- AR TARGET SHEET

The following document was too large to scan as one unit,
therefore, it has been broken down into sections.

EDMCH#: 0000003
- SECTION: - 40F 11

DOCUMENT #: DOE/EIS-0113
TITLE: -Final EIS Disposal of Hanford

Detense High-Level, Transuranic
and Tank Wastes



APPENDIX F

METHOD FOR CALCULATING RADIATION DOSE




APPENDIX F

METHOD FOR CALCULATING RADIATION DoSE(2)

The radiological impacts associated with waste disposal operations, and the potential
long-term hazards from disposed waste or cantinued storage, are presegnted in'Chapter 5,
Appendix H, and Appendix R in terms of calculated radiation doses to members of the general
pubTic.(b) The doses are based on the radionuciide releases summarized in Appendices B, H,
and G and on the environmental behavior of the radionuciides once they are released. . This
appendix contains details of the assumptions, models, parameters, and data required for cal-
culation of environmental transport and human dose. Information is also provided in this
appendix describing the computer codes used and their reTatTonshipé_to internationally
accepted models.

F.1 INTRODUCTION

F.1.1 Doses During the Operational Period (Predisposal Activities)

Two groups of potentially exposed individuals are considered in dose calculations. for
the period in which the waste management opsrations or predisposal activities gccur:
1} occupationally exposed workers and 2) offsite population. Doses to occupationally exposed
workers would usually result from direct irradiation by concentrated sources, while members
of the gensral public might be exposed to very dilute concentrations of radionuclides in the
environment. Doses to the public resuTting from transportation of wastes off site are dis-
cussed separately (see Appendix [). Radiation doses to minars and the public {principally
from naturally dccurring radon) from construction of the geologic repository are not incurred
as a resuit of the defense waste dispesal alternatives and are therefore not presented in
this EIS except as part of the cumulative impacts in Section 5.1.4.

F.1.1.1 Dccupational Dose

To calculate occupational doses from external exposure, it is necessary to compute an
exposure rate, determine a quality factor of the radiation present, and estimate the amount
of time each worker actually spends in the radiation field during various phases of the
operation.

The operations and facilities at Hanford associated with the various alternatives are,
in general, at a conceptual stage of development. Therefore they were not used directly to

(a) In accordance with common practice, the term “"dose," when applied to individuals and
populatiens, is used for brevity in this report instead of the more precise term "dose
equivalent” as defined by the International ﬁomm1ss1on on Radiation Units and
Measurements (ICRU 1980},

{b} The doses inctuded in this EIS are based on the calculational methods of ICRP-2 rather
than ICRP 26/30 because DOE Order 5480 for environmental exposure and the EPA guidance
for radiation protection had. not been issued by the time the Draft Environmental Impact
Statement was published. The time required to change the doses would have significantly
delayed the issuance of this final statement.
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develop estimates of exposure times and dose rates. Instead, extrapolations of historical

worker exposure data were used. Historically, operations in Hanford facilities handling
radioactive materials, over & wide range of activities involving many man-years of radiation
wark, have resulted in an average annual external dose of about 0.5 man-rem/man-year ta the

exposed workers. This average value has been maintained by facility design features, opera-
tionat philosophy, and administrative controls. It is expected that this average dose rate
will be maintained in future disposa1'pperations. Therefore occupatioha1 doses have been

estimated_using this average rate and the prbjected man-years neeéed to implement each

alternative.
F.1.1.2 Pubiic Dose

Radiation doses to the general public during the operétional peried are'possibTe on]y_if
radionut]ideg\?re released and reach areas outside the Hanford Site boundaries. Radionuclide
release rates have Beemestimatsdfor each process step necessary for handiing the wastes in
each alternative. These atmospheric release rates are summarized in Appendix B for routine
releases and in Appendix H for potential accidents. No release of radionuclides directly to
surface waters is postulated for waste management operations. '

There are two general types of radionuclide fe1ease to the"enyiranment: 1) controiled,
low-level releases that continue for relatively long pericds, such as occur during normal
operation of nuclear facilities, and 2} abrupt, accidental releases. These two types combine
three basic scenarios. for public exposure to radionuclides:

2 -acute releases to the atmosphere
s chronic (routine) releases to the atmosphere

e exposure to residual contamination.

There are many possible exposure pathways for each of the three basic exposuré‘scenar-
jos, as illustrated in Figure F.l. For examb]e, in an acute release to the atmosphere, a
member of the public may be irradiated by passing clouds of radionuclides, he may inhale
some, or some may deposit on the ground and plants around his home, resulting in a source of
long~term exposure from a short-term release. For chronic releases, air submersion and inha-
Tation are cpntinuing pathways, and deposition on the ground.and plants may accumylate to
relatively high levels for very small, but continuous, releases.

F.1.2 Doses During the Postoperational Period

The doses calculated for members of the offsite public during implementation of waste
disposal are based on relatively well characterized data on process emissions, population
distribution, and regional crop production. However, for future dose projecticns, each of
these factors becomes more uncertain and a slightly revised modeling methed is required.
Rather than concentrating only on atmospheric dispersion of released radionuciides, long-term
analyses also consider possible transport of radionucliides through groundwater and via sur-
face water, as well as possible intrusion directly into the waste hy individua}s; 
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FIGURE F.1. Potential Environmental Exposure Pathways

. For the scenarios that release radionuclides to the atmosphere, the pathways considered
for long-term analysis are the same ‘as those. described for the short term. In addition,. sce-
narios resu]ting in chronic release to surface waters are analyzed.:

A different method is used for exposure scenarios for which a total population is small
or cannot be determined. Many possible modes of exposure can be postulated for individuals

‘that would resulf in minimal impact to the rest of society. Mast of these are so-called

*intruder" scenarios and are those that involve individuals intruding into a waste site. The
doses calculated are maximum annual doses to an individual.
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The dominant transport mechanism for radienuclides _disposed of in the soil is groundwa-
ter leaching and transport. Specific radionuclides interact d1fferent1y with Hanford soils.
Thus site-specific modeling of the groundwater flow through the local aquifers must be done g
to determine times and concentrat1ons of releases to the environment. Groundwater modeling
is usually performed in two stepé: 1) groundwater flow models are used to determine the
groundwater potentials, flow paths, and travel times, and 2) contaminant transport models are
then applied to simulate mass transport and geochemical interactions. "Depending on the level
of detaiI required, computer codes for groundwater modeling can be run for one-, two-, or
three-dimensional simulations. (Appendix‘? discusses groundwater transport-modeling and Tim-
itations.) Groundwater models can be used to generate values for either radionuclide seepage
to the Columbia River or contamination Tevels in well water,

A set of computer programs and standardized data have been established for use in per-
forming radiation dose catculations for operational releases for Hanford {McCormack et al,
1984}, Similar codes exist for long-term releases and for “intruder scenarios. The various
computer programs described below, used to assess radiation dose, use & consistent set of
assumptions to calculate dose from sources both internal and external to the body. External
sources include contaminated air, water and surfaces. Internal sources result from ingestion
or inhalation of radionuclides. For all sources, doses may be calculated for various commit-
ment periods. In all cases, resultant doses are presented for the adult man as defined in
Publication 23 of the International Commission on Radiological Protection (ICRP 1975). As a
rule, dose as a function of age is not considered, '

F.1.3 Types of Dose Used in This EIS

Radiation dose is proportional to the quantity of energy deposited per unit mass of
irradiated tissue. Definitions of Tength of time of exposure and length of time following
exposure are what determine the fcrmat of the dose reported.

There are five basic categories of public radiation doses that could be calculated.

1. One-year dose from one year of expasure (external plus internal). This is the
dose currently used for compartson with occupational exposure standards and the
one or1gtna11y used for compar1son with pub11c standards.

.. The one-year dose. is used at Hanford as a measure of potential short-term impact
from accidental releases during waste management operations.

2. Committed dose from one-year external exposure plus extended 1nterna1 dose accumu-
Tated as a result of a one-year intake {ingestion plus inhalation). Normally, a
50- or 70-year dose-commitment period is used. This dose is the one currently
being used by most of those who calculate public doses, and is the one used for
occupational record-keeping in NRC (1982h).

The committed dose is used as a measure of the potent1a1 tonger-term impact of
accidents and routine releases.
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3. Accumulated dose from a lifetime {50 or 70 years) of external exposure plus intake

via ingestion and inhalation. This includes the effects of radionuclide ac@umu1a-
tion or decay in the envi ronment during the exposure period. This can also be
cconstrued as the Tifetime committed dose from continuous ekposure. This dose
relates most closely te the risk of health effects from lifetime radiation

exposure.

The accumulated dose is used as a measure of the total impact of any operation
which resuits in chronic releases over & period of. several years' duration, or
from long-Tasting, relatively constant, groundwater contamination.

4, Maximum annual dose during a 1ifetime {50 to 70 years). This dose is calculated

for each year of exposure, accolnting for each year's external exposure plus the
internal dose from nuclides taken in during the year of interest and ali previous
years. The maximum annual dose is identified by inspection for each organ. This
type corresponds mast closely to the existing guides for occupational -and public
exposure which contain standards for annual radiation dose. '

The maximum annual dose is calculated for scenarios of human intrusion or long-
term cccasional exposure to disposed wastes. o

5. Integrated or cumulative dose from very long-term population exposure {up to

10,000 years), This dose is calculated as a sum of lifetime accumulated doses to
populations over Tong periods. It gives a measure of the total impact of a very
long, time-dependent release of radionuclides to the environment.

The integrated population dose is used in conjunction with ]ongfferm,groundwater
and surface-water scemarios.

Each of these'types of radiatidn dose is used in appropriate portions of Section 5,
Appendix H, and Appendix R of this EIS. A simplified table describing the type of dose used
in each descriptive scenario is given as Table F.l. ' o

F.1.4 External Dosimetry

For calculating external dose factors, the penetrating power of the Eadiation emitted
determines whether it contributes to skin dese only or to both skin and total-body doses.
The beta and gamma radiation that can penetrate more than 7 x 1073 cm of tissue is considered
to contribute to skin dose; radiation which cdn penetrate 5 cm of tissue is considered to
contributa to teotal-body dose {and dose to internal organs).- The dose factors forlmost
external exposures are derived assuming that the cqntaminated'medium is infinite compared
with the range of the emitted radiations. - Under this assumption, the energy emitted per gram
of medium equals the energy absorbed per gram. Corrections are applied for differences in
enargy absorption between tissue and air or water, physical geometry of the specific exposure
situation, and the conversion from MeV per disintegration per.gram to rem.

Concentrated sources of radiation, such as buried wastes, aré modeled using the shield-
ing code ISOSHLD (Engel, Greenborg and Hendrickson 1966). ISOSHLD is a computer code that
can be used to perform gamma-ray shielding calculations for isotope sources in a wide variety
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TABLE F.l. Types of Radiation Dose Used in the Various Scenarios of this EIS

Scenario One-Year Committed

{Location in EIS) Dose Dose

Accumizlated
Dose :

Maximum
Annual
Dose

Integrated
Population
Dose

Occupational X
(Chapter 5)

Occupational X X

Accidents
(Chapter 5,

‘Appendix H}

Routine Releases : X
(Chapter 5)

Intrusion into
Waste (Appendix R)
- Drilling
- Habitation
- Excavation

Groundwater Trans-
. port {Appendix R)
- Drinking-
Water Well
- Irrigation Well
- To River

o

> R

>

><><><.
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of source and shield configurations. Attenuation calculations are performed by point kernel
integration; for most geometries this is accomplished using Simpson's rule for numerical

integration. Buildup factors are calculated by the code based on 1) the number of mean free .

paths of material between the source and detector points, 2) the effective atomic number of a
particular shield region (the last region unless otherwise chosen), and 3) the point iso-

tropic buildup data available as Taylor coefficients.

geometry-specific dose factors.

F.1.5 Internal Dosimetry

The dose model used is derived from that originally given by ICRP 1959 in Publication 2

for body burden and maximum permissible concentration. Effective decay energies for radio-

nuclides are calculated using the ICRP model. This model is based on the assumption that the

This procedure allows calculation of

entire quantity of a given radionuclide s located at the center of a spherical organ with an

appropriate effective radius (Soldat 1976).

Metabolic parameters for the standard man are

used (ICRP 1975}, Some of the parameters are updated from later ICRP publications.

Several radionuclides are handled as special cases. For the radionuclides 3y and 14C,
the accumulated dose for the organs total-body and bone are calculated as above. Since these
radionuctides distribute evenly in the rest of the body, the doses for all the cther organs

are set equal to that for total body. For isotopes of sodium, the doses to all organs,
including bone, are set equal to the total-body dose. '
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The model for the gastrointestinal {GI) tract also differs. The GI tract--stomach,
small intestine (SI), upper large intestine (ULI), and lower Targe intestine {LLI)——is
modeled as a four-compartment system with a plug flow. Since there is no lTeng-term storage
or retention, the dose in any one year is equal to the dose commitment for that year. The
portions of the GI tract are assumed to be irradiated from radionuciides unifermly distrib—
uted in the material passing through each compartment, '

The internal distribution of radionuc11des.fo]1bwing inhalation adds a degree of com-
plexity due to differing retention in the lungs. The model of the respiratory tract adopted
by the Task Group on Lung Dynamics (ICRP 1966) forms the general basis for the mathematical
models developed to calculate the dose from the inhalation of radionuciides.

F.1.5.1 Critical Groups

The doses calculatad for this EIS are based on the metabolism of the "standard man."
This mathematical representation of an average male worker obviously does not fit every indi-
vidual in the general public. Actual doses depend partly on age- and sex-specific relation-
ships between annual intakes and dose (e.g., body size) and partly on age-specific factors
influencing annual intake {(e.g., milk conéumption in children). Further complications arise’
from general 1ifestyle considerations. The resulting variations are too numerous to attempt
to calculate anything but average values, and to qualify the resulting conclusions. The
“standard man" {adult maie worker) parameters are the usual representation for these
purposes. ' ' '

Even if there were no- differences with age in the uptake and retention of a radio-
nuclide, the dose in a particular tissue per unit intake of the radionuciide would be greater
in children than in adults because of the smaller masses of their organs and tissues. For
the extreme case o? a child in the first year of life, whose body mass at age 6 mo is about
7 kg {ICRP 1975), the committed dose equivalent in an organ or tissue per unit intake of a
short-lived radionuclide emitting poorly penetrating radiations would be about ten times
greater than for a 70-kg adult. As described by Adams (1981}, this factor would be about two
for intakes of %tong-lived radionuclides that are retained long in body tissues {e.g., 239Pu)
because the child grows during the prolonged irradiation. For radionuclides emitting pene-
trating photons, the modifying factors for body size are smaller, the committed dose per unit
2/3 rather
than body mass (Adams 1981). Although organ mass is not a constant proportion of body mass,

intake of a radionuclide being approximately inversely proportional to body mass

and the shapes and relative positions of organs change with age, these differances will usu-
ally have only a small effect on the factors discussed above. Therefore, to allow for body
size alone, committed dose equivalents per unit intake for young members of the public will
be greater than those for workers by factors ranging from Jess than 2 up to 10, the actuai
value for any age depending not only on the mass of the individual but also on the types of
radiation emitted by the radionuclide and its retention in body tissues.

Children can also have a very different wetabolism from that of adults, taking up dif-
ferent fractions {often more} of a chemical substance from the blood into their organs and
tissues and eliminating it at different rates {often more rapid1y). For a radioisotope of a
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“doses in other tissues of the body. Other factors, such as particie size of airborne radio-

chemical element in the substance, uptake and retention by the organs and tissues of the body
will additionally depend on its .radiocactive half-life. -Ralevant data are scarce but the fol-
Towing examples will serve to illustrate the nature of the problem.

From considerations of water balance, the mean 1ife of water in the body is about

14 days for adults and 6 days for infants aged 6 mo (ICRP 29?5), and that of the Tong-lived
radionuclide tritium in the form of tritiated water will have similar values. Consequently,
the commifted dose equivalent to body tissues from unit intake of tritium as tritiated water
will be only about four times greater for such infants than for adults, rather than the ten
times greater factor derived above that would bBe expécted on the basis of their differences
in mass atone. Similarly, because of the more rapid turnover of the long-lived 13705 in peo-
ple of smaller mass (Cryer and-Baverstock 1972), the committed dose equivalent in body tis-
sues from unit intake of the radionuclide is actually less for the 6-mo infant than for '
aduits (Hoenes and Soldat 1977}, .

The mean Tife of jodine in the thyroid also fncreases with age, but this may be accom-
panied by a small decrease in the uptake into the gland from the blood (Medical Research
Council 1975; UNSCEAR 1977; Dunning and Schwarz 1981; Stather, Greenha1gh and Adams 1983),

For the relatively short- Tived radlonuc11de 1311

differences in b1o1og1ca1 turnover are of
little consequence because its rate of Toss from the thyroid is dominated by radicactive .
decay and its mean Tife in that organ is therefore about the same at aTE ages. Thus the com-
mitted dose equivalent to the thyroid per unit intake of 1311 is about seven times greater
for the infant aged 6 mo than for adults (Medical Research Council 1975), refliecting their
approximately tenfold difference in thyroid mass. However, for the very long-Tived 1291, the
more rapid biotogical turnover in young people tendé to offset their smaller mass, and the
committed dose equivalent to the thyroid per unit intake of 121 for the 6-mo child is only
about twice that for adu]fs (UNSCEAR 1977).

Papworth and Vennart (1973) and Leggett Eckerman and Williams (1982} have described how
the uptake of strontium into bone and its, retent1on there vary with age. Papworth and
Vennart have given values for the comm1tted dose equ1va1ent in red bone marrow and on bone
surfaces from unit intake of dfetary 905r and 895r. For the 1onger ~1ived 9USr, the value far i
a 6-mo infant is about five times the adult value, but for the much shorter- 11ved 895r this
ratio 1ies between 20 and 40, the actual value depend1ng on the model used for the dos1metry
of the radionuclide in bone. There may be additional contrjbutjons to the committed dose
equ1va}ent from other organs and tissues for which Ehe factors might be different.

The chemical form of the radionuclide can play a role in variation of dose. Compounds
of the same radionuclide found in the environment or. in food may be metabolized differently.
The resultant changes in dose values must be considered very carefully. For examp1e,
increased absorption of a radionuclide from the gastrointestinal tract into the blood will
decrease the committed dose equivalent to the lower part of the tract but will increase the .

nuclides, can also affect the value of dose calculated.
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F.1.5.2 0Other Dosimetry Systems

The dosimetry model recommended in ICRP-26 (ICRP 1977) and applied in the ICRP-30 (ICRP
1979} is based on more recent human metaboTic'parametérs. The models for uptake and reten-
tion of radionuclides in body organs are more complex. The contribution to organ dose
resulting from decay of radionuclides in other organs {crossfire) is also accounted for.
Rather than report'the_individuaT organ doses, the concept of an “effective whole-body dose"
(the sum of the product of each organ dose times its appropriate weighting factor) is used. .
The effective whole-body dose is then used for comparison to a stochastic dose limit. The
stochastic effective dose equivalent 1imit recommended for an individual in the general pub-
1ic, according to ICRP-Zs; is 500 mrem/yr. In additfon, ICRP-26 states that when prolonged
exposures are expected, the effective dose.equivaTent should be Timited to 100 mrem/yr, The
weighting factors recommended by the ICRP are:

Gonads 0.25

Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid - 0.03 |
Bone _ 0.03

Remainder 0.30

The dose results calculated for the residential/home garden scenario of Appendix R have
been compared using ICRP-2 and ICRP-30 methods.  While individual radionuclide results for
organs may'vafy up or down by factors as great as 5 to 10, it can be shown that, for
representative radionuclide mixtures, the calculated dose varies minimally. Because the dose
is a function of ingestion, inhalation, and external exposure pathways, generalizations on
total dose should not be made.

The "dose factors," rems per microcurie (uCi) ingested or inhaled, for nuclides of spe-
cific interest to this EIS are listed in Table F.2 for both the modified ICRP-Z (with the
model of the Task Group on Lung Dynamics) and ICRP-30 dosimetry modeis. For simplicity,
these are compared for an adult on the basis of a single intake followed by a 50~year commit-
ment period. Llung transTocation class assumed is also given (soluble, insoluble). For the
nuclides of importance to the groundwater pathway (140, 99Tc, 1291), the old'and new models
produce critical-organ dose estimates within about 30% of each other... The older ICRP-2.
"total body" differs from the weighted-organ ICRP-30 "whole body" in definition, so it is not
surprising that these differ somewhat more (8 times less to 33 times more). In no case do
the calculated differences affect the relative impacts of the alternatives censideréd. There
is also a difference in the definition of bene, from the whole skeletal "bone" to the "bene
surface." The ICRP-30 factors also use a quality factor for alpha particles twice that of
ICRP-2.
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TABLE F.2,

ICRP-2 and ICRP-30 Methods, rem/uCi

Compar1son of Radiation Dose Comnntment Factors -Calculated Using Modified

Ingestion
_ ICRP-2. _ ICRP-30
Radionuclide!@)  Total Body Organ Whole Body Organ
14¢ 5.7 x 107% - Bone 2.8'x 1073 2.1 x 107% A1 2.1 x 1073
gUSr 1.0 Bone 3,9 1.3 x 10'l Bone Surface 1.6
997¢ 5.0 x 107° LLI 6.1 x 107 1.3'x 1073 LI 4.1 x 1073
129y 9.2 x 1073 Thyroid 7.2 2.8'x 1071 Thyroid 9.3
137¢g - 7.1 x 1072 Liver 1.1x 1071 5,0 x 1072 Other 5.5 x 1072
239, 2.6 x 1002 Bone 5.4 x 107} 4.3 x 10°1  Bone Surface 7.8
241z 6.7 x 1072 Bone 1.8 2.2 ' Bone Surface
4.1 x 19
Inhalation . :
| 1cRp-2/P) ICRP-30
Radionucliide Total Body Organ Whale Body Organ
Mo (as ¢, 3.3x 107 Bone 1.7 x 1073 2,1x 1073 a1 2.1 ¢ 1073
905 {soTuble) - 1.7 Bone 2.6 x 101 2.3 x 1a71 Bone Surface 2.7
997¢ (soluble) 5.4 x 107°  LLI 9.9 x 10°% 8.4 x 10°%  Stomach 9.3 x 1073
1291 (sotubte) . 5.4 x 1073 .  Thyroid 4.2 1.8 x 1071 Thyroid 5.9
1375 (soluble) 4.2 x 107% " Liver 6.3 x 10°2 3,2 x 1072 Other 3.5 x 1072
23%y (soluble) 7.5 x 10  Bone 1.6 x 105 5.1x 102  Bone 5ur5acn
. g 3.3 x 10
241Am-(so!ub1e) 6.3 x 101 Bone 1.6 x 103 5.2 x 107 goge Sgggace_
. X

{a) A1l ICRP-Z values assume a soluble form of -the radionuclide.
ICRP-30 values, the largest reported GI-tract absorption is used.
{b) Incorporates model of the Task Group on Lung Dynamics for lung doses, w1th
- ICRP-2 organ doses following translocation to the bloodstream.

For reported

F;Z. ENVIRONMENTAL PATHWAY AND DOSIMETRY MODELS.

The doses caused by chronic and accidental releases of gaseous and liquid effluents from
the facilities and processes investigated in this study were estimated using several caicu-

lational models.

Tication 29 (1978)
conservative appraisal.
ious specific computer codes. .

F.10

The models used are-of the Conceniration Factor type described in ICRP Pub-

.. The models and parameters used were selected to give a realistic but .

Each model is generic and s put to specific application 1n ‘the var- _
Site- -specific parameters are used wherever poss1b1e. i




The fundamental relationship for calculating radiation doses to people from any radio-
nuclide exposure pathway is given in Equation (F.1} {Soldat, Robinson and Baker 1974):

= C. u. b (F.1)

Ripr ip “p “ipr
where Ripr = the radiation dose equivalent or committed radiation dose equivalent from
radionuciide i via exposure pathway p to organ r, rem o )
Cip = concentration of radionuciide i in the media of exposure pathway p; for

calculations involiving airborne radionuclides, €.  is repTace& with the

i
term y;, which represents the average airborne coﬁcentration of radionuclide
i, pCi/m3, pCi/L, or pCi/fkg '

Up = usage parameter (exposure rate or intake rate) associated with exposure

pathway p, hr/yr, L/yr, or kg/yr '

Dirp = radiation dose eguivalent factor or the committed dose equivalent factor for
radionuclide i exposure pathway p and organ r to coenvert the concentration
and .usage parameters to the radiation dose equivalent or to the committed

radiation dose equivalent, mrem/pﬂi;‘

An analysis of radiation doses from separate exposure pathways requires a determination
of the radionuclide concentrations and exposure rate or intake rate associated with each
exposure pathway. For external exposure, the concentration of radionuclides and the duration
of exposure must be quantified. For ingestion of farm products grown on a contaminated site,
the radionuclide concentration in separate food products must be determined by accounting for
root transfer from soil, dry deposition from air onto surfaces of vegetation, or animal con-
sumption of contaminated forage or feed. The annual diet for the exposed individual’, the
1ength of the growing season, and the holdup time between harvest and consumption must also
be determined. -

F.2.1l Air Submersion

Both photons and beta particles can contribute significantly to the 'external dose to
skin. The beta dose contribution is calculated using a'semi-infinite cloud modal, This
model can be used'beqause the range of beta particles in air is short compared to the dimen-
sfons of plumes considered. The gamma dose calculation is more complicated because of the
relatively low attenuation of photons in air. To properly determine the gamma contribution,
it is necessary to perform a space integration over the piuma volume.

The contribution of gamma radiation to total-body dose was estimated by calculating the
tissue dose at 5-cm depth. An occupancy factor may be used to account for the fraction of
the year a person is exposed to the cloud. Also a shielding factor may be employed to cor- -
rect for any shielding by buildings or structures between the recipient and the ¢loud.

F.2.2 Ipnhalation Dose

The air concentrations were used along with the ventilation rate and. dose factors to
estimate the dose through the inhalation of radionuclides dispersed in the air.
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The ventilation rate ‘is the vclume of air taker in by an individual per unit time. A
value of 0.23 L/sec was used in this study (ICRP 1959),

The inhalation dose factor, given fn units of rem/yr per Ci/yr intake, is dependent on
the complex transport, retention, and elimination of radicnuclides through the respiratory
and gastrointestina1 tracts. The model of the respiratory tract adoptad by the task group on
lung dynamics forms the genaral basis for the calculation of this dose factor {ICRP 1966},

F.2.3 Ground Contamination Dose

Radionuciides from the afr may settle on the ground, where they can accumulate during
the time of the release. These can be a source of radiation for an individual or population
groups.

This dose is determined using the 1} air concentration, 2) deposition "velocity" of the
radionuciides traveling to the surface from the air, 3) an exponential expression which
accounts for the accumulation and radioactive decay of the radionuciide on the ground over a
certain time ?eriod, 4) a dose factor, 5) an occupancy factor, and 6) an assumed geometry.

The deposition "velocity,” given in terms of m/sec, is highly dependent on surface
roughness, wind speed,.and'particle size. Based on many experimental studies, values of
0.001 m/sec for particles and 0,01 m/sec for iodine gas were selected for usé in this report
(AEC 1968),

The dose factor for the dose from ground irradiation is calculated by assuming that a
receptor is 1 m above a Targe, nearly uniform, thin sheet of contamination {Soldat 1971;
Fletcher and Dotson 1971), A factor of 0.5 to account for dose reduction due %o ground sur-
face roughness is also included in dose factors. These dose factors have units of rem/hr per

pCi/m2 of surface.

F.2.4 Ingestion of Food Crops

Food crops may become contaminated by deposition of radionuclides directly from the air,
or from irrigation water upon the plant surfaces, or by radionuciides taken up from soil pre-
viously contaminated via air or water. Many factors must be considered when calcutating
doses via ingestion of these foods. These factors account for the movement of radionuclides
from release to the receptor and form a complex sequence ({Soldat 1971; Baker, Hoenes and
Soldat 1976). ' ' '

Equations used to calculate such doses are given in two parts: the first one accounts
for direct deposition onte leaves and translocation to the edible parts of the plant, while
the saecond accounts for long-term accumulation in the sofl and root uptake.

The concentration of radicactive material iﬁ végetation resulting from direct déposition
onto plant foliage and uptake of radionuctides previocusly deposited in the soil is determined
by Equation (F.2).
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concentration of radionuclide i in the edible portion of the vegetation, pCi/kg
deposition rate or flux of radionuclide i, pCi/mz-day
86,400 yq Vg '

dimensional conversion factor, sec/day

x; = average air concentration of radionuclide i, pCi/m3

Vqi = deposition velocity of radionucltide i, m/sec
fraction of initially deposited material retained on the vegetation
{dimensionless), taken %o be 0.25 '
deposition rate or flux of radionuclides applied with irrigation water,
nCi/mé-day
Ciw ¥ .
C;y = concentration of radionuclide.i in the water used for irrigation, pCi/L
I

irrigation rate; the amount of water sprinkled on a unit area of field
in one: day, L/mz—day
factor for translocation of externally deposited radicnuclides to the edible

- parts of the vegetatien {dimensioniess).. For simplicity, this parameter is

assumed to be independent of the radionuclide and_is assigned values of 1 for
leafy vegatables and fresh forage and 0.1 for all other produce, including
grain. '

radinlogical decay constant for radionuclide 1, days'1

the effective removal constant for radionuciide 1, daysfl;

Mp Tt by

weathering removal constant for vegetation, days'l; taken to be (0.693/14})
-1 .

days - : :

vegetation yield, kg (wet-\_weight)/m2

concentration factor for uptake of radionuciide i from the -soil in vegetation
v, pCi/fkyg (wet weight) per pCi/fkg soil (dry) '

time for buildup of radionuclides in the soil, days

time of exposure of adee-ground vegetation to contamination during growing
saason, days _

fraction of the roots in the plow layer of soil (dimensionless)

holdup time between harvest and food consuﬁption, days

soil "surface density," kg (dry scil)/mz; a value of 224 kg/m2 is used assuming
the contaminated ground is plowed to a depth of 15 cm (Napier, Kennedy and
Soldat 1980) . _
concentration of radionuclide i available for plant uptake from the waste
contained in the plow Tayer (top 15 cm of soil), pCi/m3

F.13




0.15 = plow tayer, m -
fraction of the roots that penetrate the waste trenches {dimensionless)
Cy; = concentration of radionuclide i available for plant uptake from the subsurface

~h
n

waste zone, pCifm3
butk soil density of subsurface waste material, kg/m3.

o
i

The first term inside the brackets of Equation {F.2} relates to the concentration
resulting from direct deposition of airborne material and irrigation on foliage during. the
growing season. The sacond term relates to the plant uptake from the soil and reflects the
deposition from irrigation. The third and fourth terms account for uptake of waste material
contained in tha top 0.15 m of soil and below this layer, respectively, . Specific values used
for the parameters in Equation (F.2) are stored in data Tibraries associated with the code
and are published in Kapier et-al. {1980). '

The radionuclide concentration in animal products such as meat, milk, and eggs is
dependent on the amount of contaminated forage or feed eaten by the animal. This concentra~ =

f O tion is described by fquation (F.3):
. _ ;ia T Sia[cif Qf * Ciaw Qaw} (F.3)
s

where Cj, = concentration of radionuclide i in the animal product, pCi/kg or pCi/L
ot ' S: = equilibrium transfer coefficient of radionuclide i from daily intake of the
animal to the edible pertion of the animal product, pCi/L (milk} per pCi/day
or pCifkg (animal product) per pCi/day : :

w . Cir = concentration of radionuclide i in feed or forage, pCi/kg; calculated from
Prigy Equation (F.1)

Qf = agnimal consumption rate of contaminated feed or forage. kg/day
o Ciaw = concentration of radionuclide i in the water consumed by animais, pCi/l;
s assumed to be the same as the irrigation water, Ciw' .
ey Qay = consumption rate of the contaminated water by the animal, L/day.

) Specific values of the parameters used in Equation (F.3) are given in Napier, Kennedy
At and Soldat (1920),
The nuclides “H and 14C are treated as special cases in the calculations. The concen-

trations in the initfal environmental media {air or water} are calculated on the basis of the
specific activity of the nuclide in the maturaliy occurring stable element.

F.3 STANDARD HANFORD CALCULATIONAL METHODS

A sat of computer programs has been developed at Hanford to ca1cu1ate the dose conse-
quences from all significant exposure pathways illustrated in Figure F.l, using the models
described in Section F.2. -

The evaluation of potential environmental radiation impacts is facilitated through the

use of these computerized dose calculation programs., These are listed in Table F.3. Each
program assesses a common set- of standardized libraries which, to the extent they are
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TABLE F.3. Computer Programs Used To Calculate Potential Radiation Doses from Releases
During and After Waste Disposal

Program Type of Dose Reference

SUBDOSA One-year air submersion dose from acute (finite Strenge, Watson
cloud)} or chronic (semi-infinite cioud) releases, and Houston 1975
individual and collective doses.

DACRIN Individual and collective inhalation doses from Houston, Strenge and
chronic or acute releases, one-year doses, dose Watson 1974; Strenge
commitments, and accumulated doses. 1975

PABLM Individual and collective doses from contaminated Napier, Kennedy and

- farm products, from either air deposition or irri- Soldat 1930
gation, one-year dose, dose commitment, and ’
accumulated dose. Individual and collective doses
from contaminated water and aguatic foods and

-aquatic recreation, one-year dose, dose commitment,
and accumulated dose,

ALLDOS Report generator using precalculated factors from Strenge et al.
SUBDOSA, DACRIN and PABLM. Simplifies repetitive 1980 -
catculations of individual and population doses.

MAXL A package of three programs to calculate individual Napier et al.
maximum annual dose from residual radicactivity in ~ 1984
the environment.

DITTY Caleculates 10,000-yr, integrated population doses Napier,'Pe1oquin and

from long-term releases, as from groundwater
contamination,

Strenge 1985

available, contain Hanford-specific data. The programs and data libraries are maintained by

the Hanford Dose Overview Program, with all revisions or updates dotumented (McCobmack,

Ramsdell and Napier 1984).

code developments, revisions, and use.

F.3.1 Standard Hanford Compiter Programs

An overall dose model QA plan is in place and followed for all

The computer programs have been documented separately, and only a brief description of

their application is given here,

F.3.1.1 DACRIN

This program (Houston, Strenge and Watson 1974; Strenge 1975) is used to analyze radia-

tion doses from inhalation for Hanford operations.' The program uses the model of the ICRP

Tésk_Group on Lung Dynamics (ICRP 1966) to predict radionuclide movements through the respi-

ratory system and lung doses. Once radionuclides reach the blood stream, the doses to organs

other than the lung are ca1cu1ated using exponéntia1 retention functions (ICRP 1959},

DACRIN can also calculate atmospheric concentrations using the Gaussian, bivariate, nor-

mal distribution plume model.

entered.
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Doses calcutated in DACRIN are dependent upon the values of the release time' and dose
time used as input. Therefore, the doses that can be calculated for both a maximally. exposed
individual (MI) and the regional popuTation include  a one-year dose,_dose:commitﬁent and
cumulative dose, |

DACRIN is written in FORTRAN and typically uses about 80K of computer memory during an
average 3-min run.: The code s documented (Houston, Strenge and Watson 1974; Strenge 1975)
and is available from PNL, the Radiation ShieldingrinforMation Center (RSIC) at Oak Ridge,
and the National Energy Software Center (NESC) at Argonne. .

"F.3.1.2 SUBDOSA

This'program (Strénge, Watson and Houston 1975) is used to calcutate ‘afr submersion
doses from acci denta1 atmospheric reteases of rad1anuc11des. A sgace'integrétion over the
plume vo]ume is performed. Dose resuits_are reported for skin, male gonads, and total body.
Corresponding tissue depths are 0.007, 1.0, 'and 5.0 cm, respectively. Doses are calculated
for releases within each of several release time interva]é.' Up to six time intervals can be
allowed, and separate radionuclide inventories and atmospheric d{speréion cﬁndftioﬁs can be
considered for each time interval. Normally, aone-year dose for both the maximally exposed
individual and for the regional population dre calculated.

SUBDOSA is written .in FORTRAN and typica11y_ﬁses about 50K of computer memory during an
average l-min run, The code is documented (Strenge, Watson and Houston 1975) and is availa-
ble from PNL or RSIC at Oak Ridge. '

'F.3.1.3 PABLM

The PABLM program (Napier, Kennedy and Soldat 1980) is used to calculate potential doses
from environmental contamination pathways that include direct radiation from contam1nated
water, sediment, soil surfaces, and ingestion doses from contaminated drinking water, aquat1c
food products, terrestrial farm products and farm animal products. PABLM combines and
enhances the pathway modeling capab111t1es of computer programs ARRRG and FOOD'(Napjér, _
Kennedy and Soldat 1980), It also can consider changing Tevels of environmental contamina-
tion with time from past or continuing deposition, and includes radfbactive_chajn decay withJ
dauéhter ingrowth. PABLM can be used to calculate dose commitments from one year of exposure
and cumulative doses to either a maximally exposed individual or‘pppu1atiohs from muitiple
years of exposure. Some parameters included in the PABLM data 1ibraries are specific to
Hanford conditions.

PABLM is written in FORTRAN and typically uses about 90K of m.mory during an average
5-min run. The code is documented (Napier, Kennedy and Soldat 1980), and available from PNL,
RSIC, or NESC. PABLM is w1de1y used by the DOE sites and DOE offices involved with high-
Tevel waste repos1tony siting. A sensitivity study was performed by Zach (1980) on a model
similar to PABLM. The results are useful in providing insight concerning the dominant varia-
bles. This study, however, was only a method demenstration and not a test of the model
validity. )
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F.3.1.4 MAXI

The MAXI program (Napier et al. 1984) is used to calculate a maximum annual dose to an
individual from residual contamination after a nuclear facility has been decommissioned and
returned to unrestricted use or converted from a nuclear installation. The fndividual can
either be an office worker in a converted building, who 1s exposed to inhalation and direct
radiation, or someone exposed to pathways as complex as those of a farmer growing crops and
1iving on the site of a former nuclear facility. MAXI uses precalculated factors from ver-
sions of ARRRG, FOOD, ISOSHLD, and. DACRIN, Exposure pathways that can be modeled include
direct external exposure to contaminated soil or building surfaces, inhalation of resuspended
material, and ingestion of contaminated foods and aquatic products. The time of the maximum
dose rate to specific organs of reference is calculated and the annual dose for that organ is
reported. Special options are available to tailor the program to simulate a Varigty of
decommissioned facitities such as reactors, low-level waste burial grounds, or other facil-
ities for handling nuclear material. '

MAXI fs written in FORTRAN and typically requires about 100K of wemory during a 3-min
run. Two versions of the code are documanted, each with an interactive driver.

© The ONSITE/MAXI1 {Napier et al. 1984) software package contains four computer codes.
ONSITE is the interactive user interface that allows the end-user to simply and'efficiently
create and use the radiation exposure scenarios. MAXI1 is then used with the scenario infor-
mation to calculate the maximum annual dose to the exposed -individual from selected pathways.
MAXI2 genarates intermediate dose conversion factors for food pathways. These factors are
stored in data fites. MAXI3 calculates the data files containing intermediate dose conver-

sion factors for aquatfc pathways.

BIOPORT/MAXI1 (McKenzie et al. 1982) is a collection of computehized'mode1s des{ghed to
estimate the potential magnitude of the radiation dose to humans resulting from biotic trans-
port processes., The BIOPORT/MAXI1 software package contains five computer codes. CREATE fis
the ‘interactive computer program that allows the end-user to simply and efficiently create '
and evaluate biotic transport scenarios. BIOPORT simulates the redistribution of radio-
nuclides by plant and animal processes fo1iowihg their intrusion into buried waste. At spe-
cified years during the biotic transport simulation, concentrations of radionucliides in the
soil plow Tayer are determined. MAXI1 is executed with theée radionuclide concentrations and
a standard scenaric to calculate the maximum annual dose to the maximally exposed individual

from the various pathways.
The MAXI’packages’are presently available from PNL and NRC.
F.3.1.5 DITTY

The program estimates the time integral of collective dose over a perioed of up to
10,000 years for time-variant radionuclide relesases to surface waters, wells, or the atmos-
phere. The program was initially developed to determine the collective dose from high-Tevel
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waste geologic repositories resuiting from groundwater pathways, but other pathways are

included as well. The relationship of DITTY to the hydrogeologic models described . in Appen-
dix 0 is shown in Figure F.2. ' . : . :

Vadose . : i Groﬁndw t
. Zone Groundwater > Massa 8r
Simulationia) | Flow Model@/ Transport‘a')

DITTY 10,000<Year: .
Environmental integrated
Dispersion and "1 . Popuiation
Concentration Dose

({a) See Appendix 0O for details.

FIGURE F.2. Computer Programs for Calculating 10,000-Year Integrated
Population .Doses from Releases to Groundwater

Source terms of DITTY may be defined for releases to the atmosphere or to groundwater
and to water wells or surface water via groundwater.  The actual release rates are specified .
in an input file as the curies per year released for selected years following the start time
of the calculation. '

The time frame for the calculation is amy 10,000-year period. This period is broken:
into 143 periods of 20 years each. The average release in each -period is calculated from
source-term data provided, and the total-population dose to selected organs is determined for
the population present in each period. The radioactivity présentpﬂuring_any périod is the
sSum Qf_maferia1 released during thét period (uniformly released cver 70-years) and residual
material in the environment from reieases in previous periods. The dose is ca}¢u1ated_for
a1l contributing pathways of exposure, inciuding external exposure, {nha1ation, and ingestion
of contaminated water -and foods.

Two. versions of DITTY are currently available: - one for a mainframe computer, the other
for an IBM personal computer. The models and solutions are identical in both cases. Minor
variances between the ‘codes occur, generally-caused by minor language restrictions on the
smaller machine. DITTY uses about 180K of memory. A typical problem will run 3 min on the
UNIVAC and nearly 3% min on the IBM-PC. DITTY is documented (Napier, Peloquin and Strenge
1985) and is available from PNL.- ’ o '

F.3.1.6  ALLDOS

'.The computer programs used to calculate the dose to a maximumally exposéd individual and
to the regional. population are shown in Figure F.3. The programs SUBDOSA {Strenge, Watson
and Houston 1975), DACRIN (Houston, Strenge and Watson 1974; Strenge 1975), and PABLM (Napier
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SUBDOSA
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: Submersion
Meteorclogical ’ . Dose to
and ALLDOS Maximum
Demographical ... DACRIN Summary » Individual
information, Inhalation 7| Report . and/or
Radionuclide’ : : Generator Population
Release Terms

4

PABLM
Deposition on
Ground and Crops

FIGURE F.3. Computer Programs for Calculating Public Doses from Routine or
Accidental Releases of Radionuclides During Operations

et al. 1980) yse information about the radionuctides released, meteorology, and population

distribution to calculate air submersion, inhalation, and ingestion doses, respectively.
Where many repetitive calculations are necessary for the same environmental conditions {as
for the various alternatives anaTyzed in this EIS), it is convenient to use a fourth program,
ALLDOS (Stbenge et al. 1980), to summarize calculational results. This combination of com=
puter programs was used for both the chronic (p]anned) and acute {accidental) releases .postu-

lated for disposal operations analyzed in this EIS.

Versions of ALLDOS are available from PNL for mainframe computers or IBM-PC
installations.

F.3.2 Sthhdard'Hanford Exposure Parameters

The data used in performing dose calculations are extensive. Calculations based on
effluent releases require data describing initial transport through the atmosphere or river,
transfer or accumulation in terrestrial or aquatic pathways, public exposure, and dosimetry,
While most of these data are contained in computer files (libraries) automatically accessed
by the programs during their operation, data must also be added directly to the programs;
Most of the Jibharies are used by wmore than one program, thus ensuring consistent.use of the
basic data for all calculations. ' : ' '

F.3.2.1 Population Distributions

Geographic. distributions of population residing within an .80-km radius of -the four oper-
ating areas are based on 1980 Bureau of Census data (Sommer, Rau and Robinson 1981),  For all
operational releases, the projected 1990 population within 80 km of the Hanford Meteorology
Station, Jocated midway between the 200 East and 200 West Areas, has been used. This popula-
tion distribution is given in Table F.4.

For long-term releases of radionuclides to the Columbia River, estimated down-river pop-
ulation totals are needed. The projections of Yandon and Landstrom (1980) for the 80-km pop-
ulation range from about 500,000 people in the year 2000 to néarly 5,000,000 pe6p1e in _
10,000 years. Beéause the current potentiaily affected downriver papu]ation is about 500,000
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TABLE F.4. Distribution of Population Within a 50-Mile Radius of the 200 Area
Hanford Meteorology Tower by Population Grid Sector for the Year
1990 (Sommer, Rau and Robinson 1981) -

Number of People

Compass

Direction 0-16 km 16-32 km 32-48 km 48-84 km 64-80 km Totals
N 0 202 1,320 907 2,298 4,727
NNE 0 108 - 790 6,448 17,482 24,828
NE 0 1331 7,360 3,530 713 11,938
ENE' 0 320 1,015 3,110 568 5,003
E 0 462 1,808 2,258 792 5,320
ESE 0 385 1,869 307 744 3,305
SE i) 8,664 63,866 66,306 4,094 141,930
SSE 0 2,561 16,873 3,483 6,243 29,160
s 0 1,962 1,909 281 2,114 6,236
SSW 0 1,160 6,757 ©o787 157 8,861
S 0 1,449 23,003 3,535 534 27,521
WS 7 2,177 5,834 17,532 5,313 30,913 .
W 40 780 1,103 7,988 91,374 101,285
WNW 94 530 D90 924 3,221 5,689°
N 0- 652 - . 430 499 1,467 3,048
NN 0 289 536 1,013 5,268 7,106
Totals 141 22,032 134,443 117,882 142,372 415,870

and because no other data are available on population growth, these projections are taken to
represent an upper bound of the population potentlally affected by the river between Hanford.
and the Pacific Ocean. :

F.3.2.2 Terrestrial and Aquatic Pathway Parameters

Following release and initial tranSport through the environment, radioactiye'materiaTs
may enter terrestrial or aquatic pathways that lead to public exposure. These potent1a1
pathways include consumption of fish, drinking water and foodstuffs, Input parameters
describing the movement of radionuclides within potential exposure pathways include irriga-
tion rates, growing period, holdup times, etc, These parameters are listed in Table F.5.
Note that certain parameters are specific to maximum. individuals. and others to a#erage
individuals.

F.3.2.3 Public Exposure Parameters

IKOffsite-radiation dose is related to the extént of public exposure to or consumption of
radionuclides associated with Hanford effluents. 'Parameters describing assumed diet, resi-
dency and river recreation for maximum and average individuals are provided in Tables F.6
through F.8, respect1ve1y (McCormack, Ramsdell and Napier 1984). B : I |
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TABLE F.5. Values of Parameters Affectiﬁg Ingestion Pathway Exposures
{McCormack, Ramsdell ‘and Napier 1984) ' ‘

Holdup, d(2} Growing Irrigatian
: Ma;i@um Avgrgge Perjod, Yield, Rate,
Individual . Individual d kg/m L/m~/month

Leafy VYegetables 1 14 90 1.5 150
Other Above-ground ' '
Vegetables 1 14 60 - 0.7 160
Potatoes 10 14 90 4 180
Dther Root Vegetables 1 14 90 5 150
Berries. 1 14 60 2.7 150
Melons 1 14 90 0.8 150
Orchard Fruit 10 14 90 1.7 0
Wneat 10 14 20 0.72 150
Other Grains 3 . 14 90 1.4 150
Eggs : 1 18. 90 0.84 150
Milk 1 & 30 1.3 200
Beef 15 34 90 - 0.84 140
Pork 15 34 9 . 0.8 © 140
Pouttry _ 1 34 a0 0.84 140
Fish : 1 - 1 - -- --
Drinking Water 1 1 = -- -

(ay Holdup is the time between harvest and consumption.

F.3.2.4 Atmospheric Dispersida

Radicactive material released to the atmosphére becomes dituted as it is carried by the
wind away from the point of release. The degree of dilution and the resultant air contentra-
tions are predicted through the use of the Gaussian plume model {NRC 1977) and .onsite meas-
urements of atmospheric conditions. '

Atmospheric dispersion data (wind speed, wind direction, and atmospheric stability) for’
the 200 Areas are collected at the Hanford Meteoronlogy Station {HMS), which has been in oper-
ation since 1945, Data for the 100, 300, and 400 Areas are a composite of wind speed and
direction data collected at each operating area and atmospheric stability data collacted at
the WS (Stone et al. 1983). |

For chronic releases, the annual average atmospheric dispersion is caiculated using the
sector-averaged Gaussian model and joint frequency distributions of wind speed, direction,
and atmospheric stability. Values of the annual average air concentration per unit release.
rate (;/Q'), in units of sec/m3 (Ci/m3 per Ci/sec released), calculated with this model for
each operating area are available. These values of ;/Q' have been calculated from the
extended record of atmospheric data for each operating area and as such should be used for
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'TABLE F.6. BPietary Parametéfs (McCormack, Ramsdell and MNapier 1984)

. Consumption, kg/yr

Maximum Average
Individual - Individual
Leafy Vegyetables ' 30 15
Other Above-ground
Vegetables 30 15
Potatoes 110 100
Other Root Vegetables 72 17
Berries 30
Melons 40
Orchard Fruit 265 50
wheat 30 72
Other Grains 8.3 7.5
& 0 (a,b) (a)
MiTk . 27413, 230\
L Beef 40 40
P Pork 40 30
: ' Poultry 18 8.5
e Fish 40 (c)
_ Drinking Water ~ 730(asb) g33(a)
T (a) Units L/yr.
{b) 330 L/yr for infant.

. {c) Radiation doses are calculated based on
T estimated total annual catch of 15,000 kg
_ by the total populatfon within 80 km.

TABLE F.7. Residency Parameters {McCormack, Ramsdell and Napier 1984)

: gl ' .

Exposure, hr/day
Maximum Average
Parameter Individual ~ Individual
Ground contamination 12 T8
Air submersion 24 C 24
Inhalationta) 24 24

{a} Inhalation Rates:
Adult-~230 cm”/sec routine; 350 cm3/sec
acute.
Infant--44 cm3/sec. .
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TABLE F.8. Recreational Activities (McCormack, Ramsdell and Napier 1984)

Exposure, hr/yr(a)

Maximum Average
Activity Individual Individual
Shoreline 500 17
Boating 100 5
Swimming 100 10

{a) Assumes 8-hr decay time between
release to river and exposure
to water for maximum individual
and 13 nhr for average.

calculations intended to predict the potential impacts of future effluents. Tables of i/Q'
are given for routine ground-Tevel and elevated releases in Tables F.9'and #.10 (McCormack,
Ramsdell and Napier 1984),

For acute releases, atmospheric dispersion under short-term meteoralogic conditions is
estimated uéing the sector-average model for eveluating impacts on the regional popuiation
and the centerline model for impacts on the maximally exposed individual. Dispersion esti-
mates for assessments of hostu1ated acute releases of effluents are based on the extended
record of atmospheric data collected at the operating areas. Assessments of impacts from
actuai releases would be based on actual atmospheric conditions during and following the
release.

Because we cannot predict precisely when a hypothetical release would occur, we conser-
vatively assume that the release coincides with adverse atmospheric conditions. This is
accomplished 5y calculating dispersion based on the 95th percentile atmospheric conditions
derived from the recorded hourly measurements of wind speed, wind direction, and atmospheric
stability. These are the conditfons that predict short-term {i-hr average) air concentra-
tions expected to be exceeded no more than 5% of the time. Doses for the maximum individual
are calculated using centerline values. Population doses are calculated using sector-
averaged values. These are provided in Tables F.11 through F.14 (McCormack, Ramsdel] and
Napier 1984).

F.3.3 FEnvironmental Dose Code Verification

Modeling studies are relied updn to describe the potential performance of complex sys-
tems like those that define radioactive waste disposal. The major reason for conducting a
modeling assessment is that real fmpacts upon environmental media or humans resulting from
Tong-term release and transport cannot be measured. In addition, the low concentrations of
most materials that have been released to date provide site-specific parameter values for
only a few radionuclide/pathway combinations.
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TABLE F.9. Annual Average Atmospher
’ Based on Historical Data

15

Dispersion Parameters, ;/Q' (sec/m3), for Ground-Level Releases from the 200 Areas—¥

Range, mi{km}

0,5(0.8)

Direction. 1.5(2.4) 2.5(4.0)
N 6.41 x 10°° 9,81 x 1077 4.51 % 1077
NNE 5.02 x 107 7,69 x 1077 - 3.54 x 1077
NE 5.84 x 107°°  8.93 x 10 4.10.x 107/
ENE 9.99 x 1075 1,83.x 106 7,02 % 1077
g 2,00 x 107 3.06 x 10°  1.41 x 1078
ESE 1.92 x 107° 2,93 x 106 1.35 x 1076
SE 1.71 x 107° 2,62 x 1070 1.20 x 10°C
SSE 8.78 x 1078 1,31 x 107® 6.15 x 1077
5 6.78 x 107° 1,08 x 1078 4,72 x 1077
S5 3,76 x 10°% 5,77 x 1077 2.61 x 1077
su 3,10 x 107° 476 x 1677 2.15 x 1077
WSH 2.9 x 1075 4,51 x 1677 2.05 x 1077
W 4.93 x 10°% 6,75 x 1077 3.07 x 107/
W 3.7 x 107% 4,86 x 1077 221 x 1077
W 5,01 x 107 7.68 x 1077 3.51 x 10~/
KN 5.03 x 107 770 x 1077 3,53 x 107

(@) Data collected at the Hanford Meteofn]ogy

4.567.2)

Station from 1/76 through

1/84.

3.5(5.6) _7.5(12) 15(24) 25(40) 35(56) i5(72)
273 w107 1,98 x 1077 1.02 x 1077 450 x 10°% 2u54 x 1.78 x 1078 1,35 x 1078
2.14 x 1077 1,56 x 1077 8.01 x 100%  3.54 x 1078 2.00 x 1.40 x 1078 1,06 x 1078
2,08 x 107 .81 x 1077 9.27 x 1078 4,09 x 10°%  2.32 x 1.62 x 1078 1.23 x 1978
.25 x 1077 3.11 x 1077 160 x 1077 7.08 x 1078 4.02 x 2.82 x 1078 2.14 x 1078
8.52 x 107 6.24 x 107 3.21 x 107 1.43 x 1077 .10 x 5.69 x 108 4,31 x 1078
8.18 x 1077 5.98 x 1077 3,07 x 107 1.36 x 1070 7.71 x .40 % 1078 4.10 ¢ 1078
7227 x 1077 836 x 1077 271 x 107 19 x 1077 6.73 x 4.71 % 1078 - 3.6 x 1078
372 x 1077 270 x 1077 138 x 1077 6.02 x 1078 3.39 2.36 x 1078 - 1.78 x 1078
2.86 x 1077 2,06 x 1077 1.08 x 1077 4.9 x 1078 . 2.50 « 1.73 % 10°% 1,30 x 10-8
1.57 x 1077 113 x 107 565 %1078 2,39 x 1078 1.3 « 9,02 x 1077 “6.76 x 1077
1.30 x 107 9,30 x 1078 4,67 x 10 198 x 107®  1.09 x 7.49 x 1077 5.6 x 107
126 x 107 .88 x 107%  4.47 x 108 1.9 x 1078 1.05 x 7.26 x 1077 5.45 x 1079
1.86 x 1077 1.30 x 107 6.79 x 10°% 2.92 x 1078 1.63 x 1.13 x 1078 8.48 x 1979
1.30 x 1077 9.69 x 107% 4,92 x 168 2.13x 1078 1.19 « 8.26 x 1079 6,23 x 1079
3213 x 1077 155 x 1077 7.89 %107 3.25 x 1078 1.94 « 1.35 x 10"%  1.02 x 1678
2.14 x 1077 1,56 x 107 7.98 x 1078 3,51 x 1078 1,08 « 1.39 x 107 1,06 x 1078
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TABLE F.10., Annual Average Atmospher
Based on Historical Data

Range, mi(km)

ig)ﬂispersion Parameters, ;/Q' (sec/m3), for Elevated

Releases'®) from the 200 Areas--

Direction _ 0.5(0.8) _ 1.5(2.4) 2.5(4.0) 3.5(5.6) 7.5(7.2) 7.5(12)  __ 15(24) 25(40) 35(56) 15(72)
N 5.5 x 1078 4.78 x 10°% 3.80 x 1078 2.96 x 107® 2.36 x 107% 1.48 x 1078 7132 x 1070 4.30 x 1077 3.02 x 1077 2.33 x 1077
NKE 3.82 x 107 3,20 x 10°% 2,50 x 10°% 1.94 x 1078 1.55 x 107% 9,61 x 1077 4.75x 1079 2.78 x 107 1.94 x 1079 1.50 x 1077
NE 5.17 x 1078 3.75 x 1078 2.81 x 1078 2.14 x 1078 1.69 x 107® 1.03 x 1078 4.98 x 107 2.89 x 1077 2,01 x 107¥ 1.55 x 1077
ENE 5.97 x 10°% 4,91 x 10°8 3.85 x 1078 2,99 x 1078 2.38 x 1078 1.48 x 20" 7.27 x 107 4.26 x 2077 2.98 x 107 2.30 x 1077
£ 6.26 x 1078 7.19 x 1078 6.00 x'107% 4.91 x 10" 3.97 x 107 2.57 x 10°® 1.31 x 107 7.83 x 1077 5.54 x 1077 4.31 x 1077
ESE 7.8 % 1078 .62 x 1078 7.30 x 1078 5.88 x 1078 471 x 1078 2.99 x 1078 1.51 x 10°8 8,94 x 10°% 6.30 x 107¢ 4.89 x 1077
SE 1.23 x 1077 1,20 x 1077 9.56 x 1078 7.45 x.107% 5.93 x 1078 3.70 x 107°® 1.83 x 107% 1,07 x 107% 7,50 x 1077 5.79 x 1077
SSE 1.15x 1077 9.68 x 1078 7.34 x 1078 5.61 x10°% 4.43 x 1078 2.71 x 10°8 1.31 x 1078 7.61 x 107 5.30 x 107 2.08 x 1077
5 1.5 x 1077 1.19 x 1077 8,74 x 107 6.5 x 1078 5,12 x 10°% 3.05 x 107% 1.44 x 10°% 8.20 x 1077 5.66 x 10°? 4.32 x 1079
ss L2z x 1077 "9.28 x 1078 .37 x'10°8 461 x 107® 2.53 x 1078 2,01 x 107% 8.99 x 1077 4,94 x 107 3.35 x'1077 2.52 x 1077
W 9.56 x 10°% 6.68 x 107 4.63 x 10°8 3.37 x 107% 2,50 x 1078 1,48 x 1078 6.73 x 1077 3,74 x 1077 2.55 x 107% 1.92 x 1077
WS 7.30 x 1078 5,93 x 107% 4.29 x 107% 3,17 x 107% 2.46 x 1078 1,43 x 1078 6.57 x 1077 3.68 x 10°% 2.52 x 1077 1.91 x 1077
W 7.59 x 1078 6,71 x 107® 5.01 x 1078 3.76 x 10® 2.94 x 10°® 1.73 x 107 8,10 x 107 4,59 x 107 3,16 x 1077 2.40 x 107
Wi 6.15 x 1078 5,58 x 1078 2.23 x 1078 3.21 x'1078 2z.52 x 1078 1481 x 1078 7.15 x 1077 4,00 x-107% 2.83 x 1077 2.16 x 1077
N 6.75 x 1078 627 x 1078 4,80 x 10°® 3.67 x 1078 2,89 x 207® - 1.75x 2078 .01 x 107?484 x 1077 3.37 x 1079 2,58 x 107°
NN 5,33 x 1070 x 1078 3,63 x 1078 2,88 x 108 2,27 x 107® 1,42 x 107 7.07 x 107 4.16 x 107 2.92 x 107 2.26 x 1077

456

(a) 89-m effective release height (61-m stack height and 28-m plume rise).

(b)- Data collected at the Hanford Meteorology Station from 1/76 through 1/84,
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TABLE F.11. 95th Percénti]e(a) Cénter]ine:;lﬂ' (sec/m3) VaTues for Acute Ground-Level Releases

“.Range, .mi {km)

from the 200 Areas(P)

Direction 0.5(0.8)

2.5(4;0)

4.5(7.2)

15(22)

35(56)

45(72)

1.5(2.4) . 3.5(5.6) *7.5(12) 75(40) .
N 9,63 x 107% 1.61 % 107 7.95 x 107 5.00 % 107° 3.90 x 10"% .2.27 x 10°% 1.27 x 10"% 8.74 x 107 7.15% 107 6.03 % 1076
NE 9.88 x 1074 1.65x 107" 8.12'x 107° 5.12 x 107 3.99 x 1075 2,33 x 10785 1.30 x 1075 8,95 x 100 7.30% 107® 6.16 x 107
NE - 1,03 x 1673 1,71 x 107 8.21'x 107% 6.32 x 10°% 4,14 x 1075 2.41 x 1078 1.35'x 1075 9.20 % 1076 7.56 x 1076 6.39 x 19°6
ENE 8.9 x 107 1,80 x 107% 7.46 x 1075 4.66 x 107 3.65x 107% 2,13 x 107% 1.19-x.107% 8.16 x 105 6.70 x 10°® 5.64 x 1076
E 9.68 x 1074 1.62 x 107% 7.99 % 10°% 5.02 x 1075 3.92 x 1075 2.29 x 10% 1.28 x 10°% 8.79 x 1075 7.18 x 10~% 6.06 x 1076
ESE 6.88 x 107" 1.16 x 107% 5.79 x 1075 3.60 x 107% 2.83x 1075 1,65 x 1075 9.24'x 107 6.32 x 1076 5.19 x 1078 2.37 x 1076
SE 4,70 x 107% 7,59 x 107% 3.71 x 1079 2,42 % 107 1.84 x 107% 1,09 x 1075 6,00 x 1078 4.17 x 10°% 3.37 x 107%  2.85 x 10-6
s 870 x 107% 147 % 107% 7.32°x 1075 4,56 x 1077 3.58 x 1077 2,00 x 1075 1,17 x 1075 7.99x 1070 6.57 x 10°€ 5.25 x 1076
s 9.3 x 10°% 1.8 10°% 7,75 x 1075 4.85x 1075 3.80 x 1075 2.21 x 1075 1.24'%x 10" 8.50 x 10"® 6.96 x 107 5.86 x 1076
SSW 7.06 x 107% 1,18 x 10°% 5.82 x 1075 3,68 x 107> 2.86 x 1075 1.67 x 10°% 9.33 x 1076 6.41.x 10 5.24. x 1075 4.42 x 1076
5 7.5 x 1074 1,26 x 107% 6.27 x 1075 3,94 x 107% 3.07 x 10% 1.80 x 1075 1.00 x 1075 6.89 x 1070 5.64 x 1076 4.75 x 196
WsW.  7.66 x 107% 1.28 x 107 6.36 x 1075 4.00 x 1075 3,12x 1077 1.82 x 10°% 1.02.x 1077 6.99.x 106 5.73 x 10°% 4.82x 10°5
W 1.18 x 1073 1,93 x 107 9.41 x 107% 6.01 x 1072 4.65 x 107% 2,71 x 10°% 1.51 x 1075 1.05 x 10"% 8.47 x 10-3 7.18 x 106
WM 1,23 x 1073 2,01 x 107 9,78 x 10°% 6.28 x 105 4.88.x 107 2,82 x 10°% 1.57 x 1075 1.09 x 105 s.81 x 106 7.48 x 1076
N 1.22 x 1073 2,00 x 107% 9:73 x 1075 6,23 x 10°% 4.81 x 1075 2.80 x 1075 1.56 x 1075 1,00 x 105 8.76 x 1079 7.44 x 1076
NNK 1,04 x 1073 1.73 x 107% 8.50 x 1077 5,38 % 107% 4.18 x 1075 2.44 x 1075 - 1.36 x 1675 9.40 x 10°% 7.65x 1076 6.47 x 1076

[a) One-hour average value with. 5% probability of being exceeded,
'b) Data collected at the Hanford Meteorology Station from 1/76 through 1784.
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TABLE F.12. 95th Percentile(2) Centerline y/Q° (sec/m>) Values for Acute Elevated(®) Releases from the

Range, mi (km)

200 Areas(C)

Direction _ 0.5(0.8) 1.5(2.4) 2.5(4.0) 3.5(5.6)_ 4.5(7.2) 7.5(12) 150243 25(40) 35756) 15(72)
N 410 x 1078 2.58 x 10°5 1,92 x 1075 1.48 x 1075 1.22 x 1075 9.43 x 1076 .78 x 107 477 x 1075 3.93 x 107® 3.60 x 107
NNE 3.66 x 1075 2.40°%x 10°% 1.58 x 1075 138 x 1075 1.21 x 10°% 8,49 x 1075 5.29 x 1076 4.45 x 1070 3.65 x 1075 3,37 x 107°
NE 3.47 « 1075 2.39 x 10°% 1.47 x 107° 1.29 x 1075 1.17 x 10°5 7.68 x 10°® 5.09 x 107® 4,00 x 1076 3.34 x 10°% 3.03 x 1076
ENE 3,12 x 1075 -2.36 % 1675 1.38 x 1075 1.90 x 1075 1,19 x 1075 7,78 x 1076 4,91 x 1076 3,77 x 1076 3.07 x 1076 2.73 x 1078
£ 2.81 x 10-5 1.80 x 10°% 1.26 x 1075 1.09 x 1075 .28 x 106 6.17 x 105 4.32 x 107 3.08 x 10°® 2.50 x 107 2.15 x 1076
ESE 2.85 x 10°5 1,84 x 10°% 1.26 x 1075 1.01 x 1075 8.08 x 2076 5.12 x 1070 2.78 x 16® 2.04 x 1070 1.68 x 1076 1,46 x 107
SE 2.15 x 1075 1.07 x 10°% 1,17 x 10°% 7.95 x 107% 5,82 x 1076 3.50 x 106 1.89 x 1076 1,52 x 1076 1.25 x 1070 1,14 x 1076
SSE 3.9 x 1075 2,45 x 1075 1,60 x 1075 1.20 x 1075 1.18 x 1075 7,55 x 1070 4.89 x 1078 3.74 x 1670 3,05 x 107 2.70 x 1070
5 4.2 x 105 2.48 x 1075 1,69 x 10°7 1.29 x 1075 1.16 x 10% 7.18 x 107% 4.55 x 1070 3.30.x 10°% 2.68.x 107% 2.29 x 1076
S .52 x 1075 2,48 x 1075 1.69 x 1075 1,24 x 107° 1.05 x 107° 6.16 x 107 3,83 x 2070 2,75 x 1070 2.24 x 107 1.93 x 107
W 4,56 x 10°5 251 x 1075 1.75x 1075 1,33 x 1075 1.12 x 107% 6.98 x 10°% 4.35 x 107% 3,30 x 1070 2.52 x 107% 2.16 x 1076
WS 6,47 x 1075 2,52 x. 1075 1.76 x 1075 1.32 x 1075 1,14 x 1075 7.08 x 107® 4.48.x 107 3,19 x 1078 2.59 x 1076 2.22 « 107
" 4,54 x 1079 2,58 x 10°5 1,90 x 10°% 1.46 x 10°% 1,22 x 107% 9.11 x 10°6 5.40 x 10°® 4,63 x 10°% 3.81 x 10® 3,53 x 1076
N 4.67 % 1075 2,59 x 1075 1.94 x 1075 1.49 x 1077 1.22 x 1075 9.58 x 1070 5.93 x 1075 4.85 x 1070 4,00 x 107® .64 x 107°
M 4.48 x 1075 2.55 x 1077 1.85 x 1075 1.45 x 10°% 1.22 x 1075 1.02 x 10°% 6.98 x 107°% 5.28 x 107 4.37 x 107 3.84 x 107¢
N 4.27 x 1075 2,58 x 10°% 1.90 x 1075 1.47 x 1075 1,22 x 1075 9.15 x 107 5.69 x 1075 4,74 x.107® 3.94 x 10°% 3.59 x 1076

{a) ‘One-hour average value with 5% probability of being exceeded.

(b) Defined as 61 m. ' ’ .

and 1983,

(c) Based on data collected at the Hanford Meteorolegy Station during 1982
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TABLE F.13, 95th Percenti]e(a) Séctof-Méraged ;IQ' ('sec/.m?’) Values for Acute Ground-Level Releases from the 200 Areas(P)

Range, mi{km)

Direction _ 0.5(0,8)  1.5(2.4) _ 2.5(4.0) _ 3.5(5.6]  4.5(7.2) 7.5(12) __ 15(24) 25(40) 35(56) _45(72)

N 2.41 x 107 3,60 x 1070 1.66 x 107° 1.02 x 107 7,45 x 107 3.86 x 10 1.72 x 1075 9.88 x 1077 .91 x 1077 5.27 x 1077
NNE 2,42 x 107% 3,65 x 1075 1,67 x 107% 1.02 x 1075 7.47 x 1076 3.87 x 108 1.72 x 107 9,90 x 1077 6.93 x 1077 5.28 x 1077
NE 2.25 x 107 3.40 x 107° 1.55.x 10°% 9,57 x 107® 6.96 x 1070 3.61 x 107% 1.61.x.10°% 9,24 x 1077 6.46 x 1077 .92 x 1077
ENE 2,00 x 107% 3,02 x 1075 1.38 x 1075 8.54 x 10°® .19 x 1076 3,22 x 107 1,43 x 1076 8.22 x 1077 5.75 x 1077 4,38 x 1077
E 2.01 x 107 3,03 x 107 1.39 x 10°° '8.58 x 10® 6.22 x 10°® 3.23 x 1078 1.44 x 10°® 8.26 x 1077 .77 x 1077 4.40 x 10-7
ESE  1.65 x 10™% 2,50 x 107% 1,15 x 107% 7.11 x 107 5,16 x 107 2.69 x 107% 1.20 x 1076 6.84 x 1077 4.80 x 1077 3.65 x 1077
SE 1.37 x-107% 2,10 x 107% 9.83 x 10°® 5.01 % 1075 4,39 x 1075 2.26 x 1075 1.02 x 1070 5.76 x 1077 4.10 x 10~/ 3.10 x 107
SSE 2.08 x 107" 3.14 x 107 1,43 x 107% 2.87 x 1076 6.44 x 1070 3.35x 107 1.99 x 106 8,58 x 1077 5.98 x 1077 4.55 x 107
S 245 x 1077 3.70 x 1070 1.69 x 107° 1.04 x 107% 7,57 x 1078 3.92 x 1076 1,75 x 10°% 1.00 x 10 7.02 x 1077 5.35 x 10°7
ss 1,93 x 1074 2,91 x 1075 1,33 x 10°° 8.26 x 1076 5,98 x 10°¢ 3,13 x 1076 1.38 x 1070 7,94 x 1077 5.55 x 1077 4.23 x 10”7
SH 2.17 x 107 3,28 x 107° 1.50 x 10"% 9.26 x 107® 6.73 x 107 3.49 x 106 1.55 x 10°® 8.93 x 1077 6.24 x 1077 4.76 x 10°7
WSW 2,22 x 107% 3,35 x 1075 1,53 x 107> 9,44 x 1076 6.87 x 107® 3.56 x 1076 1.50 x 1076 .11 x 1077 6.37 x 1077 4.86 x 1077
W 2,92 x 107 4.42 x 1075 2,01 x 107° 1.23 x 10°° 9.02 x 107 4.65 x 1675 2.07 x 10°® 1.19 x 10 8.35 x 10-7 6.37 x 1077
wed 3.09 x 207 4,69 x 1075 2,13 x 107% 1,30 x 1075 9,55 x 1076 4,92 x 1070 2.20 x 1076 1.26 x 1075 8.85 x 1077 .74 x 1077
M 2.98 x 107" 4.51 x 107° 2.06 x 10°° 1.26 x 10°% 9.20 x 107 4.74 x 1070 2,12 x 10°® 1.22 x 10 8.52 x 107 6.50 x 107

X x 107° 8,53 x 1076 4,40 x 1075 1.96.x 2076 1,13 % x 1077 6,02 x 1077

NNH 2.76 x 107 4,18 x 107° 1.90 x 1078 1.17 1076 7.00

(a) One-hour average value with 5% probability of being exceeded.
(b) Based on data colltected at the Hanford Meteorology Station during 1982 and 1983,
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TABLE F.14. 95th Percentile(a) Sector-Average ;/Q' (sec/m3) Values for Acute Elevated Releases(b} from the_?DU-Areas(C)

2,5(4,0}

3; 5(5.6)

Direction ~0,50.8)  T.5(Z.4) 3.5(7.9) 7.5(12) 1524}
N 2.28 x 107° 1.06 x 107 6.32 x 1070 a.52 x 10°% 3.47 x 10°% 2.00 x 107% 9,80 x 1077
NNE 1,85 x 107° 9,95 x 1078 5,96 x 1078 4,00 x 107¢ 2,08 % 1070 1.85 % 10726 9,70 ¥ 1077
NE 1.83 x 1072 9.93 x 1078 5.84 x 107% 3.83 x 1070 2.77 x 1078 .74 x 1078 001 x 1077
ENE 1.61 x 1079 9.53 x 107% 5,76 x 1076 3,71 x 1076 2,64 x 1076 '1.74 x 107® 9.28 x 1077
£ 1.39 % 1075 8.98 x 1076 2.07 %107 3,38 x 1078 2,29 x 1076 1.48 x 1078 5,02 x 1077
£SE 1.3 % 107% 9,18 x 107 4.57 x 1078 3.35 % 10°® 2,40 x 307® 1.38 « 107 477 1077
st 1.25 x 107° 6,61 x 107% 2.77 % 107® 2.90 x 1075 2.41 x 107 1.04 x 107% 4,21 x 1077
SSE .85 x 107° 1,06 x 107° 5,98 x 1078 4,03 x 107 2,07 x 107 1.74 x 1075 s.65 x 1077
5 2,92 x 107° 1,06 x 107% 6.07 x 107% 4.17 x 107F 3.11 x 16® 1.74 x 107% 7.67 x 1077
SSH . 3,02 x 1077 1,06 x 1077 6,07 x 107% 4,17 x 1078 3,11 x 107® 1.67.x 107% s.01 x 1077
s 3.05 x 10°% 1,06 x 10°% 6.18 x 1070 4.26 x 107® 3.20 x 107® 1.78 x 107 7.11 x 1077
W 2,98 x 107° 1,06 x 107% 6,15 x 1070 4,28 x 1070 322 x 1078 178 x 1078 7.3 2077
W 2,99 x 1075 1.06 x 107% 6.30 x 107% 4.50 x 10°% 3.44 x 1076 1.98 x 10°% 9.76 x 1077
WA 03,07 x 1070 1,06 x 107% 6.38 x 10°F 4,86 x 10® 3,50 x 1076 2,02 x 107% 9.81 x 1077
"l 2,87 x 10°% 1,06 x 10°% 6.24 x 1078 4,41 x 2076 3,36 x 1070 1.97 x 107% 9,88 x 1077
WM 214 x 107° 1,06 x 167° 6.30 x 1070 4,50 x 107 3.44 x 107C 1,99 x 107C 9,77 x 1077
(a} One-hour average value with 5% probability of being

(b} Defined as 6l m.
(c} . Based on data collected at. the

exceeded,

Hanford Meteorology Station_during 1982 an& 1983.

75(407
5,92 x 1077
5.75 x 1077
5.36 x 1077
5.49 x 1077
3.54 x 1077
2.95 x 1077
2.04 x.1077
5.20 x 107
4.76 x 10”7
3.53 x 1077
6.50 % 1077
4.59 x 1077
5.86 x 107
5.94 x 1077
6.06 x 1077
5.87 x 107/

3.25x

5/56) i5(72]

4,23 x 1677 3.30 x 1077
8,08 x 1077 3,15 x 1077
3,79 x 1677 2.93 x 1077
3.87 x 1077 2.99 x 1077
2,53 x 1077 "2.11 x 1077
1.7 x 1077 1.46.% 1077
1.33 x 10°7 1,03 x 1077
3.68 % 1077 2.85 x 1077
3.37 x 1077 2,66 x 1077
2,44 x 1077 2.02 ¥ 1077
319 x 1977 2.54 x 1077
3.26 x 1077 2.58 x 1077
4.18 x 1077 3.25 x 1877
4.25 x 1077 3.31 x 1077
4,37 ¥ 1077 3.42 % 1077
4.19 % 1077

107
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Model uncertainty can best be determined by testing‘a model against measurements in the
field under conditions similar to those the model was designed to simulate. Laboratory
experiments are another potential source of comparison data if care is taken in experimental
design. This process of testing predicted values: against measured values is often referred
to as model validation (TAEA 1981), It is‘impossible to validate the models used in most
Tong-term assessments because of the complexity of the system being modeled. Sometimes parts
of an overall model or submodel can be compared to Timited data from another source; for
exampie, pathway analysis models are often compared to measurements of radioactive fallout in
the environment (IAEA 1984). WhiTe such exercises are useful 1in increasing the confidence in
selecting and applying a medel, they are often very incomplete. Thus care should be used so
that the model validation efforts are not interpreted as being more complete than they really
are. In most practical applications, models are "verified," rather than "validated." This
means that their predictions are compared against results generated by similar models. The
verification of a model implies that it is operating preperly and giveé expected results in
test problems.

During the past decade, many gomputér codes have been developed to predict the environ-
mental transport and subseguent impacts of radionuc]ide‘reTeases;: These codes use various
mathematical models to simulate the behavior and fate of radionuclides 1n environmental media
by using quantitative estimates of the relationships between environmental compartments,
Most of the models i use are based on the mathematical formulas originally used in the
HERMES computer code (Fletcher and Dotson 1971)., These include models used by EPA {Moore-
et al. 1979), NRC (1977), IAEA (1982), and the models used in this EIS. A recent study has
compared the predictions of six internationally recognized terrestrial food-chain models,
four of which are based on the HERMES-type equations, against United Nations summaries of
empirical relationships between atmospheric deposition from fallout and concentrations in
food of several radionuclides (Hoffman et al. 1984).  Discrepancies among the model predic-
tions varied between factors of 6 and 30. It was concluded that the differences reflected
model assumpiions rather than uncertainties in model parameters.

The specific computer programs used for this EIS have also rgceived wide distfibution
and use. They have been comparad against many other nationally used codes. Several are can-
didates for benchmarking studies by the NRC (MiTls and Vogt 1983). These include the codes
SUBDOSA and PABLM used in this EIS. Brief descriptions of some of these comparisons are

given here.

F.3.3.1 Comparison of Hanford Codes for Routine Operational Releases to AIRDOS-EPA

The combined methods for taltu]at{ng atr sdbmersion,'inha?ation, and ingestion doses
using the Hanford codes KRONIC (Strenge and Watson 1973) (a finite-plume air submersicn code

- similar to SUBDOSA), DACRIN and PABLM were compared (Aaberg and Napier 1985) to the methods

used in the EPA code AIRDOS-EPA (Moore et al, 1979). The calculations were based on actual
reported releases documented from Hanford facilities (Price et al. 1984}, The ratios of cal-
culated doses to various organs through the dominant pathways are shown in Table F.15.

F.30
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TABLE F.15, Ratios of Dose Cmmmitments(a) for Maximum Individual Using
Hanford/AIRDOS Models (Aaberg and Napier 1985)

Patiway Total Body  Lung  Thyroid - LLi(P)
Ingestion ' : 5.1 1.3 1.2 3,1
Inhalation “ 1.0 3.6 0.8 0.1
External {from ground} 0.4 0.6 0.6 0.5
Air Submersion ' 1.2 1.6 1.5 1.4

(a} Based on actual releases from Hanford N Reactor in CY 1983
{(Price 1984).
(b} ' LLT = lower Tlarge intenstine.

Saveral minor differences are apparent from the values in Table F.15. The doses calcu-
Tated for food crop ingestion are somewhat higher for the Hanford PABLM code. This s partly
due to a different ‘internal dosimetry model and partly because the Hanford codeﬁ'neg1ect
atmospheric plume depletion, which tends to raise the calculated rate of deposition on crops,
especially at long distances downwind (the Hanford model is thus somewhat more conservative).
The externa1 {(ground deposition} doses are generally about one-half of those estimated by
AIRDOS-EPA. This is because a factor of 0.5 correction for scatter from rough soil surfaces
is used in the Hanford codes, This is not as conservative as the AIRDOS-EPA model, but is
more representative of actual field calculations. The air submersion dose ratioc in
Table F.15 indicates that the Hanford model yields slightly higher doses. This is because
KRONIC dincorporates a finite-plume air submersion model, while AIRDOS-EPA uses an infinite-
plume model. The finite-pTume model accounts for the bulk of the contamination being above
ground-level. At Tonger downwind distances than are used in this comparison, the ratio of
finite to infinite plume models approaches unity. Overall, the Hanford-specific codes give
results very close to those that afe estimated using the EPA model for routine releases. The
EPA model has been partially validated with comparisons to actual releases of 85%r at the
Savannah River Plant (Fields, Miller and Cotter 1984).

F.3.3.2 Comparison of Intruder Scenaric Model to NRC's 10 CFR 61 Models

In support of 10 CFR 61 the NRC issued both draft and final environmental statements

(NRC 1981, 1982a). These statements describe the ana]ysfs of alternatives. relating to waste
forms, site design and operaifon, institutional controls, and administrative requirements.
They also describe the radiation exposure scenario analysis used to determine near-surface
disposal limits. In their analysis, the NRC defined four human intrusion scenarios. These
scenarios are: 1) intruder-construction, 2) intruder-discovery, 3) intruder-agriculture, and
4) intruder-well, The disposal 1imits are based on a 500 mrem/yr total-body {not critical-
organ) dose to the maximum-exposed individual (the intruder). The first and third scenarios
are used primarily in calculating the disposal Tlimits (NRC 1981, 1982a). For the intruder-
construction scenario, an individual is assumed to excavate & basement at an abandoned dis-
posal site. The exposure to direct penetrating radiation during this scenarioc controls the
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disposal Tlimits. for many'radionuc1ides.' For the ihfruder-agricu1ture scenario, an individual
is assumed to 1ive in the house built durTng the intruder-construction scenario. This indi-

© vidual raises part of his diet in soil that is contaminated by waste exhumed during excava-

tion of the basement.. Ingestion of radionuclides in the garden crops ‘and inhalation of -
resuspended soil CGntro1_the disposal Timits for the remainder of ‘the radjonuclides consid-
ered in the regulation, Thesejscenarios are conceptually similar to those described in
Appendix R of this EIS.

" Disposal }imits-are shown in Tables 1 and 2 6f 10 CFR 61 for three élasses of commercial
wastes (NRC 1982h). Class A wastes have minimum stability requirements and tow activity lev-
els. Disposal concentratTOns reflect 100 years of radioactive decay that would occur during
an 1nst1tut1ona1 controT perlod following site cIosure. ‘Class B wastes must meet more rigor-

“ous waste-form requirements to ensure stab111ty, Class C wastes are required to have a sta-

bie waste form and a package with higher integrity than requ1red for Class A or B wastes.

The disposal concéntrations reflect 500 yedrs of radicactive decay to account for the stabil-
ity of the'waste form and 5-m overburden requirement. Disposed Class C wastes are assumed to
be provided ten t!mes more protect1on from intrusion than that prov1ded to d1sposed Class A~

wastes. _ _
A recent study by Kennedy and Napier (1984) used the intruder pathway dose code MAXI,

described in Sectien F.3 and used in Appendix R of this EIS, to re-derive the 10 CFR 61 dis-
posal limits. The results of this effort are reproduced as Table F.16. The results obtained

TABLE F.16. Compar1son of Disposal Concenfrations Calculated by the Code MAXI
" with those in 10 CFR 61, C1lm (Kennedy and WNapier 1984)

. . Concentration
10 CFR 61 -Calculated Using
o Concentration MAXI
 _Radionuq11de ~Llass A £lass C- Ciass A Class €
l4¢. 0.8 R 8
60, 700 - (@} ogg: . (@)
B 2.2 22 1 10
BLEI" S 3.5 700 1 200
- 90gp4p(b) ~ 0.04 7,000 0,03 5,000
By 0.3 3 3. 30
Bpepld) - g 4,500 0.3 30,000
23%y . 1olc) 100{c)  3pfc) 300(c)

(a) A dash {==) indicates that no CTass C Timits are estab-
~ Tished (i.e., the concentration is Timited only by practi-
-cal considerations including the stability. of the waste
form, internal heat generation, and handling)}.
(b) + means p%gg short-lived daughter. -
{¢) Units for Pu are in nCi/g. '
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are generally within a factor of about 3 of the NRC values. The notable exception to this

close agreement is. the Class ¢ disposal limit for 13705,

where the Kennedy and Napier result
is about ten times the NRC value. This is caused by an errar in the original Kennedy and -
Napier (1984) calculation. Actual MAXI results more closely parallel the NRC results. The
general agreement is significant since it shows both that the dose factors and environmenta1
models are comparable and that independently derived, dissimilar approaches can yield similar

raesults,

The MAXI code has since been adopted by NRC for use in determining .approval of proposed
procedures for disposal pursuant to 10 CFR 20.302 (Mapier et al. 1984),

F.3.3.3 Comparison of Long-Term Performance Assessment Codes

The Department of Energy (DOE) and the Nuclear Regu]atony Commission (NRC) both. emp]oy
specific models and computer codes as part of their performance assessment of potential
nuclear waste repositories. The codes provide documented and traceable means to evaluate
certain aspects of the repository, and the results are typically incorporated in site-
selection documents, safety analysis reporis, environmental impact statements, and licensing
requests. Nearly all DOE offices and contractor organizations use the same program, PABLM,
for environmental assessment. The NRC relies. on two separate codes to independently reassess
the performance of the repository. The DOE and NRC methods are compaped"belew.“ In 1984, the
Performance Assessment National Review Group (PANRG) addressed the adequacy of_PABLM for use
in assessing deep geologic repositories. The PANRG suggested improvements to PABLM, many of
which are already included in the PABLM derivative code, DITTY, used in the assessments for
this EIS. A comparison of the DITTY models with those used by EPA in der1v1ng waste ‘disposal
release 1imits {s also given below.

F.3.3.4 Comparison of PABLM with NRC Codes

In preparing nuclear waste repository site-selection documentation, safety analysis
reports, environmental impact statements, and 11cen51ng requests, DOE uses certain numerical
codes and computer programs to assess the potent1a1 performance of the repos1tory. NRC uses
other cedes to independently reassess the DOE choices. Both approaches consist of three
parts: 1) environmental transport and distribution of contam1nat1on, 2} human exposure to
the contamination, and 3) human radionuclide dosimetry. ‘The wethods used for the human expo-
sure and human dosimetry are essentially the same for NRC and DOE. 0n1y'1n portions of the
environmental transport do the two methods differ significantly: the NRC me*hod uses a code,
PATH1, developed by Sandia National Laboratories (SNL), which allows cons1derat1on of wide-
spread, Tow-level contamination in smTtip?er“zones," while the DOE method, to date, has con-
sidered only individual environmental “zones™ (Dove 1983). The SNL/NRC apppoach does require
additional outside hydrology/sediment transport, mode?s as a data source; however, DOE alsp
has many codes available, and if they were used in COnJunct1on with the present DOE methodol-
ogy, the DOE and SNL/NRC. approaches would be essentially indistinguishabie.

The codes currently proposed or being used for the environmental consequence analysis
portions of the repository performance assessment by NRC and DOE ‘are shown in Table F.17.
Essentially all of these various offices and outside contractors use the same basic codes for
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TABLE F.17.

Nuclear Waste Repository Performance Assessment

Computer Codes Preposed or Used for Environmental Comsequence Ana]ys1s in

(b) A dash {(--) 1nd1cates that no specific mode1s are current1y in use.

Contractor,(a)- Surface-Water Environmental Human . Human - Human
_Project, and Site Transport Accumulation Uptake Dosimetry  Effects
ONWI: Salt Domes :
Mississippi --(b) g PABLM PARLM "o
Texas - PABLM -~ PABLM PABLM --
Louisiana - PABLM - PABLM PABLM . -
ONWI: Bedded Sait ' oo
Utah = PABLM PASLM PABLM -
Texas -~ PABLM PABLM PABLM --
Michigan -- PABLM PABLM PABLM --
OCRD: Crystalline Rock - -- - - -
oM - PABLM PABLM PABLM -
BWIP: Basalt -- PABLM/DITTY - PABLM/DITTY  PABLM/DITTY -
INTE - PABLM PABLM PABLM e
AEGIS PNL .
Paradox salt -- - - - --
Permian salt -- - -- -- --
-Generic salt - ARRRG/FOGD ARRRG/FOOD ARRRG/FO0D --
Swedish granite -- - == -- --
Gulf Coast salt -- PABLM PABLM PABLM —
Columbia basalt -- -- -~ - -
NWWSI: Tuff - -- -- -- --
SNL /HRC PATH1/Other PATHL "PATH1/DOSHEM- DOSHEM DOSHEM
{a) ~ AEGIS = Assessment of the Effectiveness of Geologic Isolation Systems .
BWIP = Basait Waste Isolation Project
INTE = Intera Environmental Consultants Inc.
NNWSE = Nevada Nuclear Waste Storage Investigation
NRC = Nuclear Regulatory Commission
ONWE = Office of Nuclear Waste Isolation
OCRD = Office of Crystalline Repository Development
OWI = Office of Waste Isolation
PNL ="Pacific Northwest Laboratory
SNL-= Sandia National Laboratories.

environmentat consequence ana1y51s.
Kennedy and Soldat 1980).

The dom1nant computer program is the code PABLM (Napfer,
This program was or1g1na11y deve10ped and documented by the AEGIS

[then the Waste Isolation Safety Assessment Program (WISAP)] program at Pacific Northwest

Laboratory (PNL) for the Office of Nuclear Waste Isolation (ONWI).

ONWI now conducts the

performance assessments for all candidate salt sites, both bedded and domed salt, using the
PABIM code. - ONWI states that, "The PABLM code represents tha most up-to-date combination of
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detailed and broad capabilities for dese-to-man function of all the codes-reviewed. Thé
flexibility of the PABLM code is good with numerous user options, and it is applicable to a
variety of radionuctide release conditions" (ONWI 1983). PABLM incorporatee the eapabi1ities
of the two earlier computer programs—~ARRRG and FOOD (Napier, Kennedy and Soldat 1983), which
were originaily_developed for evaluating nuclear power reactor effluents (Soldat, Robinson
and Baker 1974) and used by AEGIS in early generic assessments. The AEGIS codes were trans-
mitted to Intera Env1ronmenta1 Consuliants Inc. (INTE} under a technology transfer agreement
The PRBLM code is being used to assess the tuff geology at the Nevada Test Site (NTS) because
of the generally high quality of its documentation and because it is easy. to use.(a) The
Basalt Waste Isolation Project (BWIP) also 1dent1f1es PABEM as- the env1ronmenta1 assessment
code of preference (BWIP 1983), . BWIP personnel are also using factors.ca1cu1ated-us1ng the
DITTY computer program (Napier;-Peloquin and Strenge 1985) in preliminary assessmentst(b)
BITTY -is a version of PABLM used in this EIS; it is described in SeotionoF.3t

Wh1Ie 'DOE and NRG - emp1oy d1fferent codes, their approachés are similar in that each con-
sists of three components: ) S '
e description of env1ronmenta1 transport and distribution of contamination
e estimation of human exposure to contamination' '
e calculation of human-radionuclide dosimetry,.

Both env1ronmenta1 consequence methods begin with the t1me dependent discharge of
radionaclides to the biosphere.  PABLM considers individual env1ronmenta1 zones (phys1ca1
locations downstream of release points) while the PATHL code allows the consideration of
widespread low-Tevel contamination in multiple zones,

For both‘approaches, once tHe water and soil radionuclide concentrations are known; con-
centration ratios are used to determine the concentratfon in feods. The food concentrations
are then used with fnput consumption rates to determine human intake of radionuclides, from
which the doses are calculated. The present DOE approach is to.stop at individual and popu-.
lation doses; The NRC approach goes one step further ‘and applies a dose-to- r15k conversion
factor to obta1n ‘estimates of the risk of health effects for individuals.

F.3.3.5 MNational Academy of Sc1ences Use of PABLH

" A major study by the National Academy of Sciences and Nat1ona1 Research Counc11

(NAS/NRC) on the geologic isolation systems for geologic waste disposal (NAS/NRC 1983) based

many of its conclusions on potant1a1 radiation doses to future 1nd1v1duaTs from. progected
waste releases. The projected doses were calculated using the PABLM code applied to vell-
water and surfaca-water scenarioé similar to those used in this EIS. PABLM was selécted
because it is a general code for modeling environmental péthway transport and'dosimetry and
because it has been used extensively in modeling doses from repos1tory re?eases (C10n1nger
Cole and Washburn 1980 Thompson, Dove and Krupka 1984),

(a)‘ Persona] commun1cat1on from J, P. Brannon, Sandia National Laborator1es, to
B. A. Napier, Pacific Northwest Laboratory, June 1983,
{b) Personal communication from J. €. Sonnichsen, Basalt Waste Isolation Progect to -
“ B. A. Napier, Pacific Narthwest Laboratory, March 1983.
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F.3.3.6 The .Performance Assessment National Review Group (PANRG) Recomnendations

The PANRG was convened by the DOE Office of Civilian Radioactive Waste Management
(OCRWM)} to review proposed performance assessment methods for the nat1ona1 geo1og1c reposi-
tory program. The PANRG report summarizes that a1though the EPA standard and NRC regulations
do not spec1f1ca11y requ1re the calculation of radiation dose or risk, the PANRG be11eves
that such calculational capab111ty should be performed for a time period beyond 10, GUU years
(PANRG 1984}, Existing codes (e 9es PABLMY, w1th same mod1f1cat10ns, are be11eved to be usa-
ble for this purpose.

F 3.3. 7 Compar1son of PABLM to Atomic Energy of Canada Limited (AECL) Wodels

The: PANRG also made specific suggestions to improve the dosimetry modeling., - These sug-
gestions included 1) adoption of the newer ICRP-30 human dosimetry model, with some reserva-

‘tions, 2) inclusion of provisions to deal with resuspension of deposited radioactivity from

soil into air, 3) inclusion of provisions to consider removal of radiocactivity from the soil
root zone over time via downward wigration, 4) updating selected parameters, 5) adoption of a
Tess conservative surface-water iransport mode1, and 6) correctlon of an inappropriate model
for environmental behavior of 14C {PANRG 1984}, )

The development of the DITTY code to enhance PABLM anticipated most of these sugges-
tions. Provisions for resuspension and soil weathering, newer parameters, and a new 14¢
model have been inc]uded_in.DITTY (Napier, Peloqoin and .Strenge 1985). The older dosimetry.
and surface-water models have .been.retained for simplicity and conservatism at present.

In an apoendix to the "Study of the Isolation System for Geologic Disposal of Radioac-
tive Wastes" (NAS/NRC 1983), individual radiation doses per unit re1ease.to the environmenf
calculated with the PABLM model were compared to‘reéu1ts from the Canadian Mational Fuel.
Waste Management Program, as reported by Wuschke et al. {1981). Only those pathways to man
initiated by contaminated surface water were compared. The comparison is shown in
Table F,18, Because somewhat different approaches are taken by PNL and AECL the resu]ts are
not completely consistent. The results are of the same genera] order- of—magn1tude3 howaver,
for most radionuciides.

F.3.3.8 Comparison of DITTY and EPA Long-Term Env1ronmenta1 Bos1metry Mode]s

As part of its program to deveiop env1ronmenta] standards for disposal of high-level-
radioactive wastes (EPA 1985h), the EPA estimated population health risks over a 10, OOO-year
period after disposal in mined geologic repositoriee. The mathematical models used to calcu-
Jate environmental dose commitments and health effects-are_reported in EPA-520/5-85-026
(Smith; Fowler and Golden 1985). This report_aTso identifies the data used and gives the
estimate§ used to prepare 40 CFR 191. The data used in the EPA calculations are designed to
a11ow caleulations for a representatrve generic waste d1sposa1 site. For the comparison with
the results of the DITTY model used in this EIS (descr1bed in Section F.3. 1), the important
parameters used in the EPA model defining a basalt site are described, and the EPA model
results are compared with those generated by the DITTY model.
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TABLE F.18,

Average Annual Dose to an Individual per Unit Coﬁcentrat1on'bf

Radioactivity in Water as Ca]cu]ated 051ng PNL and AECL Models
(NAS/NRC 1983) .

Average Annual Dose
Concentration (Sv-m

per Unit

3/Bq-yr)

Radionuclide PARLM (PNL) Wuschke et al.(@) (AECL)

793¢ 1.6 x 1077 7.9 x 1077
997c 7.0 x 10710 6.1 x 10710
129, 2.0 x 1078 9.1 x 1073t
135¢5 5.3 x 1078 1.6 x 1078
l0py, 7.7 x 1076 4,9 x 1078
225p, - 1.4 x 1070 1.7 x 1077
22504 2.4 x 10-8{c) 1,1 x 1078 -
2297y 5.6 x 1077 6.4 x 1070
230rp, . 8.0x 108 - 34x10
233y 3.8 x 1078 4,8 x 1078
234y 3.8 x 1078 4.8 x 1078
238 2.9 x 1078 4.2 x 1078
237y, 1.3 x 1075{d) 6.5 x 1075
239, 9.8 x 1072 6.1 x 1078
NOTE: A11 data rounded to iwo significant digits,
() Fifty-year committed effective dose equivalent
from water and food taken in during first year;
derived. from data of Wuschke et al. (1981},
(b} Increased by .a factor of 4.4 above data of
B. A, Napier {Battelle Pacific Northwest
l.aboratory, personal communication to
T. H. Pigford, 1982) to allow for ICRP-30
. corrections {Runkle and Soldat 1982).
{c) Reduced by factor of 90 below data of
B. A. Napier {Battelle Pacific Nerthwest
Laboratory, personal communication to
T. H. Pigford, 1982) to allow for ICRP-30
carrections (Runkle and Soldat 1982),
(d) Increased by a factor of 200 above data of

8, A, Napier (Battelle Pacific Northwest
Laboratory, personal communication to

T. H. Pigford, 1982) {0 altow for ICRP-30
torrections (Runkle and Soldat 1082).

The models and approach of the EPA d1ffer significantly from those used by DITTY Nei?”
ther the EPA model nor DITTY can be described as bheing. mere sophist1cated“ than the other
because both attempt to project into admitifedly imprecise futures. ' ' '

For the purposes of the EPA rulemaking, Smith, Fowler and Golden  (1935) evaluated the
potential impacts of radionuclide releases to surface waters {rivers), oceans, land surface
{through intrusions), and those due to violent interactions (e.g., volcanos, meteorites).

"F.37




[

Thg river releases have the highest ihpact per unit release and so are those that con-
trol the EPA regulations, Thus they aré analyzed here in some detail, Five exposure path-
ways are used to define the surface-water release impacts: drinking water, fish ingestion,
food-crop ingestion, inhalation of resuspended material, and external contamination. Cach
pathway has a basic equation used to estimate the dose per unit release ($/Q, wman-rem/curie
released),

Drinking water: $/Q = I Dnop Pp/R

rish ingestion: 3$/Q = Can PFF If Dnop/R

Food crop ingestion: S/Q = RInp Dnop CFp fp L)

Inhalation of resqspended material: S/Q = RF PDp IB Dnop fr (function of time)

External contamination: $/Q = fg PDp Dnop"SOF (function of time)
where I, = individual water ingestion rate, L/yr
'Dnop = dose factor for nuclide n, organ o, and pathway p, units of rem/Ci

ingested, rem/Ci inhaTed, or rem/yr per Ci/m2 for surface contamination. -
Pnp = number of peopte drinking water, persans '
R = river flow rate, L/yr
CF,, = bioaccumulation factor for nuclide n in pathway p, Ci/kg per Ci/L
Prp = population eating freshwater fish, persons
If = fish consumption rate, kg/yr per person
RI,, = intake rate per unit deposition of nuclide n in food pathway b, as
calculated using methods similar to AIRDOS~EPA, Ci intake per Ci/m2 denosited
CP, = number of pesple who can be fed per unit area of crops, persohs/mz

P
fp = fraction of land used for food crop p, dimensionless
fp = fraction of river flow used for irrigation, dimensionless

RF = resuspension factor, m-1
PD,, = population density for pathway p, persons/m2
Ip = individual breathing rate, ms/sec i

SOF = household shielding and occupancy factop, dimensionless.

The functions of time in the equations above define the buildup and decay of surface
contamination and are incidental to the following analysis, because similar methods are used
by both the EPA model and DITTY, :

For each pathway equation, one set of parameters can be defined as being “site-
specific,” that is, that realistic values for Hanford may be specific rather than generic
values. For drinking water, this is the ratio Pp/R, the ratio of the number of people drink-
ing river water to the total river flow. The value EPA uses is 3.3 x 107, Using the pro-
Jjected average downrfver population and a Columbia River flow rate of about 1014 Liyr, a
Hanford value of 2 x 10°8 can be derived. Thus the Hanford value for this pathway is 6% of
that used by EPA for their generic analysis because the Columbia River has a very large flow.

The site-specific correction for the fish consumption pathway can be incorporated in the
ratio Ppple/R, the ratio of the product of the number of people eating river-caught fish
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times consumption to the river flow rate. EPA uses a world-average value of 3.3 x 1077 man-
kg/L. Columbia River sport fishing yields only about 15,000 kg/yr of fish in the Hanford
area (Price et al. 1984), for an average ingestion rate of only about 0,04 kg/persbn. Con-
servatively, assuming ten times this average for the projected down-river population gives
about 7 x 1077 man-kg/L, which is 2% of the EPA value,

The variables in the food crop ingestion équatian that can be modified for Hanford

releases are fpCP,, the fraction of river flow that is used for irrigation times the agricul-

tural productivits. EPA yses a value of 0.1 for Tp, which 1s appropriate for small western
rivers, but is much teo large for the Columbia River below Hanford. While much of the area
upstream of and around Hanford is irrigated with Columbia River water, only a small area
below Hanford ié syitable for or requires irrigation. This area is now heavily irrigated,
using about 1.3% of the river flow (ERDA 1975}, Accounting for the potential for increased
jrrigation in this area, the EPA value for fraction of land irrigated, and for the Targe
river fiow, a value of f can be derived of only about 0.02, without wajor diversion proj-
ects. The number of people who can be fed per unit area, CPD’ 15 estimated by_EPA at about
0.004 person/mz. Aporoximating this either by averaging the parameters for yield and con-
sumption, or by dividing the assumed irrigated area by the projected popu1atioh, results in a
value of 0,002 person/mz. The ratio of the EPA value for the factor fpCP
in this EIS is thus 0.08.

p to the value used

For inhalation of resuspended matertal from irrigated soils, the parameters fRPDp can be
derived for Hanford-specific analyses. As described above, fR is 0.1 for the EPA anaiysis
and about 0.02 for the Hanford area. The EPA uses a value of 6.67 x 1072 person/m2 based on
world averages. If the projected population downriver of Hanford is assuﬁed to live in a
30-km-wide strip along the river, the population density is about 1 x 1074 person/mz, some-
what higher than the EPA value. Combining these gives a ratio of Hanford values to EPA value
of 0.3 for the factors fRPDp.
Doses from external exposure, 1ike inhalation, are dependent on the area irrigated and

the number of'people exppsed. The parameters fRPD apply here also. The ratio for the two

P
external exposure scenarios is then- 0.3.

The EPA Background Information Document for 40 CFR 191 (EPA 19853) presents a table of
the pathway contributions to the total caiculated values of health effects per unit release.
That table is reproduced here as Table F.19. The individual pathways are summed to get the
total. If the individual pathways are modified using Hanford-specific parameters, the
results are as given in Table F.20. Compared to the Hanford-specific values calculated using
the EPA model are the Hanford-specific results calculated using the DITTY model, The results
can be seen to correspond closely.

A few notable exceptions to the modeling agreement can be observed in Table F.20, The
newer ICRP-30 dosimetry used by EPA as illustrated in Table F.2 accounts fer the differences
in the values for the strontium and neptunium isotopes. The 146 specific activity model used
by EPA is the same one reviewed by the Performance Assessment National Review Group (PANRG)
as used in PABLM (Section F.3), which is described as providing “a gross overestimate of ¢
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TABLE F.19. Fatal Cancers per Curie Released to a River, Estimated Using the EPA Model {Smith, Fowler, and Golden 1985)

. Ingestion Inhalation ' External Dose
. Drinking Freshwater Surface : Resuspended - = Ground - Air
Radionuclide Total = Water Fish Crops Milk Beef Material Contamination Submersion
e 83 x 1072 N/A N/A NA T NA N/A R/A K/A N/A

ks 478 x107% 491 x 1070 125 x 107% 394 x 1070 472 x 1077 183 x 1078 325 x 1070 317 x 10710 1:11 x 10718

905, 2,26 x 1072 3,72 % 107 104 x 107 175 x 0% 1,19 x 107 4.59 x 1075 4.05 x 107%  0.00 x 10° 0.00 x 10°
93¢ 1.59 x 107% 1,66 x 107 1.1 x1077 28 x 107 405 x 1077 6.23x 1078 658 x 108 145k 1077 - 486 x 10714
99y, 3.68 x 107 7.02 x 107 7.70x 1078 2.02 x i0% 838 x 107° 138 x 107 4u67 x 10711 0.00 x 10° 1.80 x 10719
1265, 1.25x 102 2.67'x 1074 - 2,08 x 1073 5.37 x 107% 242 x 1070 3.75x 1075 647 x 1078 Fssx 1073 114 x 10719
129) - g.09 x 102 3.15x 1070 2.65 x 1077 6.75x 1077 9,68 x 1073 1.31 x 10°% 3.68 x 1078 5.41 x 100 . 6.86 x 10713
13 776 x 1003 2,38 x 107% 7.89 x 107 610 x 1073 5,71 x 1004 3,16 x 107% 5.3 % 107 0.00 x 100 0.00 x 100
" 137¢s 1.07'x 1072 1,62 x 107 5.37 x 107% 2,53 x 167 8.2 x 107 4.65x 107> 1.33x 107?319 x 107% 445 x 19712
& Bl 978 x 1070 4.52 x 1078 288 x 1077 483 x 2078 613 x 1078 297 x 107% 2,14k 107%  0.00 x 10° 1.31 x 107V
20y 1zsx 107t 5000 x 1077 1,38 11070 4.93x 1077 9.26 x 10°% 2.6 x 107 345 x 1077 9.60 x 108 6,13 x 10715
226, 1.68 x 1071 6.41 x 1072 g8 x 1000 778 x 1077 231 x 1077 603 x10°° 8.9t x 10 1.00x 102 1,56 x 10710
238, 2.08 x 1072 6.32x 1070 161 x 107 1.38x 1072 2.96 x 107 1.9t x 1678 409 x 1070 2.65 x. 107% 1.8 x 10712
B9 866 x 1072 2,43 x 1077 3010 x 1077 2,41 x2077 1,83 x 107°  7.08 x 1078 3,40 x 107® 4,83 x 10°%  1.55 x 10712
238, 4,27 x 102 2,83 x 1072 4.9 x 107 L75x 10?7 L7 x 107 610 x168 118 x10°% 174 x 1607 1.60 x 10718
23%,, 5.20 x 1072 2,61 x W72 533 x 107 228 x10? 1.85x 1077 7.18x 108 314k 10% 2211008 426 x 10714
280py . 5,03 x 107% 2,60 x 1072 5.31 x 10”% 2,16 x 102 1.80 x 1077 -6.99 x 1078 2.75 x 16"  3.97 x 10°%  3.55 x 104
28p, . zasx 107 125 x 1073 255 x107% a.94 x 1074 810 x 1077 214 x107% 8.73x 1008 946 x 1079 1.6 x 10710
24, 500 x 107 288 x 107 5.07 x 107t 223 x 107 178 x 1077 6.9 x 107° 313x 1070 395 x 108 3.62 x 10714
245y 5.80 x 1072 2,70 x 1072 5,50 x 107 2,16 x 1002 7,53 x 1077 1.29 x 1077 3.85 x 10°%  6.22 x 1076 1.10 x 10712
243y, 6.81 x 107 - 2.69 x 1072 5.5 x 1070 2,40 x 107 828 x 107 LAl x 107 7.92x107% 708 x107% 2,93 x 1071}




TABLE F.20, Comparison of DITTY and EPA Values of Number of Fatal Cancers per
Curie Released

Standard Hanford-Specific Hanford-Specific ReTEZQe to
Nuclide EPA EPA DITTY Ocean
2hlpn 0.06 0,004 0.001 0,004
283pm 0,07 0,004 0.03 9.0l
14¢ 0.06 nyafa) 0.000007 (%) n/ala)
135¢5 0.008 0.0006 0.0004 0.00003
137¢g 0.01 0.0006 0.001 0.000004
129 0.08 0.008 © 0,0005 0.0001
237yp 0.09 0.004 0.0006(¢) 0,007
238p,, 0.04 0,003 0.0001 0.0004
23%y. . 0.05 0,004 - 0.002 ' 0,002
242p,;” 0.05 0.004 0,001 0.002
226p4 0.2 - 0.02 - 0.04 0.005
9B1c 0.0004 0.00004 © 0.00004 ©0.000003
1265p 0.1 - 0,003 : 0.01 - 0,002
18lgy 0.00001 0.0000007 0.00004 0.0000004
905 0,02 10.002 0,02 © 0,00008
238 0.02 0.002 0.0005 0.0002

(a) Not specifically addressed by EPA,

{b} DITTY incorporates a revised 8¢ model that more realistically
reflects crop uptake of carbon from contaminated water. .

{c) Adoption Qf ICRP-30 dosimetry would raise this value by a factor of
nearly 10° (gut uptake).

in the biosphere, and, thus, in human intake" (PANRG 1984). The 14C model in DITTY has been

~modified to account for carbon uptake by plants from air, and the doses are reduced by about

three orders of magnitude, ~The low value for 1515m developed by the EPA discounts any exter-
nal dose from surface-deposited material, which is included in DITTY.

The tast column of Table F.20 presents the EPA values for radionuclide releases to
oceans. For the mobile radionuclides 997¢ and 1291, the contribution from worldwide distri-
bution of contamination in the ocean from the river releases is only a.small increment to the
total, even using the Hanford Site parameters, Tharefore, to the degree of accuracy of the
calculations, the integrated population doses along the Columbia River are a good approxima-
tion of the entire impact of releases from Hanford,
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APPENDIX G

METHOD FOR CALCULATING NONRADIOLOGICAL INJURIES AND ILLNESSES
AND NONRADIOLOGICAL FATALITIES

This appendix describes the method used to estimate postulated nonradiological injuries
and ilinesses and nonradiological fatalities associated with each alternative analyzed in
this EIS. ({The method for calculating radiological health effects is described in Appen-

dix F.) These calculated injuries/itlnesses and fatalities, which include both the construc-
tion and operational period, are used as fhput to Appendix L, to Table 2 of the Executive
Summary, and to Tables 3.4, 5.4, and 5.23 of this EIS.

The postulated occurrencas are based on an estimate of manpower requirements and
occupational accident rates of major .industry groups and of DOE and its- contractors. All-

calculations follow the same basic formulas:

number of fatalities = (occupational fatality rate) x (manpower required)

number of injuries and illnesses = (occupational incidence rate) x (manpower required)

An incidence rate is defined as the number of recordable cases of injuries and illnesses per
100 worker-years of work (200,000 worker-hours)}. Other categories used are defined by the
Occupational Safety and Health Administration {OSHA} as follows (National Safety Council
1985):

Occupational injury is any injury such as a cut, fracture, sprain, amputation,

etc., which results from a work accident or from an exposure involving a single

incident in the work environment.

Occupational illness of an employee is any abnormal condition or disorder, other
than one resulting from an occupational injury, caused by exposure to environ-
mental factors associated with employment. It includes acute and chronic i11-
nesses or .disease which may be caused by inhalation, absurption,'ingestion, or
direct contact.

Lost workdays are those days which the employee would have worked but could not
because of occupational injury or iliness. The number of lost workdays should not
jnclude the day of injury or onset of illness. The number of days includes all
days (consecutive or not) on which, because of injury or illness: 1) the employee
would have worked but could not,'or 2} the employee was assigned to a temporary
job, or 3) the employee worked at a permanent.job less than full time, or 4) the
employee worked at a permanently assigned job but could not perform all duties
normally connected with it.

Recordable cases are those involving an occupational dinjury or occupational i11-
ness, including deaths. Not recordable are first aid cases which invalve one-time
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treatment and subsequent observation of minor scratches, cuts, burns, splinters,
etc., which do not ordinarily require medical care, even though such treatment is
provided by a physician or registered professional personnel.

Nonfatal cases without lost workdays are cases of occupational injury or illness
which did not iavelve fatalities or lost workdays but did result in: 1) transfer
to another Jjob or termination of(emp]oymént,_or 2) medical treatment, cther than
first aid, or 3) diagnoéis of'occupatiohai illness, or 4) loss of consciousness,
or 5) restriction of work or motion. '

Postujated incidents for each alternative are based on the type of work activity., . Work
activities can be grouped into three major categories: 1) onsite waste handling and monitor-
ing, 2} transportation, and 3) repositery emplacement.

The first activity, waste handling.and monitoring, occurs. within all the alternatives.
Postulated . incidents associated with onsite waste handling and monitoring are calculated by
multiplying manpower estimates (Rockwell 1985) by actual incidence rates for DOF and its
contractors for operational workers. The DOE incidence rates are shown in Table G.1.

TABLE G.1. DOE and Contractor Incidence Rates, 1976-80 Average (DOE 1982)

Lost Workday Cases
Casas per 100 Worker-Years

Injuries : i . 1.1.

I1inesses 0.018
Total nonfatal cases _ 1.1
Fatalities 0.0045

Postulated incidents associated with. transportation are- listed for each waste type in
Appendix I, Table I.10. '

Postulated incidents associated with repository emplacement ‘are based on manpower
estimates for each repository type. Repository manpower is taken from DOE (1979, 1980a) for
fuel-reprocessing-waste repositories in basalt for the onsite and granite for the offsite
case.  Manpower for the Waste Isolation Pilot Plant (WIPP) repository is taken from DOE
{1980b)}.- The values are listed in Table G.2.

For each waste type, repository Mahpower'is taken from Table 6.2 and then prorated by
the fraction of the given repository that each waste class would occupy. These fractions are
based on final waste volumes and repository loading requirements. The prorated manpower is
then multipiied by occupational incidence rates shown in Table 6.3. The underground mining
incidence rates are from the Mine Safety and Health Administration (Department of Labor 1982)
and are an average for all noncoal underground mines, including metal, nonmetal and stone.

For comparison, incidence rates for general construction are 14,8 injuries and ilinesses
{six of these are lost workday cases) and 0.039 fataiities. These construction incidence
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TABLE G.2. Hanpower Requirements for Repository Construction and Uperations -

Repository Manpower, Worker-Years

Onsite Offsite WIPP
Construction
Manual ‘ 21,500 18,000 . 1,800
Nonmanual . 4,500 4,000 700
26,000 22,000 1,500
Operations _
General operation 15,000 16,600 7,100
Security and remote control 3,100 4,100 1,100
Underground 2,900 3,300 3,500
21,000 24,000 11,700

TABLE 6.3. Incidence Rates Used for Repository Construction and Operation'Activities

Lost Workday Cases
Work Group Cases per 100 Worker-Years

DOE and Contractors

Injuries and ilinesses 1.1

Fatalities ‘ 0.0045
Underground Mining

Injuries and 11Tnesses : ©8.37

Fatalities _ 0.09

rates are from the Bureau of Labor Statistics_(Nationa1 Safety Council 1985}, Incidence
rates for DOE and its contractors {DOE 1982) are those shown previocusly in Table G.1.

Table G.4 summarizes the incidence rates used for each alternative. For alternatives -
that include repository emplacement, the calculated. injuries, illnesses. and fatalities, as
reported in Appendix L and in Tables 3.4, 5.4 and 5.23, include those associated with onsite
waste hand11ng'and transportation and %epogitory-construction and_oberation;
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TABLE G.4. Injury/Illness and Fatality Rates Used for Each Alterpative
{Incidents per 200,000 workar-hours)

Injury/Itlness
Incidence Rate . Fatality
Disposal Alternative {Tost workday cases) Incidence Rate
Geologic Disposal
Waste Processing and Stabilization 1.1 0.0045
Transportation See Appendix [
Repository Emplacement
Repositery construction : - 8,37 0,09
(manual} _
Cperations and nonmanual 1.1 - ‘ 0.0045
" ‘construction ‘
in-Place Stabilization and Disposal 1.1 0.0045
- -Reference (Combination)
Same breakdown as for Geologic
Disposal
No Disposal Action . . .
Continued Storage 1.1 0.0045
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APPENDIX H

RADIATION DOSES TO THE PUBLIC FROM OPERATIONAL ACCIDENTS

This appendix was written to support the estimates of public dose, cited in Section 5 of
this EIS, from opérat?ona1‘accidents during waste processing. That section of the EIS dis-
cussed the postulated impacts and potential environmental consequences resulting from imple-
mentation of the four waste disposal alternatives. These alternatives, outlined in Chap-
ter 3, are geologic disposal of the defense wastes, in-place stabilization and disposal,. the
reference alternative, and no disposal action, Occupational doses were not considered as
part of this accident analysis. The information needed to provide a realistic estimate of
dose to warkers during an accident, such as shielding, distance, exposure time, was not
available since many of these facilities have yet to be built. Any occupational doses
generated as part of this analysis would be highly speculative, and as a consequence have
been omitted from the EIS, In general, facilities will be designed to 1imit individual
ocecupational exposure from accidents to 1 rem. '

This appendix summarizes the accidents that were estimated to result in the greatest
offsite radiclogical impact. A complete description of all accidents evaluated as part of
the analysis of operational accidents is provided in PNL-5356, Potential Radiological Impacts
of Upper-Bound Operational Accidents for Proposed Disposal Alternatives for Hanford Defense
Waste.

H.1 SUMMARY OF UPPER-BOUND OPERATIONAL ACCIDENTS

The accident scenarios described in this appendix were developed by using information on
the design of the waste processing fTacilities and extrapolating from other industrial facili-
ties with similar features. It is possible to postulate accident situations for each phase
of waste retrieval, handling, or disposal. Only a minor portion of these, however, have the
potential to release radicactive material to uncontrolled areas with subsequent exposure of
the genefa1 public. Many of the facilities and processes that will be used to dispose of the
waste and that were considered as part of this accident analysis are yet to be constructed.
The accident scenaribs developed for them were based on a best-estimate of their future
design; good engineering practices in their design and construction will make most of these
accidents unlikely. Thus no attempt has been made fto quantify the probabilfty of any acci-
dents described here. Instead the analyses in the f011owing sections are believed to provide
reasonable, credible, and conservative estimates of the maximum radionuclide reieases that
could occur during the processing of the waste. Impacts of operational accidents for tanks
constructed in the future are expected to be within {less than) those presented in this
analysis. :

Several accidents were postulated and examined for each waste-handling operation.

Because of the numerous scenarios comsidered, only a summary of the most significant can be
presented in this appendix. For each waste type and disposal action option there was one
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controlling accident which, if it occurred, would result in the maximum airborne release of
material and hence cause the greatest radiological impact. These "upper-bound" -accidents and
their resultant doses are listed in Tables H,1 through H.8.

The dose estimates 1isted in Tables H,l through H.8 give the maximally exposed indi-
vidual dose and the population dose, For each of these categories the first-year total-body
and cr1t1ca1~organ dose(a) and the 70-year total-body and critical-organ dose commitment were
calculated. '

The highest total-body dose to a maximally exposed individual from any of the waste dis-
posal alternatives was calculated to be 0.2 rem n the first year and 3 rem over a 70-year
period. This dose is based on a summation of the ingestion and inhalation pathways, calcu-
Tated separately to maximize the dose estimate (and thus-provide an upper-bound sstimate of
potential dose).. The dose recelved by -an actual individual 1n such an accident would most
probably be much lower, The annuzl, or first year, dose of 0.2 rem is below the DOE guide-
1ine(b) (DOE 1986} of 0.5 rem/yr to a member of the population. It is alsc equivalent to

' g approximately twice the annual average background radiation dose received by a resident of
‘ the Tri-Cities from naturally occurring sources of radiation, (Price et al. 1984). The
ki accident resulting in the greatest public dose was the exp]osioniOf'the single-shell tank
e wastes during retrieval or handling operations. It has been postulated that a layer
o containing‘ferro- or ferricyanide precipitates might be present in the single-shell tank
wastes. Under certain conditions, this material could react explosively with nitrates
e present in the waste. If ferrocyanide precipitates are present, the potential for an
g _ explosion does exist, However, the presence of this material in quantities sufficient to
produce a Targe explosion is still a subject of some debate. A recent PANL report_(Martin
e 1985) suggests that the explosion is highly untikely. '
mem The federal government does not curréntly set timits for the maximun dose that can be
— received by a pdpuTation as a whole. Consequently, one cannot compare the popuiation dose to
a specific DOE 1imit. It is possible, however, to compare the estimated accidentai dose to
i that routinely received by the same group of individuals from natural sources of radiation.
e About 140,000 pérsons were.pnesumed to be exposed from the postulatéd upper-hbound accidental

re1eases. Their first—year dose was estimated to be 500 man-rem. This same group of indivi-
duals receives about 0.1 rem apiece each year from natural sources of radiation; this calcu-
1ates to 1.4 x 104 man-rem, or near1y 30 times the maximum estimated dose they might, rmc91ve
from an accident during processing of the wastes for d1sposa1.

H.2 TECHNICAL APPROACH AND METHODS

The following apﬁroach was used in the accident analysis and subsequent dose evaluation
was to: 1) identify potential accidents and reiease mechanisms for each” disposal/handling
process, 2) determine accidents that could breach the radionuclide containment systems and

(a) . That organ receiving the greatest dose #n the time period considered.
(b} Vaughan, W. A, 1985, "Radiation Standards for Protection of the Public in the V1c1n1ty
of DOE Facilities." Department of Energy memorandum, August 5, 1985,

‘H.2
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TABLE H.1. Sﬁmmafy'of Upper-Bound Operational Accidents, Atmespheric Releases, and Maximum Individual Radiation Doses
Postulated for Geeclogic Bisposal

Respirable  Total -Body Dose, rem Critical -Organ Dose, rem
Release, 70 Yr Dose 70 Yr Dose
Waste Class Description of Upper-Bound Accident g 1st ¥Yr Dose Commitment 1st Yr Dose Cormi tment
Existing Tank Explosion of ferrocyanide precipitates 1.3 x 104 2 x 1_0“1 3 2, lLungs _ 2 X 101, Bone
Waste in single-shell waste during mechanical : : i
retrieval operations
Future Tank . Pressurized release of liquid waste due 4.5 x 103 9 x 10°2 9 x 1071 1, tungs 8, Bone
Waste to failure of a diversion valve during
i ’ hydraulic retrieval operations
Strontium/Cesium Rupture of a strontium capsule by - 5.5 x 1076 2 x 1077 3x 1070 2« 10“6, Lungs, Bone 3 x 10'5, Bene
Capsules improper handling during retrieval
operations _
TRU-Contaminated Deflagration of contaﬁ\nated material 5 x 10; 5 x 1077 2x 1070 5 x_lO“5, Lungs 5 x\lO'q, Bene
Sofl Sites due to process malfunction in s]agg1ng
. pyrolysis incinerator
Pre-1970 JRU Deflagration of contaminated material  5x 10! 5 x 1076 1x 107 2% 1074 Lungs 2 x 1073, Bone
Solid Waste due to process malfunction in slagging ‘ i
pyrolysis incinerator
Qetrievably Stored  Pressurized release from ruptured waste 2 x 103 1x 1073 5 x 1072 1 x 10'1, Lungs 1, Bone

and Newly Generated drum due to buildup of ‘radioclytic gases
TRU :
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.. TABLE H.Z.

Summary of Upper-Bound Operational Accidents, Atmospheric Releases, and Population Radiation Doses

Postulated for Geologic Dispesal

Total-Body Dose,

TRY

and Newly Generated drum due_ta buildup of radiolytic gases’

Respirable man-rem Critical-0Organ Dose, man-rem
: ) Release, 70 Yr Dose ’ 70 Yr Dose
Waste Class Description of Upper-Bound Accident g 1st ¥r Dose Commitment 1st Yr Dose Commitment

Existing Tank ' :Exploéion of ferrbcyanide.précipitates 1.3 x 104 4 x 102 7 x 103 X 103, Lungs, Bone 6 x 104, Bone
Waste in single-shell waste during mechanical . :

retrieval operations
Future Tank Pressurized release of liquid waste due 4.5 x 10° 3 x 102 2 x 103 x 103, Lungs 2 x 10%, Bone
Waste to failure of a diversion valve during

hydraulic retrieval pperations
Strontium/Cesium Rupture of a strontium capsﬁ1e by 5.5 x 1070 6 x 1074 1x 1072 X 10'3, tungs, Bone 8 x 10'2, Bone
Capsutes improper handling during retrieval :

operations
?Rﬂ—tontaminated ﬁefTagration of Eontéﬁinated material 5 x ol 1 x 1073 4 x 102 x’lO'l, Lungs 1, Bone
Soil Sites due to process malfunction in slagging o

pyroltysis incineratqr i
Pre-1970 TRY Deflagration of contaminated material 5 x 101 1 x 10:2- 3 x 1wt X 10'1, Lungs - b, Bone
Solid Waste due to process malfunction in slagging : : i :

. pyrolysis incinerator ,

Retrievably Stored . ﬁﬁessurized retease from ruptured waste 2 x 103 3 1 x 102 X 10?,_Lu395 .2_3_103,_Bnne
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TABLE H.3.

Summary of Upper-Bound Operational Accidents, Atmospheric Releases, and Maximum Ind1v1dua]
Radiation Doses Postulated for In-Place Stabilization and Disposal

Respirable

Total-Body Dose, rem

Critical -Organ Dose, rem

Release, 70 Yr Dose 70 Yr Dose
Waste Class Description of Upper-Bound Accident g 1st Yr Dose Commitment 1st Yr Dose Commi tment
Existing Tank Explosion of ferrocyanide precipitates 1.3 x 10t 2 x 1071 3 2, Lungs 2 X 101, Bone
Waste in single-shell waste during
stabilization operations
Future -Tank Pressurtzed release of liquid waste due 4.5 x 103 9% 1072 9 107! 1, Lungs 8, Bone
Waste to failure of a diversion valve during
hydraulic ret(ieva1‘0perations
Strontium/Cesium Shearing of a strontium capsule by 2.2 x 1073 3x 1074 4 x 1073 3% 1073, Lungs 4 x 1072, Bone
Capsules improper handling during disposal
operations
TRU=Contaminated Collapse of voids in soil site 2.6 2 x 1078 9 x 1007 2 x 1076, Lungs 2 x 107%, Bone
$o0il Sites during subsidence-control operations _
Pre~1970 TRY Collapse of void space at waste site 2.6 3 x 1077 7 %1070 1% 10°%, Lungs 1 x 10~%, Bone
Solid Waste during subsidence-control operations
Retrievably Stored Breach of waste container during 1x 103 2 leO'j 4 10~2 1 x 10“}, Llungs 8 x 10“1, Bone

and Newly Generated
TRU

package-disposal operations
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TABLE H.4. Summary of Upper-Bound Operational Accidents, Atmospheric Releases, and Population Radiation Doses Postulated

for In-Place Stabilization and Disposal

Total -Body Dose,

and Newly Generated package-disposal operations
TRU

Respirable man-rem Critical-0Organ Dose, man-rem
Release, 70 Yr Dose 70 Yr Dose
Waste Class Description of Upper-Bound Accident g Ist Yr Dose Commitment st Yr Dose Commitment
Existing Tank " Explosion of ferrocyanide precipitates 1.3 x 10* 4 x 107 7 x 103 4 x 103, Lungs, Bone 6 x lﬂa, Bone
Waste in single-~shell waste during
stabilization operations
Future Tank Pressurized release of liquid waste due 4.5 x 103 3 x 102 2 x 103 2% 103, Lungs 2% 104, Bone
Waste to failure of a diversion valve during
hydraulic retrieval operations
Strontium/Cesium Shearing of a strontium capsule by 2.2 x 1073 5« 1071 1x 10} 6, Bone, Lungs 9 x 1n1, Bone
Capsutes improper handling during disposal
operations
" TRU=Contaminated Collapse of voids ‘in soil site 2.6 5 x 1070 2 x 1073 5 x 10'3, Lungs 5 x 1072, Bone
Soil Sites . during subsidence-control operations
Pre-1970 TRU Collapse of void space at waste site 2.6 6 x 1074 7 x 1007 3x 10'2, Lungs 72 x 10'1, Bone
Solid Waste during subsidence-control operations ’
Retrievably Stored Breach of waste container during 1% 103 5 8 x 10l I X 102, Lungs 2 x 103, Bone
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~-TABLE H.5. Summary of Upper-Bound Operational Accidents, Atmospheric Releases, and Maximum Individual Radiation Doses
Postulated for the Reference Alternative

Respirable

Total-Body Dose, rem

Critical-Organ Dose, rem

: Release, 70 ¥r Dose 70- Yr Dose
Waste Class Description of Upper-Bound Accident g 1st ¥Yr Dose Commitment 1st Yr Dose Commitment
Existing Tank Explosion of ferrocyanide precipitates 1.3 % 10t 2 x 10-! 3 2, Lungs 2 x 101, Bone
Waste in single-shell waste during .
i stabilization operations
Future Tank Pressurized release of liquid waste due 4.5 x 10° x 1072 9 x 1071 1, Lungs B, Bone
Waste te failure of a diversion valve during
hydraulic retrieval operations
Strontium/Cesium Rupture of a strontium capsule by 5.5 x 10“6 X 10'7 3 xglO"6 2 X 10"6, Lungs, Bone 3 x 10'5, Bone
Capsules improper handiing during retrieval
operations ‘
TRU=~Contaminated Coltlapse of voids in soil site during 2.6 X 108 g x w7 zx 10'6, Lungs 2 % 10"5, Bone
Soil Sites subsidence-control operations
Pre-1970 TRU Collapse of void space at waste site 7.6 x 1077 7 x 10'6 1 x 30‘5, Lungs 1 x 10'4, Bone
Solid Waste during subsidence-control operations _
Retrievably Stored Pressurized release from ruptured X 10"3 6x 1072 2 x 10"1, Lungs 1, Bene

and Newly Generated

TRU

waste drum due to buildup of
radiclytic gases

2 x 103
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the Reference Alternative

Total-Body Dose,

Respirabte man-rem Critical-Organ Nose, man-rem
. Release, 70 Yr Dose 70 ¥Yr Dose
Waste (lass Description of Upper-Bound Accident g 1st Yr Dose Commitment 1st Yr Dose Commitment
Exfsting Tank Explosion of ferrocyanide precipitates 1.3 x 104 4 x 102 7 x 103 X 103, Lurgs, Bone X 104, Bone
Waste in single-shetl waste during
stabilization operations
Future Tank Pressurized release of liquid waste due 4.5 x 103 3 x 102 2 x 103 X 103, Lungs X 104, Bone
Waste to failure of a diversion valve during
nydraulic retrieval operations
Strontium/Cesium Rupture of a strontium capsule by 5.5 x 1076 6 x 1074 1 x 1072 X 10'3, Lungs, Bone X 10'2, Bone
Capsules improper handling during retrieval
operations .
TRY-Contaminated Collapse of voids in soil site during 2.6 5x 107° 2 x 1973 X 10'3,_Lungs X 10'2; Bone
Soil Sites subsidence-control operations
Pre-197¢ TRU Collapse of void space at waste site 2.6 6 x 10°4 2 x 1072 X 10“2, Lungs X 10'1, Bone
Solid Waste during subsidence-control operations :
Retrievably Stored  Pressurized release from ruptured 2 x 103 [ 1 x 102 X 102 X 103

and Newly Generated
TRU

waste-drum due to buildup of
radiolytic gases

TABLE H.6. Summary of Upper-Bound Operational Accidents, Atmospheric¢ Releases, and Population Radiation Doses Postulated for
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TABLE K.7. Summary of Upper-Bound Operational Accidents,

Pastulated for No Disposal Action

Respirable  Total-Body Dose, rem

Atmospheric Releases, and Maximum Individual Radiation Doses

Critical-Organ Dose, rem

Release, 70-¥r Dose 70-¥r Dose
Waste Ciass Description of Upper-Bound Accident g 1st ¥r Dose Commitment 1st ¥r Dose Commitment
Existing Tank Pressurized release of liquid waste due 4.5 x 103 6 x 1072 9 x 1071 7 x 10'1, Lungs 8, Bone
Waste to failure of a diversion valve during
hydrautic retrieval operations
Future Tank Pressurized release of liquid waste due 4.5 x 103 g x 1072 9 x 1071 1, Lungs 8, Bone
Waste to failure of a diversion valve during
' hydraulic retrieval operations
Strontium/Cesium Rupture of a strontium capsule by 5.5 x 106 2 X 1077 3 x 10'6 2 % 10'6, Lungs, Bone 3 x 10'5, Bene
Capsules improper handling during retrieval
ocperations
TRU-Contaminated Collapse of void in soil site during 2.6 2 x 1078 9x 1077 2x 10'6, Lungs 2 x 10795 Bone
Soil Sites site-stabilization activities
Pre-1970¢ TRU Collapse of void.space ét waste site 2.6 3 x 10'7 7 x we b4 10'5, Lungs 1x 10'4, Bone
Solid Waste during site-stabilization activities
Retrievably Stored Collapse of void space at waste site 2.6 5y 1070 7 x 103 3 x 10'4, Lungs 1 x 10'3, Bone

and Newly Generated during site-stabilization activities
TRU
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TABLE i.8.

Postulated for No Disposal Action

Total -Body Doée,

Summary of Upper-Bound Operational Accidents, Atmospheric Releases, and Population Radiation Doses

Critical-Organ Dose, man-rem

and Newly Generated
TRU

during $ite-stabilization activities

Respirable man-rem
’ - - . Release, ] /0 :¥r Dose 70 Yr Dose
Waste Class Description of Upper-Bound Accident g 1st Yr Dose Commitment Ist Yr Dose CoMmitment
Existing Tank Pressurized re]easé of liguid waste due 4.5 x 103 1 x 102 2 x 103 103, Lungs 2 x 104, Bone
Waste to failure of a diversion valve during
_hydraulic retrieval operations ]
~ Future Tank - Pressurized release of liguid waste due 4.5 x 103 3x 102 2 x 168 103, tungs 2 x 10%, Bone
. Waste to failure of a diversion vaive during =~ : SRR ‘ g :
. hydraulic retrieval operations
Strontium/Cesium Rupture of a strontium capsule by 5.6 x 1076 6 x 1074 1x 1072 10"3, lungs, Bong 8 x 10"2, Bone
Capsules improper handling during retrieval
) " operations: . ' ) _
TRU-Contaminated Collapse of void in soil site during 2.6 5 x 1077 2% 1073 - 1073, Lings 5'x 1072, Bone
Soil Sites site-stabilization activities : ' . :
“Pre-1970 TRU Collapse of void spaée at waste site 2.6 6 x 10'4 2 x 1072 1072, Lungs 2 X 10'1, Bone -
Solid Waste during site-stabilization activities i )
Retrievably Stored - Collapse of void -space at waste site 2.6 1x 1072 2 x 1071 10'1, Lungs 3, Bone
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provide a pathway of escape for the radionuclides to the biosphere, 3) estimate the fraction
of radionuclides released, 4) calculate doses from the estimated releases using established
models as described in Appendix F, and 5} consider significant mitigating factors. The
following sections describe the key assumptions used in developing the accident scenarios,
the radionuclide inventories used in the accident analysis, and general considerations used
in determining release fractions and performing the dose calculations..

H.2.1 ¥Key Assumptions

The following key assumptions were made in the analysis of operational accidents:

1. A1l facilities, processes, and operations are or will be designed, constructed,
and used in a manner consistent with prudent and proven practices.

2. The processes, facilities, operations, radionuclide inventories, and waste forms
are those described in the engineering support data (Rockwell 1985).

3. The upper-bound accident identified as having the greatest potential radiological
consequences for a given operation conservatively bounds all other credible acct-
dents that Tikely could occur during that operation,

H.2.2 Radionuclide Inventories

The radionuciide inventories used in the analysis of operational accidents are based on
those shown in Appendix A of this EIS. They were converted from quantity to concentration to
make them suitable for use in the dose calculations. Conversions were done using known waste
volumes or densities to provide the proper units. For additional information on the conver-
sion factors used see PNL-5356 (Mishima et al. 1986).

H,2.3 Downwind Transport and Dose Assessment Methods

The radiclogical .impact on the general public from one of these accidents is dependent
on the quantity of material that escapes from a processing or waste facility and becomes air-
borne. The estimates of fractional airborne releases for each of the accidents described in
this appendix were based on previously published data that examined common industrial acci-
dents including fires, explosions, container ruptures, etc. to provide realistic estimates.

Population and maximum-individual dose estimates were calculated for each accident sce-
nario postulated to result in significant release., Occupational doses were not addressed
because of the unavailability of facility-specific information (such as manpower require-
ments, shielding, distance from the_source, etc.)} essential to analysis of occupational dose.
The assumptions, models, and input parameters required for the calculation of maximum indi-
vidual and population dose are described below. '

Many different accident scenarios were developed as part of this effort.. Only those
resulting in a release of radioactive material to the offsite environment were considered in
the dose analysis. The duration of a release during an accident can significantly affect the
radiological consequences of the event. In this study all releases were postulated to be of
short duration {less than an hour}. Even with a short-term (alsoc known as acute) release,
there are many ways the radionuclides can continue to expose the population Tong after the

H.11
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- release has been terminated. For example, in a typical accident scenario, a cloud (or plume)

of contaminated material is postulated to be. re]easad As the plume traveis off site,
members of the pub11c may be irradiated by the. rad10nuc11des contained in the ¢loud passing
overhead. If they fnhale some of the rad1oact1ve mater1a1 from the c1oud as. it passes, they
can receive an additional exposure, If some. of the radicactive material. depos1ts on plants
or on the ground, long-term éxposure to people residing in the area can result. The standard
method for evaluating the radiological impact of a release is to estimate the dose to the
"maximally exposed individual" (the single person receiving the highest dose from the
refease) and to the entire exposed population as a whole, The doses are reported in rem for
the maximum individual and man-rem for the population, The doses calculated for the analysis
of operational accidents included the first-year dose .and the 70-year dose commitment.  The
70-year dose commitment s calculated based oﬁ one-year exposure to the material in the
environment. For additional discussion of this topic, see Appendix F, Section F.l.?.

The computer programs used to ca?cuiate doses to the maximally exposed individual and to
the regicnal popu]at1on are discussed in Append1x F. The computer program,_ALLDOS“(StFenge

et al. 1980), was used to summarize the results 'of the calculations. ALLDOS uses precalcl-

lated dose conversion factors, developed through app1icat1on of other dose programs, to gen-
erate dose commitments to a maximum individual and the population in the region of the
release site. The code was developed for calculating radiation doses from postulated
releases of aged radicactive wastes. These radionucTides are Tong-lived with decay half-
Tives of several weeks or longer. Therefore, radioactive decay in transit from the reTease '
point to the Tocation of exposure in the environmant is not considered. '

The dose calculations rely on the use of meteorological data to estimate the manner ih
which radioactive material would most likely disperse foiTowing an.accidental release to the
atmosphere. ~For short-term accidental releases the meteorc1091cal parameter used in the dose
ca]cu1at10ns is the value of air concentration of radionuclides per unft release that is not
exceeded more than 5% of the time; it is.referred to as E/Q, with units of sec/m . Typ1ca11y
the results ‘of the meteorological efforts are tabulated and reparted as X/Q , or u1/m per
Ci/sec of release. The value of X/Q can be converted te E/Q when the length of relsase is
known or can be estimated. Values of x/Q' used in these calculations were based on data
given in PNL-3777 Rev 1 (McCormack, Ramsdell and Napier 1984}, '

Demographic data alsoc play an important'ro]e in the calcutation of Eadiatioﬁ_dose. It
is the combination of meteorological and demographical information that indicates which popu-
Iatfﬁn group w111 receive the'highest exposure from'radioactive re1eases.' In the case of
accidental releases from the 200 Areas of the Hanford Site, the populat1on pFOJected to .
receive the greatest exposure lives 16 to 80 km southeast of the waste site. The popu]at on
data used in this assessment came from Populat1on Estimates for the Areag Within a 50 M1Te
Radius of Four Reference Points on the Hanford Site (Somfer, Rau and Robinson 1981) and is
for the 1990 projected population. Metéorological and population data used in the dose

calcuTations are shown in Table H.9,.

H.12




TABLE H,9. Population Values and Sector Averaged_;/Q's Used in the
- Assessment of Radiation Dose

Distance, Population Ground Level  Elevated
km Size x/q x/Q
0-16 0 '
16-32 8,664 1,02 x 1076 4.21 x 1077
32-48 62,866 5.76 x 1077 2,04 x 1077
48-65 66,306 4.10 x 1077 1.33 x 1077
65-80 4,094 3,10 x 10~/ 1.03 x 1077
Population s
Weighted B .
2/ 7.35.x 1072 2.54 x 1072

"For the maximally exposed individual, the. 95th percentile center-line ;/Q' values pro-
yvided in Hanfprd Dose Overview Program: Standardized Methods and Data for Hanford Environ-

-mental Dose Calculations (McCormack, Ramsdell and Napier 1984) were used. The following. -

assumptions were used to determine the location of the maximally exposed individual for
accidental releases. For purposes of inhalation and -submersion. dose calculations, the
maximally exposed individual was assumed to be positioned on Highway 240, 8.8 km south of
the 200 Areas; but for ingestion dose calculations this person is presumed to live on a farm

in FrankTin County 19 km east of the 200 Areas. The values used in the calculations aré )
shown in Table H.10.

TABLE H.10. Maximum Individual, 95th Percentile Centerline ;IQ' Values

. Elevation
Pathway Location Ground 60 m

Inhalation 8 km S 3,40 x 107%  1.05 x 1072
Ingestion  19kmE  1.50 x 107° 4,90 x 107°

Data requ1red for the dose pragrams 1nc1ude dietary and recreat10na1 preferences and
habits in the general population, as well as agr1cu1tura1 practices 1n the general region.
The standard Hanford terrestrial pathway data used as part of the_dpse calculations are g1veh
in Appendix:F. Standardized input for Hanford environmental documentation is summarized in
recent pubTications (Napier 1981; McCormack, Ramsdell and Napier 1984},

-H.3 DESCRIPTION OF  ACCIDENTS FOR THE GEOLOEIC DISPOSAL ALTERNATIVE

Severai operat1ons are requ1red to process each of the six waste forms for geo]og1c d1s—
posal. The processing of the waste for disposal is depicted in Table H.llf Twenty-six sepa-
rate dose calculations were performed to analyze the potential radielogical impact from the

H.13
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Existing Tank Waste

Retriave at least 95%
of single-shell tank
contents and 99.95% of
doubte-shell tank
contents.

Separate strontium,
cesium; technetium,
and TRU elemants for
vitrification and
repository disposal.
Send residual low-
-activity wastes as
grout to near-surface

vaylts or to existing

tanks,

Fill tanks suffici-
ently with appropriate
material to Timit sub-
sidence, and seal all
accessible '
penetrations.

1

Leave sotl contami-
nated from tank leaks
in-place.

Cover emptied tank
farms and grout dispe-
sal sites with the
protective barrier,
emplace markers, and
reacord.

TABLE H.11, Waste-Processing Steps for Geologic Disposal

“Newly Generated -and
Future Tank Waste

Strontium and Cesium
Capsyles

TRG-Contaminated
Soil Sites

 Pre-1970 Buried Suspect
TRU-Contaminated
Solid Waste

Retrievably Stored and
Hewly Generated
TRU Wastes

Retriave 99,.95% of
wastes in double-shell
tanks. Separate
strontium, cesium,
technetium, and TRU
elements far vitrifi=-
cation and geologic
disposal.

Immobilize the resi-
dual waste as. grout
and dispose of in
near-surface vaults or
in existing tanks.

Fill tanks suffici-
ently with appropriate
material to limit
subsidence, and seal
all accessible
penetrations.

|

Cover grout disposal
waste sites and tanks
with the protective
barrier, emplace
markers, and record.

" Package -capsules in

canisters for repo-
ditory disposal.
Send canisters to

geologic repository
for disposal,

Recover TRU waste to
100-aCi /g level,

l;

Treat, package, and
send waste to Waste
Isolation Pitot Plant

(WIPP).

Backfill excavated
sites and dispose of
as Tlow-level waste
sites.

Recover wastes defined
as TRY. :

Y

Treat, package, and
send waste to WIPP,

Y

Backfill excavated
sites and dispose of
as low-level waste
sites.

‘Retrieve TRU waste and

sort and package it to
WIPP waste acceptance
criteria,

Package and treat
waste as required, and
send it to WIPP.

1

Bispose of residual
waste as low-level
waste.
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disposal of the Hanford Defense Wastes under the geologic disposal alternative. This section
contains a brief description of the waste processing operations used and the facility
invoived during the upper-bound accident.

H.3.1 Existing Tank Wastes

During geotogic disposal, the contents of the existing tank wastes are retrieved mechan-
ically or through hydraulic stuicing. The strontium, cesium, techmetium, and transuranic

" elements are separated for vitrification, and the residual wastes are grouted and disposed of
in near-surface vaults. The empty tanks are then filled, sealed, and the tank farms are
‘covered with s0f1 and with the protect1ve barrier and marker system.

Throughout. the disposal operation, the potential for accidental release of radfoactive
material exists. The accident with the greatest release of radIoact1ve materTaI was- postu-
fated to occur during mechanical retrieval of the salt cake and sludge from the single-shell
tank wastes. The single~shell tanks have received a variety of waste streams during their
active tifetime, and there is the potential for explosive mixtures to be produced through
reactions of the tank contents. The salt cake is composed of many salts; among them is
sodium nitrate, a powerful oxidizer. If ferrocyanide precipitates are alse present 1n thé
waste, the cyanide and nitrate ions could, with the proper configuration and amount of mata-
rial, react to cause an explosion during handling of the waste. The explosion would have
sufficient energy te breach the filters on the tank and release radionuclides as aerosols

' directly to the atmosphere. A recent PNL report (Martin 1985} shows that such an explosion

is highly unlikely.

Steindler and Seefeldt (1980} developed a method to predict aerosol production from a
detonation. This method was used to estimate a release of 4.98 x 108 g of aercsol from
2,000 m® of salt cake. The respirable fracticn of material, 10 um aerodynamic equ1valent
diameter and smaller, was calculated to be 1.3 x 104 g. This value was used in the :
calculation of offsite dose impacts.

Other accident scenarios considered as part of the analysis of operational accidents for
disposal of the existing tank wastas included: suspension of contaminated soil during sam-
pling; waste spills during retrieval or handiing of the waste; tass of high-efffciency par-'
ticulate air filtration; loss of services or power; pressurized release during hydraulic
sluicing of the double-shell tank wastes, pipe breaks; hydrogen exp1051ons, fires; leaks; and

exptosions.

H.3.2 Future Tank Mastes

The disposal method for future tank waste under the geologic disposal alternative would
be to remove as much of the waste as practicable to.a geologic repository. The processing of
the future tank wastes would he integrated with the processing of the existing tank waste
contents, and many of the remaining.operations will be the same. These wastes, which are

stored in double-shell tanks, would be retrieved through'hydraulic sluicing, the same process

as is used for the existing double-shell tank waste.
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The upper-bound accident developed for the future tank wastes under the geologic dis-
posal alternative involves a release of waste during hydraulic retrieval of the tank contents
for. processing. The operation involves recovery and transfer of the radioactive liquid using

.myTtistage pumps, deep-well turbine pumps, and shielded piping. Sludges are removed using a

sluicer composed of a high-pressure water supply system and a nozzle-aimirig mechanism. The
sturry and ligquid are transferred to waste~proceséing facilities or other tanks, A pressur-
ized release of the Tiquid waste is postulated as the upper-bound release event, The sce-
narfo of the accident is as follows: recyc]ed Tiquid is pumped to a manifold where it will
be directed back to be used with the slufcer. Failure of the diversion valve in the manifold
results in the backflow of waste solution into an unenclosed area with the spray release of
liquid. The waste in the slurry is assumed to be as insoluble particles, with a concentra-
tion of about 25% by volume; this is similar to slurries of coal or gravel that are pumped
(Perry 1984). Using a pumping rate of 0.2 ma/min {Rockwell 1980) and a waste density of

1.8 x 10° g/m3, the quantity of waste pumped would be 9 x 104 g/min, Not all the liquid
would become airborne, but with a nominal wind speed of 7.6 mph (Stone, dJenne and Thorp 1972)
about 5% of the released material could become airborne (Sutter 1980). Moderate wind speeds
were chosen to maximize the combination of -resuspension and airborne concentration of the
radionuclides transported off site during the accident, -The total postulated release is then
4,5 x 10° g/min. A l-min ground-level release is postulated, which would result in an esti-
mated airborne release of 4.5 x 10° qJ.

Other accidents re#iewed as part of the analysis for the future tank wastes included
filter failure during solid/1iquid separation; a fire of the ion exchange resin; the spraying
of contaminated liquid from a process line; and Toss of filters during immobilization of the
waste in glass. '

H.3.3 Strontium and Cesium Capsu]es.

The strontium and cesium capsules are to be stored in the Waste Encapsulation and Stor-
age FaciTity until a repository is available and then removed for geologic disposal. Buring
this time they will be periodically inspected; storage of capsules requires cooling water,
makeup water, ventilation and maintenance of the facility operating systems.

The accident analysis was based on the design described by Braden et al, {1971) in the
saféty analysis report for the Waste Encapsulation and Storage Facility. The operation and
equipment design and usage are assumed in keeping with sound, prudent nuclear practices. The
upper-bound airborne release event postulated to occur with the strontium and cesium capsules
under the geologic disposal alternative was the rupture of one capsule. Waste canisters can
be breached before they are encapsulated if they are dropped during handling operations
(Hayward and Jensen 1980). This study has shown that once encapsulated, the canisters witl
not rupture even if dropped onto concrete from a height’ of up to 6 m, or when struck by heavy
falling objects such as cell covers. However, if the encapsulated canisters become degraded
during extended storage, rupture during handling is possible, This analysis assumed that a
capsule ruptured upon impact and released some of the contents, Current literature provides
no means to estimate the fraction released and made airborne during such an event. It was
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assumad, however, that the high pressure that would have to be generated within the capsule
to create sufficient energy to rupture it would produce a finely sized pafticu]ate release.
Studies of the release of fine depleted uranium dioxide powder under 50-psi pressure showed
that about 1% of the airborne release was less than 10 ym aerodynamic equivalent diameter
{Sutter 1983). This value was used to estimate the respirable-sized fraction available for
release. The accident is pdstu1ated te cccur within a nuclear-grade facility with a filtra-
tion system having two stages of hﬁgh—efficienty particulate air filters. The respirable
fraction of material released to the atmosphere of the building is estimated to be 2.5 x 1979
of the source. The theoretical densities of the salt forms are 3.98 and 4,24 g/cm3, but the
capsule contents are compacted to 75% of this value, and cbnsequently a value of 3.g/cm3 was
used in the caiculations. The mass of the source is estimated to be 2,2 x 10° g, the respir-
able fraction is 2.2 x 10t g; and the atmospheric release is calculated to be 5.5 x 1070 d.

Other accidents considered as part of this analysis included: a capsule dropped in the
water basin: hydrogen accumulation and explosion; loss of filtration during routine process-
ing activities; fire in the facility; capsule failure in the sterage basin; and loss of ser-
vices or poﬁer.

H.3.4 TRU-Contaminated Seil Sites

The TRU-contaminated soil sites consist of cribs, trenches, ponds, ditches, reverse
welis, French drains, and other areas that have had Tiquids discharged to them. Under the
geologic disposal alternative the radiocactive contaminants of the TRU liquid disposal sites
would be retrieved through use of a large mobile waste retrieval facility. The retrieved
contaminated soil would be transported to a facility to convert it to a chemically inert,
physically stable, basalt-like slag that would meet repositery requirements for ultimate
geologic disposal of immobilized waste forms.

The upper-bound accident postulated for the geologic disposal alternative of the TRU-
Viguid soil sites is fire and explosion that would occur during processing of the waste at
the facility. While the faéi]ity design has not yet been selected, certain asﬁects of the
process structure can be anticipated. For purposes of the accident analysis, a slagging
pyrb]ysis incinerator was assumed to be used; the incinerator was presumed to consist of two
main components,-a gasffier and a secondary combustion chamber. The gasifier would have
three zones: drying, pyrolysis, and combustion., The secondary chamber would complete the
combustion of the off gas, which is then cooled and filtered. The s1ag generated hy the
process would be poured into molds, assayed, and prepared for transport to the geslogic
repository. The upper-bound accident involves a fire and explosion of contaminated materials
in the fuel-rich gasifier portion of the incinerator. Explosions can result from the igni-
tion of clouds of rich fuel mixtures (Orr 1966}, It is presumed that a process malfunction
allows carbon monoxide to reach the drying section of the unit, where it reacts rapidiy with
the air introduced with the waste. The mixture deflagrates, resulting in failure of the
upper structure portion of the gasifier due to overpressurization. The facility is breached
in the explosion.

Hal7




3 Cloud filled with radicactive particles; Mishima

The explosion generates a 1,000 m
(1975) estimated that eéxplosion-generated clouds can attain a quasi-stable concentration of
particles of 100'mg/m3. The particles in the cloud are consfdered-to have a size distribu-
tion typical of particles in the secondary combustion chamber off gas, with 50% in the frac-
tion 10 micrometer aerodynamic equivalent diameter and less, as suggested by the work of
Christian et al. (1978} and Kirstein et al. (1979). The total release of respirable parti-
cles is 50 .g. Only a portion of the release will be TRU-contaminated soil; for purposes of
this analysis, however, it s assumed that all of the respirable-sized release {s TRU-

contaminated soil.

Other accidents considered as part of this analysis inciuded: a battery~-generated
hydrogen explosion during waste recovery; spii]slof contaminafed soil; a fire in the mobile.
waste retrieval facility; filter failure in the facility; criticality .in thé'slagging pyroly-
sis incinerator facility; and a slag spill as the molten waste was cast. .

H.3.5 Pre-1970 Buried Suspect TRU-contaminated Solid Haste

Setween 1944 and 1970, TRU-contaminated waste, 1nc1ud1ng Iaboratony suppl1es, cioth1ng,
tools, etc., was packaged and buried in specially constructed "alpha" trenches. Faor this’
EIS, the site was defihed as a TRU solid waste burial ground'if the concentration of the
contents of containers at that Tocation was estimated to exceed 100 nCi TRU/g. Under the
geologic disposal alternative, buried TRU soﬁid waste would be retrieved and processed using’
procedures similar to those proposed for the TRU-contaminated soil sites. Some additional
equipment would be required to process the waste for disposal because packaged wastes are '
involved. This additional equipment would include waste sizers that would perform sawing,

shearing, hammering and bending operations.

The postulated upper-bound accident is the same as that described for the TRU-
contaminated soit sites; only the inventory of radionuclides available for-reTease:differs.

The other accidents consxdered as part of this analysis are the same as those described
for the TRU-contaminated 5011 site, except for the additional accidents that account for the
extra processing steps: Teaks from a breached waste drum; a pressur1zed release from a waste
drum; the spread of surface contam1nat1en, a fire 1n a waste conta1ner, and release of waste.
from a dropped conta1ner. '

H.3.6 Retrievably Stcred and New1y Generated TRU

TRU waste generated since 1970 has been stored so that it can be retrieved. If the
surface dose rate exceeded 200 mR/yr, the waste was classified as remote-handled and stored
in caissons or packaged for direct shipment off site. If the TRU waste was unsuitable for
storage on aspha]t pads or in ca1ssons because of size, chemical compos1t1on, security
requirements, or surface rad1at1on, it was packaged 1n meta1 or re1nf0rced wooden boxes or
concrete and stored in an "alpha" trench. Under the geologic d1sposa1 alternative, the
remote-handled TRU in caissons would be mechanica]ly”retriéved using an airtight, '
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double-shelled structure installed over the caissons. The waste is retrieved using a
grappler housing with a telescoping articulated boom. A conveyor system is used to transfer
remote-handied casks containing retrieved waste.

Waste placed in retrievable storage trenches and above-ground buildings is known as
contact-handled TRU. Tt is stored free of external contamifnation and packaged to maintain
integrity for a minimum of 20 years. It is packaged so that the waste can be retrieved in an
oper environment without generating airborne release of radioactivity (Rockwell 1985). The
soil overburden will be removed using conventional equipment and/for hand digging as required.
Once the overburden is removed, the packaged waste will be removed by a forklift or crane.

The upper-bound accident is postulated to be the explosive release of contact-handied
TRU waste due to the buildup of radiolytic gaseé._ The waste 1s assumed to be stored in a
55-gal drum and have a density of 0.96 g/(_:m3._ The container is assumed t¢ release its
contents at a pressure of 50 psi, Based on experimental studies with dep1eted uranium

dioxide powder (used as a TRU surrogate), 1% of the contents is estfmated to become airborne

at this release pressure {Sutter 1983, Table B.1). With a source of 2 x 10° g, the estimated
airborne release for this event is 2 x 103 d.

Other accidents considered as part of this analysis included: & pressurized release
from a remote-handled TRU waste container; spilis of material from ruptured or breached
packages. of remote or contact TRU containers; spread of surface contamination from waste
packages; punctures of contact TRU containers -during retrieval/handling operations: fire in a
waste container; equipment failure; a range fire during retrieval operations; explosion in
the slagging pyrolysis incinerator facility during processing of the remote-handled TRU; and

a handling accident at the processing facility that includes spill of the waste.

H.4 DESCRIPTION OF UPPER-BOUND ACCIDENTS FOR THE IN-PLACE STABILIZATION AND DISPOSAL
ALTERNATIVE o

Several operations are required to process each of the six waste forms as part of the
in-place stabilizatfon and disposal alternative, as depicted in Table H.12. Twenty separate
dose calculations were performed to analyze the potential radielogical. impact from the dis-
posal of the Hanford defense wastes under the in-place stabilization and disposé] alterna-
tive. This section contains a brief description of the waste-processing operations used
during the upper-bound accident, ' '

H.4.1 Existing Tank Wastes

During in-place disposal, the contents of existing tank wastes are either dried to
achieve stabifity or retrieved through hydraulic sluicing. The single-shell tank wastes
would be dried. Residual liquor and other liquid waste from the double=shell tanks would be
retrieved hydraulically. Wastes with high concentrations of organic comp1exes would bhe
treated to destroy or remove the organics and then converted to a cementitious grout. The
waste would be pfocessed through use of a transportable grout facility, and the grouted
wastes would be disposed of in near-surface vaults. The tank-dome voids above the waste in
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Existing Tank Waste

TABLE H.12, Waste-Processing Steps

Kewly Generated and
Future Tank Waste

Strontium and Cesium
Capsules

for the In-Place Stabilization Alternative-

TRU-Contaminated
5011 Sites

Pre-1970 Buried Suspect
TRU-Contaminated
Solid Waste

Retrievably Stored and
Newty Generated
_TRY Wastes

.5hell tanks,

in-place.

Leave waste in -single-

99,95% of waste from
doubte-shell tanks.

Treat rdouble-shell

tank waste as neces-
sary to immobilize -in
grout;. place grout in

“near-surface vauits or

in existing tanks.,

F111 tanks sufficien-
tly with appropriate
materidl to limit subh-
sidence, and seal aiil

" accessible

penetrations,

Y

Leave soil contami~
nated from tank leaks

/

Cover tank farms and
grout disposal sites
with the protective
harrier, emplace

markers, and record.

Retrieve .

Retrieve 99.95% of
wastes in double-shell
tanks. Separate and
encapsulate. cesium,

“and dispose of as

outlined for. the
strontium and cesium
capsules, right.

Immobitize the resi-

“dual waste as grout

and dispose of in

near-surface vaults or

in existing tanks.

Fill tanks suffici-
ently with appropriate
material to limit
subsidence, and seal
all accessible
penetrations,

Cover grout disposal
waste sites and tanks
with the protective
barrier, emplace
markers, and record.

Package capsules in
canisters for near-

. surface disposal

onsite.

¥
Place canisters in
near-surface caissons
after cooling.

Y

Cover canister dis-

posal area with the

protective barrier,

emplace markers, and
record. .

Wastes remain disposed
of in place.

Fi1t voids with grout
to 1mit subsidence,

|

Cover all sites with
the protective
harrier, emplace
markers, and record: -

Wastes remain disposed

of in place.

|

Compact in-place, dis-

posed -wastes as
needed, Fill voids in
old TRU caissons and

other sites with grout -

to contrel subsidence.

. Cover a1l TRYU buried
$01id waste sites with
the protective :
harrier, emplace )
markers, and. record,

Dispese of stored TRU
waste in place.
(First remove
building-stored waste
to burial ground,)

Compact waste, fill
voids with grout as
needed for subsidence
central, provide the
protective barrier,
emplace markers, and
recard. :
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bath the single-shell and double-shell tanks would be filled and sealed, and the tank farms
would be covered with scoil and the protective barrier and marker system.

Throughout the disposal operation, the'potentiaﬁ for accidental release of radioactive
material exists. The accident with the greatest release of radiocactive material was
postulated to occur during drying of the salt cake and sludge from the single-shell tank
wastes. This accident and its consegquences are the same as described Tn Section H.3.1 for
the geslogic disposal alternative. :

Jther accident scenarios considerad as part of the analysis of operational accidents for
disposal of the existing tank wastes included: 1loss of filtration: loss of service power;
equipment failure; pressurized release duting hydrauiic sluicing of the double~shell tank
wastes; pipe breaks; failure of the air bubble domes 1eaké; énd explosions.

H.4.2 Future Tank Wastes

Under the in-place stabilization and disposal aﬁternative, the future tank waste will be
disposed of by removing as much of it as practicable by hydraulic sluicing. The upper-bound
accident developed for this {s the same as that described for geclogic disposal of. future
tank waste and involves a release of waste during hydraulic retrieval of the tank contents
for processing, The releases and radio1dgica] consequences of the event are thé same ' as
those described in Section H.3.2,

Other accidents reviewed as part of the analysis for the future tank wastes included:
pressurized release of 1iquid due to a stuck diversion valve; sturry spill during hydraulic
retrieval; loss of services or power; loss of filtration; cesium ion-exchange fire during
processing of the waste for cesium removal; filter fire during processing; and rupture of an
ion-exchange column during waste processing.

H.4.2 Strontium and Cesium Capsules

The strontium and cesium capsules are to be stored in the Waste Encapsulation and Stor-
age Facility for 20 to 40 years. At that time the heat generated by the capsules will be low
enough to permit passive cooling of the encapsulated waste and disposal in a drywell storage
facility. Canisters will be transported to the drywell disposa}‘area'by a shie]ded-cask
transporter that also lowers the casks into the:drywe11 and discharges sand into the space
above the canister to fil1 the dryweli. ' & :

The upper-bound accident postulated for disposal of the canisters under the in-place
stabilization and disposal alternative involves miéalignmeht of the éapsuTe in the drywell.
It is bostu1ated that the transporter does not correctiy align the waste capsule.in the dry-
well and moves with the capsule still partially in the transporter. The transporter shears
the capsule and causes_subdivision_ahd dispersion of the particles generated. The operation
is performed in the open without any enclosure over the drywell, and any material released
would be d1rect1y to the atmosphere.

The dlSPerSTOn value given in DOE (1982) was a re1ease fraction of 1 x 107 6 for a cover
btock drop. The Mishima et al., {1986 p. 5.32) value for a dropped shipping container was
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1 x 10'5. Since the area affected is less than either the container or cover block drop, the
smallter value of 1 x 107 is used. As noted in Section H.3.3, one capsule contains
2,2 x 103 g, s0 the release is 2,2 x 107 3

Other accidenis considered as part of this analysis included: capsule rupture; hydrogen
explosion; loss of filtration during retrieval; fire; Toss of services or power during
retrieval and packaging; and package element failure during drywell storage. ‘ !

H.4.4 TRU-Contaminated Soil Sites

Grouting is the only disposal operation associated with the in-place stabilization and

disposal alternative for the TRU-contaminated soil sites. The waste-sites are to be surveyed

to determine radiation and contamination Teve}s and to determine subsidence potential. Sub-
sidence control involves the completion of & geophysical survey of the sites to identify
those (typically cribs) that have a high potential for subsidence problems. These sites are

‘ stabilized by injecting a cementitious grout into the soil. The injection equipment includes

mixing tanks, proportioning transfer pumps, hoses, and pneumatic drills. After grout injec-
tion, a construction crew must trim vents and feed piping with power saws while under'é
tent-like‘containment structure. The equipment and personnel are transported by heavy~-duty
trucks., Grout will be injected into some sites, such as French drains, cribs, sett11ng
tanks, and reverse wells, for subsidence control. Other sites, such as abandoned ponds,
trenches, and ditches, will be filled before covering. Following grout injection, the
profective barrier and marker system would be applied to the site (Rockwell 1985),

The ﬁpper-bound accident postulated for this disposal option is collapse of a void
initiated by site-stabilization equipment, The release is based on work by Murphy and Holter
{1980); they poétu1ated that an earthmover could be engulfed in a 90-m3 void space, which
would disturb 45 m of waste for an hour. In the e#ent'postu1ated by Murphy and Holtéf, an
atmospher1c fractional release of 3.6 x 10° -3 was used. Using a soil density of 1.8 g/cm s
the 45 m of d1sturbed waste represents a quantity of 8.1 x 107 g, and the calculated release
from the acc1dent wou1d be 2.9 x 103 g. Only a small portion of Hanford soil 0.088% {Sutter
1980), will be in the resplrable size range, which amounts to a release of 2.6 g of

re5p1rab1e material.

Other accidents considered as part of this ana1y51s included: accidental ejection of
the grout during injection activities; excavation of contam1nated s0il; fire; and thermal
reaction of the waste with the grout.

H.4.5 Pre-1970 Buried Suspect TRU-Contaminated Solid Waste

The pre-1970 buried suspect TRU-contaminated solid waste burial grounds will be stabi-
Tized as required. Caissons containing TRU waste would be immobilized in place by filling
them with grout or other stable fillers. Thé area would then be covered and marked. S3ites
othér than caissons that contain TRYU wastes would bé subjact to subsidence-control measures.
One method proposed is to inject piles 1nto_1den£ified waste zones by using a diesel-powered
vibratory hammer/extractor attached to a vibratory crane. Piles would be driven through the
waste zone and then withdrawn; contaminated piles would be redriven to grade and left in
place. Finally, a protective barrier and marker system would be placed over the site.
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waste zone and then withdrawn; contaminated piles would be redriven to grade and left in
place. Finally; a protective barrier and marker system would be placed over the site.

The postulated upper-bound accident is the sameé as that described for the TRU-
contaminated soil sites; only the inventory of radionuclides available for release differs.

The other accidehte considered as patt of this analysis included: peﬁetratidn of waste'
during injection of a pile into the site for stabilization; range fire at the site; excava-
tion of contaminated soil during stabilization activities; and critita]ity due to changes in
fissile geometry during subsidence operations. .

H.4.6 Retrievabiy Stored and Mewly Genereted TRU Waste

TRU waste generated since 1970 has been stored so that 1t can be retr1eved If the
surface dose rate exceeded 200 mR/hr, the waste was ciass1f1ed as remote-handled (RH) and
stored in caissons or packaged for direct shipment off site. If the TRU waste was unsuatab]é
for asphalt pad or caisson storage because of size, chemical composition, security require-
ments, or surface rédiation, it was packaged in reinforced wooden boxes, concrete or metal
boxes and stored in an "alpha® trench. Under the in-place stabiTization and d1sposa1 alter-
nat1ve, aﬂy TRU solid waste packages stored in above-grade fac111t1es would be buried. -All
retrievably stored TRY solid waste would be treated the same as pre 1970 solid waste and
would undergo subsidence control measures and barrier placement described in the previous
section.

The upper-bound accident postulated for the waste involves the breach qf a waste con-
tainer during burial operations. If the accident occurs when the container is in the open, a
large release of material could occur, Based on the experimental work of Sutter (1980), 5%
of the spilled waste coutd be entrained if the ambient winds are at the Hanford averagezof
7.6 mph [Stone, Jenne and Thorp 1972). As noted previously, moderate'wind speeds were chosen
to maximize the combination of resuspension and airborne concentration of the radionuc!ides '
traﬁsported off site during the accident. The waste, in 55-gal drums, with a density of
0.96 g/cm, has a total mass of 1x 10% d. The tota? amount released to the atmosphere is
calculated to ba 1 x 103

Other accidents considered as part of -this analysis included: void space collapse ‘dur-
ing subsidence contreT operations; punctures of waste conta1ners, f1re, and equipment 1mpact~
ing the waste.

H.5 DESCRIPTIOM OF OPERATIONAL ACCIDENTS FOR THE REFERENCE DISPOSAL ALTERNATIVE

The reference alternative would combine aspects of the geglogic disposal and in-place
stabilization and disposal alternatives to provide a third approach te the disposal of the
wastes. Thé processing of the waste for disposal is depicted in Table H.13., (Twenty-seven
separate doée calculations were performed to analyze the potential radiological impact from
the disposal of the Hanford defense wastes under the reference disposal alternative.) This
section briefly describes the waste processing opetations'used and the facility involved dur-
ing the upper-bound accident. Those accidents that have already been presented elsewhere in
the appendix will not be discussed again; however, they are listed in Tables H.5 and H.8
along with the other upper-bound operational releases.
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Existing Tank Waste

Leave waste in single-
shell tanks. Retrieve
99,95% of waste from
double-shell tanks.

|

Separate the TRU and
high-activity feraction

.of the double-shell

‘tank wastes, immobil-
ize-as glass, and
dispose of 'in a repo-
sitory. Imnobilize-
the low-activity frac-
tion of double-shell
tank waste as grout,
and dispose of in
near-surface vaults.

I

Fill tanks suffici-’
ently with appropriate
material to 1imit
subsidence, and seal
all accessihle
penetrations.

¥

Leave soil contami-
nated from tank Teaks
in place.

f

Cover tank farms and
grout disposal sites
with the protective
harrier, emplace

markers, and record.

TABLE H.13. Waste-Processing Steps for the Reference Disposal Alternative

Newly Generated and.
Future Tank Waste

Strontium and Cesium
Capsules

" TRU~Contaminated
Soil Sites

Pre~1970 Buried Suspect
TRU-Contaminated
Solid Waste

Retrievably Stored and
Newly -Generated
TRY Wastes

Retrieve 99,95% of
wostes in double-shell
tanks. Separate high-
activity and TRU waste
for vitrification and
geologic disposal.

|

Immobi1ize -the
residual waste as
grout and dispose aof
in near-surface vaults
or in existing tanks,

|

Fi11 tanks suffici-

-ently with appropriate

material to limit
suhsidence, and seal
all accessible
penetrations,

|

Caver grout disposal
waste sites and tanks
with the pretective
barrier, emplace
markers, and record.,

Package capsules in
canisters for repo-
sitory disposal,

\

Send canisters to
geologic repository
for disposal.

Wastes remain disposed
of in place.

Fi11 voids with grout
to Timit subsidence.

Cover all sites with
the protective

" barrier, emplace

markers, and record.

Most wastes remain
disposed of in place,
Retrieve TRU wastes
not on 200 Area
plateau,

l

Compact in-place, dis-
posed wastes as
needed. Fill voids in

-0ld TRU caissons and

other sites with grout

- to control subsidence.

!

Cover all TRU buried
solid waste sites with
the protective
barrier, emplace
markers, and record.

:

As required, package
and treat the
retrieved waste and
send 1t to WIPP. '

Retrieve TRU waste and
sort and package it to
WIPF waste acceptance

criteria.

!

Package and treat
waste as required, and
send it to WIPP.

l

Dispose of residual
waste as low-level
waste.
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H.5.1 Existing Tank Wastes

The reference disposa1'a1ternative calls for disposing of the single-shell tank wastes
in a mannrer identical to that described for the in-place stabilization and disposal opera-
tion, The single-shell tank wastes will be dried. This disposal method and the upper-bound
accident for the reference disposal alternative are the same as stated in Section H.4.1,
Operations for disposal of the contents of the double-shell tanks are similar to those dis-
cussed in Section H.3.1. The waste disposal steps include hydraulic retrieval, sludge-
washing, high-level and TRU separation, vitrification, and repository disposal.

Other accident scenarios considered as part of this analysis of operational accidents
for disposal of the existing tank wastes are the same as those discussed in previous
sections. ' '

H.5.2 Future Tank Wastes

_The reference alternative disposal gption for future tank waste involves geologic dis-
posal of the high-activity waste. Hydraulic sluicing would be used to empty the waste tanks.
The waste wou]d_be'progessed to separate the solids and Tiquids, and the cesium would be
removed from the neutralized current acid waste before grouting. Strontium and TRU elements
from so1fd/iiquid separation operations would be contained primarily in the waste siudge.

The cesium concentrate and the sludge would be vitrified. Accidental releases from these
cperations were examined in Section H.3.2. The upper-bound accident is the same as described
in that section.

H.5.2 Strontivm and Cesium Capsules

The strontium and cesium capsules would be disposed of in the manner described under the
geologic disposal alternative. The uppar-bound accident and the other accidents considered
as part of the analysis are the same as those described in Section H.3.,3.

H.5.4 TRU-Contaminated Soil Sites

The TRU-contaminated soil sites would, under the reference alternative, be disposed of
in the same manner described for the in-place stabiltization and disposal alternative. The

upper-bound accident and the other operational accidents analyzed as part of this effort are
the same as those described in Section H.4.4.

H.5.5 Pre-1970 Buried Suspect TRU-Contaminated Solid Waste

The pre-1970 buried TRU solid waste sites wbu]d, under the reference alternative, be
dfsposed of in the same manner described for the in-place stabilization and disposal alterna-
tive. The uppef-bound accident and the other operational accidents anpalyzed as part of this_
effort are the same as those described in Section H.4.5. o

H.5.6 Retrievably Stored and Newly Generated TRU Waste

For the reference alternative, retrievably stored and newly generated TRU waste would be
sent to a geologic repository. The waste would be processed in the same way as in the geo-
logic disposal alternative, except for the remote-handled TRU waste. Since only the remote-
handied TRU waste would be processed, a smaller facility would be used. The waste-processing
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facility proposed for the geologic disposal alternative was sized to accommodate TRU-
contaminated soil sites and pre~1970 TRU solid waste burial grounds.

The remote-handled TRU waste would be processed. in. a facility that provfdes remote
handling, and contains hot cells for size reduction, immobilization, and packaging, A
remote-handled waste retrieval and packaging facility would include specific processes
required to immobilize and package the waste (Rockwell 1985), However, the immobilization
process 1s not. identified, so no releases can be developed for this operation, The upper-
bound accident for the reference alternative disposal of newly generated TRU remains the same

4s described in Section H.3.6.

H.6 OPERATIONAL ACCIDENTS FOR THE PREFERRED ALTERNATIVE

Under the preferred alternative near-term disposal of existing and newly generated and
future double~shell tank waste, strontium and cesiUm capsultes and retrievably stored and
newly generated TRU waste, would be- disposed of -in'a geologic repository. according to the
operations described for the reference alternative, Operational accideﬁts for the imple-
mentation of the preferred alternative for a given waste class would be ‘the same as those
described earlier for the reference alternative. ‘Disposal decisions have been deferred on
the remainder of the waste classes, and they will remain as stored (single-shell tank waste)
or disposed of without further enhanced long-term protection until camp]etion of further
development and evaluation.

H.7 DESCRIPTION OF OPERATIONAL ACCIDENTS FOR THE WO DISPOSAL. ACTION ALTERNATIVE -

- Under the no disposal action, the wastes are placed in continued storage; this alterna-
tive does not implement a Tong-term solution for permanent disposal of the radicactive -
wastes., The wastes would continue to be stored essentia]]y as they are now for the indefi-
nite future. The waste-handiing operations would include storage, necessary remedial
actions, and waste surveillance. The waste processing steps for this alternative are shown
in Table H.14; they involve the double~shell wastes (both existing and future tank wastes),
the strontium and cesium capsules and all TRU wastes. With the exception of the existing
tank wastes and the retrievably stored and newly generated TRU, upper-bound accidents have
been described in Sections H.3.2 and H.3.3. For the existing tank wastes, the ferrocyanide
explosion is no longer postulated to occur, as the -single-shell tank wastes_gre Teft
undisturbed. The dominant accident for this waste class then becories the pressurized reiease
from hydraulic removal of the existing double-shell tank wastes. ~ar the rétrievab?y'stored
and new]y generated TRU, the collapse of a void space, similar to that described for the
other TRU sites, 1is postulated to occur durtng subs1dence control. '
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Existing Tank Waste

TABLE H.14. Hasfe-Processing Steps for the No Disposal Action Alternative

Newly Generated and
Future Tank Waste

Leave waste in single~
shell tanks; retank
double-shell tank
waste every 50 yr.

~ Moniter and maintain

tanks, filling single-
shell tank domes and
urused old doubte-
shell tank domes as
required to prevent
cellapse and maintain
surface,

Leave soil contami-
nated from tank leaks
in place.

Retank. doubla-shall
waste every 50 yr.

Monitor and majntain

tanks, fi11ing unused,

old douhte~shell tanks
as required to prevent
collapse, :

Strontium and Cesium

Capsules

Package capsules in
canisters as necessary
for onsite dry
storage.

A

Store canisters in
near-surface caissons.

Y

Monitor caissons and
continue caisson
maintenance,

TRU~Contaminated

Pre-1970 Buried Suspect
TRU-GContaminated
Solid Waste

Retrievably Stored and
Newly Generated
TRU Wastes

Soil Sites

Leave sites as
disposed of.

|

Monitar sites and
continue site
maintenance.

Leava sites as
disposed of,

‘Monitor site and.

continue. site
maintenance.

Leave waste as stored.

Monitor waste and
continue to maintain,
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APPENDIX I

ANALYSIS OF IMPACTS FOR TRANSPORTATION OF HANFORD DEFENSE WASTE

This appendix présents an analysis of impacts associated with transpertation of Hanford
high-level defense wastes te a basalt repository at Hanford and to a hypothetical repository
location off site and transportation of transuranic waste to the Waste Isolation Pilot Plant
{WIPP) in New Mexico. Also described here are: 1) the regulations governing transport

‘activities and the organizations respensible for them, Z) the volume of waste and the numbers

of shipments to be transported that are associated with the alternatives which use reposito-
ries, 3) the packagings and packaging systems used for the wastes, 4} the cost of tradsport-.
ing wastes, 5) the radiological and nonradielogical effects of transporting wastes under bath

normal and accident conditions, and 6) emergency response provisions.

The nonradiological effects of transporting Hanford defense wastes are used in Appen-
dix L, where the nonradiological impacts associated with each waste management alternative
are tabulated and summed. Radioclogical impacts.of tﬁansportation are used in Chapter 5 in
calculation of the total rédio]ogical impacts'associated with each alternative. Transporta-
tion costs are also used in Chapter 5 to caltculate total waste disposal system costs.

1.1 APPLICABLE REGULATIONS AND RESPONSIBLE ORGANIZATIONS

The transportation of Hanford defense wastes to an offsite repository WDuld'compTy with
the regu]afions and orders promulgated by one or more of four Federé1 agencies: 1) the
Department of Transportation {DOT), 2) the Department of Energy (DOE), 3) the Nuclear Regula-
tory Commission {NRC), and 4) the Interstate Commerce Commission (ICC). These agencies have
developed comprehensive regulations covering the performance of the shipping packagings,
vehicle safety, routing of shipments, physical protéction, and economics. The DOE has also
developed applicable transportation requirements, which are set forth in DOE 5480.3 {DOE
1985). The following sections briefly discuss the regulations and organizatidns responsible
for the safe transport of radicactive wastes in the United States. '

I.1.1 Applicable Regulations

Regulations for the safe transportation of radioactive materials are designed to protect
the public from the potential consequences of Toss or dispersal of radioactive materials dur-
ing transit as well as from routine (nonaccident) radiation doses. These regulations ensure
safety through standards for packaging, handling,'and routing of shipments. Specific regula-
tions that apply to offsite shipments of Hanford defense wastes are found in the Code of Fed-
eral Regulations (CFR) under the following headings:

49 CFR 107 Rule-making Procedures for the Materials Transportation Bureau

49 CFR 171 General Information, Regulations, and Definitions
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49 CFR 172 Hazardous Materials Table and Hazardous Materials
Communications Regulations

49 CFR 173 Sh1ppers——Gene“a1 Requirements for Sh1pments and Packagings
49 CFR 174 Carriage by Rail

49 CFR 177 Carriage by Public Highway

49 CFR 178 Shipping Container Specifications

The. following subsections present key elements of the regu1at1ons perta1n1ng to shipment of
Hanford defense wastes.

I.1.1.1 Packaging

Packaging, as used in this report, is defined as the shipping container for radioactive
material. Property designed, manufactured, and prepared.packaging i1s the primary means for
ensuring the safe transport of radicactive materials. Consequently, most of the regulations

are concerned with packaging standards.

DOT reguiatiens that apply to shipments of Hanford defense wastes are .contained in
49 CFR Part 173, These regulations seek to enhance safety through three key elements:
1) containment of radioactive material, with allowances for heat diséipation'if required,
2) shielding from radiation emitted by the material, and 3) prevention of nuclear criticality
in fissile materials. These aspects of DOT regulations are addressed in the remainder of
this subsection. Regulations allow radioacfive materials to be_shipped‘in different types of
packagings, depending on the total radioactive hazard presented by the material within the

‘package, Of interest to this study are the Type A and the more durable Type B packagings,

A11 DOE packagings'must meet, as a minfmum, the design requirements described in 49 CFR 173,
Sections 411 and 412. Type B packagings must additionally meet the design requirements for
Type B packages speciffed in 49 CFR 173.413, These Type B design requirements are fodnd in
United States Nuclear Reguiatory Comm1ss1on, Rules and Regu]at1ons, 10 CFR 71, Subpart E. In
addition, all DOE packagings must meet the testing requ1rements spec1f1ed in 49 CFR 173.465
for }ype A packages and 49 CFR 173,467 for Type B packages. Type B packaging tests are found
in 10 CFR 71, Sﬁbpart F. As a result, thé DOE design and testing criteria meet the same
packaging standards as the NRC. o

Radicactive materials exceeding the Timits for Type A packagings can be shipped only in
Type B packagings. These packagings are extremely accident-resistant and must be used -for
all shipments of high-level (HLW) and transuranic (TRU) wastes from the Hanford Site. Any
Type B packaging design placed in service must be certified by either the DOE or NRC to the
design and testing standards of the NRC. The DOE may use NRC-certified packagings or'may
cértffy their own paékagihgs for Haﬁford defense wastes only if the packagings safisfy the
design and testing standards of the MRC as required by 49 CFR 173,413 and 49 CFR 173.467. In
addition to meeting the standards for a Type A packaging, a Type B packaging must he designed
to Withstgnd severe hypothetical accident conditions that demonstrate resistance to impact,
puncfure, fire, and water immersion (10 CFR 71.73). To be acceptable, the Type B packaging
must release no radioactivity except for Timited amounts of contaminated coolant and gases.
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Also, there can be no external radiation dose rate exceeding one rem per hour at one meter
from the external surface of the packaging [10 CFR 71.51(a){2)1. Surface contamination of
packagings is Timited to specified levels, The method for determining amounts of surface
contamination is specified in 49 CFR 173.443.

Radfation allowed to escape from a packaging must be befow specified limits that mini-
mize the exposure of the handling personnel and general public. Packages handled oh]y by the
shipper and receiver (i.e., shipped in exclusive-use or sole-use vehicles)-must_be designed
so that the following radiation 1imits are not exceeded (49 CFR 173.441) during normal trans-
port activities: ' h

e 1,000 mR/hr at 1 m from the exterior of the package (in a closed transport vehicle:
only) '

e 200 aR/hr at any point on the external surface of the car or vehicle (in a closed
transport vehicle only}

e 10 mR/hr at any point 2 m from the vertical planes projected by the outer Tateral
surfaces-of the car or vehicle; or if the Toad is transported in an open transport
vehicle, at any point 2 m from the vertical planes projected from the outer edges
of the vehicle B

e 2 mR/hr in any normally occupied position in the car or vehicle; this provision
does not apply to private motor carriers under certain conditions.

Crigicality standards for packages containing fissile materials are found in
49 ¢FR 173.451 through 173,459, Packagings used to ship fissile materials must be designed
to prevent criticality. The number of such packages shipped together is also limited. Some
quantities and forms of fissile materials cannot be made critical under credible conditions
and are exempted from special fissile-material requirements.

1.1.1.2 Vehicle Safety

No additional or special vehicle requiations are imposed on carriers of radiocactive
materials beyond those required for carriers of any hazardous material. . Truck safety 1s'gov-
erned by the Bureau of Motor Carrier Safety of the DOT, which imposes vehicle-safety stan-
dards on all truck carriers {49 CFR 325.386 through 325,398)., Along with other functions,
the Bureau conducts unannounced wayside inspections of all:truck-carrier vehicles and driv-
ers. Several states, including Washington and Oregon, also have truck inspection programs.
During the inspection, the condition and.loading of the vehicle and the drivers' documents
are checked.

Rail cars-and trucks carrying HLW and TRU wastes must be placarded in accordance with
49 CFR- 172 subpart F. To ensure that cars are in safe condition, DOT regutations in
49 CFR 174 specify that each ﬁ!acarded rail car and each adjacent raitcar be inspected by an
authorized representative of the carrier company or DOT at each required inspection point.
Inspection includes visual examinafion for obvigus defects of the running gear and any leak-
age of contents,
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1.1.1.3 Routing

The DOT's routing regulations, 49 CFR 177.825 {Docket HM-164), were pub1ished'danu—
ary 19; 1981, and became effective February 1, 1982. Objectives are to reduce impacts of
transporting radicactive wastes, to establish consistent and uniform requirements for route
selection, and to identify the role of state and Tocal governments in the routing of radioac-
tive materiais. The regulations attempt to reduce potential hazards by avoiding populous .
areas and minimizing transit times. A carrier or any person operating a motdr vehicle carry-
ing a "highway-route-controiled quantity" of radiocactive materials is required by Docket
HM-164 to use the interstate highway system except when moving from origin to interstate or '
interstate to destination, Other ' preferred highways" may be designated by any state to '
replace or supplement the interstate h1ghway system, = Under its author1ty, however, to regu=
late interstate transportat1on safety, the DOT can proh1b1t state and ]oca1 bans and restr1c—
tions as undue restraint of interstate commerce," ' '

A11 regulations announced by state and 1oca1 governments have to be consistent w1th the
prov1s1ons of Docket BEM-164 or they will be preempted, The DOT ho1ds that conf11ct1ng
requ1rements among Jur1sd1ct1ons may be undu]y restr1ct1ve and may increase risks by direct-
ing shipments to h1ghways having higher accident rates. State and local requ1rements wiil be
preempted by Docket HM-164 if they:

o completely prohibit travel hetween any two points served by highway

e prohibit use of an 1nterstate highway, including proh1b1t10n of travel based on
time of day, without designation of an equ1va1ent preferred h1ghway as-a
substitute

e require use of a preferred highway except in accordance with the provisions of the
regulation

e require prenotification of state and/or local authorities
e require special personnel, equipment or escort.

The Second Circuit Court of Appeals recentiy ruled that federal DOT. routing regulations were
valid, and therefore sre-empted a conflicting ordinance enacted by New York City banning
shipment of irradiated reactor fuel through the City on interstate highways. This ruling is
expected to set precedent for preempt1on of a number of state and local ordinances inconsis-
tent with DOT regulations. '

The 00T regulation requires carriers to use routes se}ected to wminimize transit time end
radiologicaI risk., Carriers transporting Hanford defense wastes will be required to traye] '
on interstate circumferential or bypass routes, if available, to avoid populous areas. Car-
riers may use interstaie or preferred highways that pass through urban areas only if ¢ircum-
ferential routes are not available.
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No additional regulations are currently proposed for rail transport. Routes are fixed
by rail 1ocations, and urban areas cannot be readily bypassed. Thus rail transport of
Hanford defense wastes will be simitar to that of other non-Hanford loads routinely carried;
inc]uding.hazardous nonradioactive cargoes.

-Use of iriterstate highways will be required for transport of radioactive waste wherever
possible.  Exceptions are routes between interstate highway access points and points-of-

“origin and destination. Alternative routes may be proposed by states involved.

Actual transporﬁat{on routes to the WIPP site from Hanford have not beer established.
Typical rail and truck routes between the two sites were presented in the final environmental
impact statement for the Waste Iso]at{on Pitot Plant {DOE 1980). \Under existing DOE proce-
dures, the designated carrier of radioactive material is permitted to select from routes
identified as “preferred" by the DOT or the states. Because other geologic repositories have
not been selected, specific routes for Hanford wastes to a deep geologic repository have not
been established.

Impatts‘a530c1ated with shipments of radicactive materials are generally the radiation
doses from the passihg radiation source to individuals near the route. A total population
dose is obtained'by*summing the individual doses for the entire exposed group. Little change
from route-specific population doses versus generic-route population doses would be expected;
both avoid population centers and would 1ikely result in similar values,. Individual doses
for routfne shipments are small (about 2 mrem/yr if the individual were a bystander in a rail
yard standing 20 m from the waste cask for every shipment} and could be reduced or avoided by
heeding warnings on shipment placards and woving farther away ffom the radiocactive cargo.

Procedures for emergency response are'required as discussed in Section I1.8. It is the
policy of DOE, upon request from any State, Federal, or local authorities, NRC licenses, pri-
vate organizations or commercial cérriers to provide rad1o1og1ca1 assistance teams to sup-
port State or local authorities as requ1red.

I.1.2 Responsible Organizations

. Shipments of Hanford defense wastes to the hypothetical repository Tocations will
invelve the . four agenéies tisted in Section I.1. The DOT, NRC, and DOE deal primarily with
safety, wh11e the ICC regulations are related to the economics of transportation. Since this
report deals primarily with safety, the regulatory function of the ICC will not be discussed.

Some overtaps exist in the responsibiliiies of the DOT, NRC, and DOE. The DGT has pri-
mary respons1b111ty for safety in transport1ng atl hazardous materials, inciuding nuclear
materials. The DOE has the authority to design and certify its own packagings to NRC packag-
ing'standards for use by government shippers. The NRC, as the regulator of the commerc1a1
nuclear industry, is responsible for regulating the Type B packagings used by commercial
shippers. Where overlap exists, Memoranda of Understanding (MOU) have been issued between
the agencies to define areas of responsibility. For example, the DOE has the authority,
granted by a 1973 MOU between the DOT and the Atomic Energy Commission, predecessor to the
DOZ (38 FR 8486), to certify its own Type B packagings to be used by DOE or its contractors,
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provided the packagings comply with DOT and corresponding NRC design and test criteria. DOE
is currently in the process of procuring a TRUPACT Type B shipping. container, which will have
NRC certification for use to transport Hanford TRU wastes. DOE is also designing a Type B
shipping cask to transport the so]idifieq tank wastes and pessibly strontium/cesium capsules.
It is not clear at this time whether or not DOE will seek an NRC Certificate of Compliance
for this shipping cask. '

The D0E, through its management directives and contractual agreements, protects the pub-

Tic health and safety by imposing standards on its_offsite transportation activities in
accordance with the DOT regulatigns. ‘

"The DOT specifies and enforces regulations intended to guarantee that hazardous materi-
als are properly classified, described, packaged, labeled, placarded, and in proper condition
for shipment, The DOT is responsible for enfarcing vehicle safety standards, setting

- allowable radiation Tevels, and requiring the use of tamper-indicating seals on loaded pack-

agings. ~The DOT is also responsible for highway routing cof radicactive materials {see Sec-
tion I.1.1.3), and specifies criteria governing the location of radipactive cargoes relative
to other materials being shipped. For rail shipmeht, additional DOT ¢riteria cover the loca-
tion of cars carrying radioactive cargo in relation to other placarded railcars, the engine,
and/or the caboose.

I.2 PACKAGINGS FOR TRANSPORTING HANFORD DEFENSE WASTES

This section describes the shipping containers that would be used to transport_pruﬁeséed
Hanford defense wastes to a geologic repository. (Such transportation, of course, would not

. be required for in-p]ace stabilization and disposal or continued storage.}) The general waste

classifications considered include strontium and cesium capsules, vitrified high-level
wastes, and transuranic wastes, all described in detail in Chapter 3 of this EIS. Table I.1
summarizes descriptions of the .packagings used to transport these wastes and the numbef of
shipments for each waste type. Additional details are presented in the remainder of this
subsection, '

I.2.1 Strontium and Cesium Wastes

As stated in Chapter 3, 90SrF2 and’137CsC1 are presently stored in water-filled basins
in the Waste Encapsulation Storage Facility (WESF).

In the geologic disposal alternative, strontium and cesium capsules would remain in con-
tinued storage in the Waste Encapsulation Storagé Facility basins until a repository is
available. For this analysis, it is assumed that the capsules would be loaded into canisters
for shipment to the repository. The strontium and cesium inventory and radionuclide content
data for the year 1995 are used in this appendix {Rockwell 1985). '

Tha shipping canisters will be constructed of 0.3-m-dia carbon steel pipe and will be
2.7 m long. For geologic disposal, an average of three strontium or five ceéium capsules
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TABLE 1.1. Summary of Packagings and Shipments(a)

Kumber of

- _Transport Mode Shipment Capacity Shipments{b)
Waste Type Onsite Offsite Onsite Offsite Onsite Offsite
Existing Tank Wastes : ' S
Geologic Disposal Rail  Rail - 7 canisters(€} 2,820 2,829
Reference Alternative Rail Rail 7 Canisters © 68 68
Future Tank Wastes o .
Geologic Disposal Rail  Rail 5 Canistersit) 662 - 662
Reference Alternative ~ Rail  Rail 5 Canisterstc) 119 119
Sr/Cs Canisters Truck  Rail 1 Canister 9 Canisters 509 57
Pra-1970 Buried TRU NA Rail NA 72 Drums (4} na 570
Solid Wastes : o :
TRU-Contam. Soil Sites NA  Rail A 72 prums ') Na 178
s . .
: Retrievably Stored :
TRU Wastes NA - Truck NA 36 Drums (&) NA . 1,040
Newly Generated NA
e TRU Wastes . :
Geologic Disposal NA Truck NA 36 Drums(®)  NA 1,560
3 o Reference Alternative NA Truck . CNA 36 Drums (€

NA 1,800

{a) Onsite refers to onsite shipments to a basalt repository; offsite refers to
e shipments to a hypothetical repository 4,800 km away (for tank wastes and
s Sr/Cs canisters) or to WIPP {for TRU wastes}.

(b} MNumbers of shipments were calculated by dividing the numbers of containers

i "

Rl produced in each alternative (see Rockwell 1985, Table B-2-1) by the

. shipment capacities.

- {¢) Same shipping cask used for offsite shipments. See Figure 1.1,

: {d} Five railcars are transported per shipment. Total: 360 drums/shipment.

- {e) These shipments use the TRUPACT shipping container, which, for purposes of -
impact calculations, was . assumed to hold 36 drums. If the cdpacity is

L 24 drums as recent design indicates, the number of shipments would be

higher (i.e., 1.5 times}. Transportation impacts would also be higher. See
s Figure 1.2. Co . _ _

will be placed in each canister based on aT1oWab1g canister heat loads. Based on these
Toading factors, an estimated 509 canistersfwil1 be avai}able for shjpment'(Rockwe11 1985).
Repositories at Hanford and e1Sewhere”weré considéred'fn this analysis. Transport to a
repository at Hanford would be via truck, with one canister carried per shipment} Transport
to a repository elsewhere would be via train, with nine canisters carried per shipment,
Table 1.2 presents estimated radionuclide inventories per shipment of strontium and cesium.

canisters.
1.2.2 Tank MWastes

The processing of tank waste will produce a borosilicate glass waste form that will be
transported to a geologic repository either at Hanford or eisewhere. The glass will be
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TABLE I.2. Radionuclide Content of Shipments of Strontium and Cesium Canisters(a)

Radionuclide Content,
Curies per Shipment

Waste Type/ Onsite Truck Offsite Rail
Nuclide Shipments Shipments

Cs canisters/137Cs L7 % 105 1.5 x 106
Sr canisters/gDSr 9.8 x 10? 8.6 x 10°

{a) See Chapter 3 and Appendix A for detailed waste
descriptions.

contained in narrow-mouth, high-integrity, carbon steel canisters holding about 0.62 m® of
glass. Existing tank waste processed for the géo]ogic disposal alternative will result in
about 19,800 canisters of waste glass, while prdcessing of new tank waste will produce about
3,310 canisters. In the reference alternative, 473 canisters will be generated from existing
tank waste and 595 canisters from new tank waste. Of these, 463 canisters will be produced
from processing of neutralized current acid waste {NCAW) and 132 canisters from processing of
Plutonium Finishing Plant (PFP) waste. o

For this amalysis it s assumed that vitrified waste will be shipped to a repository by
rail using a specially designed shipping cask 1ike that shown in Figure I.1. These:casks can
transport seven canisters of existing tank waste and five canisters of new tank waste or
PTutonium Finishing Plant waste, One cask will be used for each shipment, These casks are
at the conceptual-design stage and have not been fabricated. Radionuclide fnventories for
these wastes are shown in Tables I.3 and I.4. ' o

TABLE I.3. Radionuclide Content of Rail Shipmenis of Existing Tank Hastes(a)

Radionuclide Content, Curies per Shipment

Isotope Geologic Disposal Reference Alternative

90, : 2.1 x 10% 2.8 x 10°

997¢ 1.4 x 10t 0

137¢¢ 7.0 x 103 0

151gy 3.5 x 102 4.2 x 10

237Np 2.1 x 1072 ' 7.0 x 107!
239y, 240p, 9.1 1.7

241p, 2.1 x 10! 7.0

28l p 1.4 x 10! 4.2 x 102

(a) See Chapter 3 and Appendix A for detaziled waste
descriptions.

I.9




- TABLE I.4. Radionuclide Content . of Rail Shipments of Future Tank Wastes(3) .

Radionuclide Content, Curies per Shipment

" Reference Alternative(d)

Isotope  Geologic Disposal NCAW —PFP
90, 2.1 x 10% 4.4 x 105 0@
9r1¢ 7.5 0 0
137¢4 1.5 x 104 5.0 x 105 0
Blgy 2,9 x 102 4.2 x 100 0
23%, 6.5 3.5 x 101 9,0 x 10!
2y g0 x 10! 32x108 7.0 x 102

(a) See Chapter 3 and Append1x A for detailed waste
descriptions.

(b} Two types of vitrified HW are produced in “the
reference alternative: 1) from the PUREX Plant and
-2) from Plutonium Finishing Plant wastes.

‘in the case of geologfc'disposa1; only the retrievably stored and newly generated TRU wastes ‘ _

[.2.3 Transuranic Wastes

TRU wastes for shipment, in the geologic disposa1 alternative or the reference alterna-
t1ve, w111 result from the processing of TRU-contaminated soils, retrievably stored and newly
generated TRU wastes, and pre- -1970 buried TRU solid wastes if retrieved. All of these wastes
are assumed to be transported to a repository (assumed for calculation purposes to ba WIPP)

will be transparted in the reference alternative.

1.2.3.1 TRU—Contaminated Soil Sites

A total of 33,000 M of TRU-contaminated ‘s0ils would be retrieved and processed in the
geologic disposal alternative. Processing n the Slagging Pyrolysis. Incinerator (SPI) would
result in a total of 11,000 m of slag to be packaged in Type A or Tesser quantities in DOT-
specification 17¢ (55-gal) steel drums and trﬁnspbffed to a Qéologic repository at WIPP.

Transportation of cast slag from the Slagging Pyrolysis Incinerator facility to the TRU
waste repository at WIPP will be by train, with 72 drums per rail car and five cars per ship-
ment, Radionuclide inventories per shipment of these wastes are shown in Table I.5.

1.2.3.2 Pre-1970 Buried Suspect TRU-Contaminated Sclid MWastes

Unsegregated pre-1970 solid wastes are packaged in several configurations, including
55-gal drums, concrete boxes, and caissons. An estimated 120,000 m3 of wastes in this cate-
gory will be retrieved and processed in the Slagging Pyrolysis Incinerator facility, to pro--
duce 44,800 m of stag for repository disposa1'(Rockwe11 1985}, A1l of these wastes are
assumed to be cast into 55-gal drums before shipment te either an onsite or offsite

repository,
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TABLE 1.5. Radionuclide Content of Truck and Rail Shipments of Wastes
from TRU-Contaminated Soil Sites

Radtonuclide Content,
Isotope Curies per Shipment, Offsite Rail(2)
90y 1.2
137¢g 6.2 x 107
239Pu 3.4
241py 2.0
241Am 1.0

(a) Values shown give the radionuclide content
of each rail car; five rail cars are
shipped in each train.

In this analysis, it is assumed that transport to the offsite waste repository (assumed

for calculative purposes to be the WIPP} will be by rail. The cast slag from the Slagging

Pyrolysis Incinerator facility will be packaged and loaded into rail cars and shipped about
2,400 km to the WIPP. Each rail car will be loaded with 72 drums, and five rail cars will be
transported per snipment. Radionuclide inventories per shipment of these wastes are shown in
Table I.6.

TABLE I,6. Radionuclide Content of Truck and Rail Shipments of
Pre-1970 Buried TRU Wastes

Radionuclide Content,

Isotope Curies per Shipment, Offsite Rai1{2)
14¢ 3.3 x 1074
0sp 7.9
) 137¢4 7.9
239py, 6.9
241p, 3.9
2y 2.0

(a) Values shown give the radionuclide content
of each rail car; five rail cars are
shipped per train.

1.2.3.3 Retrievably Stored and Newly Generated TRU Waste

TRU waste that is currently in retrievable storage has been packaged in several differ- |
ent configurations inciuding:



lmﬂv
L
v,

ik

s 55-gal (210 L) metal drums

e 30-gal {114 L) metal drums , o

e 1-gal (3.8 L) metaW‘cans (alpha caisson stcrage'oniy)_
¢ M-III metal bins

¢ Concrete boxes.

® Metal boxes

s Fiberglass-reinforced ptywood (FRP) boxes

® Concrete casks

* Specially designed containers.

New regulations will mandate that this waste be repackaged or overpacked before ship-
ment. Newly generated TRU waste will be packaged only in 55-gal drums or in metal hoxes.
Boxes constructed of fiberglass-reinforced plywood are no longer acceptable storage

containers.,

Most TRU waste in storage is contact-handled (CH} waste with external dose rates of less-
than 200 mrem/hr. Also included in the inventory is remote-handied (RH) TRU waste (1,e.,}'
caisson waste) contained in 1-gal metal cans. A total of 21.7 m® of caisson waste was gener-
ated from 1970 through FY 1983, Some CH and RH retrievably stored TRU waste will require .
processing for the geoﬁogic disposal alternative, to- be acceptab1e'at WIPP;

Newly denerated TRU waste, both CH and RH, will be received stafting in FY 1984. A
total of 1.2 x 10% n® of CH waste and 34 n® of RH waste (including 4.0 m® of fuel hull waste
from the Fast Flux Test Facility) will be received through 1996, Some of the CH and RH hewly
generated waste will.also require processing for the geologic disposal alternative, to be

acceptable at WIPP.

Preparation of retrievably stored TRU wastes for geologic disposal will require retriev-
ing, sorting and, possibly, further processing of the wastes. After retrieval, sorting will,
be necessary to verify that the TRU waste package meets the >100 nCi/g criteria, as well.as .
the waste-form and packaging criteria for the WIPP repository. If the package does not. meet
these criteria, the waste will be processed bgfore shipment to WIPP,

TRU wastes for shipment to a geologic repository will be packéged in 55-gal drums, which
may be banded together in six-packs {see Figure I1.2). Transport to the repositery will he by

‘truck hauling a TRUPACT packaging system containing a minimum of 24 waste drums {assumed for

calculative purposes to be 36 drums}.  The TRUPACT is illustrated in Figure [.2. Radio-
nuclide inventories per shipment of these wastes are shown in Table 1.7. ’

1.3 METHODS FOR CALCULATING RADIOLOGICAL AND NONRADIOLUGiCAL TMPACTS

This section discusses methods used to calculate the radiclogical and nanradiological.
impacts of transporting Hanford defense wastes. - Round-trip distances are used for each-of _
the three repasitories involved. -These are 20 km for an onsite basalt repository; up to
9,600 km for a repository in another medium; and for TRU wastes, 4,800 km for the WIPP. A
discussion 6? why this analysis is conservative is presented in thé Analytical Methodotogy
section at the front of this volume. '
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TABLE 1.7. Radionuclide Content of Shipments of Retrievably Stored and
: Newly Generated TRU Wastes

Radionuclide Content, Curies per Shipment
Newly Generated

_ . Retrievably Geologic Reference
Isotope Stored TRY Disposal Aiternative
Ngpr 2.9 x 10! 1.7 x 100 1.5 x 10!
137¢s 3.0 x 10! 1.8 x 10} 1.7 x 10!
BTy 7.8 x 107 0 0
239,240p, 2.3 x 10! 1.6 x 10! 1.5 x 1ol
2lp, 5.8 x 10} 7.7 x 10! 6.7 x 10t

28lan 1.4 2.2 2.1

1.3.1 Radiological Impacts

-1

The radiological impacts of transhortiﬂg wastes are calculated for both normal and acci=-
dent conditions. 1In normal (incident-free) transport, the package of radiocactive material”’
arrives at its destination without releasing its contents.  The accident analysis considers
the potential release of radioactive material from the package and its associated impacts.

N Impacts from accidents during transport may or may not occur. Risks are presénted in this

analysis as expected impacts (i.e., consequences times accident rates).

1.3.1.1 JImpacts Resulting from Normal Transport

‘ Radiological impacts during normal transport involve dose to bystanders from radiation
emitted by radjoactive material packages as the shipment passes by. Even though radiation

ity shields are incorporated inte packaging designs (if required by regulations}, some radiatioen

penetrates the package and exposes ihe nearby population to an extremely low dose rate,
After the shipment has passed, no further exposure occurs.

The groups exposed to radiation include crew members of trains, truck drivers, those wha

£l directly handle waste packages, and thé general public--bystanders at truck stops and rail’

sidings, persons living or working along a route, and nearby travelers (moving in the . same
and opposite directions). -The RADTRAN III computer code was used to calculate exposures to.
these population groups (Taylor and Daniel 1982; Madsen et al. 1983; Madsen et al. 1986).
The RADTRAN III normal population exposure models are iTlustrated in Figure I.3.

In the population exposure model, the assessment of population dose assumes the packag-.
ing or shipping cask is a point source of radiation. The point-source approxim&tion is
acceptable for distances between the receptor and source of more than two source-
characteristic 1engths.(a) At:shorter distances, the point-source approximation is
conservative; i.e., the doses calculated tend to be higher than those like}y to occur,

{a) ‘Source-characteristic Tength is equé1 to the largest physical dimensien (length,
diameter, etc.) of the source,
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FIGURE I.3. Population Dose Models for Normal Transport Included in RADTRAN III

The basic equation used to calculate the dose rate (D) from a point source, assuming
only attenuation and buildup in air and ignoring scatter from the ground, is:

o(r) = K B(r) gxp‘(-uf)
. )

u

dose rate at distance r, R/hr
dose buildup factor for an isotropic source

dosé rate factor for a unit source gtrength, R/hr-Ci at one meter
1 .

where D{r
B{r

1

Tinear attenuation coefficient, m~

distance from the source, m

P T T~ NI P
i

source strength, Ci.

The equations used to calculate exposures differ among population groups and transport
modes {i.e., truck and rail), but their basis in the point-source assumption is the same.
Derivations of the various equations are discussed in detail by Taylor and Daniel (1982}).




1.3.1.2 Impacts from Accidents Invn]v1ng Radioactive Wastes

The RADTRAN TIT computer code was used 3130 to calculate the tmpacts that result from -
transport accidents. As previously discussed, the impacts associated with potential
tfansport accidents are expressed as risks. For this appendix, risk is defined as the
product of the probability of occurrence of an accident involving radioactive materials times _
the ;onsequenceé of an accident, Consequences can be expressed in terms df_the health '
effects from a re]eése of radionuclides from the packagings or the exposure of persons to
radiation that could resuit from daméged package shﬁe1ding.

RADTRAN IIT evaluates radiological impact for four pathways: groundshine, cloudshine,
food ihgestion, and inhalation -(see' Figure 1.4). Cloudshine is the external axposure to
radiation from a cloud of radicactive material. Grouﬁdshine is externai_exposuré that
resuits from radionuclides deposited on the gﬁbund. Inhalation is the exposure pathway to
radiation that results from inhaling radicactive materials. Ingestion is the exposure
pathway of the population from food that nas become contaminated with radioactive material

Eo L
Food Ingestion:
o fngestion of
. Contaminated Food
— Y
s
g Nondispersible Dlsper§|ble
P . Materials Materials
J— Resuspension:
Groundshine: Inhalatiory of
. External Exposure . Material Deposited
- From Deposited and Then
B Material Resuspended
s P Direct Exposure

From
Shielding Loss

Inhalation:
Internal Exposure
From Aerosolized
Material

Cloudshine:
External Exposure
From Passing
Cloud

FIGURE 1.4. Accident Dese Pathways Considered in RABTRAN III:

and then ingested. RADTRAN ITI assumes that radioactive materials released from-a package in
an accident are dispersed according to standard Gaussian diffusion madels. These models
predict downwind airborne radionuclide concentrations and the amount of material deposited on’
the ground. . Radiation doses to human organs are then determined using the calculated
“airborne radionuclide concentrations and standard dosimetric conversion factors. (See
Appendix N for a disﬁussion on cenverting radiation dose to heaith effects.) External
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radiation exposures from ground contamination (groundshine) are calculatad using an infinite
plane source model (Tay1pr and Daniel 1982). Radiation doses from groundshine include public
exposures for 50 years to the Fadioactive material deposited an the ground. The model
assumes that the contaminated area will ba cleaned up to an acceptable residual level, if
needed; of, if the contamination is too great, it is assumed that the area wiil be inter-
dicted. Radiation dosés to emargency response'personne1 and accident-cleanup crews are not
inciuded. Population doses from ingestion are éstimated with the use.of radionuciide trans-
fer fractions which are the relationships betwsen the amount of radioactive material ingested
to the amount deposited on the ground.

_ The probabitity of an accident that involves radioactive materials is expressed ia terms
of the expected number of accidents per unit time. The response of the shipping container to
the accident environment, and hence, the probability of.re1ease or loss of shielding, is
related to the severity of the accident., Accidents with severities exceeding design stan-

‘ dards for shipping packages (see 10 CFR 71 énd 49 CFR 173) could potentially occur, but their

probability is extremely small. Thus there is a slight possibility that an accident couid
occur accompanied by a release or Toss of package shielding. Accident rates and probabili-
ties are discussed further in Section I1.4,2.

1.3.2 MNonradiological Impacts

The nonradiological impacts of transportation are calculated for both normal and acci-
dent conditions., Only thé method for calculating impacts from normal, incident-free trans-
portation is described here. The method for calculating impacts from transport accidents is
based on accident statistics and is discussed in Subsection I.6.2.

The nonradiological impacté from transportation of radigactive materials are the same as
those resulting from transport of nonradiocactive materials. That is, these impacts are not
associated with the radiological characteristics of the cargo.

For this study it is assumed that Hanford defense wastes will be transported by trucks
and trains powered by gasoline or diesel fuel. The assumpticns vary, depending upon the par-
ticular waste disposal alternative considered. ‘

Dust will be generated in the turbulent wake. behind a shipment, and pollutants, includ-
1dg particulates, sulfur and nitrogen exides, hydrocarbons, and carbon monoxide, will be
emitted from combustion of gasoline or diesel fuel. Also, particuiates will be generated by
abrasion of tires on pavéd surfaces. Procedures used to estimate the concentrations of these
materials due to an assumed amount of traffic are discussed in this subsection.

1.3.2.1 Fugitive Dust Source Term

Fugitive dust generated on roads is computed using the following equation, which was
developed for paved roads (Rao et al. 1982),

EF = 0.029(1)(4/n)(5/10)(L/280) (w/2.7)%+7
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where EF = fugitive dust emissions, kg/km

= industrial road augmentation factor (1)

= number of traffic lanes (4)

silt content on highway {10%)

= surface dust loading on .traveled portion of road (42 kg/km)
= weight of truck trailer {34 t) ' '

= o~ v 3 A
I

The vatues listed in parentheses, obtained from Rao et al. (1982}, are consistent with those
found in NUREG-0170 (NRC 1977).

No empirical eguation is avéilable for calcuiating the fugitive dust entrained by a
passing rail car. For this study, it is assumed that the quantity entrained is 10% of that
entrained behind a truck. This assumption is consistent with Rac et al. (1982} and DOE
{1932},

1.3.2.2 Vehicular Exhaust Emissions

Emission factors for particulates, sulfur and nitrogen oxides, carbon monoxide, and
hydrocarbons from heavy-duty diesel-powered trucks-and trains are calculated using.Environ-
mental Protection Agency recommendations (Rao et al, 1982),

1.3.2.3 Pollutant Concentrations

Pollutant concentrations are calculated using the classic line-source model of diffusion
in which the wind is assumed to be blowing im a direction perpendicuiar to the roadway. The
geometry is represented in Figure I.5, and the equation is given below (Rao et al. 1982},

A= D f Y u (Z/ﬁ)

M max min

i/2

19

<1
|

where average concentration
0 = unit conversion factor
= (Kamy gy b
—— 805 m (see Fig. I.5)
min = 30 M {see Fig. 1.5}

u = wind speed: 3 m/sec
x = downwind distance, m
K = source term., g/km=h

805
07
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FIGURE 1.5. Geometry Used To Calculate Nonradiological Impacts for Normal Transport

1.4 ACCIDENTS

This section discusses accident environments and releases that might oceur under the
most extreme, credible envirgnments postulated. Also- discussed is the expected frequency of
these accident environments,

I.4.1 Accident Emvirconments

About 500 billion packages of comm0d1t1es of all kinds are transported within the Un1ted
States each year {NRC 1977). Of those, about 2.8 million packages contain radigactive
material (Javitz et al. 1985), i.e., only one in every 180,000 packages. Any transportat:on
accidents 1rv01v1ng hazardous materials must be reported to the U.S. Department of Transpor~
tation. On the average, about 6,000 accidents involving shipment of hazardous materials
occur each year. Of those, fewer than 30 (~1/2%} contained radiocactive materials, and none
of those accidents entailed doses to the public exceeding app]:cab]e standards.

Use of DOT Type B packagings for offsite shipments fs assumed for all scenarios because

the radicactivity content of all shipments will exceed Type A packaging limits. As stated

previously, all Type B packagings are certified to survive a series of hypothetical accident
conditions as described in 10 CFR 71.73. These test environments are designéd to simulate
very severe transport accidents, The complete sequence consists of the f011owin§ tests in
this order:

L. Drop test: a 9-m drop onto an unyielding target

2. Puncture test: a -1-m drop onto a ‘15-cm-diameter probe
3. Thermal test: .a 30-min-duration fire at 800°C '
4. Water-immersion test: an 8-hr. submersion in water.

Conditions equivalent to .or more severe than these are not likely to be encountered. In

fact, the percentage of accidents that do not exceed the test conditions is over 99.5% for
both truck and rail transport (DOE 1980), This percentage was developed from a'study of
actual accidents (Dehnfs 1978) in whiéh the cumulative probabilities of rail and truck acci-
dents were estimated as a function of the change in velocity experienced by the package or
the duration of a fire. The conditions produced by the hypothetical accxdent sequences
Tisted above were then superimposed on graphs of cumulative probability of occurrence versus

f.18
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accident severity [i.e., velocity change or fire duration) to estimate the percentage of
accidents that are less-severe than the Type B regulatory test conditions.

Tests conducted at Sandia National Laboratories on spent fuel shipping casks have simu-
Tated very severe accident environments. Despite the severity of the conditions, only lim-
ited damage resulted to the casks (Jefferson and Yoshimura 1978). Actual accident data
invalving spent fuel casks is limited; however, no accident involving a Tvpe B shipping con-
tainer has resulted in a release of radioactive material.

I.4.2 Accident Rates and Probabilities

As discussed previously, the probability of a release of radioactive materials or Toss
ofléhieiding is related to the severity of an accident. In general, a combination of mechan-
ical (impact or puncture) and thermal (fire) environments are required to cause a loss-of-
contents accident. The intensity of the accident environment is responsib?e for the degres
of damage to the shipping container and for the quantity of radicactive material that is sub-
sequently released. RADTRAN III categorizes accident severities by assigning accidents to a
“severity category" based on the duration and temperature of a fire occurring during trans-
port, and either crush forces (for truck transport) or puncture impact speed {for rail trans-
port). Eight séverity categories are considered in this analysis, with catégory 1 used to
represent the regulatory conditions for Type A packages, category 2 to represent the
hypothetical accident conditions, and higher categories for accident environments that exceed
the regulatory conditions. Significant effort has been spent in defining these severity cat-
egories -and their respective accident environments. The reader is referred to Dennis et al.
{1978}, Wilmot (1981), Wilmot et al. {1981), and McClure (1981} for further information
regarding accident severities and probabilities.

‘The accident rates used in this appendix were derived from relatively large amounts of
historical data (ﬁennis et al. 1978; McClure 1981). The error associated with these data is
small, as indicated by Neuhauser and Reardon (1986). Although specifid locatfons may have
higher accident rates than others, these areas were included in the estimation of rural,
suburban; and urban accident rates and heiped determine the average rates that are incorpo-
rated in RADTRAN III. In addition, it was determined in a sensitivity analysis by Neuhauser
and Reardon (1986) that a 100% increasa in the accident rate values reéu]ts in less than a
100% increase in the RADTRAN IIl-calculated accident risk value, and that calculated accident
risk values are relatively insensitive to the specific accident rates used in the analysis.
Furthermore, coﬁmon sense indicates that accident rates are highsr in urban areas than ih
rural or suburban areas, The accident rates used in this andlysis (see Table I1.8) are abdut
100 times higher in urban areas than in rural areas. Thus, areas where high accidént rates '
and large populations coincide are considered in the analysis.

1.4.3 Release and Dispersibility

RADTRAN II1 uses four quantities to describe a release of radiocactive material. These
quantities -are dependent upon severity category, the severity fraction (SEVFRC), the release

_fraction (RFRAC), the aerosolization fraction {AER), and the respirable fraction (RESP).
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Severity fraction defines the fraction of accidents which occur that are of a particular .
severity. The values used in this analysis are shown in Table I.8.

The remainfng parameters in Table 1.8 determine the amount of material that could be
released and. subsequently inhaled by members of the pub1ic. “Release-fractfcn“ defines the i
amount of material of all sizes that could be re]éased from the package.{given as the '
fraction of the total quantity of materijal in the package} "Aeroso]ization fraction"
defines the fraction of material released from the package that cdn be entra1ned in an
aerosol {cloud of radicactive material), while the "respirable fraction" accounts for the
fraction of aerosolized material that is also respirable, As indicated in Appendix F, only
those particles Tess than 10 microns in size pose_ah inkaTation hazard. As a'resuTt, only
particles smaller than 10 microns are considered for the inhalation pathway.

The values used for the aerosolization and respirable fractiens are set internaliy by
the RADTRAN III code based on user-provided 1nfdrma£ion regarding the physical characteris-
tics of the waste form. Solidified HLW was assumed to be represented by "immobilized"
material, cast slag by "sintered" material, and untreated TRU soiid wastes by "locse powder-
small" material (see Taylor and Daniel 1982). Cesium chloride is a molten salt and is poured |
into capsules where it solidifies. Strontium fluoride is a finely divided precipitate,
which is fired and converted to sintered solid before encapsu]atibn.

The release fraction values were obtained from various sources. For shipments of selid-
ified HLW, the release fractions are consistent with those used by Wilmot et al. (1983).
Release fractions for shipments of the cast stag material are assumed to be the values spéci-
fied for drums by Shirley (1983). The design-basis release fractions for the TRUPACT system
were .used for retrievably stored and newly generated TRU wastes. Release fractions for
shipments of strontium and cesium cépsuTes were assumed to be a factor of 10. Tower than the
release fractions for HLW shipments. This factor-of-10 reduction accounts for the increased
structural ‘integrity of the triple-overpack configuration used for strontium and-cesium
matertals. For additional protection the strontium and cesium capsuTes are placed within two
overpack canisters before they are 1oaded into the shipping container. The increased struc-
tural integrity provided by the two overpacks was assumed to reduce the release fraction
relative to HLW by a factor of 10, A review of the Titerature indicated that the strontium
flucride waste form consists of a hard, ﬁon-friab]e ceramic'{Fu11am‘198l). O0ften, large
chunks are encapsulated, Fullam (1981) indi;ated that heating of strontium fluoride, such as
would be expected in a fire, will cause the material to sinter and agg}omerate,'i e., not - i
become airborﬁe. For these reasons, the d1spers1b!e and resp1rable fract1ons were assumed to.
be 0.01 and 0.0005, respect1ve1y.
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TABLE 1.8. Values Used in RADTRAN TII Analysis of Accident Impacts

Type of Waste

Parémetér, — -
Fraction HLW " Sp/Cs TRU-1%2). TRu-2(0)
AERSOL 1.0 x 10'2_ 1.0 x 1072 1.0 x 10'% 1.0 % 10'%
RESP 5.0 x 1072 5,0 x 107 5.0 x 107° 5.0 x 107

Accident Rates {Accidents/km)

Rural Suburban Yrban

Truck 1.4 x 107

2.7 x 1076 1.6 x 107

Rail 1.5 x 1077 3.0x 107 = 1.3 x 10°°
Severity Release Fract%on(c)
Category AW TRU-1(8)  1Ru-2(0) - spce

1 0.0 0.0 0.0 0.0
? 0.0 0.0 0.0 o 0.0
3 0.01 0.3 1 x 107 0,001
4 0.1 0.5 1 x 10"2 0.01
5 1.0 0.7 1x 1677 0.1
6 1.0 0.9 1x 10 1.0
7 1.0 1.0 1x 107 1.0
) 1.0 1.0 1x 10t 1.0

Severity Fraction(d)

Severity Fractioﬁ(d)

accident conditions described by each severity category.

fraction by the overall accident rate.

Severity for Rail Shipments for Truck Shipments

Category Rural Suburban Urban - Rural Suburban Urban
1 3.6 x 10°1 3.1x100 5.7 x10! 46 x10°l 4.4 x0Tt 5.8x 107t
2 21 x 107t 1.9 x 107t 3aax10t 30x100 2.9 x 10t 3.8 107
3 3.9 x 1070 a5 %10l 7.7 x102 1.8x107t 2.2x107t 2.8 x 1072
4 3.9 x 1072 4.5 x 102 7.7 x 1072 4,0 x 1072 5,1 x 1072 6.4 x 1073
5 6.4 x 1073 3.4 x 1073 s5.1x10% 1.2x102 6.6x10°% 7.4 x 1078
6 6.5 x 1074 1.6 x 0% 1.9 x 1075 6.5x 1073 1.7x 1073 1.5x 107%
7 3.4 x 107 3.8x10°% 8.48x100 57x10% 6.7x10° 1.1x107°
8 6.4 x 105 3.1x106 7.2x107 1.1x100% s5.09x10% 9.9 x 1077

(a) TRU-1 designates the cast stag waste form from processing of TRU-contaminated
soil and pre-1970 buried TRU wastes.

(bY TRU-2 designates retrievably stored and newly generated TRU waste. For
conservatism, they are defined as a loose powder (RADTRAN III dispersibility
category 5). ' C

(¢} Given as the fraction of the cask contents that are released as a resuit of an
accident. ' : . .

{d) Given as the fraction of accidents that occur that would be representative of the

The overall accident
frequency for each severity category can be obtained by multiplying the saverity
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I.5 RADIOLOGICAL IMPACTS

This section presents the results of the radiological impact analysis for transpdrting
Hanford defense wastes. A discussion of why these results are considerad to be conservative
was presented in the Introduction to the Appendices.

I.5.1 1mpa£ts During Normal Transport

The radiological impacts of routine transportation of Hanford defense wastes are
described in this section. The input data used to calculate these impacts are also
presented, - '

Some of the miscellaneous data used in this analysis are Tisted in Table I.9. Most of
these data are aveilable as default input to RADTRAN III and are consistent with data used in
NUREG-0170 {NRC 1977).

TJABLE I.9. Input Data for Impact Analysis of Routine Transport
{DDE 1982; Wilmot et al. 1983)

Parameter Trick Rajl

Number in Crew _' 2 5
Distance from Source to Crew, m ‘ 5 20
Population Densities, persons/km2

High-population zone (urban) 3,861 3,861

Medium-popu1ation zone {suburban} 719 719

Low-population zone (rural) ‘ ' 6 5
Avefage Speed, km/hr '

High-population zone (urban) ' _ - 24 24

Medium-population zone (suburban) a0 40

Low-population zone (rural) 88 . 64
Number of Persons. per VYehicle : 2 3
Traffic Count, one-way vehicles/hr _

High-population zone (urban) 2,800 5

Medium-population zone (suburban) _ 780 5

Low-population zone (rural) _ 470 1
Average Exposure Distance Wnile Vehicle Stopped, m 20 20
Stopover Time, hr/km ' ' ©0.011 T 0.033

Number of Persors Exposéd While Vehicle Stopped : 50 100

The. population densities of the regions across which shipments. must be moved can influ-
ence the risks. The fractions of trave] in the three popu]atidn zones (urban, suburban, and
rural) were taken from NUREG-017Q for shipments to ‘an offsite repository 4,800 km away. The
values are 5% of the travel in urban and suburban areas and 90% of the travel in-rura1 areas,
These values tend to overestimate exposurés for shipments in the predominantly rural western

I.22




United States. Fractions of travel for shipments to WIPP were taken from the Joint Integra-
tion Office (JI0 1986). These.va]ges are 82% rural, 16% suburban, and 2% urban.

The calculated.radiation doses received by the five population groups are presented in
Table 1.10. The cumulative impacts of fransporting defense TRU wastes to the WIPP from all
major federal sites wére discussed in Sectibn 5.1.4, The popu]at1on doses for the routine

transport of all Hanford defense wastes considered in this ana!ysas are given in unTts of
man-rem. The doses preseﬁted in Tabie 1.10 would not resu1t in any health effects

The population doses shown in the tab!e can be put in perspective by comparing them w1th
the natural background doses received by the population along the hypothetical route between
Hanford and the offsite repository. For this comparison, the affected pdpuﬁation is assumed
to be within 0.5 km on either side of the routé. Thus the total affected area is 4,800 km .
long and 1 km wide or 4,800 km®, It was assumed that 5% of this route traverses urban and
suburban population zones and 90% traverses a rural region. After the appropriate ﬁopu]ation
densities (from Table 1.9) are muitipiied by the affected area in each population zone and
the three zones are summéd; the 'total affécted'population becomes about 1.1 million persons.
Assuming that each member of the general public receives an annual dose of 0.1 rem, a popula-
tion dose -of 110,000 man-rem is obtained. Applying the health effects conversion factor (100
to 1,000 cancer fatalities and genetic effects per mitlion man-rem}) results in an averdge
annual number of health effects attributable to background radiatieﬁ sources {cosmic and
terrestrial) of about 11 to 110, or about 200 to 2,000 health effects over the assﬁmed 18-
year operating period of the repository. This can be compared with the expected number of
health effects. in the geologic disposal alternative for the pption in which all wastes are
shipped to an offsite repository,' There the population dose amounted to 85 man-rem from
which no health effects would be expected. ' '

1.5.2 Tmpacts Dur1ng.Accident Conditions

The radiological impacts due to transport accidents involving Hanford defense wastes are
described in this section. The impacis are presented in terms of expected health -effects.

Some of the data needed to calculate impacts due to accidents were described prevfous?y
in Section I.4. Bata such as atmospheric stabi]ity,.average wind speed, and population:den-
sities are default values for RADTRAN III., Fractions of travel in the three popu]étion zones
are the same as those assumed for normal exposure calculations. o

Lach waste type contains a number of different radibisotopes. The curie inventories in
shipments- of the various waste types were presented in Tables 1.2 through 1.7. Additfonal
information that is reguired in RADTRAN III to calculate the effects on the public of a
release of radioactive materisls is given in Madsen et é]..(1983).

The results of the radiological risk calculations are presentéd in Table I.1i. Separate
risk ‘values are presented for the onsite and offsite shipment alternatives Tor each waste
type. In general, due to shorter travel distance, the onsite shipments are expected to ‘
resuit in Jower impacts. Risk values are Tow for all waste types. As shown, shipment of
strontium/cesium capsules to onsite.or offsite disposal facilities dominates the risks due to
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TABLE 1.10. Cumulative Whole-Body R?diation Dose from Routine Transport of Hanford
. Defense Wastes, man-rem _ _ :

Dose to

_Dose to " Dose to Bystanders
Dose to Surrounding  Persons on at Stop
Waste Type - : Crew Popuiation  Road or Rail or Switchyards Total
Existing Tank Wastes(b)
Geologic Disposal , .
“Onsite 3.2x 1072 6.7 x 1073 4.0 x 10‘% L7 x 1072 5,7 x 1072
Offsite = . - 16 8.3 2.1 x 10 8.4 32 _
Reference Alternative -
Onsite ' - 7.8 x 10'% 1.6 X 10‘? 9.6 x 10'6 4.2 x 1074 1.4 x 1073
Offsite 37 x1t 20x w0t a9x10® 2.0x 10! 7.8 x 107t
Future Tank Wastes(b) ’
Geologic Disposal
Onsite 7.6 x 1073 1.6 x 1073 9.3x 1075 4.1 x 1073 1.3 x 1072
Offsite 4,5 2.0 %8 x 1972 . 2.7 : 9.2
. Reference Alternative o :
o Onsite TLex073 28x 100 17x108 zaxit 241073
" Offsite - 8.1x 100 35x 107t sax 10 49x10t 17
o sr/Cs Capsules(¢) - .
Onsite . 8.3 x 10'% 1.8 x 1073 5.8 x 1073 7.9 x 1072 1.5 x 1071
oy Offsite 3,9x 1070 1,7 x 107! 42x 103 2.8 % 1071 8.0 x 107!
: Pre-1970 Buried TRUY)
e Offsite 1.9 1.5 3.6 x 1072 - 2,6 6.0
e TRU~-Contaminated Soil(d) : - '
R Offsite 5.0 x 1071 3,9 x 1001 9.7 x 1073 6.9 x 107} 1.6
s Retrievably Stored TRU(E). _
Offsite 7.5 2.2x 107t 68x 1071 o5 18
T, Newly Generated TRU(®) ' :
: Geologic Disposal 8.0 2.3x 10l 725100 1.0 19
- Reference Alternative 9,2 2.7x 10t g3xi10l 1.2 22
Totals
o, Geologic Disposal
HLW onsite; TRU to. 18 . 2.4 1.5 . 23 T 45
I WIPP ) o .
R HLW offsite; TRU to 38 13 1.7 33 - g5
: Wipp : S
Reference Alternative . )
For HLW onsite, TRU to 17 4,9 x 1071 1.4 22 < 40
WiPP
For HLW offsite, TRU to 18 1.2 1.5 7! 43
WIPP : . : : :

(a) Exposures can be converted to health effects by multiplying by health effects conversion

factor; 100 to 1,000 heaith effects (latent cancer fata11t1es plus genetic effects) per
- wmitlion man-rem.

(5) Onsite rail.transport to a basalt repository; off51te rail transport to a hypothetical
repository.

{c} Onsite truck transport to a basalt repos1tory, offsite 'rail transport to a hypothetical
repository.

{d} Offsite rail transport to WIPP,

{e) Truck transport is assumed for offsite (WIPP) shipments.
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TABLE 1.1i. Total Radiclogical Risk Due to Accidents Involving Hanford Defense Wastes

Risk of Health Effectstd)

Yaste Type Onsite Transport . Dffsite Transport

Existing Tank Wastes(P)

Geologic Disposal 2.2x1077 x 2.2x1076  0.7x10"% - 0.7x1073

Reference Alternative 1.7x10°8 x 1.7x1077  0.6x10"> - 0.6x10°%
Future Tank Naétés(b)

Geologic Disposal 1. DxlD"; - 1.0x10°6  0.9x107% - 0,9x1073

Reference Alternative 1.ax10-7 - 4.4x107%  1.4x107% - 1.4x1073
Sr/Cs Capsules(c) 1.8x10-% - 1.4x1073  0.6x1072 - 0.6x1071
Pre-1970 Buried TRU NA ‘ 4.3x10°% - 4.3x107

Solid Wastes . .
TRU Contamin?g%d ' HA D.6x10‘6-- 0.6x10'5

Soil Sites : _
Retrieva?]% Stored TRU XA 2.0x10°0 - 2.0x107°

Wastes'®

Newly Generated TRU
wastes?es

Geologic Disposal NA 0.8x1072 - O 8x10-4
Reference Alternative SN 0.9x1075 - 0.9x10"
~ Totals
Geotogic Disposal :
HLW ons1te, TRY 10 0
WIPP . '
HLW offsite; TRU to 0
WIPP .
Reference Alternative
For HLW onsite, TRU to 1}
WIPP :
For HLW offsite, TRU to ¢
WIPP

(a) Health effects - 100- 1,000 latent cancer fata11t1es plus genet1c
- effects par million man-rem.
{b} Onsite rail transpert to basalt repos1tory, offsite rail
transport to hypothetical repository.
{c) Offsite rail transport to nypothetical repository.
{d) Offsite rall transport to WIPP, _
{e) Truck transport is assumed for offsite (WIPP) shipments.

transportation accidents. However, in. no cases were any fatalities ca]cu]ated The
cumilative impacts of transporting defense TRU wastes to the WIP? from all major federa]
sites were discussed in Section 5.1.4.
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I.6 NONRADIOLOGICAL IMPACTS

This section. presents the nonradiological 1npacts from transportatton of Hanford defense
wastes.

1.6.1° Nonradiological Impétts-of Narma1 Transport .

Po]]utants are em1tted ~during norma1 transport by the combust1on of d1esel fuel, by the
passage of a shipment over a dusty road surface, and by tire abrasion.. Combustion of diesel
fuel generates sulfur dioxide, carbon monox1de, hydrocarbons, nitrogen dioxide, and particu-
lates. The passage of a shipment over a roadbed or hjghway produces fugitivé dust, and tire
particulates are generated from the abrasion of tires on the pavement. 'Each poilutant has a
unique character, and each may affect health. Each pollutant is described briefly here, and
the health implications of each are discussed.

The category of pollutants called particulates caﬁ include a wide vairiety of particles
with differing sizes, compositions, and origins. The size of the particulate is 1mportant
when determ1ntng its dispersibility and potential hea]th effects. 'For example, very large
particles {>100 um diameter) will settle within'a few meters of their sduﬁce. .Partfc1eé less
than 10 um in diameter are considered respirable; that is, they can be inhaled and be
deposited in the lungs. The larger particles, if inhaled, will be deposited in the nose and
throat upon entry into the respiratory tract .and will then be eliminated from the body.
Therefore, the smaller particulates present a gﬁeater hazard than large particulates.

Particulates also act as scavengers for other pollutants; 1 e, they often will conta1n
or carry other absorbed toxic materials such as lead or other heavy metals, The com9051t10n
of particulates depends on their origin {e.g., dust particles differ from particles in
exhaust emissions) and thus is affected by specific locations. 1In genera1, sources of par-
ticulates can be industry, agriculture, or transportation. Since the mix of these sources
varies among specific tocations, the composition of the particles will differ in each commu-
nity and thus may not have the same health effect {Rao et al. 1982).

Sulfur dioxide is a nonflammable, nonexplosive, colorless gas. The -gas is detected
first by taste and, at higher concentrat1ons, can be detected by odor, ' In the atmosphere, it
is partially corverted to more hazardous ‘praducts by. photcchem1ca1 or eata1yt1c processes.
Suifur dioxide and its. products irritate the lining of the resp1ratory tract. The irrita-
tion, which may be temporary or permanent, is more severe for the compounds of sulfur dioxide
{(such as sulfuric acid) than for sulfur dioxide itseif, -and .may.result in breathing
difficulties. | ' '

Nitrogen dioxide is known to be toxic at re]ative]y high concentrations and is a strong
irritant to the eyes, nose and throat. Acute and chronic injury of the lungs, causing irre-
versible damage, has been obsefved at high concentrations. It is alsc involved in many com-
plex chemical reactions. 1In the presence of sun11gﬁt, it may be converted to even more toxic
intermediates.
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Carbon monoxide has an affinity for hemoglobin, with which it combines, reducing the
capability of the blood to carry oxygen. From a physiclogical viewpoint, symptoms of .C0
inhalation are similar to symptoms of anemia.

Because of the large variety of possible hydrocarbon pollutants, a discussion of each is
restricted. We simply note that some are definitely carcinogenic and that many'pronce
adverse health effects. Little ‘information is available, however, from studies invelving
Tong=term exposure of humans to hydrocarbons.

The character of each pollutant can be described as a result of having been isolated
during detailed Taboratory experiments,. However, since pollutants can also interact and form
new and intermediate toxic pollutants, their effects can very rarely be isolated.

Determfnihg the health effects oroduced by atmospheric pollutants is a difficult and
complex prob1ehn It is generally believed that air pollution can cause in;reaséd mortality
and that pollutant Tevels at the relatively low ambient concentrations associated with trans-
portation can result in increased resbiratory symptoms, It is not possible, however, using
presant ana]ytica]Itechniques, to state that specific health effects are a result of a par-
ticular pollutant., OQuantitative estimétes of health effects have been prepared {(Rac et al.
1982) but must be quh]ified'extehsive1y, which is beyond the scope of this sﬁudy.

To compare emissions Somewhat quantitatively to current pollution standards, the emis-
stons resulting from the hourly passing of one diesel-powered tfuck or locomotive hauling a.
shipment of Hanford defense wastes was used to calculate an average alr pollutant concentra-
tion. Estimétes of the emissions from transportation, based on Environmental Protection
Agendy documentation (Rao et al. 1982) and equations in Section I1.3.2, are listed in
Table 1.12, These data are source terms for calculating average concentrations which, in
turn, can be compared to national primary air-quality standards.

TABLE 1.12. Nonradiological Emissions from Transportation, g/km(2)

Pollutant Truck Rail
Particulates 0,81 - 4,5
Sulfur Dioxide 5.1 10
Nitrogen Dioxide- 13 65
Hydrocarbons ) 3.3 19
Carbon Monoxide 22 - 2
Tire Particulates 0.54 ~(b)
Fugitive Dust 23 14

{a) Assumes 24 km/hr average speed
in urban areas.
(b} Not applicable.
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The values .in Table 1,12 were substituted into the atmospheric dispersion equation dis-
cussed in Section 1.3.2 to-obtain average concentrations of the pallutants. The resultant
concentrations and the primary air-quality standards are shown in Table I.13. For each
pollutant, the caTculatéd concentration is much lower than the standard, even when one truck
or train per hour is considerad. Since the average number of Hanford defense waste shipments
would more Tikely be two to three per day, the nonradiological impacts from. them would
probably be even smaller. The calculated pollutant levels are also significantiy Jower than
measured Tevels in urban arsas. The calculated concentrations are actually incremental

increases in the levels due to shipments of Hanford defense wastes.

TABLE I.13. Comparison bf Calculated Pollutant Concentrations H§th Atr-Quality
Standards and Monitored Mean Pollutant Levels, pg/m

Caiculated . Monitored

- - - Concentration - Primary Air Mean PoT]_tint

Poilutant = Truck Rail Quality Standard Levels'd
Particulates  0.031  0.014 _75{b) 103

50, 0,012  0.024 golel . - 33
NO, 0.031  0.15° wole) 49:6
Hydrecarbons 0.0078 0,045 {d) (e}
co " 0.052 0,056 10,000(f) 2.6

{a) Rao et al., 1982.

{b)  Annual geometric mean.

{c) Annual arithmetic mean, )
{d) No Tonger a primary standard.
{e) Hydrocarbon levels not measured.
(f) 8~hr maximum.

The expected health effects from these emissions were calculated using unit-risk factors
obtained from Neuhauser et al. (1984). Unit-risk factors are- 2 measure -of the expected
health effects (here, latent cancer fata]ifies-~LCF) per km of 'travel. These factors are
multiplied by the total distance traveled by the various types of Hanford defense wastes to
estimate the number of health effects., The unit-risk factors are:

Rail = 1.3 x 1077 LCF/km (urban dreas only)
Truck = 1,0 x 1077 LCF/km (urban areas only).

The results of the calculations are shown in Tab?e-I.i4.

1.6.2 Nonradiological Impact of Traquortatioﬁ During Accident Conditions

Injuries and fatalities would be the nonradiological impact expected from accidents dur-
ing transport of Hanford defense wastes to assumed repository locatfons.  These injuries and -
fatalities are not directly related to the radioactive cargo being transported; however, they
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TABLE 1.14, MNonradiological Impacts from Routine Transport of Hanford Defense Wastes

Waste Type(a) Health Effects(P)
Existing Tank Wastes . :
Geologic Disposal : 3.5 x 10'%
Reference Alternative ' 8.5 x 107

Future Tank Wastes

Geologic Disposal 8.3 x 19'2
Reference Alternative 1.5 x 107
Sr/Cs Canisters . 7.1 x 1073
Pre-1970 Buried TRU 1.8 x 107%
Solid Wastes
TRU-Contaminated Sotl 5.6 x 1072
.Sites
. ‘Retrievably Stored TRU - 6.5 x 1072
: 'Nastes ’
e New1y Generated TRU Wastes ol
Geotogic Disposal 9.7 x 10'1
S Reference Alternative 1.1 x 107
| Totals:
Geologic Disposal
g . : . HLW onsite; TRU to WIPP 0
All to offsite repository(c) 1
@y Reference Alternative
HLW onsite; TRU to WIPP ]
i, . Aj! to offsite repository g
| ~ (a) See Chapter 3 of this EIS for descriptions of
. . .the alternatives. .
s {») Unit risk factors are 0 for suburban and rural

Zzones. Thus, there are 0 health effects for

onsite shipments because the suburban zone was

- ] assumed for onsite shipments. Health effects.

LI ' equal latent cancer fatalities. These values _ .

- : inciude hoth public and occupational health effects. T

(¢) Assumes HLW.is shipped to an offsite repository : o
and TRU waste is shipped to WIPP.

!.I...m.- Y

would not be incurred if the cargo were not being transported. Thus the number of estimated ]
injuries and fatalities would be the same even if the cargo was not radioactive material,
This section uses unit-risk factors (injuries or fatalities per kilometer of traﬁe1} derived
from published data on vehicular accidents to calculate these impacts. ' o

‘The ‘petential for accidents invelving éhipments of radicactive wastes is assumed compa~
rable to that 'of -general truck and rail transport in the United States. Rao et al. (1982}
used statistics compiled by the Department of -Transportation to develop the umit<risk factors -
shown in Table I.15. These factors are multiplied by the total distance traveled by each

I.29




(i r

g
\‘#;é,
o,

Ty

S

D sy

v

o

TABLE I.15. Unit-Risk Factors for Vehicular Accidents(2)

Affected Persons/ Population Zone
Transport Mode Urban Suburban Rurai
Nonoccupational ’ ’
Truck 9
Fatalities/km 7.5 x 1073 1.3 x 1078 5.3 x 1078
Injuries/km 3.7x 1077 3.8x 107 8.0 x 1077
Rail ) 8
Fatalities/km 1.7 x 08 1.7 x 108 1.7 x 1078
Injuries/km 3.3x 108 33x10% 3,3 1078
Occupational
Truck . 9 :
Fatalities/km 2.1 x 1073 3.7 x 10'3 1.5 x 10“3
Injuries/km 1.3 x 107 1.3 x 107 2.8 x 10°
Rail o 9 9 9
Fatalities/km 1.4 x 10'7 1.4 x 107 1.4 x 107
Injuries/km 1.9 x 1077 1.9 x 1007 1,9 x 1077

{a} Neuhauser et al. (1984), : ’ .

type of waste shipment to calculate the expected number of injuries and fatalities due to
transportation of Hanford defense wastes. These impacts, averaged over all population zones,
are shown in TabTes 1.16, and a summary of these impacts is shown in Table I.17.

I.7 TRANSPORTATION COSTS

Estimates of the transportation costs for shipment of varfous types of Hanford defense
wastes are presented in this section. The bases, assumptions, and methods used to calculate
these costs are also discussed.

[.7.1 Bases, Assumptions, and Methods

Two methods are used to calculate transportation costs: one for onsite shipments and
one for offsite shipments., Both methods require calculation of a set of transportation cost
elements for each waste class. Unit transportation costs are defined as. the sum of the fol-
lowing three costs: 1) capité], 2) maintenance, and 3) shipping. Costs used in this analy-
sis are based on 1987 dollars and should be used only for comparison among destination sites.

Transportation costs for offsite shipments are calculated using the following informa-
tion. The capital cost element is the total capital cost for purchase of the required number
of transport packagings. Packaging requirements are calculated using the total number of
shipments shown in Table I.1 and assuming average truck speeds of 56 km/hr and rail speeds of
4.8 km/hr for short hauls and 18 km/hr for cross~-country shipments (Wilmot et al. 1983). 1In
addition, total lcading plus unloading times for truck and rail shipments are assumed to be
3 and 5 days, respectively (Wilmot et al..1983), Transport packages are assumed to be
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TABLE 1.16. WNonradiological Impacts from Accidents During Shipments of Hanford
. Defense Wastes

_ ~ oOnsite ShipmentstP) . offsite Shipments{P)
Waste Typeld) Tnjuries Fatalities Thjuriss Fatalities
Existing Tank Wastes ' . 3 ' '
Geologic Disposal 3.0 x 107 g 1.0 x 1077 .0 . 49x10!
Reference Alternative 7.1 x o7 2.5 x 107 A ox 107t 1.2 x 1072
Future Tank Wastes a 1 C 1
Geologic Disposal 6.9 x 10’4 2.5 % 10'5 1.4 1 1.2 x 10'2
Reference Alternative 1.2 x 16 4.3 x 107 2.5 x 107 2.1 x 107
Sr/Cs Canisters £1x 1003 17x 10t 12kt g8 x 1073
Pre-1970 Buried TRY nale) CNA 3.1 2.5 x 1071
Solid Wastes
TRYU-Contaminated Soil ‘ NA. NA 9.5 x 107 7.9 x 1072
Sites _ .
Retrievably Stored TRU CONA NA 3.6 2.8 x 107}
Wastes ’ .
Newly Generated TRU Wastes 1
Geologic Disposal - NA NA 5.5 4.2 x 107
6.3 4.9 x 107}

Reference A1ternatjve NA NA .

{a} See Chapter 3 of this EIS for descriptions of alternatives.

{b) Onsite refers to shipments to a basalt repository; offsite refers to
shipments to a hypothetical repository 4,300 km. away {for tank wastes and
Sr/Cs canisters) or to WIPP {TRU wastes}.

{c) NA: Not applicable because TRU waste is either d1sposed of in place or
shipped to WIPP. .

TABLE 1.17. Summary of Noﬁradiolngical'}mpacts from Accidents During Shipment
B - of Hanford Defense Wastes'?

Waste Type(P) " Injuries  Fatalities
Geotogic Disposal
- HLW onsite; TRU to WIPP 13 1
HLW offsite; TRU fo WIPP 21 2
Reference Alternative :
HLW onsite; TRU to WIPP io i
1

HLW offsite; TRU to WIPP 10

{a)} Includes both impacts of routine transport and accidents.
{b) See Chapter 3 of this EIS for descriptions of the
alternatives.
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available 300 days per year and have operational lifetimes of 15 years. Capita! costs for
each transport package {including trailer or rail car) were extracted from Wilmot et al.
(1983), and are presented in Table 1.18 in 1987 dollars.

- TABLE 1.18, Transbort Package Capital Costs, § Hﬁi]fon(a)

. . TrahS'ort Mode
Waste Type " Truck Rail

Sotidified HLW na (b) 2.8
Sr/Cs Canisters 1.8 2.8
TRY Wastes {offsite)(c) 1.1 2.0
TRYU Wastes {onsite){d) 0.13 NA

(a) Wilmot et al, 1983. Includes cost of
trailer or railcar. Costs are esca-
lated to 1987 dollars.

(b} NA = not applicable. No truck ship-
ments of solidified HLW or onsite
rail shipments of TRU wastes are
assumed.

{c) TRUPACT transport packaging.

{d) Enclosed cargo van; cost is estimated.

The capital cost for the required trapsport packages per year is muTtiplied by a main-

tenance factor to obtain the total maintenance costs for.each waste type. This factor is

assumed to be 5% of the initial capital cost per year for HLW and strontium/cesium waste
packagings and 10% per year for TRU waste packagings (Wilmot et al. 1983). Since this cost
varies with the number of packagings required, the total maintenance costs will be different
for each waste disposal alternative.

Shipping costs are defined as costs charged by commercial carrier companies for moving
waste shipments from their origin to a destination faci1€;y and returning the empty shipping
container to its origin., Shipping costs were determined for the varieus waste classes and

shipment distances in this analysis. Data used to determine shipping costs were obtained

from McNair et al. {1986) and are consistent with shipping costsiused.by Wilmot et al.
{1983). These data are based on published tariffs and include.such items as freight rates,
demurrage,(a} security, and special equipment costs. Due te deregulation of the transporta-
tion industry, actual shipping costs cannot be determined until a contract is negotiated
between the shippers and carrier companies..

The method used to calculate transport costs for onsite shipments does not assume use of
commercial carrier companies; therefore, the shipping costs were.calculated differently.
Dasite shipping costs comprise the Tabor costs reguired to drive packages to/from the onsite
repository, Shipping costs are calculated assuming that iwo dr%vers accompany each truck

{a) Detention of drivers/vehicles while shipping container is loaded or unloaded.
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shipment and three train workers accompany each rail shipment. A single transport packaging
is assumed for each trip. It is further assumed thét labor costs amount to $60/hr.

Total tramsportation costs are the sum of capital, maintenance, and shipping costs, as
discussed above. Data employed in the calculations in;Iude the total number of shipments,
the average annual number of shipments, empty and loaded weights for the packages, and
transit times. These costs do not account for such factors as road and rail extensions to
facilities or handling costs. A1l costs are given in constant 1987 dollars; no discounting
is assumed.

1.7.2 Resuits of Transportation Cost Calculations

Results of the transportation cost calculations for shipment of the various types of
Hanford defense wastes are shown in Table 1.19. The total cost, number of shipments, and
package requiremenis for each waste class are shown in the table. Package requirements are
rounded to the next largest whole number for conservative estimates. Although total costs
are based on the best available information and are believed to be representative approxima-
tions, they are intended for comparison purposes only.

A summary of the transportation costs for each alternative is shown in Table 1.20.

TABLE 1.19, Total Packaging Requirements and Transportation Costs

Total Total Total Costs, (®)
Shipments ‘@ - Packagings -~ $ Mi1lion

Waste Type Onsite Offsite Opsite Offsite Onsite Offsite WIPP
Existing Tank Wastes ' . '
Geologic Disposal 2,829 2,829 8 30 29 3s0  malc)
Reference Alternative 63 63 2 2 . 8.4 14 NA
Future Tank Wastes :
Geologic Disposal 662 662 2 3 9.2 67 NA
Reference Alternative 119 119 2 2 8.5 19 NA
Sr/Cs Canisters 509 57 2 2 5.4 13 NA
Pre-1970 Buried TRU Solid : .

Wastes NA . 570 NA 18_ NA _ NA 130
TRU-Gontaminated Soil Sites NA 178 NA ‘ 6 NA NA A6
Retrievably Stored TRU :

Wastes NA 1,040 NA 4 NA NA 16
Newly Generated TRU Wastes L : _ _ .
Geologic Disposal NA 1,560 NA 4 NA NA © 21

Reference Alternative MA 1,800 NA 6 NA CNA 27

{a) See Table IL.1,
{b) Costs are given in 1987 dollars,
{c) NA = not applicable.
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" TABLE 1.20. Summary of Transportation Costs

Total Cost,(?)

Waste Type $ Million
Geologic Disposal e
HLW onsite; TRU to WIPP - = 260
A1l to offsite repository - 670
Reference ATternative(b)
HLW onsite; TRU to WIPP 65
ATl to offsite repcéitbry ' 89

~(a) Based on 1987 dollars.
(B} See Section 3.4 of this EIS for a descrip-
tion of. the Reference Alternative,

1.8 .EMERGENCY RESPONSE

Many ageﬁcies'share the responsibilities for dealing.with nonroutine events such as
radioactive material transportation accidents. A national radiological assistance plan
exists-for dealing with a real or suspected release of radioactive material from a éhipment
in transit., For example; under this plan, the Federal Emergency Management‘Agenqy (FEMA) has
the primary responsibiiity for emergency response planning for transportation accidents
involving radicactive materials.. ﬂ]so,:at_the‘fedefa1 level, the DOE will make available .
from its resources radiological advice and assistance to pratect the public health and safety
and to cope with radiological hazards. Federal support is also available from the Environ-
mental Protection Agency (EPA), the Department of Health and Human Servicés through the Food
and Drug Administration (FDA), the DOT-Materials Transportation Bureau, and the NRC.

The ultimate responsibility for emergency-response p]ahning generally lies with state
and local governments. Most state and many local governments have established emergency-
response plans. Local jurisdictions assume primary respohsibi]fty for emergency-response
pTann1ng because a member of a local law enforcement agency or fire department is 11ke1y to
be the first responder to a transportat10n accident,

The FEMA has published "Guidance for Development of State and Local Radiological
Emergency Response Plans and Preparedness" (FEMA 1983}. This document details necessary con-
ponents of emergency-response pians, including organizational responsibilities and
jﬂrisdictibns; accident characteristics and assessment; radioldgical exposure control;
required emergency equfpment, resources, and communications; medical support; notificatien
metheds and procedures; emergency~response traihing actiﬁities; and post-accident operations.
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APPENDIX J

METHOD FOR CALCULATING REPOSITORY COSTS USED [N THE HANFORD
DEFENSE WASTE ENVIRONMENTAL IMPACT STATEMENT

Total costs for repository disposal of Hanford defense wastes are the sum of costs for
three activities: retrieval and processing, transportation, and repository emplacement.
Retrieval and processing costs are from Rockwell Hanford Operations (Rockwell 1985, 1987).
Transportation costs are -estimated on the basis of cost per kiTometer traveled (Appendix I,
Section I.7). '

This appendix describes the method of estimating costs for repository emplacement. - Cost
estimates on a common basis have been generated for disposal of Hanford defense waste (HDW)
in commercial waste repositories. Incremental mining and waste-handling costs in a
commercial sa]t_repositony'design were used to estimate the Waste Isolation Pilot Plant
(WIPP) cdsté for contact-handled transuranic waste. The resuits of these ana]yses‘are_con—
tained in Table J.1, which breaks down the costs for .disposal of the individual waste
classes.

The numbers used in the draft £IS for calculating the required fee per volume of high-
level waste disposed of in a deep geologic repository were based on very pre1im1nary
reposifory costs. Since then, there has been an effort underway to establish defense high-
level waste disposal fees. Tnis has resulted in a report that presents a perspective on
methods to calculate a. fee and provides a tentative cost: range of $75,000 td $200,000 per
canister depending on the approach used (DOE 1986b). In addition, a notice in the Federal
Register weﬁt out on December 2, 1986, requesting pubiic comment on the proposed fee to be
paid (DOE 1986a)}. The total cost prasented in the Federal Register notice, divided by the

number of canisters presented in the same.notice, calculates to & range of $165,000 to
$214,000 per. canister. The draft EIS costs were based on $35,000 to $45,000 per canister.

The retrieval. and processing, transportation and disposal costs are summarized in Appen-
dix L, Sections L.2.4 and L.4.4. These sactions explain the source of the summary costs dis-
cussed in Section 3.4.1 and Chapter 5 of Volume 1. The costs, shown in Table J.1, were
developed using the value of $214,000 per canister for high-level waste and the RECON model
for TRU waste. ‘

J.1 APPLICATION OF RECON MODEL FOR TRU WASTES

The primary tool used in developing cost estimates is the computer model RECON (Clark et
al. 1983). The RECON computer model is a program for-caicu}ating life-cycle construction and
operating costs for a geologic repository based on user-selected design characteristics and
related cost inputs. Using the model, total repository cost estimates can be generated.

More impartantly, however, the cost impacts of repository design and waste scenario changes
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TABLE J.1. Incremental Repository Costs Associated with Emplacement of Hanford
Defense Wastes - '

Disposal o ~ Millions of $1987(2)
Waste Class Alternative Canisters/Drums - - Onsite 0Offsite WIPP
Existing Tank Waste  Geologic 19,800 canisters 4200 4300 - nalb)
' Reference 473 canisters( ) 100 - 110 - NA
Future Tank Waste Geologic 3,310 canisters, . 710 720 NA
- ‘Reference 595 canisters(®) 130 130 A
Sr/Cs Capsules  Geologic 509 canisters, . 110 110 KA
. Reference 509 canisters(d) 110 110 NA
TRU~C0ntamzn3ted Geologic 64,000 drums : ‘ 12
Soil Sites'c : : :
pre-1970 TRU(C) Geologic 205,000 drums - a2
. Retrievably Stored  Geologic 93,400 drums ' 12
_ and Newly . : Reference 102,000 drums = - ) : 13
e Generated TRU c _ s
L {a} Costs were revised from the draft EIS to reflect increased proposed reposi;
tory fees. Since these costs were calculated, further, increased repository
i _ fees have been proposed, If put into effect, these additional increases
would increase costs for the geologic alternative by 20%, for the reference
——— atternative by 5%, and for the preferred alternative by 5 to 20%. Although
these changes do. not . affect the relative comparison of alternatives, they do
e ~ widen the cost difference between the geologic and preferred alternatives and
the other alternatives. However, the increase has not changed DOE's choice
T, of a preferred alternative. Additional changes in.estimated repository. fees

can be expected in the future.
(b) Not applicable. ' o
(¢) Waste not emplaced in geologic repository in the reference disposal
o alternative. _
- (d) Current estimates of total numbers of high-level waste canisters are avail--
able in Integrated Data Base for 1987: Spent Fuel and Radioactive Waste.
Inventories, Projections and Characteristics (DOE 1987).

%

-3
can be estimated. The model has been validated against existing conceptual repository design
and cost estimates. Although the model is less precise and provides less detailed. cost
information than would be generated by an architect-engineer, in validation runs all costs
have fallen within 10% of the estimates, and the model can generate these estimates much more

quickly and less expensively.

Use of RECON requires parametric data input to describe the repository. Basic model
input parameters describe facilities, construction times, shafts, mine design, emplacement
Timitations, waste qUantities available for disposal, waste processing parameters {1abor,
materials, utility, and equipment requirements), facility construction. cost and unit Tabor,
materials, utility and equipment costs. For the salt répository used in the WIPP estimates,
design and economic data were obtained from recent draft studies of a commercial repository

in salt.
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Using the above information, RECON was used to determine the facility requirements for
receiving, packaging, transporting, and emplacing the wastes. Based on the facility
requirements, the modé1 was used to calculate labor, materials, and equipment requirements.
Requirements for replacing equipment were calculated based on equipment 1ife (stated in years
or units processed) and processing rates. All of the above requirements were calculated year
by year for each waste class, thereby simulating actual repssitory operations,
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APPENDIX K

SOCIOECONOMIC IMPACTS

This appendix compares the alternatives analyzed in this EIS in terms of their socio-
economic- impacts and provides details in support of Sections 4.8 and 5.7 of Vol. 1. The main
determinants of socioeconomic impact are the pressures (demographic, fiscal, services, and
social) a project places upbn a=éommun1ty and the community's ability to meet those pressures
in a planned, orderly, and cost-effective way. Socioeconomic impacts of a facility involving
potentially hazardous materials include both growth-related effects (e.g., demand for housing
and schooling, traffic congestion) and social, cultural or psychological effects related to
the hazardous nature of the materials or technb]ogy involved (e.g., apprehension about the
nuclear industry in general, concern for the risks involved in safely managing-such mate-
rials, and stress resulting from perceived aéverse-consequences). |

Since the size and scheduling of the work force are major factors affecting socio-
economic impacts, special attention was given to the manpower needed Yor construction and
operation of each of the four alternatives. On the other hand, because the objective of this
EIS is to provide a choice among alternative strategies for substanfially improving the
safety of defense waste management and reducing the potential for adverse environmentail
impacts, social and psychological impacts should be reduced on balance, and less attention’

_ has been given to assessing the socioeconomic impacts resulting from the hazardous nature of

the materials and technologies involved.

The largest work force requirements are expected to occur between 1985 and 2020, the
study period used in this analysis. The manpower data used in this analysis are preliminary
and subject to refinement., The study area for the socioeconomic ana]ysis'is defined as-
Benton and Frankiin counties, and numerous prior studies of facility development at the
Hanford Site have demonstrated that the great majority of standard, growth-related socioeco-
nomic impacts are experienced within these two counties. Given the recent economic-history
of this area, new wofkers are untikely to residentially concentrate elsewhere. By cancen-

~trating all projected population and employment effects in this area, the analysis assures

identification of potential adverse effects on public services and facilities in the Tri-
Cities area due to the proposed alternatives.

"This Appendix is not intended to provide a comprehensive socioeconomic baseline study of
the Hanford Site. The approach taken here for the assessment of potential socioeconomic
impacts is to recognize that the alternative disposal strategies reduce radiological risk fo

' the environment rather than increase it. The objective.is to determine which specific

strategy will result in the Teast impact, sociceconomic and otherwise, so that the best

choice can be made. The socioeconomic assessment draws on existing studies that report
baseline conditions in the study area, and presents those data that are considered pertinent
to evaluating the range of impacts presented by the "bounding analysis" in this EIS. Since
the magnitude of the growth-related changes that could be caused by waste disposal activities
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is believed to be small relative to recent experience in the area and its capacity to absorb
such growth effects, socf0e¢onomic impacts are expected to be small and nat significant. '
A]so,'because the projected radiological exposures calculated for each of the alternatives,

including postulated upper~bound accfdents, are expected to he small relative to both .

‘background and to the no action alternative, social impacts, including effects of perceived

risk, are also expected to be small and not significant. Given that the absslute leve! of
impact is expected to be very low, the socioecoﬁomic analysis will focus primarily on differ-
ences in effects due to each alternative in order to facilitate the decision process.

K.l WORK FORCE REQUIREMENTS

Construction and operation activities for the disposal alternatives (geoTogic, in-pTace
stabiljzétion, referance and preferred) are, for purposes of this analysis, postulated to
begin between 1985 and 1990 and to last at least 50 years., In constructing a work force
proff]e for each alternative, the work force estimates for each waste class (Rockwell 1985)
were matched with thefr respective construction and operation scheduTes. The total expected
worker-years were distributed throughout the specified activities associated with each alter-
native for each waste class. The overall work force profile was determined by adding the
components for each activity for each of the six waste classes. A detailed distribution of

-work force data is shown in Tables K.l through K.4 and in Figures K.1 through K.4, Only the

first 45 years of construction and operation are shown in these tables because it is clear
that ﬁhe work force requirements are small and decline rapidly after that point.

it is important to note that, unlike most'1arge construction projects, the activities of
the construction and operation work forces associated with these alternatives overlap sub=
stantially, both in terms of scheduling and actual work requirements. Although socioeconomic
impacts normally vary due to differences in temporary construction workers and permanent
operations workers, those distinctions are blurred in this kind of activity. Therefore, the
construction and operations workers are treated.the same way in this socioeconamic analysis.

As seen in these tahles, éxisfing and futufe tank waste disposal activities on site
account for about 90% of the expected work force requirements under each of the disposal
alternatives, Several additional points need to be made about these work force data. First,
the worker-years represented in the 35-year time span coverad in this analysis are less than
the total work force requirements because some workers will be needed in subsequent years'for
surveillance and maintenance. Also, workers employed in offsite disposal [i.e., retrievably
stored and newly generated transuranic (TRU) waste sent to the Waste Isolation Pilot Plant]
do not contribute to socioeconomic consequences in this study and are, therefore, not
incTuded. Second, the work force characteristics and distribution are subject to revision;
f&tufe Fefinement of the construction and operation activities could result in somewhat modi-
fied work force requirements. Third, although the skill requirements of the work force
inf1uence socioeconomic impacts, no information is currently available about the skill
requirements of any alternative.” Generally, however, the labor force in the .study area is
considered well suited to this type of work, particularly that required during the construc-
tion period., . N
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TABLE K.1. Estimated Work Force Requirements for the G
by Waste Class, 1985 to 2020, Worker-Year(2

Pre~1970

?010gic Disposal -Alternative

. Buried _
Existing Future TRU- " TRU Retrievably
Tank Tank Sr/Cs Contaminated Solid Stored & Newly:

Year . Waste Waste Capsules Soil Sites Waste Generated TRU Total
1985 ' '
1986
1387
1988
19389 :
1990 1,987 257 : _ 2,244
1961 1,988 257 25 134 . 241 52 '2,697
1992 1,988 257 25 134 241 52 2,697
1993 1,988 257 25 177 933 17 3,447
1994 1,987 257 25 177 983 16 3,445
1995 1,322 267 67 43 742 16 2,332
1996 1,322 257 67 20 266 15 1,832
1997 1,322 257 67 20 266 15 1,832
1998. 1,322 257 20. 266 15 1,765
1999 1,322 257 20° 266 15 1,765
2000 1,322 257 20 266 i5 1,765
2001 1,322 257 20 266 15 1,765
2002 1,322 257 20 266 15 1,765
2003 1,322 257 20 266 15 1,785
2004 1,322 257 20 266 15 1,765
2005 1,322 257 20 266 i5 1,765
2006 1,322 257 20 266 15 1,765
2007 1,322 257 20 266 15 1,765
2008 1,322 257 20 266 15 1,765
2009 1,322 257 20 266 15 1,765
2010 1,322 257 20 266 15 1,765
2011 1,322 257 20 266 15 1,765
2012 1,322 257 20 266 15 1,765
2013 20 266 15 - 301
2014 20 7266 15 301 -
2015 20 266 15 301
2016 .
2017
2018
2019
2020
(a) Rockwell 1985,
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TABLE K.2. ‘Estimated Work Force Requirements for the In-Place St
Alternative by Waste Class, 1985 to 2020, Worker-Year

T?jlization and Disposal

(a) Rockwell 1985.

Pre-1970
Buried
Existing Future _ TRU- TRU Retrievably
Tank Tank 5r/Cs Contaminated Solid Stored & Newly -
Year Waste Haste Capsules Soil Sites Haste Generated TRU Total
1985
1936
1987 80 51 131
1388 101 117 218
1989 101 117 218
1990 130 26 24 87 267
1991 130 26 156
1992 . 424 26 510
1993 485 26 15 526
1994 435 26 15 526
1995 303 280 15 593
- 1996 298 274 572
1997 298 274 572
1998 298 274 572
1999 293 274 572
2000 50 50
2001 50 50
2002 50 50
2003 50 50
2004 50 50
2005 50 50
2006 50 54 104
2007 50 54 104
2008 50 54 104
2009 . 50 54 104
2010 50 304 138 492
2011 50 138 188
2012 50 138 188
2013 50 138 138
2014 50 3 53
2015 50 3 53
2016 50 50
2017 50 60
2018 50 - 50
2019 50 50
2020 50 50
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Existing Future

Tank Tark
Year Waste  MWaste
1985 121 123
1936 121
1987 9 6
1988 29 26
1989 189 213
1990 300 205
1991 300 205
1992 482 a7
1993 572 143
1994 572 143
1995 293 319
1996 293 319
1997 293 319
1593 292 318
1999 292 318
2000 164 138
2001 154 138
2002 164 138
2003 65 37
2004 66 37
2005 56 37
2006 66 37
2007 . 66 37
2003 66 3
2009 66 37
2010 66 37
2011 66 37
2012 66 37
2013 56 37
2014 66 37
2015 65 37
2016 86 37
2017 66 37
2018 66 37
2019 66 37
2020 66 37
(a) Rockwell 1985,

Sr/Cs
Capsules

25
25
25
25
67
67
67

TABLE K.3. Estimated Work Ferce Requirements for the R
by Waste Class, 1985 to 2020, Worker-Year!'®

?ference (combination) Alternative

Pre-1970
Buried
TRU= TRU Retrievably"
Contaminated Soiid Stored & Newly

Soil Sites Waste Generated TRU Total
229

121

15

55

402

24 87 43 659
43 573

43 597

1 741

1 741

1 680

17 696

17 696

17 627

18 628 .

18 220

18 320

18 320

18 121

18 121

18 121

18 121

18 121

18 121

18 i21
18 121"

18 i21

18 i1

17 120

17 120

17 120

103

103

103

103

103
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TABLE K.4. Estimated Work Force Requirements for the No Disposal Action {?o?tinued'
storage} Alternative by Waste Class; 1985 to 2020, Worker-Year'?

Pre-1970
_ Buried
Existing Future TRU- TRU Retrievably
Tank Tank Sr/Cs Contaminated ~ Solid Stored & Newly
Year Waste Waste Capsules  3oil Sites- Waste Geperated TRU - Total
1985 108 9 3 1 1 120
1986 108 9 1 1 1 120:
1987 108 9 1 1 1 120
1988 108 9 1 1 1 120
1989 168 9 1 1 1 120
1990 108 9 1 1 -1 120
1391 . 108 9 1 3 1 120
1992 108 9 1 1 1 120
1993 108 $ 1 1 1 120
1994 108 9 1 1 1 120
1995 108 9 1 1 I 120
1395 108 9 i 1 1 120
1997 108 9 1 1 1 120
1993 108 9 1 1 1 120
1999 108 9 1 1 1 120
2000 108 9 1. 1 1 120
2001 108~ 9 1 1 1 120
2002 108 9 1 1 1. 120
2003 108 9 1 1 1 120
2004 108 9 1 1 1 120
2005 108 9 1 i 1 120
2006 108 9 52 1 1 -1 172
2007 109 9 52 1 1 1 173
2008 108 9 53 1 1 1 173
2009 109 9 52 1 1 1 172
2010 108 5 282 1 1. 1 402
2011 108 e 282 1 -1 1 402
2012 108 9 282 1 1 1 402
2013 108 9 282 1 1 1 402
2014 -108 -9 7 1 3 1 127
2015 108 .9 7 1 1 1 127
2015 108 9 7 1 1 1 127
" 2017 108 9 7 1 1 1 127
.+ 2018 108 9 7 1 1 1 127
- 2019 108 9 7. 1 1 1 127
2020 108 9 7 1 1 1 127
(a) Rockwell 1985,

K.6




3.5 —
§ L2273 Existing Tank Waste
N CZ7Z77 Future Tank Waste -
3.0 § [T Sr &CsCapsules
§ TRU-Contaminated Soil Sites
' \,-g ESSSI Pre-1970 Buried TRU Solid Waste
5 251 %& A Retrievably Stored and Newly
N o0 !
B2 S Generated TRU Waste
£ 3
@ 7
3 / N
2 A
£ 201 LAAAAN
® VP AANY
£ RN
£ BRLHAN TS
e
v [
S BT A Q%
§ 2y L NN
16 yr¥s4s Pt w0 o ey s
5 BER %% 4,
[
— 15 o I ‘A o ] X
@ r/ /8747 P4 G o s A A Y7 o O
o Yz LoV e Yo e Ar A e Y e d e s sk e Y e ArAr iy 2k r 27
Y A I I R W L Y A AR L VA T A 22
E vy s 47 prkrrArgr e ¥ s o474, AN rArAr A LS
= Y224 by e R e A Ar Vo r R R A e s ke Ak a
Ve v TV N R e R R L A A e
=4 1.0 AL SR R L U0 A A B O T A A A S O [t WA AL 9
* A L A IS M2 O Vs T il R U U ' A £ e T Ll o A LA
ey N R N e Y XV W A R A A 2
Y AV A R A AR R I L
2¥s47 i sk s X REAr AP Y SR AL A U L T L T o A A
yroY 47 Vet Ar Ar 2 sy s AL AP Y i SY Y QL AS ALY P TS
(I// lr e r ks ¥ s Ar Ar 2 sV ¢ 32 A2 Y Al r ¥ PR s Qe AL A s
IA L 4 1/1;1//11/1//41/////4141/(1//
F/ s3s ARA ALY WA A IE/V/ AR MY
Ry R R R A R e
Cor oA A A nlaz Wy
0.5 YA A A Y A A e S A A ke ke d A A R
' R AT RV A LA A R R LA e 4
tVrrar ArAr sV 2 ¥ e Ar vty Y r R s Ar A2V 2 r g s drgr 2 r i 7
VA VE VY VN T T8 8 U (Al A B O ' A Rk B T T i 2 4
VA 2R OX U Ul " R L Uy U o A T Vs [ YA AL Rl B T A Ak A
sk Ar Ar A i R s A A W PR A AF A I XA Ll A4 _I
/t/ 7 /l?’//t/'/l/ ey ke A Al /L/ A Aribr ks
S A A A A S Y Y R B R L R K
bR A A e ok e R A A e S X Ar e sy sk ke fr Ar sl 2Ry
[ b 304047 /Uthapr e X Qe A b e 3 e Ak,
0.0 IIIII !//1/41 V13 ¥a '-I”’I,h‘ljll 3
1985 1990 1995 2000 2005 2010 20156 2020
Year

FIGURE K.l. Work Force Requirements for the Geologic Disposal Alternative

Figures K.1 through K.4 show that work force requiraments for the no disposal action
(continued storage) alternative, in-place stabilization and disposal, and the reference
(combined) alternatives are re1ati§e!y Tow compared with theose of the genlogic disposal
alternative. Between 1990 and 2015, the average number of workers required per year year for
the géologic diqusé] alternative is b to 11 times the requirement for each of the other
three alternatives; its peak work force requirement is far more pronounced. Since the poten-
tial for socioeconomic impacts tends to be directly related to the size and'geographic con-
centration of the work force, it is apparent that the geelogic disposal alternative.would
have the greatest potential to cause socioeconomic impact. Impacts of the preferred
alternative will depend upon the final disposal decision for the classes of waste for which
no disposal decision is to be madé at this time. However, the impacts would be bounded by
the geologic and reference alternatives. '

K.2 EMPLOYMENT AND POPULATION IMPACTS

Increased work force requirements may induce population growth in an area and put pres-'
sure on community services and social conditions., The extent of'th1s impact depends largely
on the availability of unemployed or underemployed workers aTready in the area who are quali-
fied and available to work on these jobs, The availability of local workers can be greatly
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FIGURE

K.2. Work Force Requirements for the In-Place Stab111zat10n
and Disposal Alternative

affected by the timing and work force requirements of other major prnjects that also place

demands on the local labor supply. Multiple activities that draw from a cdmmon_]abor paol

essentially compete

for-scarce labor resources.  When the supply of local workers having the

needed skills is less than the demand, workers will either in-migrate or commute over Tong

distances. Because

of the importance of this effect and the uncerta1nty about the schedule

and work force requirements of. other potential ma;or projects in this area, two baseline

projections have been prepared. One assumes 11m1ted growth in emp1oyment in the study area
between 1984 and 2020 wh11e the other assumes much more rapid growth._ Histor1cal and proa—
ected Tevels of total emp]oyment and popu]at1on for the base11ne (w1thout waste management
act1v1t1es) are shown 1n Table K.5 and F1gure K. 5 :

The economic and demegraphlc growth exper1enced in the study area between 1973 ahd 1981
was caused pr1mar11y by growth in employment due to the construction of the wash1ngtun Public -

Power Supply System nuclear power reactors. During this per10d Supp1y System—related .
employment increased at an average rate of about 39% par year. This growth was supp]emented
by an annual growth rate of 4, 2% in the agr1cu1tura1 sector, 5.6% 1n DOE- re1ated act1v1t1es,

6.6% in manufacturing, 7.3% in serv1ce -based and reta1l/who1esa1e 1ndustr1es, and 6 0% in the
The overall rate of emp]oyment growth dur1ng the 1973 to 1981 per1od was_

government sector.
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~FIGYRE K.3.  Work Force Requirements for the Reference
{combination) Alternative -

8.3% per year. BDuring this rapid growth period, the population of the study area expanded
rapidly, and many new families settled in the area., After 1981, however, employment in the. ..
study area declined and out—migration of population occurred, due primarily to the mothball-
ing of the Washington Public Power Supply’ System Unit 1 nuclear plant (WNP-1) and termination
of the Supply System Unit 4 {WNP-4}. ' '

For the low base11ng condition, the_study area is assumed to undergo a gradual economic
recovery after 1985, with employment growing at a steady 0.6% per year through 2020. Under
the Tow base1ihe, 1981 employment and population levels are not reached until about 2019,

For the high baseline condition, work on WNP-1 is assumed to restart in 1988 and be: _
completed in 1993,  After 1995, employment in the study area is assumed to grow at- about 1.9%
per year, with popu]at1on growing at 1,3% per year. Thése rates are consistent with the pre-
Supply System period. Under the high basel1ne condition, the study area would reach 1981 '
employment and popqlat1on levels by 1989, While it is recognized that a restart of WNP-1 and
its'timinglis highly uﬁcertaih, such a large additional pbtentia]rproject activity'is
1nc]uded here to account for the cumulative effects of multiple Hanford Site developments
that could lead to greater soc1oeconom1c consequences than implementation of the HOW a1terna-
tive alone. !
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FIGURE K.4, Work Force Requirements for the No Disposal Action
{continued storage) Alternative

Tables K.6 through K.9 show the total employment effects projected for each of the
defense waste alternatives. Total employment effects include both the direct employment of
workers by the aiternative (primary employment) and the secondary employment created by proj-
ect-related purchases and worker expenditures in the study area. Secondary employment was
estimated for each alternative by multiplying direct employment by the ratio (the total
employment multiplier) of total émp1oymenf to primary sector_emp]oyment {composed of Supp1y
System, DOE, and agriculture) averaged over the period from 1973 to 1981. Dﬁring this
period, this ratio éveraged 2.2; that is, fer every primary sector job an additional 1.2
secondary jobs were created in_the area. '

As shown in these tables, the projected average totaﬁ (primary_and secondary) employment
effect of the geologic disposal alternative between 1990 and 2000 is about 5,164 workers per
year, with a peak of about 7,600 workers in 1993 and 1994‘(Table K.6). This is almost 20 .
times the avérage total employment effect projected for the no disposal action {continued
storage) alternative over this period (264 workers}. As a percentage of the projected high
baseline employment, the employment effects of the alternatives range from less than 1% to
slightly less than 10% (in 1993 and 1994 for the'geo1qgic a]ternative){__For comparison,
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TABLE K.,5. Projected Baseline Employment and Popu]atioﬁ

High Baseline - low Baseline
Year Emp]oyment{a’b) Population(c) Enployment (22D} Pogp1ation(c)
1981 75,636 148,056 75,636 148,056
1932 69,736 - 143,631 63,736 143,631
1983 67,336 141,831 67,336 141,831
1984 62,936 138,531 62,936 138,531
1985 63,171 . 138,707 62,389 ) 138,121
1936 64,757 139,897 62,716 138,368
1987 66,430 141,151 53,046 138,614
1928 68,989 - - 143,071 63,381 138,864
1989 81,289 157,830 63,719 139,118
1990 86,807 164,452 64,061 139,375
1991 86,763 184,400 64,407 139,634
1992 86,151 163,665 64,757 139,897
1593 80,732 157,162 65,111 140,162
1994 82,166 158,883 65,470 140,431
1995 83,636 160,647 65,832 140,703
1996 - 85,111 162,452 . 66,199 i 140,978
1997 86,682 164,302 66,569 141,256
1993 88,261 166,197 - 66,045 141,537
1999 89,878 168,138 67,324 141,822
2006 91,535 170,126 . 67,708 . 142,110
2001 93,232 172,162 © 68,096 . 142,403
2002 94,970 174,248 68,489 142,695
2003 © 96,751 - 176,385 68,886 - 142,993
- 2004 - - 98,575 ) 178,574 69,288 143,295
2005 100,444 - 180,817 © 69,695 : 143,600
2006 102,245 182,977 69,992 - 143,822
2007 104,204 185,329 70,405 © 144,133
2008 106,214 187,746 70,826 144,448
2009 108,275 190,214 71,254 . 144,769
2010 109,879 . 192,139 71,179 144,713
2011 112,041 194,733 71,614 145,046
2012 114,256 197,391 72,055 145,370
2013 116,525 200,114 72,501 145,704
2014 119,456 203,631 73,557 146,496
2015 121,839 206,491 - 74,013 oL 146,838
2016 124,231 209,421 74,474 147,185
2017 126,784 212,424 ' 74,941 147,535
2018 -129,348 ' 215,501 75,413 147,889
2019 131,976 218,655 75,891 148,462
2020 134,670 | 221,887 76,374 149,042
{a) 1981-1934 figures from Washington State Employment Security Depart-
. ment, 1984, Primary and secondary employment required for the no
disposal action (continued storage) alternative (see Table K.9) have
been subtracted out of the empioyment figures to provide the baseline.
{b) Projections for 1985 and following are based on. these assumptions’ (see

{c)

Cluett et’ al, 1984 for detailed discussion of proceduras used):

1) decline of Supply System employment to 920 in 1985 followed by the
restart of WNP-1 in 1988 with completion fn 1993; 2) -growth in DOE and
contractor employment by 5% per year from 1984 on; 3) growth in.
agricultural employment by 1% per year until 1985, increasing to 6%
per year from 1986 to 1991, and an annual rate of 3% thereafter;

4} because .of current excess labor supply, the multiplier effect of

Supply System, DCE, and agriculture sector employment is assumed to be o

reduced to 1.5 through 1988; after 1988 the muliipiier is assumed to
be 2.2 for the high base11ne. For the low baseline condition, the
multiplier. is assumed to be: 1.5 through 2020.
* Becausa of current excess labor supply in the area, the popuiatien
multiplier is -assumed to be 0.75 until 1931 emp]oyment Tevels are
reached and 1.2 thereafter.
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total primary and secondary empioyment from the Subp]y System is estimated to have accounted
for about 33% of study area employment in 1981. '

The population effects of each alternative were projected using a similar analytic tech-
nique. For the pre-Supply System period of 1965 to 1973, the ratio of population to employ-
ment (the population multiplier) was calculated to provide a basis for estimating the
increase in population that would result from the employment created by the prbposed alterna-
tives, For this perfod, the average employment multipliier was 1.2. That is, ‘évery new job
resulted, on average, in a population increase of 1.2 persons, To account for the large
number of available workers in the study area die to current depressed economic conditions,
this population multiplier was adjusted downward to 0.75 until total study area employment
reached 1981 levels. '

Tables K.10 through K;13 show the projected.popuiation effects of each alternative under
high and low baseline conditfons, The projected peak population effects of the alternatives
under the high baseline condition range. from a high of about- 9,100 people (5.9% of baseline
population) in. 1993 for the geologic dispssal alternative to about 1,600 people (1% of base-
line) in 1995 for the in-place stabilization and disposal alternative and about 2,000 people
(1.3% of baseline) in 1993 and 1994 for the combined alternative, to a Jow of about 1,100
people (0.6% of baseline) in 2010 to 2013 for the no disposal action {continued storage)
alternative. The population effects for a]n‘! alternatives are considerably smaller under the
Tow baseline alternative {peak for the geologic disposal alternative is 5,700). However,
because of the Tower baseline population, the population ‘effect as a percent of baseline
population is similar for both high and Tow baseline .conditions.




TABLE K.6. Projected Primary and Secondary Employment Under High and Low Baseline
- Conditions for the Geologic Disposal Alternative

Number of Primary,apd  Percent of High e- Percent of Low
Year  Secondary WOﬁkers(a? 11ne_Emp1oyment%g? Baseline Empioyment(b)
1990 4,937 5.7 7.7
1991 5,933 6.8 9.2
1992 5,933 6.9 9,2
1993 7,583 9.4 11,6
1994 7,579 9.2 11.6
1995 5,138 6.1 7.8
1996 4,030 4.7 6.1
. 1997 4,030 4.6 6.1
1998 3,883 4.4 5.8
1999 3,883 4.3 5.8
2000 3,883 4,2 5.7
2001 3,883 4.2 5.7
2002 3,883 4.1 5.7
2003 3,883 4,3 5.6
20064 3,883 3.9 5.6
2005 3,883 3.9 5.6
2006 3,883 3.8 5.5
2007 3,883 3.7 5.5
2008 3,883 3.7 5.5
2009 3,883 3.6 5.4
2010 3,883 3.5 5.5
2011 3,883 3.5 5.4
2012 3,883 3.4 5.4
2013 662 0.6 0.9
2014 662 0.6 0.9
2015 662 0.5 0.9

{a) Primary workers are those shown in Tables K.1 through K.4.- Second-
ary workers are estimated to equal 1.2 times primary workers; total
workers equals primary plus secondary. [(See text for discussion.)

(b) See Table K,5 for baseline employment figures and an explanation of
methods.
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TABLE K.7.  Projected Primary and. Secondary Employment Under High @nd Low Baseline
Conditions for the In-Place Stabilization and Dispasal Alternative

Percent of Low
Base]ine-Emg]oyment(b)

Number. of Primary aTd Percent of -High %gie-
Year . Secondary workers{é . ¥ine Employment

P
e

Er

1987 288 0.4 0.5
1988 480 0.7 0.8
1989 480 0.6 0.8
1990 587 C0.7 0.9
1991 343 0.4 0.5
1992 1,122 1.3 1.7
1993 1,157 1.4 1.8
1994 1,157 1.4 1.8
1995 1,316 1.6 2.0
1996 1,258 1.5 1.9
1997 1,258 1.5 1.9
1998 1,258 1.4 1.9
1999 1,258 1.4 1.9
2000 110 0.1 0.2
2001 110 70,1 0.2
2002 110 0.1 0.2
2003 110 0.1 0.2
2004 110 0.1 9,2
2005 110 - 04 0.2
2006 229 0.2 0.3
2007 229 0.2 0.3
2008 229 0.2 0.3
2009 229 0.2 0.3
2010 1,082 1.0 1.5
2011 414 - 0,4 0.6
2012 414 0.4 0.6
2013 414 0.4 0.6
2014 . 117 0,1 0.2
2015 117 0.1 0.2
2016 110 0.1 0.1
2017 110 0.1 0.1
2018 110 0.1 0.1
2019 110 0.1 0.1
2020 110 0.1 0.1

{a) Primary workers are those shown in Tables K.1 through K.4. Second-
ary workers are estimated to equal 1.2 times primary workers; total
workers equals primary plus secondary. {See text for discussion.}

{b)

See Table K.5 for basel

methods,

Tne employment figures and an explanation of

K.14




TABLE K.8. Projected Primary and Secondary Employment Under High:and Low Baseline
- _Conditions for the Reference (combination) Alternative

Number of Primary.a?d Percent of High %a§e~ Percent of Low

Year  Secondary 1.-‘!or'kers(d line Employment D Baseline EmpEoyment(b)
1985 ' 548 0.9 0.9
1986 266 0.4 0.4
1987 33 0.0 0.1
1938 121 0.2 0.2
1989 . 834 1.1 1.4
1990 . 1,450 1.7 2.3
1991 1,261 1.5 2.0
1992 1,313 1.5 2.0
1993 1,630 2.0 2.5
1994 1,630 2,0 2.5
1995 1,496 1.8 2.3
1996 1,531 1.8 2.3
S 1997 1,531 1.8 2.3
o 1998 1,379 1.6 2.1
. 1999 1,382 1.5 2.1
ey 2000 704 0.8 1.0
2001 704 0.8 1.0
P 2002 704 0.7 1.0
‘ 2003 266 0.3 0.4
N . 2004 266 0.3 0.4
2005 266 0.3 0.4
e 2006 266 0.3 0.4
2007 266 0.3 0.4
g 2008 266 0.3 0.4
2009 266 0.2 0.4
o 2010 266 0.2 0.4
: 2011 266 0.2 0.4
— 2012 266 0.2 0.4
2013 B 264 0.2 0.4
o 2014 264 0,2 0.4
- 2015 _ 264 0.2 0.4
T 2016 : 227 0.2 0.3
. 2017 227 0.2 0.3
At 2018 227 0.2 0.3
2019 227 0.2 0.3
2020 227 0.2 0.3

{a) Primary workers are those shown in Tables K,1 through K.4, Secondary
workers are estimated to equal 1.2 times primary workers; total
workers equals primary plus secondary. (See text for discussion.)

(b) See Tgble K.5 for baseline employment figures and an explanation o
methods. :
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TABLE K.3. Projected Primary and Secondary Employmeni Under Migh and Low Baseline

Conditions for the No Disposal Action {(continued storage) Alternative

Number of Primary:a?d' Percent of High %gie-' . Percent of Low
Year  Secondary Hor--kers(a Tine Emptoyment P! Baseline Emp]oyment(b)
1985 264 0.4 ' C 0.4
1986 264 0.4 0.4
1987 264 0.4 0.4
1988 264 0.4 0.4
1989 264 0.3 0.4
1990 264 0.3 0.4
1991 264 0.3 ° 0.4
1992 264 0.3 0.4
1993 264 0.3 0.4
1994 264 0.3 0.4
1995 264 0.3 0.4
1996 264 0.3 0.4
1997 ‘ 264 0.3 0.4
1998 - . - 264 - 0.3 0.4
1999 264 0.3 0.4
2000 264 0.3 0.4
2001 264 0.3 0.4
2002 264 0.3 0.4
2003 264 0.3 0.4
2004 264 0.3 0.4
2005 264 0.3 0.4
2006 378 0.4 0.5
2007 381 0.4 0.5
2008 381 0.4 0.5
2009 378 0.3 0.5
2010 384 - 0.8 1.2
2011 884 - 0.8 1.2
2012 834 0.8 1.2
2013 884 0.8 1.2
2014 279 0.2 0.4
2015 279 0.2 0.4
2016 279 0.2 0.4
2017 279 0.2 0.4
2018 279 0.2 0.4
2019 279 0.2 0.4
2020 279 0.2 0.4

(a) Primary workers are those_shown'in Tables K.1 through K.4. Second-
ary workers are estimated to equal 1,2 times primary workers; total

(b}

workers equals primary plus secondary.

{See text for discussion.}

See Table K.5 for baseline employment figures and an explanation of

methods.
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CTABLE K.10. Projected Kew Popu]ation Attracted to the Study Area Under High
- and Low Baseline Conditions for the Geplogic Disposal Alternative

High Baseline Conditions(?) Low Baseline Conditions(?)
Yot -In- Migran?b) _ Percent of ' In-Migfan%b) Percent of

Year Popu]at1on Baseline Population Baseline
1990 5,924 3.6 3,703 3.5

1991 7,120 4.3 4,450 4.2
1992 7,120 4.4 4,450 4.2
1993 9,100 5.8 5,688 5.4
1994 9,095 5.7 5,684 5.4
1995 6,156 3.8 3,848 3.6
1996 4,836 3.0 : 3,023 2.9
1997 4,836 2.9 3,023 2.9
1998 4,660 2.8 2,912 2.7
o 1999 4,660 2.8 2,912 2.7
2000 4,660 2.7 2,912 ' 2.7
- 2001 4,660 2.7 2,912 2.7
Y 2002 4,660 2.7 2,912 2.7
' 2003 4,660 2.6 2,912 2.7
"”' 2004 4,660 2.6 2,912 2.7
e 2005 . 4,660 2.6 2,912 2.7
- ' 2006 4,660 2.5 2,912 2.7
T 2007 4,660 2.5 2,912 2.7
P 2008 4,660 2.5 2,912 2.7

- 2009 - 4,660 2.4 2,912 2.7
2010 4,660 2.4 2,912 2.7
o 2011 4,660 ' 2.4 2,912 2.7
" 2012 4,660 2.4 2,912 2.7
_ 2013 795 0.4 497 0.5

o 2014 795 0.4 497 0.5 -

2015 : 795 0.4 - 497 0.5

{a) For baseline population figures and method of derivation, see
Tabte K.b,

{b) In-migrant population was pro;ected from total employment
{Tables K.6 through K.9) using a population multiplier of 0.75 until
" 1981 employment levels were reached (1988 for the high base11ne and .
2019 for the Tow baseline) and 1.2 thereafter.
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TABLE K.11. Projected New Population Attracted to ‘the Study Area Under High and
Low Baseline Conditions for the In-Place Stabilization and Disposal

Alternative

High Baseline Corditions (@) Low Baseline Conditions(2)

Ih-MigranEb) Percent of In-Mfgraan)‘ Percent of

Year Population Baseline Population Baseline
1987 216 0.2 216 0.2
1988 576 0.4 360 0.3
1989 576 0.4 360 0.3
1390 - 705 0.4 441 0.4
1991 412 0.3 257 0,2
1992 1,346 0.8 842 0.8
1993 1,389 0.9 868 0.8
1994 1,389 0.9 868 0.8
1995 1,579 1.0 987 0.9
1996 1,510 0.9 - 944 0.9
1997 1,510 0.9 944 0.9
1998 1,510 0.9 944 0.9
1999 1,510 0.9 044 0.9
2000 132 0.1 83 0.1
2001 132 0.1 83 0.1
2002 132 0.1 83 0.1
2003 132 0.1 83 0.1
2004 132 0.1 83 4.1
2005 132 0.1 83" 0.1
2006 275 0.2 172 0.2
2007 275 0.1 172 0.2
2008 275 0.1 172 0.2
2009 275 0.1 172 0.2
2010 1,299 0.7 812 0.7
2011 496 0.3 310 0.3
2012 T 496 0.3 310 0.3
2013 496 0.2 310 0,3
2014 140 0.1 87 0.1
2015 140 0.1 87 0.1
2016 132 0.1 a3 0.1
2017 132 0.1 a3 0.1
2018 132 .. 0.1 83 0.1
2019 132 0.1 132 0.1
2020 132 0.1 132 0.1

{a) See Table K.5 for baseline population figures and method of
derivation. ‘

(b} In-migrant population was projected from total emplayment
{Tables K.6 through K.9) using a population multiplier of
0.75 until 1981 employment levels were reached and 1.2 there-
after. : : : :
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TABLE K.12. Projected New Population Attracted to the Study Area Under High
and Low Baseline Conditions for the Reference (combination)

Alternative _
High Baseline Conditions (3) Low Baseline Conditions 2
In;MigranEb) Percent of In-Migran%b) Percent of

Year- - Population Baseline .~ Population Baseline
1585 o 411 0.3 411 0.4
1986 200 0.1 200 0.2
1987 25 0.0 25 0.0
1988 145 0.1 91 0.1
1989 1,061 0.7 663 0.6
- 1990 1,740 1.1 1,087 1.0
1991 1,513 0.9 945 0.9
1992 1,576 1.0 985 0.9
1993 1,956 1.2 1,223 1.2
1994 1,956 1.2 1,223 1.2
1995 . . 1,795 1.1 1,122 1.1
. 1996 1,837 1.1 1,148 1.1
& 1997 1,837 1.1 1,148 1.1
_— 1998 1,655 1.0 1,035 1.0

‘\zﬁz

1999 1,658 1.0 1,036 . 1.0
o 2000 845 0.5 528 0.5
2001 845 0.5 528 0.5
2002 845 0.5 528 0.5
2003 319 0.2 200 0.2
2004 . 319 0.2 200 0.2
2005 319 0.2 200 0.2
e 2006 o319 0.2 200 0.2
2007 319 0.2 200 0.2
i, 2008 319 0.2 200 0.2
2009 319 0.2 200 0.2
- 2010¢ ' 319 0.2. 200 0.2
. 2011 ' 319 0.2 200 0.2
- 2012 319 0.2 200 0.2
2013 317 0.2 198 0.2
2014 317 0.2 198 0.2
2015 317 0.2 198 0.2
< L 2016 272 0.1 170 0.2
2017 272 0.1 170 0.2
2018 212 2.1 170 0.2
2019 272 0.1 272 6.2
2020 272 0.1 272 0.2

(a) For baseline population figures and method of derivation, see
Table K,5.

{b) In-migrant population was projected from total employment
(Tables K.6 through K.9) using a population muitiplier of 0.75 until
1981 employment levels were reached and 1.2 thereafter.
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TABLE K.13. Projected New Population Aitracted to the. Study Area Under High
and Low Baseline Conditions for the No D1sposa] Act1on
{continued storage) Alternative

High Baseline Conditions(a) _Low Baseline Conditions(®)
In-Migran%b) Percent of In-Migraan Percent of
Year - Population —Baseline * - -Population Baseline
1985 198 0.1 ' 198 0.2
1986 198 0.1 198 0.2
1987 198 0.1 198 0.2
1988 317 0.2 198 0.2
1989 317 0.2 198 0.2
19%0 317 0.2 198 0.2
1991 317 0.2 198 0.2
1992 ’ 317 0.2 198 0.2
1933 317 0.2 198 0.2
1994 317 0.2 198 0.2
1995 317 0.2 198 0.2
1996 - 317 0.2 198 0.2
1997 ' 317 0.2 198 0.2
1998 317 . 0.2 198 0.2
1999 317 0.2 198 0.2
2000 317 G.2 198 0.2
2001 ] 317 0.2 198 0.2
2002 317 0.2 198 0.2
2003 317 0.2 198 0.2
2004 . 317 0.2 198 0.2
2005 317 0.2 198 0.2
2006 ) 454 0.2 284 0.3
2007 457 0.2 285 0.3
2008 457 0.2 285 0.3
- 2009 454 0.2 284 0.3
2010 1,061 0.6 663 0.6
2011 1,061 0.6 663 0.6
2012 1,061 0.5 663 0.6
2013 . 1,061 0.5 663 0.6
2014 . 338 0.2 210 0.2
2015 335 0.2 210 0.2
2016 - - . 335 0.2 210 0.2
2017 ' 335 0.2 210 0.2
2018 335 0.2 210 0.2
2019 335 0.2 335 0.2
2020 335 0.2 335 0.2

{a} For base11ne population figures and method of der1vat10n, see
Tabhle K.5.

{b} In-migrant population was- proJected from total employment '
{Tables K.6 through K.9) using a population multiplier of 0.75 until
1981 employment levels were reached -and 1.2 thereafter.
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Compared to the area's recent experience, the magnitude of population growth caused by
any of the proposed alternatives is moderate and, from an economic and demographic stand-
point, especially under the low baseline condition, can be seen as alleviating the depressed
conditions in the study area by reducing the levels of unemployment and underemployment aitong

‘area residents. Because of the uncertainty about future baseline employment and population

conditions in the study area, it will be essential to monitor the labor force, emp?oyment'
requirements, and migration patterns in the study area throughout the study period.

K.3 IMPACTS ON COMMUNITY SERVICES

New work ferce and population moving into Benton and Franklin counties in response to
employment opportunities associated with the proposed alternatives will require housing and a
range of community support services, inciuding transportation, health care, schools, police
and fire, water and sewer, and recreation facilities. The potential socioeconomic effects of
each of the four alternatives can be estimated by comparing the likely demand for these ser-
vices with estimates of their availability. Based on previous expectations of continued
rapid growth during the late 1970s, 1n many areas community services facilities were expanded
beyond current needs, Because of this, and since the study area will be in the process of
recovering from the significant employment and population losses of the early 1980s at the
time of the heaviest manpower requirements projected for the various alternatives, most of
the services mentioned above have sufficient capacity to meet projected demand during the
early portion of the study period. Previous experience in responding to population growth is
expected to facilitate thé development of any additional services that might be needed.

K.3.1 Housing

The general magnitude of community service impacts can be estimated by examining the
need for additional housing. Under the low baseline condition, the popu1ation in the bi-
county area is expected to be about 10,000 people below the peak population level of 1281 at
the beginning of construction activities in the late 1980s (see Table K.b).- In 1981, the
Tri-Cities had an estimated 2,000 vacant dwelling units, not inciuding mobile homes and
trailers. 1In addition, the momentum of planned housing construction led to further additions
to housing stock in 1982, even though employment and population had begun to decline, Con--
sequently, even if there were no additional growth in housing stock beyond 1982 and if some
of the existing excess housing stock were lost because of dilapidation, at Teast 5,000 vacant
units would be available in the Tri-Cities in the late 1980s, plus additional housing in ‘
surrounding communities and potential additions to housing by mobile homes. Under these con-
ditijons, none of the proposed alternatives would require the construction of additional hous-
ing to accommodate new population. ' ' '

Under the high baseline condition, population growth in the study area 15 substantially.
greater. By 1990, the year construction of the geologic disposal alternative would stéﬁt,
baseline population 1s projected to be about 164,000 people, compared to the 1981 population
of 148,056, By 1993, the year of peak population effect ffom.the geologic disposal alterna-
tive, the total population in the study area is projected to be 166,262, of which 9,100 are
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due to the proposed alternative. In this case, the incremental popuiation in the study area
{approximately 18,000 people) between 1981 and 1993 would require approximately 6,000 housing
units, assuming an average of three persons per household (MaThotra and Manninen 1980). In
1993, about 3,000 of these housing units would be needed by population associated with the
geologic disposal activities. However, about-l,OOG_of these units would be needed for only
the two peak years of 1993 and 1994, and thus would most probably be provided by mobile
homes. Given the size of the existing housing stock in the study area, building capacity,
and the fact that hous1ng construction is 1ikely to resume as the Tocal economy 1mproves it
does not appear that any shortage of housing would be created by this demand.

Since hous1ng demands for the other alternatives are projected to be significantly lower
than thqselof the geologic disposal alternative, adverse” housing impacts due to any of these
alternatives seem unTikely, particularly. under the low baseline condition.

K.3.2 Traffic

Traff1c congestion in the study area was aggravated by Hanford Site employment and popu-

T ) lation increases: in the past. However, since 1981, traff?c volume has decreased in conjunc-
tion with the decrease in activities at the Hanford Site. In addition, an increased emphasis
R on transportation planning in the Tri-Cities has resulted in decreased traffic congestion.
o o T These improvements, such as better intersection design, the completion of the I-182 bridge
across the Columbia River, and the implementation of a TEi-Cities mass transit bus system are
- expected to alleviate certain aspects of congestion that would otherwise have been antici-
= pated as construction activity at the Hanford Site and population in the bi-county area
s increased. The linear arrangement of the communities along the Columbia River will continue
te contribute to some degree of traffic congestion. However, this congestion would be most
A directly related to access to the Hanford Site and limited to times of -peak commuting to and
e from the Site. Staggered shift hours and use of mass transportation to the Site were used in
_ the past to try to reduce commuter congestioer. Such mechanisms.undoubtedly will be used in
- the future. ‘The total amount of increased traffic to the Hanford Site associated with any of
oy the waste alternatives will be substantially 1ower than the am0unt of traffic related to the
: o Supply System peak construction per1od.

K.3.3 Education

During the fall of 1974, many Tri-Cities schools.were near or over capacity. Several
suggestions were made .to alleviate problems of overcrowding, including temporary portable
c]assrooms,'new construction, doubie shifts, and year-round school sessions (Woodward-Clyde.
1975}, As a result, there has been a considerabTe amount of new construction and additions
to facilities since 1977. Some of the projects were planned before the downturn in the

~economy and were actually carried out in 1982 and 1983, creating excess capacity even at the

: peak population levels experienced in 1981. In 1982, the total excess capacity in these

. schools was estimated to be afound 4,700 student positions. Since the school districts have
continued to lose students in the downturn, the schools in this study area will be able to-
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absorb student population growth caused by the construction and operation of any of the four
waste alternatives. Therefore, no negative capital cost impacts with respect to schools are
anticipated. '

K-3.4 Wilities and Other Services

Although the étudy area's extraordinarily rapid growth between 1973 and 1981 put pres-
sure on utilities and other services, gaps in the services to the population do not appear to
have been substantial, Because of the largely unaﬂticjpatéd Supply System cutbacks in 1981,
the planning and development of increased capacity in the region's community services were

-expanded beyond the immediate needs of the residents at that time. With declining population

and economic activity, revenues dropped and budgets were readjusted. BDuring the decline, all
community services were affected, including staffing levels and space utilization regquire- '
ments of health, education, public safety, and social services. Given adequate lead time and
notification of future development activities, these affected departments and agencies can be
expected to adjust to the projected economic and population.conditions without undue dif-
ficulty. The high baseline condition would requiré resumption of growth management and
expansion activities, even without any of the proposed alternatives.

K.4 FISCAL CONDITIONS

It is not yet possible to predict the total result of the current economic downturn
associated with the Supply System rampdown because data outlining the fiscal condition of the
region during this period of economic decline are not yet available. In view of the record
of fiscal adaptability in the study area during the period of ‘high growth in the 1970s, it .
seems 1ikely that the less steep growth curves projected to he associated with the construc-
tion and operation of each of the waste disposal alternatives will not create serious prob-
lems in management or financing for the area. '

As was the case during the high-growth period of the 19705, it seems probab1e that the
fiscal benefits that would accompany any of the four alternatives would primarily affect
Richland, West Richland, Keﬁnewick, and Benton City. However, the increased accessibi1ity'of
Pasco, owing to the 1-182 bridge, is likely to increase the share of new development activity
and- fiscal benefits occurring in Pasco.

K.5 SOCIAL CONDITIONS

Social conditions refer to both individual and community well-being, and in the case of
the Hanford Site, include the "cultural community" of neighboring Indian tribes. The defense
waste program is designed and intended to improve existing conditions. Because the “impTemen-
tation of any defense waste disposal alternative is projected to resuit in reduced'impacts on
the environment and reduced adverse health and safety consequences, compared with the "no
action alternative," adverse soclal impacts are also expected to be insignificant. The
praspect of improved environmental and radiological conditions is expected to have pdsitive
social consequences. The defense waste program should have ﬁo adverse eéffects on industrial
and economic development decisions in the region, on the marketability of Washington
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agricuTtura] products, on perceptfons of the Tri-Cities as a good. place to Tive and raise a
family, on the attractiveness of the area for recreation or tour1sm, or on be11efs about ‘the
general quality of 1ife of the local area, the reg1on or the state.

The standard growth-related socioeconomic 1mpacts are not suffmcient1y'1arge, relative

~to the capacity of this area to absorb or manage growth and relative to its recent history of
' economic decline, to be expected to cause measurab]e adverse social prob]ems, such as.

increased a]coho115m, crime and other socially disruptive behaviors, or psycho]og?ca] stress
responses related to excess1ve1y rapid, soc1a1 and -community changa.

Rad1o1og1cai Tmpacts to offsite popu]at1ons, including the poss1b1T1ty of adverse :
impacts on the Columbia River and its fisheries, are expected to be much smaller than the
effects of background radiation, and therefore no significant associated social or cultural |
impacts to Indian or other populations are expected. The potential .for disturbance of Indian
tands or areas of religious significance, or restricted access to Indian lands, could result
in sociocuitural impacts. DOE and its contractors will adhere strictly to their compliance.
guidelines in order to ensure that cultural ‘impacts of this sort are minimized.

During the last decade, a highly skilled labor_force {from construction workers to pro-
fessionals) has settled around the Hanford Site in anticipation of'continued growth and
employment oppertunity. The early timing of the rampdown of the two major'Suppiy System
construction projects in mid-1981 was unexpected., While it is cTear that a significant '
decline in employment and population has taken place in the interim, it also appears that
many residents have not yet decided whether to stay or Teave. This decision will depend on a
number of -factors, including opportunities elsewhere and the likelihood that this area will
experience an employment upturn (or possibly another downturn} and the perceptions of local
employment opportunities for the future. Given the uncertain future course of the local and
regional economy, people Tiving in and argund the Tri-Cities are concerned about the well-
being of their families and friends. Developments that contribute to economic. stability and
that reduce radtological health and safety risks associated with Hanford Site activities will

be viewed as having beneficial impacts.

The implementation of any of the disposal alternatives would generally be viewed as a
positive contributor to the area's recoﬁehy'from the decline of the early 1980s. Since the
geologic disposal alternative has the largest work force requirements of the disposal
alternatives, its impacts in this area would be substantially greater than those from the
other three alternatives.
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APPENDIX L

NONRADIOLOGICAL IMPACTS--CONSTRUCTION AND OPERATIONAL PERIOD

L.1 INTRODUCTION

Appendix L includes various data relating to nonradiological censequences associated
with the disposal alternatives and the no disposaT'action (continued storage) alternative as
appTied to the six waste classes. These impacts are secondary ones (some are quite minor)
and probabTy would not be -useful in deciding among alternatives; consequently, they are not
included in the main body of this EIS. An exception is cost information that is presehted in
this Appendix. The difference in cost between the other alternatives and the geologic dis-
posal alternative {considerably more expensive) may be a significant factor in selection.

Included in Appendix L are data on the following nonradiological environmental cofise~
quences, for sach of the alternatives and for each of the six waste classes:

e emissions of nonradiological pollutants
e estimated injuries and fatalities
® requirements for depletable resources

e costs.

The geologic disposal alternative (Section L.2) and the reference a]ternatfve_(cdmbina~
tion disposal, L.4) are composed of numerous subalternatives and therefore require detailed
tables and discussion to present the data, The results for the remaining sections (L.3,
In-Place Stabilization and Disposal, and L.5, No Disposal Action) lend themselves to-concise
summary tables. Nonradiological impacts of the prefarred alternative are bounded hy the

geologic and reference alternatives.

1.2 GEQLOGIC DISPOSAL ALTERNATIVE

The geclogic disposal alternative would have the largest nonradiological consequences,
being the most complex as well as the most expensive of the alternatives analyzed in this
EIS. ' . ;

Three types of deep geologic repositories are possible candidates. The reference of -
site geologic receptor for transuranic (TRU)-containing wastes is the Waste Isolation Pilot
Plant (WIPP} repository in New Mexico, and would involve a round trip of 4,800 km. 'An.onsfte
repository. in basalt is considered; this option would fnvelve a round trip of 20 km. In
addiiion,-a generic repository {in granite or salt) is assumed for an offsite repository. To
place an upper bound on impacts, this generic repository is assumed to invelve a round-trip

“distance of 9,600 km to and from a point somewhere in the southeastern United States.

The geologic dispdsa1 alternative analyzed in this EIS s a multifaceted option; in
other words, not every candidate waste is disposed of in its entirety in a geologic reposi-
tory. For example, the strontium/cesium currently in capsules would be sent to a repository;
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however, plans for existing tank waste call for.dividing the waste into high-activity and
Tow-activity fractions. The high—actiﬁity fraction would be vitrified, packaged, and sent to
a geologic repository. The remainder would be made into-a grout suitable for near-surface
disposal on site. Estimated costs for "geologic.disposal" include the cests of both
operations. ' '

L.2.1 MNonradiological Emissions

Processing, transportation, and dispbsél of waste wouTd result in the emission of nonra-
dicactive pollutants. The most significant would be dust, with smaller amounts of the other
EPA-controlled po]!utants ' B ‘

The process1ng and dlsposa1 emissions are the sum of emissions generated during
retr1eva1, packaging, storage, and site stabilization {Rockwe!] 19853,

Transportation emissions, given in Appendix I, are extremely small and well below appli-
cable standards.

Pollutant emissions for geologic disposal are summarized in Table L.1. “Particulates"
includes dust, which is generated during earth-moving activities. These are the totals that
would be emitted over the period of years required to 1mp1ement this alternative. At any
given time the emissions would be within the applicable a1r qua11ty standards. Estimates for
hydrocarbon emissions are inclided, although federal and state ambient a1r—qua11ty standards
for hydrocarbons have been dropped. For details on transportat1on re1ated a1r—qua]1ty
1mpacts, the reader 1s referred to Appendix I.

L.2.2 Nonrad1olog1cai Injuries, I11nesses, and Fata]itigs

The estimated number of postulated nonradiological injuries, illnesses, and fatalities
associated with the geologic disposal alternative is based on accident experience for similar

activities and on estimated manpower requirements. Manpower requirements for waste retrieval

and processing are estimated in Rockwell (1985). Manpower estimates for repository mining,
construction, and operation are based on information. available in:DOE {1980&) for 800-ha
repositories and in DOE {1980b), prorated to that portion of the repository that would be
occupied by each waste type. Methods of ca]culat1ng nonrad1o1og1ca1 injuries, ilinesses, and
fatalities are detailed in Appendix G. (a) Results for the geologic disposal option are sum-
marized in Table L.2, reported in integers. One fourth to one half of the postulated 1n3u-
ries, i1inesses and fatalities are from rep051tory construct1on act1v1t1es.

L.2.3 Resource Requ1rements

The geo1og{c-disposa1 alternative will reguire the largest expenditure of depletable
resources, partly because of the large underground repository-that must be constructed to
contain the wastes, and partly because of the extensive processing {(e.g., vitrification)

which precedes the actual disposal.

{2) Appendix G also contains definitions of terms used here such as occupat1ona] injury and
41iness and lost workdays, as given by the Occupational Safety and Health .
Administration.
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TABLE L,1. Summary of 0ns1te Nonradiological Emlss10ns

Geologic Disposal Alternative, t

for the

Existing Tank Waste -

Particulates o 54,000
SU ' 2,400
co” - 4,300
- N0, ' 2,000
Ho™ 500
Future Tank Waste
Particulates _ 2,500
S0, 150
co” 200
NO,, 170
He* " 30
. Sr/Cs Capsules
Particulates i0
S0, ’ : 1,100
co® o 30
NO,, 50
He 4
_ __TRU-Contaminated Soil Sites
Particulates 110
S0, -~ B0
co™ 70
NO,, 300
HC 20
Pre-1970 Buried TRU Solid Waste
Particulates 1,500
S0, 140
co” 200
NO, 900
He™ 30
Retrievably Stored and Newly Generated TRU Waste
Particulates 1
SO, : 1
CD 4
NO, 15
HC 2
Totals
Particulates 58,000
SO, C ' : 3,800
co® 4,800
N0, 3,400
He™ 590
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TABLE L.2,. Nonradiological Inrjuries, I1lnesses, and Fatalities Postulated for the

Geologic Disposal Alternative by Activity and Waste Class

Onsite Repository

Offsite Repository

Injuries angd =
I11nesses?a?

- Fatalities

Injuries an
IT]nesses?a?

Activity

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

Retrieval and Processing

Transportation

Repository Construction
and Operation .

Total

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

Retrieval and Processing
Transportation _
Repository Construction
.and Operation

Total

(a)} Lost workday cases.

Existing Tank Waste

' Fatalities

370 i 370 - 2
0 0 & 1
120 2 470 2
560 4 550 5.
Future Tank Waste
42 "0 42 0
0 0 1 0 -
3 0 3 0
77 0 68 0
. Sr/Cs Capsules
4 0 4 0
0 0 0 0
15 0 13 0
19 0 17 1]
Waste Isolation Pilot Plant (WIPP)
Injuries Th?_ o
Illnesses‘®! . Fatalities

TRU-Contaminated Soil Sites

284 0

1 0
) [

45 0 .
Pre-1970 Buried TRU Solid Waste

77 0 ’
3 0

73 0

150 0 _
Retrievably Stored and Newly Generated TRU Waste

4 0

10 1

2 il

56 1
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Resource requirements estimated for the geologic disposal alternative include energy and
materials. '

Resources are those expended dur%hg retrieval, processing, and transportation (Rockwell
1985) combined with-those required for construction and operation. of a geologic repository
(DOE 1980a,b}. The - repos1tory resource va1ues are prorated to that porticn of the: repos1tory
occup1ed by each waste type.

Resource requirements for each of the Hanford defense wastes are summarized. in
Table L.3. Annual U.S. production of some of these resources {DOE 1980a} is shown in
Table L.4. The requirements shown in Table L.3 may be divided by factors of 15 to 30 to . -
place these on an annual basis. The requirements are then seer to be small fractions of U.S,
annual production. About 7.1 mi]h’on‘m3 of £i11 material will be required; Twenty-five per-
cent of the fill material is soil, 65% is riprap, and 10% is gravel.

In addition to these material requirements, the geologic disposal alternative will

“require the use of manﬁowar, as shown in Table L.5. About 90% of the manpower required for

geologic diéposa1 of tank waste is for onsite activities {retrieval and processing).
L.2.4 Costs

A summary of estimated costs for the geologic disposal alternative waste is.presented in1
Table L.6. Retrieval and processing costs are taken from Rockwell (1985). Transportation '
costs are taken from Appendix I. Repository disposal cost estimates for the onsite and
offsite repositories are taken from Appendix J. The estimates for an offsite repository
{granite} are higher thah for the onsite repository (basait) because of vertical borehole
emplacement methods currently assumed for_HLw_djsposal in granite. WIPP cost estimates are
based in part on recent preliminary studies of salt repositories in Texas. These cost
estimates are lower than those for the hard rock media because_bf Tower mining costs.

L.3 IN-PLACE STABILIZATION AND DISPOSAL ALTERNATIVE

In-place stabilization and disposal will produce moderate émissions of nonradiotogical
pollutants. The principal pollutant will undoubtedly be particulate matter, most of it dust
from‘earth-moving and other construction activities, Since these activities will take place
centrally on the 1,500~ km?2 Hanford Site, the dust will be only a localized ensite problem.

Pollutant emissions for the in- place stabilization and disposal alternative are summarized in.

Table L.7, These are the totals that would be emitted over the years required to implement
this a]ternat1ve. At any given time the emissions would be within applicable air-quality
standards. Estimates for hydrocarbon emissions are included, although federal and state
ambient air- quality standards for hydrocarbons have been dropped, ' '

injuries, illnesses, and fatalities are summarized in Table L.8. Results are rehorted'r?
in integers. Calculation methods are detailed in Appendix G.(a) Resource requirements are

{a} Appendix G also contains. definitions of terms used here such as occupational injury and .
illness and lost workdays, as given by the Occupational Safety and Health
Administration.
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Energy

TABLE L.3.

Energy
Pro 3 -
pana, m
Diesel Fue1é m3
Gasoline, m
Electricity, GWh
Coal, t

Materiais

Concrete, m

Steel, t

Stainless Steel, t
Copper, t

Lumber, m

Eneray
Pro 3
pane, m
Diesel FueI3 m3
Gasoline, m
Electricity, GUWh
Coal, t

Materials
Concrete, m
Steel, t
Stainless Steel, t
Copper, £
Lumber, m

Propane, m3
Diesel Fue13 i}
Gasoline, m
Electricity, GwWh
Coal, t

3

Materials
Concrete, m

' Steel, t

Stainless Steel, t
Copper, t
Lumber, m

Resource Requirements for the Geologic Disposal Alternative

Onsite
Repository

Offsite
Repository

WIPP Repository_

Existing Tank Waste

86,000
86,000
8,600
1,800
370,000

220,000
61,000
5,700
1,900
44,000

86,000
88,000
8,900
1,900
380,000

220,000
61,000
5,700
1,900
44,000

Future Tank Waste

TRU-Contaminated Soil Sites

40
3,600
520
180
20,000

9,600
1,800

10
90

Pre-1970 Buried TRU Solid Waste

11,000
11,000
1,000
270
37,000

26,000

8,400
850
220 -

2,500

11,000
11,000
1,100
280
38,000

26,000
3,400
850
220
2,500

130
12,000
1,700
600
58,000

27,000
6,000

33

© 300

Retrievably Stored and Newly

Sr/Cs Capsules

170
1,900
270

60
27,000

©3,700
560

20

7

320

170
- 2,200
290
65
28,000

3,800
580
20
7
330

Generated TRU Waste

80
4,700
1,000
2,100

12

12,000
2,200

a0
180
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TABLE L.4. Annual U.S. Production of the Key Resources Requ1red for
-Impiementation of Disposal (DOE 1980a)

Annual u.s.

Resource ' - Production
Propane, rn3 o 1 x 108
Diesel Fuel, m3 4 x 108
Gasoline, m3 ' 6 x 108
Slectricity, Gih 2 x 10°
Steel, t 1 x 108
Lumber, m3 3 x 109

TABLE L.5. Manpower Requirements the for Geologic Diéposa1 A]ternative'-

- Manpower, man-yr - . :
Onsite Offsite WIPP

Waste Class Repository Repository Repository
Existing Tank Waste 38,000 39,000
Future Tank Waste . 4,500 4,700
Sr/Cs Capsules = - 640 640
TRU-Contaminated Soil 3,300
Pre-1970 Buried TRY Soiid Waste 8,100
Retrievably Stored and T ‘ 2,600

Newly Generated TRU Waste

summarized in Table L.8., In addition to the resources listed, about 9.2 million m3 of fi11
material will be required. The fill material 1isted consists of 17% soil, 74% riprap, and
9% gravel. Costs are given in Table L.1:0,

L.4 . REFERENCE ALTERNATIVE (COMBINATION DISPOSAL)

This alternative combines elements of geologic disposal and in-place stabilization and
disposal and is intended to provide cost- effectave, Tong-term disposal of wastes of vary1ng
character, '

For existing tank wastes, the reference alternative would emp]oy'in—p1ace stabilization
and disposal of single-shell tank waste. Double-shell tank waste would be divided inte a
high-voiume, Tow-activity fraction, suitable for grout stabilization and near-surface dis-
posai, and a Tow-votume, high-activity fraction which would be v1tr1f1ed and sent to geoTog1c
d1sposa1 e1ther on site or off site.

L.7
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TABLE L.6. Summary of Estimated Costs for the Geologic D1spcsa1 Alternative,
miltions of $1987
Tank and Capsules
Onsite Offsite
Repository Repository TRU Wastes (to WIPP)
Activity Existing Tank Waste TRU-Contaminated Soil Sites
Retrieval and
Processing 8,500 8,500 410
Transportation 29 330 46
Repository 4,200 4,300 12
Emplacement
12,700 13,200 70

Totals (rounded)

Retriaval and
Processing
Transportation

Repository
~ Emplacement
Totals (rounded)

Retrieval and
Processing
Transportation
Repository
Emplacement
Totals {rounded)

Future Tank Waste

Pre-1970 TRU Buried Solid Yaste

1,000 1,000
9,2 67

710 : 720
T,700 1,800

Sr/Cs Capsules

1,400
139
4z

1,600 .

Retrievably Stored and Newly’
Generated TRU Waste

92 92

5.4 13
110 110
210 220

130
38
12

180

TABLE L.7. WNonradiological Emissions for the In-Place Stabilization and D1sposa1
A]ternat1ve, t
Retrievably
Existing Future Sr/Cs TRU Soi1l Pre-1970 Stored and Newly
Pollutant Tank Waste Tank Waste Capsules Sites TRU Generated TRU Totals
Particulates 11,000 2,600 - 140 3,300 2,500 - 2,800 22,000
S0, - 80 280 340 29 23 40 790
co 1,000 200 160 260 200 340 2,200
NOx 350 300 130 130 100 180 1,200
HC 110 35 15 32 24 42 260

Future tank wastes (double-shell tanks) would be fractionated in much the same way. The
Tower-activity fraction would be disposed of as grout on site, and the high-activity fraction
would be vitrified before disposal in a geologic repository, again either on site or off

site.

Strontium and cesium currently in capsules would be sent to a geologic repository either

on site or off site.

L.8
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TABLE L.8. Nonradiological InJur1es, I]]nesses, and Fata11t1es Postu]ated for the In-Place

Stabilization and Disposal Alternative

Injuries ?

Waste Class I1Tnesses'?® . . Fatalitfes

Existing Tank Waste - © 70 0
Future Tank Waste . 23 ' w0
Sr and Cs Capsules 10 -0
TRU-Contaminated 1 0

Soil Sites
Pre-1970 Buried TRU Solid Waste 2 0
Retrievably Stored and 1 0

Newly Generated TRU Waste - .
Totals 110 0

(a) Lost workday cases.

In the reference alternative, TRU-contaminated soil and pre-1970 buried TﬁU solid waste
are considered to have been disposed of in place and require no férther action except the
filling of voids with. grout and covering with the protect1ve barr1er and marker system.

Newly generated TRU waste, which is retrievably stored, wou]d be handled d1fferent1y,
the largest fraction, contact-handled TRU waste, would be processed and packaged for disposal
in WIPP. The remote-handled TRU waste fraction is so small that, rather than having ts own
processing facility, "it would probably be hand}ed by processing 1H'aaspecial c;mpaign in the
Waste Receiving and Processing facility (Appendix E), and also disposed of in :a geologic

repository.

L.4.1 Nonradiological Emissions

Although the reference alternative also utilizes geologic disposal for both existing and
future double-shell tank wastes (except that technetium and strontium are not femoved), the
nonradiological emissions are significantly Tess than for the geologic disposal alternative

_because the single-shell tank wastas are d1sposed of in pTace. For tank waste, emissions are

those generated during processing and reposxtory activities. Processing emissions are
generated during retrieval, .packaging, storage and onsite stabiifiation {as estimated in
Rockwell 1985). Emissions from repository activities (DOE 1980a).are prorated. to the portion
of a repository that existing and future double-shell tank wastes! ‘would occupy.

In the offsité case, vitrified high-activity -waste is assumed'to go (by rai]) to a
repository (9,600 ke round tr1p) Po]Iutant concentrat1ons resu1t1ng from transport of waste
to an offsite repos1tory ‘are- extreme]y sma]T and We1] be}ow app]icable standards. Estimates
for hydrocarbon em1ss1ons are 1nc1uded aTlthough federa] “and state ambient air quality stan-
dards for hydrocarbons have been dropped. Emissions from transportatlon to an onsite

L.9
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TABLE L.9. Resource Requirements for the In-Place Stabilization and Disposal Alternative

. Retrievably

.o . o Stored and
~ Existing - Future o - TRU= 4 _ Newly
Tank - - Tank Sr/Cs Contaminated - ) Pre-1970 ) Generated
Resource - - Waste = Maste Capsules - . Soil Sites -+ Buried TRU So0lid Waste TRU Waste Totals
Energy - A ) o T :
" Propane, mo | .2,100°. - 430 580 ae . - - 3,100
_ Diesel fuel, m® - - 31,000 - 8,100 1,500 - 8,400 . 18,000 11,000 - 78,000
Gasoline, m> _ 1,000 - 190 220 540 - 290 250 2,500
Electricity, Glh 1,300 100 110 - - - 1,500
Coal, t _ == - 30,000 43,000 2- - -- 73,000
Manpower, man-yr 6,300 2,100 770 %0 : 170 X 120 . 9,500
Materials - - ' ‘ ‘
 Concrete, m° . 14,000 - 1,600 2,300 - - S e 18,000
" Steel, t S 3,000 470 1,000 - ' 0 6,500 11,000
Stainless Steel, t . 0 10 20 - - - 30
Copper, t - - 4 - . - ' - B
 Limber, ms - 4,000 ¢ 200 290 - o — -- 4,500

Maﬁbower, worker-~yr 6,300 2,100 770 90 . . o 120 10,000
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TABLE L.10. Summary of Estimated Costs for the In-Place Stabilization and Disposal
Alternative, millions of $1987 (Rockwell 1985)

: i Protective
Processing and Barrier and
Stabilization Marker System Total (rounded)
Existing Tank Waste 1,250 190 1,400
Future Tank Waste 450 3 500
Sr/Cs Capsules 200 11 210
TRU-Contaminated Soil Sites 1.2 67 68
Pre-1970 Buried TRY Solid Waste 0.35 140 140
Retrievably Stored and Newly 5.9 62 ) 68
Generated TRU Waste
Totals {rounded) 1,900 500 2,400

repository are insignificant and are not listed Separately. For details on transportation-
related air-quality impacts, the reader is referred to Appendix I.

The strontium and cesium currently in capsules and retrievably stored TRU waste would be
sent to geologic disposal in the reference alternative, and the estimated emissions are
equivalent to those for geologic disposal (Tabie L.1}. In this alternative, TRU-contaminated
soil and pre-1970 buried TRU solid waste are disposed of by in-place stabilization and dis-
posal, and the emissions are equivalent to those reported for that alternative (Table L.7).

Pollutant emission data are summarized in Table L.11. ™"Particulates" includes dust.
These totals are emitted over the years required to implement this alternative. At any given
time the emissions would be within applicable air-quality standards.

L.4.2 Nonradiological Injuries and Fatalities

The numbers of postulated nonradiological injuries and fatalities associated with the
reference alternative are summarized in Tablé 1.12, 'Results are reportéd in integers. Meth-
ods used to estimate nonradiological injuries and fatalities are detailed in Appendix G.(a)

L.4.3 Resource Reguirements

Reguirements for resources for the reference alternative are summarized in Table L.13,
Resource requirements for strontium and cesium capsules are the same as for the geologic dis-
posal alternative. Resource requirements for TRU-contaminated soil and pre-1970 TRU solid
wastes are the same as for the in-place stabilization and disposal alternative. About 6 mil-
lion m3 of fill materia]'wiil be required, Sixteen percent of the fi11 material is sofl, 72%

is riprap, and 12% is gravel.

(a) Appendix G also contains definitions of terms used here such as occupational injury
and iTlness and Tost workdays, as given by the Occupational Safety and Health
Administration.
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TABLE L.11,

Summany of 0ns1te Nonrad1olog1ca] Emn551ons for the: Reference Alternative

{combination dispasal), t

Existing Tank Waste

Part1cu1ates 11,000
SOx 180
co 1,100
O, 430
HC 120
Future Tank Waste _
Particulates 2 500
SO ~ 150

CO 270
NOY, 130
HC 30

) Sr/Cs Capsules
Particulates ' 7
SO 1,100
CO 30
ND 40
HC _ 4
] TRU-Contaminated Soi]-STtes
. Particulates 3,300
SO 30
CO 260
-NO,, 130
HC 30
Pre- 1970 Bur1ed TRU So]1d Waste
Part1cu1ates 2,000
SO 20
CO 200
NO, 100
HC 20
Retrievably Stored and Newly Generated TRU Waste
Particulates !
S0, 1
CO 5
NO 20
. HC 2
Totals

Particulates ‘19,000 .
s0, 1,500
CD 1,900
- NO, -900
HC 210

L.12
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TABLE L.12. Nonradiological Injuries, ITinesses, and Fatalities Postulated for the
Reference Alternative {combination disposal)

Activity

Onsite Repository . Dffsite Repository

Retrieval and Processiﬁg
Transportation

" Repository Coastruction

and Operation
Total

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

In-Place Stabilization
and Disposal

In-Place Stabilization
and Disposal ’

Retrieval and Processing

Transportation

Repository Construction
and Operation

Total

{a) Lost workday cases.
{b} NA--not applicable.

Injuries ?n§ Injuries ?n§
I1lnesses '@ Fatalities I11nesses'? Fatalities
Existing Tank Waste }
24 0 -84 0
0 0] 0 0
5 0 4 0
B8y 1} 88 b
Future Tank Waste
48 0 48 0
0 0 0 0
6 0 5 - 0
0 T 55 T
Sr/Cs Capsules .
4 0 ’ 4 0
0 0 0 0
15 0 13 0]
9 ' T 17 T
Onsite Activities
TRU-Contaminated Soil Sites
1 0 NA (D)
Pre-1970 Buried TRU Solid Wastes
4 0 na(b)

Waste Isolation Pilot Plant (WIPP)

InJur1e5 ?n?

I]lnesses Fatalities

Retrievably Stored and Newly Generated TRY Wastes

5 0
10 1
I 0
61 1

L.13
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{combination disposal}.

. TABLE L.13. Respurce Requirements for the Reference Alternative:

Manpower, worker-yr

Resource _‘Onsite,Repesitory Offsite Repository
_ Existing Tank Waste
Eneragy ' ’

- Praopane, e _ 7,400 7,400
Diesel Fuely e 33,000 33,000
Gasoline, m 1,500 1,500
Electricity, GWh 1,500 1,500 .
Coal, t 15,000 15,000

Materials
Concretegkm 30,000 30,000
Steel, m 6,800 . 6,800
Stainless Steel, t 730 730
Copper, t 180 186
Lumber, m 7,700 7,700
Manpower, worker-yr 7,800 7,800
7 Future Tank Waste
Eneragy
Propane, m3 6,100 " 6,100
Diesel Fuel, mo 9,200 9,300
Gasoline, m 570 530
Electricity, GWh 100 100
Coal, t 3,500 3,800
Materials
Concrete, m 18,000 18,000
Steel, t _ 4,000 4,000
Stainless Steel, t 620 620
Copper, t 150 150 -
Lumber, m 1,800 1,800
Manpower, worker-yr 4,400 4,400
Sr/Cs Capsules
Energy _ _
Propane, m - 170 170
{Diesel_Fuelé,m3_ 1,900 2,200
Gasolime, m>"" 270 290
Electricity, GlWh 60 : 62 -
Coal, t 27,000 283,000
Materials
Concrete, m 3,700 3,800
Steel, t 560 580
Stainiess Steel, t 20 -20
Copper, t 7 7 -
Lumber, w 300 300
640 630
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TABLE 1.13; ({contd)

In-Place Stabilization and Disposal

Resource TRU—Contaminated_Soil Sites
Energy . :
Diesel.Fue]3 . : _ 8,400
- Gasoline, m 540
Manpower, worker-yr ‘ 40 _
_ -Pre-1970 Buried TRU Solid Waste
Enerqy
Diesel Fue]é m3 o - ' 16,000
Gasoline, m : 230
Electricity, GWh -2
Materials .
Steel, t 310
s . Manpower, worker-yr ' 300
2 : Disposal in WIPP
o Retrievably Stored and Newly:Generated
i TRU Waste
w2
Energy
— Propane, s 85
Diesel Fuel, m . 5,700
i ' Gasoline, m 1,100
Electricity, Glh 2,100
e
: Materials
Py, . . Concrete, m3” 13,000
o Steel, t | ‘ . N ) 2,700
- Copper,_t ' 22
' Lumber, m3 190
Manpower, worker-yr 2 _ 2,700
g
B L.4.4 Costs

Estimated costs for the reference alternative are summarized in Table L.14. Costs for
strontium and cesium capsules are the same as for the geologic disposal alternative., Costs
for TRU-contaminated soil and bke-1970 TRU solid wastes are the same as for the in-place
stabilization and disposal alternative.

L.5 HNO DISPOSAL ACTION {CONTINUED STORAGE)

The no disposal action {continued storage} alternative, basically a continuation of
present practices will also have some minor nonradiological consequences.

A summary of pollutant emissions is presented in Table L.15; all of these emissions are
very minor. Injuries, illnesses and fatalities (Table L.16), based on historical operational
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TABLE L.14., Summary of Estimated Costs for Disposal, the Reference Alternative
(combination disposal), millions of $1987

. Existing ' Future 5r/Cs
Tank Waste Tank Waste Capsules
Activity Onsite Offsite Onsite Offsite Onsite Offsite
Retrieval and Processing 1,900 1,500 1,200 1,200 S92 92
Transportation 8 14 8 13 ) 13
Repository Emplacement 100 110 130 130 110 110
Totals (rounded) . 2,000 2,000 1,300 1,300 210 220
TRU-Contaminated Pra-1970 Buried TRU
Soil Sites Solid Wastes
Processing and 1.2 47
Stabilization
Barrier and 67 118
Marker System
Totals {rounded) ' ' 63 : 170
Retrievably Stored and Newly
Generated TRU Waste

Retrieval and Processing 130

Transportation to WIPP ‘ 44

Repository Emplacement ™ 13

Totals (rounded) 190

TABLE L.15. -Nonradiological Emissions for the No Disposal Action (continued storage)
Alternative, t

Pollutant Emissions
Particulates 100
SOx 330
co : ‘ 170
HC 120
NO, ..18

L.1l&




TABLE L.16. Nonradiological Injuries, Illnesses, and-Fatalities Postulated for the
No Disposal Action (continued storage) Alternative

Injuries ?2?

[1Tnesses Fatalities

Existing Tank Waste 90 0
Future Tank Waste 24 a : 0
Sr and Cs Capsules 15 0
TRU~Contaminated Soil Sites 1 0
Pre-1970 Buried TRU Solid Waste 0 0
Retrievably Stored and Newly 0 0

Generated TRU Waste - -
Totals 130 0

(a) Lost workday cases,

data, are also quite 1ow.(a) Results are reported in integers. Reguirements for resources

3 of soiT will also be

are summarized for each waste class in Table L.17. About 0.7 million m
required. In addition, land requirements vary from 2 to 14 ha, all of which is land already
dedicated to nuclear activities. Costs are summarized for the six waste classes in

Table L.18.

Each of these impacts is estimated for continued storage for 100 years.

(a) Appendix G contains definitions of terms such as occupational injury and illness and
lost workdays, as given by the Occupational Safety and Health Administration.
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TABLE L.17,

Resource Requirements for the No Disposal Action (continued storage)

Alternative : oo

Resource

First 100 yr

Existing Tank Naste(é)

Propane, m3
Diesel Fuel, m
Gasoline, rn3
Electricity, GWh
Coal, t

Concrete, m

Steel, t

Lumber, m

Manpower, worker-yr

3

Future Tank Waste(d)

Propane, ms
Diesel Fuel, m

"~ Gaseline, m

Electricity, GWh
Coal, t

Concrete, m

Steel, t :
Stainless Steel, t
Lumber, m

- Manpower, worker-yr

Sr/Cs Capsules
Pmpane,m3
Diesel Fue'!3 m3
Gasoline, m
Electricity, Gih
Coal, t
Concrete, m3
Steel, t
Stainless Steel, t
Copper, t

Lumber, m

Manpower, worker-yr

TRU-Contaminated Soil Sites
3
m

Diesel Fuelj
Gasoline, m
Manpower, worker-yr

Pre-1970 Buried TRU Sqolid MWaste
3

Diesel Fue1é m
Gasoline, m
Manpower, worker-yr

Retrievably Stored and Newly Generated TRU Waste
3

Diesel Fuel, m
Gasoline, m
Manpower, worker=yr

(a} Based on retanking every 50 years.

8,000

200
130

© 31,000
22,000
13,000
5,200
8,200

8,000

200
50
- 32,000
22,000
12,000

2,500
2,200

580

200
120
43,000
2,300
1,000
20

290
1,300

41
400
70

19
190

26
470
40
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TABLE L.13. Sumnaﬁy of Estimated Costs for the No Disposal Action
{continued storage) Alternative, millions of $1987

Cost for Cost for Each
Activity First 100 yr 100 yr Thereafter

Existing Tank Waste
Retrieval and Retanking 330 320
Surveillance . 690 460
Subtotal 1,000 , 780

Future Tank Haste
Retrieval and Retanking 390 380
Surveillance - 59 45
Subtotal 450 430
Sr/Cs Capsules
Overpacking and Maintaenance 250 0
Surveillance ‘ 47 64
Subtotal 300 64
TRU-Contaminated Soil Sites
Monitering and Surveillance 10 10
Vegetation Control : 0.19 0.19
Subsidence Maintenance 0.80 0.80
Subtotal 11 11
Pre-1970 Buried TRY Solid Waste '
Monitoring and Surveillance 4.7 4.7
Vegetation Control 0.35 0.35
Subsidence Maintenance 0.35 0.35
Subtotal 5.4 5.4
Retrievably Stored and Newly
Generated TRU Waste

Maintenance and Surveillance 9.4 _ 9.4

Total (rounded) 1,800 1,300
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