMENT RECORD FORM

A1l shipments of radioactive material are accompanied by a Radioactive
Shipment Record (RSR) form. An example of a form that is in current use is
shown in Figure D.3-1. Shipments are made according to all applicable trans-
portation regulations, as described in Appendix G, Section G.4.

The RSR transmits all applicable information concerning the wastes from
the shipper to the burial ground operator (the receiver of the waste). For
each waste package, the specific information required is contained in the main
body of the form. Information concerning the entire shipment (e.g., shipper,
receiver, number of items, and gross shipment weight} is shown at the top of
the form. The form is basically self-explanatory; however, the following
additional information is provided to clarify certain items.

Isotope(s) - Only the principal isotopes contained in the
waste package are listed.

Form - The physical and chemical form of the waste is described
in enough detail to provide the receiver with a complete picture
of package contents. If the space provided is insufficient,
‘additional information is supplied on a supplementary sheet
attached to the RSR.

Transport Group - Radioactive materials are classified into one

of seven transport groups according to their potential hazard
if released to the environment, as described in Section G5.4.1.
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RADIOACTIVE SHIPMENT RECORD

0 DATE.
FROM SURVEY NO
CARRIER PAGE OF
NUMBER OF ITEMS GROSS SHIPMEMT WEIGHT
’_ -
SHIPMENT INVENTORY TOTALS
T
{14 ITEM NUMBER T .
|
(2) ISOTOPE(S) —|

13) FORM -PHYSICAL
CHEMICAL

14) SNM (g)

(5] SOURCE MATERIAL (Kg|

163 ACTIVITY (i)}

[7) TRANSPORT GROUP

18) PACKAGE -VOLUME {m?)
WEIGHT (Kg) J
{9) PACKAGE TYPE

(10 CONTAINER |0 NUMBER

{11) DOSE RATE SURFACE (mrem - hri —l
- AT 3 FT. {mrem<hr} ;

{12} EXTERNAL CONTAMINATION
{DPM m?]

— b

113} LABEL USED l

. ] J
*SUFPLY ANY ADDITIONAL INFOARMATION ON AN ATTACHED SUPPLEMENTARY SHEET

THIS IS TO CEATIFY THAT THE ABOVE NAMED MATERIALS ARE PAOPERLY CLASSIFIED,
DESCRIBED, PACKAGED, MARKED AND LABELED, AND ARE IN PROPER CONDITION
FOR TRANSPORTATION, ACCORDING TO THE APPLICABLE FEDERAL REGULATIONS.

SIGNATURE
COMPANY
DATE

SHIPMENT RECEIVED BY DATE

ORIGINAL RECEIVER COPY 1 SHIPPER COPY 2 CARRIER

FIGURE D.3-1. Example Radioactive Shipment Record Form
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Package Type - This refers to Type A, Type B, or Type LSA packaging,

as described in Section G.4.1,

Container ID Number - This is the identification number of the cask

or overpack used, if applicable.

Label Used - Labeling requirements vary with the type and quantity
of material shipped.

Copies of the RSR are retained by the shipper, the receiver, and the
carrier. The RSR is used by the burial qround operator as part of the waste

burial record.
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APPENDIX E

PAYMENTS NEEDED TO FINANCE DECOMMISSIONING

The purpose of this appendix is to illustrate the payment schedules requirec
to pay for site stabilization and long-term care of the reference burial ground
under each of the three financing approaches discussed in Section 6 of Volume 1.
The three basic financing approaches are:

1} Creation of a decommissioning and long-term care fund {i.e., a "sinking
fund")} during the operating 1ife of the burial ground.

2) Prepayment of anticipated decommissioning and long-term care costs.

3) Payment of decommissianing costs when incurred (i.e., after closure of
the burial ground).

E.17 BASES AND ASSUMPTIONS

In the discussion that follows, the results are sensitive to the various
costs of financing. 1t is, therefore, appropriate to define these varigus cost
factors. This is done below.

Interest Rate

The rate of return on capital invested in normal securities {i.e., bonds,
certificates of deposit, and similar financial instruments}.

Inflation Rate

The rate of increase in cost of goods and services, on an annual basis, as
determined from the nation's economic indicators by the Federal Department of
Labar,

Discount Rate

The rate of return on capital that could have been realized in alternative
investments, if the money were not committed to the plan being evaluated (i.e.,
the opportunity cost of alternative investments). This cost is equivalent to
the weighted average cost of capital.
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Present Value of Money

When different business activities require disbursement of funds over
different time frames, it is difficult for the sponsoring organization to
compare the actual cost of each activity. One generally accepted method of
placing these various disbursements on a commen basis is to compute their value
in terms of current dollars (i.e., the present value of money to be paid out
or received at some time other than the present). For an investor, "the present
value of a future payment or series of payments is the present investment neces-

sary to secure the promise of that future payment or series of payments, with
interest at a given rate.“(])

Decommissioning cost estimates are made in Section 12 of Volume 1. The
costs of site stabilization and long-term care (for 200D years) are summarized

in Table E.1-1, Payment schedules to cover these casts are estimated in this
appendix.

TABLE E£.1-1. Stabiiization and Long-Term Care
Costs (millions of 1978 dollars)

(a)

Costs
Period Totals for Tota! Qostg
Site Long-Term Care of Stabilization

Stabilization Plan Stabilization 0-5 yr 6-25 yr 26-200 yr plus Long-Term Care

Western Site

Minimal 0.475 0.808 2.122 13.580 16.985
Modest 2.576 0.808 2.122 13.580 19.086
Complex 7.675 1.150  2.000 12.512 23.337

Eastern Site

Minimal 0.518 1.175  3.542 22.855 28.080
Modest 3.866 1.175  3.542 22.855 31.438
Complex 5.466 1.815 3.642 23.730 34.653

{(a)Number of figures shown is for computational accuracy only.
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For all computations in this appendix, the following assumptions are made:

1) decommissioning costs escalate 6% per year in nominal {current) dollars
(i.e., the inflation rate is 6%)

(a)

2) the interest earned on invested funds is 8% per year
3) interest is compounded annually.

To compute specific fund payments required for decommissioning, it is
necessary to assume a hypothetical operating life for the burial ground.
Because decommissioning cost estimates are made in 1978 dollars, it is conven-
ient to assume an operating 1ife that ends on December 31, 1977. A 30-year
operating 1ife is also assumed; therefore, the burial ground is assumed to
start operations on January 1, 1948. Payments can be adjusted to reflect any
other operating period if desired. For example, if sinking fund payments were
desired for a 30-year operating life beginning January 1, 1968, the 1948 sinking
fund payment would be multiplied by 3.21, the inflation factor for 20 years at
6% inflation.

E.2 PAYMENT SCHEDULES FOR THE SINKING FUND OPTION

Sinking funds are currently used to accumulate decommissioning funds at
all operating burial grounds. Sinking fund payments are made during the oper-
ating life of the burial ground. Sufficient funds must be collected during the
operating 1ife to pay for all decommissioning expenses after closure, As dis-
cussed in Section 6 of Volume 1, the magnitude of the payment might need to be
adjusted regularly to account for changes in fund earnings, cost escalation,
expected operating 1ife, and changes in the estimated decommissioning expense
caused by technology, regulations, or other factors. For this example, the
simplifying assumptions are made that the fund earns a constant return, and that

(a)The yield on investments over and above inflation is the real return avail-
able to the investor. For the period 1961 to 1976, the average real return
relative to the gross nati?n?l product deflator on 3- to 5-year U.S. Govern-
ment securities was 1.43%.12) For the p?Ejod 1963 to 1976, the average real

return on AAA corporate bonds was 1.95%. The average expected real return

on 9- to 12-month Treasury issues, re]atzgi to expected inflation rates for
the period 1953 to 1975, was about 2.2%.%°/ Two percent thus appears to be
a reasonable assumption for real rate of return.
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the anly adjustment required in the sinking fund payment is for cost escalation
(inflation), It is assumed that the sinking fund payment is made December 31

of each year of burial ground operation and that interest is compounded annually.
Costs to administer the fund are not included.

For the various site stabilization options, the sinking fund must contain
sufficient monies at site closure to stabilize the site and to provide for long-
term care for the assumed 200-year period of administrative control. The required
value of the sinking fund at the conclusion of burial ground operations (i.e.,
the terminal value of the sinking fund) is given in Table E.2-1 for each site
stabilization option described in Section 10 of Volume 1. The terminal value
of the sinking fund is calculated from the equation:

P=c+i L), R o), SR e aa)” (E.1)
a=l  (1+1)" n=6 (1+i)" (143N

where:

P is the terminal value (or present value) of the sinking fund in 1978
dollars

C is the cost of the site stabilization option chosen

L. is the annual cost of long-term care for the first 5 years of admin-
jstrative control after the site is stabilized

L. is the annual cost of long-term care for the 6th through the 25th year
of administrative control after the site is stabilized

L_ is the annual cost of long-term care for the 26th through the 200th year
of administrative control after the site is stabilized

i is the rate of inflation expressed as a decimal fraction
i is the interest rate expressed as a decimal fraction,

The components of the terminal value can be illustrated by considering
modest stabilization of the western site. Of the $7.4 million needed at the

time of site closure, $2.6 million is needed in 1978 to stabilize the site.

An additional $0.77 million is needed to provide long-term care (assumed to be
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TABLE E.2-1. Sinking Fund Terminal Values
Required to Finance Site
Stabilization and Long-Term
Care (in 1978 dollars)

Stabilization Plan Terminal Value (§ millions}

Western Site

Minijmal Plan 5.3

Modest Plan 7.4

Complex Plan 12.6
Eastern Site

Minimal Plan 8.5

Modest Plan 11.8

Complex Plan 14,3

paid annually at year end) for the first 5 years after the site is stabilized.
An additional $1.6 million is needed to provide Tong-term care from year 6
through year 25 when annual costs have decreased to $106,000 in 1978 dollars.
Finally, $2.5 million is needed to provide long-term care from year 26 through
year 200 when annua) costs have decreased to $78,000 in 1978 dollars. This
last figure would not be greatly increased if long-term care were assumed to
continue beyond 200 years after site closure.

E.2.1 Sinking Fund Payments

The required sinking fund payments in dollars of constant purchasing power
are shown in Table E.2-2 for each of the postulated stabilization alternatives.
The burial ground is assumed to operate for 30 years, and an inflation rate of
6% per year and an interest rate of 8% per year on invested funds are assumed.
The payments are adjusted so that each year's payment is approximately equiv-
alent in dollars of constant purchasing power (assuming decommissioning costs
escalate at the same rate as other costs). The payments do not total the
required terminal value of the fund because the interest earned by investing
the fund monies is not shown.

To determine the annual payments shown in Table E.2-2, the following pro-

cedure is used. The initial payment at the end of the first year of burial



TABLE E.2-2. Example Annual Sinking Fund Payments for Site
Stabilization and Long-Term Care

Annual Payment (% thousands)

Western Site _ Eastern Site
Payment Date Minimal Modest Comples Minimat Modest Complex
{December 31} Stabilization Stabilization Stabilization 5tabilization Stabilization Stabilization
1948 25 34 59 39 55 67
1949 26 36 62 41 57 70
1950 28 39 66 44 61 74
185] 30 1 70 47 65 79
1952 3 43 73 49 68 83
1953 33 46 78 52 73 88
1954 35 48 83 55 77 94
1955 37 51 87 53 82 100
1956 40 54 93 62 87 106
1957 42 58 94 66 92 112
1958 44 51 105 0 98 119
1959 47 65 1 74 103 126
1960 50 69 118 79 13 134
1561 53 73 125 B4 N7 142
1962 56 77 132 88 124 150
1963 59 82 140 94 131 159
1964 63 87 149 100 139 169
1965 67 92 158 106 146 178
1966 71 98 168 12 155 189
1967 75 104 137 119 165 201
1968 80 114 188 126 175 213
1969 84 116 188 133 185 225
1970 89 123 210 i 196 239
18711 85 130 223 149 208 253
1572 100 138 236 158 220 268
1973 106 146 250 167 231 284
1974 113 155 266 178 243 302
1975 120 165 282 189 263 320
1976 127 175 298 200 278 339
1977 134 185 316 212 295 359
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ground operation is R,. At the end of the second year of operation R, (1+3)
is paid into the fund. During the second year (i) Ry interest is earned on
the invested fund. Thus, at the end of the second year of operation, the

fund has a total of R (1+1) + R (1+j) dollars.

A closed-form expression for the amount of money in the fund can be derived
by considering each year's payment as a separate sinking fund. Thus, the
first-year payment will be worth R, {1+i) at the end of year two and will be
worth R, (1+i)n'], or R (1+1')29 dollars, at the end of the 30 years of opera-
tion of the burial ground., The second-year payment, R] (1+j), will earn com-
pound interest for 28 years and will ultimately total R] (1+3) (1+1)n'2, or
Ry (1+3) (1+1)%® dollars. The total value of the sinking fund at the end of
year n must equal P, the terminal value of the sinking fund. Thus,

n

p = RIEE:] (145)21 (145)0°2 (E.2)
a=

For this example, n = 30 years of operation of the burial ground.

The initial payment is:

R. = p (E.3)}
1 n 1
{Z (143)%" (Hi)”"a}
a=1
The bth annual payment is Rb = R] (1+j)b'], or:
7, - P ()% (E.4)
m
[z (1+5)%"] (1+1)”'a]
a=]

where P is given by Equation E.1.
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E.2.2 Provision for Premature Site Closure

An important concern regarding the sinking fund financing alternative is
discussed in Section 6.3 of Volume 1. The concern is that sufficient funds
for site stabilization and Jong-term care may not be collected if the disposal
site closes prematurely. Two basic alternatives are indicated to help alleviate
this concern. The first is an extraordinary initial cash payment prior to start-
up. The second is to design the payment schedule so that payments in early years
are higher in constant dollars than payments in later years. In practice, it
may be desirable to utilize a combination of both alternatives.

For this example, uniform sinking fund payments {in current dollars) are
assumed over the 30-year operating life. The payments are shown in Table E.2-3
for each of the postulated stabilization alternatives. Payments are designed
so that the accumulated funds with interest will equal the sinking fund terminal
values shown in Table E.2-1. Payments are derived from the equation:

P (E.5)

Iy
Zf(m)”‘a
a:

where R is the annual payment and n equals 30.

R =

Although the payments are constant in nominal or current dollars, they
decrease in dollars of constant purchasing power. Assuming that the payments
are passed on to the customers, early users of the site would pay a larger
share of the decommissioning costs than would later users. Adoption of uniform
payments would clearly increase the sinking fund faster during early years of
operation than the payment scheduies shown in Table E.2-2. This approach may
be desirable for the added protection it provides.

E.3 PREPAYMENT OF ANTICIPATED DECOMMISSIONING COSTS

The second decommissioning financing option is prepayment of all antici-
pated decommissioning costs prior to startup {i.e., January 1, 1948). If the

simplifying assumptions of constant interest returns, and no changes in expected
/
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(1948 to 1977}

Decommissioning
Option

Western Site

Minimal Stabilization
Modest Stabilization
Complex Stabilization

fastern Site

Minimal Stabilization
Modest Stabilization
Complex Stabilization

TABLE E.2-3. Uniform Annual Sinking Fund Payments

Annual Payment
{$ thousands)

47
65
111

75
104
126

decommissioning costs, escalation rates, and operating life are made, the

required prepayment can be readily calculated.

The required prepayment is the

terminal value of the fund multiplied by the 30-year 8% present worth factor

(0.0994).

shown in Table E.3-1.

The required prepayments for the various decommissioning modes are

TABLE E.3-1. Required One-Time Payments for
Prepayment of Decommissioning

Costs

Decommissioning
Option

Western Site

Minimal Stabilization
Modest Stabiiization
Complex Stabilization

Eastern Site

Minimal Stabilization
Modest Stabiljzation
Complex Stabilization
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{$ millions)

0.53
0.74
1.25

0.84
1.17
1.42



E.4 PAYMENT OF DECOMMISSIONING COSTS WHEN INCURRED

The third financing option is payment of decommissioning costs only when
they are incurred. Under this approach, the site operator is obligated to pay
all decommissioning costs as they are incurred.

It is informative to compute and compare the present value cost to the
burial ground operator of site stabilization and long-term care costs, assuming
these costs are paid only when actually incurred.

The present value, P, of a sum of money, S, to be paid n years later is
given by

p=210

s (1) (E.6)
(1+Kk)"

where j and k are the inflation rate and the discount rate, respectively.
(These rates are assumed to be constant over the n-year time period.) If a 6%
inflation rate and an 8% discount rate are assumed, then the present value of
decommissioning costs computed as of January 1, 1978, is the same as the ter-
minal value of these costs, which is shown in Table E.2-1. This is because the
assumed discount rate is identical to the interest rate used for the terminal
value calculation. For companies with significant requirements for capital to
expand their operations or to make improvements in plant or equipment, the
discount rate is usually higher than the interest rate on invested funds. For
discount rates higher than 8%, the present value of decommissioning costs would
be Tower than the terminal value of these costs, which is shown in Table E.2-1.

Payment of decommissioning costs when incurred would likely be the prefer-
red procedure for the site operator. This is not permitted now, however, and
is not l1ikely to be permitted in the future.
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APPENDIX F

SITE/WASTE STABILIZATION DECOMMISSIONING ACTIVITY DETAILS

This appendix provides details to support the description of site/waste
stabilization methods and procedures in Section 10 of Yolume 1. The basic
information needed to select and evaluate stabilization plans for the generic
burial grounds considered in this study is included here. Detailed descriptions
of radionuciide release mechanisms and of prospective site/waste stabilization
techniques are given in Section F.1. Quality assurance detaiis for stabiiiza-
tion activities are discussed in Section F.2.

F.1 RADIONUCLIDE RELEASE MECHANISMS AND PROSPECTIVE SITE/WASTE STABILIZATION

To select stabilization plans for the generic burial ground sites con-
sidered in this study, radionuclide transport mechanisms capable of initiating
a release of radicactivity from a burial site (i.e., release mechanisms) are
identified and site/waste stabilization techniques that can be used to control
these release mechanisms are evaluated. Release mechanisms and stabilization
technigues are identified in Section 10.1 of Volume 1. Table 10.72-1 of
Section 10.2 presents the results of an evaluation of the general effectiveness
of the various stabilization techniques in controlling the individual release
mechanisms. Table 10.2-2 presents approximate costs and related information
for the stabilization techniques. The following descriptions of the release
mechanisms and stabilization techniques are presented to clarify and expand on

the information presented in Sections 10.1 and 10.2.

F.1.1 Radionuclide Release Mechanisms

Radionuciides can migrate to the biosphere from a burial ground along
a variety of pathways. These pathways consist of cone or more radionuclide
transport mechanisms, acting in series. In this study, the transport mecha-
nism that acts to initiate the movement of radionuclides from a burial trench
is referred to as a release mechanism. Release mechanisms considered in this
study are described on the foilowing pages.
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F.1.1.1 Geomorphological Release Mechanisms

Geomorphoiogical release mechanisms are those in which the release of
radionuclides is a direct result of the shaping or reshaping of the earth's
surface by natural forces. Activities of man may have an influence on the
geomorphological processes involved.

The rate of radionuciide movement as a result of individual geomorpho-
logical processes varies from site to site, depending on climate, topography,
past burial practices, human activity in and around the site, and other vari-
ables. Exposure of buried waste materials as a result of the removal of
overburden soil is the major concern for all geomorphological release mecha-
nisms. The possibility of contaminated soil being transported away from the
site is aiso a concern. This soil may be contaminated because of past burial
practices (e.g., by the rupturing of waste containers during trench filling)
or the prior action of other release mechanisms {e.g., hydrological displace-
ment, plant uptake, etc.). The geomorphological release mechanisms considered
in this study are water erosion, wind erosion, subsidence, frost action, and

mass wasting.

Erosion {Water). MWater erosion is the wearing away of the earth's surface

by flowing water.

The rate of water erosion at a given site is related to climate, topo-
graphy, soil properties, ground cover, and human activities prevalent at or
near the site. Possible methods for control of water erosion include surface
water control, modification of soil properties, adjustment of site topography,
and maintenance of an erosion-resistant surface {either vegetation cover or
erosion-resistant soil and/or rock cover).

Water erosion is mainly of concern at the humid eastern site, where it
can remove significant overburden in a relatively short period of time. (See
Section C.1.1 for details.) The topography, soil permeability, and low annual
precipitation at the arid western site make significant water erosion there
extremely unlike1y.(]) (Water erosion from flash floods at the reference
western site is considered extremely unlikely based on the climate and topo-

graphy of the site. However, it could occur at other western sites.)
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Erosion (Wind). Wind erosion is the wearing away of the earth's surface

by moving air. Removal of overburden soil may occur as a direct result of
wind action, or indirectly as a result of wind damage to vegetative ground
cover.

The site variables relating to the rate of wind-erosion damage include
climate, topography, soil properties, ground cover, and human activities
at or near the site. Possible methods for control of wind erosion include
Tocal wind reduction (i.e., use of wind breaks), medification of soil properties,
and maintenance of an erosicn-resistant surface (either vegetation or gravel
and/or rock cover).

The arid western site has a higher potential for wind-erosion damage
than the humid eastern site, because of the relative sparsity and fragility of
vegetation and the lack of soil cohesiveness at the western site. In dry areas
where the surface has been disrupted, wind erosion may remove large amounts of
overburden in a relatively short time (i.e., potholes up to 1 m in depth may
form in only a few years). Wet areas such as the eastern site do not gener-
ally exhibit such marked wind erosion effects.

Subsidence. Subsidence refers to the sinking or collapse of the ground
surface. This may occur generally, over a large area, or may take place in
relatively small areas, resulting in sink-holes. During a rapid subsidence
event (surface collapse), waste materials or contaminated soil may be thrown
into the air, causing leocal surface contamination and a temporary cloud of
contaminated dust. This allows for further dispersion of contamination by
other mechanisms, particularily wind or water. Subsidence can also alter the
surface features in such a way that erosion and moisture infiltration rates
are increased.

Subsidence in burial grounds is a function of burial practices, soil
type, and waste packaging and compaction. Bulky, noncompacted wastes tend
to settle in time under the weight of overburden, as does insufficiently

(2)

The nature of the overburden materials, as well as methods of trench capping,

compacted fill. Waste package degradation can also lTead to subsidence.

can affect the degree of subsidence. Moisture flow through the waste trench
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matrix can redistribute material, resulting in subsurface cavities that sub-
sequently collapse. Subsidence control measures include close placement of
waste packages (to minimize voids}, compaction of waste materials and over-
burden, reduction of moisture infiltration, and incorporation of structural
bridging strength in the trench cover (i.e., use of a rigid structural trench
cover that would bridge over subsiding areas).

The extent of subsidence damage at the two sites considered in this study
1s estimated to be similar, assuming similar burial practices. However,
because of the slower rate of package degradation in dry areas, subsidence
caused by degradation of waste materials in the trenches will likely occur
over a longer period of time at the western site. It is estimated that, with

(3)

This suggests the probability of significant subsidence problems at any site.

present burial practices, as much as 30% of trench volume is void space.

Frost Action. Frost action, or heaving, is the result of water freezing

in the soil profile. Expansion during freezing heaves up material above the
frozen zone and creates bulges in the surface. Over periods of years, frost
heaving can push material up through the soil profile to the surface. In a
burial ground, this can result in wastes or other contaminated material being
brought to a shallower level in the soil profile, where the radionuclides

are more susceptible tc movement by other transport mechanisms. Another result
of frost action is disruption of the overburden, leading to increased erosion
(both wind and water) and moisture percolation.

Frost action is a function of climate (temperature and precipitation),
site drainage, soil properties (e.g., permeability and moisture retention),
and depth in the soil profile {i.e., the effects are limited to the depth
of frost penetration and are strongest at or near the ground surface). The
extent of frost damage can be reduced by increasing the depth of waste burial,
decreasing the permeability and moisture retention capacity of the soil, and
increasing water drainage from the site.

Frost damage is of greater concern at the humid eastern site than the
arid western site because of the colder and wetter winters at the eastern
site. However, frost damage at either site is anticipated to be relatively
minor.
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Mass Wasting. Mass wasting is defined as "the gravitative movement of

rock debris (or sediment) downslope, without the aid of a flowing medium of
transport such as air at ordinary pressure, water, or glacier ice.“(4) The
speed of mass wasting varies from sudden slides to very Slow downslope move-

(5)

ment callied creep.

Mass wasting is primarily controlled by topography, although other
factors such as climate, seismicity, soil properties, and burial practices
(e.g., compaction of filled trenches} can influence the rate of mass wasting
at a given site. Possible techniques for control of mass wasting include
reduction of moisture infiltration into sediments (saturation of sediments
reduces internal friction, thus increasing potential for flow) and adjustment
of site topography.

For the burial ground sites considered in this study, mass wasting is
not anticipated to cause large-scale damage because the overall ground slopes
are relatively mild. However, small areas with steep slopes may experience
Tocalized damage.

F.1.1.2 Hydrological Release Mechanisms

An important factor affecting the containment capability of a burial
ground is the degree to which ground and surface water can contact the waste
and subsequently cause migration of the confined radionuclides. HWater is
the principal mechanism that has been observed to cause radionuclide migration
away from burial trenches at existing sites (see Section 3.2.1.}. A hydro-
logical assessment is currently required as a portion of the licensing
procedure for each site. This assessment provides an estimate, prior to use
of the burial ground, of: 1) the degree to which ground and surface water
will contact the waste foilowing burial, 2) the pathway of the water away
from the burial site, 3) the ion-exchange or adsorptive capability of the
materials aiong that path, and 4) the extent to which the radionuclide content

(6}

of offsite ground and surface waters will be affected by the burial grounds.

The hydrological release mechanisms considered in this study are groundwater

intrusion, moisture percolation, and overflow.
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Ground Water. Radionuclides may be transported by ground water (satu-

rated flow) in several ways. In areas of high water table, ground water may
occasionally or seasonally flow through buried waste,(?) thus providing a
direct transport mechanism for radionuclide movement. More often, ground water
will not come into direct contact with the waste but will receive radionuclides
indirectly through the action of water percolating {unsaturated flow) through
the wastes to the ground water (see Percolation below).

Variables relating to the degree of radionuclide migration via groundwater
intrusion include climate, hydrology {e.g., groundwater depth and flow rate)},
soil and sediment properties {e.g., percolation rates, sorption and ion-
exchange characteristics), waste characteristics {e.g., physical and chemical
form, and packaging), and topography. Surface soil cover and human activities
at or around the site can also have an effect. Possible methods for control
of radionuclide migration by groundwater intrusion include modification of
groundwater flow {e.g., using curtain walls or trench dams to divert and/or
reduce local groundwater flow) and modification of soil and/or waste properties
to reduce the flow and/or leach rate of'intruding ground water. Care in site
selection is, of course, the preferred method for controlling groundwater

intrusion.

In general, groundwater intrusion is of more concern at eastern sites than
at western sites, because of the shallower level of the water table in the
east. Groundwater intrusion is an important release mechanism at the humid
eastern burial ground site(8) but is considered to be extremely unlikely at
the arid western site.

Percolation. Percolation of rain water and snow melt into and through
burial ground sediments (unsaturated flow) provides a mechanism for radio-
nuclide transport. Percolation may be in a downward, lateral, or upward
direction, depending on a number of variables. In most areas, however, the
general trend is for flow to be downward to the water table.

The rate of radionuclide migration as a result of percolation is a function
of climate, topography, soil and sediment properties, waste characteristics,
and ground surface cover. Human activities can also have a bearing on
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percolation rates (e.qg., disruption or modification of surface cover, modifica-
tion of soil and sediment properties, topography alteration, etc.). Possible
percolation control methods include establishment of a relatively impermeable
ground surface cover, reduction of soil and sediment permeability, and drainage
of incident precipitation away from the site.

Percolation generally presents more potential for radionuciide movement
at eastern sites than at western sites, because of the Targer volume of inci-
dent precipitation at eastern sites.

Overfiow. In some areas, impoundment (trapping) of infiltrating water in
burial trenches produces a saturated condition that can result in eventual
overflow of water from the trenches. This impoundment is the result of burial
in relatively impermeable sediments. The more permeable overburden allows
water infiltration (percolation) into the waste at a rate that exceeds drainage
out of the trench bottom. The result is subsurface moisture migration, due to
the hydrostatic head of the trapped water, and possible surface flow of over-

(9)

flow seepage.

The rate of radionuclide release as a result of overflow is largely a
function of climate {i.e., incident precipitation available for infiltration),
topography (i.e., site drainage characteristics), and geology {i.e., permea-
bility of sediments}. Actions taken to control radionuclide release by over-
flow can include surface water control, surface sealing of trenches, and
removal of trapped water from trenches (by pumping from collection sumps).

Overflow presents a greater potential for radionuclide movement at eastern
sites than at western sites, due largely to the higher volume of incident
precipitation and the lower permeability of the soil in the east. However,
because of the variability of geological properties between and within sites,
site-specific data must be carefully analyzed to determine the vossible impact

of overflow, and generalization is inadvisable.

F.1.1.3 Biological Release Mechanisms

Biological action can be a significant factor in the transport of radio-
nuclides from a burial ground. The species involved and the relative rates
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of radionuclide movement vary from site to site, but the basic mechanisms
can conveniently be described as either plant uptake or animal action.

Piant Uptake. Buried wastes can be infiltrated by the roots of plants
growing in the burial site. Some plant species, such as corn or certain

grasses, have shallow root systems; other plant species, such as alfalfa or
sunflowers, have tap-root systems that can penetrate the soil to depths in
excess of T m. The plant roots absorb radionuclides, which are then trans-
ported throughout the plant.(]o’l]) Thus, radionuclides can be brought to the
surface by plants, becoming available for subsequent transport by a variety of
mechanisms {e.q., wind transport of plant debris, ingestion of plant materials
by animals, etc.). Plant roots are also instrumental in the mechanical break-
down of buried wastes and overburden materials. Wedging of plant roots into
these materials tends to break them up, increasing erosion and water percola-
tion rates. Most reports of biological interaction with wastes have involved

p]ants.(]])

Variables relating to the rate of radionuclide migration by plant uptake
include climate, plant species {shallow-rooted plants generally will not
penetrate into buried wastes), soil and sediment properties, waste characteris-
tics, and burial practices. Possible methods for controlling plant uptake
include vegetation management practices, modification of soils and sediments,
and introduction of barriers between plant roots and buried wastes.

For the burial sites considered in this study, the overall radionuclide
movement caused by plant uptake is anticipated to be unimportant onjy if the
overburden depth is maintained and the site vegetation is managed (i.e.,
problem species are controlled).

Animal Action. Digging and burrowing animals can penetrate the overburden

into buried wastes.(z) The wastes can then be ingested or otherwise scat-
tered,(]z) increasing the rate of radionuclide transport by other mechanisms.
In addition, disruption of the surface cover and overburden by animal action

increases erosion and moisture percolation rates.

The rate of radionuctide migration resuiting from animal action varies
from site to site, depending on the animal species present, soil and sediment
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properties, ground cover, waste characteristics, and burial depth. Some
possible control strategies are elimination of troublesome species, use of
overburden materials that inhibit burrowing activities, or deeper burial to
place waste below the range of burrowing.

For the burial ground sites considered in this study, the overall radio-
nuctide migration caused by animal action is anticipated to be unimportant in
comparison to migration caused by other release mechanisms. However, small

localized "hot spots" can result from animal action.

F.1.7.4 Human Activity Release Mechanisms

Future human activities at burial ground sites may cause inadvertent
radionuclide migration. These activities might be undertaken for a variety of
reasons. For this study, human activities that can disturb buried waste are
classified inte two major groups: excavation (including digging, drilling,
grading, and blasting) and agriculture.

Excavation. Excavation into radioactive waste burial grounds can release
significant quantities of radionuclides. Inadvertent excavation can occur in
cases where a Tack of knowledge of the buried wastes exists, or where infor-

mation concerning the iccation of the wastes is inaccurate.

The extent of radionuclide movement resulting from excavation depends
on the depth and extent of the excavation, waste characteristics, and the
time elapsed since waste placement {i.e., the radionuclide decay of the waste;.
Both administrative and physical measures can be used to reduce the potential
for radionuclide movement due to excavation. Possible administrative measures
include controlled use of the site, use of permanent trench-location markers,
or fencing of the site to provide exclusive access. Physical measures are
mainly centered on modification of the soil profile to increase the difficulty
of any excavation near the buried wastes (e.g., use of subsurface hard or

rock layers to deter excavation efforts).

Human excavation is judged to be an important release mechanism for any
decommissioned burial ground, including the two sites considered in this
study.
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Agriculture. Agricultural activities in a burial ground can cause radio-
nuclide migration in several ways. Field preparation and tiilage can bring
contaminated soil to the surface, providing for subsequeht transport by
erosion. The growing of crops in areas with subsurface contamination can
result in radicnuclide uptake by plant roots, thus introducing radicnuclides
into the food chain and also returning radionuclides to the ground surface
in crop residues. Irrigation of crops and surface tillage at burial sites
increases the percolation of moisture through the soil profile, thus hastening
radionuclide migration. Processing of contaminated agricultural products

leads to dispersion of radionuclides in 1iquid and gaseous effluents.

Control of radionuclide migration caused by agricultural activities can
be administrative or physical. Administrative controls can ban agricultural
activities at the site, or limit them to those with the lowest potential for
disruption of the buried waste. Possible physical controls include increasing
burial depth to reduce the potential for plant-root intrusion, placing bharriers
in the soil profile to exclude plant roots and 1imit percolation of water, and
modifying the ground surface to Timit or eliminate the agricultural potential
of the site.

The potential for radionuclide movement caused by agricultural activities
is judged to be significant, depending on the degree and type of agriculture
practiced in the burial ground areas. It is considered likely that adminis-
trative controls will be applied to deconmissioned burial grounds to reduce
this potential to an acceptable level.

F.1.1.5 Other Considerations

It is possible to postulate other considerations that could be of concern
at specific sites, depending on projected land use. For example, if land use
plans include reqgular human presence in the area, or human presence for
extended periods of time, cumulative radiation doses from buried waste might
become significant. In this case, measures to reduce radiation exposure to
these individuals would undoubtedly be instituted. In the case of unrestricted
land use, additional measures may be required to reduce the effects of

inadvertent damage caused by onsite human activities. Detailed evaluation



of these other considerations is beyond the scope of this study, however,

and they are not considered further.

F.1.2 Prospective Site/Waste Stabijization Techniques

Various stabilization techniques can be used to reduce the potential for
radionuclide migration from LLW burial grounds. Each stabilization technigue
is useful in providing control over certain release mechanisms, as shown in
Table 10.1-1 of Volume 1. Combinations of several stabilization techniques
can be used to provide various degrees of control over all potentiaily signi-
ficant release mechanisms for a given site. Several stabilization techniques
in combination can also be used to provide protection against an individual
release mechanism that has a high potential for initiating radionuclide migra-

tion from a site.

Interactions between stabilization techniques used in combinations can
change the effectiveness of an individual technique, either in a positive
or a negative way. These interactions must be taken into account when combi-

nations of techniques are used.

Each of the stabilization technigues considered in this study is summa-
rized in Section 10.1 of Volume 1 and is discussed here, in detail, to further
clarify what each technique involves (in terms of methods, materials and

[a])

site. The individual stabilization techniques are identified by code letters

costs , how each one works, and how each one might be applied to a given

that also appear in Tables 10.1-1, 10.2-1, and 10.2-2. These code letters are
used in Section 10 to identify combinations of techniques that go together

to form stabilization plans.

A. Subsurface Rock lLayer. A subsurface rock layer is a thick blanket of

rock or cobblestone that is placed in the soil profile over the buried wastes.
It is topped with a material to prevent soil from sifting down into the void
spaces between the rocks. The area is then backfilled with topsoil to cover
the rock layer and to provide a base for surface stabilization.

[aJCosts include material, equipment and labor, and are adjusted for 1978
dollars. Unless otherwise noted, costs are based on stabilization
of an average burial trench, as described in Section 7 of Volume 1.
Stabilization of larger areas will result in reduction of per-unit costs.
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The layer is composed of 40-mm or larger diameter rock or cobbles placed
to a thickness of 0.3 to 1.0 m. Plastic or other composite sheeting, layers
of progressively smaller gravel or rock chips, or a palymeric or asphaltic
sealer can be used to prevent topsoil from sifting down between the rocks.

At sites where the waste is covered by a minimum soil depth, the rock layer
can be laid directly on the surface with a minimum of preparation {leveling
and removal of vegetation and debris), and then covered with backfill hauled
o the site. At sites with thicker soil cover over the wastes, some of the
soil cover can be removed before placement of the barrier. This removed soil

is then available for use as backfill over the emplaced layer.

The rock Tayer provides a barrier to digging and burrowing anima]s,(w])
as well as a deterrent to human excavation, by creating a layer in the soil
profile that is much more difficult to penetrate than the surrounding earth.
The layer is effective in preventing damage from agricultural tillage and is
not damaged by ordinary agricultural activities when buried below the maximum
tillage depth. The barrier protects against penetration by plant roots,
because of the hostile environment presented to the roots by the vrocks in the
layer and the void spaces between them. The rock layer also provides a lower
1imit to ercsive action by presenting a relatively erosion-resistant surface
if uncovered, and thus can be used as a secondary erosion control. Increasing
the thickness of the layer generally increases its effectiveness against all
of these release agents.

The initial cost per trench is estimated to be $13,000 to $37,000,
depending on the thicknesses of the rock layer and the backfill, and based on
adjusted costs of $9.95/m3 for graded stone fill hauled & km and S3.5?/m3

(13) Mo maintenance of the Tayer is

for backfill hauled an average of 3.2 km.
assunied. It is anticipated that the layer will remain at least 75% effective
for a period of 80 to 200 years and will not need to be replaced during the
Tong-term care period following stabilization.

B. Subsurface Hard Layer. A layer of hard material can be placed in the

(14)

soil profile over the buried wastes, similar to the subsurface rock layer.



ihe area 1s then backfilled with topsoil to cover the layer and to provide a
base for surface stabilization. (The hard layer may also be placed on top of

a rock layer to form a combination barrier.)

The layer is composed of any of a variety of materials, including con-
(15) (16)

and other mineral or chemical materials. The thickness of the layer is

crete, asphalt, asphalt-soil, soil cement, bentonite or other clays,
dependent on the material or materials used, but is generally in the range of

20 to 200 mm. Soil can be removed from the surface of the burial ground

before the layer is emplaced or the layer can be laid directly on the prepared
surface. Care must be taken to compact the area to provide adequate support

for the hard layer, to prevent subsequent deterioration by settling and cracking.

The hard layer provides a physical barrier to digging and burrowing
animals, human excavation, and plant-root penetration by presenting a rela-
tively impenetrable layer in the soil profiie. In addition, it can provide
protection against subsidence, depending on the materials and methods used,
because of the structural strength of the emplaced barrier. A hard layer
also provides protection against hydrological release mechanisms, depending
on its placement with respect to the various water movements in and around
the wastes. Finally, the subsurface hard layer provides a lower 1imit to

erosive action, similar to the rock layer.

The initial cost per trench for a hard layer is estimated to be $8,600 to
$35,000. This is based on the estimated cost for similar Tayers on the sur-
face, with backfill added as described in item A above. The range of costs
represents a range of materials from soil cement or asphalt-soil to 0.1-m-

(17)

As with tne subsurface rock layer, no maintenance is assumed, and the layer

thick concrete, and the reference costs are adjusted for trench size.

will not need to be replaced during long-term care because of the anticipated
useful Tife of 80 to 200 years. A subsurface hard layer is more difficult to
construct than a subsurface rock layer, because of the tighter specifications

and standards required,

C. Subsurface Membrane. A thin membrane can be placed in the soil

profile over the buried wastes. The membrane can be placed on earth fil]



simiiar to the subsurface layers discussed previously or, if desired, it can
be placed directiy on top of and around waste containers. It is then covered
with topsoil to protect it and to provide a base for surface stabilization.

(18)

sheeting, or can be a thinly applied coating or injected layer of asphaltic,
(14)

The layer can be composed of plastic, rubber or other composite

polymeric, or other chemical material. Layers composed of sheeting are
emplaced in the same manner as the subsurface layers discussed previously.
Coatings are applied by spraying them directly onto the soil, where they set
up to form the membrane. For an injected membrane, the material is pumped
into the soil profile at the level desired, where it sets up to form the
tayer.

Depending on the materials used, the membrane presents a barrier to
animal burrowing and plant-root penetration and provides a iower 1imit to
erosive action, similar to the layers discussed previously. If the membrane
is of adequate strength, it reduces the incidence of "pothole" subsidence by
supporting the earth cover over small void areas and also by restricting the
flow of moisture that, in some cases, tends to increase subsidence. The
restriction of moisture flow provides protection against the hydrological
release agents by reducing moisture infiltration into the wastes.

Using costs estimated for a variety of synthetic polymer membranes,(Wg)

and adjusting for trench size and for a minimum soil cover of 0.5 m, the
initial cost of a subsurface membrane is estimated at $4,800 to $14,000 per
trench. No maintenance of the membrane is assumed, and its useful 1ife is
estimated to be 10 to 40 years, depending on the material used. Therefore,
it is anticipated that membrane replacement will be required during the Tong-

term care period.

D. Surface Rock Cover. A rock layer can be placed on the surface of a

burial site as a ground cover. The layer is compcsed of rocks or large
gravel. It is placed directly on the surface to a depth of 0.15 to 0.4 m(ZO)
after a minimum of ground surface preparation (leveling and removal of vegeta-
tion and debris). The surface of the rock is leveled to obtain a layer of

uniform specified depth.



The rock layer provides protection against erosive action by presenting
a relatively erosion-resistant surface.(ZI) Animal burrowing is restricted by
the difficulty of digging through the Iayer,(zz) and inadvertent human exca-
vation is also deterred. Agriculture is essentially eliminated by the rock

cover.

The initial cost per trench is estimated to be $3,000 to $8,100, depend-
ing on the thickness of the cover. This is based on an adjusted cost of
$7.40/m3 for gravel hauled 8 km to the site.(]3) Maintenance costs are
estimated to be $90 to %410 per trench per year, or 3 to 5% of the initial
cost, which is equivalent to a useful 1ife of 20 to 35 years with no main-
tenance. It 1is anticipated that, with proper maintenance, the useful 1ife of
the cover will be greater than 200 years and the cover will not be replaced

during the long-term care period.

E. Surface Hard Cover. A layer composed of a hard material can be
placed on the surface of a burial ground, similar to the surface rock cover,
to form a surface hard cover.(21) It can be constructed of asphalt, concrete,
paving blocks, or other suitable material. The thickness of the cover is
anticipated to be in the range 20 to 200 mm, depending on the material used,
the degree of structural strength desired, and other variables. The hard
surface cover is placed directly on the surface of the burial ground after
site preparation (clearing and leveling of the area and compaction to provide
adequate support for the layer). Provision is made for drainage of rain
water and snow melt from the surface. Conventional technigues for placement

of materials are used.

The hard surface cover provides protection against erosive action by
presenting a relatively erosion-resistant surface. If the construction is
of sufficient structural strength, voids created by subsidence are bridged by
the cover, reducing the impact of subsidence. The surface is unsuited to
plant growth, thus eliminating plant-root venetration and agricultural con-
cerns. The hard surface is aiso a deterrent to animal burrowing and to human
excavation. Infiltration of percolating water into the wastes is restricted
by the cover; this also reduces the potential for overflow seepage of trench

water. Groundwater infiltration into the wastes is only reduced where the



increased drainage due to the surface cover is sufficient to lower the local
water table; thus, control of groundwater intrusion is not attributed to this

stabilization technique.

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,

particulariy in preventing water percolation.

Using cost estimates for a range of materials from soil cement or asphalt-
{17}
cost per trench is estimated to be $3,700 to $25,000. Maintenance costs are
estimated to be $180 to 32,000 per trench per year (5 to 8% of initial cost),
equivalent to a useful 1ife of 12 to 20 years with no maintenance. It is

soil to 0.1-m-thick concrete and adjusting for trench size, the initial

anticipated that the useful 1ife of the cover will be 40 to 100 years with

proper maintenance, after which the cover is assumed to be replaced.

F. Capping Soil Properties Modification. The incorporation of various

sgil amendments into the capping soil in an LLW burial ground can modify the
properties of the capping scil. The type and amount of soil amendment used
varies with the existing soil properties, the properties of the amendment,

and the results desired.

Various soil amendments can be used to modify capping soil properties,
including clays, sand, gravel, chemicals, and organic materials. Soil tests
are made to determine the type and amount of the amendment needed to obtain
the desired capping soil properties. The area is prepared by leveling,
removing vegetation and debris, and tilling as necessary. Soil amendments
are spread over the area in the specified amounts and incorporated into the
soil by tilling. After the amendments are sufficiently mixed into the soil
the surface is graded, compacted, and contoured as desired. A surface cover

(vegetative or other) is then applied.

Modification of capping soil properties can be used to increase the
erosion resistance of the surface, increase water runoff from the site, and
reduce percolation and moisture retention in the soil. Erosion potential can

be decreased in several ways, including increasing cohesion between surface



soil particles and increasing soil-particle size. Since soil moisture plays an
important role in both frost heaving and mass wasting, the rate and extent

of damage caused by both is decreased by reducing moisture retention in the
soil. Reduction of water percolation and resulting overflow in the burial
ground is accomplished by reducing soil permeability and increasing drainage,
thus making less moisture available for these mechanisms. Modification of

soil properties is, in some cases, also effective in limiting or controlling

plant growth, reducing the extent of plant-root intrusion into buried wastes.

The initial cost for modifying capping soil properties is estimated to
be $3,400 to $13,000 per trench. This is based on the addition of a 0.1-m-
thick equivalent Tayer of soil conditioning material at 1 to 5 times the cost
of washed sand delivered 8 km at $9.10/m3.(]3)
depending on the transport distances involved. Tilling costs are estimated

Material costs will vary

to be equivalent to fine grading of a site, with three passes with a motor
grader, at $.35/m2.(23)
not estimated, as maintenance is anticipated to be performed only when site

Maintenance costs are anticipated to be low but are

surveillance indicates that it is necessary. The useful 1ife of this treat-
ment, with necessary maintenance, is expected to be greater than 200 years
and, thus, replacement is not required during long-term care. The appiication
of this technique is anticipated to be very straightforward and, consequently,
gquite easy.

G. Backfill and Compaction. Backfill can be added to the surface of a

burial ground and then compacted. The backfill used is generally selected to
provide a suitable base for subsequent surface stabilization. The fill
is spread on the area to the desired depth and is then compacted either by

[a]

or road roller), or by vibrating the earth with vibra-

packing the area using heavy rolling equipment (e.g., a sheepsfoot roller,

(b]

ting baseplate compactor to effectively shake the soil particles and waste

wobhbly-wheel roller,

materials into a more compact configuration. Both compaction methods can be
used in combination. In addition, other measures can be taken to aid in com-

paction, the most common being the use of water sprays to wet the soil to be

[a]A cylindrical steel drum to which knob-headed spikes are fastened.
[b]A roller with freely suspended pneumatic tires.
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compacted. Littie or no surface preparation is needed prior to compaction
and backfilling of an area, although removal of vegetation and debris is
desirable. Care must be taken during backfilling and compaction to avoid
disruption of waste materials that can result from the operation of heavy
equipment in unstable areas (i.e., areas where the weight of the equipment
may initiate further subsidence}, but this technique is generally easy to use.

Reference 24 provides a detailed treatment of fill compaction.

Backfilling and compaction can be used as a control measure against sub-
sidence. Compaction reduces the extent of subsidence caused by future set-
tling, and backfill returns the surface to its original level and contour.
Compaction probably also has some effects on plant growth and moisture perco-

tation, but these are likely to be temporary and are not considered here.

The initial cost for backfill and compaction is calculated to be $7,200
to $12,000 per trench, based on the following assumptions: 1) common borrow
is hauled 3 to 8 km to the site, 2) an average 0.5-m thickness of fill is
added, and 3) the fill is compacted with a sheepsfoot or wobbly-wheel
roller. The cost of obtaining and hauling the backfill is 53.57 to $5.27/m3
and the cost of compaction, allowing for one to two times the normal compaction
effort, is $1.67 to $3.33/m?. Maintenance costs during long-term care are not
estimated because maintenance will be performed only when necessary, as site
surveillance indicates. Assuming that necessary maintenance is performed, the

useful 1ife of this treatment is expected to be greater than 200 years.

H. Site Topography Adjustment. Site topography adjustment is the grading,

scraping, or other movement of surface soils to alter site contours.

Burial ground topography is adjusted using standard earthmoving and
surface contouring techniques. The only difference between contouring activi-
ties in a burial ground and standard contouring procedures is that extra care
must be exercised in burial ground sites to avoid disturbance of buried wastes,
which can result in the inadvertent release of radionuclide contamination.
After completion of a 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 radio-
nuclide migration. Topography is a factor in both wind and water erosion, and
adjustment therefore provides a method of reducing erosion damage. Topography
adjustment is a means of controlling runoff from rainfall and snow me1t,{25)
and therefore is useful in adjusting the hydrological parameters of a site.
Reduction of percolation also reduces frost heaving by reducing moisture
retention in the soil. Mass wasting is a function of soil moisture and surface

slope, and therefore can be controlled by topography adjustment.

Assuming that an average of 0.5 m® of soil is moved per square meter
of surface area, the initial cost per trench is estimated at 51,800 to $3,800,
depending on the equipment used. This is based on an adjusted cost of
$1.33 to $2.77/m® for site grading.(zs) Annual maintenance costs during long-
term care are anticipated to be 3 to 5% of the original cost, or $50 to $190
per trench. With proper maintenance, the useful life of this treatment is
anticipated to be greater than 200 years.

I. Increased Capping Thickness. This technique simply invoives adding
spil to the surface of a burial ground to increase the depth of the buried
wastes in the soil profile.

To increase capping thickness, additional backfill is applied to the
surface of a burial ground with little or no surface preparation. (The sur-
face may be cleared of vegetation and debris, depending on circumstances at
the site.) The backfill is hauled in, dumped, and graded to form a ltayer of
uniform specified depth. Standard earthmoving techniques are used. Compac-
tion of the added fi1] may be accomplished using the techniques described
above for Backfill and Compaction. The new surface can be graded to preserve
the original site contours, or new contours can be established. After the
operation is completed, the surface is revegetated or otherwise stabilized.

Increasing the capping thickness over buried wastes can be used to reduce
radionuclide migration due to biological (plant -and animal) action, subsidence,
frost heaving, and human activities. The extent of significant surface effects
resulting from subsidence is reduced by increasing the depth of fill. Subsur-

face voids may still collapse, but the increased volume of overburden provides
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more material to fill the voids. This reduces the incidence of surface rup-
tures, or breaches, that expose contamination or increase percoiation and
“erosion rates. Frost heaving in the waste is reduced as the depth of over-
burden increases, because the insulating effect of the backfill prevents
freezing below a certain depth. (This depth varies with minimum surface tem-
perature but is generally less than 1 m in the 48 contiguous United States.)
Penetration of the wastes by biological action {animal burrowing or plant-
root penetration) is reduced as the depth to the wastes increases. The
chance for inadvertent human disturbance of the wastes also decreases as the
depth increases.

The initial cost per trench for increasing capping thickness is estimated
ta be $4,900 to $7,200, based on common borrow hauled 3 to 8 km to the site
and spread to an average thickness of 0.5 m, with no compaction.(]3) The
treatment is assumed to be maintained as needed during Tong-term care, as
indicated by site surveillance, and so maintenance costs are not estimated.

A useful Yife of over 200 years is anticipated for this treatment.

J. Improved Capping Drainage. Capping drainage improvement refers to
the construction of an engineered drainage system in the capping soil of the
burial ground. This system routes runoff from incident precipitation away
from the burial trenches.

After a civil survey of the site and an analysis of the drainage require-
ments, a drainage system is designed and installed. Runoff from rain water
and snow melt is channeled away from the burial ground 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. Installation of the drainage system 1s accom-
plished using standard construction techniques.

Improvement of capping drainage reduces moisture percolation and any sub-

sequent buildup of seil moisture in the burial gr0und.(26’2?)

The hydrological
parameters of a site are altered by drainage: percolation of surface runoff
is reduced, the potential for overflow seepage is decreased, and the local

level of the water table can be reduced in areas where percolation significantly



influences the groundwater flow. Reduction of s0il moisture also reduces

frost heaving and mass wasting, as previously discussed.

Costs for capping drainage vary with the type and extent of the system
used, and range from $10/m for berms or small drainage ditches to $100/m

for narrow gravel-filled diversion trenches.(26)

Assuming that one ditch is
constructed along the side of each burial trench and another is lecated at
one end of the trench, the initia) cost for such a system is estimated to be
$1,700 to $17,000 for an average-size trench. Required annual maintenance is
anticipated to average about 5% of the initial cost, or $90 to $850 per trench
per year. The useful life of the system is anticipated to be over 200 years,

assuming regular maintenance.

K. Peripheral Drainage and Diversion. Peripheral drainage and diversion

is the interception and diversion of surface and/or ground waters either at
the site boundaries or cutside of the site. Ditches for drainage of surface
waters can be lined to prevent leakage if desired, but ditches used to inter-
cept ground water are not lined to allow the water to seep into the ditch.

As with improving capping drainage, a civil survey and subsequent analysis
are made to determine requirements. The resulting design is then constructed
using standard earthmoving techniques. The ditch banks are stabilized using
one of the surface stabilization techniques discussed in this section.

This technique alters peripheral water flows 'to veduce their effects in

(28)

reducing moisture percolation and resuiting overfiow. Ground water can also

the burial ground. Surface runoff is intercepted at the site boundaries,

be intercepted, reducing groundwater intrusion into the buried wastes.

The initial cost of a peripheral drainage system is estimated to be one
to five times that for the narrow gravel-filied diversion trenches as mentioned
in J above. Thus, the system is estimated to cost $100 to $500/m, depending
on the depth and width of the ditches required and upon the methods used to
stabilize the ditch banks. The cost is not calculated on a per trench basis,
as this is dependent on the layout of the burial ground in question. The
annual maintenance cost is estimated to be 5% of the initial cost, ar $5 to

$25/m of ditch length., With regular maintenance, the useful 1ife is
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anticipated to be more than 200 years. This treatment is slightly more diffi-
cult than improving capping drainage, primarily because of the larger volume
of earth to be moved and the increased need to stabilize ditch banks to pre-
vent serious erosion probiems.

L. Sump Pumping with Treatment. Sump pumping with treatment is a method

of collecting contaminated trench water and removing the radionuclides from
it.(29’30) Trench waters are collected in sumps located below the burial
trenches. The water is periodically pumped from the sumps into holding tanks
and is then treated (i.e., by evaporation, ion-exchange, filtration, etc.) to
remove dissolved or entrained radionuclides. After treatment, the water is

)

released. The collected radionuclides are solidified, packaged, and buried.(s]

Sumps for trench water collection, along with associated French drains
and standpipes, are described in Section 7.2.2 of Volume 1. If removal of
trench water is desired, submersible pumps are lowered into the standpipes
and connected to a piping system. Trench water is then pumped through the
piping system to the holding tanks. From the holding tanks, the water is
routed to the treatment plant for radionuclide recovery. The resultant wastes
are solidified and are either buried onsite or shipped to another facility
for disposal.

Pumping and treatment of trench water reduces the potential for radio-
nuclide migraticn via water pathways. Intruding ground water 1is removed from
the burial ground, as is percolation trapped by impermeable sediments. Reten-
tion time for trench water is reduced, thus reducing radionuclide leaching.
Trench water is not allowed to accumulate to the amount necessary for overflow.

Based on assessment of perpetual care and maintenance of the Maxey

(32) the initial cost per trench for this technique is estimated to

Flats site,
be $550 to S?,?OO.(a) (This cost estimate assumes that sumps already exist in
the burial trenches and includes only the costs of water removal and treatment.)
Annual maintenance costs and operating expenses are estimated at $110 to

$230(a) per trench per year. These costs assume onsite burial of the resultant

(a)A factor of 1.1 is used to adjust the reported costs to 1978 levels.
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solidified wastes; transportation of wastes to another site for burial would
result in increased operating expenses. The useful life of the system is
anticipated to be 30 years; thus the system requires replacement during the
long-term care period. |

M. Curtain Wall. A curtain wall is a vertical wall, or trench dam,(33)

constructed in the soil profile. The wall is constructed using any of a
variety of materials and is impervious to moisture flow.

Several methods are available for the construction of curtain walls.
One method consists of the injection of grouting material into the earth to

form an impervious wa]].(34)

Possible grouting materials include cement,
clays, asphalts, bitumens, silicates, lignochromes, lTignosulfates, epoxy
resins, acrylamide, polyester resins, polyphenolics, resorcinolformaldehyde,

(35) Another possible method is slurry-wall

and other chemical polymers.
construction, in which the wall material is slurried and introduced into a
trench where it settles out to form the wall. Clays are commonly used for

this type of wall. A third method involves the use of rigid prefabricated

wall sections {sheet pilings), which are driven into position by a pile-driver.
The sections are cgonstructed with mating edges to ensure a seal between

adjacent sections of the completed wall.

A curtain wall at the edge of a burial ground can be used to prevent
horizontal infiltration of water into the site, either by percolation or by

(35)

groundwater flow. It diverts water that would ordinarily infiltrate the

burial ground and thus reduces radicnuclide release from the burial ground.

The initial cost for a grouted curtain wall is reported to be about
$400/m? 1nsta11ed,(35) or up to $110,000 per trench for a complete curtain
around all four sides of an average trench. However, if applied to encompass
a complete burial ground, the cost per trench would be significantly Tess,
because each trench would not be completely surrounded by the curtain. HNo
maintenance of the curtain wall is assumed, and the useful life is estimated
to be 25 to 100 years, after which time it is assumed to be replaced.

N. MWaste Permeability Reduction. Waste permeability reduction refers

to the injection of suitable materials into the buried wastes to reduce the
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permeability of the waste-soil matrix. (This technique could be used simi-
Tarly to reduce the permeability of the trench cap.)

Waste permeability is reduced by injecting grout materials into the waste
and surrounding soil. Candidate materials are similar to those for the grouted
curtain wall, discussed previously. These materials are injected by pumping
through distribution pipes driven through the overburden into the buried
wastes. Injection technique details are described in Reference 34.

By reducing the permeability of the wastes, moisture infiltration is
minimized, resulting in a decrease in the leaching of radionuciides from the
waste. During the injection process, the pressurized materials also tend to
fill voids and compress or compact soft areas in the wastes, increasing the

strength of the waste-soil matrix and 1imiting future subsidence damage.(34’36)

Assuming 30% void space in the trench(3) and an installed cost of $70 to
$350/m3,(36) the initial cost for the technique is estimated to be $300,000
to $1.5 million per trench. A useful life of 25 to 100 years is anticipated,
assuming no reqular maintenance. Therefore, replacement is anticipated to
be required during the long-term care period.

0. Waste Leachability Reduction. Waste leachability reduction involves

the injection of suitable materials into the buried wastes to chemically and/or
physically bond the radionuclides into a relatively stable mass, thus reducing
Teaching. This technique is quite similar to waste permeability reduction,
discussed previously, and both leachability and permeability can be reduced in
cne operation, depending on the materials used.

Various chemical substances are commercially available to bond wastes
into a stable chemical-physical matrix. These materials could be injected
into the wastes, as described previously for waste permeability reduction,

to reduce waste leachability.

By reducing waste leachability, radicnuclide releases caused by hydro-
logical action are reduced by limiting or eliminating dissclution of the

radionuclides.
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The costs and useful life for this technique are estimated to be the same

as those for waste permeability reduction, described previously.

Ideally, the leachability of wastes should be reduced prior to burial.
However, in some cases, the need for remedial action may justify the high
cost of in-situ leachability reduction.

P. Retention Media Injection. This technique involves the injection of

suitable material into the soil surrounding the buried wastes to filter out,
adsorb, bond to, or otherwise retain radionuclides migrating through the
s0il.

Candidate materials for this technigue include any of a variety of sub-
stances that will retain or hold-up migrating radionuciides, including ion-
exchange materials, adsorption media, clays, etc. Methods of injection are
similar to those used for grouting, except that the material is injected into
the soil surrounding the wastes, rather than into the wastes themselves. The
long-term effectiveness of this technique 1s questionable because of the
channeling, bypassing, and material breakdown that are likely to occur with

time.

Retention media injection reduces radionuclide movement caused by hydro-
Togical action by recapturing migrating radionuclides and retaining them in
the soil surrounding the wastes.

To calculate costs for this technique, it is assumed that the burial
trench is surrounded on all four sides and below with a layer of soil 2 m
thick, with 20% void space filled with the injected retention media. Assuming
an installed cost $140 te $710/m?, or about twice that for waste permeability
reduction, the initial cost is estimated to be $220,000 to $1.1 miilion per
trench. Assuming a useful 1ife of 10 toc 40 years, based on no regular main-
tenance, the technique is anticipated to require replacement during long-term
care.

Q. Revegetation. Revegetation is the reestablishment of a vegetative
ground cover on a site whose surface has been disturbed. A variety of vege-

tation types and species can be used, depending on soil and ciimate conditions
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and also on the results desired. Shallow-rooted plants are preferred for LLW
burial ground revegetation to 1imit plant-root penetration into the wastes.

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. Then,
after the surface to be revegetated is graded or leveied as desired and cleared
of debris, the area is planted with selected vegetation species. Use of
fertilizers and soil amendments to improve soil texture and nutrient balance
is common, as is the use of mulches and/or chemical stabilizers to protect the
area until the vegetation becomes established. Mulches and, in some cases,

37)

chemical stabi]izers( aiso conserve moisture for plant growth at dry western

sites.

Several methods can be used to seed an area. A drill-type seeder of the
kind used to plant grain crops can be employed if the surface is relatively
smooth and slopes are gentle enough to allow safe equipment operation. Hydro-
seeding can be used with a variety of surface conditions. For this method,
the seed and other materials to be applied are mixed in a water-based siurry
and sprayed on the surface. All the materials used can be applied in one
pass or, as is more common, several passes can he made.

Revegetation can be used to control wind and water erosion of the ground

(38-40) It also affects the site moisture balance by reducing runoff

(41)

surface.
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 can disrupt over-
burden or stabilization materials, as described in Section F.1.1.3.

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.

For hydroseeding of large areas (larger than 40 hectares), costs (updated
to 1978) are reported to be $740 to $1,6?0/hectare.(42) This is equivalent
to $200 to $460 per trench, if a reasonable number of trenches are revegetated
at the same time. Piecemeal revegetation of individual trenches would
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probably be two to three times as expensive. Maintenance costs for a revege-
tated area are considered to be part of Vegetation Management {see below).

If properly maintained, the useful life of this treatment is anticipated to
be greater than 200 years.

R. Vegetation Management. Vegetation management is the maintenance of

a revegetated surface to ensure the continued viability of the vegetative com-
munity and to provide remedial measures for incidental problems.

Vegetation management includes a number of elements that can be used
separately or in various combinations, depending on the particular needs at
the site. A vegetation management program can also be altered with time to
correspond with changing needs.

A vegetation management program can include, but is not limited to, the
following elements: herbjcides, 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 undesirabie vegetation from the site; use of bacterial and/or
insect controls to 1imit the growth of undesirable species; and replanting of
areas damaged by erosion, pests, or human activities. Application of surface
controls is by established methods. Herbicides acting below the surface can
be applied at the same time as subsurface stabilization techniques are
performed or, in some cases, can be applied at the surface.

A vegetation management program can be used to reduce radicnuclide
releases caused by plant-root penetration into buried wastes. It is also
useful in reducing erosion and mass wasting by ensuring the continued effect-

iveness of site vegetation.

Mo initial cost is assumed for vegetation management. These annual acti-
vities are anticipated to cost approximately 103 of the initial cost of
revegetating an area, or %20 to $50 per trench per year.

S. Wind Breaks. Wind breaks {shelterbelts) are barriers that reduce

wind speed in the area of concern. They can take the form of vegetation

(e.g., trees, shrubs, or strip plantings) or can be physical barriers {e.g.,
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fences, walls, or s0il ridges). They are an estabiished soil-conservation

f
tool and can be used in combination with other stabilization techniques.‘43)

Wind breaks are planted or installed using standard techniques. They are
generally placed at right angles to the prevailing winds.

Wind breaks reduce site erosion by reducing the wind speed, thus reducing

d.(44)

the scouring acticen of the win However, vegetative barriers can result

in the penetraticon of plant or tree roots into the buried waste.

In establishing a shelterbelt, three parallel rows of trees are recom-
mended, with a different species in each row. Assuming a spacing of 2.5 to
4.0 m in the rows and an installed cost of §.36 per seedling, the initial
cost of a sheiterbelt is estimated to be $300 to $440/km. If irrigation is
required, as at the arid western site, the instalied cost of the shelterbelt
{including the irrigation system) would be one to two orders of magnitude
greater. The annual maintenance cost, without irrigation, is estimated to be
5% of the initial cost, or $15 to $22/km. The useful life of the shelterbelt
is estimated to be 50 to 100 years, after which is anticipated to require
replacement or revitalization. Physical barriers are generally more expensive
than shelterbelts; maintenance costs and useful life depend on the type of

construction.

F.2 QUALITY ASSURANCE

Planning for guality assurance {QA) is required from the earliest stages
of the decommissioning effort to assure that the QA regulations imposed on the
project are met. As each detailed procedure is developed during the planning
and preparation phase of site/waste stabilization, the QA portions are included.
Current regulations and guides applicable to the QA requirements and procedures
for decommissioning are given in Section 5 of Volume 1.

In this study, a QA engineer is assumed to handie all QA matters. He 1is
organizationally independent of the project staff, up to the highest possible

level of the decommissioning organization.



F.2.1 Methods Review

Whenever a new procedure is written, a documented peer review of the
procedure is held. The review ensures that the planning includes suitabie
controls for application to physics, radiation, safety, accident, security,
QA/QC, and environmental analyses. The controis may include other checks,
tests, and formal design reviews as necessary. 0Other aspects of the planning
that are reviewed are reliability criteria, the choice of test methods, and
the choice of methods or materials. The conservatism in margins of safety
for procedures, equipment, or structures also receives documented review.

F.2.2 Procurement Document Controtl

The project's suppliers, including fixed~price contractors, are selected
from a QA list of Qualified Suppliers. QA inspections of the vendor's plant
are performed as needed to place new firms on the qualified list.

Procurement Document Control is a QA procedure to verify that any QA
requirements for specified hardware, materials, or services are clearly and
accurately identified in procurement documents or purchase orders. This
includes references to applicable drawings, specifications, standards, codes,
regulations, required records, test data, certifications, and qualifications
of personnel or procedures. Special handling, shipping, or packaging require-
ments are also communicated to vendors. This control is applied to any
supplier of the specific devices and equipment vital to the project, such as
environmental monitoring equipment, safety and shielding devices, radiation
detection equipment, chemicals, and other materials,

Formal documentation of work instructions, procedures, and drawings and
of the sequence of action for preparation, review, approval, and control of
information is required. The people responsible for the sequence are clearly
identified. These procedures verify the proper completion of activities
or steps in the decommissioning process to ensure that vital services remain
intact and that the proper sequence of events is maintained. The latest
revisions of drawings, plans, and work instructions are reguired to be at the

work place, Also included are work instructions for vendors to review
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hardware for quantitative {dimensions, tolerances, or limits) and for quali-
tative (finish, workmanship) acceptability criteria. Changes in planning
receive the same levels of review and approval as original planning.

F.2.4 Document Contro]

Document control verifies that all essential documentation receives the
proper review, approval, release, change and distribution control. A pro-
cedure is used to purge the system of obsolete or erronecus information.

F.2.5 Identification and Control of Procured Items

A program of supplier surveillance or source inspection for vendors of
critical items is estabiished. {Also see Section F.2.7.) Records, such as
certification of conformance, are required from vendors to show they meet the
QA requirements. Inspection of purchased materials or items is performed upon
receipt of the items. Items must be sufficiently identified to allow proper
seiection for use, completion of processing, or segregation of nonconforming
items. The 1ife and required storage and use conditions of chemicals must be
clearly stated.

F.2.6 Special Procedures

Decommissioning may involve several tasks requiring new or unusual work
procedures. Special provisions are made to identify and control any unusual
procedures, using reviews, written procedures, and audits.

F.2.7 Inspection and Testing

A1l items produced for the project must be properly inspected or veri-
fied. Inspections in the vendor's plant may be necessary for some items.
Adequate inspection instructions are prepared, and inspection records are

prepared and retained.

Verification procedures ensure inspection of each essential operation,
as well.

F.2.8 Calibration

A1l measurements require the use of'properiy calibrated equipment. There-

fore, a system of calibration control is used to ensure the validity of
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instrument readings. The accuracy requirements and tolerances for the project
measurements are identified. Examples of equipment with calibration require-
ments include radiation monitoring devices, portable radiation detection

equipment, and environmental monitoring systems.
F.2.9 Shipping and Receiving

Special instructions are prepared for the handling, packaging, shipping,
receiving, storing, and marking of components and materials for the project.
Any radioactive shipments require written QA procedures for each package type,
specifying all steps in the package inspection, preparation, loading, and
closing. Signed checklists are used to record all shipments in or out, and

records are retained.
F.2.10 Operating Status

Sufficient identification procedures are used to prevent the inadvertent
gperation of systems temporarily or permanently removed from service.
Restricted use may be necessary for some systems (e.g., environmental monitor-

ing systems) during modifications.

F.2.11 Nonconformance and Corrective Action

A1l nonconforimances and resulting corrective actions are documented, and
the reports are retained as part of the project records.

An index of records and their required retention periods is maintained.
These records include operating logs, results of reviews, inspections,
training and qualifications of personnel, procedures, drawings, specifications,
criteria documents, procurement documents, shipping records, nonconformance
and corrective action reports, and audit reports. Complete records of dose

rate surveys are alsg maintained.
F.2.13 Quality Auditing

Regular audits are performed to verify that each of the QA procedures

is being followed. Examples include witnessing shipments, calibration audits,
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verification that the correct procedures are at all work locations, vendor
inspection, receiving and storage inspections, and audits for complete QA
procedures and record retention,
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APPENDIX G

WASTE RELOCATION DECOMMISSIONING ACTIVITY DETAILS

This appendix provides details to support the description of waste
relocation methods and procedures in Section 11 of Volume 1.

Alternative procedures for exhumation of highly activated reactor com-
ponents from a slit trench are described in Section G.1. Enclosure reguire-
ments and special equipment for the exhumation of transuranic-contaminated
(TRU) waste are described in Section G.2. Exhumation of the waste remaining
in a burial trench after selective removal of high-dose-rate and TRU waste
is described in Section G.3. Some requirements for packaging and shipping
radioactive wastes are summarized in Section G.4.

G.1 DETAILS OF SLIT TRENCH EXCAVATION ALTERNATIVES

Section 11.2 of Volume 1 describes alternative methods for excavation
of a sTit trench and exhumation of canisters containing highly activated
non-fyel-bearing LWR core internals. Because of the high radiation dose
rates associated with the packages being retrieved from the trench, all of
the excavation alternatives involve remote operations and assume instaliation
of sheet piling to 1imit excavation width and prevent trench wall cave-in.
Detajls of these excavation alternatives are given in this section. To assess
the impact of the use of sheet piling on decommissioning schedules and costs,
a non-piled exhumation is also examined in connection with one excavation
option {the polar crane option).

The section begins with a brief description of core drilling and sampling
procedures. Core drilling is used in connection with burial ground records
to precisely define the Timits of a proposed excavation and to characterize
the nature and condition of the wastes to be exhumed.

G.1.1 Core Drilling and Sampling Procedures

A Tight drilling rig is used to drill 0.1-m-diameter cores. A drilling
rate of about 20 Tinear meters per day is assumed.(T) Information needed
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to plan for an excavation is obtained from core drilling in two ways: 1) core
drilling provides a hole for insertion of a monitoring instrument probe to
measure radioactivity levels, and 2) selected core samples are analyzed for
radioactive contamination to determine the condition of the waste packages

and to ascertain the degree of radionuclide migration into the soil. To pro-
tect against a release of radicactivity to the environment when a core is
brought up, the driil is encircled with a donut of accordioned plastic sleeve.
The plastic is enclosed around a core as it is removed from the earth; the
plastic is then sealed at both ends.

G.1.2 Hydraulic Excavation

Hydraulic excavation is an established method of materials transport.(2’3)

In the mining industry it is used to excavate overburden from an ore face.

In dredging operations, the water/earth slurry is sucked up through hoses

to settiement basins or tanks. There, the heavier earth settles out and liquid
is drawn off for reuse.

The use of hydraulic methods for excavation of a slit trench is illustra-
ted in Figure G.1-1. After overburden removal and sheet piling installation,
a high-velocity stream of water is used to sluice out soil from the burial
trench. The loosened soil is removed from the work area in the form of a mud
or slurry. The sluicing head is specially designed for remote operation. It
consists of sluicing nozzles and a slurry-pickup pipe as shown in the figure.
The sluicing head is moved and positioned over the desired location, using
a crane. A television camera is used to visually monitor the sluicing operation.
Flexible hoses (0.1-m-diameter) supply the nozzles with the sluice stream and
retrieve the resultant slurry.

A 2300-2/min pump, capable of developing about 14 atm pressure, delivers
approximately 1500 &/min to the sluice nozzles. An automatic valve controlled
by a level-detecting conductivity probe is used to control the siuice and
slurry streams. A water-jet ejector is supplied with the remaining 800 #/min,
which serves as the motive fluid to eject the slurry stream. Assuming the
average sturry solids concentration to be 8%, the slurry flow rate is approx-
imately 1650 2/min and the excavation rate is approximately 5 m3/hr. Solids-
separation and clarification equipment is used to recover as much of the
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APPENDIX H

COST ASSESSMENT DETAILS

This appendix provides details for the decommissioning cost assessments
in Section 12 of Volume 1. Section H.1 gives the basic data used for making
cost estimates. Cost details for site/waste stabilization, long-term care,
and waste relocation are presented in Sectigns H.2, H.3, and M.4, respectively.

H.1 COMPILATION OF UNIT COST FACTORS

For ease in applying the information developed during this study to other
decommissioning situations, the basic data used for making the decommissicning
cost estimates are presented in this section. Categories for which basic cost
data are given include salaries, waste management costs, and costs of equip-
ment, materials, and services. All data are late 1977 or early 1978 costs.

H.7.1 Unit Manpower Costs

Salary data for typical decommissioning staff positions are given in
Table H.1-1. The original 1975 data base has been adjusted by a factor of
1.29 to account for cost escalation between 1975 and 1978, based on the

Handy-Whitman Index.(1)

H.1.2 Unit Waste Management Costs

Waste management costs include the costs of shipping containers, trans-
portation costs, and waste disposal charges.

H.1.2.1 Unit Shipping Container Costs

The cost of containers for packaging radicactive materials for disposal
is a major cost item for waste relocation. The containers assumed to be used
in this study, together with their unit costs, are listed in Table H.1-2.
Containers of TRU waste destined for deep geologic disposal are assumed to be
overpacked in a DOT-approved Type B container {e.g., a Super Tiger). To protect
transport workers and the public from radiation exposure during shipment of
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TABLE H.1-1. Unit Salaries for Decommissioning Staff

Source  __ Position _ __ Base Pay/Yr (3] Overhead Rate (%) Cost/Yr ($)
a Project Engineer 37 400 70 63 60D
d Health and Safety Superyisor 28 000 0 47 600
c Health Physics Technician 16 @00 50 25 200
d Security Force Supervisor 20 000 70 34 000
b Security Patrolman 14 200 50 21 300
d Contracts and Accounting Specialist 19 000 70 32 300
d 0J.A. Engineer 25 800 7C 43 800
a Pianning Engineer 25 800 70 43 800
a Operations Superyisor 25 BOO iU 432 BOO
t Foreman 21 900 50 37 900
d Secretary 13 500 50 20 Z00
b Laborer 17 300 50 25 %00
d Equipment Operator 21 400 50 32 900
d Truck Driver 17 366 50 25 400
d Drilling Foreman 24 800 70 42 100

a U.S. Department of Labor, Bureau of Labor Statistics, Bulletin, March 1975,

b R. 5. Means Company, Building Construction Cost Data - 1975,

¢ Hanford Atomic Metal Trades Council Pay Scales

d Author's estimate,
NOTE: Base salary data has been adjusted to January 1978 using the Handy-Whitman [ndex
of Public Utility Construction Costs, Pacific Region.

TABLE H.1-2. Unit Costs for Shipping Containers
Used in this Study

Estimated
Shipping Container Unit Cost ($)
P1ywood box 50/m?
1.2-m x 1.2-m x 1.8-m Steel Box 1 000 each
Super Tiger Rental 200 per day
Cask rental for high beta-gamma
activity waste 750 per day
Cask rental for intermediate
beta-gamma activity waste 350 per day
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waste packages with high surface dose rates, all of the waste exhumed from a
s1it trench and 2% of the waste exhumed from a burial trench is assumed to be
transported in massive steel and lead casks. Daily rental charges for the
Super Tiger and for shipping casks are included in Table H.1-2.

H.1.2.2 Unit Transportation Costs

Transport of radicactive waste materials from the decommissioned LLW
burial ground to another shallow-land burial ground or a deep geologic disposal
site is assumed to be by truck. The distance from the decommissioned burial
ground to an alternate disposal site is assumed to be 2400 km. A rate schedule
for truck shipments of legal size and weight is shown in Table H.1-3. This
table forms the basis for transportation costs used in this study. The table

(2)

is reproduced from the pubiished rates of a carrier licensed to transport

radioactive materials.

The gross vehicle weight (GVW) for normal shipments by truck is assumed
to be less than 20.47 MT. The maximum allowed GVW varies from state to state,
ranging from 30.21 MT to 45.36 MT, with the majority of states having Timits
in the vicinity of 33,17 MT. Overweight charges by states also vary widely.
For this study, the maximum aliowed GVW and the overweight charges for the
state of Washington are assumed to apply. These overweight charges are shown
in Table H.1-4. An additional surcharge of $0.126 per km is imposed by the
carrier for shipments with GYW greater than 20.41 MT. Shipments in excess
of 33.11 MT GVW require special equipment and special permission. Carrier
charges for these cases would have to be determined on a case-by-case basis.

For this study, the GVW of an unlpaded exclusive-use van or tractor-
trailer is assumed to be 12.70 MT. Therefore, the payload per shipment in an
exclusive-use van is 7.7]1 MT legal weight and 20.41 MT overweight. The empty
weight of a Super Tiger is 6.8 MT. Therefore, the payload per shipment for
wastes averpacked in a Super Tiger 1s 0.9 MT legal weight and 13.6 MT over-
weight.

To assure rapid turnaround on waste shipments requiring use of a Super
Tiger or cask, a second truck driver is assumed to be required, at an addi-
tional cost of $0.09 per kilometer.
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TABLE H.1-3. Transportation Rates for Legal-Size and -Weight
Shipments {effective April 1, 1978)

Ttem Mo. 3090- RS
Cancc'ls 3000_(;)[ J . SICTIC 1T MITS G C_") U-)_,i Y RATES

MOFAE QY I0DITY ®AUTS
O 0ITY : Radicactive Maste and Sonsitive tn-Radicactive Woste for DBurial
Purpcses Only and Doty Contairers tharefor roving to or From
points of loading, unlcading or ztorage
BETWETM: ALl points in the United States to the extent authorized as
pablishad in Soooz of Qoerations published hervein.
PATES IN CrTiE

One—viay ilicage | Colum | Colun Colum | Colum
(Not Over) 1 | 2 1 2
100 319 229 147 1049
125 293 212 141 107
150 269 | 196 137 104
175 T 244 g2 132 163 ‘"
200 212 1€5 128 109
225 ] 200 | 138 125 97 o
250 jaz 147 122 97
275 184 138 119 g7
300 175 132 117 97
325 “171 174 112 97
350 165 120 111 97
375 159 116 109 g7
200~ R I - A A 108 57 —
1009 & Bevond 165 g7
NOTES : - o

{1} Rates apply on legal size and welaght shiments only Quvernweight shigmoents
nct exceeding a gross vehicle weignt of §5,000 pounds shall bo subject to
an additional charce of $2.21 per nile in aiditicn to all other avzlicakle
charges. For rates on shiments exceadiyg 85,000 pounds gross vehicle
weight, sce Section II, Iwam 2000 Jumplication.

{2} Colum 1 rates apoly Lo oneway roves.

(3] Subject to restriction,Colizm 2 rates apnly only to continuous cxcursion
moves on one shivoer issuad bill-cf-ladjing in which a subseguant shiment
is made available to carrier within 24 bwours after arrival at point of
lcading or unleading. Cnly ore stop in transit allowed under Colirm 2
rates. RESTRICTIGN: Colum 2 rates will not apply in oonnectien vith

- shipnents moving under It 970 Application.

(4} Minimmm charge per trip to be computed on hasis of 100 one-way miles.

(5) PRates named in this itom not subject to Paragraph {3), Item 124G herein.

{6} On= way (Colum 1} roves between points in the states of Arizona,
California, Idaho, Oregon, and Ctah on the one hand, axd Beatty, Nevada
an the other shall be siviect to an arbitrary charge of $0.25 per mile,
in addition to all other amlicable charces,

{7} One Way {Colum 1) moves between poirts in the states of Idaho and
Oreqon, on the one hand, ard Hanford “orks, Yashington, on the other,
shall be subject to an arbitrary charae of $0.25 per mile, in addition to
all other applicable charges.

(8) Shipments made on shipmoer fumished trzilers will e subject to an
allovance of $0.03 oor mile. Suh allowoence will be ke=od on the nileaze
used in corputing the freight charges and will be made by daducting the
aount, of tha allowvance fl".]‘l tho freicht charces.

__Jli?. from Supolerent 12 a::i pfeective n.Jrll '>6, 1978.

For Explanation of Abbreviations and Feforence tarks, See ltem 820. J
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TABLE H.1-4. Additional Charges when Gross Shipment
Weight Exceeds 20.41 MT, Baiedb?n Rates

for the State of Washingtonid,
Weight (MT) Charge ($/km)
20.41 to 23.13 0.047
23.14 to 25.85 0.093
25.86 to 28.57 0.140
28.58 to 31.29 0.233
37.30 to 34.01 0.326
34.02 to 36.73 0.420
36.74 and over 0.513

(a)A flat charge of $5.00 is Jevied in
addition to the charges shown in the
table.

(b)From Reference 2.

H.1.2.3 Unit Waste Disposal Costs

Radioactive wastes generated during waste relocation cperations at an LLW
burial ground will be disposed of by interment at a deep geologic disposal site
or another shailow-land burial ground.

Since a facility for deep geologic disposal does not presently exist,
burial costs at such a facility can only be speculative. Based on deep
geologic disposal costs in Reference 3, unit costs of $2,100/m3 for burial
of low-level waste (waste that does not require shielding for transport or
handling), and $7,100/m3 for intermediate-level waste (waste that arrives in
a shielded container) are assumed for this study.

A basic cost of $168/m3 is assumed for disposal at a shallow-land burial
ground, based on a representative 1978 burial cost of $4.75/ft% at a commercial

burial ground.(a) Charges for handling casks and high surface-dose-rate
packages are added to this basic charge, as applicable. These additional

charges are shown in Table H.1-5.
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TABLE H.1-5. Schedule of Disposal Char?es
for Shallow-Land Burial(a

I - Disposal Charges for Non-TRU Material in
Steel Drums, Wood Boxes, or Liners

R/hr at Container Surface Charge ($/m3)
0.00 - 0.20 168
0.201 - 1.00 184
1.01 - 2.00 205
2.01 - 5.00 251
5.01 - 10.00 297

10.01 - 20.00 383
20.01 - 40.00 489
40.01 -~ 60.00 727
60.01 - 80.00 877
80.01 - 100.00 964

II - Disposal Charges for Non-Tru Material in
Disposable Liners Removed from Shield

R/hr at Container Surface Surcharge per Liner {$%) Disposal Charge (§/m?3)

0.00 - 0.20 No Charge 168
0.201 - 1.00 65 168
1.0 - 2.00 160 168
2.01 - 5.00 225 168
5.0 - 10.00 325 168
10.01 - 20.00 415 168
20,01 - 40.00 515 168
40.01 - 8£0.00 610 168
60.01 - 80.00 705 168
80.01 - 100.00 800 168

ITI - Cask Handling Fee: $250 each

{a})From Reference 4.

H-6



H.1.3 Unit Costs of Equipment, Materials, and Supplies

The various types of equipment, materials, and supplies used in decom-
missioning an LLW burial ground are described in Sections 10 and 11 of
Volume 1. Estimated unit costs for these items are given here,

Decommissioning is assumed to be performed by a contractor hired by the
site operator. Unit charges for equipment owned by the decommissioning con-
tractor are shown in Table H,1-6. The monthly charges shown in the table are
calculated on the basis of 6% of the capital cost of the equipment and include
allowances for equipment depreciation, maintenance and operating expenses
{e.qg., fuel, lubrication, etc.), the cost of decontamination following use,
and return on investment. These costs do not include the operator's wage,
Weekly charges are calculated to be approximately one-third of the monthly

charges.

Unit costs for materials and expendable equipment required for decommis-
sioning are shown in Table H.1-7.

H.1.4 Uunit Costs of Environmental Services

An environmental monitoring program is required during waste relocation,
stabilization, or Tong-term care of an LLW burial ground, as described in
Section 9 of Volume 1. Estimated unit costs for the various environmental
analyses required are given in Table H.1-8. These costs are based on prices
currently charged for such analyses by a typical testing laboratory, and are
adjusted for the size of the sampling program {(i.e., the number of samples
submitted per period).

H.2 COST ASSESSMENT DETAILS FOR STABILIZATION

The six stabilization plans considered in this study are described in
Sections 10.3 and 10.4 of Volume 1. This section provides amplifying details

on manpower and equipment requirements and costs for site stabilization,

H.2.1 Stabilization Activity Details and Assumptions

Details and assumptions for the various stabilization activities that
are incorporated into the six stabilization plans are presented below. These



TABLE H.1-6. Unit Charges for Contractor Equipment(a)

Estimated Estimated

Cost per Cost per

Item Week (%) Month ($)

Tractor, farm-type 400 ] 225
Tractor, dozer 1 100 3 200
Scraper, self-propelled, 20 m3 capacity 1 625 5 000
Grader, self-propeiled 600 1 850
Front-loader, 2 m3 capacity 200 2 750
Roller, sheepsfoot, self-propelled 1 000 3 000
Roiler, tandem-drum, self-propelled 350 1 050
Soil stabilizer, self-propeiled, horizontal drum 4 000 12 000
Truck, 10 m? capacity dump 530 1 600
Truck, tanker 1 250 3 750
Truck, tanker-sprayer 1 500 4 500
Hydroseeder, self-propelied 2 000 6 000
Truck, off-highway, 20 m® capacity dump 1 250 3 750
Brush-hog chepper, tractor-drawn 180 540
Sprayer, tractor-drawn 110 330
Disc-harrow, Lractor-drawn 150 450
Seeder, tractor-drawn 200 600
Mower, tractor-drawn 200 600
Compactor, vibratory, hand-operated 80 240
Backhoe, 2 m3 capacity 1 950 5 800
Backhoe, 1/2 m® capacity T 000 3 000
Lift-truck, 10 MT capacity 350 1 000
Crane, boom-type, 10 MT capacity 1 000 3 000
Crane, boom-type, 50 MT capacity 1 500 4 500
Crane, gantry with clamshell 2 000 6 000
Pile hammer 1 100 3 300
Pile extractor 400 1 200
Pile driver leads 150 450
Welder, 250 amp 70 200
Air compressor, 3 m3/min 80 250
Air compressor, 10 m3/min 200 600
Electric Generator, 25 kw 270 800
Center Sections-Guides 75 225
Make-Up Tank 100 300
Contaminated Earth Bin 350 1 600
TV Monitor 200 600
Mobile Robot 3 000 S 000

{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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TABLE H.T1-7. Unit Costs for Materials and Expendable Equipment

Estimated
Unit Cost
Item (§ thousands)

Herbicide, per ha coverage 0.25
Backfill (topsoil) per 1 000 m3(a) (a) 2.00
Backfill (common borrow), per 1 000 m3'2 1.25
Seed, per metric ton 4.40
Fertilizer, per metric ton 0.22
Straw, per 1 000 bales 1.50
Chemical soil stabilizer, per 1 000 liters 0,26
PYC pipe, 0.15 m dia, per 1 000 m 6.56
PVC pipe connectors, 0.15 m dja, per 1 Q00 4.00
Stone, graded, per 1 000 m3(a) 3.00
Gravel, graded, per 1 000 m3(a) 3.50
Clay, per 1 000 m3 10.00
Asphalt emulsion, per 1 000 liters 0.18
Plastic bubble suit 0.05
Anti-contamination clothing (per person per week) 0.05
Scott air pack 0.84
Steel paltet 0.20
HYAC/HEPA air filtration unit 25.00
Bin, for contaminated earth 15.00
Steel building with facilities (12 x 18 x 6 m} 200.00
Air support weather shield 325,00
Robot with TV 150.00
Clamshell and hooks 2.00
Sheet piling, per 1 000 m?2 80.00
Wales/Cross-supports, per metric ton 1.00
Pump 20.00
Dredge/suction eauipment 25.00
Make-up tank 5.00
Storage shed (3 x 5 x 2.5 m ) 2.00
Chain-1ink fencing, 1.8 m wide, per 100 m 2.00

(a}Cost given does not include delivery to site.
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TABLE H,1-8.

Postulated Unit Costs of Environmental Sample Analyses

Estimated Required Cost/Analysis
Sample Type Type of Analysis Detection Limits  Sample Size ($)
Water Tritium 500 pCi/e 500 me 60
Total Alpha 1.0 pCi/2 250 mg 30
Total Beta (a) 2.1 pCi/sa 500 m2 20
Gamma Spectrum: 35
60Co 1D pCi/L 1%
134 (g 15 pCi/e 12
137Cs 8 pCi/a 12
Soil Total Alpha 2.3 pCi/g 1g 30
Total Beta (b) 1.0 pCi/g 29 20
Gamma Spectrum: 65
60Cq 0.22 pCi/g 500 g {dried)
134(Cg 0.2% pCi/g 500 g (dried)
137¢s 0.22 pCi/qg 500 g {dried)
Vegetation Total Alpha 2.3 pCi/g 1 g (dried) 30
Total Beta (a) 1.0 pCi/g 2 g (dried) 20
Gamma Spectrum:‘\? 35
60Co 0.56 pCi/g 200 g (dried)
134(Cg 0.53 pCi/g 200 g (dried)
137Cs 0.54 pCi/g 200 g (dried)
Small Mammal  Gamma Spectrum:(a) 35
60Co 0.18 pCi/g 50 g
134Cg 0.29 pCi/g 50 g
137Cs 0.14 pCi/g 50 g
Air Samples Total Alpha 0.001 pCi/md 300 m?3 30
Total Beta (a) 0.050 pCi/m3 300 m3 20
Gamma Spectrum: 35
60Co 0.035 pCi/m3 300 m3
134¢cs 0.050 pCi/m3 300 m3
137Cs 0.030 pCi/m3 300 m3
Direct Radi-
ation Dosi-
meter External Dose - -- 10
(a)Gamma scan using sodium iodide (Nal) crystal detector.
(b)Gamma scan using lithium-drifted germanium diode (GelLi) detector.



details form the bases for the manpower cost estimates presented in
Section H.2.2 and the eguipment and material cost estimates presented in
Section H.2.3.

Repair of Damaged Areas

This activity is part of the minimal plans for the western and eastern
sites.

Areas damaged by subsidence or erosion are backfilled and compacted. At
the western site it is assumed that about 5% of the actual surface area of
the burial trenches, or 2 ha, requires an average of 0.3 m of added fill. At
the eastern site the damaged area is assumed to be 25% greater than it is
at the western site. Dump trucks (10-m3-capacity) are used to haul the back-
fill to the site, with each truck delivering about 160 m3? per day. The fill
is spread by bulldozers at a rate of 720 m® per day, and is then compacted
by laborers with vibratory compactors. The work is supervised by a foreman
and requires 4 weeks to complete (5 weeks at the eastern site).

An additional activity at the eastern site is the cleaning of site drain-
age systems. These systems are assumed to be cleaned manually by laborers,
with assistance from a front-end loader. A foreman, an equipment operator,
and four laborers are allowed for this work, which is assumed to require
2 weeks to complete.

Site Preparation

This activity is part of the madest and compiex plans at both the western
and eastern sites,

Site vegetation is chopped with a brush-hog, after which the site is
sprayed with herbicide to kill the roots. The tota?l area to be covered is
51.8 ha. ({This includes the area of all of the trenches plus 3-m-wide borders
between and arcund the trenches.) The brush-hog covers 5.3 ha per day, requiring
2 weeks to cover the entire area, and the sprayer covers 19.6 ha per day,
requiring 1 week. Tractors (farm-type) are required to pull the equipment,
and a laborer is required to assist the equipment operator during the week
of spraying. A foreman supervises the work, which requires 3 weeks to complete.
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Soft areas that may subside under equipment traffic are backfilled and
compacted. It is assumed that about 5% of the actual surface area of the
burial trenches, or 2 ha, requires an average of 0.3 m of added fill. Dump
trucks (10-m3-capacity) are used to haul the backfill to the site, with each
truck delivering about 160 m3 per day. The fill is spread by bulldozers at a
rate of 720 m? per day, and is then compacted by laborers with vibratory com-
pactors at a rate of 57.5 m3 per day per laborer. The work is supervised by a
foreman and requires 4 weeks to complete,

A civil survey of the 51.8 ha area is performed by three-man crews (one
foreman and two laborers). Each crew can survey 0.8 ha per day.

The wells on the site are extended to allow for the capping thickness
increase., For the modest plan at the western site, each well is assumed to
require 0.75 m of PVC pipe and one connector. For the other stabilization
plans, 1.5 m of PVC pipe is required because of the greater increase in cap-
ping thickness (soil plus rock- or hard-layer) for these plans. Two laborers,
working together, complete one well in one-half hour. A foreman supervises
four Taborers, and the work is completed in 4 weeks.

For the complex plan at the eastern site the civil survey must inc¢lude
the peripheral drainage/diversion ditches. Thus, 60.3 ha require survey,
resulting in an increase in the cost of this activity.

In addition, for the complex plan at the eastern site, the site surface
must be contoured to provide a base for the hard layer. Bulldozers are used
for this. An average of 0.1 m of soil over the surface of the trench area
(51.8 ha) is assumed tc be moved, totalling 51,800 m3. Each bulldozer moves
an estimated 300 m3 per day. A foreman is required to supervise the work, and
a laborer is provided to assist the equipment operators.

Capping Thickness Increase

This activity is part of all of the plans for both the western and
eastern sites. For the minimal plans, an increase in capping thickness is
required for the nine trenches filled during the final 18 months of site
operation. For the modest and complex plans, an increase in capping thickness
is required for the entire burial grounds. The description that follows per-
tains to this latter case.



The 51.8 ha area is covered with an average thickness of 0.6 m of fill,
requiring a total of 311,000 m3. Self-propelied scrapers (20-m3-capacity) are
used to haul the material to the site, with each scraper delivering about
300 m3 per day. One laborer is provided to assist every four equipment operators.

After the backfill is in place, it is graded to the specified contours with
three passes of a grader. Each grader covers 1,340 m? per day. One laborer is
provided to assist every two equipment gperators. A foreman supervises the
hauling and grading work, which is completed in 21 weeks.

Three-man survey crews check the completed work at a rate of 4 ha per day.

A portion of the fill (173,000 m3) required for the complex plan at the
eastern site is provided by digging the peripheral drainage/diversion ditches
required for that plan.

Rock Layer Emplacement

This activity is part of the complex plan for the western site.

The 51.8 ha area is covered with an average 0.6-m thickness of rock,
requiring a total of 311,00 m3. Front-end loaders (2-m3-capacity) load about
600 m3 per day each into off-highway dump trucks (20-m3-capacity}. Each truck
delivers about 300 m® of rock to the site each day. Four laborers are provided
to assist the loading and dumping, which requires 20 weeks to complete.

The rocks are leveled by grading with bulldozers. Each bulldozer is assumed
to cover about 0.3 ha per day. A foreman supervises the rock layer emplacement,
which requires 21 weeks to complete.

After the layer is in place, survey crews check the completed work at a
rate of 4 ha per day.

Rock Layer Hard-Topping

This activity is part of the complex plan for the western site.

The rock layer is covered with a gravel layer 0.1 m thick, requiring a
total of 51,800 m3. Front-end loaders are used to load the gravel into dump
trucks (10-m3-capacity). Each truck delivers about 160 m3 to the site per
day. One laborer is provided to assist in the loading,
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The gravel is leveled with two passes of a grader. Each grader covers
2,000 m? per day. A laborer is provided to assist with the dumping and grad-
ing at the site. A foreman supervises the placement of the gravel, which
requires 21 weeks to complete,

The gravel is sprayed with asphalt emulsion at an assumed rate of 20 2/m?
to form a hard layer. A tanker truck equipped with spray-bars is used and is
assumed to cover 5.2 ha per day. Three laborers are provided to assist with
loading and mixing the asphalt, and a foreman supervises the operation.

Capping Drainage Improvement

This activity is part of the modest plan for the eastern site.

Drainage ditches are dug and the surface recontoured where necessary to
improve capping drainage. Bulldozers are used to move about 51,800 m3 of soil
{an average of 0.7-m soil depth over the entire surface). Each bulldozer moves
an estimated 300 m?® per day. One laborer is provided to assist the two equip-
ment operators. A foreman is required for 20 weeks to supervise the work.

Three-man survey crews check the completed work at a rate of 4 ha per day.

Capping Soil Properties Modification

This activity is part of the modest plan for the eastern site.

A layer of clay assumed to be 0.1 m thick is spread on the surface of the
backfill and mixed with the soil. Dump trucks (10-m3-capacity) are used to
haul the clay to the site., Each truck delivers about 160 m3 per day. The clay
is spread by a bulldozer at the rate of 650 m3 per day. The clay is mixed into
the soil with a disc-harrow, which covers about 6 ha/day. A laborer is pro-
vided to assist in the work.

The soil is compacted with self~propelled sheepsfoot rollers, each of
which covers 1,200 m? per day. Two laborers are provided to assist the equip-
ment operators, and a foreman supervises the work. A total of 20 weeks is
required for spreading and mixing the clay and compacting the sail.

The area is then fine graded and the work checked by survey craws.



Hard Layer Emplacement

This activity is part of the complex plan for the eastern site.

To provide a stable base for emplacement of the hard layer, the surface
is compacted using road rollers. Each roller covers 1,340 m? per day. Two
laborers are provided to assist the equipment operators.

An asphalt-soil layer is then laid on the surface., A self-propelled soil
stabilizer, covering 0.55 ha per day, is used. The asphalt is applied at an
assumed rate of 20 &/m, and is supplied from a tanker truck. Two laborers
assist in the work.

After the laver is 1aid down, the area is again compacted as described
above. A foreman supervises the emplacement of the layer, which requires
22 weeks to complete.

Peripheral Drainage/Diversion

This activity is part of the complex plan for the eastern site.

Drainage/diversion ditches {20 m wide at the top, 5 m wide at the bottom,
and 7.5 m deep) are dug around the site perimeter. Se)lf-propelled scrapers
(20-m3-capacity) are used, with each scraper removing about 475 m3 per day.
The top 3 m of soil, or 173,000 m?, are assumed to be topsoil and are spread
on the hard layer as part of the capping thickness increase for the eastern
site. The remaining 145,000 m3 of subsoil are removed from the site. One
laborer is provided to assist every three eguipment operators, and a foreman
supervises the work, which requires 20 weeks. Three-man survey crews check
the work. The ditches are then revegetated. One week is required for revege-
tation.

Preparations for Sump Pumping

This activity is part of the complex plan for the eastern site.

To prepare for possible pumping of trench water during long-term care,
the wells on the site are checked to ensure that they are in a useable condition.
It is assumed that 5% of the wells will require repairs or redrilling. A
Tight-duty drill rig is used for this activity, which also requires 27D m of
0.15-m-diameter PVC pipe. Four laborers, under the direction of a foreman,
are required for this work.
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The water treatment system is also serviced to ensure that it will per-
form satisfactorily when and if needed. Servicing this system is estimated
to require $2,500 in miscellaneous equipment and $500 in materials.

Preparations for sump pumping and water treatment are estimated to
require 8 weeks for completion,

Revegetation

This activity is part of all of the plans at both the western and eastern
sites.

The area to be revegetated is hydroseeded at a rate of 3.25 ha per day.
A foreman, an equipment operator, two truck drivers, and two Taborers are
required. Equipment reguired includes the hydroseeder and two trucks {one
dump truck and one tanker). Materials are applied at the following rates:
1) seed - 22.5 kg/ha, 2} fertilizer - 90 ka/ha, 3} straw - 150 bales/ha,
and 4) chemical soil stabilizer - 3,740 ¢/ha. This activity is assumed to
take 3.5 weeks to complete,

Vegetation Management

~ This activity is part of all the plans at both the western and eastern
sites.

Vegetation management is limited to repair of areas disturbed during
other site stabilization activities. One-half week is assumed for this activity,
using the same procedures and assumptions as for revegetation.

H.2.2 Manpower Details for Stabilization

Manpower requirements for site stabilization are summarized in
Section 12.1.1 of Volume 1, and the organizational chart for the decommissioning
work force is presented in Figure 12.1-1. For this study, the decommissioning
staff is categorized into two broad groups: 1) support staff, and 2) decommis-
sioning workers. The requirements for these two manpower groups are discussed
below.



H.2.2.1 Support Staff Manpower Requirements

Summaries of the functions performed by key individuals in the decommis-
sioning support staff are presented in Section 12.1.1. Additional descriptive
information about the staff-member functions is presented here,

Project Engineer. This person is responsible for planning, coordinating,

and carrying out the stabilization activities in a safe and expeditious manner,
He provides engineering services and detailed procedures necessary to implement
the decommissioning plan. He is responsible for the preparation of all routine
and special reports, and he compiles a chronological history ¢f the entire

site stabilization project. He provides necessary liaison with the site opera-
tor, with appropriate government requlatory agencies, and with the agency
responsible for long-term care of the site.

Health and Safety Supervisor. This person is responsible for recommend-

ing policy in matters of radiclogical and industrial safety and for enfaorcing
these policies when they are approved. He establishes and implements radio-
Togical safety, industrial safety, and emergency preparedness programs.

Security Force Supervisor. This person is responsible for all site security

matters. He supervises the decommissioning security force in protecting the
facility and equipment against unauthorized entry or use,

Contracts and Accounting Specialist. This person prepares and expedites

procurement orders and purchase requisitions for special tools, equipment, and
matertals required for stabilization. He maintains a complete record of all
tosts incurred during the project. He disburses funds with the approval of
the project engineer and the site manager.

Quality Assurance Engineer. This perscn prepares the stabilization

quality assurance plan and works with the project engineer to implement the
quality assurance program. He reports directly to the site manager in guality
assurance matters., He monitors the performance of stabilization crews and
equipment and material suppliers and provides other QA functions as outlined
in Section F.2.



Planning Engineer. This person provides planning and scheduling

services to the project engineer. He monitors the performance of stabiliza-
tion activities to ensure adherence to schedule and, where necessary, recom-
mends schedule changes to hasten work completion or to allow for unforeseen
work difficulties.

Operations Supervisor. This person develops detailed working pro-

cedures and supervises the performance of all stabilization activities. He
writes specifications for special equipment and tools that must be procured
or fabricated to carry out the stabilization project, and he prepares routine
and special reports as requested by the project engineer.

The support staff manpower requirements for each of the six stabiliza-
tion plans considered in this study, together with the associated costs, are
shown in Table H.2-1. These manpower requirements include those during the
planning and preparation phase as well as those during the actual site stabili-
zation periods.

H.2.2.2 Decommissioning Worker Manpower Requirements

Estimates of the number of decommissioning worker man-weeks required to
perform the burial ground stabilization, together with the associated manpower
costs, are shown in Table H.Z-2 for each of the six stabilization plans con-
sidered in this study. This table is based on stabilization activity descrip-
tions in Sections 10.3, 10.4, and H.2.1, and on salary data from Table H.1-1.

H.2.3 Equipment and Material Details for Stabilization

Table H.2-3 gives details of equipment and material requirements and costs
for the three stabilization plans for the western site. Table H.2-4 gives
details of equipment and material requirements and costs for the three stabili-
zation plans for the eastern site. The data in these tables are based on
stabilization activity descriptions in Sections 1.3, 10.4 and H.2.1, and on
unit cost data from Tables H.1-6 and H.1-7.

H.3 COST DETAILS FDR LDNG-TERM CARE

This section provides ampiifying details on manpower requirements for
Tong-term care, and on long-term care maintenance requirements.



TABLE H.2-1. Estimated Support Staff Manpower Requirements for
Burial Ground Stabilization

Arid Western Site . Humid fastern Site
- n-Years T Man-Vears
Flanning and Stabil- Flanning and Stabii-
Title o . Preparation ization s Cost (a,b) Preparation i2ation Cost {a,b)
r Function . Phase _Phase  Tota) {$ thousands) ___ Phase Phase Total {3 thousands)

Mimima)l Stabilization Plans
Project Engineer 1.00 0.19 1.19 757 1.00 0.21 1.21 7.0
Health and Safety Superyisor -- 0.1% (.19 9.0 -~ 0.21 0.21 10.0
Health Physics Technician -- 0.3 .38 9.6 -~ 0.4z 0.42 0.6
Security Force Supervisor -- 0.19 0,14 .5 -- 0.1 0.1 T
Security Force Fatrolman -- 0.7& 0.76 6.2 -- 0.64 0.84 17.%
Contracts and Accounting Specialist - 049 0.9 R - 0.21 0.21 6.8
Q. A. Engineer 0.50 0.19 .69 0.2 .50 0.21 0.71 na
Planning Engineer 1.00 0.19 1.19 52.1 t.00 a2 1.21 53.0
Operations Supervisor -- 0.19 n.14 g.3 -- 0.21 a2 9.2
Secretary 1.00 0.1 119 240 1.00 0. 2 244
Totals 6.16 237.7 6.44 247.1

Modest Stabilization Plans
Project Engineer 1.50 0.56 2.08 1.0 1.50 g.85 2.1% 136.7
Health and Safety Supervisor 050 .56 1.06 50,5 .50 0.65 1.15 54.7
Health Physics Technician .~ 1.2 1.12 8.2 - 1.30 1.30 3z2.8
Security Force Supervisor .- 0.56 0.56 18.0 -- 0.6% 0.6% 22.1
Security Forge Patrolman .- z.24 z.24 3.7 - 2.50 2.60 85.4
Contracts and Accounting Specialist 0.50 0.58 1.06 34.2 0.50 0.85 1.15 37.2
G. A. Engineer 1.00 {1.56 1.56 68.3 1.00 0.65 1.65 12.3
Planning Engineer 1.50 0.56 Z.06 0.2 1.50 0.65 2.18 94.2
Operations Supervisor 0.50 .5 1.06 a6 .4 Q.50 .65 1.15 50.4
Secretary 1.80 n.es 2.3 473 1.50 0.98  2.48 _50.1
Totals 1512 562.8 16.43 605.9

Complex Stabilization Plans
Project Engineer 1.50 0.67 2.17 138.0 1.50 0.69 2.19 139.3
Health and Safety Supervisor 0.50 0.67 1.17 55%.7 0.50 0.69 1.1¢ 56.6
Health Physics Technigian -- 1.35 1.35 33.0 ~- 1.38 1.38 4.8
Secyrity Force Supervisor - 0.67 0.67 2.8 -- 1.69 0.69 23.5
Security Force Patrolman -- 2.70 2. 57.5 .- .76 2.78 58.8
Contracts and Accounting Specialist 0.50 0.67 1.17 7.8 0,50 0.65 1.19 38.4
0. A. Engineer 1.00 0.87 1.67 73.2 1.00 0.69 1.69 74.0
Planning Engineer 1.50 0.67 2.4 95.0 1.50 0.69 2.19 95.9
Ooerations Supervisor 0.50 0.67 1.17 51.2 Q.50 0.€9 1.19 521
Secretary 1.50 1.0 2.51 _50.7 1.50 .04 7.54 5.3
Totals 16.75 615.9 17.M 624.7

{a}Number of figures shown is for computationa) accuracy and does not imply precision to the nearast hundred dollars.
(b)Contingency of 25% is not included with these costs.



TABLE H.2-2. Estimated Decommissioning Worker Manpower
Requirements for Burial Ground Stabiljzation

Fstimated Man-Weeks !

Eaquipment  Truck Cost
Stabilization Activity Foreman Operator Driver Laborer Total j§_thousands}ﬁa’b}
Minimal Stabilization Plan for Western Site:
Site Inspectian 0.5 -—— --- 0.5 1 0.6
Stabilization of Final Trenches 4 16 - 4 2 14.6
Damaged Area Repair 4 4 8 32 a8 ?25.0
Revegetation/Vegetation Management 1 i 2 Z 6 3.3
Totals 79 43,5
Modest Stabilization PTan for Western Site:
Site Preparation 14 7 8 65 93 52.8
Capping Thickness Increase 24 273 --- 69 366 222.3
Revegetation/Vegetation Management 4 3 8 8 _24 134
Totals 489 2688 .1
CompTex Stabilization Plan for Hestern Site:
Site Preparation 15 7 8 65 29 52.8
Rock Layer Emplacement 24 142 200 86 452 247.5
Rock Layer Hard-topping 23 145 42 48 258 1811
Capping Thickness Increase 24 273 --- B9 366 222.3
Revegetation/Vegetation Management 4 a 8 8 24 _i3.0
Totals 1 199 686.7
Minimal Stabilization Plan for Eastern Site:
Site Inspection 0.5 --- - t.% 1 0.6
Stabilization of Final Trenches 4 16 —-- 4 24 14.6
Damaged Area Repair 7 7 10 48 72 37.8
Revegetation/Vegetation Management 1 1 4 2 _ 6 33
Totals 103 £6.3
Modest Stabilization Pian for Eastern 3ite:
Site Preparation 20 11 10 g1 121 64.3
Capping Thickness lncrease 24 273 - 89 366 222.3
Capping Drainage Improvement 21 40 - 22 83 49.6
Capping 5011 Properties Modification 31 128 64 54 277 159.4
Revegetation/Vegetation Managemernt 4 4 8 8 24 _13.0
Totals an 508.6
Complex Stabilization Plan for Eastern 3ite:
Site Preparation 26 46 10 87 169 93.9
Hard Layer Emplacement 22 180 z0 &8 310 181.6
Peripheral Drainage/Diversion 21 161 2 62 286 147.0
Capping Thickness Increase 24 163 - 3] 256 152.7
Preparations for Sump Pumping 8 --- - 32 a0 21.0
Revegetation/Vegetation Management 4 4 8 B 2 13.0
Totals . 1 045 609.2

{a)}Number of Figures shown is for computational accuracy only.
{b)Contingency of 25% is not included with these costs.
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TABLE H.2-3. Equipment and Material Requirements and Casts
Stabilization of the Western Site

— . fguiprent Requirements amd fosts e .
“Tetal Tost

et ls) el suesase®S pe o cerdn s
Minimal Stabilization Plan
Trench Stabilization:
el f-prapelTed Scraper & 00/me 3 8a; Y Mo i5.00 Backfill et 1% LO0 m
Grader 1 880fme 1 oea; 1mo 1.85
Repair Jamaged Areas:
ump Truck VRIC/m0 2 ea, 1 omo 3.20 Bagkfill 2im & DO m*
Bulldozer 3eimo 1 oeay Yo 3.20
Yibratory Compactor 20/mo b oea, 1 mo 1.44
Ravegstation/Vegetatiopn Management
Hydroseeder 2 ohhfwe ) eay ) wk Z.00 Seed 4 40 kg 285 kg
Dumg Truck Bilwh Y ga; ) owk 0.53 Fertilizer J.22¢kg 900 g
Tanker Truck T 250rwk 1 oeas Y owk 1.2% SEraw 1.5/ bale 1500 nales
Chemical Sait Stahilizer 0,767, 38 000 %
. Misrellangnus Supplies
Tatads W5
modest Stabilization Plar
Site Preparation:
Brush-hog + Tractor 5&0/wk 1 pa; 7 owk 116 Herbicide %50/na coverage 57 ha coverage
Sprayer + Tractor S10fwk 1 gay 1 oWk q.s1 Backfitl 2im BB m?
Dump Tryuck T AN/ 2 oeds ' omn L ™l Pige k.56/m a5 T
Bulldazer 3 #00/ma Y oAy Y omo 1.2t
Vibratory Compactor f40/my 6 oea; 1o LA
Capping Thickness [ncrease:
Self-propelled Straper Eono0fmy 10 ea; B ome 250,00 Rackfill 2ime ERMH O
Lrader TBAD/ma 3 ea; S om0 271,19
Ravegetation¥egetaltion Management
Hydroseeder & G00ima 1 ea: 1 mo £.00 Seed 4405 T 1T kg
Tump Truck 1 E00fme 1 eay 1 mo 1.60 Fertilizer nadieg 4 BRO ky
Tamker Truck 3 750/ me T ea, 1 mg 3% Straw 1.5%0/hale 7800 balas
Cnerical Sedl Stavilizer .76/ VOR 250
L Hiscellanenns supplivg
Totals PAR_F
Tomples Stabylization Plan
Site Preparaticn:
Brysh-hog + Tractor LR Wy 1 ea; 2 wi Herhicige RZ ha cayerage
Sprayer « Tractae 5100w Voea 1wk Backfill BT e
Dump Truck L adiime ¢ Rra ) omn Pyl Pape [T akl o«
Gulldozer I AWime 1 ka1 omo
Vibratory Comcaccos Palyme foear 1o
Rack Layer Emplacemant
Fropt -loade 2 Mlre 5 oes, 5o 8. Th Stone, qraded 1im 3000w
Tumo Truck ¢80 m @ 107w 1V ea; bomn 1y tn
Bulldozesr ERFIL T T L 3z .o
Rock Layer Hard Topping:
Frart~loager 1NN ¥ oeay Somn #1750 Gravel, yraded LR Y
Dump Tryice T 6O 4 ea; & 32.nn ABaohalt Fpulsipn o [Ny
firader LRLlien 5 Rd; B oMo 1h. 25
Trutk, Tanker-sprayer T 50wk T eay § wk Y.in
Capning Thickmess Increase:
Self-prepelled Scrapee EOOnDSmo T Ral 9o PRI Rar s Fill Fom A 000G
Grader I Bollimp 3 pa; Bomn 2T 715
Revegetat-onsYegetation Manggevent:
fyarosecder EONOfme 1 eas 1 oma L) weed A Aiikg 1170 g
Qumg. Tropcy TOERGyma L eat 1o L Fertilizer 4 RAT ky
Tanker Tvuck I ?hRil'ma Pea, 1 ma 374 Straw V5N kale Tam mglag
Cremical Soil Stabilizer 2067 195 D0
. Misrellapepys Supplies
Tntals LE L

{aiTimes are rounded up to neirest whole time unit
[bldember of siqnificant figures shown is far computationa) accuracy only,
tilContingency of #%  is nnt ingluded with thege cotty

H-21

.__Material Requirements and Costs
YnTt

for

T TelaT e,

3n.ac

12.00

.99
0,27
2.2%
9,88

573

13.00
1200
2.92

&22.00

5.5
1.0%
nm
59,70
ERCY
736

13,40
Ge.on
5.5

3332t

18200
T Ban.on

515
1.03
1.
570
BRLR
3 BaA.G



TABLE H.2-4., Equipment and Material Requirements and Costs for

StabiTlization of the Eastern Site

Equipment Requirements and [osts R . . .. Raterial Rﬁgmrmnts and Costs
nit (] Tota tovtw 1 nit
L ltem . . tost {83 Basis’ o (3 thousands]ttT [tem _ Cost [§}) hsisl”

Winimal Stebilization Plan
Trench Stabilfzation:

Self-propel led Scraper 5 0Mi/me 3 eai P omo 1500 Backfill 2¢m! 15 200 m?
Grader 1 A%0/ma 1 ex; 1 m 1.8%
Repair Dumaged Areas:
Duwp Truck 1 600ma  2oeai 1l me s 1wk 4.2 Backfr1l 2im? ? 500 md
Bulldozer 3 0/me Coeal Ima+ ) owk 43R
yYibratory Compactor 240/m0 6 oma; 1My o+ 1 wk 1.92
Front-Tpader 900wk T #a, 2wk 1.80
RevegatationfVegelation Management:
Hydrgsesder 2 000/wk 1 eas 1wk 2.00 Sead 4. 40/ kg W5 kg
[nary Truck 5307wk 1 ma; 1 owk d.43 Fertilizer B.22¢kq 00 kg
Tanker Truex 1250wk 1 ea, 1w 125 Straw 1.50/bate 1500 bales
Chemical S0il Stabilizer 0.26/% LG
_ Miscellaneous Supplies
Totals Er ]
Podest Stabilization Plan
Site Preparation:
Brush-myg + Tractor Sa07wk 1 ea; ! wk 116
Sprayer + Tractor SHiwk 1 ea, 1 owh 0.5} Herpicrde W na coverage 52 ha coverage
Dump Truck 160w  Joea; tmar ] owk 426 Bacxfil 2¢m? T 500 m?
Bulldozer 3 200we T s, 1Moo+ 1 wh 4.5 PHC Pipe &, 98/m A0 m
Vibratory Compactor MO & oea; I mo o+ 1wk .92
Frant-lgader Wkt ea, T owh 1,80
Capping Thickeess Increase.
Self-propelled Scraper 5 Q00/mo 10 ea; S mo 5. D0
Grager 1 850/m 3w, S P Back#rll efm 3 00 md
Capping Ursinage Improvement-
Bulldozer IO/ T eal DM .o
Capping 501l Properties modification:
g Truck 1 efiimo B oes; 2 omo 2% &0
Bulldozer T0im 2ema, T m 12.BC
Disc-harrow + Tractor 1 BIEima 1 oea; P ome 335 Tlay 1C/m* 52 000 m?
Sweepsfoot Roller I000/me Sea; S m 75.0C
Grader 1 ESLima T ea, 1 mo 1.8%
Revpgetatipn/¥egetation Management -
Hydrosesder b O0G/ma 1 ea; 1Mo b.cd Seed 4.807kg 1170 kg
s Trugk 1 600/mo 1 oeay 1 omo 1.BC Fertrlizer C.22 kg 4 580 kg
Tanker Truck 3T50ime ) oea; 1 me 3.0 Straw 1.50/bale 7 800 bates
Chemital Sail Stamlizer 028/, 195 000 4
_ Miscellaneaus Supplies
Totais 451 £
Complen Stabilization Plam
Site Preparatfon:
Brysh-hag + Tractor SBi/wk 1 ga; 7 wh 1.18 Harbicide 250/ha coverage 52 ha rovarage
Sprayer + Tractor E10/wk 1 ga; 1 wk [R1] Backfill 2me 7 os00 !
Dump Truck 1 E0)/me 2w, 1ma+ | wh LI Pyl Pipe E.SEsT 3% m
Bulldnzer 3 700/mg 7 ea; 2 oo 44,80
¥ibratory Comoactor 40/mp B oex, I ma l.88
Front-loader WOk 1 pa; T owh I.80
Hard Layer Emplacement:
Roller, Tandem Drom 1 050/m 10 8, 4 m 42 . hsphale Emulsion [ T:EN 10 Q00 QGG ¢
Self-propelled Soil Stabilizer 12 0p0/ma 1 ea; S ome 50.00
Truck, Tanker-sprayer 4 500/m 1 ma, S5m0 22.50
Peripheral Drainage/Diversian:
Self-propeliad Scraper 5 000/mn B oea; 5 om0 200.00 Seed 4 437 kg 22% kg
Hydraseeder I M0/wk 1 sl 1wk 2.00 Fertylizer .23 ng 0] kg
[narpy Truck Eidfwk P oea, 1wk .53 Seraw 1.50/cale 1 500 bales
Tanker Trock 1 2505wk T ea, 1wk 1.25 Chemical Sail Stabilizer 0O.2670 W Qon &
Cagping Thickness Incredse:
Setf-propel led Scraper S o0O/mo 19 ea; 2 mo v 7 owk 134,00 Backfill Ziw’ 138 000 w?
Grader 1 850/me 3 ea; 5mo 255
Preparations for Sump Fumping:
Light-duty Drill Rig 5010/ day 1 ea; 10 days 5.0 Pyl Pipe
Ravegetation/Yege Lat (on Management :
Hydroseeder & HHI/mo 1 ea; 1 mo .00 Seed 4 .4di kg 1170 g
Dnawpy Truck 1 600/ma 1 ea; 1 m bEC Fertilizer 022wy 4 &80 kg
Tanker Truck 3 50/ma oea; 1mo L) Straw 1.4G/uale 7 B3O bales
Chemical S0il dtabilizer 0.26/¢ 199 200 &
. Migcellareays Supplies
Totals 5618

a)Times are rounded up to nearest whole time unft.
biNumber of significant figures snown i for computational accuracy onty.
{riContingency of 255 13 nat included with Thesw costs. H 22

ota 33
i tm-nnds]'[b'c

30.90

15,00

.99
K
F
9.88
X
1]

15.00

B22.00

520,00

5.16
i.03
T1.M
.70

"(S

1 800.99

0.9%
4.20
2.8
488

27600

1.97

515
1.63
"
56.70
12.00
2 205.7

!



H.3.1 Manpower Details for Long-Term Care

Manpower requirements for long-term care are summarized in Section 12.2.]
of Volume 1. For this study, it is assumed that the responsible government
agency provides the manpower for long-term care either directly (by using
agency staff members to perform long-term care tasks) or indirectly (by con-
tracting for labor as needed}.

The project engineer is responsible for the long-term care of the site.
He is assumed to be a staff member of the responsible agency and is engaged
in the management of the site on a part-time basis. He is responsible for
inspecting the site and for planning, coordinating, and carrying out the long-
term care tasks in a safe and cost-effective manner. He provides the neces-
sary engineering services and detailed procedures and is responsible for the
preparation of reports.

The manpower requirements and costs for long-term care of the stabilized
burial ground are shown in Tables H.3-1 through H.3-4. The requirements
and costs are broken down by tasks and are shown for three time periods
(corresponding to different levels of effort) during long-term care.

H.3.2 Long-Term Care Details and Assumptions

The long-term care of a stabilized burial ground site is discussed in
Section 10.6 of Volume 1. Further details and assumptions used to calculate
costs are presented here. Cost summaries for long-term care are presented in
Section 12.2.

H.3.2.1 Environmental Monitoring Details

Environmental sampling requirements during long-term care are summarized
in Table 9.2-1 of Volume 1. For the first 25 years after site stabilization,
the sampling frequency and the number of sample locations are assumed to be
maintained at the level required during the operational period of the site.
After the initial 25 years of the long-term care pericd, the environmental
sampling requirements are assumed to be reduced, on an overall basis, to about
one-quarter of the operational support level. It is assumed that personnel
from the responsible government agency obtain the environmental samples and
that a non-agency contractor provides analytical laboratory services and
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TABLE H.3-1. Annual Manpower Requirements for Long-Term Care of the Arid Western Site Following
Site Stabilization by the Minimal or Modest Plan

istipated Man-fears Fequired Annually

TUTTTTD TMp S Years fCe Stabilizavon 0 T T 6 Yo 74 ¥ears Bfter webiVizacion T CTT 0T TTT 77T UTTTRE To F00 Vears After SEabilization
ta) broject Equipnient Tutal Costib,c)  Froject FouTpanent, ota Costlh.e)  Frafect " Eauipment bla Tostlb.c)
Care Yash'®'_ [ngineer ftoréman  Dperator .aborer Ranpower (5 thuusends]  Engiaeer Toremgn  Uperator  Laborér Mappower {3 thousands] tnginerr  Foreman  Operatpr Laborer Manpower [$ thousands
Site Inspection and Planning 0,20 0. -- -- 0.40 19.1 U158 Ul - -- (1) 14.5 i, 15 oy -- -- .30 EWS
Erdsion Repair -. ] It 1% 0.0k L] 5.4 - a.ie 0.06 0.k u.18 h.% - 0.0 Q.06 .06 018 5.9
Subsidence Repair -- 0.7 0.2 el 0,60 14,3 -- - -- -- -- - -- -- - - -- --
Site Access Contrgl Maintenance -- 0.0z -- 0,04 L] 1.7 -- 0.2 - .04 .06 1,7 - .02 - .04 G.06 7
Vegetation Management -- a4 -- £ ] 0,06 1.1 - 1. 0E -- (B .06 1.7 .- 0.02 -- 0.0 a.06 LT
Envitanesnls] Sampling = 0,40 1,40 0.4 - - 0,47 0.40 1.4 - - = Q.20 0.20 52
Total: .20 [{R-1H) 0. 26 .74 1.0 56,9 0.5 L, 25 0.0k .44 1.00 334 iU, 13 0.2% 0.06 G.34 Q.80 28.6
l—leh! |0ﬂq—l;'l care tasks are described in Section 10.6 af ¥olwwe 1.
[bidumber of figures shown is fore computational accuracy only.
{c)Contingency of 25 nat included with thete costs.
TABLE H.3-2. Annual Manpower Requirements for Long-Term Care of the Arid Western Site Following
Site Stabilization by the Complex Plan
—— T S ears BTk TRt o l_{;_t%nya_tg%_gﬂ,sﬂ-_v_e_aﬁl uirﬂl.&nnuaﬂ o
. Uta 5 ¥ears After Stebilization =~ " . ... [ E g T% Yesrs Efter Stabilfzation T T TTE RS T Years After Stapilizabipn
ta) Project Touiment “Total Tastib,.e)  Projedt Tquipment T Total — Castibic) TProject T Touigment . Total | tost{b,c)
—_Long-Term Core Task'?' _  Engineer Foreman Operator Lsborer Manpower (S thousgndsf tngiaeer foreman  fOperator Laborer Mempower {5 thousands) Ingineer foremsn Operator Laborer Manpower ($ thousands}
Site [nspection and Planning 0. a.1n .- -- .20 n.g .0 G0 .- -- Gz 9.4 a.1n 0.1 - . 0. 20 5.6
Ecosion Repair -- 0.06 .08 0.0 0.8 Ly .- 6.6 .08 0,06 0.1y 5.4 - 906 7,06 0.06 o 55
Subgtdence Repair -- 1.20 .40 0. .80 4.5 .- -- -- .- -- -- - - .- - v .
Site Access Lontrpl Maintenance -- 0.0z e [T [ VT 0.u? i 0.4 .06 1.7 .- 0.a7 . 0.04 .06 1.7
Yegetatian Management -- 1.02 .- 0.0q .06 1.7 -- .02 .- .04 006 1.7 -- 5.0z -- 9.0 0.06 1.7
Enyirormental Sampling L - .- 4,49 a 0.4 - - Q0,40 0.49 0.4 - .- .- 020 9,26 5.2
Totals o.M 440 .48 1,14 | SiE 12D 0. 0e 1,54 n.s0 8.4 (U] i 20 .06 0,34 D.F‘U- 23,7
[ajThe long-term care tasks are described in Section 0.6 af Yalume |.
{b}Humber of fiqures shown is for computational accuracy oniy.
{ciContingency of 25% not included with these tois
. - -



G2-H

TABLE H.3-3. Annual Manpower Requirements for Long-Term Care of the Humid Eastern Site Following

Site Stabilization by the Minimal or Modest Plan

T fta §Wears After Stabilization T

 Estimabted Man-Years Reguived Annually
"E to I% Yeary Fter Stak 1||zauon

L ta) 7_.1?*:'. T Tauipment T Total T T-;’t_l'_c) “Pragect 0 Equipment T T Tgwal T Costlw.e) Praject
__ Long-Term Care Task'®! _ Engineer foreman Qperator baborer Manpower |3 thowsands} tngineer foreman  Operator Laborer Manpower [§ thousands Enginger
Site Inspection and Planning D30 0,30 - -- 3,60 9.0 023 0.z -- - I 13 22.2 n.23
Erosion Repair -- q.1e a.l2 0.2 .36 1v.o -- n.1¢ o2 a.i2 038 1.0 --
Subsidence Repair -- 0.2 n.20 .20 0.6q 14.3 -- -- -- .- ~- -- --
Access Control and Dratnage

Ma intensnce -- .04 0.2 0.08 .14 L] -- G o 20§ 2.0 D14 L) --
Vegelytion Management -- G.08 .- 0,15 n.23 6.5 -- ) -- 0.15 0.3 6.5 --
Enyironmental Sampling = gk el L. B0 060 5.5 s S - 0.8 0.0 15,5 =

Totals 0.30 .74 0,34 L.15 2.53 He .3 °.23 a.47 1A 0.9% 1.19 59,2 [.\.2_3

{a]The Jong-term care tacks are described in Section 10,6 of Velume 7.
(b)Murber of figures shown is far computatiomal accuracy oely.
{citontingency af 25% not included with these costs,

T W veamm.,
Qutpmerk

foreman _Operator Laborer "-!_mn LN
n.21 - - 0,26
aa D12 0.12 .36
.04 0.0z 0.08 .14
D.o8 -- 0.5 0.23
== = gL b3
0.47 0.4 .65 549

SE{b.C

($ thousands)
2.2
1.0

4.1
6.5
.8

a1.5

TABLE H.3-4. Annual Manpower Requirements for Long-Term Care of the Humid Eastern Site Following

Site Stabilization by the Complex Plan

[, Lc.tmatn-d Man-tears Required Anmuall
R —— T L L Z
“Preject Fauipmant Tot, _tos_t[bj Hroject —Fqunment ata

__ tong-Term Core Task®?  _ engineer farenan Operator Laborer !‘_P_U*E % _thausands} Enginger Foreman dpergtor Laborer Manpower
Site Inspection and Flanming 0.3 Coao - -~ a_&d %0 0.é% a.23 - -- .46
Erosion Repair -- q.1d a.1e L.z D.3b V1.a -- ug o1z a.1e aq.38
Subsfdence Repair .- .30 0,60 7,10 .20 iT.E - -- -- -- .-
Access Contrn! and Drainage

Maincenance -- 0_Ub 0.Ca L.z n.z? &.d -- 2.0k [ORC) 0.1z .22
Yegetation Management - o.g8 -- 0,15 0.Ed E.% -- 0_oH -- o.15 2.7
Emvironmenta) Sampling EENREES - Q.60 06D 5 = L BBO 060

Tatals 0.30 .46 078 1.29 N 1038 a.24 0.4y 0.0 1.9% 1.47

{a)The long-term care tasks are described in Sectiom 10,6 af Yolume T,
{bMumber af figures shawn |5 for computational accuracy only.
{ciCantingency of 25% not included with these costs,

io 25 Years After Stabilleation

T T T T T YR %A IO Years After Stabilizat Dr\_

T T lastlpey T ¥roject Equipment otal Tastib,e)
{5 thousands) Engineer Forgman _dperator Lsbarer Megpower (§ thousands)
2.7 0.23 T.¢3 - -- .86 2.l
M. -- a.1% no1z 0.1z 4,38 1.0

6.4 -- Ll o.04 rz 0,22
6.5 -- .08 - 114 0.23
1a.% - el o Q.30 9.3 1.8
1.6 0.23 .49 0E D.69 1.5¢ 53.9



data-reporting support, Due to differences in the physical site characteristics,
sampling and analytical requirements for the eastern site are somewhat greater
than those for the western site.

H.3.2.2 Site Maintenance Details

Site maintenance tasks during long-term care are based on the require-
ments for maintaining the confinement measures provided by each of the stabili-
zation plans described in Section 10. Site maintenance tasks are assumed
to be accomplished with personnel, materials, and equipment similar to those
employed during the initial site stabilization activities. Cost parameters
(such as salaries, work capacities, unit costs, and equivalent material
requirements) are assumed to be identical to those used for estimating the
initial site stabilization costs given in Section H.Z2.

A major maintenance task anticipated at the reference sites is the repair
of areas of trench subsidence after the stabilization work is completed. For
these cost estimates, it is assumed that during the first 5 years after site
stabilization, an average of 2% per year of the completed trench area will
subside; after the initial 5-year subsidence period, little or no additional
subsidence is expected. Accordingly, the site maintenance cost estimates are
highest during the first 5 years after site stabilization.

A second major maintenance task expected at the sites is repair of trench
caps that have been damaged by surface ergosion. It is estimated that, at
the reference western site, approximately 1% of the trench cap area will
require repair each year; at the reference eastern site, 2% per year of the
trench cap area will require repair. Some minor degree of trench cap damage
from surface erosion is expected to be a "chronic” condition for the entire
Tong-term care period., Vegetation management and site access control mainten-
ance (i.e., maintenance of fences, trench markers, etc.) are also continued for
the entire 200-year period.

H.4 COST ASSESSMENT DETAILS FOR WASTE RELOCATION

This section provides amplifying details for the cost estimates for waste
relocation given in Section 12.3 of Volume 1.
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H.4.1 Manpower Requirements and Costs for Waste Relocation

Details of manpower reguirements and costs for waste relocation activities
are presented in Tables H.4-1 through H.4-6. Tables H.4-1 and H.4-2 show
manpower requirements and costs for relocation of high beta-gamma radicactivity
waste from a s1it trench for the reference western and eastern sites, respec-
tively. Tables H.4-3 and H.4-4 show manpower requirements and casts for exhu-
mation of a TRU waste package from a burjal trench. Tables H.4-5 and H.4-6
show manpower requirements and costs for relocaticn of all of the waste from
a burial trench. Manpower and cost details are shown in the tables far each
of the excavation options considered for the three cases studied.

Decommissioning manpower requirements are calculated on the bases of time
requirements and operating crews postulated for the performance of the various
decommissioning operations described in Section 11 of Yolume 1. Time require-
ments and operating crews for waste relocation from a slit trench are shown
in Tables 11.2-2 and 11,2-3. Time requirements and operating crews for exhuma-
tion of a TRU waste package are shown in Tables 11.3-2 and 11.3-3. Time require-
ments and operating crews for relocation of all the waste from a single burial
trench are shown in Tables 11.4-1 and 11.4-2. Labor costs are based on unit
salary data shown in Table H.1-1 of Section H.1.

H.4.2 Material and Equipment Cost Detajls for Waste Relacation

Details of material and equipment costs for waste relocation activities
are presented in Tables H.4-7 through H.4-12. Tables H.4-7 and H.4-8 show
contractor's equipment costs and costs of expendable equipment and supplies
for relocation of high beta-gamma radiocactivity waste from a slit trench.
Tables H.4-9 and H.4-10 show material and equipment cost details for exhuma-
tion of a TRU waste package from a section of a burial trench. Tables H.4-11
and H.4-12 show material and equipment cost details for relocation of all the
waste from a single burial trench.

Material and equipment requirements are based on waste relocation methods
and procedures described in Section 11 and Appendix G. Costs are based on
unit cost data shown in Tables H.1-6 and H.1-7 of this appendix and on time
requirements for waste relocation activities summarized in Tables 11,2-2,
11.3-2, and 11.4-1 of Section 11.
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TABLE H.4-1.

Manpower Requirements and Costs for Slit
Trench Exhumation - Western Site

Man-KWeeks Tota) Labor
ReaTth
Equipment Truck Physics Cost
Operation Foreman _Operator Laborer Driver Technician Man-Weeks (% thousandg)f?'b}
{ommon Activities
Core Orilling 4.0 - 8.0 -- 4.0 16.0 §.45
Remove Qverburden -- 0.6 -- - N.6 1.2 0.67
Install Sheet PiTing 5.4 10.8 5.4 -- 5.4 27.0 15.56
Remove Sheet Piling 7.6 15.2 1.6 -- 7.6 38.0 21.89
Backfill Trench -- 1.6 - 0.8 0.8 3.2 1.80
Hydraulic Excavation
Common Activities 17.0 28.2 21.9 0.8 18.4 85.4 4p.3
Exhume Waste 30.8 61.6 §1.6 - 3.8 lg4.8 1041
Totals 47.8 89.9 B2.6 0.8 45,2 270.2 152.5
Preumatic Excavation
Common Activities 28. 21.0 0.8 18.4 B5.4 48.4
Exhume Waste 19.2 38.4 38.4 - 19.2 115, _64.3
Totals 36.2 66.6 59.4 0.8 37.6 200.6 113.3
Polar Crane w/Sheet Piling
Common Activities 17.0 28.2 21.0 0.8 18. B5.4 48.4
Exhume Waste 1n.s 23.8 23.6 == .8 _70.8 389
Totals 24.8 51.8 44 .6 0.8 30.2 156.2 88.3
Polar Crane w/o Sheet Piling
Common Activities 4.0 2.2 8.0 0.8 4 20.4 10.9
Exhume Waste 13.6 27.2 27.2 - 13.8 a6 46.0
Totals 17.6 29.4 35.2 0.8 19.0 102.0 56,9
Gantry Crane
Common Activities 28.2 21.0 0.8 18. B5.3 48,3
Exhume Waste 14.4 28.8 28.8 = 14.4 _86.4 _88.7
Totals 3.4 57.0 49.8 0.8 32.8 171.8 §97.1
Gantry Crane Enclosed
Common Activities 17.0 2a.2 21.0 .8 18. BE.4 48 .4
Exhume Waste 21.6 43.2 43.2 - 2.6 129.6 73.0
Tatals 38.6 .4 64.2 0.8 40,0 215.0 121.4

(a)Numbgr of figures shown is for computational accuracy only.
{b)Contingency of 25% not included with these costs.
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TABLE H.4-2. Manpower Requirements and Costs for Slit
Trench Exhumation - Eastern Site

Man-Weeks Total Labor
Health
) Equipment Truck Phygi;s Cost (a,b)
Operation Foreman Operator Laborer Oriver Technician Man-Weeks (§ thousands]'
Common Activities
Core Driliing 4.8 - 9.2 - 4.8 18.8 9.94
Remove Overburden -- 0.6 -~ -- 0.6 1.2 0.70
Install Sheet Piling 6.6 13.2 6.6 -~ 6.6 33.0 19.01
Remove Sheet Piling 3.0 18.0 9.0 -- 9.0 45.0 75.593
Backfill Trench -- 2.0 -- 1.0 1.0 4.0 2.3
Hydraulic Excavation
Common Activities 20.4 33.8 24.8 1.0 22.0 102.0 587.9
Exhume Waste 3.0 74.0 4.0 - 3.0 22,0 125.0
Totals 57.4 107.8 98.8 1.0 59.0 324.0 182.9
Pneumatic Excavation
Common Activities 20.4 1.8 24.8 1.0 22.0 102.40 57.9
Exhume Waste 3.0 46.0 46.0 e 23.0 138.0 J1.7
Totals 43.4 7.8 70.8 1.0 45.0 240.0 135.6
Polar Crane w/Sheet Piling
Common Activities 20.4 33.8 24.8 1.0 22.0 102.0 57.9
Exhume Waste 14.2 28.4 28.4 - 14.2 _85.2 48.0
Totals 4.6 62.2 53.2 1.0 36.2 187.2 105.9
Palar Crane w/o Sheet Piling
Common Activities 4. 2.6 9.2 1.0 6.4 24.0 13.0
Exhume Waste i6.2 32.4 32.4 - 16.2 _87.2 54.7
Tatals 21.0 35.0 41.6 1.0 22.6 121.2 67.7
Gantry Crane
Common Activities 20.4 33.8 24.8 1.0 22.0 102.0 57.9
Exhume Waste 17.4 KL .8 - 17.4 104.4 . 58.8
Totals 37.8 68.6 59.6 1.0 39.4 206.4 116.7
Gantry Crane Enclosed
Common Activities 20.4 33.8 24.8 1.0 22.0 102.0 57.9
Exhume Waste 26.0 2.0 52.0 o= 26.0 156.0 _87.8
Totals 26.4 85.8 768 1.0 4.0 258.0 145.7

{a)Humber of figures shown is for computational accuracy only.
{b}Contingency of 25% not included with these costs.
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TABLE H.4-3. Manpower Requirements and Costs for TRU
Waste Exhumation - Western Site

Man-Weeks Total Labor
Health
Equipment Teuck Physics Cost
__Operation Foreman  Qperator Laborer ODriver Technician Man-Weeks (3 thuusandg)(a’b)
Common Activities
Core Drilling 2.6 -- 5.2 -- 2.6 10.4 5.50
Remove Overburden - 0.2 .- .- 0.2 0.4 0.23
Instal) Sheet Piling 1.2 2.4 1.2 -- 1.2 6.0 3.46
Remove Sheet Piling 1.6 3.2 1.6 -- 1.6 8.0 4.8]
Backfill Trench - 0.8 -- -- 0.4 1.2 0.70
Single Enclosure with Manual Excavation
Common Activities 5.4 6.6 8.0 -- 6.0 26.0 14.5
Install & Remove Enclosure .0 4.0 4.0 -- 2.0 12.0 6.8
Exhume Waste 7.0 14.0 14.0 - 7.0 az.0 23.8
Totals 14.4 28.8 26.0 -- 15.0 82.0 44.9
Single Enclosure with Remote Excavation
Common Activities 5.4 6.6 8.0 -- 6.0 26.0 14.5
install & Remove Enclosure 2.0 4.0 4.0 .- 2.0 12.0 6.8
Exhume Waste 5.0 10.0 10.0 = 5.0 _Jo.0 16.9
Totals 12.4 0.6 22.0 -- 13.0 68.0 38.2
Double Enciosure with Manual Excavation
Common Activities 5.4 6.6 8.0 -- 0 26.0 V4.5
Install & Remove Emnclosure 7.0 14.0 14.0 -- 7.0 42.0 23.6
Exhume Waste 2.0 14.0 14.0 -- 2.0 4z2.0 23.6
Totals 13.4 3.6 36.0 -- 0.0 110.0 681.7
Double Encigsure with Remote Excavatioﬁ
Common Activities 5.4 6.6 8.0 -- 6.0 26.9 .
Install & Remave Enclosure 7.0 14.0 14.0 -- 7.0 42.0 23.
Exhume Waste 5.0 10.9 10.0 - 5.0 3.0 16.9
Totals 17.4 0.6 32.0 -- 18.0 98.0 55.0

i i tional accuracy only.
alNumber of figures shown is for camputa
Eb%tantingency of 25t not included with these costs.
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Manpower Requirements and Costs for TRU

TABLE H.4-4. :
Waste Exhumation - Eastern Site

Man-Weeks Total Labor

Health
Equipment Truck Physics

Cost
_Dperation Foreman COperator Laborer Driver Technician Man-Weeks (§ thousands){a’b)

Common Activities
Core Drilling
Remove (verburden
Install Sheet Piling
Remowve Sheet Piling
Backfill Trench

Single Enclosure with Manual
Common Activities
Install & Remove Enclosure
Exhume Waste
Totals

Single Enclosure with Remote
Common Activities
Install & Remove Enclosure
Exhume Waste
Totals

Double Enclosure with Manual
Common Activities
Install & Remove Enclosure
Exhume Waste
Totals

Double Enclosure with Remote
Common Activities
Install & Remove Enclosure
Exhume Waste
Totals

Excavation

Excayation

Excayation

Excavation

3.0

1.4
2.0

6.4
8.4
7.0
21.8

19.8

34.6

9.4

3.8
14.0
28.2

9.4
16.8
14.0
40.2

9.4
16.8
10.0
36.2

{a)Humber of figures shown is for computational accuracy only.
{b}Contingency of 25% not included with these costs.
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1.0
n.z
1.4
2.0
0.4

7.0
2.4
7.0

16.4

7.9
2.4
5.0

14.2

7.0

8.4
5.0
20.4

12.0
0.4
7.0

10.0
1.2

30.6
14.4

2.0

87.0

30.6
14.4

30.0

5.0

30.6
80.4
42.0

123.0

mn.s
50.4
0.0

11,0

6.3
0.23
4.03
5.76
0.70

17.7
8.1

23.6

48.8

17.1

8.1
16.9
a2

17.1
8.4
2.6
69.1

17.1
28.4
16.9
62.4



TABLE H.4-5.

Operation

Marn-Weeks

Manpower Requirements and Costs for Relocation of
the Waste from One Trench - Western Site

Total Labor

Excavation from Above the Trench

Core Drilling

Remove Overburden

Exhume Waste

Backfill Trench
Totals

Excavation from Within the Trench

Core Drilling

Remove Oyerburden

Exhume Waste

Backfill Trench
Totals

Equipment Truck

Health
Physies

Cost
Foreman _QOperator Laborer Driver Technician Man-Weeks {;_;housandgjta'b)

12.4
24.8

2.4
39.6

12.4
18.8

2.4
33.6

- 2.8 -
1.2 - -
99,2 29.2 243
9.6 4.8 9.6

110.0 128.8 34,4
-- 4.8 -
75.2 7.2 8.8
3.6 4.8 9.8

86.0 104.8 28.4

{a)Number of figures shown is for computatiomal accuracy only.
{b)Contingency of 25% not included with these costs.

TABLE H.4-6.

Operation

Excavation from Above the Trench

Core Drilling

Remoye Overburden

Exhume Waste

Backfitl Trench
Totals

Excayation from Within the Trench

Core Oritling

Remove Qverburden

Exhume Waste

Backfill Trench
Totals

12.4

0.8
2.8
2.4
40.2

12.4

0.6
18.8
2.
.2

45.6 26,2
1.8 1.0
272.8 152.2
28.8 15.9
353.0 195.3
49.5 26.¢
1.8 1.0
206.48 115.4
Z8.8 15.9
287.0 158.5

Manpower Requirements and Costs for Relocation of
the Waste from One Trench - Eastern Site

Man-Weeks Total Labor
Health
Equipment Truck Phygics Cost (a,b)
Foreman Operator Laborer Driver Technician Man-Weeks ({§ thousands)

14.8 - 29.6 - 4.8 59.2 n.z
.- 1.6 -- .- 0.8 2.4 1.4
30.0 120.0 120.0 30.0 10.0 330.% 184.2
2.8 M2 _5.6 1.2 2.8 33.6 8.6
47.6 132.8 155.2 4.2 43.4 425.2 235.5
14.8 - 29.6 - 14.8 5%.2 .3
—- 1.6 -- 0.8 2.4 1.4
2z2.4 9.6 89.6 22.4 22.4 246.4 137.5
2.8 2 _5& 1.2 2.8 33.6 8.6
40.0 102.4 124.8 3386 40.8 1.6 186.8

{a)Number of figures shown is for computational accuracy only.
{b)Contingency of 25% not included with these costs.
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TABLE H.4-7. Contractor's Equipment Costs for Excavation of a Slit Trench

Western Site Eastern Site
Unit ta) Total Cost(b <) {a) Total COSt(h;}
ltem . Cost (8] _Basis'® (4 thousands}'>™! Bas1s’?'  [§ thousands)'®
Core Drilling
Light Duty Drilling Rig 500/day 20 days 10.06 24 days 12.00
Probe 100/day 20 days Z2.00 24 days 2.40
Overburden Removal
Bottom lLoading Scraper 1 525/wk 1 wk 1.62 1wk 1.62
Sheet Filing Installation
Truck 1600 mo 1 omo + 2wk 2.66 Tmo + 3wk 3.20
10 MT Lrane 3000/mo 1 mo o+ 2wk 5 .00 Tme + 3wk 6.00
Pile Hammer 1300/m0 1 m o+ 2wk 5.50 Tmo + 3wk 5.50
Pile Driver Leads 450/mo 1 mo + 2 wk 06.75 Tmo + 3wk 0.90
Canter Sections - Guides 225/mo 1 my + 2 wk .38 Tm + 3wk 0.45
Air Compressor BOO/mo 1 mo + 7 wk 1.00 1 mo + 2wk 1.20
Sheet Piling Removal
Truck 1 600/m0 2 mo 3.20 2mo o+ 1wk 3.73
10 MT Crane 3 000/mo 2 mo 6.00 2mo + 1 wk 7.00
Extractor 1 200/m0 2 mo 2.40 2m + 1wk Z.80
Air Compressor 600/me 2 mo 1.20 2mn + 1 wk 1 40
Pile Extractor Leads a5/mo 2 mo 0.590 Z2ms o+ 1 Wk 1.05
Trench Backfilling
Truck 1 600/mo 1 wk 0.53 1wk 0.53
Tractor-Oozer 3200/mo T wk 1.10 1 wk 1.10
Rollar, Tandem Drum 1 G5G/mo 1wk 0,35 1 wk .35
Hydraulic Excavation
Gantry Crane £ 00D/mo 7 mo 42.00 9 mo 54.00
Make-Up Tank 300/mo 7 mo z2.10 Im 2.70
Contaminated Earth Bins 1 000/mo ¥ mo 7.00 9 ma 9.00
TY Manitors 1 200/mp 7 mo 8.40 9 o 10.80
Crang, Boom Type, 50 MT 4 500/mo ¥ mo 31.50 9 ma 4050
Truck 1 6800/my 7 mo 1.20 g mo 14.40
Tractor-Dozer 3 200/mo T mo 22.40 9 mo 28.80
Pneumatic Excavation .
Gantry Crane & OD0/mn 4 mo + 2wk 26.00 Sm o+ 2wk 34.00
Contaminated Carth Bins 1 000/mo 4 mo o+ 2 whk .70 5mo + 2 wk 5.65
TV Monitors 1 200/mo & mo + 2 wk 5.60 Smy o+ 2wk 6.80
{rane, Boom Type, 50 MT 4 500/mo 4 mo + 2 wk 21.00 S5mo + 2wk 25,50
Truck 1 600/mo & mo + 2 wk 7.46 S mn o+ 2 owk 8.0
Tracter-Dozer 3 200/m0 4 mo + 2 wk 15.00 5mo + 2 wk 18.20
Polar Crane w/Sheet Piling
{rane, Boom Type, 10 MT 3 000/mo 3 mo 5.00 Jmo + 2 wk 11.00
T¥ Monitors 1 200/m 3 mo 380 Imo o+ 2 owk 4.40
Crane, Boom Type, 50 MT 4 500/mo 3 mo 13.50 Imo + 2 wk 16.50
Truck 1600 m 3 mo 4.80 Imo + 2wk 5.90
Tractor-lozer 3 20/m 3 mo 9.60 Imo o+ 2wk 11,80
Polar Crane w/o Sheet Piling
Crane, Boom Type, 10 MT 3 000/ma 3 omo o+ 1 wk 10.00 4 mo 12,00
T¥ Monitors 1 200/mo 3 mo + 1 wk 4.00 4 mo 4.B0
Crane, Boom Type, 50 MT 4 500/m 3 mo + 1wk 15.00 4 mo 18.00
Truck 1 600/mo 3 mo + 1 wk G.40 4 mo 6.40
Tractor-0ozer 3 200/mo0 3 mo o+ 1wk 10.70 4 mo 12.80
Gantry Lrane
Gantry Lrane 6 D00/my 3 mo + 2 wk 22.00 dmo o+ 1 owk 26.00
T¥ Monitors 1200/my 3mn o+ 2wk a4.40 A mo o+ wk 5.20
Crane, Boom Type, 50 MT 4 500/mo A mo + 2wk 16.50 4 my+ 1 owk 19.50
Truck 1 600/my 3 mo + 2 wk 5.86 dmo + 7 wk 7.00
Tractor-Dozer 3 200/m0 3 mo v Z wk 11.80 4 mo + 1 wk 13.90
Gantry Crane Enclosed
Gantry Crane & 000/mo 5 mo 30.00 Emo o+ 1 wk 3a.00
TV Monitors 1 200/m 5 mo 6.00 Bmo+ 1 wk 1.80
Crane, Boom Type, 50 MT 4 500/mg 5 mo 22.50 5 mo + 1wk 28.50
Truck 1 600/my 5 mo 8.00 Gmo + 1wk 10.20
Tractor-Dozer 3 200/m0 S5 mo 16.00 6 mo + 1wk #0.30

{ajTimes are rounded up to nearest whole time unit,

{b}Number of significant figures shown is for c
: omputational accuracy only.
{c)Contingency of 25% not included with these casts, Y Y
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TABLE H.4-8 Costs of Expendable Equipment and Supplies for Excavation of
a S1it Trench

Western Site Eastern Site
Unit TotaT’CEst(a b) Total Ccst( b)
Item Cost (%) Basis {$ thousands)'"* Basis ($ thousands)'®

Core Drilling

Core Sampling 100/sample S0 samples 5.00 50 samples 5.00

Anti-contamination Clothing 50/man-week 16 man-weeks 0.80 20 man-weeks 1.00
Sheet Piling Installation ()

Sheet Piling 28/m2 ¢ 2 200 m2 61.60 2 200 m? 61.60

Crass Supports 1 000/MT 10 T 10.00 10 MT 10.00

Expendable Supplies 100/day 27 days 2.70 33 days 3.30

Anti-contamination Clothing 50/man-week 30 man-weeks 1.50 35 man-weeks 1.75
Sheet Piling Removal

Expendable Supplies 106/ day 38 days 3.80 45 days 4.50

Anti-contamination Clothing 50/man~week 40 man-weeks 2.00 45 man-weeks 2,25
Hydraulic Excavation

Pump 20 000 each 20.00 each 20.00

Dredge/Suction Equipment 25 000 each 25.00 each 25.00

Hoses & Misc. Suppiies 16 000 each 10.00 each 16.00

Anti-contamination Clothing S50/man-week 186 man-weeks 9.30 222 man-weeks 11.7¢
Preumatic Excavation

Dredge/Suction Equipment 30 000 each 30.00 each 30.00

Hoses & Misc. Supplies 10 000 each 10.00 each 10.00

Anti-contamination Clothing 50/man-week 120 man-weeks 6.00 138 man-weeks 6.90
Polar Crane w/Sheet Piling

Clamshell 2 000 each 2.00 each 2.00

Miscellaneous Supplies 2 Q00 each 2.00 each 2.00

Anti-contamination Clothing 50/man-week 72 man-weeks 3.60 90 man-weeks 4.50
Polar Crane w/o Sheet Piling

Clamshell 2 000 each 2.00 each 2.00

Miscellaneous Supplies 2 000 each 2.00 each 2.00

Anti-contamination Clothing 50/man-week B4 man-weeks 4.20 102 man-weeks 5.10
Gantry Crane

Clamshe Tl 2 00p each 2.00 each 2.00

Miscellaneous Supplies 5 000 each 5.00 each 5.00

Anti-contamination Clothing %0/man-week 90 man/weeks 4.50 108 man-weeks 5.40
Gantry Crane Enclosed

Clamsheld 2 000 each 2.00 each 2.00

Miscellaneous Supplies 5 Q00 each 5.00 gach 5.400

Anti-contamination Clothing S50/man-week 132 man-weeks 6.50 156 man-weeks 7.80

Enclosure 125 000 each 125.00 gach 125.00

{a)Number of significant figures shown is far computational accuracy only.

{h)Contingency of 25% not included with these costs.

{c)unit cost computed on the basis that the actual cost is $80/m?, but that 65% of the cost can be
recoverad when the sheet piling is sold after being contaminated.
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TABLE H.4-9. Contractor's Equipment Costs for Exhumation of TRU Waste

Western Site Eastern Site
Unit (2} Total Cost(b ) (a) Total Cnst(bﬁ}
1tem Cost ($) _ Basis {§ thousands]*"™ Basis {$ thousands)'®

Core Driliing

Light Duty Drill Rig 500/day 13 days 6.50 15 days 7.50

Probe 100/day 13 days 1.30 15 days 1.50
Overburden Removal

Bottom Loading Scraper T 625/wk T wk 1.62 1 wk 1.82
Sheet Piling Instaliation

Truck 1 600/mo Z wk 1.06 2 wk 1.06

10 MT Crane 3 000/ma 2 wk 2.00 2 wk 2.00

Pile Hammer 3 300/mo 2 wk 2.20 2 wk 2.20

Pile Driver Leads 450/ma 7 wk 0.30 2 wk 0.30

Center Sections -~ Guides 225/mo 2 wk 0.15 2 wk 0.15

Air Compressor 600/ mo 2 wk 0.40 2 wk 0.40
Sheet Piting Removal

Truck 1 600/ mo 2 wk 1.06 Z wk 1.06

10 HMT Crane 3 G00/mo 2 wk 2.00 2 wk 2.00

Extractor 1 200/mo 2 wk 0.80 2 wk 0.80

Air Compressor 600/mo 2 wk 0.40 2 wk 0.40

Pile Extractor Leads 450/ mo 2 wk 0.30 2 wk 0.30
Trench Backfilling

Truck 1 &00/mo 1 wk 0.53 1 wk 0.53

Tractor-Dozer 3 200/mo 1 wk 1.0 1 wk 1.10

Ratler, Tandem Drum 1 050/mo 1 wk 0.35 1 wk 0.35
Manual Excavation - Single Enclosure

Backhoe, 1/2 m? Capacity 3 000/mo 2 mo £.00 2 mo 6.00

TY Monitor 600/mo 2 mo 1.20 2 mo 1.20

Crane, Boom Type, 10 MT 3 000/mo Zma+ 1wk 7.00 2mo + 1 wk 7.00
Remote Excavation - Single Enclosure

Backhoe, 1/2 m? Capacity 3 00G/mo 1 mg + 1 wk 4.00 1 mo + 1 wk 4.00

TV Monitors 1 200/mo 1 mo+ 1 wk 1.60 1mo+ 1 wk 1.60

Crane, Boom Type, 10 MT 3 000/mo 2 mo 6.00 2 mo 6.00

Mobile Robot 9 000/mo 1T mo + 1 wk 12.00 Tmo+ 1 wk 12.00
Marual Excavation - Double Enclosure

Backhoe, 1/2 m? Capacity 3 000/mo 2 me 6.00 2 mo 6.00

TY Monitor 600/mo 2 mo 1.20 2 ma 1.20

Crane, Boom Type, 10 MT 3 000/ mo Imo + 1 wk 10.00 4 mo 12.00
Remote Excavation - Double Enclosure

Backhoe, 1/2 m? Capacity 3 000/mo Tmo+ 1 wk 4,00 Tmo+ 1 wk 4,00

TV Monitors 1 200/mo Tmo+ 1 wk 1.60 Tm o+ 1wk 1.60

Crane, Boom Type, 10 MT 3 000/mo 3 mo 9.00 3mo + 1 wk 10,00

Mobile Robot 9 Q00/mo Tmo + 1 wk i2.00 Tmo+ 1 wk 12.00

{a)Times are rounded up to nearest whole time unit.
{b)Number of significant figures shown is for computational accuracy only.
(clContingency of 25% nat included with these costs.
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TABLE H.4-10. Costs of Expendabie Equipment and Supplies for
Exhumation of TRU Waste

Western Site Eastern Site
Unit TEEaT‘tost( b Total Cost
Item Cost {5) _ Basis {$_thousands)‘®: ) masis (s thousands](a’t’)
Core Drilling
Core Sample 100/ sample a0 samples 4,00 a0 samples 4.00
Anti-contamination Clotning 50/man-week 12 man-weeks 0.60 12 man-weeks 0.60
Plastic 1 000 each 1.00 each Y.00
Sheaet Piling Installation ()
Sheet Piling 28/m?\C 350 w 9,80 350 m? 9.80
Cross Supports 1 000/MT 5 NT 5.00 5 NT 5.00
Expendable Supplies 100/day & days 0.60 7 days 0.70
Antf-contamination {lothing 50/ man -waek 10 man-weaks 0.50 10 man-weeks 0.50
Sheet Piling Removal
Expendable Supplies 100/ day 8 days 0.80 10 days 1.0
Anti-contamination Clothing 50/man-week 10 man-weeks 0.50 10 man-weeks 0.50
Manua) Excavation - Single Enclgsure
Plastic Bubble Suits 50/ea; 2 man-days/suit 100 suits 5.00 100 suits 5.00
Scott Air Pack B835/each 24 each 20.04 24 gach 20.04
Anti-contamination Clothing 50/man-week 54 man-weeks 2.10 60 man-weeks 3.00
Clamsheli 2 00 eaich 2.00 each 2.00
Hiscellaneous Supplies 2 Do gach 2.00 each 2.00
Remate Excavation - Single Enclosure
Plastic Bubble Suits 5D/ea; 2 man-days/suit B suits 0,40 8 suits 0.40
Scott Afr Pack B35/each 8 each £.68 8 each 6.68
Anti-contamination Clothing s0/man -week 42 man-weeks 2.10 48 man-weeks .40
Clamshel] 2 000 each 2.00 each 2.0
Miscellaneous Supplies 3 oo each 3.00 each 3.00
Manuval Excavation - Double Enclosure
Plastic Bubble Suits 6] ea;, ? man-days/suit 100 suits 5.00 100 suits 5.00
Scott Afr Pack 835/each 24 each 20,04 24 each 20,04
Anti-cantamination Clathing 50/man-week 84 man-weeks 4.20 95 man-weeks 4,80
Clamshel? 2 00 each 2.00 gach 2.00
Miscetlaneous Supplies 4 D00 each 4,00 each 4.00
Remote Excavation - Double Enclosure
Plastic Bubble Suits 50 ea; 2 man-days/suit 8 swits Q.40 8 suits .40
Scott Air Pack B3%/each 8 sach 6.68 B each 6.68
Anti-contamination Clething 50/ man-week 12 man-weeks 3.60 24 man-weeks 4,20
Clamshell 2 00d each 2.00 each 2.00
Miscellaneous Supplies & 000 each 5.00 each 6,00

{a)Mumber of significant figures shown is for computational accuracy only.

{b)Contingency of 25% not included with these costs.

{c}unit cost computed on the basis that the actual cost is $80/m2, but that 65% of the cost can be recovered when
the sheet piling is sold after being decontaminated.
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TABLE H.4-11. Contractor's Equipment Costs for Relocation of Waste
from One Burial Trench

Western Si;_e —T Eastern Site .
Unit otal Cost Total Cust
1tem Cost (%) Basis{“) (% thousands}(b":) Basis{a) (3 thousands]{b'c)
Core Orilling
Light«duty Orill Rig S00/day 52 days 31.00 74 days 37.00
Prabe 100/day 62 days 6.20 74 days 7.40
Remove Overburden
Bottom-loading Scraper 1 625/week 1 wk 1.62 1 wk 1.82
Backfill Trench
Sottom-lgading Scraper 5 000/mo 3 wk 5.00 3 wk 5.00
Tractor-dozer 3 200/mc 3 wk 3.20 3 wk 3.20
Grader } 850/mo 3 wk 1.85 3 wk 1.85
Reller, Tandem-drum 1 050/me 3 wk 1.05 3wk 1.05
Truck, 10 m?* Capacity Dump 1 600/mao 3 wk 1.60 3wk 1.60
Excavate from Bbove Trench !
Crane, Boom Type, 50 MT 4 500/mo 2ea; Im 27.00 2ea; 4mo 36.00
Backhoe, 2 m3 Capacity 5 80Q/mo 2 ea; 3Im 34.80 2 ea; 4 mo 46.40
Tractor-dozer 3 200/mo 2ea; Im 19,20 2 pa; 4 mo 25.60
Nelder 200/mo 2 ea; 3Imo 1.20 Zea; 4 mo 1.60
Lift Truck, 10 MT 1 K/ mo 2ei; 3Imo 6.00 2 ea; 4 mo B.0G
Compressor 600/mo 2ea; 3mo 1.60 2 ea;, 4 mo 4.80
water Truck 4 500/mo 2 ea; Ime 27.00 2 ea; 4 mo 36.00
Bins T 000/ mo 4ea; Im 12.00 4ga;4mo 16.00
Excavate from Within Trench
Crane, Boom Type, 50 MT & 500/mo 2ea; 2mo + 1 wk 21.00 ?2ea; I mo 27.00
Front-end Loader, 2 m? Capacity 2 750/mo 2ea; 2mo+ ) wk 12.80 Zea; 3mo 16.50
Tractor-dezer 3 200/mo 2ea; 2mo+ 1 wk 15.00 2ea; Imo i9.20
Welder 200/ma 2e2; 2m + ) wk 0.94 Zea; 3Imo 1.20
Lift Truck, 10 NT 1 000/ mo 2ea; 2mo+ 1wk 4,70 2 ea; 3 mo 6.00
Compressar 600/ mo 2ea; 2mo+ 1 wk 2.80 2 ea; Imo 3.60
wWater Truck 4 500/mo 2ex; 2mo+ 1wk 21.00 2 ea; Imo 27.00
Bins 1 000/mo 4 ea, 2mo + 1 wk 9,40 4 ea; 3 mo 12.00

(a)Times are rounded up to nearest whele time unit.
biNumder of significant figures shown s for computational accuracy only.
{C}Continguncy of 25% not included with these costs.

TABLE H.4-12. Costs of Expendable Equipment and Supplies for Relocation
of Waste from One Burial Trench

] Western Site - Eastern Site
: Unit ) Tntal Cost(a b} Total Cost( b
Ttem _ tast {§) Dasis {($ thousands)'® Basis (% thousands) '2+®)
Core Drilling
Core Sample 100/sample 115 samples 11.50 115 samples 11.50
Anti~contamination Clothing S0/man-week 52 man-weeks 2.60 60 man-weeks 3.00
Backfill Trench
Common Sorrvow 1.25/m? 12 000 m? 15.00 12 000 w? 15.00
Excavate from Abdove Trench .
Clamshell 2 000 2 each 4.00 2 each 4.00
Hiscellanegus Suppifes 2 000/mo Iim 6.00 15 mo 7.00
Anti-contamination Clothing 50/man-week 286 man-weeks 14,30 330 man-weeks 16.50
Excavate from Within Trench
L\_nder Blade 1 000 2 éath 2.00 2 each 2.00
Miscellaneous Supplies £ 000/mo 2.2 mo 4.40 3.0mo 65.00
Anti-contamination Clothing S5D/man-week 220 man-weeks 11.40 264 man-weeks 13.20

{a)Number of significant figures shown is for computational accuracy only.
{b)Contingency of 25% not included with these costs.

H-37



To calculate contractor's equipment costs, it is assumed that a contrac-
tor does not supply an item of equipment for less than 1 week (i.e., if an
item is only used for 2 or 3 days, the charge for 1 full week applies.)
Furthermore, use of an item for a full time period pTus a fraction of the
time period results in an additional week or month of use being charged. For
example, use of an item for 12 working days results in a charge for 3 weeks
of use. However, use of an item for 17 working days results in a charge far
1 month of use rather than for 4 weeks of use. This is because the charge
for 1T month is less than 4 times the charge for 1 week.

H.4.3 Waste Management Cost Details for Waste Relocation

Waste management includes packaging, shipment, and reburial at another
repository of the waste and contaminated soil exhumed from a decommissioned
LLW burial ground.

Details of waste management requirements and costs for waste relocation
are given in Tables H.4-13 through H.4-15, Table H.4~13 gives waste manage-
ment requirements and costs for relocation of high beta-gamma radioactivity
waste from a slit trench. Table H.4-14 gives waste management requirements
and costs for exhumation of a TRU waste package from a section of a burial
trench. Table H.4-15 gives waste management requirements and costs for reloca-
tion of all the waste from a single burial trench. Waste management require-
ments are based on waste relocation methods and procedures described in
Section 11 of Volume 1.

Transportation is assumed to be performed by a private contractor experi-
enced in the shipment of radicactive waste. Transportation costs include labor
costs for this activity. These costs {including overweight charges) are based
on unit cost information in Section H.1.2. The distance from the decommis-
sioned LLW burial ground to a deep geologic disposal or other shallow-land
burial site is assumed to be 2,400 km. To reduce transit times and minimize
rental charges for casks and Type B overpacks, all shipments of high beta-
gamma radioactivity or TRU waste are assumed to require the services of a
second driver.

High beta-gamma radioactivity waste is assumed to be shipped to deep geologic
disposal or to another site for shaliow-land burial. TRU waste is assumed to

H-38



TABLE H.4-13. Waste Management Requirements and Costs for
Exhumation of a S1it Trench

HWaste Management Requirements

" Tota) Yolume Shipped {m3) 150
Total Weight Shipped {kg) 165 00D
Number of Cask Shipments 8G

Waste Management Costs (§ thousandsl}a}

Waste Shipped to Waste Shipped to

Deep Geologic Disposal Shallow Land Burial
Cask Rental Charge 338 338

Transportation Costs

Basic Charge 258 259
Oyverweight Charge 235 235
Charge for Second Driver 40 40
Total Transportation Costs 53 (%1
Disposal Costs 1 065 83
Total Waste Management Costscb) 1 937 985

{alNumber of figures shown is for computatianal accuracy only.
{b)25% contingancy not included,

TABLE H.4-14, Waste Management Requirements and Costs for
Exhumation of TRU Waste

Waste Mapagement Requirements

Total Waste Yolume Shipped (m*) 5.2

Total Weight of Haste Shipped {kg) & 300

Container Type 1.2 x 1.2 x 1.8B-m Steel Box
Number of Containers 2

Number of Shipments 1

Waste Management Costs ($ thousands.J(aj

Packaging Costs
Container Cast 2.0

Super Tiger Rental Charge 1.0
Total Packaging Costs 3.0
Transportation Costs
Basic Charge 2.9
Overweight Charge 1.3
Charge for Second Driver 0.4
Total Transportation Casts 4.8
Disposal Losts 10.9
Total Waste Management Eosts{b) 8.5

{a)Number of figures shown is for computational accuracy only.
(b})25% contingency not included.
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TABLE H.4-15. Waste Management Requirements and Costs for Relocation of
the Waste from an Entire Burial Trench

Waste Management Requirements

Waste Shipped Waste Shipped
to Deep Geologic to Shailow Land Waste

Dispgsal Burial Reburied Dnsite
Total Volume Shipped {m?) 12 200 12 200 12 200
Total Weight Shipped {kg) 2 x 107 2 x 07 2 x 107
Container Type 2.6-m? Steel Box 2.6-m® Plywood Box 10.0-m® Dump Truck
Number of Containers 4 690 4 690 1 220
Transport Vehicle Tractor-trailer Tractor-trailer Dump Truck
Contatners per Shipment 5
Number of Shipments 970 970 1 220

Waste Management Costs 1§_thousandsJ(a}

Packaging Costs

Primary Container %ost 4 690 610
Cask Rental Chargetb 164 164 o
Total Packaging Costs 4 854 7 -
Transportation Costs
Basic Charge 1 579 1 579
Overweight Charge 1 334 1 334
Charge far Second Oriver 22 22 —fe)
Total Transportation Costs 7 935 7 935 57
Disposal Costs
Basic Charge 25 095 2 048
Cask Hand1ing Charge 1732 25 —{d)
Total Disposal Costs 26 827 2 073 75
Total Waste Management Costs(E} 34 600 5 780 132

{a)Number of figures shown is for computational accuracy only.

{b}Based an 2% of the waste requiring shielding during transport.

{c)Based on the costs of trucks and drivers for transporting the waste,

(d}Based an the costs of digging a new trench; dumping the waste; and
backfilling, capping and reseeding after trench is filled,

te}25% contingency not included.

be shipped to deep geologic disposal. The waste and soil from relocation of an
entire burial trench is assumed to be shipped to deep geologic disposal, or to
another site for shallow-land burial, or to be reburied in another trench at
the reference burjal site. Costs of deep geological disposal or shallow-land
burial are based on unit cost information in Section H.1.2.

Waste that is reburied in another trench at the same burial site is trans-
ported in 10-m3 dump trucks lined with plastic, as described in Section 11.4.3.
Transportation costs include the costs of trucks and truck drivers. Disposal
costs include the cost of digging the new trench, the cost of equipment and
personnel to assist in burial of the waste, and the cost of capping the trench
and seeding the area when the new trench is filled with waste.
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APPENDIX I

RADIQOLOGICAL SAFETY DETAILS

Assurance of public and occupational safety is a major consideration in
decommissioning any nuclear facility. This appendix presents the details
necessary to quantify the public and occupational safety impacts of decommis-
sioning a Tow-level waste (LLW) burial ground. As in previous decommissioning

studies in this series,(l—a)

it is beyond the scope of this study to present

a detailed probabilistic analysis and comparison of specific routine or acciden-
tal industrial situations {and associated efforts to minimize their impacts).

An attempt is made, however, to realistically quantify the parameters relating
to important safety considerations for decommissioning the reference LLW burial

ground.

The details of calculations to determine doses to the public from airborne
releases of radicactivity during routine decommissioning operations and decom-
missioning accidents are presented in Section I.1. Details of occupational
dose calculations are presented in Section [.2. Estimated radiation doses
to the public and to transportation workers from the relocation of radioactive
waste are presented in Section 1.3. The radiocactive waste inventories on
which dose calculations are based are listed in Section [.4. These waste
inventories are based on information about the reference site that is found in
Section 7 of Volume 1.

The bases and assumptions used for the radiation safety analyses are as
foliows:

1. State-of-the-art methodology and data bases are used, with realistically
maximized parameters, in the radiological safety assessment calculations.
Airborne radionuclide releases are caiculated using models and data found
in the literature, together with the reference radionuclide inventories
derived from information in Section 7 of Volume 1.
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1D.

11.

The reference waste exhumation technologies analyzed are: gantry crane
exhumation for the slit trench, a single enclosure building with manual
operations for TRU waste exhumation, and excavation from within the trench
for complete trench exhumation.

The reference trench is characterized by the average radionuclide content,
based on the total burial ground inventory at the time of site closure.

Airborne radionuclide concentrations from trench exhumation operations

are calculated using mechanical and wind resuspension rates.(4’5)

Water sprays, where used, are assumed to reduce the airborne dust concen-

trations by a factor of 10.(6’?)

Airborne dust concentrations inside the single enclosure building used

(8)

for TRU waste exhumation are assumed to reach 10 mg/m?. {Water sprays

reduce this concentration to 1 mg/m3.)

The HEPA filter system for the single enclosure building has a transmis-
sion factor of 1 x 10‘6.(9)

No credit is taken for waste package integrity and the waste is assumed
to be uniformly mixed with the soil. Only 10% of each waste/soil mixture
is assumed to be of a correct physical form and particle size to permit

airborne traHSport.(G’]O,]])

A1l offsite waste shipments are assumed to be made in exclusive-use
trucks meeting DOT and NRC requlations. Surface dose rates are assumed
to be the maximum aliowed by these regulations.

For offsite waste relocation shipments (to either deep geologic or shallow-
land burial facilities) a constant fransportation distance of 2,4D0 km one-
way is assumed.

Environmental parameters (including population, land use, and growing
season), are generally the same for both the western and eastern sites.
The only differences are in the wind resuspension rates and the population
densities along transportation routes.
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Additional assumptions needed for the radiological safety calculations
are presented as appropriate in the following text.

I.7 RADIDLOGICAL PUBLIC SAFETY

Details of airborne release calculations that provide source terms for
dose calculations are presented in this section. Doses to the public from
airborne releases during routine decommissioning operations and decommissioning
accidents are summarized in Section 1.1.4.

As stated in Section 13 of Volume 1, airborne radioactivity is a function
of several complex site and waste parameters. It is beyond the scope of this
study to quantify all of these parameters for each site. Therefore, several
simplifying assumptions are made to obtain estimates of the airborne releases.
For this study, airborne releases from routine decommissioning operations or
postulated accidents that occur in the open environment (i.e., outside of
containment structures) are generaily found using the concept of resuspensicn
rates. Basically, the total resuspended radicactivity is assumed to be the
sum of two resuspension terms that account for mechanical and wind forces.

Mechanical resuspension calculations are made using a constant resuspension

(4)

resuspension rate is used because it is & representative value within the

rate of 1 x 107 sec™! for both western and eastern sites. This mechanical
range of values reported for farming activities at Savannah River.(4) (The
actual mechanicai-mixing resuspension rate for a site is directly related to
several complex parameters.) The airborne radioactivity resulting from
mechanical resuspension is calculated by determining the product of the mechan-
ical resuspension rate (sec~!), the volume of waste disturbed (m3), the total
disturbance time (sec), and the specific activity of the radionuclide mixture
(Ci/m3).

Wind resuspension factors for the western and eastern sites are calcu-

lated using the wind-speed-dependent resuspension rate relationship shown as

a power function in Equation 1.1:(5)

R, = 10-13(5)3 (1.1)
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where:
R. ® wind resuspension rate (sec-1},
e site-averaged annual ground-Tevel windspeed {m/sec), and

10-13 o an empirical correction factor derived from experimental
data (sec?/m3).

This basic equation does not contain a correction for surface friction effects.
For ground-level average annual windspeeds of 5 and 2 m/sec for the western

and eastern sites, respectively, the wind resuspension rates are 1 x 10711 and

8 x 10713 sec™!. Wind resuspension calculations are made assuming an active
wind disturbance depth of 10 mm. The airborne radicactivity is caltculated

by determining the product of the wind resuspension rate {sec~!), the distur-
bance depth (0.01 m), the total surface area exposed {m?}, the total time of
exposure to wind {sec), and the specific activity of the associated radionuclide
mixture {Ci/m3).

Water sprays containing wetting agents {e.q., detergents) have been used
to reduce dust concentrafions in air.(ﬁ) Fine water sprays or mists increase
the surface tension of exposed dusty areas. A resuspension reduction of several
orders of magnitude may occur, as suggested by the effect of rain on exposed

(7)

spil/waste form encountered, procedures used, and other site-specific parameters,

surfaces. Since the effectiveness of water sprays is a function of the

the reduction of air concentrations by a factor of 10 is felt to be an adequate
estimate for this analysis. This assumption is used for wind and mechanical
resuspension rates, both inside and outside of the containment enclosure,
whenever water sprays are postulated to be used.

When containment enclosures are used for the relocation of TRU waste,
airborne releases are calculated assuming a constant airborne dust loading of
10 mg/m3,{8) a building volume of 1,300 m3, and three complete air changes
per hour through the building HEPA filter system. Water sprays are assumed
to reduce the airborne dust by a factor of 10, resulting in a level of 1 mg/m3.
A total transmission factor of 1 x 107% is assumed for a roughing and two HEPA

(9)

filters in series.
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Since a variety of waste forms and package designs are found in burial
trenches, it is difficult to estimate package integrity and waste migration
in the reference trench.(ﬁ’lo']])
integrity is assumed for either the TRU waste or the complete trench exhumation.

The s1it trench canisters are assumed to have a 1% failure rate involving either

For this reason, no credit for package

30-year-old or l-year-old waste. Calculations are based on the following soil/
waste mixture volumes: 12 m® for the slit trench, 5 m3 for the partial

trench exhumation of TRU waste, and 12,200 m3 for the complete trench exhuma-
tion. It is beyond the scope of this study to further gquantify these waste
mixtures. However, it is felt that not all of the waste encountered will be
of correct particle size or physical form for airborne transport. Therefore,
it is assumed that only 10% of the waste is available for atmospheric dis-

persa].(6’10’1])

The following procedure is used to calculate source terms from airborne
releases:

1. The airborne radiocactivity from mechanical mixing operations is calculated
by determining the waste volume disturbed and the total time of distur-
bance. For this study, it is assumed that waste volumes and times are
the same for both sites. '

2. The airborne radioactivity from wind resuspension is calculated by
determining the area of waste exposed to the wind and the total exposure
time. Bad weather is assumed to delay routine operations at the eastern
site; thus, the waste is assumed to be exposed to the wind for a 20% longer
time at the eastern site (see Appendix G).

3. The total airborne radicactivity is calculated by summing the mechanical
and wind resuspension terms.

I1.7.17 Airborne Radiocactive Releases from Routine

Waste Relpcation Operations

The details of the airborne radicactive release calculations for routine
waste relocation operations are presented in this section. Three waste relo-

cation cases are considered: sl1it trench exhumation, exhumation of a package

of TRU waste, and complete trench exhumation. The data used to calculate the
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airborne releases are summarized in Table 1.1-1. Calculated airborne releases
from mechanical resuspension, wind resuspension, and the total resuspension
{mechanical plus wind) for each waste relocation operation are summarized in
Table 1.1-2.

I.1.17.1 Relocation of Waste from a Slit Trench

S1it trench waste relocation involves movement of canisters containing
activated reactor core internals. To estimate the amount of waste that could
leak from these canisters, two cases are considered. The first assumes long-
term deterioration of a canister buried for 30 years. The more restrictive
case assumes accidental rupture of a canister of l-year-old waste. One canister
is involved in each of these cases, and each case is treated independently.
Since activation products in large pieces of equipment or structural steel
are fixed within a rigid matrix, it is assumed that only 1% of the waste in
the canister can migrate into the soil. Reference radionuclide inventories 1
and 2 for 30-year-old and l-year-old waste are shown in Tables 1.4-1 and 1.4-2,
respectively. Each inventory is assumed to be mixed in 1/90 of the total
trench volume, or 12 m*, as discussed in Section 1.4, Gantry crane exhumation
defined in Section 11.2.4.4 of Volume 1 is assumed as the reference exhumation
option. The individual operations involved in slit trench exhumation are
discussed below.

Core Drilling and Sampling. S1it trench core driiling is discussed in

Section 11.2.1. Since the waste leaked from a slit trench canister is assumed
to contaminate a volume of only 12 m3, it is estimated that only two out of the
total 50 cores drilled penetrate mobile waste. Water sprays are assumed during
core driliing, but are not maintained on the exposed cores after drilling. With
a core depth of 7 m and a diameter of 0.1 m, the total volume of waste disturbed
is about 0.11 m3®. The drilling rate is about 20 linear meters per day, so the
driliing of two cores results in about 6 hours of mechanical mixing time. The
mechanical mixing airborne release is the product of volume, time, specific
activity, and resuspension rate, Thus, 0.38 uCi of reference inventory 1 or

7.6 uCi of reference inventory 2 are rejeased.
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TABLE 1.1-1. Wind and Mechanical Resuspension Data for Routine Airborne Releases from
Waste Relocation Operations at the Reference LLW Burial Ground

Western Site . Eastern Site
Reference Mechanical Hours of Hours of Mechanical Hours of Hours of
Radionuclide Volume Waste Area of Wind Volume Waste Area of Wind
Inventor of Waste Movement Waste Exposed Exposure of Waste Movement Waste Exposed Exposure
. Operation _ _Number{a]l  Moved (m3) (hr)  to Wind {m?} _(hr]  Moved (m’} _ (hr)  to Wind (m?) {hr)
S1it Trench Exumaticn
Core Drilling 1.2 0.1 6 20 740 0.1 6 20 888
Remove Trench Soil 1,2 12 5 3 400 12 1 5 4 160
Replace Trench Soil 1,2 12 ) ..o} 12 )
TRU Waste Exhumation
Core Drilling 3 0.0082 53 6 480 0.0082 53 16 550
4 0.0020 14 4 480 0.0020 14 4 550
Remove Trench S0i1 (non-TRU) 3 600 120 --- - 600 i20 -—- —--
Package Contaminated 5S0il and Waste [TRU) 4 5 20 .- - 5 20 _-- ---
Remove TRU Waste 4 -—-- --- ~-- - -— - ~——— ---
Return Trench 5011 (non-TRU) 3 600 120 - -—-- 600 120 ~-- -
Backfill with Overburden - --- - - - .- - -—- -
Equipment Cleanup and Remova) 3 1 8 - - 1 8 ~-- --
Complete Burial Trench Waste Exhumation
Core Drilling 3 0.058 360 115 2 200 0.058 360 115 2 700
Remove and Package Waste/Soil 3 12 200 280 230 1 600 12 200 280 230 1 300
Backfill with Overburden -—- --- - - -—- -—- --- --- -
Equipment Cleanup and Removal 3 2 8 --- --- 2 8 --- ---

{a)Reference radionuclide inventory numbers refer to the radionuclide mixtures in Tables 1.4-1 through I.4-4, Oniy 10% of the curies involved are in
a form that will permit atmospheric transport,
{b)A dash indicates that the corresponding resuspension pathway is not considered for this operation.
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TABLE I.1-2. Calculated Airborne Releases from Routine Waste Relocation

Operations at the Reference LLW Burial Grounds

Reference Western Site Eastern Site
Radionuclide Mechanical Wind Total Mechanical ¥ind Total
lnvent?r{ Resuspension  Resuspension Airborne Resuspension  Resuspension Airborne
Operation Mumberia guCil {uCi) fuCi! uli guEi! {pCil
S1it Trench Exhumation
Core Drilling 1 3.8x 1070 8.5x107'  1.2x10°  3.8x 1070 B.5x10°2 4.6 x 107}
2 7.6 x 10 1.7 x 10! 2.5 x 10} 7.6 x 0% 1.6 x 100 8.2 x 1o¢
Remove Trench Soil 1 6.9 x 10° 9.8 x 107! 7.9 x 100 6.9 x 10V 9.4 x 1072 7.0 x 109
2 1.4 x 107 1.9 x 10} 1.6 x 102 1.4 x 109 1.9 x 109 1.4 x 102
Replace Trench Soil 1 6.8 x 10 Bl gsxq00 6.9k 10 - 6.9 x 100
2 1.4 x 102 —- 1.4 x 107 1.4 x 102 - 1.4 x 102
TRU Aaste Exhumation
Core Drilling 3 4.5 x 109 z2.0 x 10° 6.5 x 100 4.5 x 10¢ 1.9 x 1071 4.7 x 10°
a4 6.0 x 100 4.1 x 10! 4.7 % 10} 6.0 x 10° 3.7 x 100 9.7 x 10°
Remove Trench Scil {non-TRU) 3 7.0 x 107" --- 7.0 x 10~% 7.0 x WU —— 7.0 x 107
Package Contaminated 5071 and Waste (TRU) 4 3.6 x 107" ——— 3.6 x 107 3.6 x 107" ——- 3.6 x 107"
Remove TRU Waste 4 - - - -—- - ——
Return Trench Soil {ngn-TRU} 3 7.0 x 107" - 7.0 x 10-% 7.0 x 10~ - 7.0 x 107"
Backfill with Overburden - --- —— -~ ~—- - —-———
Equipment Cleanup and Removal 3 8.4 x 10! —— 8.4 x 10! 8.4 x 10} - 8.4 x 100
Complete Burial Trench Waste Exhumation .
Core Orilling 3 2.2 % 10t 2.6 x 10 2.5 x 102 2.2 x 107 2.6 x 100 2.2 x 102
Remove and Package Waste/soil 3 3.6 x 107 3.8 x 100 3.6 x 107 3.6 x 107 3.7 x 107} 3.6 x 107
Backfill with Overburden - --- -—- -~ -- - -—-
Equipment Cleanup and Removal 3 1.7 x 102 —-- 1.7 x 102 1.7 x 192 --- 1.7 x 102

{a)Reference radicnuclide inventory numbers refer to the radionuc)ide mixtures in Tables 1.4-1 through 1.4-4. Only

are tn a form that will permit atmospheric transport.
{b)A dasn indicates that the corresponding resuspension pathway is not considered for this operation.

10% of the curies involved



Since the cores are not assumed to require packaging, they are spread
over a surface area of 10 m? per core until the trench overburden is removed
and the cores are covered. The total exposed area is 20 m?, with an active
wind disturbance depth of 10 mm. From Figures 11.2-2 and 11.2-3, core driiling
takes 20 work days for the western site and 24 work days for the eastern site.
Assuming that 3 extra work days are required to remove the overburden (thus
covering the exposed cores), a total wind exposure time of 31 calendar days
(740 hours) for the western site and 37 calendar days (888 hours) for the
eastern site is calculated. For the western site, the wind-resuspended radio-
activity is calculated to be 0.85 uCi of inventory 1 or 17 uCi of inventory 2.
For the eastern site, 0.085 uCi of inventory 1 or 1.6 uCi of inventory 2 are
calculated to be released.

The total airborne release is found by summing the airborne releases for
mechanical and wind resuspension. For the western site, the total release is
1.2 uCi of inventory 1 or 25 uCi of inventory 2. For the eastern site, the
total release is 0.46 pCi of inventory 1 or 9.2 uCi of inventory 2.

Slit Trench Soil/Waste Removal. A total of 12 m3 of contaminated soil

is assumed to be removed during slit trench exhumation. The total mechani-
cal mixing time is assumed to be 1 hour for each site. Water sprays are
assumed during removal of the contaminated soil. The total airborne release
from mechanical operations is thus 6.9 pCi of inventory 1 or 140 uCi of inven-
tory 2.

The soil removed from the slit trench is assumed to be stored in an over-
burden pile along the full 150-m trench length. To contain the volume of
material in the trench, the pile requires a radius of about 4.6 m {assuming
a half-cylinder shape). The 12 m3 of waste in such a pile has a surface area
of about 5 m?2. No water sprays are assumed. For the western site, from
Figure 11.2-2, the soil is exposed for a maximum of 100 work days, or about
3,400 consecutive hours. The airborne release is about 0.98 uCi of inventory
1 or 19 yCi of inventory 2. For the eastern site, from Figure 11.2-3, the
waste is exposed for up to 20% Tonger, or about 4,100 consecutive hours

maximum., The airborne release is calculated to be 0.094 uCi of inventory 1

or 1.9 uCi of inventory 2.
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The total airborne release is the sum of the mechanical and wind resus-
pension terms. For the western site, this sum is 7.9 pli of inventory 1 or
160 pCi of inventory 2. For the eastern site, it is 7.0 pCi of inventory 1
or 140 uli of inventory 2. Mechanical resuspension dominates the airborne
release from slit trench soil/waste removal operations.

Backfill Slit Trench Soil/Waste. A total of 12 m? of contaminated soil
is returned to the slit trench during backfilling. It is assumed that the

same amount of time is required for backfilling as for soil removal

(i.e., 1 hour}. The release is therefore the same as the mechanical resus-
pension release calculated for soil/waste removal. The releases are the

same for the western and eastern sites: 6.9 nuCi of inventory 1 or 140 uCi of
inventory 2.

1.1.1.2 Relocation of TRU Waste from a Burial Trench

Partial trench relocation operations involve the selective removal of
TRU waste packages from a burial trench. Thus, reference radionuclide inven-
tories 3 and 4 are encountered in these operations. These inventories are
Tisted in Tables I.4-3 and I.4-4, and are discussed in Section 1.4. The
reference technology used is assumed to be manual operations inside a single
enclosure building. Only the core drilling occurs outside of the enclosure
building.

Core Drilling. Since TRU waste forms are encountered in this operation,

a special method is used to contain the radionuclides. This method is described
in Section 11.3.1. A total of 20 cores are drilled over an area of 100 m2. A
total of four cores are assumed to strike TRU waste (reference inventory 4), and
16 strike normal trench waste {reference inventory 3). Each core is 8 m long
and has an active length of 6.5 m of waste. Since each core is encased in plas-
tic as it is drilled, the volume of mechanically mixed waste subject to resus-
pension is assumed to be only 1% (leakage)} of each core. The volume of TRU
waste disturbed is calculated to be 0.002 m3, and the volume of non-TRU waste
distyrbed is calculated to be 0.0082 m®. At a rate of 15 Tinear meters per day,
it takes about 14 working hours to drill the TRU cores and about 53 working
hours to drill the non-TRU cores. Water sprays are assumed to reduce the



mechanical resuspension rate by a factor of 10 for this operation. The total
airborne radioactivity released because of mechanical disturbance during core
drilling is calculated to be 6 uCi of TRU waste (inventory 4) and 4.5 uCi of
non-TRU waste (inventory 3}.

Because of the special core-containment procedures used, each core drilled
is assumed to contaminate only 1 m? of ground surface. Therefore, only 4 m?
of waste inventory 4 and 16 m? of waste inventory 3 are exposed to surface
winds. HNo water sprays are assumed. These areas remain on the ground surface
until the overburden is removed. From Table 11.3-2, wind exposure for the
western site could be as long as 14 work days, or 480 consecutive hours; waste
at the eastern site could remain on the surface about 17 work days, or 550 con-
secutive hours. The airborne radiocactivity from wind resuspension for the
western site is calculated to be 41 uCi of inventory 4 and 2.0 uCi of inven-
tory 3. For the eastern site it is calculated to be 3.7 uCi of inventory 4 and
0.19 uCi of inventory 3.

The total airborne release is the sum of the mechanical mixing and wind
resuspension terms. Thus, for the western site, a total of 47 uCi of inven-
tory 4 and 6.5 pCi of inventory 3 is released. For the eastern site, 9.7 uCi
of inventory 4 and 4.7 uCi of inventory 3 are released as a result of core dril-
1ing operations.

Remove Non-TRU Trench Waste/Soil. After the single enclosure building

is erected, non-TRU waste removal begins. From Section 11.3.5, approximately
" 600 m3 of non-TRU waste must be removed before the TRU waste can be removed.
This waste is stored inside of the enclosure building. The excavation rate
is about 5 m3/hr, so about 120 hours are required to remove this waste. Water
sprays reduce the dust level in the building to 1.0 mg/m?, and 3 total building-
volume air changes are assumad per hour. Thus, 4.7 x 10° m3 of air, with a
total of 470 g of soil and waste, assault the HEPA filter system. Assuming a
soil density of 2 g/em3, 240 cm® {or 2.4 x 107" m3) of waste inventory 3 strike
the HEPA filter system. Assuming a transmission factor of 1 x 10‘5,(9)
2.4 x 10719 m3 of waste, or 7.0 x 10°% uCi of inventory 3, are released.



Remove and Package TRU Trench Soil. The TRU waste is assumed to be uni-
formly mixed with enough soil to fill two waste boxes, as described in
Section 11.3.2.1. These boxes have dimensions of 1.2 mx 1.2 m x 1.8 m, with
a total volume of about 5 m3, and are Tined with plastic. Extra care is taken

in exhuming the TRU waste; thus, the exhumation rate is only about 1 m3/day

(as described in Section 11.3.5). HWith 4 hours per day of mechanical effort
involved, a total of 20 hours are spent exhuming and packaging the TRU waste.
Again, a single enclosure building is assumed, with water sprays to reduce dust
loading in the air. Using the airflow parameters for this building and an air
Toading of 1.0 mg/m3, 12 g of waste inventory 4 contact the HEPA filter system.
Assuming a soil density of 2 g/cm®, 6.0 cm® (or 6.0 x 1076 m3} of inventory 4
are involved. With a specific activity of 60 Ci/m3, and a HEPA system trans-
mission factor of 1 x 1078, a total of 3.6 x 10™% uCi are released during this
operation,

Remove TRU Waste. After the waste is packaged, it is removed from the

single enclosure building, as described in Section 11.3. The waste boxes

are surveyed for smearabie surface contamination and, when clean, are loaded
(in a Type B container) on a truck for removal to deep geologic disposal, as
described in Section 11.3.3. Since no direct waste contact is involved here,
no airborne release is expected.

Backfill Non-TRU Trench Waste/S0il. This operation is expected to

release, at most, the same amount of contamination as removal of the same
material described earlier. Thus, 7.0 x 107" uCi of waste inventory 3 are
calculated to be released.

Backfill with Qverburden. Since the movement of clean material is

involved in this operation, no radioactive airborne release is anticipated.

Equipment Cleanup and Removal. After exhumation, the equipment used is

decontaminated before it is removed from the site. This is part of the demo-
bilizing time shown in Figure 11.3-3, and is assumed to require 8 working hours
for the building and equipment. At most, a volume of 1 m3 of waste inventory 3
is handled. Water sprays are assumed to be used, thus reducing the airborne
dust concentration. For this operation, the estimated release is 84 pCi.



1.1.1.3 Relocation of all the Waste from a Burial Trench

Complete burial trench exhumation is discussed in Section 11.4. Excava-
tion from within the trench is assumed for this analysis. Reference radio-
nuctide inventory 3 is assumed to characterize the waste encountered. This
inventory is shown in Table 1.4-3.

Core Drilling and Sampling. As described in Section 11.4.1, about

115 cores are required to characterize the trench before waste exhumation.

The cores are drilled in the same manner as those for relocation of TRU waste
from a burial trench. Therefore, many of the parameters used in this calcula-
tion are the same as those defined for TRU waste exhumation. Each core is

0.1 m in diameter and 8 m Tong, with an active waste length of 6.5 m. Each core
is encased in plastic as it is drilled; hence, the volume of waste subject to
mechanical mixing is assumed to be only 1% of the total core volume (5.8 x
10~2 m3). Drilling time is expected to be about 6 hours a day and, at a dril-
Ying rate of 15 linear meters per day, a total of 60 work days are required.
This equals 360 hours of mechanical mixing during drilling, for either site.
Water sprays are assumed to reduce the resuspension rate by a factor of 10.
The airborne release from mechanical resuspension is calculated to be 220 uCi.

Because of the core-containment procedures used, each core drilled is
assumed to contaminate only 1 m? of ground surface. Therefore, only 115 m?
of contaminated surface result. For the western site, from Figure 11.4-2, the
waste could be exposed to surface winds for about 65 work days, or 2,200 conse-
cutive hours, before the overburden is removed. For the eastern site, work
delays add 20% more time, for a total of 2,700 consecutive hours of wind expo-
sure. The total radioactivity made airborne by wind resuspension is calculated
to be 26 uCi for the western site and 2.6 uCi for the eastern site.

The total airborne reiease is the sum of the mechanical and wind suspen-
sion terms. For both sites, this sum is dominated by the mechanical mixing
component. Releases for the western and eastern sites are calculated to be
250 pCi and 220 uCi, respectively.



Remove and Package Waste/Soil. The total volume of waste/soil assumed
to be packaged per trench is given as 12,200 m3 in Section 11.4.2. No credit
for package integrity is assumed in calculating airborne releases. While

waste forms will vary greatly within a trench, for this analysis the waste

is assumed to be a homogeneous mixture of the radionuclides listed in reference
inventory 3, and 10% of the waste is available for resuspension. Work schedules
for the in-trench exhumation are based on an excavation rate of 24 m3/hr per
crew {see Section 11.4.5), with two crews working. Therefore, it takes about

47 work days, or 280 work hours, to remove the waste from a single trench.

Water sprays reduce the resuspension rate by a factor of 10. The total air-
borne release from mechanical resuspension is caltculated to be 36 Ci.

The surface area of the exposed waste during complete trench exhumation
and waste packaging is calculated on the assumption that two crews work from
the trench ends toward the center. (This method is described in Section 11.4.5.)
The trench walls and floor are assumed to be free of radiocactive contamination
as each working face advances. The area of each working face is calculated
assuming a working slope of 45 degrees. The average trench width is about
12.5 m, and the working face is about 9.2 m high along the 45 degree slope.
The area of each face is about 115 m?; therefore, the total area exposed is
230 m?2. For the western site (from Figure 11.4-2), it takes about 45 work
days to exhume and package the waste. This corresponds to about 1,600 hours
of continuous wind disturbance to a depth of 0.01 m. For the eastern site
(from Figure 11.4-3), about 53 work days, or 1,900 hours of continuous exposure,
are required. Water sprays reduce the resuspension rate by a factor of 10 at
each site. The airborne releases are calculated to be about 3.8 nCi for the
western site and 0.37 uCi for the eastern site.

The total airborne reltease is the sum of the mechanical and wind resus-
pension terms. This total is controlled by the mechanical mixing term and
is 36 Ci for both sites.

Backfill with Overburden. Since clean overburden is assumed to be trans-

ported by truck from offsite, and the trench walls and floor are free of con-

tamination, no airborne radioactivity is assumed to be generated by this
operation,
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Equipment Cleanup and Removal. After the complete trench is exhumed,

the equipment undergoes a radiation survey and decontamination before it is
shipped offsite. This operation is part of the work required to demobilize

the equipment, as shown in Tablie 11.4-1. As in the equipment cleanup from
partial trench (TRU) waste relocation, it is assumed that 1 m3 per crew, or a
total of 2 m3, of waste inventory 3 is handled. Water sprays are used to reduce
dust loading. Completion of this operation is estimated to require about 8
working hours, releasing a total of 170 uCi.

1.1.2 Airborne Radioactive Releases from Routine Site Stabilization Operations

Site stabilization operations are described in Section 10 and Appendix F.
The purpose of these operations is to reduce the extent and rate of radionuclide
release from buried wastes left in place in a decommissioned LLW burial ground,
The operations are designed to mitigate releases caused by geomorphological,
hydrological, biological, and human release mechanisms. None of the technigues
in the stabilization plans considered involve direct contact with the waste;
thus, there is no anticipated mechanism for airborne releases for the site
stabilization operations described. The selection of a set of stabilization
plans for a specific site may require procedures that involve contact with
waste, but the impact of such operations is anticipated to be smail by compari-
son to waste relocation operations. Therefore, no airborne releases are calcu-
lated for stabilization operations.

1.1.3 Airborne Radicactive Releases from Postulated Decommissioning Accidents

During routine decommissioning operations, situations may arise leading to
accidental airborne releases of radioactivity. Postulated LLW burial ground
decommissioning accidents and estimated airborne releases from these accidents
are shown in Table I.7-3. The accident scenarios are presented in order of
decreasing magnitude of atmospheric release, with the corresponding reference
radionuclide inventory listed. Transportation accidents (for waste relocation
operations) are included in the table.

An estimate of the frequency of occurrence of each postulated accident
is also given in Table I.1-3. The frequency of occurrence is listed as being



TABLE I.7-3. Postulated Accidents During Decommissioning Operations
at the Reference LLW Burial Ground

Reference Yolume Duration Total
Radicnuclide of Waste of Airborne
Inventor Involved Accident Release Acciden
. Operation/incident Number{a {m3) {hr) {uCi) Freguency%b)
Waste Relocation
Severe Transportation Accident (TRU} 4 5.2 ] 3.1 x 10? Low
Spontaneous Combustion of Wastes 3 4 4 1.7 x 103 Medium
4 1 1 9.0 x 1073 Medium
Exhumation of Undetected TRU Waste 4 5.2 1 1.1 x 109 High
Onsite Transportation Accident {non-TRU} 3 10 1 1.0 x 103 Medium
Waste Package Handling (TRU} 4 2.6 i 5.5 x 102 Low
Trench Yoid-Space Collapse 3 45 1 4.7 x 102 Medium
Man-Caused Fire 3 } ] 4.4 x 102 Medium
Severe Transportation Accident {non-TRU) 3 5.2 ] 1.5 x 102 Medium
STit Trench Side-wall Collapse 2 12 1 1.4 x 102 Low
Failure of HEPA Filters (TRU) 4 1 6 7.2 x 10! Low
Waste Penetration During Overburden Removal 3 i 960 3.4 x 10! Low
Core Encasement Rupture 3 0.051 } 8.3 x 102 High
Mingr Transportation Accident {TRU) 4 5.2 1 3.1 x 100 Low
High Wind 3 2.3 24 5.8 x 107t High
Building Leak During TRU Exhumatien 4 5 30 3.6 x 107} High
3 200 40 2.2 x 10°¢ High
Undetected TRU Core Drilling 4 0.051 2 2.1 x 107! High
Minor Transportation Accident {(non-TRU} 3 5.2 1 1.5 x 1071 Medium
Temporary Loss of Services 3 e --- - High
S1{t Trench Canister Rupture Z - --- -—- Low
Loss of Water Spray 3 -—- -—- -——- High
Natural Phenomena 3 --- - --- Low
Afrcraft Crashes 3 --- -—- -—— Low
Site Stabitization
Trench Void-Space Collapse 3 45 1 4.7 x 104 Medium
Waste Penetration During Site
Stabilization Operations 3 1 240 8.6 x 100 Low

{alReference radionuclide inventory numbers refer to the radionuclide mixtures in Tables 1.4-1 through
1.4-4. Only 10% of the curies shown are in @ form that permits airborne transport.

(b)Frequence of occurrence: High >1.0 x 10775 Medium 1.0 x 1072 to 1.0 x 107%; Low =1.0 x 10”5 events
per year.

{c)A dash indicates that no estimates of airborne releases are made.
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high if tue occurrence of a release of similar magnitude is greater than 1072,
medium if between 1072 and 1075, and low if less than 107> events per year.

Table I.1-3 includes postulated accidents for both waste relocation and
site stabiiization operations. Most of the listed accidents pertain only to
waste relocation operations. WNone of the site stabilization plans considered
in this study involves direct contact with the subsurface waste. Since the
waste is normally covered by 1 or 2 m of overburden, most stabilization accidents
wotld not result in an airborne release of radicactivity,

While it is beyond the scope of this study to identify and evaluate every
accident for decommissioning an LLW burial ground, a number of operational,
natural phenomena, and indirect man-related accidents are postulated. Multiple-
event accidents are not considered; that is, for each accident only one event
is analyzed.

Transportation accidents listed in Table [.1-3 are discussed in Section I.3.
Other accidents are described briefly in the following paragraphs.

Spontaneous Combustion of Waste. Since relatively large volumes of com-

bustible material are buried in LLW burial sites, a spontaneous fire in the
waste pile is possible during waste relocation operations. For this analiysis,
two waste fires are postulated: one during complete trench waste relocation
and one during partial waste relocation involving TRU waste.

A spontaneous fire is postulated to occur at night during trench waste
relocation operations. Several combustible waste forms {e.g., paper products,
plastic products, rubber products, wooden crates, and rags) exist in burial

trenches.(12)

A fire in these wastes during working hours would be quickly
detected and extinguished; however, a fire occurring at night might burn far

a relatively long time. Thus, a fire is postulated to burn undetected for

4 hours and consume 4 m® of waste. The waste involved is assumed to contain
the mixture of radionuclides 1isted in reference inventory 3. The reported
maximum fractional airborne release during a contaminated waste fire is

1.5 x 10‘“.(13) Thus, a total of 1,700 uCi is estimated to be released by such

a waste fire.



A spontaneous waste fire involving TRU waste is postulated to occur at
night within the confines of the metal enclosure, Since the volume of TRU
waste is quite small {only 5 m3), the fire is postulated to consume 1 m? of
waste in T hour. Using the same airborne release fraction from fires
(1.5 x 10'“)(}3) and the waste from reference inventory 4, a total of 9000 uCi
is airborne in the single-walled containment building. Assuming a HEPA filter
system transmission factor of 1 x ]0'5,(9) a total of 0.009 pCi is calculated
to be released from this postulated accident.

A medium frequency of occurrence is estimated for fires resulting in the
magnitudes of airborne release calcutated here.

Exhumation of Undetected TRU Waste. The effectiveness of partial trench
waste removal is totally dependent on the accuracy of burial records and the
results of core drilling. Both of these may be subject to error, depending
on the site and circumstances involved, It is realistic to postulate that

pockets of undetected TRU waste may be encountered during routine exhumation
of all the waste from a trench. For this accident, it is postulated that

5 m3 of waste inventory 4 are encountered during in-trench waste exhumation,
and that the TRU waste is not detected until packaged and ready for shipment.
Therefore, it is handled in the same way as any other waste form in the trench.

The TRU waste is postulated to be in an exposed condition subject to
mechanical mixing for approximately one hour. Assuming a mechanical-mixing
resuspension rate of 1 x 1077 per second and a water-spray air-concentration
reduction factor of 10 (see Section I.1), and the airborne release is estimated
to be 1100 uCi of inventory 4. It is estimated that the frequency of cccurrence
of an accident with this magnitude of release is high.

TRU Waste Package Handling. After TRU waste is exhumed and packaged, the

sealed packages are removed from the work enclosure for transport to another
location. It is postulated that one of the two waste boxes is accidentally

dropped outside of the metal building, spilling the contents on the ground.

Water sprays are assumed to be immediately available to reduce the airborne

release. The total volume of material involved fil1s a waste box

(1.2 mx 1.2mx 1.8 m) with a volume of about 2.6 m®. It is estimated that



about 1 hour is required to repackage the contaminated scil. Using the
mechanical-mixing resuspension factor of 1 x 10°7 per second, the total release
is estimated to be 550 uCi of inventory 4. A low frequency of occurrence is
estimated for an event with this amount of airborne release, since special
procedures are used and only two boxes of TRU waste are handled for each TRU
waste exhumation operation.

Void-Space Collapse. During site stabilization operations or overburden

removal operations for trench exhumation, it is postulated that earthmoving
equipment encounters a void space and sinks into the waste trench. Assuming
that the trench is 30% void space (see Section F.1.1.1}, it is calculated that
a void Targe enough to engulf a medium-sized earthmover could occur if ail of
the void space of that section of trench were in one location. For this
accident, it is postulated that a 90-m3 void engulfs an earthmover while it is
removing trench overburden. This event, and the subsequent recovery from it,
is postulated to disturb a volume of waste equal to one-half the volume of

the void, or 45 m®. It is estimated that this volume is disturbed for a maxi-
mum of 1 hour. For void-space collapse during stabilization, water sprays

are not postulated to be available to reduce airborne dust concentration. How-
ever, for collapse during waste relocation, water sprays are assumed to decrease
the airborpe dust concentration by a factor of 10. Thus, the total airborne
release from this event is 4700 uCi of inventory 3 for void-space collapse
during stabilization, and 470 uCi of inventory 3 for void-space collapse during
waste relocation. It is estimated that events with this magnitude of release
have a medium frequency of gccurrence.

Man-Caused Fires. Waste fires could occur during working hours as a

result of several man-caused events, including explosive accidents involving
trench equipment or welding apparatus, as well as less severe human-error
events. Because of the presence of the work crew, the fire is guickly detected
and extinguished. Therefore, a fire is postulated to burn for 1 hour, con-
suming 1 m® of waste inventory 3. Using a reported maximum release fraction

(13) the total airborne release is estimated

from waste fires of 1.5 x 10-%,
to be 440 pnCi. As with the spontaneous fire, a man-caused fire resulting

in this magnitude of release is expected to have a medium frequency of occurrence.



S1it Trench Side-Wall Collapse. S1it trench exhumation operations are per-
formed after a side wall is constructed from sheet piling. It is postulated
that the side wall collapses during soil removal. Such an event results in
a potential for airborne release. Assuming that all 12 m3 of waste inventory 2
are involved for a maximum of ] hour, the estimated airborne release is 140 nCi.
Water sprays are assumed to be operating for the duration of the accident., A
side-wall collapse leading to an airborne release of this magnitude is estimated
to have a Jow frequency of occurrence.

Failure of HEPA Filters During TRU Waste Exhumation. As discussed earlier,

TRU waste exhumation is postulated to be performed inside a single enclosure
building. This building is equipped with a HEPA filter system with a total
transmission factor of 1 x 1D'5.(g) Such a system could fail because of eguip-
ment malfunction or human error and increase the airborne release. It is
postulated that a total failure of the filters occurs during a 6-hour work day
when TRU wastes are being handled. The airflow system is assumed to continue
operating, giving three building air exchanges per hour. Water sprays are
operating, and the air dust loading is 1.0 mg/m®. With a building volume of
1,300 m3, the total airborne release is estimated to be 2.3 g. Assuming a
density of 2 g/cm?, the volume of waste released is 1.2 ¢cm® {or 1.2 x 107% m3).
Using waste inventory 4, the total activity released is estimated to be 72 uCi.
Because of manual inspection procedures and radiation monitoring equipment, a
filter failure accident with this magnitude of release is estimated to have a
Tow freguency of cccurrence.

Waste Penetration During Overburden Removal. The removal of overburden

from the waste trenches is a routine operation for complete trench exhumation.
It is postulated that, during this operation, the equipment accidentally
penetrates the waste. Such an event is felt to be realistic, especially where
burial records are incomplete or inaccurate. It is felt that this event would
disturb a small volume of waste. Therefore, it is postulated that about 100 m”
are exposed to the wind by this accident. From Figures 11.4-2 and 11.4-3, it
is estimated that, if undetected, this area could be exposed for up to 40 days.
The worst case of this event would occur at the western site because of the

higher wind resuspension rate at that site. Assuming no water spray is used,
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a wind resuspension rate of 1 x 107!! sec~! and a disturbance depth of 10 mm,
the total airborne release is estimated to be 34 uCi of inventory 3. Waste
penetration events as severe as this are estimated to have a Tow frequency
of occurrence.

Core Encasement Rupture. Core drilling for complete trench exhumation

is discussed in Secton 11.4.1. Each core is assumed to be encased in plastic
as it is drilled to prevent the spread of radioactivity. For this accident

it is postulated that a plastic encasement ruptures and that the waste is
exposed for one hour. The rupture is postulated to occur at a location where
water sprays are not available. A volume of 0.051 m® of waste of reference
radionuclide inventory 3 is involved. The airborne release is estimated to be
5.3 uCi. A core encasement rupture accident resulting in an airborne release
of this magnitude is estimated to have a high frequency of cccurrence.

High Winds. High winds have a high frequency of occurrence, especially
at the western site where dust storms frequently occur. Using a wind resuspen-
sion rate based on an average annual ground-ievel wind speed may result in
underestimation of the short-term impact of these winds. For this study, the
wind resuspension rate is determined using a power function relationship of
the wind speed, as discussed in Section I.1. A high-wind event is postulated
to occur at either the western or eastern site, resulting in a 24-hour average
ground-level windspeed of 10 m/sec. This value is chosen because it is twice
the highest windspeed used for calculating routine airborne releases. Using
Equation 1.1, the high-wind resuspension rate is calculated to be 1 x 10-10
sec”!. In the event of high wind, routine waste relocation operations are
suspended. It is further assumed that water sprays are used to reduce airborne
dust concentrations by a factor of 10. For complete trench waste relocation,
the area of exposed waste is 230 m?, with a wind disturbance depth of 10 mm.
Thus, the estimated airborne release from a 24-hour high-wind event is
0.58 LCi of reference inventory 3. This value compares to a routine 24-hour
wind release of 0.058 uCi for the western site and 0.0016 uCi for the eastern
site.

Building Leak During Partial Trench Relocation. The reference technology

for TRU waste relocation assumes that excavation takes place inside a single
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enclosure. The reference enclosure is a lightweight sheet-metal structure
with reinforcing steel beams and diagonal struts. The building is designed to
have a negative airf?ow and a HEPA air-filtration system. Undetected building
leaks could be caused by such things as improper design, accidental damage to
a wall, or an ineffective ventilation system. It is postulated that a leak
exists in the building, permitting 0.1% of the airborne radiocactivity in the
building to excape unfiltered.

The airborne concentrations of radiocactivity in the reference building are
estimated in Section 1.7.1.2. For non-TRU waste relocation operations, it is
estimated that 7.8 g (3.9 x 10°% m3) of waste inventory 3 contact the HEPA
system from routine non-TRU waste removal operations. A leak of 0.1% results
in the release of 3.9 x 10°9 m3, or 0.011 pCi. The same release occurs when
the waste is replaced in the trench. Thus, the total airborne release of
inventory 3 is estimated to be 0.022 uCi.

For the removal of the 5 m3 of TRU waste {inventory 4), it is estimated
that 12 g (6.0 x 10°% m3) of waste assault the HEPA filter system. Again,
assuming that 0.1% of the airborne waste leaks from the building, a total of
6.0 x 1073 m3, or 0.36 uCi, of inventory 4 is released from the building. Con-
tainment failure of a single enclosure building resulting in an airborne release
of this magnitude is estimated to have a high frequency of occurrence.

Undetected TRU Core Drilling. Core drilling for complete trench exhuma-

tion is discussed in Section 11.4.1. 0Of the 115 cores predicted to be driiled,
it is assumed that one core strikes a pocket of TRU waste. For this accident,
it is postulated that the presence of TRU waste is not detected until the
entire core is drilled. From Section I.1.1.3, it is estimated that one core
disturbs a waste volume of about 0.051 m3. This entire volume is assumed to

be inventory 4 waste. Since special core encasement procedures are used, only
1% of the core is assumed to leak. The drilling rate is expected to be 15
Tinear meters per day, so, assuming & hours of drilling per day, about 2 hours
are required to drill the 6.5 m of active waste in the core. Assuming that the
mechanical-mixing resuspension rate is 1 x 1077 sec™! and that water sprays
reduce the air concentration by a factor of 10, the airborne release is estima-
ted to be 0.21 uCi. A core drilling accident resulting in an airborne release
of this magnitude is estimated to have a high frequency of occurrence.
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Temporary Loss of Services. Work progress could be interrupted by the

loss of support services. Such an interruption stops normal work activities,
and no airborne releases are anticipated. While loss of services is estimated
to have a high frequency of occurrence, this event is not analyzed further.

S$1it Trench Canister Rupture. It is postulated that a s1it trench waste

canister ruptures during loading into a shipping cask. This rupture spiils

the waste in the trench. The waste is activated LWR core internals in very
large pieces. While the waste contains large quantities of beta-gamma producing
activation products, it is not in a form that can be readily made airborne

for release. Therefore, no airborne release results. This event is estimated
to have a Tow frequency of occurrence and is not analyzed further.

Loss of Water Spray. As with the loss of other site services, water spray

loss is assumed to stop all work. Site work procedures require a water spray
for most operations and, while loss of the water spray may have a high freguency
of occurrence, no further analysis of this event is made.

Aircraft Crashes. Each burial ground has its own unique potential risk

from aircraft crashes, based on its proximity to airports and air-traffic lanes.
The risk of aircraft impact at nuclear reactor sites is concluded to be 10w,(14)
and it is felt that a similar Tow risk exists for LLW burial sites. The risk

is not escalated by decommissioning operations and, thus, is found to be about

1075 to 1078 events per year. No further analysis is made here.

Waste Penetration During Site Stabilization Operations. For this event,
it is postulated that an area of 100 m? of waste is exposed for about 10 days
during site stabilization operations. Such an event may occur at a site where

the exact location of the trenches is unknown because of inaccurate or incom-
plete records. Assuming that no water spray is used, and using the western

wind resuspension factor {1 x 107!! sec~!) disturbing the waste to a depth of

10 mm, the airborne release is estimated to be 8.6 uCi. Because of radiation
monitoring efforts, an event with this release has a Tow frequency of occurrence.

1.1.4 Calculated Public Radiation Doses

First-year doses and 50-year committed dose equivalents are estimated

for airborne releases from routine decommissioning operations and decommissioning
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accidents. Dose calculations use the airborne radionuclide concentrations
described in Sections I.1.1 and [.1.3 and the reference radionuclide inventories
tabuTated in Section 1.4. A detailed discussion of dose models is found in
Appendix C. The dose calculations presented in this section are summarized

in Section 13 of Volume 1.

The airborne radioactive releases from routine waste relocation operations,
shown in Table I.1-2 for the western and eastern sites, are used with the cor-
responding reference radionuclide inventories to calculate the doses shown in
Tables I.1-4 through 1.1-7. Tables 1.1-4 and 1.1-5 contain the calculated
doses to the maximum-exposed individual. Tables 1.1-6 and I.1-7 contain the
calculated doses to the population residing within an 80-km radius around the
reference LLW site, using average individual exposure parameters., For this
analysis, identical site parameters for the western and eastern sites are used,
except for wind resuspension factors and times required to perform some of the
decommissioning tasks.

Table 1.1-8 contains estimates of doses to the maximum-exposed individual
for airborne releases from decommissioning accidents. Entries in the table
are ordered in terms of decreasing magnitude of the airborne release. Doses
from transportation accidents are included in this table.

1.2 QCCUPATIONAL SAFETY

Details of the occupaticnal dose calculations for waste relocation, site
stabilization, and long-term care are presented in this section.

Section 17 of Volume 1 contains a discussion of methods and procedures
for waste relocation. Occupational dose calculaticns are made for three waste
relocation cases:

e relocation of high beta-gamma radicactivity waste from a slit trench by
use of the gantry crane exhumation option

e relocation of TRU waste from a burial trench by use of manual excavation
techniques inside a single enclosure

o relocation of all the waste from a burial trench by excavation from within
the trench.
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TABLE I.1-4. Radiation Doses to the Maximum-Exposed Individual from Airborne Releases
During Routine Waste Relocation Operations at the Western Site

. R:ferenge Total £ Comit Dg‘ifty-i'gar
I a?nsz:té:‘;e th:elt:"s’g ;:re —r irst-fear Dose ;rw'[hyrnid i Committed Dose Fouivalent E;l:l]\‘] .
_Dperation - Humperia) __tulh; Body  _  _Bone lung __ __ Gland GI-LLI Body Bune Lung __Gland _ BI-LLI
511t Trench Exhumation
fore Britling 1 1.2 & 107 Fogox BOTLE DB . 10700 12 10000 12w 1070 1.2 ox 1071Y 0 1.8 x 10709 LB x 10°Y 1.7 « W0TIE 1.2 5 1070 1.2 x J00i0
2 2.5 x 10! 6.0« 107 5.9 a 1079 5.6 x 10°% 5.5 x 1079 5.6 x 1077 6.0 x 1077 7.8 4107 6.8 % 107 6.5 x 1077 5.6 . 10°°
Remove Trench Spil 1 7.9 2 W00 5.4 10010 26 5 07 70 07T 79 T0T'R 7U% . 000 1R x M0E 1.2 w TR 7@ x 10710 7.8 x 10717 7R x MQTIE
2 1.6 x 0¥ 3%k 1078 3.8 x 107 1.6 21070 3.5 = 107¢ 3.6 2 10°° 3.0 % 197 5.0 x 1078 37T x W06 3B 107f 3.6 x 107F
Replace Trench Soil 1 6.4 x 109 B2 7YY 22 ¢ WY &9 x 07T ESa 10THY B9 x 1000 T x 1077 1B a 1EE BL% x 107! 6.9 x 10TL0 6.8 x 1070
2 1.4 x 102 3.4 0 R 1.3k 1R 3.2 x 10°° 3.2 ap7? 3.2 0% Wt 1.4 0 107F 4. 1070 1.3 x 1079 3.1 « a7 3.2 2 0°F
Partial Trench Waste Relocation
Core Orilling 3 6.5 x 197 YA WY 22 2000 65 <1070 38 x 107V 3.8 % 107I0 26 2 7077 1.5 x T0TY FLT ok 1070 37w 107M0 27 ¢ 107L0
4 4.7 x 10 9.7 x 10°%  EN ¢ 107 3.7 x10°Y 8.8 x 7077 2B ow 199 5.2 %077 T4 o 1075 471007 g8 2107l 28000
Remove Trench Soil (non-TRU] 3 7.0 x 10- LY
Package Contaminated $0i1 and Waste {TRU] L] 3.6 x 197" - 1.7 % 10757 1.7 x 107! - - 4.0 = 10717 1,7« 10°LL 36 x 10712 - R
Remove TRU Waste q el - - - P - — ven [ . -
Return Trench Sqi1 {non-TRU) 3 7.0 x 10" - - . - - - --- - -—-
Backfill with Dyerburden - .- - .- - - --- ..- ~-- au- --- -
Equipment Cleanup and Removal k| B.4 5 10! b7 21007 20 x 100F B4 x 1007 409w WY 4.9 x 107F 3.5 x4 1078 1.9 « W’ 1.0 « 107 4.9« 707 4.9 21077
Complete Burial Trench Waste Exmmmatiocn
Lare Drilling 3 2.5 % 1¥ 4.9 ¢ 107" @0z W07Y 2.8 1078 1.8 % 107" 1.5 x 10°F 1.0 7077 59 x 1077 3,1 x 4078 1.5 x 19~ 1.5 21074
Remove and Package Waste/soil kl 36 x W07 .8 10°F 1.2 %1077 e 10°F 2 x 1077 2 x 1077 L5 x 1077 B0« W0F 4.4 x 1077 2.7 x 1077 2.1 w 1073
BackfiT1 with Overburden - - --- - - .- - - [ e a
Equipment Cleanup and Rewoval K 1.7 a1 107 1.3 10°° 5.9 x 107" 1.7 x 0 1.00x107H 1.0 = 10°% 7.1 x 7Y 4.0 x 10 2.1 x 167 1.0 x 10°F 1.0 x 1HE

{alReference radipnuclide inventory numbers vefer to the radionuclide mixtures in Tables 1.4-1 theowgh 1.4-4. Only 10% of the curies
invalved are in 3 form that permits stmospheric tramsport.

[BJA dash in a dose column indicates » walue less than 1.0 « 10 ° rem.

{]A dash in the release colurn indicates that the gperation 1s considered, but mo airborne release is cafcelated.
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TABLE I.1-5.

During Routine Waste Relocation Operations at the Eastern Site

__ COperation

514t Trench Exhumation
Cora Orilling

Kemove Trench Soil

Replace Trench 5011

Partial Trench Waste Relocation
Core Drilling

Rewave Trench Soi11 (non-TRU)

Package Contaminated Soil and Waste {TRU)
Removs TRU Waste

Return Trench Soil (non-TRU)

Backf411 with Overburden

Equipment Cieanup and Removal

Complete Buria) Trench Waste Exhumation
Core Drilling
Rewove and Package Wastefsoit
Backfi1] with Overburden
Equipment Cleanup and Remgval

{a}Reference radionuclide inventory numbers refar to the radionuclide mixtures in Tables [.4-1 through 1.4-4. {nly 10% of the
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{c]A dash in the release column indicates that the pperatfon 1s considered, but no Afrborne retease fs calculated.
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TABLE 1.1-6. Radiation Doses to the Population Residing Within 80 km from AZrl;or-ne Releases
During Routine Waste Relocation Operations at the Western Siteld

Reference Total Fifty-Year
Radionuclide Release to First-Year Dose (man-rem) _ Committed Dose Equivalent (man-rem)
invent r¥ the Atmosphere Total Thyroid Yotal hyrotd
Operatign . Number D {pCi) Body Bone __Lung Gland _ Gi-LLl ___ Body Bgne Lung Gland Gl-1L1
511t Trench Exhumation
Core Drilling 1 1.2 x 107 8 x 10°8 320677 7 ox 107" 7 ox 10-E L 1 b P [V P [ ] ?x 107 7 x 1Q-B 7 ox M-8
4 2.5 % 107 4 & 10-F 3 a0 107 3 x 10-% 3o« 10-F 321077 4 x 1076 5 x 10°E 34107 3 x 1078 3 % 0-¢
Remgye Trench Soil 1 7.9 x 16° S 1T 2k 707 4 x 1007 4x10°7 41077 821077 B x 10°F 4 x 0077 4 2 -7 5 g 107
2 T.6 x 107 2 %07 ox 10" 2z 30" 2 x 10-> 2 x 107" 2 x 10°% 3 x 100 2 x 7075 2 w0079 2 x ig-s
Replace Trench Sofl 1 6.9 x 100 5% 107 Zzx 100 A x 07 4 w207 2 x 1077 211077 $x 1076 4 x 10°7 4 x 507 4 x )07
2 1.4 z 10¢ 2x 107" 2w gt 2 107" 2 x 10 2x 0% 210" 3 x 10°° 2% 10"5 2 a0°% 2 x 100
Partial Trench Waste Relocation
Core Drilling 3 6.5 » 100 9% 10~7 2 x 107 51077 2w 10?2 w077 2 10t T 107F 6 x 1077 2w 10-7 2 x0°7
4 4.7 x 10! Tx1075 3 x107% 4 x Y07 6 x 1079 1x106 7 x107% 1100 & x10°% & x 1079 1 x 107€
Remmve Trench 5041 (non-TRU} 3 0% e T2 1071 2 x 10780 B oy qorbl 3 207U 3w 107EL 3 5 gm0 ) ¢ 21079 7 ox 00730 3 x 10711 3 x 10710
Package Contaminated Soil and Waste {(TRU} 4 3.6 % 107 Bx 1071 1 x 1079 3 x 1077 -— T 23078 6 x 107 1 1077 4 x 107 I 1 x jo-1t
Remove TRU Maste 4 .t Ll . - — - -
Return Trench Soil [ran-TRU) 3 7.0 % 107 7% 70718 2 x 10710 5 w0 J07RE 3 307 3 x TOTEE 3 ¢ 1070 1 x 10°% F ox 19710 3 x 90777 3 x 07!
Backfill with Overburden - - - - — - -— -
Equipment Cleanup and Removat 3 8.4 x 10! Px 1078 2 x10°% 6 x 10°% 3k 10°% 3 x10-% I x 107 2 x WY B R WP 3 x 10~ 3 x 106
Complete Burfal Trench Maste Exhumation
Core Drilling 3 2.5 x 102 4x 3075 7 x 107 Zx10F B x 107" Bx10°" gx107° Ex1WY 2x 1075 Bx 107 8x W07
Remove and Package Waste/sofl k] 3.6 x 107 5 x 100 7 10% 3109 2 % 107 2 x 100 2 x 10! 7 x 100 4 x Q¢ 2 x 10% 2 x 10%
Backfill with Overburden - --- --- --- - .- e - --- -—- --- -
Equipment Cleanup and Removal 3 1.7 x 102 2a 10 5 & 10 1 x10°% & x10F & 1 107 5 10-% 3 x 10-% 2 x5 6 x1p-F 6 x 10°8

(a}Population doses are shown to one significant figure.

{b)Reference radionuclide inventory numbers refer to the radionuc)ide mixtures in Tables [.4-1 through I.4-4. Only 10X of the curies invelved are in
a form that permits atmospheric transport.

(c)A dash in the release column indicates that the operation is considered, but no airborne release is calculated.

(d)#& dash in 2 dose column indicates a value less than T x 10°'? man-rem.
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TABLE I1.1-7. Radiation Doses to the Population Residing Within 80 km from A
During Routine Waste Relocation Operations at the Eastern Site

]nvent?a the Atmggphere
i o 'IE

Reference
Radionuc]ide
Oparatign - Number
Slit Trench Exhumation
Core Drilling i
H
Remove Trench Soil %
Replace Trench 3o0il ;
Partial Trench Waste ReloCation
Core Drilling 3
4
Remoye Trench Soi1 {non-TRY) 3
Package Contaminated Soil and Waste (TRU) 4
Remove TRU Waste 4
Return Trench Soil [nen-TRU} 3
Backfill with Qverburden -
Equipment Cleanup and Removal 3
Complete Burfal Trench Waste Exhumation
Core Driiling k|
Rerove and Package Waste/fsoil 3
Backfill with Overburden -
Equipment Cleanup and Remowal 3

{a}Population douses are shown te one significant figure.

{b)Referance radfonuclide inventory numbers refer to the radionuclide mixtures in Tables 1.4-1 through 1.8-4.

a form that permits atmospheric transport.
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Site stabilization and long-term care procedures for which accupational
dose calculations are made are discussed in Section 10 of Volume 1.

To calculate occupational doses from external exposure, it is necessary
to compute an exposure rate, determine a quality factor for the radiation
present, and estimate the amount of time each crew member actually spends in
the radiation field during the various phases of decommissioning.

Exposure rates from non-transuranic (non-TRU) waste are calculated using
the computer code ISOSHLD.(]5’16) The ISOSHLD program uses a point-kernel
integration technique 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 geometries are available.

For these calculations, the conventional burial trench (described in Section 7.2
of Volume 1) is approximated by a rectangular parallelepiped, with the detector
on the centerline and slab shields representing the soil. To simplify the
geometric description of the source term, it is assumed that the radiocactive
material is homogeneously distributed throughout the entire trench volume.

The s1it trench canisters are represented as cylindrical sources with slab
shields. For the s1it trench, it is assumed that the radioactive material is
distributed uniformly throughout the canisters that are located according to

the description given in Section /7.2.2.

Dose rates from the TRU waste are computed using the code PUSHLD.(T?)

PUSHLD is specifically designed to correctly handle the low-energy photons

from plutonium and its daughters. The plutonium source consists of a 40 g Pu0;
cylinder with an oxide density of 2 g/cm3, centered in a 208-% waste drum with
16-gauge steel walls. The soil that covers the drum is considered to have a
composition similar to that of concrete and a density of 2 g/cm3.

Both ISOSHLO and PUSHLD are used to calculate dose rates in terms of
Roentgens per unit time. One Roentgen of gamma radiation is equivalent to
0.956 rads; 18}
used. Since the major radiation from the waste is high-energy beta and garmma,

for this study a direct conversion from Roentgen to rad is

a quality factor of 1.0 is used to convert the exposure rate to a dose-equivalent
rate. For brevity, all dose-equivalent rates are called dose rates.
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The manpower and man-hours required for each waste relocation operation
are listed in Sections 11.2 through 11.4 of Volume 1. Estimates are made of
the fraction of the work day that each crew member spends in the radiation
field. A work day is defined as being & hours long, except for operations
involving special clothing such as bubble suits, where the work day is assumed
to be 4 hours. MWaste relocation operations are estimated to take 20% longer
to complete at the eastern site than at the western site due to delays caused
by unfavorable weather conditions. Work progress is limited by these delays,
but the actual workers' exposure time for both sites is approximately equal.
Therefore, in computing the external occupational doses for waste relocation
operations, the man-~days required for the western site are used.

Sections 1.2.1 through 1.2.3 describe assumptions and procedures used to
calculate external doses to decommissioning workers for the three waste relo-
cation cases. Sections 1.2.4 and 1.2.5 describe the occupational dose analyses
for site stabilization and Tong-term care, respectively.

1.2.1 Relocation of High Beta-Gamma Radioactivity

Waste from a Siit Trench

A description of the siit trench is given in Section 7.2.2 of Volume 1.
The technologies for waste exhumation from a slit trench are described in
Section 11.2. The reference waste exhumation technology used for estimating
occupational doses i1s the mobile gantry crane. It is assumed that one-half of
the 90 canisters in the trench contain 1-year-old waste while the remaining
canisters contain 30-year-old waste, thus approximating a gradually filling
trench over a 30-year period. These wastes are characterized by reference
radionuclide inventories 1 and 2, shown in Tables 1.4-1 and 1.4-2. Table I.2-1
contains a summary of occupational doses received during waste relocation from
a slit trench. The assumptions and calculational details for these dose calcu-
lations are discussed below.

1.2.1.1 Core Drilling and Sampling

STit trench core drilling and sampling operations are described in
Section 11.2.2. Two sources of potential occupational exposure from these

activities are considered: contaminated core drilling samples and the external
dose from the waste canisters themselves.
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(a)

TABLE I.2-1. Occupational Doses and Data for S1it Trench Waste Relocation Operations

Exposure
Time Duration Dose Rate Dose at Total Dose per
Persanne) per Location aof Operation at Location Location per Total Dose per lorker Category
Operation Personnel Location {hr/day)  _ (days} {rem/hr)  HWorker {rem} Worker (rem] _  (man-rem]
Core Sampling Foreman {1] 1 m Over Trench 3 18 2.0 x 10°% 1.1 x 1p-? 1.1 x 107 1.% » 1077
Labarers (2} 1 m Over Trench 3 T8 2.0 % W07 1.7 2 1073
1 m from Core 0.50(0} 1 2.0 x 107 1.0 x 10°% 1.1 x 1072 2.2 x 1072
Health Physics
Technicial {1] 1 m Over Trench 3 k] 2002107 1.1 w107
T m from Core U.l?(b} 1 2.0 x 1077 3.4 x 1073 4.5 » 1Q°¢F 4.5 x 1077
Overburden Removal fquipment Z m Above Trench Plus )
operator {1) 8 tm of Steel 6 3 2.0 x 1O te - -
Health Physics
Technician (1} 1 m Over Trench 1.5 3 2.0 % 1070 - -— ---
Sheet Piling lnstallation Foreman (1) ! m Over Trench 3 27 2.9 x 10°¢ - . -
Equipment
Operaters (2) 1 m Over Trench 3 27 2.9 x 10°% — P ---
Laborer (1) ' m {ver Trench 1 27 2.9 x 1070 - . .-
Health Physics
Technician (1} 1 o Qver Trench 3 27 2.9 % 19°° - . -
Waste Exhumation/Packaging Foreman 4 m {skyshine) T(d) 90<dJ 2.1 % 1075 1,9 x 1073 1.8 x 1072 1.9 x 1073
Equipment
Operators (2] 10 m from Canister a.2% a0 4.2 x 1L 9.5 x 100
4 m {skyshine) t 80 2.1 21075 1.9 x 107F 9.5 x 107 1.9 x 107
Laborers {2} 0.3 m from Cask §.25 50 5.1 x 1077 1. ¢ 100
1 m from Cask 0.25 0 1.0 x 1072 2.2 x 1071
4 m (skyshine} 1 30 2.1 %107 1.9xi0"F 1,3 x0¢ 2.6 x 100
Heaith Physics
Technician {1} 4 m (skyshine) 1 90 2.1 %707 1.9 x 1073
_ 5 m from Canister 0.083 kolo) 1.7 x 10° 1.3 x 10! 1.3 x 101 5.3 g 100
Totals for AT] Operations 17 3.5 x 101(6}

{a)Only exposure pathway considered in this analysis is external exposure.

{b}Exposure time reguired is for two contaminated cores normalized to a 1-day exposure.

{c]These operations result in doses Tess than 1.0 x 1074, and are not further analyzed.

[dYFor waste exhumation/packaging, dose calculations are based on the number of canisters exhumed and the hours per canister rather than gn the
pumber of days required for the operatfon.

{elAverage dose to one of the 17 workers is about 2 rem.



Since the leaked waste from any canister is assumed to contaminate a
volume of only 12 m?, it is estimated that only two out of 50 cores penetrate
mobile waste. Assuming a 1% leak fraction, a homogeneous mixture of waste
throughout the 12 m3, and a core volume of 0.055 m3, approximately 15 mCi of
1-year-old waste or 0.73 mCi of 30-year-oid waste are contained in each con-
taminated core sample. These amounts result in dose rates at 1 m of 2 x 1072
rem/hr for 1-year-ald waste and 1 x 1073 rem/hr for 30-year-old waste. It is
assumed that each contaminated core sample is handled by two laborers for
15 minutes total and that each sample is surveyed by the health physics techni-
cian for 5 minutes, with these workers at a distance of 1 m from the core.

External dose calculations from the buried canisters are performed for
two cases: core drilling before and after overburden removal. With 2.2 m of
soil overburden (for the case of core drilling before overburden removal), the
dose rate 1 m above the ground surface is 1.9 x 10710 vem/hr. With 1.2 m of
soil overburden (for the case of core drilling after overburden removal), the
dose rate is 2.0 x 107> rem/hr. It is assumed that the work crew is over the
trench for 50% of each work day. Occupational exposure from core drilling
prior to overburden removal is considered to be negligible when compared to
other doses accumulated during slit trench exhumation.

1.2.1.2 Overburden Removal

The overburden removal process for the slit trench is described in
Section 11.2.1. One meter of averburden is removed, leaving 1.2 m of soil
remaining over the upper layer of canisters. The operation is estimated to
take 3 days. The work crew includes one equipment operator and a health
physics technician. It is assumed that the equipment operator works over the
trench a full day at a distance of 2 m above the ground surface, with a mini-
mum of 80 mm of steel shielding. The health physics technician is assumed to
be over the trench 25% of each work day at a distance of 1 m above the ground
surface. The dose rate at 1 m above the ground surface is computed to be
2.0 x 107°% rem/hr. Assuming a plane source and a shielding attenuation facter

(19)

of 0.1, as determined from the Radiological Health Handbook, a dose rate
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of 2.0 x 107% rem/hr to the eguipment operator is calculated. Doses for this
operation are calcuiated to he less than 0.1 mrem for each worker, and are
therefore considered to be insignificant.

1.2.1.3 Sheet Piling Installation

Sheet piling is installed along the sides of the trench before exca-
vation operations begin. The placement of the sheet piling is described in
Section 11.2.3. Since the sheet piling is installed 1.2 m back from the side
of the trench, it is assumed that a minimum of 2 m of soil shielding exists
between the waste canisters and the workers during this operation. It is
also assumed that workers rotate jobs, that their dose reference point is
1 m above the ground surface, and that the entire crew is at this location for
50% of the work day. The dose rate through 2 m of soil and 1 m of air is calcu-
Tated to be 3.0 x 1072 rem/hr. Occupational exposure during sheet piling
installation is therefore considered to be insignificant.

1.2.7.4 Trench Excavation and Waste Exhumation

Trench excavation and waste canister retrieval requires remote operations
because of the high dose rates within the slit trench. Trench excavation
using a mobile gantry crane is briefly described in Section 11.2.4.5. This
operation involves removal of the soil surrounding the waste canister. When
a canister is exposed, the digging stops and canister exhumation begins.
Exhumation consists of 1ifting the canister using a boom crane, loading the
canister into a cask placed in the trench, replacing and manually fastening
the cask 1id, and removing the cask from the trench.

During excavation it js assumed that the dose rate is negligible to most
of the crew, since they are at least several meters from the sheet piling and
there are several meters of soil shielding. Even though the operations are
remotely monitored with TV cameras, the gantry crane operator may require some
visual contact with the excavation area in order to manipulate the equipment.
It is assumed that the operator is at an average distance of 10 m from the
canisters and that approximately 2 hours are reguired to excavate a section
of trench and expose a waste canister. It is further assumed that, for 15
minutes of this time, enough of the canister is exposed so that a significant
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dose may be received by the crane operator. Conservatively, it is assumed that
the canister is completely exposed during this 15-minute period. The dose rate
at 10 m from a bare 1-year-old canister is estimated to be 8.2 x 107 rem/hr,
and the dose rate at 10 m from a bare 30-year-old canister is estimated to be
1.8 x 1072 rem/hr. Therefore, an average dose rate of 4.2 x 107* rem/hr is used.

It is estimated to take 2 hours to transfer a canister into a cask, seal
the cask, and remove the cask from the trench. During part of this time, until
the canister is inside the cask, the canister is completely exposed. The time
during which the canister is completely exposed is assumed to be 1 hour. Stiil,
the direct dose to most of the working crew is minimal, except tc the boom-crane
operator and to the health physics technician who must take smear samples of the
canister surface to check for possible contamination.

Cask loading is performed at a location in the trench where a shield wall
is erected., It is assumed that the boom-crane operator is 10 m from an unshielded
canister for only 15 minutes during each 2-hour cask loading period.

The health physics technician uses an extending device at teast 5 m long
to check for smearable contamination on the canister surface. It is assumed
that 5 minutes are required to monitor each canister. The dose rate at 5 m
from a 1-year-old waste canister is estimated to be 3.3 rem/hr, and the dose
rate at 5 m from a 30-year-old waste canister is estimated to be 7.1 x 10-?
rem/hr. The average dose rate is therefore 1.7 rem/hr.

Other crew members are assumed to be exposed only as a result of scat-
tering from trench walls {skyshine). Although there are 3 layers of canisters,
the skyshine calculation is made on the basis of a fixed canister location in
a trench. The reference canister is assumed to be 2 m below the top of the
trench, at the approximate location of the top layer of canisters. The sky-
shine contribution is calculated by using an equation from the Reactor Shield-
ing Design Manua].(zo) The dose rate to personnel located 4 m from the edge
of the trench is calculated to be 2 x 1075 rem/hr.

After the canister is placed inside a cask and the cask 1id is remotely
placed on top, the 1id must be manually fastened down. This is the only time

during the entire excavation/exhumation operation that anyone is assumed to



be in the trench. It is assumed that this task requires two laborers one-half
hour each per cask. Two sources of radiation doses to these workers are con-
sidered: the cask itself and the canisters remaining in the trench.

The dose rate from the transport cask is assumed to be the maximum allow-
able according to federal reguiations in 10 CFR 49.(2]) This maximum allowable
dose rate is 200 mrem/hr at the cask surface and 10 mrem/hr at 3 feet {1 m)}
away. Assuming that a cask containing a l-year-old waste canister exhibits
these dose rates, a cask containing a 30-year-old waste canister would exhibit
dose rates that are about 50 times smaller, or about 4 mrem/hr on the surface
and 0.2 mrem/hr at 1 m. The average dose rates are therefore about 1.0 x 10°¢
rem/hr and 5.1 x 107% rem/hr at the cask surface and 1 m away, respectively.
The two Taborers are generally assumed to be 1 m away from a cask, with their
extremities as close as 0.3 m from the cask surface about half the time. At
a distance of 0.3 m, the average dose rate is estimated to be 5.1 x 107¢ rem/hr,
assuming the cask is a point source.

In estimating dose rates from nearby canisters, the worst case exists
when the first cask 1id is fastened down. At this time the cask is nearest
the remaining canisters in the trench. The canisters are 3.6 m long and are
placed end to end in the trench, with 1.4 m of soil between canister ends.
Assuming that excavation removes half the soil between the canisters and that
sheet piling 1s used for soil stabilization, 0.7 m of soil and & mm of steel
shields the first set of canisters. If the first four sets of canisters nearest
the cask all contain l-year-old waste, a dose rate of 1.0 x 10°% rem/hr to
laborers fastening down the first cask 1id is estimated. As each succeeding
canister is removed, the dose rate decreases because the cask is further away
from the remaining canisters. After the first three columns of canisters are
removed, the dose rate decreases to about 1 x 1073 rem/hr. Dose rates are
calcuiated to laborers fastening the 1tids on the first nine casks and summed
to compute an average dose rate of 5.2 x 107 rem/hr during cask 1id fastening.
This average dose rate from nearby canisters is approximately the same as that
received from the cask on which the workers are fastening the 1id.
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1.2.2 Relocation of TRU Waste from a Burial Trench

A description of methods and procedures for exhumation of a package of
TRU waste from a burial trench is found in Section 11.3 of Volume 1. The
burial trench is described in Section 7.2 of Volume 1. For the calculation
of the occupational radiation dose from this aperation, the reference tech-
nology is assumed to be manual excavation inside a single enclosure. During
excavation and exhumation, all personnel working inside the enclosure are
required to wear bubble suits. Therefore, the only dose calculated is that
due to external exposure. A worker is assumed to spend 4 hours inside
the enclosure during a normal work day.

For external dose rate calculations, the TRU waste package is assumed to
have a volume of 1 m3 and to contain 40 g of plutonium. The isotopic compo-
sition of the plutonium is given in reference inventory 4 of Section I.4.

The non-TRU waste that must be removed to reach the TRU waste package has an
average activity of 2.9 Ci/m? and an 150t0p1c composition given in reference
inventory 3 of Section 1.4.

Dose rates from non-TRU waste exhumation are calculated using the code
[SOSHLD, and those from TRU waste exhumation are calculated using the code
PUSHLD.

A summary of the data and calculated occupational doses for TRU waste
relocation is shown in Table I.2-2. The assumptions and calculational details
for this operation are discussed below.

1.2.2.1 Core Drilling and Sampling

Core drilling and sampling is described in Section 11.3.1 of Volume 1.
It is estimated that 20 cores are reqguired to precisely locate the position of
the TRU waste and to identify the extent of radionuclide migration from the
waste. It is estimated to take 14 days to complete the core drilling.

Two sources of radiation exposure are considered: the non-TRU waste
beneath the overburden, and the contaminated core samples. The dose rate from
the non-TRU waste through 2 m of soil at a point 1 m above the ground is
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TABLE 1.2-2. Occupational Doses and Data for Partjal Trench (TRU) Waste
Exhumation/Relocation

Expusure Time Duration of Oose Rate at  Dgse at Locatsor Tota' Jose Tutal Tuse per

Persannel per Location Dperatior otation peEr Worker pepr Worker  MWorker Categery
e o Bperation_ Fersonnel _ .. Lpeation o {hriday; loagr) o (veeyhe) o frem)  _ _lremi _ {man-rem}
Core Sampling foreran §1) M m from Core .].3“” 1 LI R A 37 a0 7o« M 3.7 w1
Labarers (74 I'm from Core E.S(b‘" i 1.1 = 15 5.5 w1070 5.5 ¢ W07 [ I
Aealth Physicn
Technician (1) 1 m from Care pte! i RIS A 10T LA K1 13w
Overlwrden Remaval L .- --- .- -- - - -
Sheet Piling Inatailativn Lol .-
Tnstall Emclosure Buildiag Fareman (1) 1 m Aboye Ground fuvface B 5 FO I S Proae FoOow o0 M Frial
Equipment 2 m Above Ground Lurface
Nperators (2} Plus B0 mr of Steed . ] 73k 1070 0w e Fouox LT [ I K
Laborers (21 1 m fSbove Ground Surface [} B 23 e 0 E R B Lk 1T Forw 127
Health Physics
Technician %) > Abave Grapnd Surface E 5 N L I T v do0ow 10T F.0ox 00
Ercavate dHom-THY Wiste Fereman (170 Y oni Fram Waste File 4 n Tl a0 4.4 x 10 B4 ox 17 8.4 x
Fauiprant
Jperators 1YY Smofrom Waste Pile q i Sow 1T 8.4 %00 1.7 = 10
Laborers (21 5 m from Waste Pile 2t a0 N
Wrthin Pit gt 30 T.r T (I N U
.He.zl-‘_(\ F'n;.;s\g;s ) B (e ) .
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computed to be 2.1 x 10710 vem/hr. Thus, the occupational dose from this
source is considered to be negligible compared to other sources considered
in this study.

Some of the core samples contain non-TRU waste with an isotopic composi-
tion of reference inventory 3 and an average curie content of 2.9 Ci/m®. This
number is based on the assumption that the waste is homogeneously mixed
throughout the entire trench volume. Assuming that 4 m of the &-m-long core
is non-TRU waste, and using a core volume of 0.055 m3, approximately 80 mCi
of radionuclide inventory 3 is contained in each core sample. This cerre-
sponds to a dose rate of 1.1 x 107! rem/hr at a distance of 1 m. A1l 20 core
samples are assumed to contain the same amount of non-TRU waste.

Tt s assumed that two laborers handle each core for 15 minutes. The
health physics technician surveys each core for 5 minutes at a distance of
1 m. The drilling foreman is assumed to be 10 m away for 10 minutes per core.
At a distance of 10 m, the core sample is treated as a point source and the
dose rate is estimated to be 1.1 x 1073 rem/hr.

1.2.2.2 0Qverburden Removal

One meter of overburden is removed from a 30-m< area, requiring only 1
day at each site. The crew consists of one equipment operator and one health
physics technician. There is still 1 m of soil covering the waste after over-
burden removal. The dose rate through 1 m of soil is 2.3 x 107 rem/hr in air
1 m above the soil. Since this operation is of such short duration, the dose
accumulation is negligible and is not further analyzed.

[.2.2.3 Sheet Piling Installation

Sheet piling is installed to provide a square pit with 10-m sides. A
minimum of T m of soil is assumed between the crew personnel and radioactive
material in the pit. It is estimated to require only 4 days to install the
sheet piling, including a day each for mobiiization and demobilization. The
occupational dose for this operation is estimated tc be negiigible and is
not further analyzed.
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[.2.2.4 Trench Excavation and Waste Exhumation

Trench excavation and waste exhumation operations for TRU waste removal

are divided into four phases:

i.
2.
3.

4.

Install enclosure (5 days)
Excavate non~TRU waste (30 days)
Exhume TRU waste (5 days)

AU

Clean up and demobilize (5 days).

The dose calculations for these operations are discussed below.

i.

Install Enclosure - The work encicsure is a lightweight sheet-metal
building 12 m by 18 m by 6 m high. It is assumed that the work crew is
over the trench the entire 6~hour work day at a distance of 1 m above
ground. The dose rate from the TRU waste is insignificant since this
waste is covered by about & m of soil. The dose rate from the non-TRU
waste, with 1 m of overburden, is 2.3 x 107° rem/hr. The equipment
operator is assumed to have about 80 mm of steel shielding; thus, this
operator receives a dose of 2.3 x 107° rem/hr.

Excavate non-TRU Kaste - Approximately 600 m*® of non-TRU waste is removed
from the upper & m of the pit area in order to reach the TRU waste. A
removal rate of 5 m3/hr and a 4-hour work day are assumed. A backhoe is
assumed to be used to remove the non-TRU waste, with assistance from the
laborers only when necessary. It is assumed that the entire crew is above
the pit during this phase, except for the laborers and the health physics
technician, who spend about half an hour in the pit each day during the
final 2 weeks of non-TRU waste excavation.

For work above the pit, two sources of radiation are considered: the non-
TRY waste pile and the waste beneath the 1 m of overburden. For the

entire 600-m® non-TRU waste pile, ISOSHLD is used to compute a dose rate
of 1.4 x 107! rem/hr at a distance of 5 m. For an average dose rate over
the 30 days of excavation operations, this dose rate is reduced by a

factor of 2 to give 7.0 x 1072 rem/hr. For operations above the pit, the
dose rate from the waste beneath the overburden is negligible compared to

the waste-pile dose rate.
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For work within the pit volume, dose rates are computed for the non-TRU
waste behind the sheet piling and the TRU waste beneath the pit bottom.
ISOSHLD is again used to calculate a dose rate of 3.6 x 107! rem/hr in

the pit at a distance of 1 m from the nearest wall. The pit walls are
treated as an infinite plane, so this dose rate is doubled to obtain a
dose rate of 7.2 x 107! rem/hr from the non-TRU waste. The dose rate

from the TRU waste is calculated, using PUSHLD, to be 2.0 x 1073 rem/hr

at a distance of 1 m above the surface of the waste without soil shielding,
The total dose rate for in-pit activities is therefore about

7.2 x 1071 rem/hr.

Exhume TRU Waste - It is assumed that half of the crew is in the pit and
the other half is above the pit during this phase of operations. Since
the TRU waste is handled in the pit, a waste surface dose rate of

2.0 x 107% rem/hr is added to the non-TRU dose rate in the pit, making
the total dose rate to workers in the pit 7.4 x 107! rem/hr.

The total dose rate to workers above the pit comes from two sources. All
600 m® of the non-TRU waste pile is above the pit during exhumation of the
TRU waste, contributing 1.4 x 107! rem/hr at a distance of 5 m. It is
assumed that, in 1ifting the TRU waste from the pit and preparing it for
transportation offsite, the workers above the pit are an average distance
of 1 m from the waste package. The dose rate from the TRU waste package

at this distance is 2.0 x 1073 rem/hr. Thus, the total dose rate to workers
above the pit is 1.4 x 107! rem/hr.

Cleanup and Demobilization - Prior to this phase of operation, all of

the TRU waste is packaged and removed from the enciosure, A small bull-
dozer is used to push the non-TRU waste back into the pit. This operation
requires 2 days for compietion. It is assumed that the entire crew is
above the pit during this operation and that the average dase rate is

7.0 x 1077 rem/hr (one-half of the maximum dose rate at a distance of

5 m from the non-TRU waste pile).

Three days are required to remove the work enclosure and stabilize the
ground surface after the non-TRU waste is returned to the pit. The dose
rate for this operation is the same as that calculated for installation
of the enciosure {2.3 x 10" rem/hr).
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1.2.3 Relocation of ail the Waste from a Singie Burial Trench

Section 11.4 of Volume 1 contains a discussion of metheds and procedures
for compiete exhumation and relocation of the waste from a single reference
burial trench. It is assumed that high beta-gamma radiocactivity waste and
TRU waste have already been removed from the burial trench. Complete trench
relocation operations involve the exhumation of wastes of reference radio-
nuclide inventory 3, shown in Table 1.4-3. The reference technology used for
occupational dose calcuiations is excavation and exhumation from within the »
trench {i.e., from the trench floor}, as described in Section 11.4.2.2.

A summary of external doses to decommissioning workers for relocation of
all the waste from a single burial trench is given in Table 1.2-3. The total
occupational dose for this waste relocation operation includes both an external
and an inhaiation dose, A discussion of the magnitude of the inhalation dose
and of the use of respiratory equipment to reduce this dose is included in
Section 13.3 of Volume 1; hence, the inhalation dose is not discussed here.
Assumptions and calculational details for external dose estimates are given
below.

1.2.3.1 Core Drilling and Sampling

Core drilling and sampling operations related to this waste relocation
operation are discussed in Section 11.4.1. An estimated 115 cores are to be
taken, with several of these being sent to the laboratory for analysis. It
is estimated that the core drilling program requires 62 days.

To calculate occupational doses, two sources of radiation are considered:
the trench waste itself and the radicactive core samples. The dose rate from
the trench waste through 2 m of soil overburden is computed to be
2.1 x 1071% rem/hr 1 m above the ground surface in air. The occupational dose
from this source is negligible during the core drilling and sampling program. .

The core samples contain some radioactive waste. Although the amount
varies, an average content is caiculated based on the average curie content of
the trench waste. Reference inventory 3 is used, with an average specific

activity of 2.9 Ci/m®. It is assumed that 4 m of each 8-m-long core sample
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TABLE 1.2-3. Occupational Doses and Data for Exhumation of the Waste from One Burial Trench
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contain radioactive waste. Using a core volume of 0.055 m3, approximately
80 mCi of radicactive waste is contained in each core. This corresponds to

a dose rate of 1.7 x 107! rem/hr at a distance of 1 m in air. At a distance
of 10 m in air, the core sample appears similar to a point source, and the
dose rate is estimated to be 1.1 x 1073 rem/hr. sThe same personnel locations
and exposure times are assumed as for the TRU core drilling operation (see
Section [.2.2.1).

1.2.3.2 Overburden Removal

For complete waste relocation from a conventional trench, 2 m of over-
burden is removed, down to the active waste level of the trench. The entire
operation is estimated to require about 3 days. The work crew includes two
equipment operators and a héa?th physics technician. It is assumed that the
equipment operators are 2 m above the ground surface, with about 80 mm of steel
shielding, and that the health physics technician is 1 m above the ground sur-
face for 1 hour each day.

The dose rate above the ground surface increases Togarithmically as the
overburden is removed. Using numerical integration and an overburden removal
rate of 0.11 m/hr, an accumulated dose is computed for various overburden thick-
nesses. For each equipment operator, the total dose is calculated to be
1.8 x 1072 rem. To simplify calculations it is assumed that the time periods
during which the health physics technician is over the trench are distributed
uniformly throughout the day; his total dose is computed to be 3.0 x 1072 rem.

1.2.3.3 Trench Excavation and Waste Exhumation

Excavation is performed with a front-end loader operating on the floor of
the trench. Large intact containers are removed from the trench with a crane
and grappling hooks. Small boxes, 208-% drums, and loose waste are fed into a
vibrating hopper over a large metal bin (1.2 m x 1.2 m x 1.8 m}. After a bin
is filled, the 1id is secured. The bin is then lifted from the trench arnd pre-
pared for transport. Laborers in each crew assist equipment operators in grap-
pling onto waste containers, attaching cables to waste bins, and performing
manual excavation tasks. Two crews are assumed to work from either end of the
trench toward the middle. It is assumed that one-half of each crew is above
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the trench, with workers rotating assignments so that each worker spends the
same amount of time in the trench. Trench excavation and waste exhumation
is estimated to require a total of 42 days.

External doses to decommissioning workers are based on assumptions about
the time spent by various workers at different work locations and the radijation
dose rates at these locations. As noted above, each worker is assumed to
spend one-half his work day above the trench at a location where the average
dose rate is 1.0 x 1072 rem/hr. Dose rates at positions within the excavated
portion of a trench are computed, using the ISOSHLD code, for several distances
from the face of the waste. The computed dose rates are assumed to be constant
throughout the trench excavation and waste exhumation process.

Table 1.2-3 contains a list of crew-member distances from the face of
the waste, the times spent at these distances, the corresponding dose rates,
and the total dose for each worker during waste exhumation operations. In
practice, a crew member would probably spend 1 or more days at one task before
being assigned to another task. However, in Table 1.2-3, an "average" worker
is assumed who rotates to each of the possible work assignments in his category
during the 6-hour period spent each day in decommissioning operations. For
example, during one 6-~hour period, an equipment operator is assumed to spend
3 hours operating the crane and fork 1ift at ground level above the trench,
1.5 hours operating the front-end loader, and 1.5 hours operating the tractor-
dozer within the trench.

[.2.4 Occupaticnal Exposure from Site Stabilization Operations

Site stabilization operations for this study are designed to avoid contact
with the waste in the trenches. Since there is assumed to be an overburden
layer of 1 to 2 m above the buried waste, occupational doses for stabilization
operations will be significantly less than those calculated for waste reloca-
tion operations. An estimate of occupational doses for stabilization operations
is made here.

Information obtained from dosimeters at an operating burial ground indi-
cates that an average dose rate of about 1 mrem per 24-hour day may be conserva-
tive (see Section D.1). In Section 12.1 it is estimated that 1.5 to 23 man-years
of decommissioning worker labor are required for site stabilization operations.
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The number of man-years depends on the site stabilization plan selected and

on site-specific parameters. Assuming that there are about 250 man-days per
man-year, with 8-hour work days, the total occupational dose to site stabiliza-
tion workers is estimated to be between 0.12 and 1.9 man-rem,

1.2.5 Occupational Exposure from Long-Term Care Operations

Long-term care operations for this study are desighed to occur after site
stahilization. For these operations, the amount and condition of the trench
overburden is determined by the specific site stabilization plan selected. An
estimate of the annual occupational doses for long-term care is made here.

Information obtained from dosimeters at an operating burial ground indi-
cates that an average dose rate at the site is about 1 mrem per 24-hour day
(see Section D.1}. It is conservative to assume this same dose rate during
tong-term care, since it does not take into account potential reductions in
dose rate from extra overburden or radicactive decay. The number of man-years
required on an annual basis for long-term care at both the western and eastern
sites is given in Tables H.3-1 through H.3-4, Manpower requirements range
from 0.7 to 3.2 man-years per year. Assuming that there are 250 man-days per
year, with 8-hour work days, the annual occupational dose to long-term care
workers is estimated to be between 0.06 and .27 man-rem per year of long-term

care.

1.3 TRANSPORTATION SAFETY

Waste relocation involves the exhumation of buried waste and its shipment
to another disposal location, Relocated wastes can be moved to anaother trench
at the same burial site, or offsite to another shallow-land burial ground or
to a deep geologic repository. Transportation requirements for each of the waste
relocation cases evaluated in this study are described in Section H.4. Shipments
are made in accordance with federal and state regulations summarized in
Sections 5.2.2 and G.4.2. Section 13.4 summarizes the transportation safety
impacts of radioactive waste shipments for the waste relocation decommissioning
mode,
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This section provides supporting details needed to calculate the radio-
logical effects of routine transportation activities and transportation acci-
dents. To provide a basis for the discussion that follows, shipment require-
ments for waste relocation are summarized in Table I.3-1. Transportation
requirements are assumed to be the same for waste shipments from either the
western or the eastern reference sites.

TABLE I.3-1. Waste Shipping Requirements

Shipment No. of Distance Avg. Speed
Option Destination Shipments {km) {km/hr)
TRU Waste Geologic Repository 1 2 400 65
S1it Trench Geologic Repository 90 2 400 65
STit Trench Shallow-Land Burial 90 2 400 65
Entire Trench Geologic Repository g70 2 400 35
Entire Trench Shallow-lLand Burial 970 2 400 35
Entire Trench Onsite Relocation 1 220 0.5 10

1.3.1 Assumptions for Routine Transportation Calculations

The method used to estimate routine radiation doses to occupationally
exposed workers and members of the general public from truck transport of
waste is based on that given in NASH—1238.(22)
assumptions are made:

In addition, the following

1. Dose rates for radioactive shipments are assumed to be the maximum allowed
by federal regulations. These dose rates are summarized in Section G.4.2.
Use of these dose rates results in conservatively high estimates of doses
to the general public and to transportation workers from routine transport
of radicactive waste.

2. The population density along the transportation corridors from the western
site is 40 persons/km?. The population density along the transportation
corridors from the eastern site is 120 persons/km<.
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3. For shipments of TRU waste or slit trench canisters, two drivers per
truck are assumed. For a 2,400-km trip, each driver is assumed to spend
36 hours inside the cab, and 3 hours outside at an average distance of
2 m from the truck. With two drivers alternating, the truck can maintain
an average speed of 65 km/hr.

4, For offsite shipments during reiocation of an entire trench, one driver
per truck is assumed to spend 36 hours in the cab, and 3 hours outside
at an average distance of 2 m from the truck. With only one driver, the
truck can maintain an average speed of 35 km/hr.

5. The cumulative dose to the general population from truck shipments is
dependent on the population density and the speed of the shipment. Ship-
ments from the western site result in doses of 7.7 x 1077 man-rem/km
for shipments averaging 65 km/hr and 1.4 x 10-% man-rem/km for shioments
averaging 35 km/hr. From the eastern site, doses are 2.3 x 1075 man-rem/km
and 4.2 x 107% man-rem/km for shipments averaging 65 and 35 km/hr, respec-
tively.

6. When the truck stops for fuel, service attendants are exposed to the ship-
ment, Six garagemen are assumed to spend 10 minutes apiece at an average
distance of 2 m from the truck per 2,400-km shipment.

7. Onlookers from the general public might be exposed to radiation when the
truck stops for fuel or for the drivers to eat. The onlocker dose per
shipment is calculated on the basis that 24 people each spend 3 minutes
at an average distance of 2m from a shipment,

8. Onsite relocation of the waste is accomplished with 10-m® dump trucks
tined with plastic. The waste is removed to a new trench 0.5 km from
the original trench. For each shipment one driver is assumed to average
10 km/hr between trenches, with a 0.25-hr loading time at each end.

Direct radiation doses to transport workers and members of the general
public from routine transport of exhumed radioactive waste, calculated using

these assumptions, are presented in Table 1.3-2.
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TABLE 1.3-2. Direct Radiation Doses to Transportation Workers and Members of the General
Public During Routine Transport of Exhumed Waste

Sg:?m?:t Destination ShiNO. of(a) qujmum-Expose?b) Papulation Truchzﬁivers Service Attendants Onlookers
g pments Individual (rem)\ (man-rem) {man-rem} {man-rem) {man-rem}
51it Trench
West Geologic 90 1.1 x 10-5 1.7 x 10-1 1.8 x 10! 9.0 x 107!} 1.7 x 108
West LLKW 90 1.1 x 10-° 1.7 x 107! 1.8 x 10! 9.0 x 107! 1.1 x 10¢
East Geologic 90 1.1 x 10-% 5.0 x 10-! 1.8 x 10t 9.0 x 1071 1.1 x 109
fast LLW 90 1.1 x 1075 5.0 x 10-! 1.8 x 10! 9.0 x 10-! 1.1 x 108
TRU Waste ‘
West Geologic 1 1.2 x 1077 1.8 x 10-3 2.0 x 10-! 1.0 x 1072 1.2 x 10°2
East Geologic 1 1.2 x 1077 5.5 x 1073 .0 x 107} 1.0 x 10-2 1.2 x 1072
Complete Trench
West Geologic 870 2.0 x 10~ 3.3 x 100 3.9 x 10! 9.7 x 100 1.2 x 10!
West LLW 970 2.0 x 10" 3.3 x 100 9.9 x 10! 9,7 x 10° 1.2 x 10!
East Geologic 970 2.0 x 10~ 9.8 x 10° 9.¢ x 10! 9.7 x 100 1.2 x 101
East LLW 970 2.0 x 10-* 9.8 x 10° 9.9 x 10! 9.7 x 10° 1.2 x 10!
onsite(c) Onsite 1 220 - --- 1.3 x 10° - -

{a}All shipments are assumed to be 2,400 km, except onsite shipments that are 0.5 km.

[b)A1} shipments are assumed to follow the same route, therefore the maximum-exposed individual is exposed to all
shipments,

{c)Since onsite shipments do not use public highways, only truck drivers are involved.



1.3.2 Assumptions for Postulated Transportation Accidents

Transportation accidents have a wide range of severities. Most accidents
occur at low vehicle speeds and have relatively minor consequences. In general,
as speed increases, accident severity also increases. However, accident
severity is not a function of vehicle speed only. Other factors (e.g., the
type of accident, the kind of equipment involved, and the location of the
accident) can have an important bearing on accident severity.

Furthermore, damage to a package in a transportation accident is not
directly related to accident severity. In a series of accidents of the same
severity, or in a singie accident involving a number of packages, damage to
individual packages may vary from none to extensive. In relatively minor
accidents, serious damage to packages can occur from impacts on sharp objects
or from being struck by other cargo. Conversely, even in very severe accidents,
damage to some packages may be minimal.

In this study, the probabilities of truck accidents are based on acci-

(22) Accidents

dent data suppiied by the U.S. Department of Transportation.
are classified by severity into three categories as functions of truck speed
and fire duration. These categories and their associated probabilities are

shown in Tabie 1.3-3.

Accidents involving trucks carrying waste from the burial ground might
result in the release of radicactive material. A number of potential accident
classes are identified. The accident descriptions are derived from those
described for similar shipping circumstances in Technology for Commercial

Radioactive Waste Manqggment.(zs) These accidents are described in

Tables 1.3-4 and 1.3-5 for offsite waste shipments in special containers and

in Table 1.3-6 for onsite shipments in dump trucks. The waste shipped offsite

is packaged in steel boxes and shipped in gverpacks that meet Type B package

standards. The accident protection provided by these overpacks enables a ship-

ment to withstand all but very severe, highly unusual accidents. Only improper
packaging or severe impact and fire are assumed to provide a mechanism for air- ~
borne radiocactive release. The material being transported is solid and, for

the most part, noncombustible; hence, even the fraction of respirable materiail

released in a severe accident that punctures a container is expected to be small.
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TABLE 1.3-3. Transportation Accident Severity Categories

Vehicle Fire Probability per
Severity Speed (km/hr) Duration (hr) Vehicle km
Minor 0-50 4] 2 x 1077
0-50 <0.5 4 x 107¢
50-80 0 & x 1077
Moderate 0-50 0.5-1.0 3 x 10°11
50-80 <0.5 6 x 1077
80-110 0 2 x 1077
80-110 <0.5 3 x 10°¢
Severe 0-50 >1.0 3 x 10712
50-80 >1.0 6 x 1072
50-80 0.5-1.0 4 x 1017
80-110 0.5-1.0 4 x 10-12
>110 0 € x 1071t
>110 <0.5 6 x 1011

Because wastes exhumed from a slit trench are massive metal pieces shipped
in large shielded casks, an airborne release from an accident involiving these

wastes is considered to be extremely unlikely. Therefore, no accidents invol-
ving cask transport are evaluated.

Radiation doses to the maximum-exposed individual from these accidents are
included in Table I.1-8, and are based on the release scenarios in Tables I[.3-4
through I.3-6 for reference radionuclide inventeries 3 and 4. The concentrations
of radionuclides in the air breathed by the maximum-exposed individual are calcu-
lated using the assumptions presented in Section I1.3.3.
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_Accident Description

Truck colltsion or over-

turn
tainers,

Truck coliisian

ar

involves waste con-

cver-

wurn and 1/2 hour (or

‘essy Tire invaolves waste

cuntdiners,

waste shiprient rede ir
inproperiy closed pack-

dijes .

+il

™3

Lh

TABLE 1.3-4.

_ _sequence of Events
Collision or overturn accident
occurs.,

Truck leaves roadway and may
averturn.

Continenent harriers of Type B
overpack remain intact.

Acoident 15 reported to Tocal
and federal offfcials.

Fackage recovered,
Collision or overturn accident
accura.

Truck Teaves roadway and may
overturn.

hon-high-1cvel TRU waste con-
tainer is involved in i/7 nour
o less) fire.

is reported to Togal
nfficials.

Aroigent
and federal

Fackane recovered.

waste 15 mede with
closed packages.

Sore redipactive material is
veleated from the paokages to

tho intericr cf the avorpack.

fosrialy fraction af the rate-
rial reicascd fror the waste
packages escapes from tne con-
firenent of the cverpack during
the Lrip.

1.

1.

__Safety System |
Radiation warning signs on over-
pack cdautian anlookers to keep
distance.

interagency radiclogical assis-
tance personnel available to
assist local public safety and
transport carrier officials to
control site and recover gver-
pack.

Cantinement barriers of Typo &
overpack contain all radigactive
raterial.

Radiation warning signs an over-
pack cautior gnlockers to keep
distance.

nterayerncy radiolngical assis-
tarce nersnnnel available to
assist tocal nublic safety and
rransport carrier officials fo
contenl site and recover aver-
FELE

Continerent barriers of Type B
averpack contain oll radioactive
material.

Kadiation warring sions an ayvev-
itk cAaution enlookors to keep
distance.

Quality assurance and package
tont oreguire reduce prdse
hil+ity of shipmenis with

wproperly closed pachages.

v b
i

Sealec vverpdok provents reledse
te the environment of rateriad
seilled from innrcoerly olosed
packages.,

Minor Offsite Transportation Accidents

Hone

lonn

Feivace fraction is 107 of ship-
rent saventory,  fssutre release of
respirable particles at ground
Tovel for aone kour at a truck-
sorvice stap.

Felwawes ere fron inventory 4 {or
TR shiprents, anc from inventory 3
for others.
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Accident Description

TABLE I.3-5.

Sequence of Events

safety System

Severe Offsite Transportation Accidents

Release

Truck collision or nver-
turn subjects waste con-
tainers to severe impact
and fire.

__Accident Jescription

Dump truck overturn

results in spill of waste

onsite.

Collisicon or overturn accident
gcCurs at high speed.

2. Overpack strikes massive abject

and decelerates almost instan-
tanecusly.

Overpack is involved in fire 2.

Tasting longer than 1 hour.

Waste packages are breached by
force of accident.

. Only rips or holes are created

in overpack; waste packdages are
retained within the confines of
the overpack.

Accident s reported to lacal
and federal officials.

Package 15 sealed.

. Area is decontaminated.

Package 15 recovered.

TABLE 1.3-6.

Sequence of Ewvents

1. Dump truck legaves roadway and
overturns.,

7. 10 md of waste spill on ground.

(%]

Sprays.

4. 5pilled material is reloaded
onto truck with onsite equip-
ment,

Site workers respond with water

Interagency radiological assis-
tance personnel dvailable to
assist local public safety and
transport carrier officials to
control site and recover over-
pack .

Only small wpenings exist in
overpack. Accident does not
result in gross breach of con-
tatnment.

Onsite Transportation Accident

Safety System

1. Accident is ansite, distant from

general public,

7. Water sprays are quickly brought

to accident scene,

3. Loading crew 35 within 3.5 km.

felease fraction is 10-% of ship-
ment inventory.

Assume release of respirable parti-
cles at ground level for ane hour.

Releases are from inventory 4 for

TRU shipments. and from inventory 3
for others.

Relegse

10w’ of average concentration
waste spilled. Mechanical resus-
pension factor is 1077 sec™-.

Water sprays reduce release one
nrder of magnitude. Releases are
from inyentory & for TRYU shipments,
and fram inventory 3 for cthers.



1.3.3 Calculations of Airborne Radioactive Concentration During Transportation

Accidents

The estimation of radionuclide concentrations in air for short-term airborne
releases at distances closer than 1.0 km requires special attention. Regulatory
cuide 1.42%)
design-basis, loss-of-coolant accidents (LOCA} at a PWR. For accidents with a

contains a discussion of acceptabie assumptions for evaluating

duration of less than 8 hours, & Pasquill Type F atmospheric stability and a
windspeed of 1 m/sec in a uniform direction are assumed. 1In Figure 2{A)} of
Requlatory Guide 1.4, the diffusion factor ¥/Q (in units of sec/m3®) is shown
as a function of both distance from a point source and accident duration. For
a 0- to 8-hr duration accident, the value closest to the release source shown
in Figure 2{A) is about 10°% (sec/m?) at a distance of about 200 m. Extension
of the curve beyond the border of the figure results in an estimated +/Q value
of about 0.1 {sec/m?) at 100 m. Using a building-wake correction factor of 3
(from Figure 1 of Regulatory Guide 1.4) gives an accident y/Q value of about

3 x 1077 {sec/m?) at 100 m. Because of the difficulty in modeling the air
concentrations at close distances, the maximum-exposed individual is assumed
to be located 100 m from transportation accidents,

At distances close to the release source, the diffusion of the downwind
plume is influenced by the cross-sectional area of the release source. For
this reason, a comparison of the X/Q’va]ue extrapclated from Requlatory
Guide 1.4 is made with x{Q’va]ues calculated using a building-wake mode].(25)
Assuming complete reflection of the plume by the ground plane, the ground-
level centerline air concentration from a ground-level release is calculated

using Equation 1.2:

v = Q' (ﬁzbz u)": (1.2)

L)
N . rate of release from the source, corrected for decay during

transit to the exposure point, Ci/sec
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