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EXECUTIVE SUMMARY

The goal of this transportation analysis (TA) is to update the 2008 TA in order to evaluate the impacts
associated with the transportation of transuranic (TRU) waste from waste generator sites to the Waste
Isolation Pilot Plant (WIPP) facility and from waste generator sites to the Idaho National Laboratory (INL).

This TA serves as an update to the 2008 TA. A similar approach was used in this revision to calculate
radiological and non-radiological impacts. However, the input data used in this analysis has been updated
to include the most recent route, accident, traffic count, and population data. The transportation index (TI)
values were derived from analysis of the actual data (measured dose rates at 1 m from the package surface)
for WIPP shipments. Bounding contact-handled (CH) and remote-handled (RH) inventories were
developed based on the analysis of WIPP-bound CH and RH waste streams. The data used in this analysis
are from the updated inventory as of December 31, 2018, which includes about 6 MT of surplus, non-pit
plutonium and about 42.2 MT of surplus, pit plutonium (included in the WIPP inventory so that potential
impacts can be estimated). The impacts on the Transuranic Packaging Transporter-II (TRUPACT-II) in an
extra-regulatory accident was determined from structural finite element modeling (impacts onto unyielding
surface at velocities greater than 30-mph) and thermal modeling (engulfing fire). These modeling
capabilities were not feasible in 2008. As a result, the impacts on the TRUPACT-II from the extra-
regulatory accidents in the 2008 TA were assumed to be the same as the impacts on the spent nuclear fuel
(SNF) truck transportation cask. Extra-regulatory in this context means evaluating the impacts of accident
scenarios beyond the hypothetical accident conditions (HAC) defined for regulatory accidents in 10 CFR
Part 71. The intent of the radioactive material transportation HAC is to assure that the package will maintain
containment in most, but not all, accidents. Consideration of low probability extra-regulatory accidents
(probability-based analysis) are included per Department of Energy (DOE) National Environmental Policy
Act (NEPA) accident analysis guidance. The modeling results were used to calculate the probability of an
accident with the release of radioactive materials. The probability of this accident was estimated to be
5.00x107.

The TA results include radiological impacts from incident-free transport, non-radiological impacts, and
radiological impacts from transportation accidents with and without release of radioactive materials. The
results are presented in a similar format to that of the 2008 TA.

The impacts associated with the transportation of TRU waste were evaluated using conservative input
parameters and conservative models. As a result, the calculated impacts are conservative. The actual
impacts will be lower than the impacts reported in this TA.

Radiological Impacts from Incident-Free Transport and Transportation Accidents without Release
of Radioactive Materials

The maximum annual collective population dose calculated in this TA is 4 person-rem. This population
dose includes multiple persons, the number of which differs depending on the exposure scenario. Note that
the maximum annual individual occupational dose is limited to 5 rem (10 CFR Part 835). The collective
doses calculated for an accident without release are significantly lower than the collective doses calculated
for incident-free transport because the number of exposed persons is significantly lower.

The collective population doses (people along the transportation routes, people sharing the route, residents
near stops, and people at refueling stations) calculated in this TA are slightly higher than in the 2008 TA.
This is due to the difference in routes, increase in population density along the routes, additional stops not
considered in the 2008 TA, and differences in the state-specific vehicle densities.
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The maximum annual individual doses for receptors in the incident-free scenarios and a receptor (maximum
exposed individual) in the accident without release of radioactive material scenario calculated in this TA
are below the US average annual background (natural and anthropogenic) dose of 0.62 rem. The individual
doses calculated in this TA are slightly lower than in the 2008 TA, except the individual doses to a person
in a traffic jam and to the maximum exposed individual (MEI) in an accident without release scenario are
slightly higher in this TA.

Non-Radiological Impacts

The total non-radiological impacts estimated for the duration of the WIPP transportation campaign are small
— 49 accidents, 18 injuries, and 1 fatality. The estimated number of accidents per year is 0.94. The total
non-radiological impacts in the 2008 TA were 366 accidents and 1 fatality for the assumed duration of the
WIPP transportation campaign. The number of injuries was not estimated in the 2008 TA. The estimated
number of accidents per year in the 2008 TA was 10.5. The differences are due to the higher assumed
accident rates in the 2008 TA. The actual number of accidents from 1999 (beginning of WIPP transportation
campaign) to October 2019 is 21 over 12,603 shipments. There have been no injuries or fatalities as of June
2020. Including the three-year interruption in the WIPP transportation campaign, the number of accidents
per yearis 1.17.

Radiological Impacts from Transportation Accidents with Release of Radioactive Materials

The radiological impacts from a transportation accident with release of radioactive materials were
calculated for rural, suburban, and urban segments for each state crossed by the transportation route and for
each route. Two scenarios were considered — an accident with a TRUPACT-II with contact-handled (CH)-
TRU waste and an accident with a HalfPACT with remote-handled (RH)-TRU waste in shielded container
assemblies (SCAs).

In both scenarios the dose risks (dose times the accident probability) are very low. The dose risk of an
accident with a RH shipment is more than 2 orders of magnitude lower than for an accident with a CH
shipment because of the lower number of RH shipments. In the 2008 TA the collective dose risks per CH
shipment were higher and their ranges were larger for all (rural, suburban, and urban) links compared to
this TA. This is primarily related to the higher (about one order of magnitude) assumed curie and A, content
and higher assumed accident rates in the 2008 TA.

The radiological impacts were also calculated for two severe accident scenarios. The consequences of a
severe accident are reported in terms of doses without taking in account the accident probability, which is
extremely low. A severe accident was assumed to occur under conditions which maximize the radiological
impacts - urban area and stable meteorological conditions. In this TA, the urban population density was
defined based on the analysis of the actual route data. The collective population doses and MEI doses
calculated in this TA are small, but somewhat higher than in the 2008 TA. This is mainly because of the
higher release fraction calculated in this TA. The release fraction in the 2008 TA was assumed to be the
same as in an accident with a SNF transportation cask which is structurally very different from TRUPACT-
IT and HalfPACT and has content (SNF assemblies) very different from the TRU waste.
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1. INTRODUCTION

This Transportation Analysis (TA) was performed in accordance with the Analysis Plan "Analysis Plan for
Update to Transportation Analysis for the Waste Isolation Pilot Plant" (Kalinina, 2020). The analysis plan
summarized the approach to the TA, the required input data, and the software. The TA is an update to the
2008 TA (Weiner and Dunagan, 2009).

The Waste Isolation Pilot Plant (WIPP) facility, located near Carlsbad, New Mexico, is a facility authorized
to dispose of transuranic (TRU) waste generated by the U.S. Department of Energy (DOE) defense activities.
The goal of this TA was to evaluate the impacts associated with the transportation of TRU waste from waste
generator sites (sites) to the WIPP facility (direct routes) and from the waste generator sites to Idaho
National Laboratory (INL) (indirect routes). Twelve routes, including 9 direct routes and 3 indirect routes,
were considered in this TA.

This TA uses the updated estimate for the WIPP facility final closure date, the updated estimates of the
quantities and characteristics of TRU wastes from DOE generator/storage sites and considers the impacts
of transporting these wastes. The DOE requires re-evaluation of the impacts associated with the
transportation of TRU waste from waste generator sites to the WIPP facility in order to support National
Environmental Policy Act (NEPA) documentation associated with the proposed action of excavation and
use of additional TRU waste disposal panels. These additional disposal panels will provide for the disposal
of defense TRU waste up to the total TRU waste volume capacity limit of 6.2 million cubic feet (175,564
cubic meters) established in section 7(a)(3) of Public Law 102-579, The Waste Isolation Pilot Plant Land
Withdrawal Act of 1992 (as amended). Sandia National Laboratories (SNL) with support from the Pacific
Northwest National Laboratory (PNNL) conducted this transportation analysis to evaluate the
transportation impacts of this action.

The approach used in this TA is documented in Section 2. It is similar to the approach used in the 2008 TA
(Weiner and Dunagan, 2009). Any modifications to the 2008 TA approach are defined and explained. The
most recent versions of software (RADTRAN 6.02 and WebTragis) were used.

A large amount of input data was required for the new TA. Section 3 describes the inputs needed for the
assessment of radiological impacts from incident-free transportation and non-radiological impacts.

Some transportation routes changed since 2008 and some were terminated. Also, a few new routes were
only recently introduced. The updated (or new) routes were generated using WebTragis and the route
specific data including the population density within 800 m (2,625 ft) of the highway were obtained as
described in Section 3.1.

The population densities in WebTragis are based on the 2010 Census data. The data on state specific
population increase since 2010 to 2018 (most recent available) were collected and used to adjust the
population densities from WebTragis. In addition, the change in population multipliers were developed for
2030 and 2040 to be considered in the sensitivity analysis. The details are provided in Section 3.2.

The most recent state specific traffic count data (2017-2018) were collected and analyzed to obtain state
specific average number of vehicles per hour. Section 3.3 provides the details of this analysis.

The most recent data on the state specific number of accidents, injuries and fatalities and miles traveled for

large trucks was collected. These data were used to derive the state specific accident, injuries, and fatalities
rate in the form of incident per vehicle-km. The data and data analysis are described in Section 3.4.
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The annual number of shipments by package type was estimated for each generator site in Attachments D
and E of WIPP Nuclear Waste Partnership, 2020. This information was used to define the number of
shipments by shipment type for each site as described in Section 3.5.

The major parameter required for the assessment of the radiological impacts due to the external radiation
during the routine transportation and transportation accidents without release of radioactive materials is the
transportation index (TI). The TI represents the radiation dose rate at 3.3 ft (1 m) from the surface of the
package. In this TA the TIs were derived from the actual data (measured TIs) of the WIPP shipments from
the beginning of the transportation campaign through October 4, 2019 (except for surplus plutonium). The
dose rate data are from Attachment C of WIPP Nuclear Waste Partnership, 2020. Section 3.6 describes the
data analysis and the resulting bounding values of TI for each shipment type.

The input data developed in Section 3 were compared to the corresponding input data used in the 2008 TA.
This comparison is important for understanding the differences in the results of radiological impacts from
incident-free transportation and non-radiological impacts.

The radiological impacts from incident-free transportation are evaluated using the unit risk factor approach.
The unit risk factors were calculated using RADTRAN 6.02 as described in Section 4.1.

Section 4.2 describes the results of the impacts from the incident-free transportation assessment. This
includes radiation exposures to the general public (along the transportation route, sharing the road, and
people at refueling stations), transportation workers (crew while the truck is moving and during stops),
refueling station employees, site and state border inspectors, and for a hypothetical person in a traffic jam
next to the WIPP truck with cargo. The results are presented in a format similar to the one in the 2008 TA
(Weiner and Dunagan, 2009). The results are compared to the corresponding 2008 TA results.

Section 5 describes the results of the non-radiological impact assessment. The results are presented in a
format similar to the one in the 2008 TA (Weiner and Dunagan, 2009). The results are compared to the
corresponding 2008 TA results.

Section 6 describes the input data needed for the evaluation of the radiological impacts from transportation
accidents.

One of the major parameters required for the assessment of the radiological impact related to accidents that
are severe enough to breach the waste package and to release some of the radioactive material is the
radionuclide inventory. This TA uses updated inventory information as of December 31, 2018, which
includes ~6MT of surplus, non-pit plutonium (Van Soest 2019). In addition, ~42.2MT of surplus, pit
plutonium is included in the WIPP inventory so that potential impacts can be estimated (Toothman 2019).
The inventory was analyzed to derive bounding compositions for the different types of packages. Section
6.1 describes the details of this analysis.

The consequences of extra-regulatory accidents that may result in breach of TRUPACT-II were evaluated
using a finite-element impact model. The analyses considered impacts on the top, the side, and the upper
corner of the TRUPACT II package onto an unyielding target at different velocities. Section 6.2 describes
the model and the modeling results. Section 6.3 extends the modeling results to impacts onto yielding
targets. Section 6.3 and 6.4 provide the data for developing the accident conditional probabilities and
corresponding release fractions as described in Section 6.5. Note that at the time of the 2008 TA no finite
element model capable of determining hole sizes generated from an extra-regulatory impact of any of the
WIPP packages existed.
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The radiological impacts from transportation accidents are evaluated using the unit risk factor approach.
The unit risk factors were calculated using RADTRAN 6.02 as described in Section 7.1.

Sections 7.2 and 7.3 describes the results of the impacts from transportation accidents. This includes:

- Radiological impacts related to the potential accidents that are severe enough to breach the TRU
waste package and to release some of the radioactive materials.

- Radiological impacts from potential accidents that do not result in a release of radioactive material.
These impacts represent the radiation exposes to the general public and to a maximum exposed
individual (MEI) while the truck is stopped due to the accident.

The results are presented in a format similar to the one in the 2008 TA (Weiner and Dunagan, 2009). The
results are compared to the corresponding 2008 TA results.

Section 8 summarizes the major results of this TA.

Note that the 2008 TA considered the pollution health effects that could be the result of vehicle emissions
(diesel exhaust) while traveling through urban areas. The pollution health effects were not re-evaluated in
this TA. The WIPP SEIS-II showed that latent cancer fatalities (LCFs) attributed to diesel exhaust exposure
in an urban area are very small relative to the impact of accidents, fatalities, or injuries.

The 2008 TA also considered the impacts from hazardous chemical exposures during transportation
accidents. The impacts from hazardous chemical exposures were not re-evaluated in this TA because these
impacts continue to be bounded by the scenario evaluated in the 2008 TA that considered an accident with
a TRUPACT-II. The updated inventory, shipment, and route data will not affect the hazardous chemical
exposure scenario.

The types of shipments considered in this TA are illustrated in Figure 1-1 reproduced from DOE (2017).
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a. Shipment of Two TRUPACT-II and One HalfPACT b.  Shipment of One TRUPACT-III

¢.  Shipment of Three HalfPACT

d. Shipment of One RH-TRU 72-B

Figure 1-1. Types of TRU Waste Shipments Considered in this TA.
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2. METHODS

This TA uses the unit risk factors approach to calculate the radiological and non-radiological impacts. The
unit risk factors were calculated using RADTRAN 6.02 for each shipment type for incident-free transport
and transportation accidents. The unit risk factor approach is an effective way to incorporate greater details
regarding route specific and other parameters. This allows for multiple exposure calculations without re-
running RADTRAN 6.02.

In the 2008 TA each transportation route was divided into one rural, one suburban, and one urban segment
within each state that the route crossed. The route specific data were used as an input into RADTRAN 6.02.
The RADTRAN 6.02 calculations were done for a CH shipment and a RH shipment for each route. In this
TA RADTRAN 6.02 was used to calculate the unit risk factors. The route specific data were used as an
input into the spreadsheet calculations.

Section 2.1 describes the calculations of the impacts from the incident-free transport. Section 2.2 describes
the calculations of the impacts from the transportation accident. Section 2.3 describes the calculations of
the non-radiological impact.

2.1 Incident-Free Transport Calculations
The unit risk factors were calculated using RADTRAN 6.02 for different shipment types assuming;:

- Dose rate at 1 m (TI) equal to 1 mrem/hr

- Shielding factor equal to 1 (no shielding)

- Link distance equal to 1 km (0.62 mi), if applicable

- Vehicle speed equal to 1 km/hr (0.62 mph), if applicable

- Population density equal to 1 person per km? (0.39 persons/mi?), if applicable
- Traffic count equal to 1 vehicle/hr, if applicable

- Vehicle occupancy equal to 1 person per vehicle, if applicable

- Exposure time equal to 1 hr, if applicable

- Accident rate equal to 1 accident per km (0.62 accident per mi), if applicable

The calculations of the unit risk factors for incident-free transportation are described in Section 4.1. The
unit risk factors are summarized in Table 4-3. The notations in this table correspond to the notations used
in the equations below.

The external collective dose to a receptor from each shipment type and each route is calculated using unit
risk factors, shipment specific and route specific data, and the receptor specific scenario parameters. The
details of these calculations are provided below.

The probability that the transportation is routine and without incident with release of radioactive materials
is close to 1. Due to a very small conditional probability of a release, the collective doses in this group of

scenarios are reported in terms of doses and not dose risks as in the case of an accident with release of
radioactive materials.

2.1.1 Non-Occupational Dose Calculation

The route-specific data for these calculations are: rural, suburban, and urban distances traveled within each
state crossed by the route and corresponding rural, suburban, and urban population densities within an 800
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m corridor on either side of the transportation route. These data are obtained from WebTragis and described
in Section 3.1. The population bins in WebTRAGIS are:

« rural: up to 139 persons/mi? (53.73 persons/km?)
» suburban: more than 139 to 3,326 persons/mi” (more than 53.73 to 1,286 persons/km?)
« urban: more than 3,326 persons/mi’ (more than 1,286 persons/km?)

The 800 m was historically used in AEC (1972) and in RADTRAN applications. Retaining the 800-m value
is extremely conservative, but it provides comparability with older analyses.

The route data are summarized in Tables 3-2 — 3-13. The suburban and urban distances within each state
are divided into two segments — the segment to which the rush hour-speed is applied and the segment with
the non-rush hour speed. The percent of the total urban and suburban distance that is affected by the rush
hour speed is an input parameter and is described in Section 4.2. The stops are defined for each route based
on the requirements for safety check stops, refueling, break, and inspections as described in Section 3.1.

The population densities along the route are adjusted using the population change multipliers to account for
the population change from the 2010 census to 2018 (base case) and from 2010 to 2030 and 2040 (cases
used in the sensitivity analysis). The percent population change analysis is described in Section 3.2. The
percent population changes are summarized in Table 3-15.

The package specific data are the transportation indexes (TIs) that are defined for each package in Section
3.6, Table 3-22. The number and type of each shipment are defined for each site in Section 3.5, Table 3-20.
The traffic count data are described in Section 3.3. The data used in the calculations are summarized in
Table 3-17.

The receptor and scenario specific parameters are described for each receptor below.

2.1.1.1 Residents along the Transportation Route

The external collective dose to residents Dogrp (person-rem) along the route segment (link) L from the
shipment of type p (off link collective dose) is calculated as:

Dogfp =L+ SFy - DIST, - URFopsp Ty 2-1)
L

where
PDL = adjusted population density within 800 m corridor of the route segment L (persons/km?)
VL = vehicle speed (km/hr) during the rush hour or non-rush hour depending on the link type
SFL = shielding factor with default values of 1 (rural), 0.87 (suburban), and 0.018 (urban) links
DISTL. = link distance (km)
URFofrp = off-link unit risk factor for shipment type p (km?)
TI, = external dose rate at 1 m from the shipment surface (TI), mrem/hr

The collective dose to residents along the route from shipment of type p is a sum of the collective doses of
all the route segments. This dose is multiplied by the number of shipments of type p along the route to
obtain the transportation campaign collective dose Note that the transportation campaign begins in 2020.
2.1.1.2  Occupant of Vehicles Sharing the Transportation Route

The external collective dose to the occupants of the vehicles sharing the route with the shipment (on link

collective dose) includes the following receptors:
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*  Occupants of vehicles traveling in the opposite direction to the shipment
= QOccupants of vehicles traveling in the same direction as the shipment, and
= QOccupants of passing vehicles.

The collective dose to the occupants of the vehicles Donp (person-rem) sharing the route segment L with
the shipment of type p is calculated as:

Dynp = DIST, - PPV, - N| - URFyy, p, - T, (2-2)
PPVL = vehicle occupancy (average number of persons per vehicle)
N'L = one-way traffic count (average number of vehicles per hour in all lanes)
URFonp = rush or non-rush hour on-link unit risk factor for shipment type p depending on link type

(hr?/km)
Note that the URF o, accounts for all three types of receptors listed above.

The 2008 TA assumed two persons per vehicle. The same assumption was used in this TA. The state specific
and population area specific traffic count data are described in Section 3.3.

The collective dose to the occupants of the vehicle sharing the route from shipment of type p is a sum of
the collective doses of all the route segments. This dose is multiplied by the number of shipments of type p
along the route to obtain the transportation campaign collective dose.

2.1.1.3  Collective Dose to Residents Near Stops

It is assumed that when a truck stops, the residents in the vicinity of the stop are exposed. In this case, the
population in RADTRAN is modeled as a population uniformly distributed within the annulus surrounding
the stop with the vehicle in the center of it. The dose is then integrated over this population from the
minimum radial distance Xmin to the maximum radial distance Xmax from the truck. As discussed in Section
4.1, the unit risk factors were calculated assuming Xmi» equal to 30 m and Xmax €qual to 800 m. It was assumed
that the truck does not stop in urban areas. This is the same assumption as in the 2008 TA.

The external collective dose to population in the vicinity of a stop D (person-rem) on link L from the
shipment of type p is calculated as:

Dgyp = PDy+Ts - SF, - URFgp, - T, (2-3)
T = duration of stop (hr)
URFy, = population near the stop unit risk factor for shipment type p (km?)

The stop can be a refueling stop, a safety check stop, a break stop, or an inspection stop. The stops assumed
for each route are described in Section 3.1. The duration of the different types of stops is an input parameter
into the calculations and is discussed in Section 3.1.

The total collective dose to the residents near the stops along the route from the shipment of type p is the

sum of the doses from all the stops. This dose is multiplied by the number of shipments of type p along the
route to obtain the transportation campaign collective dose.
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2.1.1.4 Collective Dose to People at Refueling Stops

It is conservatively assumed that when a truck stops, people at the refueling station get exposed. The
collective external dose Dysipp (person-rem) to the people at stop from the shipment of type p is calculated
as:

Dpsip = PDpst - Tse " URFpsep ~ Ty (2-4)

PDpst = Npst/A

URFpstp = people at stop unit risk factor for shipment type p (km?)
Npst = number of people at the refueling station
A = annular area defined by Xmin and Xmax (km?)

The 2008 TA assumed 7 people at the refueling station, Xmix=1 m and Xmax=15 m. The same assumptions
were made in this TA.

The refueling stops assumed for each route are described in Section 3.1. The duration of the refueling stop
is an input parameter into the calculations and is discussed in Section 3.1.

The total collective dose to the people at the refueling stops along the route from the shipment of type p is

the sum of the doses from all the refueling stops. This dose is multiplied by the number of shipments of
type p along the route to obtain the transportation campaign collective dose.

2.1.1.5 Dose to a Person in a Traffic Jam Next to the WIPP Truck with Cargo

The external dose to a person in a traffic jam Dyt (person-rem) from the shipment of type p is calculated
as:

Dywtp = Tirp - URFptrpp - Tl (2-5)
Tour = time in a traffic jam (hr)
URFputp = person in a traffic jam unit risk factor for shipment type p (unitless)

In the 2008 TA it was assumed that the person is exposed only once, the exposure distance is equal to 2 m,
and the exposure time is 30 min. The same assumptions were made in this TA.

2.1.2 Occupational Dose Calculation

The shipment specific data are the TIs that are defined for each shipment type in Section 3.6, Table 3-22.
The number and type of each shipment is defined for each site in Section 3.5, Table 3-20.

The receptor and scenario specific parameters are described for each receptor below.
2.1.2.1 Inspector at the Generator Site

The dose to an inspector at the generator site Dyginsp (person-rem) inspecting the shipment of type p leaving
the site is calculated as:

Tex
gins,p — Tgins ’ URFins,p ' Tlp ' Pgins © Ky r= s (2-6)

D .
P Tcmp
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Teins = inspection time (hr)

URFinsp = inspector unit risk factor for shipment type p (unitless)

Pgins = percent of all shipments inspected by an inspector at the generator site
K, = total number of packages of type p shipped from the generator site
Texp = total exposure period (yrs)

Temp = campaign duration (yrs)

The 2008 TA assumed that the inspector at the generator site would have an exposure distance of 1 meter
for an hour (Tgn—=1), the inspector would work at the same job for 10 years (Tex=10), and there would be
two shifts working the same job (Pgins=0.5). The same assumptions were made in this TA. The assumed
campaign duration was 52 yrs.

2.1.2.2 Inspector at the State Border

The dose to an inspector at state border Dyinsp (person-rem) inspecting the shipment of type p is calculated
as:

Tex
Dbins,p = Thins* URFins,p ' Tlp " Ppins - Kp ' ﬁ (2-7)
Toins = inspection time (hr)
Puins = percent of all shipments inspected by an inspector at the state border

The 2008 TA assumed that the state border inspector would be involved in 20 percent of the inspection
(Puins=0.2) over a 10-year period with an average exposure distance of approximately 1 meter and inspection
time of 1 hr. The same assumptions were made in this TA, except the inspection time (Twins) as described
in Section 4.2.7.

2.1.2.3  Refueling Stop Employee

The external dose Dempp (person-rem) to a refueling station employee from the shipment of type p is
calculated for each route as:

TEX
Dempp = PDemp * Temp * PempURFompp - Tlp - Ky -ﬁ (2-8)
URFempp = refueling station employee unit risk factor for shipment type p (km?)
Temp = total refueling stop time on the route
Pemp = percent of total shipments to which the refueling station employee is exposed

PDemy=1421.026 persons/km? is calculated assuming that one person is exposed within the annular area
with the minimum exposure distance of 1 m and maximum exposure distance of 15 m.

The 2008 TA assumed that the individual will be exposed to approximately 20 percent of shipments
(Pemp=0.2) over a 10-year period. This assumption is made on the basis that trucks stop at the same location,
an individual works for 10 years at the truck stop, and 3 shifts work at the truck stop. The assumed stop
duration was 50 minutes. The same assumptions were made in this TA. The stop duration is an input
parameter and is described in Section 4.2.6.

2.1.2.4 Truck Crew while Driving and while at Stops
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The external dose to the truck crew while driving Derarp (person-rem)with the shipment of type p is
calculated as:

Dcrdr,p = lerar” URFcrdr,p ' TIp (2-9)
Tear = total time of driving from a generator site to the WIPP (hr) with the shipment p
URFerarp = crew while driving unit risk factor for shipment type p (unitless)

Note that the unit risk factors were calculated assuming the crew of two people.
The external dose to the truck crew while at stops Desip (person-rem) with the shipment of type p is
calculated as:

Dcrst,p = lepst” URFcrst,p ! TIp *Ner - Perst (2-10)
Tat =  total stop time (hrs) on the route from a generator site to the WIPP with the shipment type p
URFusp=  crew while at stop unit risk factor for the shipment type p
Ner = number of people in the crew
Poast =  percent of time spent next to the truck at the stop

The total external dose to the truck crew while driving D, (person-rem) with the shipment of type p from
a generator site to the WIPP (INL) is calculated as:

Dcr,p = Dcrdr,p + Dcrst,p (2-1 1)

Note that this calculation does not take into account that per current regulations any monitored crew member
who receives a radiation dose that approaches 2 rem (the administrative limit for occupational doses) in any
given year is to be reassigned to other duties involving no further dose for the remainder of the year (DOE
2004). These are the same assumptions as in the 2008 TA.

The 2008 TA assumed that the truck crew consists of two people and that the drivers spend half time each
standing next to the truck at the stops. The same assumptions were made in this TA.
2.2 Transportation Accident Calculations

The majority of the transportation accidents (99.993 percent -in the 2008 TA) are the accidents in which
there is no release of radioactive materials. In this TA the probability of an accident with release is even
lower. The calculation of the exposure from these accidents is described in Section 2.2.1.

Calculation of the radiological impacts related to the potential accidents that are severe enough to breach
the TRU waste package and to release some of the radioactive materials are described in Section 2.2.2.

The unit risk factor approach was used in both, transportation accidents with and without release of
radioactive materials.

2.2.1 Radiological Impacts from the Transportation Accident without Release of
Radioactive Materials

A truck involved in an accident in which no radioactive materials were released will stay at or near the
place of the accident for many hours. The nearby population will be exposed to the external radiation from
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the package(s) on the truck as well as an individual who happened to be in the vicinity (this also applies to
a first responder).

The 2008 TA considered one such accident scenario that took place in a densely populated area (2,750
persons/km?). The residents were located within the annular area defined by the minimum distance of 30 m
and maximum distance of 800 m from the truck. The maximum exposed individual (MEI) was assumed to
be at the 30 m distance from the truck. The exposure time was assumed to be 10 hours. The radiological
impacts were reported as a population dose. The same assumptions were made in this TA.

The unit risk factors were calculated using RADTRAN 6.02 for the different shipment types assuming;:

- Dose rate at 1 m (TI) equal to 1 mrem/hr

- Shielding factor equal to 1 (no shielding)

- Population density equal to 1 person per km? (0.39 persons/mi?), if applicable
- Exposure time equal to 1 hr

The calculations of the unit risk factors are described in Section 7.1. The unit risk factors are summarized
in Table 7-2. The notation in this table correspond to the notations used in the below equations.

The collective external doses were calculated using the unit risk factors, shipment specific Tls, and the
population density and exposure time defined in Section 7.2.3. Note that the calculations are similar to the
ones in Section 2.1 because the radiological impacts from potential accidents without release of radioactive
material are treated as long duration stops.

The external collective dose to population in vicinity of the place of an accident Duracep (person-rem) from
the shipment of type p is calculated as:

Dnracc,p = PDnracc ' anacc ' URFnracc,p ' TIp (2'12)
TI, = transportation index for shipment p (mrem/hr)
PDurace = population density in vicinity of an accident (persons/km?)
Turace = exposure time (hr)
URFuacep = population near the place of an accident unit risk factor for shipment type p (km?)

The external dose to the MEI Dugr nrp (person-rem) from the shipment of type p is calculated as:
DMEI_nr,p = Thrace® URFMEI_nr,p ' TIp (2'13)

URFwmer wp = MEI near the place of an accident unit risk factor for shipment type p (unitless)

2.2.2 Radiological Impacts from Transportation Accidents with Release of Radioactive
Materials

The radiological impacts from transportation accidents with release of radioactive materials are calculated
for rural, suburban, and urban segments for each state crossed by the transportation route. Credit is not
taken for the fact that an accident will occur at only one place. A few rural segments may exist in one state
and combining them in one segment with aggregated population may result in overestimating the population
density and thus, the radiological impacts. The same concerns exist for the suburban segments. The
radiological impacts in an urban segment will not be overestimated in states that have only one urban
population center. This is the same approach as in the 2008 TA.

29



Update to Transportation Analysis for the Waste Isolation Pilot Plant, Revision 01

The radiological impacts are calculated using the unit risk factor approach. The unit risk factors were
calculated using RADTRAN 6.02 for the bounding package inventory assuming:

- Accident rate equal to 1 accident/km
- Link distance equal to 1 km
- Population density equal to 1 person per km? (0.39 persons/mi?)

The radiological impacts in the rural and suburban areas are calculated in RADTRAN 6.02 using the same
pathway-specific equation. The population dose in an urban area includes a factor that takes into account
the population inside buildings and the population outside (pedestrians). As a result, the unit risk factors
are the same for the rural and suburban links and different for the urban links.

The bounding inventories are described in Section 6.1 and summarized in Table 6-5. The other inputs into
the unit risk factor calculations are the conditional probability of each type of accident (severity fractions)
and associated release fractions. Note that the accident conditional probabilities and the corresponding
release fractions used in this TA are different from the 2008 TA. The consequences of the extra-regulatory
accidents that may result in a breach of TRUPACT-II were evaluated using the finite-element impact model
(Section 6.2). The model provided the data for developing the accident conditional probabilities and
corresponding release fractions as described in Section 6.5. At the time of the 2008 TA no finite element
model capable of determining hole sizes generated from extra-regulatory impact of any of the WIPP
packages existed.

The calculations of the unit risk factors for transportation accidents involving a release of radioactive
materials are described in Section 7.1. The unit risk factors are summarized in Table 7-1. The notation in
this table correspond to the notations used in the below equations.

The route specific inputs are:

- Rural, suburban, and urban distances traveled within each state crossed by the route

- Rural, suburban, and urban population densities within an 800 m corridor on either side of the
transportation route

- State specific accident rates

The distance and population data were obtained from WebTragis and are described in Section 3.1. The
route data are summarized in Tables 3-2 — 3-13.

The population densities along the route were adjusted using population change multipliers to account for
the population change from the 2010 census to 2018 (base case) and from 2010 to 2030 and 2040 (cases
used in the sensitivity analysis). The percent population change analysis is described in Section 3.2. The
percent population changes are summarized in Table 3-15. The state specific accident data are described in
Section 3.4.

The results for the accident case are reported in terms of the total population dose risk, which is the sum of
the dose risks calculated for each accident category. The category specific dose risk is a product of the
category conditional probability and population dose. The population dose in RADTRAN 6.02 is calculated
as the sum of the inhalation, cloudshine, resuspension, and groundshine doses.

The total population dose risk for the rural/suburban route segment from the bounding inventory i (DR;)
(person-rem) is calculated as:

30



Update to Transportation Analysis for the Waste Isolation Pilot Plant, Revision 01

DRy ; = Pgccr - PDy, - DIST, - URF (i (2-14)
PaceL = accident rate on the route segment L. (accident/km)
PDL = adjusted population density within 800 m of the route segment L (persons/km?)
DIST. = link distance (km)
URFacci = rural/suburban accident unit risk factor for bounding inventory i (km?)

The total population dose risk for the urban route segment from the bounding inventory i (DRUL;) (person-
rem) is calculated as:

DRU,; = Pyecr, - PDy - DIST, - URFy gcci (2-15)
URFy acei = urban accident unit risk factor for bounding inventory i (km?)

The total population dose risks were also calculated for all shipments relevant to the corresponding
bounding inventory. This is the same approach as in the 2008 TA. As was pointed out in the 2008 TA,
multiplying by the number of shipments is accurate because it increases the probability that a shipment will
be involved in each type of accident.

2.3 Non-Radiological Impact Calculations

The non-radiological impacts are expressed as the number of potential traffic accidents and non-radiological
fatalities and injuries likely to occur as a result of transporting the TRU waste containers round trip between
the generator sites and the WIPP facility and between the generator sites and INL. The type of shipment is
not relevant in this case, only the total number of shipments along the route is.

The inputs into the non-radiological impact calculations are described in Section 3. They are:

- Total distance along each route, Table 3-14.

- Number of shipments along each route, Table 3-20.

- State specific accident, injury, and fatality rates for the states crossed by the WIPP routes, Table 3-
18.

The number of accidents along the route Nacc is calculated as:

Ngee = Nshp ' ZIiVSt Pacc,i "2 DIST; (2'16)
Ninp = total number of shipments along the route
Nt = total number of states crossed by the route
Biesi = accident rate in state i (accidents/km)
DIST; = distance traveled in state i (km)

The number of injuries along the route Niy; is calculated as:
Ninj = Nnp * 2" Pinj; + 2+ DIST, (2-17)
Pumjy = injury rate in state i (injuries/km)

The number of fatalities along the route Ny is calculated as:
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Nftt = Nopp * 2Y°F Peeyi - 2+ DIST; (2-18)

P = fatality rate in state i (fatalities/km)
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3. INPUT DATA FOR THE INCIDENT-FREE TRANSPORTATION
ANALYSIS

3.1 Route Data

Nine routes from waste generator sites to the WIPP facility and five routes from waste generator sites to
INL are defined in Attachment B of WIPP Nuclear Waste Partnership, 2020. The route from Hanford to
INL coincides with the Hanford to INL segment of the route from Hanford to the WIPP facility. The route
from Lawrence Berkley Laboratory (LBL) to INL was closed. Consequently, nine routes from generator
sites to the WIPP facility and three routes from generator sites to INL are considered in this TA. The routes
are listed in Table 3-1. It is assumed that these routes will remain the same for the duration of the WIPP
shipment campaign and no other routes will be introduced. Note that the 2008 TA considered 16 routes.
Five of these routes identified in Table 3-1 are no longer in use and the route from Nuclear Radiation
Development (NRD), LLC, NY to INL was not used in 2008.

Table 3-1. Transportation Routes to Be Considered in TA.

Route ID | Generator Site
Routes from Generator Sites to the WIPP
Hanford Site (Hanford), WA
Idaho National Laboratory (INL), ID
Los Alamos National Laboratory (LANL), NM
Oak Ridge National Laboratory (ORNL), TN
Savannah River Site (SRS), SC
Argonne National Laboratory (ANL), IL
Bettis Atomic Power Laboratory, (Bettis), PA
Sandia National Laboratories (SNL), NM
Knolls Atomic Power Laboratory (KAPL), NY
Routes from Generator Sites to INL
10 Lawrence Livermore National Laboratory (LLNL), CA
11 Nuclear Radiation Development (ND), LLC, NY (West Valley)
12 Nevada National Security Site (NNSS), NV
2008 TA Routes that Are No Longer Used
Battelle Memorial Institute, OH
Brookhaven National Laboratory, NY
Army Materials Command, VA
Missouri University Research Reactor, MO
Rocky Flats Environmental Test Site, CO

O |R0|QA[N| N | N~

The route information was used as an input into the ORNL routing software WebTragis (Peterson, 2018)
to obtain the population density within 800 m (2,625 ft) of either side of the highway, population category
(rural, suburban, and urban), and travel times and distances along the transportation route. Note that some
routes changed since 2008. The old routes are shown along with the new routes when this is the case.

The route data were also used to define the stops. The following types of stops along the route were
considered:

- Safety check

- Break

- Refueling

- Border inspection
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The safety check and break stops were defined in accordance with the following federal regulations:
a. 49CFR 395(g)(B) requires a 30-minute break after 8 hours of driving

b. 49CFR 392.9(b)(2) requires a safety load and securement check within the first 50 miles
(2) Inspect the cargo and the devices used to secure the cargo within the first 50
miles after beginning a trip and cause any adjustments to be made to the cargo or
load securement devices as necessary, including adding more securement devices,
to ensure that cargo cannot shift on or within, or fall from the commercial motor
vehicle; and

c. 49CFR 392.9(b)(3)(ii)(iii) requires a safety load and securement check after 3 hours or 150
miles

(3) Reexamine the commercial motor vehicle's cargo and its load securement

devices during the course of transportation and make any necessary adjustment to

the cargo or load securement devices, including adding more securement devices,

to ensure that cargo cannot shift on or within, or fall from, the commercial motor

vehicle. Reexamination and any necessary adjustments must be made whenever—

(i) The driver makes a change of his/her duty status, or
(ii) The commercial motor vehicle has been driven for 3 hours; or

(iii) The commercial motor vehicle has been driven for 150 miles, whichever
occurs first.

Note that the safety check and break stops were not considered in the 2008 TA.

The refueling stops were specified every 845 km (525 mi), the same as in the 2008 TA.

At the present time inspections are required in Colorado (Fort Collins). Per Attachment A of WIPP Nuclear
Waste Partnership, 2020, the average time spent at the Wyoming/Colorado border is 5 hours. Inspections
are also performed when the WIPP trucks enter New Mexico. No other state border inspections are required.
The inspection stops were defined based on this information.

In the 2008 TA the inspection stops were specified in each state crossed by the transportation route.

The route data in the following sections are reported in English units because they were taken directly from
the WebTragis output.

3.1.1 Hanford to WIPP Route

The transportation route from Hanford to the WIPP facility is shown in Figure 3-1. The route is the same
as in the 2008 TA. The route data from WebTragis is summarized in Table 3-2.

The following stops were defined along the route:
= 12 safety checks

* 3 breaks
= 2 inspection stops
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= 4 refueling stops

Table 3-2. Hanford to WIPP Route Data from WebTragis.

Rural Suburban Urban
State : : : - .
Population : Population Distance Population Distance
. Distance . .
Density § Density Density
22 (ml) 2 . 2 &
(persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
WA 17.3 29.52 1,631.9 12.99 3,356.3 0.06
OR 37.2 193.34 946 15.2 3,446.4 0.13
ID 35.5 227.01 851.2 46.93 4,370.7 1.45
UT 37.9 116.34 912.3 32.61 3,401.6 0.15
WY 24.5 342.79 651.5 23.86 3,327.3 0.01
CO 454 188.31 1,505.3 78.97 5,128.9 31.21
NM 23 448.56 489.9 24.98 0 0
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Figure 3-1. Transportation Route from Hanford to the WIPP Facility.
3.1.2 INL to WIPP Route

The transportation route from INL to the WIPP facility is shown in Figure 3-2. The route is the same as in
the 2008 TA. The route data from WebTragis are summarized in Table 3-3.

The following stops were defined along the route:

= 9 safety checks
= 2 breaks
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» 2 inspection stops
= 2 refueling stops

Table 3-3. INL to WIPP Route Data from WebTragis.

Rural Suburban Urban
BEite Population : Population Distance Population Distance
5 Distance s .
Density (mi) Density Density
(persons/mi’) (persons/mi’) (mi) (persons/mi’) (mi)
ID 29.9 110.16 738.7 19.11 3,947.7 0.7
uT 45.2 95.05 905 33.27 3,401.6 0.15
WY 24.5 342.79 651.5 23.86 3,327.3 0.01
CO 454 188.31 1,505.3 78.97 5,128.9 31.21
NM 23 448.56 489.9 24.98 0 0
SOUTH DAKOTA
e IDAHGD )
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Lincoln
EVADA e ool
KANSAS
.\.‘Jicl
Las Vegas
7 OKLAHON
Oklal
s Angeles ARIZONA
Phoenix
U.ﬂ ML;)UCJII . 0
— Juarez
V. . TEXAS
i Austir

Figure 3-2. Transportation Route from INL to the WIPP facility.

3.1.3 LANL to WIPP Route

The transportation route from LANL to the WIPP facility is shown in Figure 3-3. The route is the same as
in the 2008 TA. The route data from WebTragis are summarized in Table 3-4. Three safety check stops
were defined along the route. There are no breaks, inspections, or refueling stops because the route is short.
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Table 3-4. LANL to WIPP Route Data from WebTragis.

Rural Suburban Urban
State Population ; Population Distance Population Distance
. Distance s .
Density (mi) Density Density
(persons/mi’) (persons/mi’) (mi) (persons/mi’) (mi)
NM 37.6 326.3 568.4 38.18 0 0
Los Alam
L Vegas
Tucumcari 40

Santa Rosa

Estancia

Clovis

Socorro Portales

22

Carmnmzozo

Truth Or
Consequences
Alamogordo

Sands Hobbs
NM '

Las Cruces
180

Figure 3-3. Transportation Route from LANL to the WIPP facility.

3.1.4 ORNL to WIPP Route

The transportation route from ORNL to the WIPP facility is shown in Figure 3-4. The route is different
from the 2008 TA on the segment from ORNL to Dallas and through West Texas and New Mexico as
shown in this figure. The route data from WebTragis are summarized in Table 3-5.

The following stops were defined along the route:

= 10 safety checks
* 3 breaks

* | inspection stop
= 2 refueling stops
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Table 3-5. ORNL to WIPP Route Data from WebTragis.

Rural Suburban Urban
State Population . Population Distance Population Distance
. Distance R .
Density . Density Density
2 (mi) 2 ) :2 .
(persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
TN 45.1 63.76 1,018.4 46.1 3,501.7 1.8
GA 62.8 16.64 566.2 6 0 0
AL 52.6 176.06 713.3 65.34 3802 1.78
MS 43.3 105.44 804 48.34 3,671.4 1.08
LA 37.5 128.13 534.7 63.5 3,833.2 1
TX 38.6 487.17 777 1,51.21 4,088.6 10.06
NM 9.1 69.01 1,150.1 5.84 3,580.9 0.34
2008 TA Route ....... o
2008 TA Route

Atlanta

othan Albany

LLLLLL

New Route | Houstor oot

Figure 3-4. Transportation Route from ORNL to the WIPP facility.

3.1.5 SRS to WIPP Route
The transportation route from SRS to the WIPP facility is shown in Figure 3-5. The route is different from
the 2008 TA on the very last segment as shown in this figure. The route data from WebTragis are
summarized in Table 3-6.
The following stops were defined along the route:

= 10 safety checks

* 3 breaks

» | inspection stop
= 2 refueling stops
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Table 3-6. SRS to WIPP Route Data from WebTragis.

Rural Suburban Urban
State : . Di 5 Di
Population . Population istance Population istance
. Distance " .
Density (mi) Density Density
(persons/mi’) (persons/mi’) (mi) (persons/mi’) (mi)
SC 25.5 18.1 402.9 6.19 0 0
GA 52.1 115.43 1,284.9 103.8 3,543.4 4.12
AL 47.1 141.54 784.2 69.93 3,802 1.78
MS 433 105.44 804 48.34 3,671.4 1.08
LA 37.5 128.13 534.7 63.5 3,833.2 1
X 38.6 487.17 777 151.21 4,088.6 10.06
NM 9.1 69.01 1150.1 5.84 3,580.9 0.34
2008 TA Route '

New Route. .

ihua

Figure 3-5. Transportation Route from SRS to the WIPP facility.

3.1.6 ANL to WIPP Route

The transportation route from ANL to the WIPP facility is shown in Figure 3-6. The route is completely
different from the 2008 TA route as shown in this figure. The route data from WebTragis are summarized
in Table 3-7.

The following stops were defined along the route:
= 12 safety checks
» 3 breaks

* 2 inspection stops
= 3 refueling stops
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Table 3-7. ANL to WIPP Route Data from WebTragis.

Rural Suburban Urban
State Population . Population Distance Population Distance
. Distance : .
Density < Density Density
( 2 (ml) 2 . 2 .
persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
IL 44 4 102.8 844.2 47.15 3,364.2 0.3
1A 52.5 231.7 544 .4 74.87 3,702.9 1.14
NE 18.7 421.97 804.5 31.29 3,687.3 3.99
WY 12 44.55 715.4 6.76 3,889.2 0.53
CcO 454 188.31 1,505.3 78.97 5,128.9 31.21
NM 23 448.56 489.9 2498 0 0
WYOMING New Routénv - RiRgeuies) MICHIGA?
IOWA Chicago
N zsm\%\
ske City =
INDIANA
Indianapolis
COLOR KANSAS
A Evansville*
<3 o) KENTUCKY
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Dallas 1
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Figure 3-6. Transportation Route from ANL to the WIPP facility.
3.1.7 Bettis to WIPP Route

The transportation route from Bettis to the WIPP facility is shown in Figure 3-7. The route is different from
the 2008 TA on the segment from Bettis to Dallas as shown in this figure. The route data from WebTragis
are summarized in Table 3-8.

The following stops were defined along the route:
= 14 safety checks
» 4 breaks

» | inspection stop
= 4 refueling stops
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Table 3-8. Bettis to WIPP Route Data from WebTragis.

Rural Suburban Urban
State Population . Population Distance Population Distance
. Distance " .
Density ; Density Density
2 (mi) .2 . :2 .
(persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
PA 54.6 46.48 766.9 30.8 0 0
wv 95.8 27.14 639.7 42.1 3,359.5 0.05
MD 53.6 79.88 822.1 27.29 4,716.1 1.22
VA 73.1 179.6 663.4 140.42 4774 3.8
N 66.8 133.14 998.1 87.15 3,815.9 8.51
GA 62.8 16.64 566.2 6 0 0
AL 52.6 176.06 713.3 65.34 3,802 1.78
MS 43.3 105.44 804 48.34 3,671.4 1.08
LA 37.5 128.13 534.7 63.5 3,833.2 1
X 38.6 487.17 777 151.21 4,088.6 10.06
NM 9.1 69.01 1,150.1 5.84 3,580.9 0.34
e NEBRASKA o =
A . OHIO PENNSYLVANIA
Uincoln ILLINOIS INDIANA o R Philadelphia
s Topeka indianapolis P, Dove
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Figure 3-7. Transportation Route from Bettis to the WIPP facility.

3.1.8 SNL to WIPP Route

The transportation route from SNL to the WIPP facility is shown in Figure 3-8. The route is the same as in
the 2008 TA. The route data from WebTragis are summarized in Table 3-9. Two safety check stops were
defined along the route. There are no breaks, inspections, or refueling stops because the route is short and
within NM.

41



Update to Transportation Analysis for the Waste Isolation Pilot Plant, Revision 01

Table 3-9. SNL to WIPP Route Data from WebTragis.

Rural Suburban Urban
State Population ; Population Distance Population Distance
. Distance " .
Density (mi) Density Density
(persons/mi’) (persons/mi’) (mi) (persons/mi’) (mi)
NM 21 284.67 639 31.03 4,372.3 2.91
;Sama Fe
Albuguerque
Clovis
Roswell

Alamogordo
.

Odessa
gl
Ciudad,
Judrez

Figure 3-8. Transportation Route from SNL to the WIPP facility.
3.1.9 Knolls to WIPP Route

The transportation route from Knolls to the WIPP facility is shown in Figure 3-9. The route is different

from the 2008 TA in the middle part as shown in this figure. The route data from WebTragis are summarized
in Table 3-10.

The following stops were defined along the route:
= 15 safety checks
= 5 breaks

* | inspection stop
= 4 refueling stops
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Table 3-10. Knolls to WIPP Route Data from WebTragis.

Rural Suburban Urban
State p . . : :
Population ; Population Distance Population Distance
. Distance " .
Density ; Density Density
2 (mi) 2 . 2 .
(persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
NY 55.8 86.88 1,241.7 53.39 4,023.7 3.37
PA 63.2 125.07 853.8 105.95 3,622.4 0.79
\\YAY 97.2 3.68 693.8 22.27 3,359.5 0.05
MD 105.9 0.23 1,327.3 11.71 0 0
VA 73.1 179.6 663.4 140.42 4,774 3.8
TN 66.8 133.14 998.1 87.15 3,815.9 8.51
GA 62.8 16.64 566.2 6 0 0
AL 52.6 176.06 713.3 65.34 3,802 1.78
MS 43.3 105.44 804 48.34 3,671.4 1.08
LA 37.5 128.13 534.7 63.5 3,833.2 1
TX 38.6 487.17 777 151.21 4,088.6 10.06
NM 9.1 69.01 1,150.1 5.84 3,580.9 0.34
[ ) Milwauk ] LHLI.\L»AN.?H ‘ et y .‘ P}'«'.’F‘SPJBF::[O'
1 | b OHIO PENNSYLV ew,York
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Figure 3-9. Transportation Route from Knolls to the WIPP facility.
3.1.10 LLNL to INL Route
The transportation route from LLNL to INL is shown in Figure 3-10. In the 2008 TA the route from LLNL
was different because it was directly to the WIPP facility. The route data from WebTragis are summarized
in Table 3-11.
The following stops were defined along the route:
= 6 safety checks

= 2 breaks
= 1 refueling stops
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Note that there are no inspections on this route.

Table 3-11. LLNL to INL Route Data from WebTragis.

Rural Suburban Urban
State Population . Population Distance Population Distance
. Distance " .
Density ; Density Density
2 (mi) 2 . 2 .
(persons/mi-) (persons/mi-) (mi) (persons/mi-) (mi)
CA 45.6 106.4 1,596.7 64.56 4,836.2 33.72
ID 29.9 110.16 738.7 19.11 3,947.7 0.7
NV 24 366.85 738.6 34.67 5,982.7 8.07
UT 29.9 153.76 1,350.9 44.78 4,262.9 11.94

Eugene

Medford

Redding

ta Rosa

Boise

Idaho Falls

St George

Figure 3-10. Transportation Route from LLNL to INL.

3.1.11 NRD, LLC, NY to INL Route

The transportation route from NRD, LLC, NY to INL is shown in Figure 3-11. This route was not
considered in the 2008 TA. The route data from WebTragis are summarized in Table 3-12.

The following stops were defined along the route:
= 16 safety checks
= 5 breaks
= 4 refueling stops

Note that there are no inspections on this route.
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Table 3-12. NRD, LL.C, NY to INL Route Data from WebTragis.

Rural Suburban Urban
-State Population ] Population Distance Population Distance
Density Dlsta.n ce Density Density
(persons/mi?) (mi) (persons/mi?) (mi) (persons/mi’) (mi)
1A 52.5 231.7 544.4 74.87 3,702.9 1.14
1D 29.9 110.16 738.7 19.11 3,947.7 0.7
1L 49.8 158.65 679.8 58.36 3,961 0.87
IN 45.8 109.42 1,201.8 44.39 4,186.6 13.34
NE 18.7 421.97 804.5 31.29 3,687.3 3.99
NY 43.2 66.53 790.7 16.61 3,868.5 1.51
OH 51.6 126.15 847.2 98.87 3,753.4 5.75
PA 69.8 133.27 813.6 92.92 4,265.2 2.07
uT 45.2 95.05 905 33.27 3,401.6 0.15
\VAY 73.1 5.37 1,557.2 7.82 0 0
WY 24.6 369.84 735.1 30.44 3,608.2 0.54

Figure 3-11. Transportation Route from NRD, LLC, NY to INL.

3.1.12 NNSS to INL Route
The transportation route from NNSS to INL is shown in Figure 3-12. In the 2008 TA the route from NNSS
was different because it was directly to the WIPP facility. The route data from WebTragis are summarized
in Table 3-13.
The following stops were defined along the route:

= 5 safety checks

= [ break

= 1 refueling stop

Note that there are no inspections on this route.
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Table 3-13. NNSS to INL Route Data from WebTragis.

Rural Suburban Urban
State Population . Population Distance Population Distance
. Distance . .
Density (mi) Density Density
(persons/mi?) (persons/mi?) (mi) (persons/mi’) (mi)

1D 29.9 110.16 738.7 19.11 3,947.7 0.7
NV 8.1 415.05 599.7 12.12 0 0
uT 29.9 153.76 1,350.9 44.78 4,262.9 11.94

Boise
. Idaho Falls

Twin Falls atello

Reno

Carson City

St George

Las Vegas
.

Figure 3-12. Transportation Route from NNSS to INL.

3.1.13 Route Data Summary

Figure 3-13 shows all the transportation routes considered in this TA. The routes were generated as close
to the route description in Attachment B of WIPP Nuclear Waste Partnership, 2020 as was possible in
WebTragis. The average difference in the total route distance is 1.8 percent (Table 3-14). On average, 79.1
percent of the route was rural, 19.2percent was suburban, and 1.7 percent was urban (Table 3-14). Figure
3-14 shows the route specific distribution of rural, suburban, and urban segments. On average, 91.6 percent
of the route was on interstate highways, 0.9 percent was on state highways, and 7.5 percent was on local
highways (Table 3-14). Figure 3-15 shows the route specific distribution of interstate, state, and local
highways. The calculated average speed was 59.1-mph. Figures 3-16 shows the route specific distribution
of the average speed. This provides justification for using non-rush hour speed of 55-mph in calculating
radiological impacts from the incident-free transportation. Note that assuming slightly lower speed results
in calculating higher doses.
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Figure 3-13. Transportation Routes Considered in This TA.

Table 3-14. Route Data Summary.

Sub- Federal State Local | Average
e (mi) (%) Total) (% Total) y (% y (% y (%

Total) Total) Total) Total) (mph)
ANL 1,739 0.58 82.68 15.18 2.14 98.68 0.48 0.83 61.20
Bettis 2,145 2.12 67.55 31.15 1.30 98.56 0.78 0.66 61.13
Hanford 1,814 3.71 85.20 12.98 1.82 98.37 0.24 1.38 61.06
INL 1,397 0.30 84.81 12.90 2.30 98.49 0.00 1.51 61.32
Knolls 2,303 3.50 65.61 33.05 1.34 99.27 0.08 0.65 61.52
LANL 364 2.67 89.52 10.48 0.00 85.33 7.34 7.33 53.21
ORNL 1,449 0.60 72.22 26.67 1.11 98.26 0.34 1.40 59.94
SNL 319 0.43 89.35 9.74 0.91 92.27 0.00 7.73 55.09
SRS 1,532 1.54 69.50 29.30 1.20 97.49 1.25 1.03 60.08
LLNL 955 3.17 77.21 17.09 5.70 95.78 0.00 4.22 59.67
NNSS 768 1.96 88.45 9.90 1.65 39.55 0.00 60.45 53.49
I]:]]jklé), 2,366 1.08 77.26 21.47 1.27 97.34 0.22 2.44 61.43
Mean 1.81 79.11 19.16 1.73 91.62 0.90 7.47 59.09
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Population Categories Along the Transportation Routes
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Figure 3-14. Percent Rural, Suburban, and Urban Links along the Transportation Routes.

Highway Categories Along the Transportation Routes
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Figure 3-15. Percent Interstate, State, and Local Highways along the Transportation Routes.
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Figure 3-16. Average Speed along the Transportation Routes.
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3.2 Population Increase Data

The population data obtained from WebTragis for each route and summarized in Table 3-2 — Table 3-13
are from 2010 Census data. These data needed to be adjusted to reflect the population change since 2010.
In the 2008 TA, the 2000 census data were updated using the 2008 percent increase in population for each
of the 50 states of the United States (U.S.). These data were used to calculate the population multipliers for
states along the WIPP routes. The state-specific multiplier was applied to rural and suburban routes through
the state, and the multiplier for the largest metropolitan area in that state was applied to the urban routes.
This TA uses a similar approach (state-specific multipliers) to update the 2010 census data. In addition,
change in population multipliers were developed for 2030 and 2040 to be considered in the sensitivity
analysis. The projection beyond 20 years in the future are considered to be not defensible.

The data on the percent change in population from 2010 to 2018 (the most recent data available) are
available from the Bureau of Census website:
https://www2.census.gov/programs-surveys/popest/tables/2010-2018/national/totals/.

The data used in this analysis are from:

- Table 1, Annual Estimates of the Resident Population for the United States, Regions, States, and
Puerto Rico, April 1, 2010 to July 1, 2018 (NST-EST2018-01), U.S. Census Bureau, Population
Division (Release Date: December 2018).

- Table 2, Cumulative Estimates of Resident Population Change for the United States, Regions,
States, and Puerto Rico and Region and State Rankings, April 1, 2010 to July 1, 2018 (NST-
EST2018-02), U.S. Census Bureau, Population Division (Release Date: December 2018)

The 1999 population data are from the Bureau of Census website:
https://www?2.census.gov/programs-surveys/popest/tables/1990-2000/state/totals/st-99-01.txt. The 1999
and 2010-2018 data are used in generating the future projections.

Figure 3-17 shows percent population change from 2010 to 2018 for the states crossed by the WIPP
transportation routes. During this period, the population decreased in Illinois and West Virginia. The states
with the fastest growing population (percent increase 10 percent or greater) are: Utah, Texas, Colorado,
Nevada, Washington, and Idaho.

Population Change from 2010 Census
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Figure 3-17. Percent Population Change from 2010 to 2018.
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Figure 3-18 shows the population in the six fastest growing states using 1999 Bureau of Census data and
2010-2018 data from the Bureau of Census Table 1. In all six states, the growth follows a linear trend. It
was assumed that the linear trend can be used to project the population changes into 2030 and 2040.

Population Increase
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Figure 3-18. Projection of the Population Increase in the Fastest Growing States.

Table 3-15 summarizes the percent population change by state from 2010 census to 2018 using the data
from Table 2 from the U.S. Census Bureau and the projection of these changes to 2030 and 2040.
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Table 3-15. Percent Population Change by State from 2010 Census.

Actual Projected
State

2018 2030 2040
Alabama 2.25 10.03 15.68
California 6.2 17.97 27.19
Colorado 13.25 33.57 50.64
Georgia 8.57 27.16 41.78
Iowa 3.59 9.71 14.68
Idaho 11.90 30.45 46.59
Ilinois -0.71 4.08 6.71
Indiana 3.20 10.99 16.97
Louisiana 2.79 7.78 11.48
Maryland 4.66 15.37 23.43
Mississippi 0.62 6.56 10.44
Nebraska 5.64 14.81 22.39
New Mexico 1.76 15.13 24.10
Nevada 12.40 41.83 65.02
New York 0.85 6.95 10.81
Ohio 1.30 3.59 5.51
Oregon 9.39 22.90 34.67
Pennsylvania 0.82 5.68 9.00
South Carolina 9.92 25.88 39.31
Tennessee 6.68 19.73 30.20
Texas 14.14 35.94 54.09
Utah 14.37 36.96 56.14
Virginia 6.46 20.52 31.34
Washington 12.06 27.13 40.76
West Virginia -2.55 -0.62 -0.45
Wyoming 2.48 17.52 27.18

3.3 Traffic Count Data

The traffic count data (average number of vehicles per hour in all lanes) is an input parameter for calculating
the radiological impacts to the people sharing the road with the truck carrying the TRU waste package (Eq.
2-2). The average traffic count varies from state to state and it also depends on the segment type — rural,
suburban, or urban. Note that the collective external dose the people sharing the road receive is proportional
to the traffic count data. Because the traffic count data could have changed from 2008, new data were
collected.

It should be noted that the traffic count data are not readily available and cannot be found in a single source.
The state specific traffic count was calculated from the Annual Average Daily Traffic (AADT) metric. The
AADT metric indicates a measure of the total traffic volume on a given road or highway over the period of
a year divided by 365. Its accuracy is relied on by Federal, State and Metropolitan planning organizations,
as well as by cities and local agencies. Annual Average Daily Traffic information is collected in several
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different ways. There are many permanent traffic count stations that collect data over the entire year,
producing a highly accurate AADT. On roads that are not feasible for maintaining a permanent traffic
count station the use of temporary counters is employed. A temporary counter may be active for between
a few hours to a week, after which hourly traffic volume is extrapolated to form an estimate of the roads
AADT. Some areas will perform traffic counts on a yearly basis, while others perform counts every other
year, every third year, or every sixth year. Reports from the Federal Highway Administration conclude that
the bias error in AADT calculation and extrapolation is “consistent and small”, with high accuracy in AADT
measurement.

The collected data are from a variety of sources. State-specific data were primarily obtained from state
department of transportation sites. These sources are summarized in Table 3-16. For states that did not offer
this data, data were obtained from an Environmental Systems Research Institute dataset of traffic counts in
the US:

https://www.arcgis.com/home/item.html?id=70507a87792a2470b89¢c6a8c90394d68e

Figure 3-19 shows the averaged value of AADT values per state with data labels indicating the year of

collection. For states with very little available data, year of collection was confined to years after 2008.

Table 3-16. State-Supplied AADT Data Sources.

State Data Source

Alabama https://aldotgis.dot.state.al.us/atd/default.aspx#

California https://dot.ca.gov/programs/traffic-operations/census

Colorado https://data.colorado.gov/Transportation/Road-Traffic-Counts-in-Colorado-2017/uzf4-3qtt

Georgia https://gdottrafficdata.drakewell.com/publicmultinodemap.asp
https://iplan.maps.arcgis.com/apps/webappviewer/index.html?id=e8b58a3466e741249ccabaa

Idaho d30e83ba2
http://www.idot.illinois.gov/Assets/uploads/files/Transportation-

Illinois System/Reports/OP&P/Travel-Stats/2018 ITS.pdf

Indiana https://www.in.gov/indot/2469.htm
https://data.imap.maryland.gov/datasets/maryland-annual-average-daily-traffic-annual-

Maryland average-daily-traffic-sha-statewide-aadt-lines/data
https://gis.ne.gov/portal/apps/webappviewer/index.html?id=bb00781d6653474d945d51149¢1

Nebraska e7c34
https://www.nevadadot.com/doing-business/about-ndot/ndot-divisions/planning/traffic-

Nevada information/-folder-401

New York https://www.dot.ny.gov/divisions/engineering/technical-services/highway-data-services/hdsb

South Carolina https://www.scdot.org/travel/travel-trafficdata.aspx
https://www.arcgis.com/apps/webappviewer/index.html?id=075987cdae37474b88fa400d656

Tennessee 81354
http://txdot.maps.arcgis.com/apps/webappviewer/index.html?id=75e148d784554d99bea6e86

Texas 02986bfd2

Utah https://www.udot.utah.gov/main/f?p=100:pg:0::::V,T:,529

Virginia https://www.virginiadot.org/info/2018 traffic data.asp

Washington https://www.wsdot.wa.gov/mapsdata/tools/trafficplanningtrends.htm
http://data-wvdot.opendata.arcgis.com/datasets/aadt-traffic-count-

West Virginia 2017/data?orderBy=LRS Measu&orderByAsc=false
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Figure 3-19. Annual Average Daily Traffic (AADT) by State.

The following method was used to convert the AADT data into the traffic count measured in vehicles per
hour. The AADT for each state was expressed as a percent of the national average AADT. The state specific
traffic count in vehicles per hour was calculated as the state specific AADT times the national average of
vehicle per hour (3,020 vehicles/hr). The national average vehicles per hour is from the 2008 TA. The
national average AADT did not significantly change from 2008. It was 8,967 in 2008 and 9,070 in 2018
(https://livingatlas.arcgis.com/en/browse/#d=2&aq=%222019%20USA%20Traffic%20Counts%22). Table
3-17 summarizes the traffic count data.

Table 3-17. Traffic Count by State

State Vehicles/hr State Vehicles/hr
AL 1,962 NM 4,692
CA 22,901 NY 1,326
CO 3,162 OH 1,455
GA 2,598 OR 2,239
1A 610 PA 2,016
ID 1,575 SC 2,156
IL 3,234 TN 2,613
IN 1,744 X 3,302
LA 3,330 uUT 3,944
MD 4,048 VA 4,818
MS 2,541 WA 6,998
NE 3,797 \\AY 1,671
NV 4,320 WY 1,030

In the 2008 TA rural, suburban, and urban vehicles per hour values were defined for each state. The source
of these values is unclear. These data were used to calculate the state specific average number of vehicles/hr.
Figure 3-20 shows the ratio of the latest traffic count values (Table 3-20) and the values from the 2008 TA.

53



Update to Transportation Analysis for the Waste Isolation Pilot Plant, Revision 01

The values that are higher than in the 2008 TA are shown in red, those that are smaller are shown in blue,
and similar values are shown in green.

Change in Traffic Count from 2008 TA
600

5.00
4.00
3.00

2.00

| I‘ |||I|
S [ 1l 1l

AL CA COGA IA ID IL IN LA MDMS NE NVNM NY OH OR PA SC TN TX UT VA WA WV WY

o

Figure 3-20. The Ratio of the Latest Traffic Count and the 2008 TA Values.

In general, the change in traffic count is loosely correlated with the changes in the population as indicated
in Figure 3-21.
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Figure 3-21. Traffic Count and Population Changes from 2008 by State.

The traffic count values shown in Table 3-20 are the average for the state. To obtain the state specific rural,
suburban, and urban traffic count, the state average values are multiplied by the following coefficients: 0.44

(rural), 0.9 (suburban), and 1.67 (urban). These coefficients represent percent of the average calculated
from the 2008 data.
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3.4 Accident Data

Accident data (accidents per vehicle-km) is an input parameter for calculating the radiological impacts from
the transportation accidents (Eq. 2-14 and 2-15) and for calculating non radiological impacts (Eq. 2-16).
The injuries and fatalities rates (injuries/vehicle-km and fatalities/vehicle-km) are input for calculating non
radiological impacts (Eq. 2-17 and 2-18).

The accident data from 2018 were gathered from the Federal Motor Carrier Safety Administration’s
(FMCSA) A&I online crash statistics database (https://ai.fimcsa.dot.gov/CrashStatistics/Default.aspx).
Note that the units are the number of accidents, injuries, or fatalities per year. To access the data directly
one must navigate from the homepage to the crash query tool, in which the summary report tool can be
used. The summary report tool allows for filtering crash data by carrier domicile (USA, Mexico, or Canada),
vehicle type (larger trucks and buses, large trucks, buses), time period (options offered on a yearly basis
from 2015 onward), and data source (Motor Carrier Management Information System (MCMIS) , Fatality
Analysis Reporting System (FARS)). For the purposes of this report, the year selected was 2018, data source
was MCMIS, carrier domicile was USA, and vehicle type was large trucks. MCMIS was chosen over FARS
as it is comprehensive for motor vehicle accidents, whereas FARS only handles crash data related to
fatalities.

In order to obtain the accident, injuries, and fatalities rates per vehicle-km, the vehicle miles traveled (VMT)
data are needed. The VMT data were gathered from the Federal Highway Administration’s annual
Highway Statistics report (https://www.fhwa.dot.gov/policyinformation/statistics/2018/). The state-by-
state annual vehicle miles traveled for combination trucks was calculated using table VM-2 and table VM-
4 of the report.

Table VM-2 contains state annual VMT by road type (or functional system as it is referred to in the table)
for all vehicles. Table VM-4 contains percentages of total state vehicle miles traveled per road type by
different vehicle classifications (for example the table gives the percentage of Alabama’s total interstate
VMT that was traveled by combination trucks).

Table VM-2 provides total state VMT in two categories: rural and urban roadways. Within each of those
two categories there are 7 sub-categories: interstate, other freeways and expressways, other principal arterial,
minor arterial, major collector, minor collector, and local.

Table VM-4 provides state roadway vehicle mile percentages in three categories: interstate system, other
arterials, and other. Within each of those categories are six sub-categories: motorcycles, passenger cars,

light trucks, buses, single unit trucks, and combination trucks.

To fit the style in which percentages are presented in table VM-4, the table VM-2 data were combined into
the same three categories as shown in Table 3.18.

Table 3-18. Category Considered in Calculating VMT.

Table VM-4 category Corresponding Table VM-2 categories
Interstate system Interstate, other freeways and expressways
Other arterials Other principal arterial, minor arterial
Other Major collector, minor collector, local

Once the VM-2 data were combined into the VM-4 categories, the VM-2 VMT data were multiplied by the
corresponding VM-4 combination truck percentages and divided by 100 to give the combination truck VMT.
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The combination truck VMTs for a state were then added together to get the total state combination truck
VMT. The state accident injury and fatality counts were then divided by the VMT to give the annual rates.

With the calculated state VMTs and the state injury fatality and accident data, the state injury fatality and
accident rates can be calculated. To do so, the injury, fatality, and accident numbers for each respective
state were divided by their respective VMT, giving rates in the form of incidents/million miles. The rates
were converted then into incidents/km. Table 3-19 summarized the accident for the states crossed by the
WIPP transportation routes.

Table 3-19. 2018 Fatality, Injury and Accident Rates for Large Trucks.

State Fatalities/km Injuries/km | Accidents/km
AL 1.75E-08 2.72E-07 5.74E-07
CA 6.21E-09 6.21E-08 6.21E-07
CcO 2.90E-09 2.23E-08 5.17E-07
GA 1.30E-08 2.31E-07 4.36E-07
1A 2.07E-09 1.12E-08 3.98E-07
1D 1.02E-09 7.07E-09 3.78E-07
IL 1.03E-08 6.00E-08 5.05E-07
IN 6.21E-09 6.21E-08 6.21E-07
LA 1.32E-08 4.02E-07 4.72E-07
MD 6.79E-09 1.53E-07 9.40E-07
MS 2.25E-08 2.15E-07 3.89E-07
NE 1.51E-09 2.33E-08 4.30E-07
NM 1.69E-08 1.84E-07 3.42E-07
NV 6.21E-09 6.21E-08 6.21E-07
NY 1.00E-08 4.00E-07 8.12E-07
OH 6.21E-09 6.21E-08 6.21E-07
OR 1.39E-08 1.37E-07 3.50E-07
PA 1.68E-08 3.86E-07 7.52E-07
SC 2.57E-08 5.63E-07 8.62E-07
TN 3.08E-09 5.23E-08 3.62E-07
TX 1.78E-08 2.54E-07 4.45E-07
UT 3.67E-10 3.97E-09 3.21E-07
VA 1.43E-08 2.52E-07 5.55E-07
WA 1.39E-09 6.65E-09 3.57E-07
WV 2.40E-08 1.93E-07 4.20E-07
WY 1.73E-09 1.90E-08 3.43E-07

A detailed study of accidents, injuries and fatalities was conducted in late 90’s and reported in C.L. Saricks
and M.M. Tompkins (1999). The data considered in this report are for the 1994-1999 period. This study
is still used as a source of accident data. Usually the accident data are multiplied by a coefficient (~1.6) to
reflect the increase in the corresponding incidents since 1999.

Table 3-20 and Figure 3-22 compare the ratio of 2018 and 1999 incidents for the states crossed by the WIPP

transportation routes. On average, since 1999 the accident rate (accident/vehicle-mi) increased 2.1 times,
the injury rate increased 1.26 times, and the fatality rate increased 1.47 times. The higher rate of accidents
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is related to higher traffic. The injuries and fatality increase are noticeably smaller which is probably due
to the improvements in car safety since 1999. The number of fatalities per accident decreased 1.35 times
since 1999 (2018 to 1999 ratio of 0.74).

2018 to 1999 Ratio

Ratio

.

| ——

B Accidents [l Injuries [l Fatalities Fatalities/Accident

Figure 3-22. Comparison of the 1999 and 2018 Incident Data for the States Crossed by WIPP Routes.

Table 3-20. Comparison of 2018 and 1999 Incident Data for the States Crossed by WIPP Routes.

Statistic 2018 Incidents per vehicle-mi/1999 Incidents per vehicle-mi
Accidents Injuries Fatalities | Fatalities/Accident
Minimum 0.51 0.28 0.52 0.34
Maximum 6.17 3.77 6.63 1.67
Average 2.10 1.26 1.47 0.74

In the 2008 TA, state specific accident rates were defined. The fatalities per accident was set equal to
3.53x107. The same value was used for all the states. The source of the accident rate data is unclear. The
2008 data are compared to 1999 and 2018 data in Figures 3-23 and 3-24.

As evident from these figures, the accident rates used in 2008 TA are noticeably higher than the 1999 and

2018 data and the fatalities per accident are noticeably lower. The input into this analysis is the data in
Table 3-19.
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Comparison of Accident Rate Data
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Figure 3-23. Comparison of the Accident Rate Data.

Comparison of Fatalities per Accident Data
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Figure 3-24. Comparison of the Fatalities per Accident Data.

3.5 Shipment Data

The data on the number of shipments and shipment types are needed for each generator site. These data are
used in both, radiological and non-radiological impact calculations. The different package types have
different transportation indexes (TIs) and inventory which affects the per shipment radiological impacts
from the incident-free (TIs) and transportation accident (inventory). The number of shipments is needed for
campaign non-radiological and radiological impact calculations.

The number of shipments was estimated based on the estimates of the type of waste (CH, RH), the waste
volume, waste mass, container type, and other waste stream specific information. Note that specific
restrictions apply to the number of containers per different package types and maximum gross weight of
different container types.
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The annual number of shipments by package type was estimated for each generator site. This information
is provided in Attachments D and E of WIPP Nuclear Waste Partnership, 2020. These data were used to
calculate the number of shipments during the transportation campaign shown in Table 3-21. Note that the
shipments from the generator sites to INL were added to the shipments from INL to the WIPP facility.

Table 3-21. Number of Shipments by Shipment Type.

Site L H:Lf(l;‘z‘CT 3 HalfPACT 3 Tmﬁ’ ACT- | | RH-TRU 72- | 1 TRUPACT-

TRUPACT-IT | “ith SCA* with CCO* B I

ANL 28 79 136

Bettis 12

Hanford 5,903 1,669 362 281

INL 3212 591 91

Knolls 31 26

LANL 5,160 90 408

ORNL 2,997 1,968

SNL 8 10 5

SRS 505 9 3,877 66 7

LLNL 209 40

NRD, LLC 1

NNSS 34

Total 18,088 1,767 3,877 3,256 827

*SCA = shielded container assembly; CCO = criticality control overpack

Figure 3-25 shows the number of shipments of CH-TRU and RH-TRU waste by generator site.
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Figure 3-25. Number of Shipments of CH-TRU and RH-TRU Waste.

The total number of shipments by site is compared to the 2008 TA values in Figure 3-26. More shipments
are expected from Hanford, LANL, ORNL, and SRS than was assumed in the 2008 TA and fewer shipments
are expected from INL. The difference in the number of shipments may affect the campaign total
radiological and non-radiological impacts for the site compared to the 2008 TA.
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Total Number of Shipments
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Figure 3-26. Comparison of the Total Number of Shipments.

3.6 Transportation Index (TI)

3.6.1 TI Data Analysis

The major parameters required for the assessment of the radiological impacts due to the external radiation
during the routine transportation and transportation accidents without release of radioactive materials are
transportation index (TI) and external radiation gamma and neutron fractions. This information is required
for each package. The TI represents the radiation dose rate at 3.3 ft (1 m) from the surface of the package.
It is a function of the waste density, radionuclide inventory, and self-shielding provided by the waste and
by the package.

In the 2008 TA the TI values were calculated using MICROSHIELD (Version 7.0). Packages with surplus
plutonium were not considered in the 2008 TA.

In this TA the TIs were derived based on the actual data (measured TIs) of the WIPP shipments from the
beginning of the transportation campaign through October 4, 2019 (except for surplus plutonium none of
which has been shipped). The measured dose rate data were provided in Attachment C of WIPP Nuclear
Waste Partnership, 2020.

The statistics of the measured TI data are summarized in Table 3-22 for the different package types. Note
that this includes the TIs of TRUPACT-II and HalfPACT with pipe overpack containers (POCs). There are
232 measurements for TRUPACT-III. The measured TIs are equal to 0.5 mrem/hr in 226 cases and greater
than 0.5 mrem/hr in 6 cases with maximum of 5.3 mrem/hr.

The surplus plutonium will be shipped in criticality control overpacks (CCOs). Fourteen CCOs will be
loaded in each TRUPACT-IL. There is no data on the actual TI of TRUPACT-II with CCOs because none
of them was shipped.

Table 3-23 summarizes the Tls values used in the 2008 TA and SEIS-II. The percentiles were obtained by

placing the 2008 TA and SEIS-II values on the corresponding measured TIs frequency curves (Figures 3-
27, 3-28, and 3-31).
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Table 3-22. Dose Rates at 1 m (TIs) for Different Packages.

Nunsher of Dose Rate (mrem/hr)
Package M ¢
casurements 25th 50th 75th 95th
TRUPACT-II 29,709 0.2 0.2 0.5 0.7
HalfPACT (CH) 2,886 0.2 0.2 0.2 0.6
HalfPACT (SCA) 15 0.9825 1.8 2.3 2.85
TRUPACT-III 232 0.5 0.5 0.5 0.5
RH-TRU 72-B 719 0.4445 1.1 1.1 4
Table 3-23. Dose Rates (TIs) Used in the 2008 TA and SEIS-II.
2008 TA SEIS 11
AR Dose Rate Percentile Dose Rate Percentile
(mrem/hr) (mrem/hr)
TRUPACT-II 0.5 0.80 4 0.995
HalfPACT (CH) 0.312 0.85 N/A N/A
HalfPACT (SCA) N/A N/A N/A N/A
RH-TRU 72-B 2.5 0.915 10 0.975

Figure 3-27 shows the cumulative frequency distribution of the measured TIs for TRUPACT-II. The values
used in the 2008 TA and SEIS-II when placed on this curve corresponds to 80™ percentile (2008 TA) and
99.5" percentile (SEIS-II). The TI value corresponding to the 95" percentile is 0.7 mrem/hr. The curve has
a very long tail that represents a few values with TIs higher than 1 mrem/hr.

Figure 3-28 shows the cumulative frequency distribution of the measured TIs for HalfPACT with CH-TRU
waste. The value used in the 2008 TA when placed on this curve corresponds to 85" percentile. HalfPACTs
did not exist at the time of SEIS-II. The TI value corresponding to the 95™ percentile is 0.6 mrem/hr. The
curve has a very long tail that represents a few values with TIs higher than 1 mrem/hr.
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Figure 3-27. Cumulative Frequency of the Measured TIs of TRUPACT-II Packages.
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Figure 3-28. Cumulative Frequency of the Measured TIs of HalfPACT Packages with CH-TRU Waste.

Figure 3-29 compares TRUPACT-II and HalfPACT TIs. The curves are very similar. Differences around
75" percentile are most likely due to fewer measurements available for HalfPACT which lead to smaller
variability in the TI values. As evident from Figure 3-29, the TRUPACT-II TIs are bounding for the
HalfPACT TIs, except for a few very low TI values.
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Figure 3-29. Comparison between TRUPACT-II and HalfPACT (CH) TIs.

Figure 3-30 compares the TIs distributions of TRUPACT-II and HalfPACT packages with and without
POCs. The HalfPACT curves with and without POCs are virtually identical partially because only 6
HalfPACTs with POCs were shipped. The TRUPACT-II curves with and without POCs are very similar
even though 1,988 TRUPACT-II with POCs were shipped. Based on this comparison it can be concluded
that there is no reason to consider different Tls for the TRUPACT-II and HalfPACT with POCs.
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Measured Tls of TRU CH Packages with and without POCs
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Figure 3-30. Comparison between TRUPACT-II and HalfPACT (CH) TIs with and without POCs.

Figure 3-31 shows the cumulative frequency distribution of the measured TIs for RH-TRU 72-B. The values
used in the 2008 TA and SEIS-II when placed on this curve corresponds to 91.5™ percentile (2008 TA) and
97.5" percentile (SEIS-II). The TI value corresponding to the 95™ percentile is 4 mrem/hr. The curve has a
very long tail that represents a few values with TIs higher than 6 mrem/hr.
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Figure 3-31. Cumulative Frequency of the Measured TIs of RH-TRU 72-B.

Figure 3-32 shows the cumulative frequency distribution of the measured TIs for HalfPACT with SCA.
The TIs for HalfPACT with SCA was not reported in the 2008 TA. HalfPACTs did not exist at the time of
SEIS-II. The TI value corresponding to the 95™ percentile is 2.85 mrem/hr. There were not enough
measurements for the tail of the distribution to be captured.
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Figure 3-32. Cumulative Frequency of the Measured TIs of HalfPACT Packages with SCA.

Figure 3-33 compares RH-TRU 72-B and HalfPACT with SCA TIs. Note that there are significantly less
measurements for HalfPACT with SCA than for RH-TRU 72-B. This affects especially the distribution tail.
HalfPACT with SCA has higher 50" and 75" percentiles Tls. If more data were available, the distribution
tail would probably have extended in a similar way as the RH-TRU 72-B distribution.
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Figure 3-33. Comparison between RH-TRU 72-B and Half PACT with SCA TIs.
3.6.2 Recommended TIs for the Incident-Free Analysis

The recommended TIs for the incident-free analysis are summarized in Table 3-24 for the different
shipment types. The content of HalfPACT and TRUPACT-II in shipment “One HalfPACT and Two
TRUPACT-II” may include 55-gal drums, 100-gal drums, ten drum overpacks (TDOPs), standard waste
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boxes (SWBs), and POCs. The 95™ percentile TIs represent the base case considered in Section 4.2. The
50™ and 75™ percentiles of the recommended TIs are considered in the sensitivity analysis.

Table 3-24. Shipment TIs Recommended for Use in the Incident-Free Analysis.

Dose Rate at 1 m (mrem/hr)
Shipment Type Shipment ID

50th 75th 95th
One HalfPACT and Two TRUPACT-II 0.2 0.5 0.7
Three HalfPACT (SCA) 1 1.8 2.3 2.85
Three TRUPACT-II (CCO) 4 4 4
One TRUPACT-III 2 0.5 0.5 0.5
One RH-TRU 72-B 3 1.1 1.1 4
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4. RADIOLOGICAL IMPACTS FROM INCIDENT FREE
TRANSPORTATON

4.1 Unit Risk Factors for Incident-Free Transport
The collective external non-occupational doses are calculated for the following receptors:

= Residents along the route (also called Off-Link exposure in RADTRAN 6.02)

*  Occupants of vehicles sharing the route (also called On-Link exposure in RADTRAN 6.02)
= Residents near refueling stops

= People at the refueling stops

= Person in a traffic jam next to the WIPP truck with the TRU waste package(s)

The equations used in these calculations and the input parameters, except the unit risk factors, are defined
in Section 2.1.1. This section describes the unit risk factors.

The unit risk factors were calculated using RADTRAN 6.02 for each shipment ID. The shipment IDs are
provided in Table 4-1 for the different shipment types. The shipment ID equal to 1 is the same for the first
three shipment types in Table 4-1 because the critical dimensions of these shipments are the same. Note
that the critical dimensions are different for the crew as described later in this section.

Table 4-1. Shipment Critical Dimensions for All Receptors Except the Crew.

Shipment Type Shipment Critical Dimension (m) Shipment ID
One HalfPACT and Two TRUPACT-II 14 la
Three HalfPACT (SCA) 14 1b
Three TRUPACT-II (CCO) 14 lc
One TRUPACT-III 6.1
One RH-TRU 72-B 3.7 3

The package critical dimension is the RADTRAN 6.02 parameter that is an input into the exposure
calculations for incident free transport. The critical dimension is the largest dimension of the package facing
the potentially exposed people/person. The name comes from RADTRAN literature in which, for historical
reasons, this dimension is called the “critical dimension”. It is not related to criticality.

The package critical dimensions assumed in the 2008 TA were:

= HalfPACT (3 per shipment) — 7.4 m (24.3 ft)

= TRUPACT-II (3 per shipment) — 7.4 m (24.3 ft)
=  TRUPACT-III (1 per shipment) — 6.1 m (20 ft)
= RH-TRU 72-B (1 per shipment) — 3.7 m (12 ft)

The critical dimensions in the 2008 TA were defined assuming that three TRUPACT-II containers in one
shipment can be modeled as one package. The TRUPACT-II and HalfPACT are 2.44 m (8 ft) in diameter.
The critical dimension is then the length (three diameters) ~7.4 m (24.3 ft). The critical dimension for the
RH-TRU 72-B was calculated assuming one container per shipment. The largest dimension is then the
length, which is 3.7 m (12 ft) (3.6 m was assumed in the 2008 TA). The critical dimension for TRUPACT-
IIT was calculated assuming one container per shipment. The largest dimension is then the length, which is
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6.1 m (20 ft). The same approach was used in this TA. Note that the critical dimension of the TRUPACT-
II shipment in the 2008 TA report is shown as 7.4 m and in the 2008 TA RADTRAN input file it is 8.4 m.

The unit risk factor for the residents along the transportation route was calculated for each shipment ID
assuming the corresponding shipment critical dimension (Table 4-1), shipment TI equal to 1 mrem/hr,
shielding factor equal to 1 (no shielding), link distance equal to 1 km, population density equal to 1
person/km?, and vehicle speed equal to 1 km/hr.

The unit risk factor for the occupants of vehicles sharing the transportation route was calculated for each
shipment ID assuming the corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr,
link distance equal to 1 km, vehicle occupancy equal to 1 person, and vehicle speed equal to 88.51 km/hr
(55-mph) for non-rush hour and 44.26 km/hr (27.5-mph) for rush hour.

The unit risk factor for residents near the refueling stop was calculated for each shipment ID assuming the
corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr, shielding factor equal to 1,
population density equal to 1 person/km? and the stop time equal to 1 hr. The residents were assumed to
be at a radial distance from 30 m to 800 m from the truck. The same assumption about the radial distance
was used in the 2008 TA.

The unit risk factor for people at the refueling stop was calculated for each shipment ID assuming the
corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr, shielding factor equal to 1,
population density equal to 1 person/km? and the stop time equal to 1 hr. The people were assumed to be
at the radial distance from 1 m to 15 m from the truck. The same assumption about the radial distance was
used in the 2008 TA.

The unit risk factor for a person in a traffic jam next to the WIPP truck with the TRU package(s) was
calculated for each shipment ID assuming the corresponding shipment critical dimension, shipment TI
equal to 1 mrem/hr, shielding factor equal to 1, the time in the traffic jam equal to 1 hr, and the exposure
distance equal to 2 m. The same assumption about the distance between a person in a traffic jam and the
cargo was used in the 2008 TA.

The collective external occupational doses are calculated for the following receptors:

» Inspector at the generator site inspecting the shipment leaving the site or inspector at the state border
= Refueling stop employee
*  Truck crew while driving and while at stops

The unit risk factor for an inspector at the generator site or at the state border was calculated for each
shipment ID assuming the corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr,
shielding factor equal to 1, inspection time equal to 1 hr, and the distance from the cargo equal to 1 m. The
same assumption about the distance between the inspector and the cargo was used in the 2008 TA.

The unit risk factor for an employee at a refueling stop was calculated for each shipment ID assuming the
corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr, shielding factor equal to 1,
population density equal to 1 person/km?, and the stop time equal to 1 hr. The employee was assumed to be
at the radial distance from 1 m to 15 m from the truck. The same assumption about the radial distance was
used in the 2008 TA. Note that the unit risk factors for an employee at a refueling stop are the same as the
unit risk factors for the people at the refueling stop because the same assumptions apply.

The unit risk factor for one crew person at stops (refueling and others) was calculated for each shipment ID
assuming the corresponding shipment critical dimension, shipment TI equal to 1 mrem/hr, shielding factor
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equal to 1, stop time equal to 1 hr, and the distance from the cargo equal to 1 m. The same assumption about
the distance between the crew and the cargo at stops was used in the 2008 TA. Note that the unit risk factors
for the crew member at a stop are the same as the unit risk factors for the inspector because the same
assumptions apply.

The unit risk factor for the crew while driving was calculated for each shipment ID using the critical
dimensions defined in Table 4-2. These dimensions are different from the ones in Table 4-1 because the
critical dimension for the crew is the largest dimension of the cargo that faces toward the crew. In the case
of a shipment of one HalfPACT and two TRUPACT-II and three TRUPACT-II, the largest dimension is
the height of the TRUPACT-II (3.05 m). In the case of a shipment of three HalfPACTs, the largest
dimension is the diameter (2.44 m). In the case of a shipment of one TRUPACT-III, the largest dimension
is the height (2.65 m). In the case of a shipment of one RH-TRU 72-B, the largest dimension is the diameter
(1.07 m).

Table 4-2. Shipment Critical Dimensions for Crew.

Shipment
Shipment Type Critical Shipment ID
Dimension (m)
One HalfPACT and Two TRUPACT-II 3.05 la
Three HalfPACT (SCA) 244 1b
Three TRUPACT-II (CCO) 3.05 la
One TRUPACT-III 2.65
One RH-TRU 72-B 1.07 3

The unit risk factor for the crew of 2 people was calculated for each shipment ID assuming the
corresponding shipment critical dimension (Table 4-2), shipment TI equal to 1 mrem/hr, shielding factor
equal to 1, link distance equal to 1 km, vehicle speed equal to 1 km/hr, and the distance from the cargo
equal to 4 m. The same assumption about the distance between the crew and the cargo was used in the 2008
TA. The non-occupational and occupational unit risk factors for the incident-free transport are summarized
in Table 4-3.

Table 4-3. Unit Risk Factors for Incident-Free Transport.

Shipment ID
Unit Risk Factor Notation Units Speed, km/hr i > 3

Receptor Non-Occupational
Efrflf)lems along e rou (O ypp, K 1 3.19E07 | 2.67E-07 1.69E-07
Pearle shaing D souis {Hu hr’/km 88.51 938E-10 | 7.83E-10 | 4.96E-10
Link), non -rush hour URF
People sharing - the route (On hr’/km 44.26 391E09 | 3.26E-09 | 2.07E-09
Link), rush hour
Resident near refueling stop URFy km? N/A 3.17E-07 2.64E-07 1.68E-07
People at the refueling stop URFst km? N/A 2.61E-07 2.18E-07 1.38E-07
Person in a traffic jam URFput unitless N/A 1.96E-03 1.79E-03 1.43E-03

Receptor Occupational
Inspector URFins unitless N/A 3.92E-03 3.58E-03 2.85E-03
Refueling stop employee URFenmp unitless N/A 2.61E-07 2.18E-07 1.38E-07
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Shipment ID
Unit Risk Factor Notation Units Speed, km/hr 1 5 3
: . o unitless 8.03E-04 (a)
Crew while driving URFrar 1 6.21E-04 (b) 6.81E-04 2.97E-04
Crew at stops URFrst unitless N/A 3.92E-03 3.58E-03 2.85E-03

Note: (a) and (b) refer to shipment IDs 1a and 1b in Table 4-2.

4.2 Results

The radiological impacts from incident-free transport are expressed in terms of collective doses or
individual doses. The methods used to calculate the collective and individual doses are described in Section
2. Equations 2-1 — 2.15 were used. The input data required for these calculations are described in Section
3. The calculations are based on the unit risk factor approach. The calculations of the unit risk factors are
described in Section 4.1.

The following sections provide the results of the non-occupational and occupational radiological impacts.
The results are presented for each receptor considered in the analysis.

The results in this section are often displayed using a box and whisker plot. The ends of the box represent
the upper and lower quartiles. The median is marked by a vertical line inside the box and
the whiskers extend to the highest and lowest values of observations.

4.2.1 Residents along the Transportation Routes

The per shipment and per campaign collective doses to the residents along the transportation routes are
summarized in Table 4-4 for each type of shipment. The per shipment collective doses are shown in Figure
4-1 and per campaign collective doses are shown in Figure 4-2.

The collective doses were calculated using the following scenario parameters:

- 95" percentile TI for each shipment type

- Population along the route adjusted to account for population increase from 2010 to 2018.
- Vehicle speed of 55-mph during non-rush hour and 27.5-mph during rush hour.

- The percent of urban and suburban areas affected by rush hour of 20 percent.

The collective doses per shipment of IXTRUPACT-III are lower (maximum of 4.5E-04 person-rem) and
the collective doses per shipment of 3XTRUPACT-II with CCOs are higher (maximum of 4.3E-03 person-
rem) compared to the other shipments. The per campaign collective doses are very similar for 1x HalfPACT
and 2xTRUPACT-II, 3xHalfPACT (SCA), and 1xRH-TRU 72-B shipments because the number of
I1xHalfPACT and 2xTRUPACT-II shipments is significantly higher. The per campaign collective dose per
shipment of 3XxTRUPACT-II with CCOs is somewhat higher than the other shipments.
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Table 4-4. Collective Doses for the Resident Along the Route (Off Link Doses).

Collective Dose (person-rem)

Route Shipment CH RH Rout
. oute
Type IXHallPACT 1 5 papact | FTRUPACT- | 4 TRUPACT- | 1XRH-TRUT2- | pogal
2xTRUPACT I (SCA) 11 I B ota
1 (CCO)
Nu_mbcr of 8 79 136
Shipments
ANL Per shipment 5.05E-04 2.06E-03 1.53E-03
Campaign 1.42E-02 1.63E-01 2.08E-01 0.39
Total
Number of 12
Shipments
Bettis Per shipment 3.00E-03
Campaign 3.61E-02 0.04
Total
Mumperof 5,903 1,669 281 362
Shipments
Hanford | Per shipment 5.47E-04 2.23E-03 3.27E-04 1.66E-03
%ﬁ;{’a‘gn 3.23E+00 3.72E+00 9.19E-02 5.99E-01 7.64
Number of 3212 91 591
Shipments
INL Per shipment 4.14E-04 2.47E-04 1.25E-03
AP 1.33E+00 2.25E-02 7.40E-01 2.09
Total
Number of
9
Shipments 3 2
Knolls Per shipment 1.19E-03 3.60E-03
Campaign 3.68E-02 9.35E-02 0.13
Total
e e 5,160 408 90
Shipments
LANL Per shipment 5.57E-05 3.33E-05 1.69E-04
Campaign 2.87E-01 1.36E-02 1.52E-02 0.32
Total
Nu'mbcr of 2.997 1.968
ORNL Shipments
Per shipment 5.91E-04 1.79E-03
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Collective Dose (person-rem)
Route Shipment CH RH —
3 oute
Type IXHallPACT 5 papact | FTRUPACT- | 4 TRUPACT- | 1XRH-TRUT2- | pogal
2xTRUPACT I (SCA) 11 I B ota
1 (CCO)
Campaign 1.77E+00 3.52E+00
5.29
Total
Number of
Shipments B 19 s
SNL Per shipment 4.30E-05 1.75E-04 1.30E-04
Campaign 3.44E-04 1.75E-03 6.51E-04 0.003
Total
Numbss of 505 9 3,877 7 66
Shipments
SRS Per shipment 7.59E-04 3.09E-03 4.34E-03 4.54E-04 2.30E-03
(Tjng’a‘gn 3.83E-01 2.78E-02 1.68E+01 3.18E-03 1.52E-01 17.37
Nu_mbcr of 209 40
Shipments
LLNL Per shipment 4.13E-04 2.47E-04
Campaign 8.62E-02 9.87E-03 0.096
Total
Nu'mbcr of 34
Shipments
NNSS Per shipment 1.74E-04
Campaign 5.93E-03 0.006
Total
Number of |
Shipments
NRD Per shipment 8.07E-04
Campaign 8.07E-04 0.001
Total
Total All Shipments 7.15 3.91 16.80 0.14 5.36 33.36
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Per Shipment Along Route Collective Doses
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Figure 4-1. Per Shipment Collective Doses for the Resident Along the Route (Off Link Doses).

Per Campaign Along Route Collective Doses
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Figure 4-2. Per Campaign Collective Doses for the Resident Along the Route (Off Link Doses).

The per shipment collective dose to the residents along the transportation route is the sum of the doses along
the rural, suburban, and urban segments of the route. Table 4-4 summarized the contributions from different
segments to the total dose. Figure 4-3 shows the contributions for the CH shipments and Figure 4-4 shows
the contributions for the RH shipments. In all the cases, the major contribution is from the suburban segment
of the route (82-90 percent). The contribution from the rural segment is from 9 to 17 percent and the
contribution from the urban segment is less than 1.1 percent. Note that the distance traveled in rural areas
is larger than in suburban areas. The shielding factor in suburban areas (0.87) is slightly smaller than in the
rural areas (1.0). However, the population density is significantly higher which results in higher contribution.
The shielding factor in urban areas is significantly lower (0.018) and the distance traveled is small (Section
3.13) resulting in a small contribution to the total collective dose.
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Table 4-5. Contributions to the Total Residents Along the Route Collective Doses.

Percent Contribution to Total Along the Route Dose

PO | PXHAPACT | 3 HalfPACT | 3xTRUPACT-II | IxRH-TRU72- | IXTRUPACT-
2XTRUPACT-II (SCA) (CCo B m
Rural 15.15% 15.15% 9.40% 16.02% 16.50%
Suburban 83.90% 83.87% 90.25% 83.24% 82.42%
Urban 0.93% 0.98% 035% 0.74% 1.08%
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Figure 4-3. Contributions to Residents Along the Route Collective Dose for CH Shipments.

Contribution to Along Route Collective Dose (RH Shipments)
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Figure 4-4. Contributions to Residents Along the Route Collective Dose for RH Shipments.
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Figure 4-5 shows the collective doses versus the total route distance for the CH and RH shipments. In both
cases, the longer the route, the higher the collective dose to the residents along the route.

Per Shipment Along Route Collective Dose
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Figure 4-5. Residents Along the Route Collective Dose versus Route Total Distance.

Figure 4-6 compares the per CH shipment collective doses to the residents along the route calculated in this
TA and in the 2008 TA. The doses used in this comparison were calculated using the same TIs for CH
shipments as in the 2008 TA. The median dose in this TA is slightly higher (~12 percent) and the range is
larger than in the 2008 TA. This was expected taking in account the differences in routes and increase in
population since 2008.
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Figure 4-6. Comparison between the Residents Along the Route Collective Doses for CH Shipments.
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4.2.2 People Sharing the Transportation Route

The per shipment and per campaign collective doses to the people sharing the transportation routes are
summarized in Table 4-6 for each type of shipment. The per shipment collective doses are shown in Figure
4-7 and per campaign collective doses are shown in Figure 4-8.

The collective doses were calculated using the same scenario parameters as the ones discussed in Section
4.2.1. The additional scenario parameter for this receptor is the traffic count multiplier during the rush hour.
The multiplier was set equal to 2 (2 times more vehicles per hour during rush hour).

The collective doses per shipment of IXTRUPACT-III are lower (maximum of 1.2E-02 person-rem) and
the collective doses per shipment of 3XTRUPACT-II with CCOs are higher (maximum of 5.4E-02 person-
rem) compared to the other shipments. The per campaign collective doses are similar for 1x HalfPACT and
2xTRUPACT-II, 3xHalfPACT (SCA), and 1xRH-TRU 72-B shipments because the number of
1xHalfPACT and 2xTRUPACT-II shipments is significantly higher. The per campaign collective dose per
shipment of 3XxTRUPACT-II with CCOs is somewhat higher than the other shipments.
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Table 4-6. Collective Doses for the Resident Sharing the Route (On Link Doses).

Collective Dose (person-rem)
. CH RH
Route Shipment Type IxHalfPACT | 3xHalfPACT | 3 "TR[ﬁ) ACT- TRU},’; cr. | DRH- ??,l::f
2xTRUPACT_II (SCA) (CCO) I TRU 72-B
ANL Number of Shipments 28 79 136
Total per shipment 8.74E-03 3.56E-02 2.64E-02
Campaign Total 2.45E-01 2.81E+00 3.59E+00 6.65
Bettis Number of Shipments 12
Total per shipment 4.61E-02
Campaign Total 5.53E-01 0.55
Hanford Number of Shipments 5,903 1,669 281 362
Total per shipment 8.46E-03 3.44E-02 5.04E-03 2.56E-02
Campaign Total 4.99E+01 5.75E+01 1.42E+00 9.25E+00 118.07
INL Number of Shipments 3.212 91 591
Total per shipment 6.82E-03 4.06E-03 2.06E-02
Campaign Total 2.19E+01 3.70E-01 1.22E+01 34.47
Knolls Number of Shipments 31 26
Total per shipment 1.58E-02 4.77E-02
Campaign Total 4.89E-01 1.24E+00 1.73
LANL Number of Shipments 5,160 408 90
Total per shipment 2.26E-03 1.35E-03 6.84E-03
Campaign Total 1.17E+01 5.51E-01 6.16E-01 12.87
ORNL Number of Shipments 2,997 1,968
Total per shipment 8.67E-03 2.62E-02
Campaign Total 2.60E+01 5.16E+01 77.60
SNL Number of Shipments 8 10 5
Total per shipment 2.04E-03 8.32E-03 6.18E-03
Campaign Total 1.64E-02 8.32E-02 3.09E-02 0.13
SRS Number of Shipments 505 9 3877 4 66
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Collective Dose (person-rem)
. CH RH
Route SSipmentie IxHalfPACT | 3xHalfPACT | 3 "TR[ﬁ) ACT- TRUi,’; c1. | 1xRH- ﬁ?,'tl:f
2xTRUPACT _II (SCA) (CCO) I TRU 72-B

Total per shipment 9.51E-03 3.87E-02 5.43E-02 5.67E-03 2.87E-02

Campaign Total 4.80E+00 3.48E-01 2.11E+02 3.97E-02 1.90E+00 | 218.09
LLNL Number of Shipments 209 40

Total per shipment 2.05E-02 1.22E-02

Campaign Total 4.29E+00 4.89E-01 4.78
NNSS Number of Shipments 34

Total per shipment 4.03E-03

Campaign Total 1.37E-01 0.14
NRD Number of Shipments 1

Total per shipment 8.81E-03

Campaign Total 8.81E-03 0.01
Total All Shipments 119.49 60.74 211.00 2.87 80.98 475.08
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Per Shipment Sharing Route Collective Dose
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Figure 4-7. Per Shipment Collective Doses for the People Sharing the Route (On Link Doses).

Per Campaign Sharing Route Collective Dose
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Figure 4-8. Per Campaign Collective Doses for the People Sharing the Route (On Link Doses).

The per shipment collective dose to the people sharing the route is the sum of the doses from the segment
with rush hour speed (27.5-mph) and the segment with non-rush hour speed (55-mph). Table 4-7
summarized the contributions from these segments to the total dose. Figure 4-9 shows the contributions for
the CH shipments and Figure 4-10 shows the contributions for the RH shipments. In all the cases, the
contribution from the segment with 27.5-mph is from 54 to 65 percent even though the rush hour speed was
assigned to 20 percent of the urban and suburban segments. This is because the dose is inversely
proportional to the squared vehicle speed.
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Table 4-7. Contributions to the Total People Sharing the Route Collective Doses.

Percent Contribution to Total Sharing the Route Dose
Speed lea;Ii;I(’lACT 3xHalfPACT 3xTRUPACT-II | 1xRH-TRU 72- 1xXTRUPACT-
2xTRUPACT-II (BCA) (€CCQ) B m
27.5mph 62.48% 65.09% 53.86% 62.08% 61.51%
55mph 37.52% 34.91% 46.14% 37.92% 38.49%
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Figure 4-9. Contributions to People Sharing the Route Collective Dose for CH Shipments.

Contributions to Sharing Route Collective Dose (RH Shipments)
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Figure 4-10. Contributions to People Sharing the Route Collective Dose for RH Shipments.

Figure 4-11 shows the collective doses versus the total route distance for the CH and RH shipments. In both
cases, the longer the route, the higher the collective dose to the people sharing the route.
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Per Shipment Sharing Route Collective Dose
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Figure 4-11. People Sharing the Route Collective Dose versus Route Total Distance.

Figures 4-12 and 4-13 compare the per CH shipment and per RH shipment collective doses to the people
sharing the route calculated in this TA and in the 2008 TA. The doses used in this comparison were
calculated using the same TIs for CH and RH shipments as in the 2008 TA. In both cases, the median doses
in this TA are slightly higher than in 2008 TA, but the range is narrower. This is the result of the differences
in routes and state specific traffic counts (Section 3.3).
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Figure 4-12. Comparison between the People Sharing the Route Collective Doses for CH Shipments.
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Sharing Route Collective Dose (RH Shipments)
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