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1 12 GENERIC DISPOSAL FACILITIES ON NONFEDERAL LANDS
2
3
4 This chapter provides an evaluation of the human health consequences from the disposal
5 of GTCC LLRW and GTCC-like waste under Alternative 3 (use of a new borehole disposal
6 facility), Alternative 4 (use of a new trench disposal facility), and Alternative 5 (use of a new
7 vault disposal facility) at generic nonfederal (commercial) sites in the United States. The
8 evaluation focuses on the human health consequences after closure of the disposal facilities in
9 order to provide information for comparison with the other alternatives presented in this ETS.

10
11 DOE solicited technical capability statements from commercial vendors that might be
12 interested in constructing and operating a GTCC LLRW and GTCC-like waste disposal facility
13 in a request for information in the FedBizOpps on July 1, 2005. Although at that time, several
14 commercial vendors expressed an interest, no vendors provided specific information on disposal
15 locations and methods for analysis in the ETS. On June 20, 2014 Waste Control Specialists, LLC,
16 (WCS), filed (and resubmitted on July 21, 2014) a Petition for Rulemaking with the Texas
17 Commission on Environmental Quality (TCEQ) requesting the State of Texas to revise certain
18 provisions of the Texas Administrative Code to remove prohibitions on disposal of GTCC
19 LLRW, GTCC-like waste and TRU waste at its TCEQ licensed facilities. On January 30, 2015,
20 TCEQ sent a letter to the NRC requesting guidance on the State of Texas's authority to license
21 ,disposal of GTCC LLRW, GTCC-like waste and TRU waste. This matter is under review by
22 NRC. Including a generic commercial facility in this EIS would allow DOE to make a
23 programmatic determination regarding the disposal of GTCC LLRW and GTCC-like waste at
24 such a facility. DOE has included analysis of generic commercial facilities in the event that a
25 facility could become available in the future. In that case, before making a decision to use a
26 commercial facility, DOE would conduct further NEPA reviews, as appropriate.
27
28 Because the evaluation is for generic sites, an evaluation of impacts on the remaining
29 environmental resource areas (including potential human health impacts from disposal facility
30 accidents; see list in Section 2 and Figure 2.1) is not included; it is more appropriate that the
31 analyses of these resource areas be based on site-specific information. That is, region-wide input
32 parameters would not result in meaningful information on which subsequent decisions could be
33 based when determining where to implement a GTCC LLRW and GTCC-like waste disposal
34 facility. However, it can be gleaned from the results of Alternatives 3 to 5 for the federal sites
35 (found in Chapters 6 to 11 of this EIS) that the potential impacts on these environmental resource
36 areas from using the borehole, trench, or vault methods for disposing of GTCC LLRW and
37 GTCC-like waste at a commercial site could be similar and that the potential long-term impacts
38 on human health could provide a differentiating factor when deciding among alternatives for
39 GTCC LLRW and GTCC-like waste disposal. These impacts are thus the focus of this chapter.
40
41 Alternatives 3 to 5 are described in Section 5.1, and the environmental consequences
42 from these alternatives that are common to the federal sites are evaluated in Chapter 5. These
43 impacts would also be generally applicable to commercial facility sites and thus are not repeated
44 here. Impact assessment methodologies used for this BIS are described in Appendix C.
45
46
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1 12.1 APPROACH FOR ANALYZING THE GENERIC COMMERCIAL SITES
2
3 The analysis here covers four generic sites, one in each of the four maj or geographic
4 regions of the country coinciding with the four NRC regions (see Figure 1.4-2). These four
5 generic sites are referred to as Regions I, II, III and IV, and they include the same states as those
6 addressed by the corresponding NRC regions. That is, Region I covers the Northeastern states,
7 Region li the Southeastern states, Region III the Midwestern states, and Region IV the Western
8 states.
9

10 The RESRAD-OFFSITE computer code was used to address the post-closure impacts at
11 the four generic sites in a manner similar to that done for the federal sites. This allows for a
12 direct comparison of the results given in this chapter with those given in Chapters 6 through 11.
13 The RESRAD-OFFSITE input parameters describing the setting for each of the four generic
14 sites, including its soil properties and hydrological characteristics, were developed from
15 information used in similar analyses (Poe 1998; Toblin 1998, 1999), and these are presented in
16 Appendix E (see Tables E-19 and E-20).
17
18 One of the most important parameters in this evaluation is the depth to groundwater in
19 these four regions. These depths were determined to be as follows from using the references
20 given above (see Table E-19 in Appendix E): Region I1(3.4 m or 11 ft), Region II1(13 m or 44 ft),
21 Region III (2.2 m or 7 ft), and Region IV (55 m or 180 ft). On the basis of these groundwater
22 depths, a vault facility could be used in each of the four regions, while trenches could be used in
23 only two regions (II and IV), and boreholes could be used only in Region IV. Note that using this
24 combination of disposal methods and geographic regions allows for a comparison of using
25 trenches in the two regions in which the DOE sites considered in this EIS are located (i.e., in
26 Regions II and IV). None of the federal sites considered in this EIS are located in Regions I or
27 III.
28
29 The choice of disposal methods assessed in this chapter for the four geographic regions is
30 meant to provide additional information to allow for an informed decision on the best approach
31 for disposing of GTCC LLRW and GTCC-like waste. There may be locations in Regions I, II,
32 and III that could accommodate use of the borehole method. However, without specific sites and
33 characterization information, this EIS limits the evaluation to Region IV, where the depth to
34 groundwater would be generally compatible with use of the borehole method on a regional basis.
35 The same limitation applies with regard to the use of trenches, but in this case, the evaluation is
36 limited to Regions II and IV. There are likely to be some locations in Regions I and III where the
37 depth to groundwater is greater, so that the trench method could be used to effectively dispose of
38 GTCC LLRW and GTCC-like waste, should any proposals for a commercial facility in those
39 regions be identified at a later time. However, these two regions generally have shorter distances
40 to groundwater than do Regions II and IV. The vault method is considered to be applicable in all
41 four regions, since this method is largely above grade and involves the greatest distance between
42 the bottom of the disposed-of wastes and the groundwater.
43
44 It is assumed that all of the GTCC LLRW and GTCC-like waste would be disposed of at
45 each regional site/disposal method combination, as was assumed for the analyses conducted at
46 the federal sites. The results are presented in the same manner as that used for the federal sites in
47 order to provide information that could be useful for comparison.
48
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1 For this analysis, it is assumed that the conceptual designs of the disposal facilities2 (borehole, trench, and vault) would be the same as those presented in Section 5.1. Hence, the
3 assumptions about the engineered controls and waste stabilization practices are also similar to
4 1those assumptions for the federal sites evaluated in this EIS (in Chapters 6 through 11). The
5 natural water infiltration rates were taken to be those assumed in the Draft Environmental Impact
6 Statement on 10 CFR Part 61 "Licensing Requirements for Land Disposal of Radioactive
7 Waste" (Vol. 4, Appendix J, Table J.5, in NUREG-0782; see NRC 1981). They are 0.074 rn/yr
8 for Region I, 0.18 rn/yr for Region II, 0.05 rn/yr for Region III, and 0.00 1 rn/yr for Region IV. In
9 addition, it is assumed that the integrity of the engineered covers and waste containers would

10 begin to degrade after 500 years. At that time, an amount of water that is equivalent to 20% of
11 the natural infiltration rate would enter the waste containers and leach radionuclides from the
12 waste materials. The assumption of a water infiltration rate that is 20% of the natural infiltration
13 rate for the area is consistent with the assumption used in the analyses of waste disposal at the
14 federal sites evaluated in this EIS. A summary of the assumptions used to generate the results
15 presented in this chapter is presented in Appendix E.
16
17
18 112.2 HUMAN HEALTH IMPACTS FROM CONSTRUCTION AND OPERATION OF
19 TILE LAND DISPOSAL FACILITIES AT THE GENERIC COMMERCIAL SITES
20
21 The human health impacts on workers and the general public at these generic commercial
22 facilities during disposal facility construction and waste disposal operations are expected to be
23 similar to those at the federal sites considered in this EIS. These impacts are expected to be
24 mainly the occupational doses from waste disposal operations; no off-site releases are expected
25 because the waste packages would contain the radioactive materials and because monitoring of
26 the site and nearby vicinity would identify the need for any corrective actions. It is possible that
27 the public could be exposed to external gamma radiation from wastes being stored at the site
28 prior to disposal if individuals were to venture close enough to these wastes, but such exposures
29 are expected to be low and not result in any significant LCF risk. In addition, there would be
30 security measures at the facility to ensure that an individual could not gain unauthorized or
31 inadvertent access to the wastes.
32
33 It is expected that the doses to the general public in the vicinity of a hypothetical
34 commercial disposal facility during disposal operations would be well below the dose limit of
35 100 rnrern/yr set by DOE and the NRC for radiation protection purposes for reasons described
36 below. Engineering controls would likely be effective in limiting releases of contaminants to the
37 environment, and the site perimeter would be monitored to ensure the effectiveness of these
38 controls. Even though the commercial disposal facility would be licensed by the NRC or an
39 /Agreement State, it is expected that the facility would adhere to limits that are comparable to
40 those set by DOE for its operations to control radiation exposures. The DOE radiation dose limits
41 fo~r members of the general public are given in DOE Order 5400.5, and the NRC requirements
42 are given in Subpart D of 10 CFR Part 20.
43
44 Individuals working at a commercial disposal facility would be routinely monitored for
45 radiation exposure. The worker doses would be kept below applicable radiation dose standards.
46 DOE has established a primary radiation dose standard of 5 rem/yr to workers for its operations

12-3 
January 2016

12-3 January 2016



Final GTCC EIS 12: Generic Disposal Facilities on Nonfederal Lands

1 (10 CFR Part 835), and the NRC has the same occupational dose limit in Subpart C
2 of 10 CFR Part 20. In addition, DOE has set an administrative control level of 2 rem/yr for all
3 DOE activities, and it requires contractors to develop a similar level for specific activities that is
4 consistent with this requirement. The contractor administrative control level is generally not
5 expected to exceed 1.5 rem/yr, and for many activities, the level should be 500 mrem/yr or less.
6 The NRC would be expected to impose similar limits to control occupational doses at a
7 hypothetical commercial site for disposing of GTCC LLRW and GTCC-like waste. External
8 gamma exposure would be the primary exposure pathway for workers.
9

10 The specific monitoring and maintenance program to be used at a commercial GTCC
11 LLRW and GTCC-like waste disposal site would be prescribed by the NRC or Agreement State
12 as part of the licensing process. Such a program would be designed to provide effective control
13 of any releases from the site and would include ALARA considerations. The potential impacts
14 on members of the general public and involved workers from the construction and operations of
15 land disposal facilities for GTCC LLRW and GTCC-like waste are discussed in Section 5.3.4.
16 The impacts at a commercial disposal facility are expected to be comparable to those at a DOE
17 site, because similar procedures are expected to be used to operate the facility. The impacts
18 presented in Section 5.3.4 for construction and operations are therefore applicable to commercial
19 disposal facilities as well as to DOE sites, and these are not repeated here.
20
21 Although all appropriate health and safety procedures and requirements for use of a
22 commercial GTCC LLRW and GTCC-like waste disposal facility would be met, it is possible
23 that accidents could occur that could injure workers and result in the off-site release of
24 radioactive materials. It is expected that the impacts on workers from accidents would be similar
25 to those estimated for use of federal sites, as given in Table 5.3.4-2. That is, less than one fatality
26 is predicted to occur during construction and operations, but a number of injuries could occur.
27 The numbers of lost workdays due to nonfatal injuries and illness during construction activities
28 are estimated to be 16 for use of boreholes, 49 for use of trenches, and 150 for use of vaults.
29 About one to two lost workdays could occur annually during operational activities.
30
31 The impact from accidents involving the release of radioactive materials to off-site
32 locations would depend on the local meteorology and location of nearby individuals. While these
33 factors are very much site-dependent, the radiation doses and LCF risks to a nearby individual
34 would generally be expected to be comparable to those predicted for use of federal sites. The
35 highest dose to an individual (expected to be a noninvolved worker) for the various federal sites
36 evaluated in the EIS ranges from 2.4 to 16 rem, with the highest LCF risk being 0.009. This
37 individual is assumed to be located 100 m (330 ft) from an accident involving a fire to an SWB.
38 The dose to the impacted population in the downwind sector from such an accident would not
39 result in any LCFs.
40
41
42 12.3 POST-CLOSURE PERIOD HUMAN HEALTH IMPACTS FROM TILE LAND
43 DISPOSAL FACILITIES AT THE GENERIC COMMERCIAL SITES
44
45 The major differentiating factor for these four geographic regions is related to the impacts
46 that could occur during the post-closure period. These are related to the potential release of
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1 contaminants to the environment and the subsequent exposure to nearby individuals. Because it
2 is assumed that the site would not be monitored post-closure, there would be no worker doses
3 during this time period. Also, although airborne releases could occur, it is expected that the
4 overlying cover system and the dispersion of any released radionuclides by the wind would
5 greatly decrease the air concentrations. Hence, the highest doses are expected to be those
6 associated with the migration of radionuclides to groundwater and their subsequent use by
7 members of the general public. For this assessment, the exposed individual is assumed to be a
8 hypothetical resident farmer located 100 m (330 ft) downgradient from the disposal facility. This
9 assessment is the same as that done for the federal sites considered in this BIS.

10
11 It is assumed that following closure of the disposal facility, the engineering controls
12 incorporated into the disposal facility design would degrade and begin to fail, allowing water to
13 infiltrate into the wastes. This infiltration could result in the leaching of contaminants from the
14 packaged wastes over time. These contaminants could move downward with the infiltrating
15 water to the underlying groundwater system and eventually migrate to a well being used to
16 supply potable water. Should this scenario occur, it is possible that an individual could be
17 .exposed to relatively high concentrations of radionuclides and incur significant radiation doses.
18 This scenario, which was developed by using the RESRAD-OFFSITE computer code, is
19 evaluated in this section, and it represents an upper bound to the long-term doses and LCF risks
20 t:hat are reasonably expected to occur if a commercial facility was constructed for disposal of
21 GTCC LLRW and GTCC-like waste.
22
23 The potential radiation dose from the airborne release of radionuclides to off-site
24 members of the public after closure of a disposal facility would be small. Estimates developed
25 by using RESRAD-OFFSITE indicate that there would be no measurable exposure from this
26 pathway for the borehole method. Small radiation exposures are estimated for the trench and
27 vault methods. The potential inhalation dose at a distance of 100 m (330 ft) from the disposal
28 f'acility is estimated to be less than 1.8 mrem/yr for trench disposal and 0.52 mrern/yr for vault
29 disposal. The potential radiation exposures would result mainly from the inhalation of radon gas
30 and its short-lived progeny.
31
32 The borehole method would provide better protection against potential exposures from
33 airborne releases of radionuclides because of the greater depth of the cover material. For the use
34 of boreholes, the wastes would be emplaced 30 to 40 m (100 to 130 ft) bgs, and the depth of
35 overlying soil would inhibit the diffusion of radon gas, CO2 gas (containing c-i14), and tritium
36 (H-3) water vapor to the atmosphere above the disposal area. However, because the distance to
37 the groundwater table from boreholes would be shorter than the distance from trenches or vaults,
38 radionuclides that leached out from the wastes in boreholes would reach the groundwater table in
39 a shorter time than those from wastes in trenches or vaults. This would mean there would be less
40 time for radioactive decay to occur before the radionuclides reached the environment.
41
42 For this assessment, the entire GTCC LLRW and GTCC-like waste inventory is assumed
43 to be disposed of at a single commercial facility in each of the four geographic regions.
44 Representative parameters were chosen for each site so that the RESRAD-OFFSITE computer
45 code could be used to address the movement of radioactive contaminants from these GTCC
46 LLRW and GTCC-like waste to the nearby environment (see Appendix E). It is assumed that
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1 engineering controls (the integrity of stabilizing agents in the Other Waste type and the disposal
2 facility cover) would prevent or minimize water infiltration into the wastes for the first 500 years
3 following closure of the disposal facility. This practice would allow time for the short-lived
4 radionuclides to decay to innocuous levels. It is further assumed that after the first 500 years, the
5 facility covers would still be effective in reducing water infiltration to the top of the facility
6 (i.e., 80% reduction is assumed).
7
8 Calculations indicate that within 10,000 years, radionuclides would reach the
9 groundwater table and a well installed by a hypothetical resident farmer located a distance of

10 100 m (330 fi) from the downgradient edge of a disposal facility in Regions I, II, and III.
11 Radionuclides are not predicted to reach this hypothetical well within 10,000 years in Region IV
12 for any of the three disposal methods. This assumption reflects the more arid climate and greater
13 depth to groundwater in the Western United States. However, calculations indicate that
14 radionuclides would reach the groundwater table and this hypothetical well after 10,000 years,
15 and these results are discussed below.
16
17 The results of these modeling calculations are given in Tables 12.3-1 through 12.3-6 and
18 in Figures 12.3-1 through 12.3-7. The tables provide the peak annual doses and LCF risks
19 associated with use of contaminated groundwater resulting from the disposal of the entire GTCC
20 LLRW and GTCC-like waste inventory at a commercial disposal facility in Regions I, II, and III.
21 The tables show the contributions from the different waste types to the peak annual doses and
22 LCFs at the time of peak impact, and the figures illustrate the radionuclides that provide most of
23 the annual dose and LCF risk. Since the calculations indicate that disposal of GTCC LLRW and
24 GTCC-like waste in a borehole, trench, or vault facility in Region IV would not reach the
25 groundwater table in 10,000 years, tables summarizing the peak annual doses and LCF risks are
26 not provided for this region. However, the radiation doses out to 100,000 years for these three
27 disposal methods in Region IV are shown in Figure 12.3-7. The major dose contributor in all
28 four regions is GTCC-like Other Waste - RH. The primary radionuclides causing this dose are
29 generally C-14, 1-129, and isotopes of uranium and plutonium.
30
31 Because the radionuclide mixes are different for each waste type (i.e., activated metals,
32 sealed sources, and Other Waste), the peak annual doses and LCF risks do not necessarily occur
33 at the same time for each waste type. In addition, the peak annual doses and LCF risks for the
34 entire GTCC LLRW and GTCC-like waste inventory considered as a whole could be different
35 from those for the individual waste types. The results presented in Tables 12.3-1 through 12.3-6
36 are for the entire GTCC LLRW and GTCC-like waste inventory, and the contributions of the [
37 individual waste types given in these tables are those that occur at the time of the peak annual
38 doses and LCF risks for the entire inventory.
39
40 The estimated doses and LCF risks for the hypothetical resident farmer scenario
41 evaluated to assess the post-closure impacts for GTCC LLRW and GTCC-like waste disposal at]
42 a commercial facility are presented in two ways in this EIS. The first presents the peak annual
43 doses and LCF risks when disposal of the entire GTCC LLRW and GTCC-like waste inventory
44 is considered. These are provided in Tables 12.3-1 through 12.3-6. The second presents the peak
45 annual doses for each waste type considered on its own. These results are presented in
46 Tables E-22 through E-25 in Appendix E. The first set of results could be used as the basis for
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•I A 1,, 1, 1•.- I utu • AnnalDoet ...........,m 'Iyr fro ...thei UIuse of Contaminated Groundwater within
2 10,000 Years of Disposal in a Commercial Vault Disposal Facility in Region Ia

GTCC LLRW GTCC-Like Waste Peak
Annual

Disposal Activated Sealed Other Other Activated Sealed Other Other Dose from
Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - Entire

Group RH CHI CH RH RH CHI CH RH Inventory

Vault disposal1200
Group 1 stored 0.0 - 0.0 7.2 0.026 0.0 400 370
Group 1 projected 2.8 400 - 0.22 0.065 0.0 110 9,700
Group 2projected 1.3 0.0 71 210 - - 230 440

aThese annual doses are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 if)
from the edge of the vault disposal facility. All values are given to two significant figures, and a dash means there is no inventory for that
waste type. The values given in this table represent the annual doses to the hypothetical resident farmer at the time of peak annual dose

•" from the entire GTCC LLRW and GTCC-like waste inventory. These contributions do not represent the maximum doses that could result
"q ~from each of these waste types separately. Because of the different radionuclide mixes and activities contained in the different waste N

types, the maximum doses that could result from each waste type individually generally occur at different times than the peak annual
dose from the entire inventory. The peak annual doses that could result from each of the waste types are presented in Tables E-22 through
E-25 in Appendix E. Region I is composed of the Northeastern states (see Figure 1.4-2). •

bThe time for the peak annual dose of 12,000 mrem/yr for disposal of the entire GTCC LLRW and GTCC-Iike waste inventory was,•
calculated to be about 49 years after failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of the
disposal facility). The values reported for the other entries in this table represent the annual doses from the specific waste types at the•
time of the peak annual dose (i.e., at 49 years following failure of the cover and engineered barriers). The primary contributor to the dose
is GTCC-like Other Waste - RH, and the primary radionuclides causing this dose are C-14, 1-129, and uranium and plutonium isotopes.
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TABLE 12.3-2 Estimated Peak Annual LCF Risk from the Use of Contaminated Groundwater within 10,000 Years of Disposal
in a Commercial Vault Disposal Facility in Region Ia

GTCC LLRW GTCC-Like Waste Peak
Annual

Disposal Activated Sealed Other Other Activated Sealed Other Other LCF Risk
Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - from Entire

Group RI- CH CH RH- 111 CHI CH RI- Inventory

Vault disposal 7E-03b
Group 1 stored 0E+00 - OE+00 4E-06 2E-08 0E±00 2E-04 2E-04
Group 1 projected 2E-06 2E-04 - 1E-07 4E-08 0E+00 7E-05 6E-03
Group 2 projected 8E-07 0E+00 4E-05 1E-04 - - 1E-04 3E-04

aThese annual LCF risks are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 fi)
from the edge of the vault disposal facility. All values are given to one significant figure, and a dash means there is no inventory for that waste
type. The values given in this table represent the annual LCF risks to the hypothetical resident farmer at the time of peak annual LCF risk from
the entire GTCC LLRW and GTCC-like waste inventory. These contributions do not represent the maximum LCF risks that could result from
each of these waste types separately. Because of the different radionuclide mixes and activities contained in the different waste types, the
maximum LCF risks that could result from each waste type individually generally occur at different times than the peak annual LCF risk from
the entire inventory. Region I is composed of the Northeastern states (see Figure 1.4-2).

bThe time for the peak annual LCF risk of 7E-03 for disposal of the entire GTCC LLRW and GTCC-like waste inventory was calculated to be
about 49 years after failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of the disposal facility).
The values reported for the other entries in this table represent the annual LCF risks from the specific waste types at the time of the peak
annual LCF risk (i.e., at 49 years following failure of the cover and engineered barriers). The primary contributor to the LCF risk is GTCC-like
Other Waste - RH, and the primary radionuclides causing this risk are C-14, 1-129, and uranium and plutonium isotopes.
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i Afl~t l.-i t~stimated PeaK Annual Dose (in mrem/yr) from the Use of Contaminated Groundwater within
10,000 Years of Disposal in a Commercial Vault or Trench Disposal Facility in Region IIa

GTCC LLRW GTCC-Like Waste Peak
Annual

Disposal Activated Sealed Other Other Activated Sealed Other Other Dose from
Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - Entire

Group RH CHI CH RIH RI CHI CH RI! Inventory

Vault disposal 120
Group 1 stored 0.86 - 0.0 0.0 0.12 0.0 11 940
Group 1 projected 13 0.0 - 0.0 0.29 0.0 3.1 0.0
Group 2projected 6.2 0.0 5.3 210 - - 6.2 13

Trench disposal 120
Group 1 stored 1.1 - 0.0 0.0 0.15 0.0 14 950
Group 1 projected 17 0.0 - 0.0 0.38 0.0 0.39 0.0
Group 2 projected 8.1 0.0 6.6 210 - - 7.8 12

aThese annual doses are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 ft)
from the edge of the disposal facility. All values are given to two significant figures, and a dash means there is no inventory for that
waste type. The values given in this table represent the annual doses to the hypothetical resident farmer at the time of peak annual dose
from the entire GTCC LLRW and GTCC-Iike waste inventory. These contributions do not represent the maximum doses that could result
from each of these waste types separately. Because of the different radionuclide mixes and activities contained in the different waste
types, the maximum doses that could result from each waste type individually generally occur at different times than the peak annual
dose from the entire inventory. The peak annual doses that could result from each of the waste types are presented in Tables E-22
through E-25 in Appendix E. Region II is composed of the Southeastern states (see Figure 1.4-2).

bThe times for the peak annual doses of 1,200 mrem/yr for disposal of the entire GTCC LLRW and GTCC-like waste inventory using the
vault and trench methods were calculated to be about 100 and 34 years, respectively, after failure of the cover and engineered barriers
(which is assumed to begin 500 years after closure of the disposal facility). The values reported from the other entries in this table
represent the annual doses for the specific waste types at the time of the peak annual dose (i.e., at 100 and 34 years following failure of
the cover and engineered barriers for the vault and trench methods, respectively). For both cases, the primary contributor to the dose is
GTCC-like Other Waste - RH, and the primary radionuclides causing this dose are C-14 and I-129.
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TABLE 12.3-4 Estimated Peak Annual LCF Risk from the Use of Contaminated Groundwater within 10,000 Years of Disposal
in a Commercial Vault or Trench Disposal Facility in Region IIa

GTCC LLRW GTCC-Like Waste Peak

Annual
Disposal Activated Sealed Other Other Activated Sealed Other Other LCF Risk

Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - from Entire
Group RH CHI CHI RH RH CH CHI RH Inventory

Vault disposal 7E-04b
Group 1 stored 5E-07 - 0E+00 0E+00 7E-08 0E+00 7E-06 6E-04
Group 1 projected 8E-06 0E+00 - 0E+00 2E-07 0E+00 2E-06 0E+00
Group 2 projected 4E-06 0E+00 3E-06. 1E-04 - - 4E-06 8E-06

Trench disposal 7 E-04b

Group 1 stored 7E-07 - 0E+00 0E+00 9E-08 0E+00 8E-06 6E-04
Group 1 projected lE-05 0E+00 - 0E+00 2E-07 0E+00 2E-07 0E+00
Group 2 projected 5E-06 0E+00 4E-06 1E-04 - - 5E-06 7E-06

aThese annual LCF risks are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 ft)
from the edge of the vault disposal facility. All values are given to one significant figure, and a dash means there is no inventory for that waste
type. The values given in this table represent the annual LCF risks to the hypothetical resident farmer at the time of peak annual LCF risk from
the entire GTCC LLRW and GTCC-like waste inventory. These contributions do not represent the maximum LCF risks that could result from
each of these waste types separately. Because of the different radionuclide mixes and activities contained in the different waste types, the
maximum LCF risks that could result from each waste type individually generally occur at different times than the peak annual LCF risk from
the entire inventory. Region II is composed of the Southeastern states (see Figure 1.4-2).

bThe time for the peak annual LCF risk of 7E-04 for disposal of the entire GTCC LLRW and GTCC-like waste inventory was calculated to be
about 100 and 34 years, respectively, after failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of
the disposal facility). The values reported for the other entries in this table represent the annual LCF risks from the specific waste types at the
time of the peak annual LCF risk (i.e., at 100 and 34 years following failure of the cover and engineered barriers for the vault and trench
methods, respectively). The primary contributor to the LCF risk is GTCC-like Other Waste - RH, and the primary radionuclides causing this
risk are C-14 and 1-129.
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2 of Disposal in a Commercial Vault Disposal Facility in Region IIIa

GTCC LLRW GTCC-Like Waste Peak
Annual

Disposal Activated Sealed Other Other Activated Sealed Other Other Dose from
Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - Entire

Group RH CHI CH RH RH CH CII RH Inventory

Vault disposal 50
Group 1 stored 11 - 0.0 0.0 0.16 0.0 4.7 410
Group 1 projected 18 0.0 - 0.0 0.39 0.0 1.4 0.017
Group 2 projected 7.8 0.0 2.1 83 - - 2.5 5.2

a These annual doses are associated with the use of contaminated groundwater by a hypothetical resident fanner located 100 m (330 ift)
from the edge of the vault disposal facility. All values are given to two significant figures, and a dash means there is no inventory for that
waste type. The values given in this table represent the annual doses to the hypothetical resident fanner at the time of peak annual dose

~from the entire GTCC LLRW and GTCC-like waste inventory. These contributions do not represent the maximum doses that could result
•,,• from each of these waste types separately. Because of the different radionuclide mixes and activities contained in the different waste

types, the maximum doses that could result from each waste type individually generally occur at different times than the peak annual dose
from the entire inventory. The peak annual doses that could result from each of the waste types are presented in Tables E-22 through E-25
in Appendix E. Region III is composed of the Midwestern states (see Figure 1.4-2).

b The time for the peak annual dose of 530 mrerrlyr for disposal of the entire GTdC LLRW and GTCC-like waste inventory was calculated

to be about 69 years after failure of the cover and engineered bafflers (which is assumed to begin 500 years after closure of the disposal
facility). The values reported for the other entries in this table represent the annual doses from the specific waste types at the time of the
peak annual dose (i.e., at 69 years following failure of the cover and engineered bafflers). The primary contributor to the dose is GTCC-
like Other Waste - RH-, and the primary radionuclides causing this dose are C- 14 and I-129.
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1 TABLE 12.3-6 Estimated Peak Annual LCF Risk from the Use of Contaminated Groundwater within 10,000 Years of Disposal in
2 a Commercial Vault Disposal Facility in Region HP~

GTCC LLRW GTCC-Like Waste Peak
Annual LCF

Disposal Activated Sealed Other Other Activated Sealed Other Other Risk from
Technology/Waste Metals - Sources - Waste - Waste - Metals - Sources - Waste - Waste - Entire

Group RH CH CHI RH RH CHI CH RH Inventory

Vault disposal 3E-04b
Group 1 stored 7E-07 - 0E+00 0E+00 9E-08 0E+00 3E-06 2E-04
Group 1 projected lE-05 0E+00 - 0E+00 2E-07 0E+00 8E-07 1E-08
Group 2 projected 5E-06 0E+00 1E-06 5E-05 - - 2E-06 3E-06

aThese annual LCF risks are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 ft) from the
edge of the vault disposal facility. All values are given to one significant figure, and a dash means there is no inventory for that waste type. The
values given in this table represent the annual LCF risks to the hypothetical resident fanner at the time of peak annual LCF risk from the entire
GTCC LLRW and GTCC-like waste inventory. These contributions do not represent the maximum LCF risks that could result from each of these
waste types separately. Because of the different radionuclide mixes and activities contained in the different waste types, the maximum LCF risks
that could result from each waste type individually generally occur at different times than the peak annual LCF risk from the entire inventory.
Region III is composed of the Midwestern states (see Figure 1.4-2).

bThe time for the peak annual LCF risk of 3E-04 for disposal of the entire GTCC LLRW and GTCC-like waste inventory was calculated to be about I "
69 years after failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of the disposal facility). The values •
reported for the other entries in this table represent the annual LCF risks from the specific waste types at the time of the peak annual LCF risk
(i.e., at 69 years following failure of the cover and engineered barriers). The primary contributor to the LCF risk is GTCC-like Other Waste - RH,
and the primary radionuclides causing this risk are C-14 and 1-129.
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FIGURE 12.3-1 Temporal Plot of Radiation Doses Associated with the Use of Contaminated
Groundwater within 10,000 Years of Disposal in a Commercial Vault Disposal Facility in
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2 FIGURE 12.3-7 Temporal Plot of Radiation Doses Associated with the Use of Contaminated
3 Groundwater within 100,000 Years of Disposal in a Commercial Borehole, Trench, or Vault
4 Disposal Facility in Region IV
5
6
7 comparing the performance of each site and land disposal method if the entire GTCC LLRW and
8 GTCC-like waste inventory was going to be disposed of at one site by using one method. The
9 second set could be used as the basis for comparing the performance of each site and each land

10 disposal method when the disposal of each of the three waste types is being considered.
11
12 Figures 12.3-1, 12.3-3, and 12.3-5 are temporal plots of the annual doses associated with
13 the use of contaminated groundwater for a time period that extends to 10,000 years in Regions I,
14 II, and III, respectively. Figures 12.3-2, 12.3-4, 12.3-6, and 12.3-7 show these results for a period
15 that extends to 100,000 years in all four geographic regions. Note that the time scale in the
16 figures illustrating the results to 10,000 years is logarithmic, while it is linear in the figures
17 illustrating the results to 100,000 years. A logarithmic time scale was used in the figures that
18 extend the results to 10,000 years to better show the projected radiation doses to a hypothetical
19 resident farmer shortly after closure of the disposal facility.
20
21 The highest estimated annual doses and LCF risks associated with the use of a
22 commercial disposal facility for GTCC LLRW and GTCC-like waste were calculated to occur in
23 Region I. The peak annual dose within 10,000 years from the use of a vault disposal facility in
24 this region was calculated to be 12,000 mrem/yr, and this dose would occur about 49 years after
25 failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of
26 the disposal facility). This dose would be largely due to C-14, 1-129, and uranium isotopes
27 (see Figure 12.3-1). A comparable annual dose was calculated to occur at about 3,800 years from
28 plutonium isotopes.
29
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1 C.-14, 1-129, and uranium are relatively soluble in water. (All are assumed to have a2 distribution coefficient [Kd] value of 0 cm 3/g; Kd measures the partitioning of radionuclides
3 to the soil particles relative to the liquid in soil columns.) This solubility could lead to potentially
4 significant groundwater doses to the resident farmer. The exposure pathways considered in this
5 analysis include the ingestion of contaminated groundwater, soil, plants, meat, and milk;
6 external radiation; and the inhalation of radon gas and its short-lived progeny. Except for the
7 ingestion of contaminated groundwater, all pathways result from using the contaminated
8 groundwater for irrigation and feeding livestock. The doses in Region I are the highest of the
9 doses in the four regions, largely because of (1) the more humid environment there, (2) the

10 generally shorter distance to groundwater there than in the other three regions, and (3) the
11 assumed low Kds for several important radionuclides.
12
13 Two disposal methods (vault and trench) are evaluated for Region II. The peak annual
14 dose within 10,000 years from the use of either of these two methods to dispose of the entire
15 GTCC LLRW and GTCC-like waste inventory was calculated to be 1,200 mrem/yr. This dose
16 would occur at about 100 years for the vault method and 34 years for the trench method after
17 failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of
18 the disposal facility). These doses would be largely due to C-14 and 1-129 (see Figure 12.3-3). A
19 larger annual dose was calculated to occur after 10,000 years from plutonium isotopes. This dose
20 was calculated to be 12,000 mrenm/yr at 15,000 years in the future for trenches, and
21 3,000 mrern/yr at 57,000 years for vaults (see Figure 12.3-4).
22
23 The peak annual doses in Region III from vault disposal of the entire GTCC LLRW and
24 GTCC-like waste inventory are lower than those in Regions I and II. The peak annual dose
25 within 10,000 years was calculated to be 530 mremlyr, and this dose occurs about 69 years after
26 failure of the cover and engineered barriers (which is assumed to begin 500 years after closure of
27 the disposal facility). This dose would also be largely due to C-14 and 1-129 (see Figure 12.3-5).
28 A larger annual dose was calculated to occur in Region III after 10,000 years from plutonium
29 isotopes. This dose was calculated to be 2,600 mrem/yr and to occur about 33,000 years in the
30 future (see Figure 12.3-6).
31
32 The peak annual doses are lowest in Region IV. It is predicted that radionuclides would
33 not reach the groundwater table and the well of a hypothetical resident farmer within the first
34 10,000 years following disposal because of the much lower water infiltration rate assumed for
35 this region than for the other three regions. However, it was calculated that radionuclides would
36 reach the groundwater table after 10,000 years. The peak annual doses were calculated to be
37 170 mrenm/yr for use of vaults and trenches, and 57 mrem/yr for use of boreholes. These peak
38 doses are estimated to occur at about 39,000, 32,000, and 11,000 years in the future for these
39 three disposal methods, respectively. These doses would mainly result from uranium isotopes,
40 C-14, and 1-129 (see Figure 12.3-7). These results illustrate that as the distance to
41 the groundwater table increases (from boreholes to trenches to vaults), the length of time it
42 takes for the radionuclides to reach the groundwater table also increases.
43
44 As can be seen by these results, the maximum radiation doses are relatively high for all
45 regions except Region IV. This result is expected because the use of an arid site would likely
46 result in lower doses from the groundwater pathway than would the use of a more humid site.
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1 The modeling approach used here is assumed to be conservative; the use of a longer distance to a
2 hypothetical receptor might be more realistic and would be evaluated as part of the NRC or
3 Agreement State licensing process.
4
5 The highest radiation doses and LCF risks occur in Region I. A disposal facility in this
6 region is expected to be in a generally humid environment, and the distance to the groundwater
7 table is expected to be relatively short. These properties of a humid site are expected to result in
8 higher radiation doses, higher LCF risks, and doses and risks that would occur at an earlier time
9 than those at more arid sites, such as those expected in Region IV.

10
11 The results given here are assumed to be conservative because the location selected for
12 the residential exposure is 100 m (330 ft) from the edge of the disposal facility. Use of a longer
13 distance, which might be more realistic for the sites being evaluated, would significantly lower
14 the estimated doses (i.e., by as much as 70%). A sensitivity analysis performed to determine the
15 effect of a distance longer than l00 m (330 ft) is presented in Appendix E.
16
17 These analyses assume that engineering controls would be effective for 500 years
18 following closure of the disposal facility. This means that essentially no infiltrating water would
19 reach the wastes from the top of the disposal units during the first 500 years. It is assumed that
20 after 500 years, the engineered barriers would begin to degrade, allowing infiltrating water to
21 come in contact with the disposed-of wastes. For purposes of analysis in this EIS, it is assumed
22 that the amount of infiltrating water that would contact the wastes would be 20% of the
23 site-specific natural infiltration rate for the area, and that the water infiltration rate around and
24 beneath the disposal facilities would be 100% of the natural rate for the area. This approach is
25 considered to be conservative because the engineered systems (including the disposal facility
26 cover) are expected to last significantly longer than 500 years, even in the absence of active
27 maintenance measures.
28
29 It is assumed that the Other Waste would be stabilized with grout or other material and
30 that this stabilizing agent would be effective for 500 years. Consistent with the assumptions used
31 for engineering controls, no credit was taken for the effectiveness of this stabilizing agent after
32 500 years in this analysis. That is, it is assumed that any water that would contact the wastes after
33 500 years would be able to leach radioactive constituents from the disposed-of materials. These
34 radionuclides could then move with the percolating groundwater to the underlying groundwater
35 system. This assumption is considered to be conservative because grout or other stabilizing
36 materials could retain their integrity for longer than 500 years.
37
38 Sensitivity analyses performed relative to these assumptions indicate that if a higher
39 infiltration rate to the top of the disposal facilities was assumed, the doses would increase in a
40 linear manner from those presented. Conversely, they would decrease in a linear manner with
41 lower infiltration rates. This finding indicates the need to ensure a good cover over the closed
42 disposal units. Also, the doses would be lower if the grout was assumed to last for a longer time.
43 Because of the long-lived nature of the radionuclides associated with the GTCC LLRW and
44 GTCC-like waste, any stabilization effort (such as grouting) would have to be effective for
45 longer than 5,000 years in order to substantially reduce doses that could result from potential
46 future leaching of the disposed-of waste.
47
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1 The radiation doses presented in the post-closure assessment in this EIS are intended to
2 be used for comparing the performance of each land disposal method at each site evaluated. The
3 results indicate that the use of robust engineering designs and redundant measures in the disposal
4 facility could delay the potential release of radionuclides and could reduce the release to very
5 low levels, thereby minimizing potential groundwater contamination and associated human
6 health impacts in the future. DOE has considered the potential doses to the hypothetical farmer
7 as well as other factors discussed in Section 2.9 in identifying the preferred alternative presented
8 in Section 2.10.
9

It0
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1 13 APPLICABLE LAWS, REGULATIONS, AND OTHER REQUIREMENTS
2
3
4 This chapter presents the laws, regulations, and other requirements that could impact
5 implementation of the GTCC LLRW and GTCC-like waste disposal alternatives and the No
6 Action Alternative described in this EIS. Federal environmental, cultural, and health and safety
7 laws and regulations are summarized in Section 13.3; Executive Orders in Section 13.4; DOE
8 Orders in Section 13.5; and state environmental laws, regulations, and agreements in
9 Section 13.6. Radioactive material packaging and transportation laws and regulations are

10 discussed in Section 13.7. Consultations with federal, state, and local agencies and federally
11 recognized American Indian Nations are discussed in Section 13.8.
12
13
14 13.1 INTRODUCTION
15
16 The NOL announcing the preparation of this EIS states that DOE, in the ELS, will describe
17 the statutory and regulatory requirements for the disposal alternatives and whether legislation or
18 regulatory modifications may be needed for their implementation. This chapter identifies and
19 summarizes the major federal and state laws and environmental requirements that could impact
20 the implementation of the No Action Alternative and the alternatives for disposing of GTCC
21 LLRW and GTCC-like wastes as described in the EIS and the NOL, and it describes some of the
22 statutory or regulatory modifications that may be necessary to implement the disposal
23 alternatives.
24
25 A number of federal environmental laws affect environmental protection, health, safety,
26 compliance, and consultation at every location discussed in this EIS. In addition, certain
27 environmental requirements have been delegated to state authorities for enforcement and
28 implementation. Furthermore, state legislatures have adopted laws to protect health and safety
29 and the environment. It is DOE policy to conduct its operations in a manner that ensures the
30 protection of public health, safety, and the environment through compliance with all applicable
31 federal and state laws, regulations, orders, and other requirements.
32
33 The various disposal alternatives analyzed in this EIS involve either the operation of an
34 existing DOE facility or the construction and operation of new DOE or commercial facilities,
35 and the transportation of materials. Actions required to comply with statutes, regulations, and
36 other federal and state requirements may depend on whether a facility is newly built or is
37 incorporated in whole or in part into an existing facility and whether a facility is owned and
38 operated by DOE or by a commercial entity. Requirements vary among alternatives and states.
39 The disposal sites considered in this EIS are located in the following states: Idaho (the INTL Site),
40 Nevada (NNSS), New Mexico (LANL, WIPP, and WIPP Vicinity), South Carolina (SRS), and
41 Washington (the Hanford Site). Disposal could also occur on land withdrawn for the WIPP, land
42 in the public domain, or privately held land not yet identified.
43
44
45
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1 13.2 BACKGROUND
2
3 Requirements governing the management of radioactive waste arise primarily from the
4 following sources: Congress, federal agencies, Executive Orders, legislatures of the affected
5 states, and state agencies. In general, federal statutes establish national policies, create broad
6 legal requirements, and authorize federal agencies to create regulations that conform to the
7 statutes. Detailed implementation of these statutes is delegated to various federal agencies such
8 as DOE, the U.S. Department of Transportation (DOT), and the EPA. For many environmental
9 laws under EPA jurisdiction, state agencies may be delegated responsibility for the majority of

10 program implementation activities, such as permitting and enforcement, but the EPA usually
11 retains oversight of the delegated program.
12
13 Some applicable laws, such as NEPA, ESA, and the Emergency Planning and
14 Community Right-to-Know Act, require specific reports and/or consultations rather than permits.
15 Other applicable laws, such as CERCLA and the Federal Insecticide, Fungicide, and Rodenticide
16 Act, establish general requirements that must be satisfied during site operation and closeout.
17
18 Executive Orders establish policies and requirements for federal agencies. They do not
19 have the general applicability of statutes or regulations.
20
21 State statutes implement and supplement federal laws for protection of air and water
22 quality and may address solid waste management programs; locally rare or endangered species;
23 and local resource, historic, and cultural values.
24
25 Except for generic disposal facilities on nonfederal lands, the sites being considered for
26 the disposal of GTCC LLRW and GTCC-like wastes are located on property controlled by DOE
27 or other agencies of the federal government. DOE has authority to regulate the health and safety
28 aspects of its nuclear facilities operations and certain environmental activities at its sites. The
29 Atomic Energy Act of 1954, as amended, is the principal authority for DOE's regulatory
30 activities. DOE exercises its regulatory authority primarily through the use of DOE directives
31 and regulations.
32
33
34 13.3 APPLICABLE FEDERAL LAWS AND REGULATIONS
35
36 This section describes the federal environmental, cultural, safety, and health laws and
37 several regulations that could apply to the No Action Alternative and the alternatives for disposal
38 of GTCC LLRW and GTCC-like wastes described in the EIS. Section 13.3.1 describes the
39 federal laws that could apply; Section 13.3.2 describes the federal laws and regulations specific
40 to each disposal alternative and whether statutory or regulatory modifications may be necessary
41 to effectuate the alternative. Section 13.3.3 provides descriptions of the federal laws and
42 regulations applicable to the No Action Alternative.
43
44
45

13-2 13-2 January 2016



Final GTCC EIS Fina GTC EIS13: Applicable Laws, Regulations, and Other Requirements

1 13.3.1 Laws of General Applicability
2
3 The laws described in this section are those that could be applicable to the disposal
4 methodologies and sites assessed in this EIS and the No Action Alternative.
5
6
7 American Indian Religious Freedom Act of 1978 (42 USC 1996). The AIRFA
8 reaffirms American Indian religious freedom under the First Amendment and sets U.S. policy to
9 protect and preserve the inherent and constitutional right of American Indians to believe,

10 express, and exercise their traditional religions. The Act requires that federal actions avoid
i1 interfering with access to sacred locations and traditional resources that are integral to the
12 practice of tribal religions.
13
14
15 Antiquities Act of 1906, as amended (16 USC 431 to 433). This Act protects historic
16 and prehistoric ruins, monuments, and antiquities, including paleontological resources, on
17 federally controlled lands from appropriation, excavation, injury, and destruction without
18 permission.
19
20
21 Archaeological and Historic Preservation Act of 1974, as amended (16 USC 469 to
22 469c). This Act provides for the preservation of historical and archaeological data (including
23 relics and specimens) that might otherwise be irreparably lost or destroyed as the result of federal
24 actions. Under the law, federal agencies must notify the Secretary of Interior whenever they find
25 that a federal project may cause loss or destruction of significant scientific, prehistoric, or
26 archeological data.
27
28
29 Archaeological Resources Protection Act of 1979, as amended (16 USC 470 et seq.).
30 This Act requires a permit for any excavation or removal of archaeological resources from
31 federal or American Indian lands. Excavations must be undertaken for the purpose of furthering
32 archaeological knowledge in the public interest, and resources removed remain the property of
33 the United States.
34
35
36 Atomic Energy Act of 1954, as amended (P.L. 83-703, 42 USC 2011 et seq.). The [
37 AEA as amended provides the statutory framework for DOE and NRC regulation of nuclear
38 material and activities, including management of radioactive waste. DOE exercises regulatory,
39 authority over activities conducted by DOE or on its behalf. NRC and Agreement States exercise
40 regulatory authority over activities conducted in the commercial sector through licensing
41 regulations. The AEA as amended authorizes DOE to set radiation protection standards for itself
42 and its contractors at DOE nuclear facilities. An extensive system of standards and requirements
43 has been established through DOE regulations and directives to protect health and minimize
44 danger to life and property from activities under DOE's jurisdiction. Requirements for
45 environmental protection, safety, and health are implemented at DOE sites primarily through
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1 contractual mechanisms that establish the applicable DOE requirements for management and
2 operating contractors.
3
4 Under the respective authorities of the ABA as amended granted to the DOE and the
5 NRC, radioactive waste generated or owned by DOE and disposed of at DOE facilities is not
6 subject to the NRC's classification system for low-level radioactive waste or its definition of
7 GTCC LLRW. Except as specifically provided by law, DOE facilities are not subject to NRC
8 licensing requirements.
9

10
11 Bald and Golden Eagle Protection Act of 1973, as amended (16 USC 668 through
12 668d). The Bald and Golden Eagle Protection Act, as amended, makes it unlawful to take,
13 pursue, molest, or disturb bald (American) and golden eagles, their nests, or their eggs anywhere
14 in the United States. The U.S. Department of Interior (DOI) regulates activities that might
15 adversely affect bald and golden eagles.
16
17
18 Clean Air Act of 1970, as amended (42 USC 7401 et seq.). The CAA is intended to
19 "protect and enhance the quality of the nation's air resources so as to promote the public health
20 and welfare and the productive capacity of its population." Section 118 of the Act requires that
21 each federal agency with jurisdiction over any property or facility engaged in any activity that
22 might result in the discharge of air pollutants comply with "all Federal, state, interstate, and local
23 requirements" with regard to the control and abatement of air pollution.
24
25 Section 109 directs the EPA to set NAAQS for criteria pollutants. These standards were
26 established for PM, SO 2, CO, 03, NO2, and lead. Section 111 of the CAA requires the
27 establishment of national standards of performance for new or modified stationary sources of
28 atmospheric pollutants, and Section 160 requires that specific emission increases be evaluated
29 prior to permit approval to prevent significant deterioration of air quality. Specific standards for
30 releases of hazardous air pollutants (including radionuclides) are required per Section 112.
31 Radionuclide emissions from DOE facilities are regulated under the NESHAP Program under
32 40OCFRPart 61.
33
34
35 Clean Water Act of 1972, as amended (33 USC 1251 et seq.). The CWA provides
36 water quality standards for the nation's waterways, guidelines and limitations for effluent
37 discharges from point-source discharges, and the NPDES permit program that is administered by
38 the EPA. Sections 401 through 405 of the Water Quality Act of 1987 added Section 402(p) to the
39 CWA, which requires the EPA to establish regulations for permits for stormwater discharges
40 associated with industrial activities. Section 404 of the CWA requires permits for the discharge
41 of dredge or fill materials into navigable waters.
42
43
44 Comprehensive Environmental Response, Compensation, and Liability Act of 1980
45 (42 USC 9604; also known as Superfund). The CERCLA provides authority for federal and
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1 state governments to respond directly to hazardous substance incidents. The Act requires
2 reporting of spills, including radioactive spills, to the National Response Center.
3
4
5 Endangered Species Act of 1973, as amended (16 USC 1531 et seq.). The ESA
6 provides a program for the conservation of threatened and endangered species and the
7 ecosystems on which those species rely. The Act is intended to prevent the further decline of
8 endangered and threatened species and to restore those species and their critical habitats.
9 Section 7 requires federal agencies to ensure that any action authorized, funded, or carried out by

10 them is not likely to jeopardize the continued existence of listed species or modify their critical
11 habitat.
12
13
14 Emergency Planning and Community Right-to-Know Act of 1986 (USC 11001
15 et seq.; also known as SARA Title III). This Act requires emergency planning and notice to
16 communities and government agencies concerning the presence and release of specific
17 chemicals. Under Subtitle A of the Act, federal facilities are required to provide information,
18 such as inventories of specific chemicals used or stored and releases that occur from these sites,
19 to the state emergency response commission and to the local emergency planning committee to
20 ensure that emergency plans are sufficient to respond to unplanned releases of hazardous
21 substances.
22
23
24 Energy Policy Act of 2005 (P.L. 109-58). This Act requires DOE to prepare a report on
25 the cost and schedule to complete an BIS and ROD for permanent disposal of GTCC. It also
26 requires DOE to, prior to making a final decision on the disposal alternative or alternatives to be
27 implemented, submit to Congress a report that describes all disposal alternatives under
28 consideration and includes all information required in a 1987 DOE report to Congress related to
29 the safe disposal of GTCC. The Act further requires that DOE await action by Congress before
30 making a final decision on the disposal alternative or alternatives to be implemented.
31
32
33 Federal Insecticide, Fungicide, and Rodenticide Act of 1947, as amended (7 USC 136
34 et seq.). This Act regulates the use, registration, and disposal of several classes of pesticides to
35 ensure that they are applied in a manner that protects the public, workers, and the environment.
36 Implementing regulations include recommended procedures for the disposal and storage of
37 pesticides and worker protection standards.
38
39
40 Fish and Wildlife Coordination Act of 1934, as amended (16 USC 661 et seq.). The
41 Fish and Wildlife Coordination Act promotes effective planning and cooperation among federal,
42 state, public, and private agencies for the conservation and rehabilitation of the nation's fish and
43 wildlife. The Act requires consultation with the USFWS and state authorities whenever a federal
44 action involves impounding, diverting, channel deepening, or otherwise controlling or modifying
45 the waters of any stream or other body of water.
46
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1 Low-Level Radioactive Waste Policy Amendments Act of 1985 (P.L. 99-240,2 42 USC 2021 et seq.). The LLRWPAA provides in section 3(b)(1)(D) that the federal
3 government is responsible for the disposal of LLRW with concentrations of radionuclides that
4 exceed the NRC-established limits for Class C radioactive waste (i.e., greater-than-Class C or
5 GTCC LLRW). The Act specifies that GTCC LLRW designated a federal responsibility under
6 section 3 (b)(1 )(D) that results from activities licensed by the NRC is to be disposed of in an
7 NRC-licensed facility that has been determined to be adequate to protect public health and
8 safety. However, unless specifically provided by law, NRC does not have authority to license
9 and regulate facilities operated by or on behalf of DOE. Further, the LLRWPAA does not limit

10 DOE to using only non-DOE facilities for GTCC LLRW disposal. Accordingly, if DOE selects a
11 facility operated by or on behalf of DOE for disposal of GTCC LLRW for which it is responsible
12 under section 3(b)( 1)(D), clarification from Congress would be needed to address NRC' s role in
13 licensing such a facility and related issues. In addition, clarification from Congress may be
14 needed on NRC 's role if DOE selects a commercial GTCC LLRW disposal facility licensed by
15 an Agreement State, rather than by NRC.
16
17
18 Migratory Bird Treaty Act of 1918, as amended (16 USC 703 et seq.). This Act, as
19 amended, is intended to protect birds that have common migration patterns between the
20 United States and Canada, Mexico, Japan, and Russia. The Act stipulates that it is unlawful at
21 any time, by any means, or in any manner to "kill any migratory bird unless and except as
22 permitted by regulation."
23
24
25 National Environmental Policy Act of 1969, as amended (42 USC 4321 et seq.). The
26 INEPA establishes a national policy promoting awareness of the consequences of human activity
27 on the environment and consideration of environmental impacts during the planning and
28 decision-making stages of a project. It requires federal agencies to prepare an ELS for "major
29 Federal actions significantly affecting the quality of the human environment."
30
31
32 National Historic Preservation Act of 1966, as amended (16 USC 470 et seq.). The
33 NHIPA provides that sites with significant national historic value be placed on the NRHIP,I
34 maintained by the Secretary of the Interior. Section 106 of the Act requires a federal agency to
35 determine whether its proposed undertaking is the type of activity that could affect historic
36 properties. If so, the agency must consult with the appropriate SHPO or Tribal Historic
37 Preservation Officer. If an adverse effect is found, the consultation often ends with the execution
38 of an MOA that indicates how the adverse effect will be resolved.I
39
40
41 Native American Graves Protection and Repatriation Act of 1990 (25 USC 3001).
42 The NAGPRA establishes a means for American Indians to request the return or repatriation of
43 human remains and other cultural items presently held by federal agencies or federally assisted
44 museums or institutions. The Act also contains provisions regarding the intentional excavation
45 and removal of, inadvertent discovery of, and illegal trafficking in American Indian human
46 remains and cultural items. The law requires the establishment of a review committee with
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1 monitoring and policymaking responsibilities, the development of regulations for repatriation,
2 and the development of procedures to handle unexpected discoveries of graves or grave goods
3 during activities on federal or tribal lands. All federal agencies that manage land and/or are
4 responsible for archaeological collections obtained from their lands or generated by their
5 activities must comply with the Act.
6
7 Noise Control Act of 1972, as amended (42 USC 4901 et seq.). Section 4 of the Noise
8 Control Act of 1972, as amended, directs all federal agencies to carry out "to the fullest extent
9 within their authority" programs within their jurisdictions in a manner that furthers a national

10 policy of promoting an environment free from noise jeopardizing health and welfare.
11
12
13 Paleontological Resources Preservation Act of 2009 (16 USC 470aaa et seq.). This
14 Act promotes the preservation and use of paleontological resources on federal lands by
15 prohibiting the following: (1) taking or damaging paleontological resources located on federal
16 lands without a permit or permission, (2) selling or purchasing such resources received from
17 federal lands, and (3) submitting false records or identification for such resources removed from
18 federal lands.
19
20
21 Pollution Prevention Act of 1990 (42 USC 13101 et seq.). This Act establishes a
22 national policy for waste management and pollution control. Source reduction is given first
23 preference, followed by environmentally safe recycling, then by treatment, and finally by
24 disposal.
25
26
27 Resource Conservation and Recovery Act of 1976, as amended (42 USC 6901
28 et seq.). Under the RCRA, which amended the Solid Waste Disposal Act of 1965, the EPA
29 defines and identifies hazardous waste; establishes standards for its transportation, treatment,
30 storage, and disposal; and requires permits for persons engaged in hazardous waste activities.
31 Section 3006 of RCRA allows states to establish and administer these permit programs with EPA
32 approval. The Federal Facility Compliance Act of 1992 (42 USC 6961 et seq.) amended RCRA
33 to require that all federal agencies having jurisdiction over a solid waste facility or disposal site,
34 or engaged in the management of solid or hazardous waste, are subject to all applicable federal,
35 state, and local laws, regulations, and ordinances addressing solid and hazardous waste.
36
37
38 Safe Drinking Water Act of 1974, as amended (42 USC 300(f) et seq.). The primary
39 objective of the Safe Drinking Water Act (SDWA) is to protect the quality of public drinking
40 water supplies and sources of drinking water. The implementing regulations, administered by the
41 EPA unless delegated to states, establish standards applicable to public water systems. These
42 regulations include maximum contaminant levels (including those for radioactivity) in public
43 water systems that have at least 15 service connections used by year-round residents or that
44 regularly serve at least 25 year-round residents.
45
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1 Toxic Substances Control Act of 1976 (15 USC 2601 et seq.). The TSCA provides the
2 EPA with the authority to require testing of chemical substances entering the environment and to
3 regulate them as necessary. The law complements and expands existing toxic substance laws
4 such as Section 112 of the CAA and Section 307 of the CWA. TSCA requires compliance with
5 inventory reporting and chemical control provisions of the legislation to protect the public from
6 the risks of exposure to chemicals.
7
8
9 13.3.2 Statutes and Regulations Specific to the Disposal Alternatives

10
11 This section describes the major statutes and regulations that impact implementation of
12 the geologic and nongeologic disposal alternatives considered in this EIS. It also describes
13 statutory or regulatory modifications that might be necessary for GTCC LLRW and GTCC-like
14 waste disposal to occur.
15
16
17 13.3.2.1 Geologic Disposal
18
19 The statute that governs disposal at the Waste Isolation Pilot Plant is the WIPP Land
20 Withdrawal Act as amended.
21
22
23 Waste Isolation Pilot Plant Land Withdrawal Act as amended (P.L. 102-579 as
24 amended by P.L. 104-201). The WIiPP LWA as amended withdrew land from the public domain
25 for the purpose of creating and operating WI-PP, the geologic repository in New Mexico
26 designated as the national disposal site for TRU waste generated by atomic energy defense
27 activities. The WIPP LWA as amended defines the characteristics and amount of waste that will
28 be disposed of at the facility and stipulates that TFRU waste must be transported to WIPP in
29 NRC-certified shipping containers. The WTPP LWA as amended exempts waste to be disposed at
30 WIPP from the RCRA land disposal restrictions.
31
32 The WIPP LWA as amended authorizes the EPA to issue regulations regarding the
33 disposal of TRU radioactive waste at WTPP. The EPA exercises this regulatory authority through
34 40 CFR Part 191, "Environmental Radiation Protection Standards for Management and Disposal
35 of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes." WIPP-specific
36 disposal regulations are specified in 40 CFR Part 194, "Criteria for the Certification and
37 Re-Certification of the Waste Isolation Pilot Plant's Compliance with the 40 CFR Part 191
38 Disposal Regulations."
39
40 The WIPP LWA as amended limits the use of WIPP to the disposal of TRU waste
41 generated by atomic energy defense activities. In addition, it established certain limits on the
42 surface dose rate, total volume, total radioactivity (curies), and maximum activity level (curies
43 per liter averaged over the volume of the canister) for waste received at WIPP. The total capacity
44 for disposal of TRU waste established under the WIPP LWA as amended is 175,675 m3 I
45 (6.2 million ft3). The Consultation and Cooperative Agreement with the State of New Mexico
46 (1981) established a total RH TRU capacity of 7,080 m3 (250,000 ft3), with the remaining
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1 capacity for CH TRU at 168,500 m3 (5.95 million ft3). In addition, the WIPP LWA as amended
2 limits the total radioactivity of RH waste to 5.1 million curies. For comparison, the GTCC
3 LLRW and GTCC-like waste CH volume, RH volume, and RH total radioactivity are
4 approximately 6,650 m3 (235,000 ft3 ), 5,050 m3 (178,000 ft3 ), and 157 million curies,
5 respectively. On the basis of emplaced and anticipated waste volumes, the disposal of all GTCC
6 LLRW and GTCC-like waste at WIPP would exceed the limits for RH volume and RH- total
7 activity. The majority of the GTCC LLRW and GTCC-like RH volume is from the Other Waste
8 category (e.g., DOE non-defense-generated TRU), and activated metal waste contributes most of
9 the RH activity. Implementation of the WIPP alternative for disposal of GTCC LLRW and

10 GTCC-like waste would require legislation to authorize disposal of waste other than TRU waste
11 generated by atomic energy defense activities at WIPP and an increase in the disposal capacity
12 limit for RH total curies. It will also be necessary to revise the Consultation and Cooperative
13 Agreement to authorize an increase in the total volume of all RH TRU waste. In addition, a
14 corresponding modification of the facility's RCRA permit with the New Mexico Environment
15 Department, a modification to the Agreement for Consultation and Cooperation between
16 U.S. Department of Energy and the State of New Mexico for the Waste Isolation Pilot Plant
17 (updated April 18, 1988), which sets limits (identified above) on the total volume of RH TRU
18 received at WIPP, and compliance certification with the EPA might be required. RH GTCC
19 LLRW and GTCC-like waste would be packaged in shielded containers and would not exceed
20 the surface dose and curies-per-liter limits for RH waste in the WIPP LWA as amended. The
21 Low-Level Radioactive Waste Policy Amendments Act (LLRWPAA, P.L. 99-240) requires that
22 GTCC LLRW and GTCC-like waste be disposed of in a facility licensed by the NRC. Because
23 the LLRWPAA specifies that GTCC LLRW be disposed of in a facility licensed by the NRC,
24 implementation of the WIPP alternative may also require legislative changes in order for WIPP
25 to be utilized as a disposal facility for GTCC LLRW consistent with the LLRWPAA.
26
27
28 13.3.2.2 Nongeologic Disposal
29
30 Statutes applicable to nongeologic disposal of GTCC LLRW and GTCC-like wastes
31 include the Low-Level Radioactive Waste Policy Amendments Act of 1985; Atomic Energy Act
32 of 1954, as amended; Waste Isolation Pilot Plant Land Withdrawal Act as amended; and Federal
33 Land Policy and Management Act.
34
35
36 Low-Level Radioactive Waste Policy Amendments Act of 1985 (P.L. 99-240,
37 42 USC 2021 et seq.). The LLRWPAA in section 3(b)(l)(D) that the federal government is
38 responsible for the disposal of LLRW with concentrations of radionuclides that exceed the NRC-
39 established limits for Class C radioactive waste (i.e., greater-than-Class C or GTCC LLRW). The
40 Act specifies that GTCC LLRW designated a federal responsibility under section 3(b)(1)(D) that
41 results from activities licensed by the NRC is to be disposed of in an NRC-licensed facility that
42 has been determined to be adequate to protect public health and safety. However, unless
43 specifically provided by law, NRC does not have authority to license and regulate facilities
44 operated by or on behalf of DOE. Further, the LLRWPAA does not limit DOE to using only
45 non-DOE facilities for GTCC LLRW disposal. Accordingly, if DOE selects a facility operated
46 by or on behalf of DOE for disposal of GTCC LLRW for which it is responsible under section
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1 3(b)(1)(D), clarification from Congress would be needed to address NRC's role in licensing such
2 a facility and related issues. In addition, clarification from Congress may be needed on NRC's
3 role if DOE selects a commercial GTCC LLRW disposal facility licensed by an Agreement
4 State, rather than by INRC.
5
6
7 Atomic Energy Act of 1954, as amended (P.L. 83-708, 42 USC 2011 et seq.). The
8 AEA as amended provides the statutory framework for DOE and NRC regulation of nuclear
9 material and activities, including management of radioactive waste. DOE exercises regulatory

10 authority over activities conducted by DOE or on its behalf. NRC and Agreement States exercise
11 regulatory authority over activities conducted in the commercial sector through licensing
12 regulations. The AEA as amended authorizes DOE to set radiation protection standards for itself
13 and its contractors at DOE nuclear facilities. An extensive system of standards and requirements
14 has been established through DOE regulations and directives to protect health and minimize
15 danger to life and property from activities under DO's jurisdiction. Requirements for
16 environmental protection, safety, and health are implemented at DOE sites primarily through
17 contractual mechanisms that establish the applicable DOE requirements for management and
18 operating contractors.
19
20
21 Waste Isolation Pilot Plant Land Withdrawal Act as amended (P.L. 102-579 as
22 amended by P.L. 104-201). Two locations in the WIPP Vicinity are considered for the disposal
23 of GTCC LLRW and GTC C-like waste in an above-grade vault, near-surface trench, or
24 intermediate-depth borehole: (1) property inside the WIPP LWB and (2) property on BLM-
25 administered land outside and adjacent to the WlIPP LWB. Siting a vault, trench, or borehole
26 facility for GTCC LLRW and GTCC-like waste inside the WIPP LWB would be subject to the
27 limits of the wIPP LWA as amended (as discussed for WTPP); therefore, federal legislation to
28 develop such facilities would be required. Siting a vault, trench, or borehole facility on BLM-
29 administered land outside the WIPP LWB would require a land withdrawal in accordance with
30 DOI regulations at 40 CFR 2300, "Land Withdrawals."
31
32
33 Federal Land Policy and Management Act as amended (43 USC 1701 et seq.). This
34 Act is applicable tothe alternatives to dispose of GTCC LLRW and GTCC-like wastes in a new
35 trench facility or borehole facility on government property in the vicinity of WIPP. Use of that
36 land for a permanent radioactive waste disposal facility would require that it be withdrawn from
37 the public domain, under the FLPMA, as was done for the WTPP land withdrawal.
38
39
40 13.3.2.3 Laws and Regulations Specific to the No Action Alternative
41
42
43 Atomic Energy Act of 1954, as amended (P.L. 83-708, 42 USC 2011 et seq.). The
44 AEA as amended provides the statutory framework for DOE and NRC regulation of nuclear
45 material and activities, including management of radioactive waste. DOE exercises regulatory
46 authority over activities conducted by DOE or on its behalf. NRC and Agreement States exercise
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1 regulatory authority over activities conducted in the commercial sector through licensing
2 regulations. The AEA as amended authorizes DOE to set radiation protection standards for itself
3 and its contractors at DOE nuclear facilities. An extensive system of standards and requirements
4 has been established through DOE regulations and directives to protect health and minimize
5 danger to life and property from activities under DOE's jurisdiction. Requirements for
6 environmental protection, safety, and health are implemented at DOE sites primarily through
7 contractual mechanisms that establish the applicable DOE requirements for management and
8 operating contractors.
9

1 0 Under the No Action Alternative, GTCC LLRW from commercial nuclear reactors would
11 continue to be stored on-site at NRC-licensed facilities pursuant to 10 CFR Part 50, "Domestic
12 Licensing of Production and Utilization Facilities." These licenses are issued for a 40-year term
13 and can be renewed. Alternatively, or in the event that a facility with a Part 50 license is going
14 through decommissioning or has been decommissioned, GTCC LLRW would be stored in an
15 ISFSI licensed in accordance with 10 CFR Part 72, "Licensing Requirements for the Independent
16 Storage of Spent Nuclear Fuel, High-Level Radioactive Waste, and Reactor-Related Greater-
17 Than-Class C Waste." Licenses issued for ISFSIs have a 20-year term and can be renewed.
18 Sealed sources would remain at generator or other licensee sites. Other Waste would continue to
19 be stored and managed at generator or other interim storage sites.
20
21 Under the No Action Alternative, GTCC-like wastes would continue to be stored in
22 accordance with DOE's existing authorities and DOE directives.
23
24
25 Low-Level Radioactive Waste Policy Amendments Act of 1985 (P.L. 99-240,
26 42 USC 2021 et seq.). The LLRWPAA in section 3(b)(1)(D) that the federal government is
27 responsible for the disposal of LLRW with concentrations of radionuclides that exceed the NRC-
28 established limits for Class C radioactive waste (i.e., greater-than-Class C or GTCC LLRW). The
29 Act specifies that GTCC LLRW designated a federal responsibility under section 3(b)(1)(D) that[
30 results from activities licensed by the NRC is to be disposed of in an NRC-licensed facility that
31 has been determined to be adequate to protect public health and safety. However, unless
32 specifically provided by law, NRC does not have authority to license and regulate facilities
33 operated by or on behalf of DOE. Further, the LLRWPAA does not limit DOE to using only
34 non-DOE facilities for GTCC LLRW disposal. Accordingly, if DOE selects a facility operated
35 by or on behalf of DOE for disposal of GTCC LLRW for which it is responsible under section
36 3(b)(1)(D), clarification from Congress would be needed to address NRC's role in licensing such
37 a facility and related issues. In addition, clarification from Congress may be needed on NRC's
38 role if DOE selects a commercial GTCC LLRW disposal facility licensed by an Agreement
39 State, rather than by NRC.
40
41
42
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1 13.4 APPLICABLE EXECUTIVE ORDERS
2
3 This section identifies environmental-, health-, and safety-related Executive Orders
4 applicable to the GTCC LLRW and GTCC-like waste disposal alternatives and the No Action
5 Alternative discussed in this EIS.
6
7
8 Executive Order 11514 (Protection and Enhancement of Environmental Quality,
9 March 5, 1970), as amended by Executive Order 11991 (May 24, 1977). This Order requires

10 federal agencies to continually monitor and control their activities in order to (1) protect and
11 enhance the quality of the environment and (2) develop procedures to ensure the fullest
12 practicable provision of timely public information and understanding of the federal plans and
13 programs that might have potential environmental impacts so that the views of interested parties
14 can be obtained. DOE issued regulations at 10 CFR Part 1021 and DOE Order 451.1B to ensure
15 compliance with this Order.
16
17
18 Executive Order 11593 (Protection and Enhancement of the Cultural Environment,
19 May 13, 1971). This Order directs federal agencies to locate, inventory, and nominate qualified
20 properties under their jurisdiction or control to the NRIJP. The federal agencies are also to
21 initiate procedures to provide for the maintenance, rehabilitation, or restoration of sites on the
22 NRHIP.
23
24
25 Executive Order 11988 (Floodplain Management, May 24, 1977). This Order,
26 implemented by DOE in 10 CFR Part 1022, requires federal agencies to establish procedures to
27 ensure that the potential effects of flood hazards and floodplain management are considered for
28 any action undertaken in a floodplain, and that floodplain impacts be avoided to the extent
29 practicable.
30
31
32 Executive Order 11990 (Protection of Wetlands, May 24, 1977). This Order directs
33 federal agencies to avoid new construction in wetlands unless there is no practicable alternative
34 and unless the proposed action includes all practicable measures to minimize harm to wetlands
35 that might result from such use. DOE requirements for complying with procedures for reviewing
36 wetlands activity are in 10 CFR Part 1022.
37
38
39 Executive Order 12088 (Federal Compliance with Pollution Control Standards,
40 October 13, 1978, as amended by Executive Order 12580, Superfund Implementation,
41 January 23, 1987). This Order directs federal agencies to comply with applicable administrative
42 and procedural pollution control standards established by, but not limited to, the CAA, Noise
43 Control Act, CWA, SDWA, TSCA, and RCRA.
44
45
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1 Executive Order 12656 (Assignment of Emergency Preparedness Responsibilities,2 November 18, 1988). This Order assigns emergency preparedness responsibilities to federal
3 departments and agencies.
4
5
6 Executive Order 12699 (Seismic Safety of Federal and Federally Assisted or
7 Regulated New Building Construction, January 5, 1990). This Order requires federal agencies
8 to reduce risks to occupants of buildings owned, leased, or purchased by the federal government
9 or buildings constructed with federal assistance and to persons who would be affected by failures

10 of federal buildings in earthquakes; improve the capability of existing federal buildings to
11 function during or after an earthquake; and reduce earthquake losses of public buildings, all in a
12 cost-effective manner. Each federal agency responsible for the design and construction of a
13 federal building shall ensure that the building is designed and constructed in accordance with
14 appropriate seismic design and construction standards.
15
16
17 Executive Order 12898 (Federal Actions to Address Environmental Justice in
18 Minority Populations and Low-Income Populations, February 11, 1994). This Order requires
19 each federal agency to identify and address any disproportionately high and adverse human
20 health or environmental effects of its programs, policies, and activities on minority and low-
21 income populations.
22
23
24 Executive Order 13007 (Indian Sacred Sites, May 24, 1996). This Order directs
25 federal agencies that are managing federal lands -- to the extent that is practicable, permitted by
26 law, and not clearly inconsistent with essential agency functions -- to (1) accommodate access
27 to and ceremonial use of Indian sacred sites by Indian religious practitioners and (2) avoid
28 adversely affecting the physical integrity of such sacred sites.
29
30
31 Executive Order 13045 (Protection of Children from Environmental Health Risks
32 and Safety Risks, April 21, 1997), as amended by Executive Order 13229 (October 9, 2001).
33 This Order requires each federal agency to make it a high priority to identify and assess
34 environmental health risks and safety risks that may disproportionately affect children and to
35 ensure that its policies, programs, activities, and standards address disproportionate risks to
36 children that result from environmental health risks or safety risks.
37
38
39 Executive Order 13112 (Invasive Species, February 3, 1999). This Order requires
40 federal agencies to prevent the introduction of invasive species; to provide for their control; and
41 to minimize their economic, ecological, and human health impacts.
42
43
44 Executive Order 13175 (Consultation and Coordination with Indian Tribal
45 Governments, November 6, 2000). This Order requires federal agencies to consult, to the
46 greatest extent practicable and to the extent permitted by law, with tribal governments prior to
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1 taking actions that affect federally recognized tribal governments. Federal agencies must also
2 assess the impact of federal government plans, projects, programs, and activities on tribal trust
3 resources and assure that tribal government rights and concerns are considered during the
4 development of such plans, projects, programs, and activities.
5
6
7 Executive Order 13186 (Responsibilities of Federal Agencies to Protect Migratory
8 Birds, January 10, 2001). This Order requires each federal agency that takes actions that have,
9 or are likely to have, a measurable negative effect on migratory bird populations to develop and

10 implement, by 2003, an MOU with the USFWS that shall promote the conservation of migratory
11 bird populations.
12
13
14 Executive Order 13423 (Strengthening Federal Environmental, Energy, and
15 Transportation Management, January 26, 2007). This Order requires federal agencies to lead
16 by example in advancing the nation's energy security and environmental performance by
17 achieving specific goals in the following areas: energy efficiency, greenhouse gas reduction,
18 renewable energy use, reduction in water consumption, acquisition of environmentally preferable
19 products, reduction in the use of toxic and hazardous chemicals and materials, high-performance
20 and sustainable building, reduction in petroleum use, use of alternative fuel, and electronics
21 management. Federal agencies are also required to maintain cost-effective waste prevention and
22 recycling programs at their facilities.
23
24
25 Executive Order 13514 (Federal Leadership in Environmental, Energy, and
26 Economic Performance, October 5, 2009). This Order builds upon Executive Order 13423 by
27 establishing quantitative goals for water use reduction, waste diversion, and the purchase of
28 environmentally preferable products and services and by requiring that federal agencies develop
29 and achieve agency-specific targets for reducing greenhouse gas emissions.
30
31
32 13.5 APPLICABLE U.S. DEPARTMENT OF ENERGY DIRECTIVES
33
34 The AEA authorizes DOE to establish standards to protect health and minimize the
35 dangers to life or property from activities under DOE's jurisdiction. The major DOE directives
36 pertaining to the alternatives in this EIS are described below.
37
38
39 DOE Order 144.1, American Indian Tribal Government Interactions and Policy
40 (January 16, 2009). This order communicates departmental, programmatic, and field
41 responsibilities for interacting with American Indian governments; transmits DOE's American
42 Indian and Alaska Native Tribal Government Policy, including its guiding principles; and
43 transmits the framework for implementation of the policy.
44
45
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1 DOE Order 151.1C, Comprehensive Emergency Management System (November 2,
2 2005). This Order establishes policy and assigns and describes roles and responsibilities for the
3 DOE Emergency Management System. The Emergency Management System provides the
4 framework for development, coordination, control, and direction of all emergency planning,
5 preparedness, readiness assurance, response, and recovery actions.
6
7
8 DOE Order 231.1A, Environment, Safety, and Health Reporting (August 19, 2003;
9 Change 1, June 3, 2004). This Order establishes responsibilities and requirements to ensure the

10 timely collection, reporting, analysis, and dissemination of information on environmental, safety,
11 and health issues as required by law or regulations or as needed to ensure that DOE is kept fully
12 informed on a timely basis about events that could adversely affect the health and safety of the
13 public or the workers, the environment, the intended purpose of DOE facilities, or the credibility
14 of DOE.
15
16
17 DOE Order 413.3A, Program and Project Management for the Acquisition of Capital
18 Assets (July 28, 2006). This Order provides project management direction for the acquisition of
19 capital assets that are delivered on schedule, within budget, and fully capable of meeting mission
20 performance standards; safeguards and security standards; and environmental, safety, and health
21 standards.
22
23
24 DOE Order 414.1C, Quality Assurance (June 17, 2005). The Order establishes
25 principles to ensure that products and services meet or exceed customers' expectations and to
26 achieve quality assurance for all work.
27
28
29 DOE Order 420.1B Facility Safety (December 22, 2005). This Order establishes facility
30 safety requirements related to nuclear safety design, criticality safety, fire protection, and the
31 mitigation of hazards related to natural phenomena.
32
33
34 DOE Order 425.1C, Startup and Restart of Nuclear Facilities (March 13, 2003). This
35 Order establishes requirements for the startup of new nuclear facilities and for the restart of
36 existing nuclear facilities that have been shut down. The requirements specify a readiness review
37 process that must demonstrate that it is safe to start (or restart) the subject facility. The facility
38 must be started (or restarted) only after documented independent reviews of readiness have been
39 conducted and after the approvals specified in the Order have been received.
40
41
42 DOE Order 430.1B, Real Property Asset Management (September 24, 2003;
43 Change 1, February 8, 2008). This Order establishes a corporate, holistic, and performance-
44 based approach to real property life-cycle asset management that links real property asset
45 planning, programming, budgeting, and evaluation to program mission projections and
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1 performance outcomes. This Order also identifies requirements and establishes reporting
2 mechanisms and responsibilities for real property asset management.
3
4
5 DOE Order 430.2B, D epartmental Energy, Renewable Energy and Transportation
6 Management (February 27, 2008). The Order implements Executive Order 13423 and provides
7 the goals, requirements, and responsibilities for managing DOE energy use, buildings, and
8 vehicle fleets.
9

10
11 DOE Order 433.1A, Maintenance Management Program for DOE Nuclear Facilities
12 (February 13, 2007). This Order defines the safety management program required for the
13 maintenance and reliable performance of structures, systems, and components that are part of the
14 safety basis required at DOE Hazard Category 1, 2, and 3 nuclear facilities.
15
16
17 DOE Order 435.1, Radioactive Waste Management (July 9, 1999, Change 1,
18 August 28, 2001, Certified, January 1, 2007). This Order and its associated manual and
19 guidance establish responsibilities and requirements for the management of DOE high-level
20 radioactive waste, TRU waste, LLRW, and the radioactive component of mixed waste. These
21 documents provide detailed radioactive waste management requirements, including those related
22 to waste that is incidental to reprocessing determinations; waste characterization, certification,
23 treatment, storage, and disposal; and radioactive waste facility design and closure.
24
25
26 DOE Order 440.1B, Worker Protection Program for DOE (Including National
27 Nuclear Security Administration) Federal Employees (May 17, 2007). This Order establishes
28 the framework for an effective worker protection program that reduces or prevents injuries,
29 illnesses, and accidental losses by providing DOE and NNSA federal employees with safe and
30 healthful workplaces.
31
32
33 DOE Order 450.1A, Environmental Protection Program (June 4, 2008). This Order
34 requires implementation of sound stewardship practices that are protective of the air, water, land,
35 and other natural and cultural resources impacted by DOE operations, and by which DOE
36 cost-effectively meets or exceeds compliance with applicable environmental, public health, and
37 resource protection requirements.
38
39
40 DOE Order 451.1B, National Environmental Policy Act Compliance Program
41 (October 26, 2000; Change 1, September 28, 2001). This Order establishes internal
42 requirements and responsibilities for implementing NEPA, the CEQ Regulations Implementing
43 the Procedural Provisions of NEPA (40 CFR Parts 1500-1508), and the DOE NEPA
44 Implementing Procedures (10 CFR Part 1021). Establishing these requirements and
45 responsibilities ensures efficient and effective implementation of DOE's NEPA responsibilities
46 through teamwork, controlling the cost and time for the NEPA process, and maintaining quality.
47
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1 DOE Order 460.1C, Packaging and Transportation Safety (May 14, 2010). This Order
2 establishes safety requirements for the proper packaging and transportation of DOE off-site
3 shipments and on-site transfers of radioactive and other hazardous materials and for modal
4 transport.
5
6
7 DOE Order 460.2A, Departmental Materials Transportation and Packaging
8 Management (December 22, 2004). This Order requires DOE operations to be conducted in
9 compliance with all applicable international, federal, state, local, and tribal laws, rules, and

10 regulations governing materials transportation that are consistent with federal regulations, unless
11 exemptions or alternatives are approved. This Order also states that it is DOE policy that
12 shipments comply with the DOT regulations at 49 CFR Parts 100 through 185, except those that
13 infringe upon maintenance of classified information.
14
15
16 DOE Order 470.2B, Independent Oversight and Performance Assurance Program
17 (October 31, 2002). This Order establishes the Independent Oversight Program that is designed
18 to enhance DOE safeguards and security; cyber security; emergency management; and
19 environment, safety, and health programs by providing DOE and contractor managers, Congress,
20 and other stakeholders with an independent evaluation of the adequacy of DOE policy and the
21 effectiveness of line management performance in these and other critical functions.
22
23
24 DOE Order 470.4A, Safeguards and Security Program (May 25, 2007). This Order
25 establishes responsibilities for the DOE Safeguards and Security Program and the managerial
26 framework for implementing DOE policy on integrated safeguards and security management.
27
28
29 DOE Order 5400.5, Radiation Protection of the Public and the Environment
30 (F~ebruary 8, 1990; Change 2, January 7, 1993). This Order establishes standards and
31 requirements for DOE operations for protection of members of the public and the environment
32 against undue risk from radiation. It is DOE policy to implement legally applicable radiation
33 protection standards and to consider and adopt, as appropriate, recommendations by authoritative
34 organizations, such as NCRP and ICRP. It is also DOE policy to adopt and implement standards
35 generally consistent with those of the NRC for DOE facilities and activities not subject to NRC
36 licensing authority.
37
38
39 DOE Order 5480.20OA, Personnel Selection, Qualification, and Training Requirements
40 for DOE Nuclear Facilities (November 15, 1994; Change 1, July 12, 2001). This Order
41 establishes the selection, qualification, and training requirements for DOE contractor personnel
42 involved in the operation, maintenance, and technical support of DOE nuclear reactors and
43 nonreactor nuclear facilities. DOE objectives under this Order are to ensure the development and
44 implementation of contractor-administered training programs that provide consistent and
45 effective training for personnel at DOE nuclear facilities. The Order contains minimum
46 requirements that must be included in training and qualification programs.
47
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1 13.6 STATE ENVIRONMENTAL LAWS, REGULATIONS, AND AGREEMENTS
2
3 Certain environmental requirements have been delegated to state authorities for
4 implementation and enforcement. It is DOE policy to conduct its operations in an
5 environmentally safe manner that complies with all applicable laws, regulations, and standards,
6 including state laws and regulations. A list of state environmental laws, regulations, and
7 agreements potentially applicable to the GTCC LLRW disposal alternatives and the No Action
8 Alternative discussed in this EIS is provided in Table 13.6-1.
9

10
11 13.7 RADIOACTIVE MATERIAL PACKAGING AND TRANSPORTATION
12 REGULATIONS
13
14 DOE has broad authority under the AEA to regulate all aspects of activities involving
15 radioactive materials that are undertaken by DOE or on its behalf, including the transportation of
16 radioactive materials. DOE exercises this authority to regulate certain DOE shipments, such as
17 shipments undertaken by governmental employees or shipments involving special circumstances.
18 In most cases that do not involve national security, DOE utilizes commercial carriers that
19 undertake shipments of DOE material under the same terms and conditions as commercial
20 shipments. These shipments are subject to regulation by DOT and NRC, as appropriate.
21
22 DOT and NRC have the primary responsibility for federal regulations governing
23 commercial radioactive material transportation. The Hazardous Materials Transportation Act of
24 1975, as amended (49 U.S.C. 5105, et seq.), requires DOT to establish regulations for the safe
25 transportation of hazardous materials in commerce (including radioactive materials). Title 49 of.
26 the CFR contains DOT standards and requirements for the packaging, transporting, and handling
27 of radioactive materials for all modes of transportation. DOT's Hazardous Materials Regulations,
28 or HMIR, on the transportation of hazardous and radioactive materials can be found in 49 CFR
29 Parts 171 through 180. In addition, the requirements for motor carrier transportation can be
30 found in 49 CFR Parts 350 through 399, and the requirements for transportation by rail can be
31 found in 49 CFR Parts 200 through 268. The NRC sets additional design and performance
32 standards for packages that carry materials with higher levels of radioactivity. The NRC
33 regulations pertaining to radioactive materials transportation are found in 10 CFR Part 71. These
34 regulations include detailed requirements for certification testing of packaging designs. This
35 certification testing involves a variety of conditions such as heating, free dropping onto an
36 unyielding surface, immersing in water, dropping the package onto a vertical steel bar, and
37 checking gas tightness.
38
39 The transportation casks used to transport radioactive material are subject to numerous
40 inspections and tests. These tests are designed to ensure that cask components are properly
41 assembled and meet applicable safety requirements. Tests and inspections are clearly identified
42 in the Safety Analysis Report for Packaging and/or the Certificate of Compliance for each cask.
43 Casks are loaded and inspected by registered users in compliance with approved quality
44 assurance programs. Operations involving the casks are conducted in compliance with
45 10 CFR 71.91. Reports of defects or accidental mishandling are submitted to the NRC.
46
47
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1
2

TABLE 13.6-1 State Requirements That Might Apply to GTCC LLRW and GTCC-Like Waste
Disposal

Law/Regulation/Agreement Citation Requirements

Idaho

Idaho Environmental
Protection and Health Act

Rules for the Control of Air
Pollution in Idaho

Idaho Water Pollution Control
Act

Water Quality Standards and
Wastewater Treatment
Requirements

Transportation of Hazardous
Waste

Idaho Hazardous Waste
Management Act

Rules and Standards for
Hazardous Waste

Various Acts Regarding Fish
and Game

Endangered Species Act

Idaho Code (IC), Title 39, Health and
Safety, Chapter 1, Department of
Health and Welfare, Sections 39-105

Idaho Administrative Procedures Act
(IDAPA) 58, Department of
Environmental Quality, Title 1,
Chapter 1 (58.01.01)

IC, Title 39, Chapter 36, Water
Quality

IDAPA 58.01.02

IC, Title 18, Crimes and Punishment,
Chapter 39, Highways and Bridges,
Section 18-3905; IC, Title 49, Motor
Vehicles, Chapter 22, Hazardous
Materials/Hazardous Waste
Transportation Enforcement

IC, Title 39, Chapter 44, Hazardous
Waste Management

IDAPA 58.0 1.05

IC, Title 36, Fish and Game,
Chapter 9, Protection of fish,
Chapter 11, Protection of Animals
and Birds, and Chapter 24, Species
Conservation

IC, Title 67, State Government and
State Affairs, Chapter 8, Executive
and Administrative Officers,
Section 67-8 18

Provides for development of air
pollution control permitting regulations.

Enforces national ambient air quality
Standards.

Establishes a program to enhance and
preserve the quality and value of water
resources.

Establishes water quality standards and
wastewater treatment requirements.

Regulates transportation of hazardous
materials/hazardous waste on highways.

Requires permit prior to construction or
modification of a hazardous waste
disposal facility.

Requires permit prior to construction or
modification of a hazardous waste
disposal facility..

Requires consultation with responsible
agency.

Requires consultation with the
Department of Fish and Game.

Rules for Classification and IDAPA 13, Department of Fish and Requires consultation with the
_ Protection_ of_ _Wildlife ...... _G~ame, _1_3_._0_1.0.6_ ............ D ejpartment of Fish and Game.

3
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1
TABLE 13.6-1 (Cont.)

Law/Regulation/Agreement Citation Requirements

Idaho Historic Preservation
Act

Agreement in Principle
between the Western
Shoshone-Bannock Tribes and
DOE

Idaho Site Treatment Plan and

Consent Order for Federal
Facility Compliance Plan

IC, Title 67, Chapter 46, Preservation
of Historic Sites

December 10, 2002

November 1, 1995 (issued to INEEL
[now INL] and Argonne National
Laboratory-West [now Materials and
Fuels Complex])

Requires consultation with responsible
local govemning body.

Establishes understanding and
commitment between the tribes and
DOE.

Addresses compliance with the Federal
Facility Compliance Act issues by
implementing the INL Site Treatment
Plan.

Nevada

Nevada Revised Statutes: Air
Emission Controls

Chapter 445B

Nevada Revised Statutes:
Water Controls

Chapter 445A

Nevada Revised Statutes:
Adjudication of Vested Water
Rights, Appropriation of
Public Waters, Underground
Water and Wells

Nevada Revised Statutes: State
Fire Marshal

Nevada Revised Statutes:
Hazardous Materials

Nevada Revised Statutes:
Protection and Preservation of
Timbered Lands, Trees, and
Flora

Chapter 534

Addresses operating permits for the
control of gaseous and particulate
emissions from construction and
operations.

Sets conditions for issuance of variances
and exemptions, temporary permits,
stormwater discharge permits, and
NPDES permits.

Sets requirements for establishing state
water rights for use of public waters of
the state, which include underground
waters.

Addresses permits for storage of
hazardous materials in quantities above
those the Uniform Fire Code specifies.

Sets requirements for management and
disposal of hazardous waste.

Protects the indigenous flora of the State
of Nevada.

Chapter 477

Chapter 459

Chapter 527

Nevada Revised Statutes: Chapter 503 Addresses procedures for the
Hunting, Fishing, and classification and protection of wildlife.
Trapping; Miscellaneous
Protective Measures
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TABLE 13.6-1 (Cont.)

Law/Regulation/Agreement Citation Requirements

New Mexico

New Mexico Air Quality
Control Act

New Mexico Radiation
Protection Act

New Mexico Water Quality
Act

New Mexico Groundwater
Protection Act

New Mexico Solid Waste Act

New Mexico Hazardous Waste
Act

Endangered Plant Species

New Mexico Statutes Annotated
(NMSA), Chapter 74, Environmental
Improvement, Article 2, Air
Pollution, and Implementing
Regulations at New Mexico
Administrative Code (NMAC)
Title 20, Environmental Protection,
Chapter 2, Air Quality

NMSA, Chapter 74, Article 3,
Radiation Control

NMSA, Chapter 74, Article 6, Water
Quality, and Implementing
Regulations found in NMAC,
Title 20, Chapter 6, Water Quality

NMSA, Chapter 74, Article 6B,
Groundwater Protection

NMSA, Chapter 74, Article 9, Solid
Waste Act, and Implementing
Regulations found in NMAC
Title 20, Environmental Protection,
Chapter 9, Solid Waste

NMSA, Chapter 74, Article 4,
Hazardous Waste, and Implementing
Regulations found in NMAC
Title 20, Environmental Protection,
Chapter 4, Hazardous Waste

NMiAC, Title 19, Chapter 21,
Endangered Plants (Revised
December 3, 2001)

Establishes air quality standards and
requires a permit prior to construction or
modification of an air contaminant
source. Also requires an operating
permit for major producers of air
pollutants and imposes emission
standards for hazardous air pollutants.

Establishes state requirements for
worker protection.

Establishes water quality standards and
requires a permit prior to the
construction or modification of a water
discharge source.

Establishes state standards for protection
of groundwater from leaking
underground storage tanks.

Requires a permit prior to construction
or modification of a solid waste disposal
facility.

Establishes permit requirements for
construction, operation, modification,
and closure of a hazardous waste
management facility and establishes
state standards for cleanup of releases
from leaking underground storage tanks.

Establishes plant species list and rules
for collection.

Environmental Oversight and Agreement in Principle (AWi) Provides DOE support for state
Monitoring Agreement between DOE and the State of New activities in environmental oversight,

Mexico monitoring, access, and emergency
. . .. . . .. . . . .. . . . . . . . . . . . .. . . . . . . . . . .. . . .. . . . .. .. . . .. . . . . . .. . . . re s p o n s e .
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TABLE 13.6-1 (Cont.)

Law/Regulation/Agreement Citation Requirements

Environmental Improvement
Act

Environmental Oversight and
Monitoring Agreement

New Mexico Cultural
Properties Act

New Mexico Hazardous
Chemicals Information Act

NMSA 1978, Sections 74-1-1
through 74-1-15; NMAC, 20.5.1
through 20.5.17, August 15, 2003

Agreement in Principle between
DOE and the State of New Mexico

NMSA, Chapter 18, Libraries and
Museums, Article 6, Cultural
Properties

NMSA, Chapter 74, Article 4E- 1,
Hazardous Chemicals Information

Modifies aboveground tank regulations
to include requirements for the
registration, installation, modification,
repair, closure, or removal of
aboveground storage tanks, as well as
for detecting releases, recordkeeping,
and financial responsibility in the State
of New Mexico.

Provides DOE support for state
activities in environmental Oversight,
monitoring, access, and emergency
response.

Establishes the State Historic
Preservation Office and requirements to
prepare an archaeological and historic
survey and consult with the State
Historic Preservation Office.

Implements the hazardous chemical
information and toxic release reporting
requirements of the Emergency Planning
and Community Right-to-Know Act of
1986 (SARA Title III) for covered
facilities.

South Carolina

South Carolina Pollution
Control Act

Safe Drinking Water Act

Hazardous Waste Management
Act

South Carolina (SC) Code
Annotated, Section 48-1-10, et seq.

SC Code, Section 44-55-10

SC Code, Section 44-56-10

Addresses permits for construction and
alteration of wastewater treatment
facilities; PSD permits; and Title V
Operating Permits for new or existing
sources that are major, subject to
NESHAP, New Source Performance
Standards (NSPS), or affected under the
Acid Rain Program.

Addresses public Water System Permits
for the construction, modification,
expansion, and operation of public water
systems.

Addresses permits for facilities that will
store hazardous wastes beyond the
allowed accumulation periods, treat
hazardous wastes, or dispose of
hazardous wastes.
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TABLE 13.6-1 (Cont.)

Law/Regulation/Agreement Citation Requirements

South Carolina Atomic Energy
and Radiation Control Act

Underground Storage Tank
Control Regulations

South Carolina Occupational
Safety and Health Standards
for General Industry and
Public Sector Marine
Terminals

SC Regulations R.61-63

SC RCRA Regulations R.61-92

Chapter 71

Washington

Washington State Hazardous
Waste Management Act

Washington Clean Air Act

Revised Code of Washington (RCW)
70. 105

RCW 70.94

Addresses license to receive, use,
possess, transfer, or dispose of
radioactive material.

Addresses underground storage tank
installation and operation permits.

Addresses identification, evaluation, and
control of the hazards of processes
involving a flammable liquid or gas,
hydrocarbon fuel, or highly hazardous
chemical at or above the specified
threshold quantity.

Regulates the disposal of hazardous
wastes; implements waste reduction and
prevention programs.

Authorizes an operating permit program,
civil penalties, administrative
enforcement provisions; covers toxics
and hazardous air pollutants for new
sources and modifications to existing
sources.

Provides standards and permit
requirements for the emission of
radionuclides to the atmosphere from
DOE facilities.

Provides for the evaluation of proposals,
which may be conditioned or denied
through the permit process, on the basis
of environmental considerations.

Regulates releases of hazardous
substances caused by past activities and
potential and ongoing releases of
hazardous substances from current
activities.

Establishes a permit system to license
and control the discharge of pollutants
into waters of the state.

The Washington State
Department of Health
regulations, Radiation
Protection -- Air Emissions

Washington State
Environmental Policy Act

Washington Administrative Code
(WAC) 246-247

RCW 43.21C

Model Toxics Control Act RCW 70.105D

Water Pollution Control Act RCW 90.48
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TABLE 13.6-1 (Cont.)

Law/Regulation/Agreement Citation Requirements

Washington State Department WAG 246-247 Provides licensing requirements for new
of Health licensing sources of radioactive emissions.
requirements

1
2
3 The routes selected for these shipments will meet the requirements of DOT for using the
4 interstate highway system or a state-designated alternative route. In addition, DOE will follow
5 other routes that have been identified through agreements with local, tribal, or state governments
6 for transport of radioactive waste. As a matter of policy, all DOE shipments are undertaken in
7 accordance with the requirements and standards that apply to comparable commercial shipments,
8 except where there is a determination that national security or another critical interest requires
9 different action. In implementing this policy, DOE cooperates with federal, state, local, and tribal

10 entities and utilizes existing expertise and resources to the extent practicable. In all cases, DOE
11 will achieve a level of protection that meets or exceeds the level of protection associated with
12 comparable commercial shipments.
13
14
15 13.8 CONSULTATIONS
16
17 Certain laws, such as the ESA, Fish and Wildlife Coordination Act, and NHPA, require
18 consultation and coordination by DOE with other governmental entities, including other federal
19 agencies, state and local agencies, and federally recognized American Indian governments. In
20 addition, the DOE American Indian and Alaska Native Government Policy requires DOE to
21 consult with any American Indian or Alaska Native Tribal Government with regard to any
22 property to which the tribe attaches religious or cultural importance that might be affected by a
23 DOE action.
24
25 Most of these consultations are related to biotic resources, cultural resources, and
26 American Indian rights. Biotic resource consultations generally pertain to the potential for
27 activities to disturb sensitive species or habitats. Cultural resource consultations relate to the
28 potential for disruption of important cultural resources and archaeological sites. American Indian
29 consultations are concerned with the potential for impacts on any rights and interests, including
30 the disturbance of ancestral American Indian sites, and sacred sites, traditional and religious
31 practices of American Indians, and natural resources of importance to American Indians.
32
33 DOE consults with the appropriate SHPOs, as required by NEPA and Section 106 of
34 NHTPA; the USFWS, as required by the ESA of 1973, the Bald and Golden Eagle Protection Act,
35 and the Migratory Bird Treaty Act; and the appropriate state regulators, as required by state laws
36 or regulations.
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1 14 INDEX
2
3 A
4
5 accidents
6 environmental justice impacts at WJPP, Hanford, JNL Site, LANL, NNSS, SRS, and
7 WIPP Vicinity (Sections 4.3.7.3, 6.2.7.3, 7.2.7.3, 8.2.7.3, 9.2.7.3, 10.2.7.3, 11.2.7.3)
8 facility accidents (Appendix C.4.2)
9 human health impacts at WJPP, Hanford, JNL Site, LANL, NNSS, SRS, and WIPP

10 Vicinity (Sections 4.3.4.2, 6.2.4.1, 7.2.4.1, 8.2.4.1, 9.2.4.1, 10.2.4.1, 11.2.4.1)
11 transportation impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
12 Vicinity (Sections 4.3.9.3, 6.2.9.3, 7.2.9.3, 8.2.9.3, 9.2.9.3, 10.2.9.3, 11.2.9.3, B.7)
13 transportation risk (Section 5.2.9.3, Appendix Sections C.9.1.2, C.9.3, C.9.4.3)
14 activated metals
15 consequences for No Action Alternative (Sections 3.5.1, 3.5.4)
16 description (Section 1.4.1.1)
17 inventories (Appendix B)
18 management practices (Sections 3.2.1I, 3.3.1)
19 affected environment
20 at WTPP, Hanford, IINL Site, LANL, NNSS, SRS, and WTPP Vicinity (Sections 4.2, 6.1,

22 impact assessment methodologies (Appendix C)
23 air quality, see also pollutant emissions
24 approach, assumptions, methodology (Section 5.2.1, Appendix C. 1.1)
25 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WTPP Vicinity (Sections 4.2.1,
26 4.3.1, 6.1.1, 6.2.1, 7.1.1, 7.2.1, 8.1.1, 8.2.1, 9.1.1, 9.2.1, 10.1.1, 10.2.1, 11.1.1, 11.2.1)
27 common consequences for Alternatives 3 to 5 (Section 5.3.1)
28 comparison of consequences across alternatives (Section 2.7.1)
29 summary of impacts at WIPP, Hanford, 1NL Site, LAKL, NNSS, SRS, and WJPP
30 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
31 Alternative 1 (No Action) (Chapter 3)
32 comparison of consequences across alternatives (Section 2.7)
33 description (Section 2.1)
34 laws and regulations (Section 13.3.2.3)
35 long-term human health impacts (Appendix Section E.3)
36 Alternative 2 (geologic, WIPP) (Chapter 4)
37 comparison of consequences across alternatives (Section 2.7)
38 description (Section 2.2)
39 disposal facility design (Appendix D, especially Section D.9)
40 laws and regulations (Section 13.3.2.1)
41 waste inventories, packaging, disposal (Appendix B)
42 Alternative 3 (borehole, all land sites but SRS)
43 at Hanford, INL Site, LANL, NNSS, WIPP Vicinity, generic sites (Chapters 6, 7, 8, 9,
44 11, 12)
45 common elements (costs, approaches, assumptions, consequences) with Alternatives 4
46 and 5 (Chapter 5)
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1 comparison of consequences across alternatives (Section 2.7)
2 description (Sections 2.3, 5.1.1)
3 disposal facility design (Appendix D, especially Sections D.3.2, D.4.2)
4 long-term human health impacts (Appendix E.2)
5 waste inventories, packaging, disposal (Appendix B)
6 Alternative 4 (trench, all land sites)
7 at Hanford, INL Site, LANL, NNSS, SRS, WIPP Vicinity, generic sites (Chapters 6, 7, 8,
8 9, 10, 11, 12)
9 common elements (costs, approaches, assumptions, consequences) with Alternatives 3

10 and 5 (Chapter 5)
11 comparison of consequences across alternatives (Section 2.7)
12 description (Sections 2.4, 5.1.2)
13 disposal facility design (Appendix D, especially Sections D.3.1, D.4.1)
14 long-term human health impacts (Appendix Section E.2)
15 waste inventories, packaging, disposal (Appendix B)
16 Alternative 5 (vault, all land sites)
17 at Hanford, 1NL Site, LANL, NNSS, SRS, WIPP Vicinity, generic sites (Chapters 6, 7, 8,
18 9, 10, 11, 12)
19 common elements (costs, approaches, assumptions, consequences) with Alternatives 3
20 and 4 (Chapter 5)
21 comparison of consequences across alternatives (Section 2.7)
22 description (Sections 2.5, 5.1.4)
23 disposal facility design (Appendix D, especially Sections D.3.3, D.4.3)
24 long-term human health impacts (Appendix Section E.2)
25 waste inventories, packaging, disposal (Appendix B)
26 alternatives not evaluated (Section 2.6)
27 American Indian tribes, see tribal consultations
28
29 B
30
31 borehole disposal, see Alternative 3
32
33 C
34
35 climate
36 approach, assumptions, methodology (Section 5.2.1)
37 at WIPP, Hanford, JNL. Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.1,
38 4.3.1, 6.1.1, 6.2.1, 7.1.1, 7.2.1, 8.1.1, 8.2.1, 9.1.1, 9.2.1, 10.1.1, 10.2.1, 11.1.1, 11.2.1)
39 climate change impacts for Alternatives 3 to 5 (Section 5.3.1.2)
40 common consequences for Alternatives 3 to 5 (Section 5.3.1)
41 comparison of consequences across alternatives (Section 2.7.1)
42 summary of impacts at WIPP, Hanford, TNL Site, LANL, NNSS, SRS, and WIPP
43 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
44 comment/response document (Section 1.5.2, Appendix J)
45 commercial disposal sites, see generic disposal sites
46 community Services, see public services
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1 construction
2 at all DOE sites (Section 5.1.4.1)
3 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.1.4,
4 4.3.3.1, 4.3.4.1, 4.3.7.1, 6.2, 7.2, 8.2, 9.2, 10.2, 11.2)
5 at generic sites (Section 12.2)
6 estimates (Appendix D, especially Sections D.5.1, D.6.1, D.7.1, D.8.1, D.9.1)
7 considerations for preferred alternative (Sections 2.9.3.2, 2.9.3.4)
8 contact-handled waste (Appendix B)
9 description and inventory (Section 1.4.1)

10 Alternative 1 (Chapter 3)
11 transportation and packaging (Appendix Section D.2. 1)
12 contractor disclosure statement (Appendix A)
13 consultation correspondence (Appendix F)
14 costs (Sections 2.9.2.4, 5.1.4.4, Appendix Section D.5)
15 criteria pollutants, see pollutant emissions
16 cultural resources
17 approach, assumptions, methodology (Section 5.2.10, Appendix Section C. 10)
18 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.10,
19 4.3.10, 6.1.10, 6.2.10, 7.1.10, 7.2.10, 8.1.10, 8.2.10, 9.1.10, 9.2.10, 10.1.10, 10.2.10,
20 11.1.10, 11.2.10)
21 common consequences for Alternatives 3 to 5 (Section 5.3.10)
22 comparison of consequences across alternatives (Section 2.7.10)
23 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
24 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
25 cumulative impacts
26 approach, assumptions, methodology (Appendix Section C. 12)
27 at WIPP, Hanford, INTL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.5, 6.4,
28 7.4, 8.4, 9.4, 10.4, 11.4)
29 common consequences for Alternatives 3 to 5 (Section 5.3.12)
30 comparison of consequences across alternatives (Section 2.7.12)
31
32 D
33
34 designs for disposal facilities, see disposal facility designs
35 disposal facility designs (Appendix D)
36 assumptions (Section 2.8.2)
37 borehole (Section 5.1.1, Appendix Sections D.3.2, D.4.2)
38 geologic (Section 4.1)
39 trench (Section 5.1.2, Appendix Sections D.3.1, D.4.1)
40 vault (Section 5.1.3, Appendix Sections D.3.3, D.4.3)
41 cross sections (Figures 1.4.2-2, 1.4.2-3, 1.4.2-4, 5.1.4-4, D-I, D-4, D-7)
42 distribution of BIS (Appendix H)
43 disused radioactive sealed sources (Section 1.1 text box; see also sealed sources)
44 doses (Section 3.5, Appendix E, see also human health)
45 Alternative 1 (Figures 3.5-1 to 3.5-7, Table 3.5-1)
46 comparison of land disposal methods (Table 5.3.4-3)
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1 generic regions (Figures 3.5-1 to 3.5-7, 12.3-1 to 12.3-7; Tables 12.3-1, 12.3-2, 12.3-5)
2 Hantford (Figures 6.2.4-1 and -2, Tables 6.1.4-1, 6.2.4-2)
3 INL Site (Figures 7.2.4-1 and -2, Tables 7.1.4-1, 7.2.4-2)
4 LANL (Figures 8.2.4.1 and -2, Tables 8.1.4-1, 8.2.4-2)
5 NNSS (Table 9.1.4-1)
6 peak annual doses (Figures E-21 to E-25, E-27, E-28)
7 shipments (Table 5.3.9-1)
8 SRS (Figures 10.2.4-1, 10.2.4-2, E-3 to E-9; Tables 10.1.4-1, 10.2.4-2)
9 WIPP (Figure 11.2.4-1)

10
11iE
12
13 ecology
14 approach, assumptions, methodology (Section 5.2.5, Appendix C.5)
15 at WIPP, Hanford, TNL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.5,
16 4.3.5, 6.1.5, 6.2.5, 7.1.5, 7.2.5, 8.1.5, 8.2.5, 9.1.5, 9.2.5, 10.1.5, 10.2.5, 11.1.5, 11.2.5)
17 common consequences for Alternatives 3 to 5 (Section 5.3.5)
18 comparison of consequences across alternatives (Section 2.7.5)
19 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WJPP
20 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
21 emissions, see pollutant emissions
22 employment
23 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.1)
24 at WJIPP, Hanford, INL Site, LANE, NNSS, SRS, and WIPP Vicinity (Sections 4.2.6.1,
25 4.3.6, 6.1.6.1, 6.2.6, 7.1.6.1, 7.2.6, 8.1.6.1, 8.2.6, 9.1.6.1, 9.2.6, 10.1.6.1, 10.2.6,
26 11.1.6, 11.2.6)
27 common consequences for Alternatives 3 to 5 (Section 5.3.6)
28 comparison of consequences across alternatives (Section 2.7.6)
29 summary of impacts at WIPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WJIPP
30 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
31 endangered species, see ecology
32 environmental consequences (or impacts)
33 assessment methodologies (Appendix C)
34 at WIIPP, Hanford, INE Site, LANE, NNSS, SRS, and WIPP Vicinity (Sections 4.3, 6.2,
35 7.2, 8.2, 9.2, 10.2, 11.2)
36 common for Alternatives 3 to 5 (Section 5.3)
37 summary for WTPP, Hanford, INL Site, LANE, NNSS, SRS, and WIPP Vicinity
38 (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
39 environmental justice
40 approach, assumptions, methodology (Section 5.2.7, Appendix Section C.7)
41 at WIPP, Hanford, INL Site, LANE, NNSS, SRS, and WIPP Vicinity (Sections 4.2.7,
42 4.3.7, 6.1.7, 6.2.7, 7.1.7, 7.2.7, 8.1.7, 8.2.7, 9.1.7, 9.2.7, 10.1.7, 10.2.7, 11.1.7, 11.2.7)
43 common consequences for Alternatives 3 to 5 (Section 5.3.7)
44 comparison of consequences across alternatives (Section 2.7.7)
45 summary of impacts at WIPP, Hanford, TNL Site, LANL, NNSS, SRS, and WIPP
46 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
47

14-4 14-4 January 2016



Final GTCC EIS14Ine 14: Index

i F
2
3 fiscal conditions
4 approach, assumptions, methodology (Section 5.2.6)
5 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.6.1,
6 4.3.6, 6.1.6.6, 6.2.6, 7.1.6.6, 7.2.6, 8.1.6.6, 8.2.6, 9.1.6.6, 9.2.1, 10.1.6.6, 10.2.6,
7 11.1.6, 11.2.6)
8 common consequences for Alternatives 3 to 5 (Section 5.3.6)
9 comparison of consequences across alternatives (Section 2.7.6)

10 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
11 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
12 future actions, see post-closure
13
14 G
15
16 generic disposal sites (Section 1.4.3.8, Chapter 12)
17 geology
18 approach, assumptions, methodology (Section 5.2.2, Appendix Section C.2)
19 at WIPP, Hantford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.2.1,
20 4.3.2, 6.1.2.1, 6.2.2, 7.1.2.1, 7.2.2, 8.1.2.1, 8.2.2, 9.1.2.1, 9.2.2, 10.1.2.1, 10.2.2,
21 11.1.2.1, 11.2.2)
22 common consequences for Alternatives 3 to 5 (Section 5.3.2)
23 comparison of consequences across alternatives (Section 2.7.2)
24 summary of impacts at WIPP, Hanford, IiNL Site, LANL, NNSS, SRS, and WWPP
25 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
26 geologic disposal, see Alternative 1
27 glossary (front matter, after Notation)
28 GMS/OSRP (Sections 1.4.1.2, 1.4.3.4, 1.6.1, 2.1, 2.9.1, 3.1, 3.2.2, 3.5.2, Appendix
29 Section B.3.2)
30 groundwater
31 approach, assumptions, methodology (Section 5.2.3, Appendix Section C.3)
32 at WIPP, Hanford, 1INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.3.2,
33 4.3.3, 6.1.3.2, 6.2.3, 7.1.3.2, 7.2.3, 8.1.3.2, 8.2.3, 9.1.3.2, 9.2.3, 10.1.3.2, 10.2.3,
34 11.1.3, 11.2.3)
35 common consequences for Alternatives 3 to 5 (Section 5.3.3)
36 comparison of consequences across alternatives (Section 2.7.3)
37 summary of impacts at WTPP, Hanford, ]INL Site, LANL, NNSS, SRS, and WIPP

38r Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
39 Group 1 and 2 wastes (Sections 1.4.1, 2.8.1, 3.2, Appendix B, Appendix Section E.5;
40 Figures 4.3.4-2, 4.3.2-3. 4.3.4-4, E-3 to E-9; Tables 1.4.1-2, 4.1.4-1, 5.1-3, 12.3-1 to 12.3-6,
41 B-i, B-4 to B-7, E-22 to E-25)
42 at Hanford, INL Site, LAINL, NNSS, SRS, and WIPP Vicinity (Tables 6.2.4-2, 6.2.4-3,
43 6.2.9-1, 6.2.9-2, 7.2.4-2, 7.2.4-3, 7.2.9-1, 7.2.9-2, 8.2.4-2, 8.2.4-3, 8.2.9-1, 8.2.9-2,
44 9.2.9-1, 9.2.9-2, 10.2.4.2, 10.2.4-3, 10.2.9-1, 10.2.9-2, 11.2.9-1, 11.2.9-2
45 GTCC-like waste
46 at WJPP (Section 4.1.4)
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1 current management (Section 3.3)
2 inventory (Appendix B)
3 Alternative 1 consequences (Sections 3.5.4 to 3.5.6)
4 types, quantities, radioactivity (Section 1.4.1; Table 1.4.1-2)
5 GTCC LLRW
6 at WIPP (Section 4.1.4)
7 current management (Section 3.2)
8 inventory (Appendix B)
9 Alternative 1 (No Action) consequences (Sections 3.5.1, 3.5.2, 3.5.3)

10 types, quantities, radioactivity (Section 1.4.1; Table 1.4.1-2)
11
12 H
13
14 Hanford Site (Section 1.4.3.2, Chapter 6)
15 highest-exposed individual
16 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WJPP Vicinity (Sections 4.3.9.2,
17 6.2.9.2, 7.2.9.2, 8.2.9.2, 9.2.9.2, 10.2.10.2, 11.2.11.2)
18 common consequences for Alternatives 3 to 5 (Section 5.3.9.2)
19 methodology (Appendix Section C.9.2.2)
20 housing
21 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.3)
22 at WTPP, Hanford, JINL Site, LANL, NNSS, SRS, and WIiPP Vicinity (Sections 4.2.6.5,
23 4.3.6, 6.1.6.5, 6.2.6, 7.1.6.5, 7.2.6, 8.1.6.5, 8.2.6, 9.1.6.5, 9.2.6, 10.1.6.5, 10.2.6,
24 11.1.6, 11.2.6)
25 common consequences for Alternatives 3 to 5 (Section 5.3.6)
26 comparison of consequences across alternatives (Section 2.7.6)
27 summary of impacts at WIPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WIPP
28 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
29 human health
30 approach, assumptions, methodology (Section 5.2.4, Appendix Section C. 1.1)
31 at WIPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.4,
32 4.3.4, 6.1.4, 6.2.4, 7.1.4, 7.2.4, 8.1.4, 8.2.4, 9.1.4, 9.2.4, 10.1.4, 10.2.4, 11.1.4, 11.2.4)
33 at generic sites (Section 12.2)
34 common consequences for Alternatives 3 to 5 (Section 5.3.4)
35 comparison of consequences across alternatives (Section 2.7.4)
36 post-closure (long-term) impacts (Appendix E, Section 12.4)
37 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and W1IPP
38 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
39
40 I
41
42 Idaho National Laboratory (INL Site) (Section 1.4.3.3, Chapter 7)
43 impact assessment methodologies (Appendix C)
44 inadvertent human intruder (Sections 2.9.2.1, 5.5)
45 institutional controls/control period, see also short-term impacts (Sections 3.5, 5.6)
46
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1 intentional destructive acts (Sections 2.7.4.3, 4.3.4.4, 5.3.4.4)
2 irreversible and irretrievable commitment of resources (Sections 4.6, 5.4)
3
4 J,K
5
6 No entries
7
8 L
9

10 Land Conveyance and Transfer Program (Section 8.4.1.9)
11 land use
12 approach, assumptions, methodology (Section 5.2.8, Appendix Section C.8)
13 at WTPP, Hanford, JINIL Site, LANL, NNSS, SRS, and WJPP Vicinity (Sections 4.2.8,
14 4.3.8, 6.1.8, 6.2.8, 7.1.8, 7.2.8, 8.1.8, 8.2.8, 9.1.8, 9.2.8, 10.1.8, 10.2.8, 11.1.8, 11.2.8)
15 common consequences for Alternatives 3 to 5 (Section 5.3.8)
16 comparison of consequences across alternatives (Section 2.7.8)
17 summary of impacts at WIPP, Hanford, TNL Site, LANL, NNSS, SRS, and WIPP
18 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
19 latent cancer fatality (LCF) risks (Tables 3.5-2, 5.3.4-4, 6.2.4-3, 7.2.4-3, 8.2.4-3, 10.2.4-3,
20 12.3-2, 12.3.-4, 12.3-6
21 laws (Section 2.9.3.3, Chapter 14)
22 institutional controls (Section 5.6)
23 settlement agreements and consent orders (Sections 6.5, 7.5, 8.5, 9.5, 10.5)
24 statutory and regulatory provisions (Sections 4.7, 11.6)
25 leaching (Appendix Sections E.2.2, E.3.2).
26 long-term impacts (Section 3.5, Appendix E)
27 Los Alamos National Laboratory (LANL) (Section 1.4.3.4, Chapter 8)
28 low-income populations
29 at WIPP, Hanford, ]INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.7,
30 4.3.7, 6.1.7, 6.2.7, 7.1.7, 7.2.7, 8.1.7, 8.2.7, 9.1.7, 9.2.7, 10.1.7, 10.2.7, 11.1.7, 11.2.7)
31
32 M
33
34 maps of DOE sites (Figures 1.4.3-1 and 2 for WIPP, 1.4.3-4 for Hanford, 1.4.3-5 for INL Site,
35 1.4.3-6 for LANL, 1.4.3-7 for NNSS, 1.4.3-8 for SRS, and 1.4.3-9 for WIPP Vicinity)
36 mineral and energy resources
37 approach, assumptions, methodology (Section 5.2.2, Appendix Section C.3)
38 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WTPP Vicinity (Sections 4.2.2.2,
39 4.3.6, 6.1.2.3, 6.2.3, 7.1.2.3, 7.2.3, 8.1.2.3, 8.2.3, 9.1.2.3, 9.2.3, 10.1.2.3, 10.2.3,
40 11.1.3, 11.2.3)
41 common consequences for Alternatives 3 to 5 (Section 5.3.2)
42 comparison of consequences across alternatives (Section 2.7.2)
43 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
44 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
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1 minority populations
2 at WJPP, Hanford, IN4L Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.7,
3 4.3.7, 6.1.7, 6.2.7, 7.1.7, 7.2.7, 8.1.7, 8.2.7, 9.1.7, 9.2.7, 10.1.7, 10.2.7, 11.1.7, 11.2.7)
4
5 N
6
7 NAAQS (National Ambient Air Quality Standards), see air quality
8 NEPA (National Environmental Policy) (Sections 1.3 to 1.6, Appendix Section J. 1;
9 Figure 1.5-1; Tables 5.2.10-1, J-l)

10 Nevada National Security Site (NNSS) (Section 1.4.3.5, Chapter 9)
11 Nevada Test Site (NTS), see Nevada National Security Site (NNSS)
12 No Action Alternative, see Alternative 1
13 noise
14 Alternative 2 (Sections 4.2.1.3, 4.3.1.2)
15 approach, assumptions, methodology (Section 5.2.1.2, Appendix Section C. 1.2)
16 comparison of consequences across alternatives (Section 2.7.1)
17 existing environment at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WWPP
18 Vicinity (Sections 6.l.1.4, 7.l.1.4, 8.1.1.4, 9.1.1.4, 10.1.1.4, 11.1.1)
19 nonradiological impacts (Sections 2.7.9, 4.3.4.1.2, 5.2.4.4, 5.2.9, Appendix Section C.4.1)
20 Nuclear Regulatory Commission (Sections 1.1, 1.4, 2.9, 12.2, 13, Appendices C, J)
21
22 0
23
24 operations
25 at all DOE sites (Section 5.1.4.2)
26 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WJPP Vicinity (Sections 4.1.4,
27 4.3.3.2, 4.3.4.1, 4.3.7.2, 6.2, 7.2, 8.2, 9.2, 10.2, 11.2)
28 at generic sites (Section 12.2)
29 estimates (Appendix D, especially Sections D.5.2, D.6.2, D.7.2, D.8.2, D.9.2)
30 considerations for preferred alternative (Sections 2.9.3.2, 2.9.3.4)
31 Other Waste
32 consequences for No Action Alternative (Sections 3.5.3, 3.5.6)
33 description (Section 1.4.1.3)
34 inventories (Appendix B)
35 management practices (Sections 3.2.3, 3.3.3)
36
37 P
38
39 personal income
40 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.1)
41 at WJPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.6.3,
42 4.3.6, 6.1.6.3, 6.2.6, 7.1.6.3, 7.2.6, 8.1.6.3, 8.2.6, 9.1.6.3, 9.2.6, 10.1.6.3, 10.2.6,
43 11.1.6, 11.2.6)
44 common consequences for Alternatives 3 to 5 (Section 5.3.6)
45 comparison of consequences across alternatives (Section 2.7.6)
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1 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
2 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
3 pollutant emissions
4 annual at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity
5 (Tables 4.3.1-1, 4.3.1-2, 6.1.1-1, 6.1.1-2, 7.1.1-1, 7.1.1-2, 8.1.1-1, 8.1.1-2, 9.1.1-1,

7 population
8 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.2)
9 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.6.4,

10 4.3.6, 6.1.6.4, 6.2.6, 7.1.6.4, 7.2.6, 8.1.6.4, 8.2.6, 9.1.6.4, 9.2.6, 10.1.6.4, 10.2.6,
11 11.1.6, 11.2.6)
12 common consequences for Alternatives 3 to 5 (Section 5.3.6)
13 comparison of consequences across alternatives (Section 2.7.6)
14 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
15 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
16 post-closure (Sections 2.9.2.3, 5.3.4.3, 12.3, Appendix B)
17 at WIPP, Hanford, IINL Site, LANL, 1NNSS, SRS, and WIIPP Vicinity (Sections 4.3.4.3,
18 6.2.4.2, 7.2.4.2, 8.2.4.2, 9.2.4.2, 10.2.4.2, 11.2.4.2)
19 preferred alternative (Sections 2.9 and 2.10)
20 preparers (Appendix I)
21 proposed action (Section 1.2)
22 public comment process (Section 1.5.1, Appendix Section J.1)
23 public services
24 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.4)
25 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.6.7,
26 4.3.6, 6.1.6.7, 6.2.6, 7.1.6.7, 7.2.6, 8.1.6.7, 8.2.6, 9.1.6.7, 9.2.6, 10.1.6.7, 10.2.6,
27 11.1.6, 11.2.6)
28 common consequences for Alternatives 3 to 5 (Section 5.3.6)
29 comparison of consequences across alternatives (Section 2.7.6)
30 summary of impacts at WILPP, Hanford, INTL Site, LANL, NNSS, SRS, and WJPP
31 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
32 purpose and need for agency action (Section 1.1)
33
34 Q
35
36 No entries
37
38 R
39
40 radiation or radiological doses, see doses
41 radiological impacts (Section 5.2.4.3, Appendix E)
42 release rates (Sections 2.8.3, 2.8.4, 5.3.4.3, Appendix Sections E.2.3, E.3.3); see doses
43 rail transportation, see transportation
44 regional disposal sites, see generic disposal sites
45 regulations, see laws
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1 remote-handled waste (Appendix B)
2 description and inventory (Section 1.4.1)
3 Alternative 1 (Chapter 3)
4 transportation and packaging (Appendix D.2.2)
5 routine conditions (Sections 2.7.9, 2.9.3.1, 4.2.9.1, 5.3.9)
6 at WJPP, Hanford, IINL Site, LANL, NNSS, SRS, and WJPP Vicinity (Sections 4.2.9.1,
7 4.3.9.2, 6.2.9.2, 7.2.9.2, 8.2.9.2, 9.2.9.2, 10.2.9.2, 11.2.9.2)
8
9 S

10
11 Savannah River Site (SRS) (Section 1.4.3.6, Chapter 10)
12 sealed sources
13 consequences for No Action Alternative (Sections 3.5.2, 3.5.5)
14 description (Section 1.4.1.2)
15 inventories (Appendix B)
16 management practices (Sections 3.2.2, 3.3.2)
17 short-term impacts
18 socioeconomics
19 approach, assumptions, methodology (Section 5.2.6, Appendix Section C.6.2)
20 at WIPP, Hanford, TNL Site, LANL, INNSS, SRS, and WIPP Vicinity (Sections 4.2.6,
21 4.3.6, 6.1.6, 6.2.6, 7.1.6, 7.2.6, 8.1.6, 8.2.6, 9.1.6, 9.2.6, 10.1.6, 10.2.6, 11.1.6, 11.2.6)
22 common consequences for Alternatives 3 to 5 (Section 5.3.6)
23 comparison of consequences across alternatives (Section 2.7.6)
24 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
25 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
26 soils
27 approach, assumptions, methodology (Section 5.2.2, Appendix Section C.2)
28 at WJPP, Hanford, INL Site, LANL, NNSS, SRS, and WJPP Vicinity (Sections 4.2.2,
29 4.3.2, 6.1.2.2, 6.2.2, 7.1.2.2, 7.2.6, 8.1.2.2, 8.2.2, 9.1.2.2, 9.2.2, 10.1.2.2, 10.2.2,
30 11.1.2, 11.2.2)
31 common consequences for Alternatives 3 to 5 (Section 5.3.2)
32 comparison of consequences across alternatives (Section 2.7.2)
33 summary of impacts at WIPP, Hanford, JNL Site, LANL, NNSS, SRS, and WIPP
34 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
35 soil/water distribution coefficients to do
36 special-status species, see ecology
37 surface water
38 approach, assumptions, methodology (Section 5.2.3, Appendix C.3)
39 at WIPP, Hanford, TNL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.3.1,
40 4.3.3, 6.1.3.1, 6.2.3, 7.1.3.1, 7.2.3, 8.1.3.1, 8.2.3, 9.1.3.1, 9.2.3, 10.1.3.1, 10.2.3,
41 11.1.3, 11.2.3)
42 common consequences for Alternatives 3 to 5 (Section 5.3.3)
43 comparison of consequences across alternatives (Section 2.7.3)
44 summary of impacts at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP
45 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
46
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1iT
2
3 terrestrial ecology (wildlife and vegetation), see ecology
4 threatened species, see ecology
5 traffic (Section 5.3, Appendix Section C.6.5)
6 counts at WIPP, Hanford, JNL Site, LAINL, NNSS, SRS (Tables 4.3.6-1, 6.1.9-1, 7.1.9-1,
7 8.1.9-2, 9.1.9-1, 10.1.9-1)
8 transportation
9 approach, assumptions, methodology, risk analysis (Section 5.2.9, Appendix

10 sections C.9, D.2, D.8)
11 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.9,
12 4.3.9, 6.1.9, 6.2.9, 7.1.9, 7.2.9, 8.1.9, 8.2.9, 9.1.9, 9.2.9, 10.1.9, 10.2.9, 11.1.9, 11.2.9)
13 common consequences for Alternatives 3 to 5 (Section 5.3.9)
14 comparison of consequences across alternatives (Section 2.7.9)
15 summary of impacts at WWPP, Hanford, IINL Site, LAINL, NNSS, SRS, and WJPP
16 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
17 transuranic (TRU) waste
18 definition (Section 1.4.1 text box)
19 trench disposal, see Alternative 4
20 tribal consultations (Sections 1.8, 2.7.7, 2.9.3.2, 5.2.10, 13.8, Appendix G)
21 Consolidated Group of Tribes and Organizations (Chapter 9, NNSS)
22 CTUIIR or Umatilla (Chapter 6, Hanford)
23 Nez Perce (Chapter 6, Hanford)
24 Pueblo (Chapter 8, LANL)
25 Wanapum (Chapter 6, Hanford)
26 truck transportation, see transportation
27
281U
29
30 uncertainties (Section 2.8, Appendix Section C.9.5)
31 unemployment
32 approach, assumptions, methodology (Section 5.2.6, Appendix C.6.2)
33 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WlPP Vicinity (Sections 4.2.6.2,
34 4.3.6, 6.1.6.2, 6.2.6, 7.1.6.2, 7.2.6, 8.1.6.2, 8.2.6, 9.1.6.2, 9.2.6, 10.1.6.2, 10.2.6,
35 11.1.6, 11.2.6)
36 common consequences for Alternatives 3 to 5 (Section 5.3.6)
37 comparison of consequences across alternatives (Section 2.7.6)
38 summary of impacts at WIPP, Hanford, IINL Site, LANL, NNSS, SRS, and WIPP
39 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
40 U.S. Nuclear Regulatory Commission (see Nuclear Regulatory Commission)
41 utility consumption (Tables 5.4-2, D-1 1, D-12)
42
43 V
44
45 vault disposal, see Alternative 5
46 vegetation, see ecology
47
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Final GTCC EIS 14: Index

1 W
2
3 Waste Isolation Pilot Plant (WlPP) (Section 1.4.3.1, Chapter 4)
4 waste generation times (Section 3.4.2, Appendix Section B.4)
5 waste inventories (Appendix B); see GTCC-like waste and GTCC LLRW
6 waste management
7 approach, assumptions, methodology (Section 5.2.11, Appendix C. 11)
8 at WTPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.11,
9 4.3.11, 6.1.11, 6.2.11, 7.1.11, 7.2.11, 8.1.11, 8.2.11, 9.1.11, 9.2.11, 10.1.11, 10.2.11,

11 common consequences for Alternatives 3 to 5 (Section 5.3.11)
12 comparison of consequences across alternatives (Section 2.7.11)
13 summary of impacts at WIPP, Hanford, 1NL Site, LANL, NNSS, SRS, and WIPP
14 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
15 water resources
16 approach, assumptions, methodology (Section 5.2.3, Appendix C.3)
17 at WIPP, Hanford, INL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.3,
18 4.3.3, 6.1.3, 6.2.3, 7.1.3, 7.2.3, 8.1.3, 8.2.3, 9.1.3, 9.2.3, 10.1.3, 10.2.3, 11.1.3, 11.2.3)
19 common consequences for Alternatives 3 to 5 (Section 5.3.3)
20 comparison of consequences across alternatives (Section 2.7.3)
21 summary of impacts at WTPP, Hanford, 1TNL Site, LANL, NNSS, SRS, and WTPP
22 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
23 water use
24 approach, assumptions, methodology (Section 5.2.3, Appendix C.3)
25 at WIPP, Hanford, IINL Site, LANL, NNSS, SRS, and WIPP Vicinity (Sections 4.2.3.3,
26 4.3.3, 6.1.3.3, 6.2.3, 7.1.3, 7.2.3, 8.1.3, 8.2.3, 9.1.3, 9.2.3, 10.1.3.3, 10.2.3, 11.1.3,
27 11.2.3)
28 common consequences for Alternatives 3 to 5 (Section 5.3.3)
29 comparison of consequences across alternatives (Section 2.7.3)
30 summary of impacts at WIPP, Hanford, flNL Site, LANL, NNSS, SRS, and WJPP
31 Vicinity (Sections 4.4, 6.3, 7.3, 8.3, 9.3, 10.3, 11.3)
32 wildlife, see ecology
33 wetlands, see ecology
34 WIPP Vicinity (Section 1.4.3.7, Chapter 11)
35
36 X,Y,Z
37
38 No entries
39
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Final GTCC EIS Fina GTC EJSAppendix A: Contractor Disclosure Statement

1 APPENDIX A:
2
3 CONTRACTOR DISCLOSURE STATEMENT
4
5
6 Argonne National Laboratory is the contractor assisting the U.S. Department of Energy
7 (DOE) in preparing the environmental impact statement (EIS) for the disposal of greater-than-
8 Class C (GTCC) low-level radioactive waste and GTCC-like waste. DOE is responsible for.
9 reviewing and evaluating the information and determining the appropriateness and adequacy of

10 incorporating any data, analyses, or results in the EIS. DOE determines the scope and content of
11 the EJS and supporting documents and will furnish direction to Argonne, as appropriate, in
12 preparing these documents.
13
14 The Council on Environmental Quality's regulations (40 CFR 1506.5 (c)), which have
15 been adopted by DOE (10 CFR Part 1021), require contractors who will prepare an ETS to
16 execute a disclosure specifyring that they have no financial or other interest in the outcome of the
17 project. The term "financial interest or other interest in the outcome of the project" for the
18 purposes of this disclosure is defined in the March 23, 1981, "Forty Most Asked Questions
19 Concerning CEQ's National Environmental Policy Act Regulations," 46 Federal Register
20 18026-18028 at Questions 17a and 17b. Financial or other interest in the outcome of the project
21 includes "any financial benefit such as promise of future construction or design work on the
22 project, as well as indirect benefits the consultant is aware of (e.g., if the project would aid
23 proposals sponsored by the firm's other clients)," 46 Federal Register 18026-1803 8.
24
25 In accordance with these regulations, Argonne National Laboratory hereby certifies that it
26 has no financial or other interest in the outcome of the project.
27
28

Certified by:_.•j'

•,ignature, .o ...

John R. Krummel ..
Name ..

Director, Environmental Science Division
Title

7/27/20 12

29 Date

30
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Final GTCC EIS Appendix B.' GTCC LLR W & GTCC-Like Waste Inventories

1 APPENDIX B:
2
3 GTCC LLRW AND GTCC-LIKE WASTE INVENTORIES
4
5
6 This appendix provides detailed information on the inventories (volumes and
7 radionuclide activities) of the wastes addressed in this environmental impact statement (EIS) for
8 disposal alternatives for greater-than-Class C (GTCC) low-level radioactive waste (LLRW) and
9 GTCC-like waste. Preliminary inventories were provided in the July 23, 2007, Notice of Intent

10 (NOI) to prepare this EIS, and the bases of these estimates were described in a report prepared by
11 Sandia National Laboratories entitled Greater-Than-Class C Low-Level Radioactive Waste and
12 DOE Greater-Than-Class C-Like Waste Inventory Estimates (Sandia 2007). This report was
13 issued in July 2007. Additional details on this inventory are provided in a subsequent report
14 entitled Basis Inventory for Greater-Than-Class-C Low-Level Radioactive Waste Environmental
15 Impact Statement Evaluations, Task 3.2 Report, Revision 1, which was issued in May 2008
16 (Sandia 2008).
17
18 These two reports were prepared to update GTCC LLRW estimates previously developed
19 for the U.S. Department of Energy (DOE 1994). The inventory estimates reported in 1994 were
20 limited to GTCC LLRW and did not consider GTCC-like waste. A third report was prepared by
21 Argonne National Laboratory (Argonne) to summarize the information in these two documents
22 and supplement or update information. This report is entitled Supplement to Greater-Than-
23 Class C (GTCC) Low-Level Radioactive Waste and GTCC-Like Waste Inventory Reports
24 (Argonne 2010). This appendix provides a summary of the waste inventory data needed for this
25 EIS on the basis of information contained in the three inventory reports described above.
26
27 As described in Section 1.4.1 of the EIS, wastes are placed in one of two groups for
28 purposes of analysis. Group 1 consists of wastes that were already generated and are in storage
29 or projected to be generated by existing facilities, such as commercial nuclear power plants.
30 Group 2 consists of wastes that might be generated from proposed future activities, including
31 several DOE projects, two planned molybdenum-99 (Mo-99) production projects, and new
32 nuclear power plants that have not yet been licensed by the U.S. Nuclear Regulatory
33 Commission (NRC) or constructed.
34
35 The estimated waste volumes and total radionuclide activities for the wastes in Groups 1
36 and 2 are shown in Table B-i and are summarized as follows. The total waste volume in Group 1
37 is estimated to be 5,300 m3 (190,000 ft3) and contains a total of 110 megacuries (MCi) of
38 radionuclide activity, mainly from the decommissioning of commercial nuclear power reactors
39 currently in operation.
40
41 Group 2 has an estimated waste volume of 6,400 m3 (230,000 ft3) and contains a total
42 activity of 49 MCi. Some of this waste is associated with the West Valley Site. A total of 980 m3

43 (35,000 ft3) of GTCC-like wastes are associated with decommissioning the West Valley Site
44 (exclusive of the NRC-licensed disposal area [NDA] and state-licensed disposal area [SDA]),
45 and an additional 4,300 m3 (150,000 ft3) of GTCC LLRW could be generated should a decision
46 be made to exhume the NDA and SDA. As for Group 1 GTCC LLRW and GTCC-like waste, the
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1
2

TABLE B-i Summary of Group 1 and Group 2 GTCC LLRW and GTCC-Like Waste Packaged
Volumes and Radionuclide Activitiesa

In Storage Projected Total Stored and Projected

Volume Activity Volume Activity Volume Activity
Waste Type (in 3) (MCi)b (in 3) (MCi) (in3 ) (MCi)

Group 1
GTCC LLRW
Activated metals (BWRs)c - RHJ
Activated metals (PWRs) - RH
Sealed sources (Small)d - CH
Sealed sources (Cs-137 irradiators) - CH
Other Waste5 

- CH
Other Waste - RH
Total
GTCC-Iike waste
Activated metals - RH
Sealed sources (Small) - CH
Other Waste - CH
Other Waste - RH
Total
Total Group 1

Group 2
GTCC LLRW
Activated metals (BWRs) - RH
Activated metals (PWRs) - RH
Activated metals (Other) - RHh
Sealed sources - CHh
Other Waste - CHh
Other Waste - RHh
Total
GTCC-Iike waste
Activated metals - RH
Sealed sources - CH
Other Waste - CH
Other Waste - RI-
Total
_Toqtal_ _Gro up_ 2_. ... .... .. ..

7.1
51

_ef

42
33

130

6.2
0.21

430
520
960

1,100

0.22
1.1

0.000011
0.0042
1.4

0.23
0.0000060
0.016
0.096
0.34
1.7

200
620

1,800
1,000

1.0
3,700

6.6
0.62

310
200
510

4,200

30
76
0.28
1.7

0.00013
110

0.0049
0.000071
0.0062
0.17
0.18

110

11
37
0.14
0.000020
0.024
0.51

49

210
670

1,800
1,000

42
34

3,800

13
0.83

740
720

1,500
5,300

31
77
0.28
1.7
0.000011
0.0043

110

0.24
0.000077
0.022
0.26
0.52

110

11
37

0.14
0.000020
0.024
0.51

49

0.012
0.48
0.49

49

73
300
740
23

1,600
2,300
5,000

73
300
740

23
1,600
2,300
5,000

490
870

1,400
6,400

0

- 490 0.012
- 870 0.48
- 1,400 0.49
-: 6..... 400 4.. ? ..



TABLE B-1 (Cont.)

In Storage Projected Total Stored and Projected

Volume Activity Volume Activity Volume Activity
Waste Type (in 3) (MCi)b (in 3) (MCi) (in3 ) (MCi)

Groups 1 and 2
GTCC LLRW
Activated metals - RH 59 1.4 1,900 160 2,000 160
Sealed sources - CH -- 2,900 2.0 2,900 2.0
Other Waste - CH 42 0.00091 1,600 0.024 1,600 0.024
Other Waste -RH 33 0.0042 2,300 0.51 2,300 0.51
Total 130 1.4 8,700 160 8,800 160
GTCC-like waste
Activated metals - RH 6.2 0.23 6.6 0.0049 13 0.24
Sealed sources - CH 0.21 0.0000060 0.62 0.000071 0.83 0.000077
Other Waste - CH 430 0.016 800 0.02 1,200 0.036
Other Waste - RH 520 0.096 1,100 0.65 1,600 0.75
Total 960 0.34 1,900 0.67 2,800 1.0
Total Groups 1 and 2 1,100 1.7 11,000 160 12,000 160

a All values have been rounded to two significant figures. Some totals may not equal sum of individual components because of
independent rounding. BWR = boiling water reactor, CH = contact-handled (waste), PWR = pressurized water reactor,
RI- = remote-handled (waste). Includes waste in storage as of 2008 and projected through 2083. Waste quantity data obtained in
2008 had verification updates made in 2010 as needed, see Argonne (2010). In performing its due diligence in the preparation of
this final EIS, DOE reviewed the waste quantity data and has determined that the expected waste quantity estimates remain valid
and are conservative and bounding.

b MCi means megacurie or 1 million curies.

C

d

e

There are two types of commercial nuclear reactors in operation in the United States, BWRs and PWRs. Different factors were
used to estimate the volumes and activities of activated metal wastes for these two types of reactors.
Sealed sources may be physically small but have high concentration of radionuclides.
There are sealed sources currently possessed by NRC licensees that may become GTCC LLRW when no longer needed by the
licensee. Due to the lack of information on the current status of the sources (i.e., whether they are in use, waste, etc.), the
estimated volume and activity of these sources are included in the projected inventory.

Cl
5-4

C..,

0

C..,

0

0

L\J

ON

fA dash means that there is no value for that entry.
g Other Waste consists of those wastes that are not activated metals or sealed sources; it includes contaminated equipment, debris,

scrap metals, filters, resins, soil, solidified sludges, and other materials.
h Wastes from the West Valley Site NDA and SDA are reflected in the inventories listed under Group 2 activated metals, sealed

sources, and Other Waste - RH/CH. Of the 740 m3 under activated metals, 210 m3 is from the NDA and 525 in
3 is from the SDA;

23 in
3 of sealed sources is from the SDA; 1,600 in

3 of Other Waste - CH is from the SDA; and 1,950 in 3 of Other Waste - RH
included 1,943 in

3 from the NDA and 7.34 in
3 from the SDA.



Final GTCC EIS Appendix B: GTCC LLRW & GTCC-Like Waste Inventories

1 radionuclide activity in the Group 2 wastes results mainly from the decommissioning of new
2 commercial nuclear power reactors.
3
4 The GTCC LLRW and GTCC-like waste associated with decontamination and
5 decommissioning of the West Valley Site are in both Group 1 and Group 2. Group 1 wastes are
6 all GTCC-like wastes and result from past and ongoing decontamination activities at the site.
7 Some of the wastes are already in storage, and others are being generated by decontamination of
8 the Main Plant Process Building (MPPB) to make it ready for demolition. Group 2 wastes are all
9 projected wastes from potential future decommissioning activities. These wastes include GTCC-

10 like wastes from decommissioning of the M\PPB and the Waste Tank Farm (WTF). West Valley
11 Demonstration Project transuranic (TRU) wastes include debris generated during the
12 decontamination (cleanout) of the mechanical processing cells of the former Nuclear Fuel
13 Services, Inc., reprocessing plant as well as wastes determined to be TRU. Group 2 GTCC
14 LLRW and GTCC-like waste would also be generated should a decision be made to exhume the
15 wastes from the NDA and SDA as part of future decommissioning activities. Because waste
16 generated at the West Valley site is not considered defense waste and therefore are currently not
17 permitted to be disposed in the WIPP, GTCC LLRW and GTCC-like wastes have been included
18 in the volume estimates of waste requiring a disposition pathway for this GTCC EIS. Some of
19 this waste may be subject to a determination that would result in it being classified as Waste
20 Incidental to Reprocessing (WIR). The analysis associated with this determination evaluates the
21 radionuclide content of the waste, rather than merely relying on how the waste was originally
22 generated.
23
24 The volume of GTCC-like wastes associated with the West Valley Site from wastes
25 already in storage, ongoing decontamination of the MVPPB, and the future decommissioning of
26 the MPPB and WTF is estimated to be about 2,200 m3 (78,000 ft3). Of this total, about 1,300 m3

27 (46,000 ft3) is in Group 1 and 980 m3 (35,000 ft3) is in Group 2. An additional 4,300 m3

28 (150,000 ft3) of GTCC LLRW and GTCC-like wastes could be generated by the exhumation of
29 the NDA and SDA at the site as part of future decommissioning activities. Most of the GTCC
30 LLRW and GTCC-like waste from these disposal areas would be GTCC LLRW, with 31 m3

31 (1,100 ft3) from the NDA being GTCC-like waste. The 31 m3 (1,100 ft3) of GTCC-like waste is
32 included with the volume of GTCC LLRW from the NDA and SDA for purposes of analysis in
33 the ElS.
34
35 The total estimated volume of mixed waste in Group 1 is about 170 m3 (6,000 ft3), which
36 represents less than 4% of the total volume Group 1 waste. About 120 m3 (4,200 ft3) of this total
37 is GTCC-like mixed waste currently in storage at the West Valley Site. Current information is
38 insufficient to allow a reasonable estimate of the amount of Group 2 waste that could be mixed
39 waste. Most of the Group 1 mixed waste is GTCC-like waste; only 4 m3 (140 ft3) is GTCC
40 LLRW (Sandia 2007). Available information indicates that much of this waste is characteristic
41 hazardous waste as regulated under the Resource Conservation and Recovery Act (RCRA);
42 therefore, this BIS assumes that for the land disposal methods, the generators will treat the waste
43 to render it nonhazardous under federal and state laws and requirements. The Waste Isolation
44 Pilot Plant (WIPP), however, can accept mixed waste, as provided in the WIIPP Land Withdrawal
45 Act (LWA) as amended (P.L. 102-579 as amended by P.L. 104-20 1).
46
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Final GTCC EIS Appendix B: GTCC LLRW & GTCC-Like Waste Inventories

1 The DOE planned plutonium-238 (Pu-238) production project is estimated to produce
2 380 m3 (13,000 if3) of Group 2 GTCC-like wastes with a total activity of 0.094 MCi. Many of
3 the radionuclides in these wastes have short half-lives (three years or less) that will not have an
4 impact on long-term management decisions. For purposes of analysis in the EIS, it is assumed
5 that the Pu-23 8 production wastes will be stored for three years at the facilities generating these
6 wastes prior to shipment to the disposal site. The total activity in these wastes given here
7 includes radioactive decay for three years.
8
9 Waste associated with the future domestic production of Mo-99 is also included in the

10 GTCC EIS inventory. The Mo-99 producers are in preliminary stages of developing Mo-99
11 domestically, and therefore the quantities of waste considered in this analysis are estimates. For
12 purposes of analysis in this EIS, DOE considered use of the following technologies for the
13 production of Mo-99: 1) a particle accelerator-based neutron source that emits neutrons ; 2) open
14 pool reactor technology.
15
16 For purposes of analysis in the EIS, it is assumed that these Mo-99 producers will begin
17 operation in the next few years and to operate for 71 years (to 2083). The total volume of GTCC
18 LLRW produced over this time frame for the Mo-99 production facilities in the United States is
19 estimated to be about 390 m3 (14,000 ft3) and contain 0.48 MCi of activity. 1 The total volume
20 and activity amounts are estimates and have been developed based on of information received
21 from the Mo-99 producers.
22
23 As discussed in Section 1.4.1, the GTCC LLRW and GTCC-like wastes are considered to
24 be in one of three waste types: activated metals, sealed sources, or Other Waste. The waste
25 inventory includes wastes already generated and in storage (stored inventory), as well as wastes
26 estimated to be generated in the future (projected inventory). All three types of waste (activated
27 metals, sealed sources, and Other Waste) are currently in storage at sites licensed by the NRC or
28 Agreement States and at certain DOE sites.
29
30
31 B.1 SUMMARY OF WASTE VOLUMES
32
33 Table B-i provides a summary of the packaged waste volumes for the Group 1 and 2
34 wastes being addressed in this EIS. Some of the Group 1 wastes have already been generated and
35 are in storage, and the rest would be generated in the future. All Group 2 wastes would be
36 generated in the future. Table B-2 identifies the locations where GTCC LLRW and GTCC-like
37 wastes are currently being stored or would be generated in the future. Additional information for
38 GTCC-like wastes is presented in Table B-3. This information is described in more detail in
39 Argonne (2010).

1Waste from Mo-99 production will be generated by NRC and Agreement State licensees and is therefore, for
purposes of analysis in this EIS, considered to be GTCC LLRW. In the event Mo-99 producers enter into
Uranium Lease and Take-Back Contracts with DOE pursuant to applicable provisions in the American Medical
Isotopes Production Act of 2012 (Title XXXI, Subtitle F, National Defense Authorization Act for Fiscal
Year 2013, Public Law 112-239), it is possible that waste resulting from Mo-99 production included in the
current estimates of GTCC LLRW may be determined to be waste for which DOE is responsible for final
disposition.
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1
2

TABLE B-2 Storage and Generator Locations of the GTCC LLRW and GTC C-Like Wastes
Addressed in This EISa

Waste Type GTCC LLRW GTCC-Like

Group 1
Activated metals - Ru Various states (see Figure 3.1-1) INL Site (Idaho)

ORR (Tennessee)
Sealed sources - CHI Various states LANL (New Mexico)
Other Waste - CH Babcock and Wilcox (Virginia) West Valley Site (New York)

Waste Control Specialists (Texas) INL Site (Idaho)
Babcock and Wilcox (Virginia)

Other Waste - RH Virginia and Texas West Valley Site (New York)
INL Site (Idaho)
ORR (Tennessee)
Babcock and Wilcox (Virginia)

Group 2
Activated metals - RH Various states
Sealed sources - CII West Valley Site (New York)
Other Waste - CHI West Valley Site (New York) West Valley Site (New York)

ORR (Tennessee)
Other Waste - RH West Valley Site (New York) West Valley Site (New York)

Missouri University Research Reactor (Missouri) ORR (Tennessee)
Babcock and Wilcox (Virginia)

aOther waste consists of those wastes that are not activated metals or sealed sources; it includes
contaminated equipment, debris, scrap metal, filters, resins, soil, solidified sludges, and other materials. A
dash means no volume for that waste type. INL = Idaho National Laboratory, LANL = Los Alamos
National Laboratory, ORR = Oak Ridge Reservation.

The GTCC LLRW is stored at NRC or Agreement State licensee locations, including at
commercial storage facilities at a number of sites across the United States. Most of the activated
metal GTCC LLRW is stored at commercial nuclear power plants. Figure 3.1-1 shows the
locations of the currently operating nuclear power plants, most of which are located east of the
Mississippi River. GTCC LLRW sealed sources are stored at medical facilities and hospitals,
industrial facilities, universities, and commercial storage and staging locations. Two facilities are
currently being used to store GTCC LLRW Other Waste (in Virginia and Texas). All of these
facilities are operated in accordance with applicable requirements.

A comparison of the volumes and radionuclide activities of GTCC LLRW and GTCC-
like waste with the annual volumes and activity of LLRW generated in the United States and
with high-level waste and spent nuclear fuel is shown in Figure B-i. As can be seen in this
figure, GTCC LLRW and GTCC-like waste represents a very small fraction of the total volume
of LLRW generated annually, but it has significantly greater activity.

This information is presented in detail in a number of tables that describe the types of
waste packages that were used to evaluate waste handling and transportation impacts. These
tables do not mean to imply that these waste packages would actually be used for such purposes
once a disposal site was selected. Rather, these packages are representative of those that could be

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
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1 TABLE B-3 Sources of the GTCC-Like Wastes Addressed in This EISa

Stored Volume Projected Volume
Waste Type Siteb (in3 ) (in 3 )

Group 1
Activated metals - RH INL Site 3.3 6.6

ORR 2.9 -c

Sealed sources - CH LANL 0.21 0.62

Other Waste - CH West Valley Sited 400 310
INL Site 31 -

B&W 3.4 -

Other Waste - RH West Valley Sited 480 63
1NL Site 19 -

ORR 4.0 130
B&W 15 0.60

Total 960 510

Group 2
Activated metals - RH--

Sealed sources - CH--

Other Waste - CH West Valley Sited - 220
ORR - 260

Other Waste - RH West Valley Sited - 760
ORR - 120

Total - 1,400

a All values have been rounded to two significant figures. Some totals may not
equal sum of individual components because of independent rounding.
B&W = Babcock & Wilcox Company (Lynchburg, Va.), CH =contact-
handled (waste), 1NL = Idaho National Laboratory, LANL = Los Alamos
National Laboratory, ORR = Oak Ridge Reservation, RH = remote-handled
(waste). Includes waste in storage as of 2008 and projected through 2083.
Waste quantity data obtained in 2008 had verification updates made in 2010 as
needed, see Argonne (2010). In performing its due diligence in the preparation
of this final EIS, DOE reviewed the waste quantity data and has determined
that the expected waste quantity estimates remain valid and are conservative
and bounding.

b These are the sites where the wastes are currently being stored or would be

generated in the future.

C A dash means that there is no value for that entry.

d These volumes were provided by the DOE Waste Valley Site Office and

assumed waste repackaging with volume reduction prior to disposal. These
wastes are associated with decontamination activities at the West Valley Site.
Because of the assumed volume reduction, the volumes presented in this
GTCC EIS are less than those presented in the Final EIS for the West Valley
Site (DOE 2010Oa).
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Final GTCC EIS Fina GTC EISAppendix B: GTCC LLR W & GTCC-Like Waste Inventories

1 used, and they were chosen herein solely for the purpose of evaluating environmental impacts
2 associated with the various disposal alternatives being addressed in this EIS.
3
4
5 B.2 SUMMARY OF RAL)IONUCLIDE ACTIVITIES
6
7 The radionuclide activities in the wastes were developed by using information provided
8 by the DOE Operations and Field Offices in response to a data call, using information provided
9 in databases, and conducting a review of documents on GTCC LLRW and TRU waste prepared

10 by DOE and NRC. Radionuclide information for the two planned Mo-99 projects and the DOE
11 Pu-238 production project was provided by the organizations planning to implement these
12 projects in the future.
13
14 The radionuclides present in GTCC LLRW and GTCC-like waste can generally be placed
15 in three categories: neutron activation products, radioactive fission products, and actinides
16 (i.e., radionuclides that are higher than actinium in the Chart of the Nuclides). The main source
17 of activity in activated metals is neutron activation products, while fission products and actinides
18 are the main radionuclides present in sealed sources and Other Waste. Fission products and some
19 actinides are also present in relatively low concentrations in activated metals. The actinides
20 include TRU radionuclides, and many of these are present in GTCC-like Other Waste.
21
22 Radionuclide profiles were used to develop estimates of the total curies of each
23 radionuclide that would be present in the various waste streams, and then the individual waste
24 streams were summed to obtain estimates of the total activities in the various GTCC LLRW and
25 GTCC-like waste types. The three reports identified on page B-i (Sandia 2007, 2008;
26 Argonne 2010) can be consulted to evaluate these results in more detail for the individual waste
27 streams. This information was used to address the impacts associated with the handling,
28 transportation, and disposal of these wastes in this EIS.
29
30 A summary of the radionuclide activities in the Group 1 and Group 2 GTCC LLRW and
31 GTCC-like waste is provided in Tables B-4 through B-7. The radionuclides in these tables are
32 those expected to be most prevalent or significant in evaluating the radiological impacts from the
33 various disposal alternatives considered in the BIS. The radionuclide activities given in this
34 appendix for stored wastes account for radioactive decay to 2019, while the activities for
35 projected wastes are those expected to be present when the wastes are generated and available
36 for disposal. In addition, the radionuclide activities for the GTCC LLRW and GTCC-like waste
37 in the two disposal areas at the West Valley Site were decay-corrected to 2019 for purposes of
38 analysis in this EIS.
39
40 The radionuclide activities for Group 1 GTCC LLRW and GTCC-like waste are
41 summarized in Tables B-4 through B-6. Table B-4 contains the total (stored and projected)
42 activities for GTCC LLRW and GTCC-like waste, which are divided into the stored activities
43 (Table B-5) and projected activities (Table B-6). The Group 2 activities are given separately in
44 the same format in Table B-7. All of the Group 2 wastes would be generated in the future; there
45 are no stored Group 2 wastes.
46
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1 TABLE B-4 Radionuclide Activity (in curies) of Group 1 GTCC LLRW and GTCC-Like Wastea

GTCC LLRW GTCC-Like Waste

Sealed Sourcesc Other Waste Sealed Sourcesc Other Waste
Activated Activated

Radionuclide Metalsb Actinides Nonactinides CH RH Metalsb Actinides Nonactinides CH RHt

ci

Hydrogen-3
Carbon-14
Manganese-54
Iron-55
Nickel-59
Cobalt-60
Nickel-63
Strontium-90
Molybdenum-93
Niobium-94
Technetium-99
Iodine-129
Cesium-137
Promethium-147
Samarium-I151
Europium-i 152
Europium-I 154
Europium-i155
Lead-210
Radium-226
Actinium-227
Radium-228
Thorium-229
Thorium-230
Protactinium-23 1
Thorium-232
Uranium-232
Uranium-233
Uranium-234
Uranium-235
Uranium-236

-N~eptun~iu~m_-2_37_

6.8 x 103
2.3 x 104
4.9 x 104~
4.0 x 107
1.3 x10
5.0 x10
1.8 x 107
1.2 x10
1.1 x 102
6.0 x 102
4.5 x10

1.9
1.3 x 104

5.8 x 10-3

9.6 x 10-3
6.3 x 1-
1.1 x 10-1

8.7
5.3

1.5 x 103

7.6 x 10-1

2.0 x 103

5.1 x 10-9

2.3 x10
6.8 x 102
2.8 x 10-5
1.7 x 102

3.1
4.7 x 103
8.0 x 102

1.3 x 10-2

1.7 x 106 5.7

6.6 x 102
6.0

7.1 x 10-'

1.7 x 10-1
1.3 x 101
4.7 x 1-

5.7
7.6 x 10-2
4.1 xl0-3
2.5 x 10-2
6.6 x 101

5.2 x i0-5

3.2x 10"'
9.7 x 10-5

6.5 x 10'
1.4 x 10-3

2.9 x 10-3
3.1 x 10-3
1.9 x 10-1
3.1 x 1 -
3.6 x 10-6

4.3
3.3 x 10-2
2.3 x 10-4

2.2
4.1 x 10-1
1.1 x 10-5
2.8 x 10-1
2.3 x 101

9.4
4.4 x 101
1.6 x 10"1
5.4 x 10-2

1.6 x 101
1.0 x 102
4.8 x 101

8.2
1.6 x 102
1.2 x 103

9.4 x 103
3.6 x 104

9.8 x 10-2
1.7 x 102

2.7
3.9 x 104~

5.6
1.7 x 10-1
6.8 x 102
2.2 x 102
9.2 x 101
2.3 x i0-9

1.6 x 10-9

7.4 x 10-2
2.7 x 10-2
1.3 x 10-8

6.8 x 10-1
1.9

7.9 x 102
1.6

3.5 x 10-1
7.9 x 10-1

- 8.8 xl10-
- 8.9 x 10-6

- 6.0 x 10-'

- 5.2 x 10-3

_- 3.2.. x.? i_ -3-
1.. . 1. . 14. . . . . .) 5_



TABLE B-4 (Cont.)

GTCC LLRW GTCC-Like Waste

Sealed Sourcesc Other Waste Sealed Sourcese Other Waste
Activated Activated

Radionuclide Metalsb Actin ides Nonactinides CH RH Metalsb Actinides Nonactinides CH RH

Uranium-238 ........- - 9.1 x10-2  1.1 x101

Plutonium-238 8.8 x 10-1 1.2 x 105 - - 1.8 x 101 - - - 1.3 x 103  1.5 x 103
Plutonium-239 4.5 x i03 8.4 x 03 - - 2.5 x 101 - - - 9.0 x 102 2.9 x i03
Plutonium-240 ....- 7.5 - 2.2 x 101 - 7.1 x 102 1.8 x 103

Plutonium-241 2.5 x 101 - - - 6.2 x 102 - - - 1.4 x 10 4  1.7 x 104

Americium-24I 6.4 x 101 1.5 x 15 - 5.0 6.6 x 101 - - - 4.4 x~ 103 5.3 x 103

Plutonium-242 ....- 2.3 × 10-3 - - - 4.5 3.9
Americium-243 ....- 4.7 x 10-3 - 3.5 x 10-1 - 3.4 x 101 8.6 x 101
Curium-243 ........- - 7.6 x 10-2 2.2
Curium-244 - 2.2 x 101 - - 5.2 - 5.4 x 101 - 1.8 1.1 x 0

Curium-245 ........- - 2.Ox 10-9 3.4 x 102
Curium-246 ........- 1.9 x 10.11 5.4x 101

a The approach used to develop these activities is given in Argonne (2010) and the references cited therein. The activities represent values at the time the wastes are projected
to be available for disposal and are given to two significant figures. Separate estimates were developed for GTCC LLRW and GTCC-like waste. A dash means there is no
value for that entry. CH =contact-handled (waste), RH =remote-handled (waste).

b All of the activated metal wastes are expected to be RH waste.

C All of the sealed source wastes are expected to be CH waste, with the possible exception of two americium-24liberyllium sources.

1

q•

"0



1 TABLE B-5 Radionuclide Activity (in curies) of Stored Group 1 GTCC LLRW and GTCC-Like Wastea

GTCC LLRW GTCC-Like Waste

Sealed Sources0  Other Waste Sealed Sources0  Other Waste
Activated Activated

Radionuclide Metalsb Actinides Nonactinides CH RH Metalsb Actinides Nonactinides CHI RH

Hydrogen-3 1.6 x 102 ....- 2.3 x 105 - - 1.1 x 10-1 1.6 x 101
Carbon-14 1.4 x103  

- - - 5.6 x10-3  2.0 x102  
- - 1.0 x101  1.0 x102

Manganese-54 9.2 × 10-3 - - - 9.4 x 10-3  2.8 x 10-5 - - 2.3 x 10-6 4.2 x i0-3
Iron-55 3.4 x 04 - - - 6.1 x 10-4 1.7 x 102 - - 9.9 x 10-1 8.2
Nickel-59 7.8 x 103  

- - - 1.1 x 10-1 6.0 x 10-1 - - 5.9 x 10-2 1.6 x 102
Cobalt-60 3.5 x 105 - - - 8.4 8.5 x 102 - - 4.0 x 10-3 3.1 x 102
Nickel-63 9.6 x 105 - - - 5.2 1.9 x 102 - - 2.5 x 10.2 9.4 x 103
Strontium-90 4.7 x 102 - - - 1.5 x 103 - - - 8.6 2.9 x 104
Molybdenum-93 7.4 ......... -

Nibu -44.1 x 101 ....- 1.8 × 10-3 - - 5.2 x 10-5  9.8 x 10-2 ,'
Technetium-99 2.8 x 102 - - - 7.3 x 10-1 - - - 2.4 x 10-1 1.7 × 102

, Iodine-129 1.2 x 10"1 .......- 4.9 x 10-5 2.7
t-a Cesium-137 5.5 x 102 - - 5.7 2.0 x i0 3  

- - - 5.0 3.0 x10
Promethium- 147 ........- - 1.4 x 10-3 5.6 "
Samarium-151 ........- - 2.9 x 10-3 1.7 x 10-1
Europium-152 .....- 6.6 x 102 - - 3.1 x 10-3 6.0 x104t
Europium-154 .....- 6.0 - - 1.1 × 10-1 1.7 x 101
Europium-155 .....- 7.1 x 10-1 - - 3.1 x 10 -4 7.9 x 10-1 :
Lead-210 ....- 4.9 x10-9  

- - - 3.6 x 10-6 2.2 x10-9  :
Radium-226 ........ - -3.4 -
Actinium-227 ........- - 2.4 x 10-2 1.6 x 10-9

Radium-228 --- --- 1.1 x10-1  
- -

Thorium-229 ....- 8.5 x 10-4  
- - - 1.7 7.4 x 10-2 t

Thorium-230 ....- 8.6 x 10-6 - - - 3.2 × 10"1 2.7 × 10-2 t
Protactinium-231 .........- -1.1 × 10-5 1.3 × 10-8

Thorium-232 ........- 2.2 x 10"1 6.8 x 10-1
Uranium-232 ........- - 1.8x×10 1  1.9
Uranium-233 ....- 5.8 x 10-1 - - - 7.3 1.7 × 101
Uranium-234 ........- - 3.4x×10 1  1.6

'. Uranium-235 ....- 5.0 x 103- - - 1.5 x 10-1 3.5 x 10-1
Uranium-236 ........- - 4.2 x 10-2 7.9 x 10-1



TABLE B-S (Cont.)

GTCC LLRW GTCC-Like Waste

Sealed Sources0  Other Waste Sealed Sources0  Other Waste
Activated Activated

Radionuclide Metalsb' Actinides Nonactinides CH RI- Metalsb Actinides Nonactinides CU RH

Neptunium-237 ....- 3.1 x 103- - - 1.0 1.5
Uranium-238 ........- - 7.0 × 10-2 1.8
Plutonium-238 4.7 x 10-2 - - - 1.8 x 101 - - - 1.0 × 103 7.5 x 102
Plutonium-239 2.8 × 102 - - - 2.4 × 101 - - - 7.0 × 102 2.7 × 103

Plutonium-240 ....- 7.3 - - - 5.6 × 102 1.7 x 103

Plutonium-241 6.4 × 10-1 - - - 6.0 x 102 - - - 9.6 × 103 1.6 × 104

Americium-241 3.8 - - 5.0 6.4 x 101 - - - 3.6 × 103  5.3 × 103

Plutonium-242 ....- 2.2 x 10-3 - - - 3.5 3.9
Americium-243 ....- 4.6 × 10-3 - - - 2.7 < 101 8.6 x 101
Curium-243 ........- - 5.3 x 10-2 1.8
Curium-244 ....- 5.0 - 6.0 - 1.2 3.8 × 101
Curium-245 ........- 2.Ox 10-9 3.4 × 102
Curium-246 ........- - 1.9x 10-11 5.4x× 101

aThe approach used to develop these activities is given in Argonne (2010) and the references cited therein. The activities represent values at the time the wastes are projected
to be available for disposal and are given to two significant figures. Separate estimates were developed for GTCC LLRW and GTCC-like waste. A dash means there are no

values for that entry. CH = contact-handled (waste), RH = remote-handled (waste).

b All of the activated metal wastes are expected to be RH waste.

C All of the sealed source wastes are expected to be CH waste, with the possible exception of two americium-241/beryllium sources.

1
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1 TABLE B-6 Radionuclide Activity (in curies) of Projected Group 1 GTCC LLRW and GTCC-Like Wastea

GTCC LLRW GTCC-Like Waste

Sealed Sources0  Other Waste Sealed Sources0  Other Waste
Activated Activated

Radionuclide Metalsb Actinides Nonactinides CH RH Metalsb Actinides Nonactinides CH RH

Hydrogen-3 6.7 x 103 ....... - 5.7x×10-2  
-

Carbon-14 2.1 x10 4  
- - - 1.7x×10-4 4.9 x102  

- - 3.0 1.4 x10-2

Manganese-54 4.9 x 104  
- - - 2.9 x 10-4 - - - 4.7 × 10-3 4.8 x 101

Iron-55 4.0 x 107 - - - 1.9 x 10-5 - - - 4.7 1.1 x 10-5

Nickel-59 1.2 × i05 - - - 3.3 x 10-3 2.5 - - 1.7 × 10-2 2.0 x 10-3
Cobalt-60 5.0 x 107 - - - 2.6 x 10-1 3.8 × 103  

- - 9.8 x 10-5 8.8 x 102
Nickel-63 1.7 × 107  

- - - 1.6 × 10-1 6.1 x 102 - - - 9.5 x 10-2
Strontium-90 1.1 x 104 - - - 4.6 x 101 - - - 5.7 x 101 7.3 x 103
Molybdenum-93 1.0O× 102 .........-
Niobium-94 5.5 x102  ....- 1.1lxl10 2  ....- "

Technetium-99 4.2 x 103  
- - - 2.3 x 10-2 - - - 8.7 x 10-2 2.1

-, Iodine-129 1.8 ....... - 4.8 x 10-5 6.6 x 10-5 •
Cesium-137 1.3 ×x0 - 1.7 x 106 - 6.0 x 101 - - - 6.0 x 101 9.5 × 103
Promethium- 147 .......... "" -

Samarium-i~ 151 .......... -

Europium-152 .........- 6.8x×10 2  '

Europium-154 ........- - 7.5 x 10-2 2.0Ox 102 "
Europium-155 ......... - 9.1x×10 1

Lead-210 ....- 1.5x× 10-10 ....- 9.1 x 10-I1:
Radium-226 ........- - 9.5 x10"1  

-

Actinium-227 ........ - 9.5 x10-3  
-

Radium-228 ........- - 1.2 x10-1  
- '

Thorium-229 ....- 2.6 x 10-5 - - - 4.9 x 10-1 1.6 x 10-5

Thorium-230 ....- 2.7 x 10-7 - - - 8.8 x 10-2 1.6 x 10-7
Protactinium-231 .......... - - -

Thorium-232 ........- - 6.2 x 10-2 -

Ur~anium-232 ........- - 5.5 5.6 x10-3
Uranium-233 ....- 1.8 x10-2  

- - - 2.1 7.8x×10 2

Uranium-234 ........- - 9.6 2.4 x10-3

'. Uranium-235 ....- 1.5x× 10-4 - - - 4.1 x 10-3 3.1 x 10-4
Uranium-236-- ----- 1210-0



TABLE B-6 (Cont.)

GTCC LLRW GTCC-Like Waste

Sealed Sourcesc Other Waste Sealed Sourcesc Other Waste
Activated Activated

Radionuclide Metalsb' Actinides Nonactinides CH RH Metalsb Actinides Nonactinides CH RH

Neptunium-237 ....- 9.5 x 10-5 - - - 1.1 × 10-2 3.1 × 10-2
Uranium-238 ........- - 2.2x×10- 2  8.8
Plutonium-238 8.3 x 10-1 1.2 x 105  

- - 5.4 x 10-1 ....- 2.9 × 102 7.5 × 102
Plutonium-239 4.2 x 103 8.4 x 103  

- - 7.4 x 10"1 - - - 2.0 x 102 2.0 x 102
Plutonium-240 ....- 2.2 x 10-1 - 2.2 x 101 - 1.6 x 102 3.4 x 101
Plutonium-241 2.4 x10 1  

- - - 1.8 x10 1  
- - - 4.6 x10 3  1.0 x102

Americium-241 6.0 x 101 1.5 x 105 - - 2.0 - - - 7.1 x 102 6.0 x 101
Plutonium-242 ....- 6.8 x 10-5  

- - - 9.8 x 10-1 4.1 x 10-5

Americium-243 ....- 1.4 x i0-4 - 3.5 x 10-1 - 7.5 8.4 x i0-5
Curium-243 ........- - 2.3 x 10-2 3.4 x 10-1
Curium-244 - 2.2 x 101 - - 1.5 x 10-1 - 4.8 x 101 - 5.9 x 10-1 1.1 x 103

Curium-245 - - - - ...... -

Curium-246 ..........- -

aThe approach used to develop these activities is given in Argonne (2010) and the references cited therein. The activities represent values at the time the wastes are
projected to be available for disposal and are given to two significant figures. Separate estimates were developed for GTCC LLRW and GTCC-like waste. A dash means
there are not values for that entry. CH =contact-handled (waste), RH = remote-handled (waste).

b All of the activated metal wastes are expected to be RH waste.

C All of the sealed source wastes are expected to be CH waste, with the possible exception of two americium-24 1/beryllium sources.
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1 TABLE B-7 Radionuclide Activity (in curies) of Group 2 GTCC LLRW and GTCC-Like Wastea

GTCC LLRW GTCC-Like Waste

Sealed Sourcesc Other Waste Sealed Sources Other Waste
Activated Activated

Radionuclide Metalsb Actinides Nonactinides CH RH Metalsb Actinides Nonactinides CH RH

Hydrogen-3
Carbon- 14
Manganese-54
Iron-55
Nickel-59
Cobalt-60
Nickel-63
Strontium-90
Molybdenum-93
Niobium-94
Technetium-99
Iodine-129
Cesium-137
Promethium- 147
Samarium-I151
Europium-i 152
Europium-I154
Europium-i 155
Lead-210
Radium-226
Actinium-227
Radium-228
Thorium-229
Thorium-230
Protactinium-23 1
Thorium-232
Uranium-2 32

Uranium-233
Uranium-234
Uranium-235

3.6 x 103
1.0 x 104
2.3 × 104
1.8 x 107
5.4 x 104
2.3 × 107
7.5 × 106
1.3 x 104
4.7 × 101
2.7 x 102
1.9 ×x0

2.1
2.3 x i04

1.1 x 10-1
1.7 x 102

3.3 x 10-1
1.8 x 101
7.0 x 10-1

3.3 × 10-7

1.5 x 10-6
1.1 x 10-2
3.2 x 1-
1.2 x 10-2
1.3 x 10-4
3.0 x 10-2
3.2 × 10-3

1.4
3.8

2.0 x 10-1
7.2 x 10-2

2.0

3.9
3.3

1.0
1.0
2.9
2.2

x 102 1.9 x 102
4.4 1.5 x 102
- 1.8 x 10-7
x( 10-1 3.1
x 10-2 2.1
6.5 4.8 x 101
3.7 1.8 x 102
2.8 1.0 x105

- 5.5 x 10-5
× 10-3 2.8 × 10-2
x 10-3  1.7x×10 1

× 10-3 5.4 × 10-2
x- 101 1.1 × 105
- 1.7 x105

- 2.4x×10 3

- 1.1
- 5.9 x101

- 2.0 x103

- 5.1 x 10-7
- 2.5 x 10-6
- 1.8 x 10-2
- 5.6 x10-4

- 2.2 × 10-2
- 2.4 x10-4

- 5.2 × 10-2

- 5.6 x 10-3
- 2.9
- 7.4
× i0-3 3.9 x 10-1
< 10-4 3.7

1.1 x 10-1
5.9

9.4 × 10"3
9.4

3.3 x 10"2
2.0 x 10-4

6.1

1.3 x 10-1

3.3

1.5 x 10-1

1.9
1.9 x 10-2
2.4 x 10-1
9.8 x 10-1
1.8 x 10-1

1.2 x 10"1
1.1 x 101

4.1
1.9 x 101
8.0 x 10-3

1.7 x 10"1
9.0

1.4 x 10-2
1.4 x 101
5.1 × 10-2
3.0 × 10-4

5.1 x 104

3.2
3.8 x 10-3
3.4 x 105
4.4 x103

2.3 x 10-1

2.9
2.9 x 10-2
3.6 x 10-1

1.5
2.7 x 10-1

1.9 x 10-1
1.7 x 101

6.4
2.9 x 101
1.4 × 10-2

(-3
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9.7
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TABLE B-7 (Cont.)

GTCC LLRW GTCC-Like Waste

Sealed Sourcesc Other Waste Sealed Sources Other Waste
Activated Activated

Radionuclide Metalsb Actinides Nonactinides CHd RH Metalsb Actinides Nonactinides CH RHT

Neptunium-237 6.7 x 10-2 - - 3.4 x 10-9 9.9 x 10-2 - - - 2.2 x 10-2 2.3
Uranium-238 8.4 x 10-1 - - 1.0 x 10-2 3.1 - - - 3.9 x 10-2 7.3 x 10-2
Plutonium-238 1.3 x102  

- - 2.1 x10 4  2.1 x10 2  
- - - 5.7 x102  1.9 x103

Plutonium-239 2.1 x 103  
- - 4.9 x 101 4.5 x 102 - - - 4.0 x 102 6.4 x 102

Plutonium-240 1.6 x102  
- - 4.5 x101  2.4 x102  

- -- 3.2 x10 2  5.1 x102

Plutonium-241 2.5 x 103 - - 2.7 x 103 3.9 x 103 - - - 9.3 x i03 1.5 x i04
Americium-241 7.2 x 102 - - 1.2 x 10-2 1.0 x 103 - - - 1.4 x 103  2.6 x 103
Plutonium-242 1.4 x 10-1 - - 4.4 x 10-2 2.0 x 10"1 - - - 2.0 3.0
Americium-243 1.1 - - 6.8 x 10-4 6.8 x 10-1 - - - 1.5 x 101 2.3 x 101
Curium-243 1.4 x 10-1 - - 7.4 x 10-6 2.4 x -10- - - 3.9 x 10-2 3.9
Curium-244 8.0 - - 4.9 x 10-3 5.3 - - - 1.0 9.1 x 101
Curium-245 8.0Ox 10-4 - - 1.3 x10-3  .....-

Curium-246 6.4 x 10-5 - - - 1.1 x 10-4 .....

aThere is a large degree of uncertainty in the schedules and plans for the projects that will generate these wastes. The approach used to develop these activities is given in
Argonne (2010) and the references cited therein. The activities represent values at the time the wastes are projected to be available for disposal and are given to two
significant figures. Separate estimates were developed for GTCC LLRW and GTCC-like waste. All of these wastes will be generated in the future, and there are no Group 2
GTCC-Iike activated metal and sealed source wastes. A dash means there is no value for that entry. CH =contact-handled (waste), RH =remote-handled (waste).

b All of the activated metal wastes are expected to be RH waste.

C The radionuclide activities for the small volume of sealed sources in the SDA are included with the activities reported for the GTCC LLRW Other Waste - RH category.

q

0

1
2



Final GTCC EIS Fina GTC EISAppendix B: GTCC LLR W & GTCC-Like Waste Inventories

1 Most of the radionuclide activity in the wastes being addressed in this EIS is associated
2 with the neutron activation products in commercial nuclear reactors (i.e., GTCC LLRW activated
3 metals). The sealed sources contribute a relatively small amount to the total radionuclide activity,
4 with the exception of cesium-137 (Cs-137), which has a half-life of about 30 years. While the
5 total activity of the Other Waste is significantly lower than that of the activated metal waste,
6 much of this activity is attributable to long-lived TRU radionuclides. These long-lived
7 radionuclides are important in evaluating the viability of various disposal alternatives in this EIS.
8
9 To provide additional perspective on these radionuclide activities, the key properties of

10 the major radionuclides discussed in this appendix are given in Table B-8. This table identifies
11 the major modes of decay for the 44 radionuclides given in Tables B-4 through B-7, along with
12 the half-lives and radiation energies of the alpha and beta particles and photons (gamma rays and
13 x-rays) emitted by these radionuclides. Also indicated are the short-lived radionuclides that
14 accompany these 44 radionuclides.
15
16 The information in Tables B-4 through B-7 is useful in assessing the long-term impacts
17 associated with disposing of these wastes at the various sites evaluated in this BIS. The impacts
18 associated with waste handling and transportation were developed by using radionuclide profiles
19 specific to the various waste streams. As noted previously, the activities given here represent
20 information from available sources, and they were decay-corrected to provide a common basis
21 for the EIS analysis.
22
23
24 B.3 PHYSICAL CHARACTERISTICS OF TILE WASTES
25
26 Following is a description of the physical characteristics of the three waste types
27 (i.e., activated metals, sealed sources, and Other Waste).
28
29
30 B.3.1 Activated Metals
31
32 The activated metal waste consists of steel, stainless-steel, and a number of specialty
33 alloys used in nuclear reactors. Portions of the reactor assembly and other components near the
34 nuclear fuel are activated by high fluxes of neutrons during reactor operations for long periods of
35 time, and high concentrations of some radionuclides are produced. Many of these radionuclides
36 have very short half-lives and decay rapidly, while others have longer half-lives and remain
37 radioactive for an extended period of time. Most of the activated metal waste will be generated in
38 the future from the decommissioning of commercial nuclear power reactors.
39
40 Only a very small fraction of the metallic waste generated from decommissioning
41 commercial nuclear power plants will be GTCC LLRW. Most of the waste will be Class A, B,
42 or C LLRW that can be disposed of at existing commercial radioactive waste disposal sites. For
43 purposes of analysis in the EIS, all of the GTCC LLRW activated metal waste is considered to be
44 remote-handled (RH) waste on the basis of the expected high concentrations of gamma-emitting
45 radionuclides in this material. This waste will need a significant amount of shielding to reduce
46 the levels of radiation to acceptable levels and/or will have to be handled remotely. RH waste is
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1 TABLE B-8 Key Properties of the Major Radionuclides Addressed in This EISa

Radiation Energy per Decay (MeV)

Specific Activity Decay Alpha Beta Photon
Radionuclide Half-Life (Ci/g) Mode (at) (13) (y)

Actinium-227b
Thorium-227 (99%
Francium-223 (19'
Radium-223
Radon-219
Polonium-215
Lead-211
Bismnuth-211
Thallium-207

Americium-241
Americium-243

Neptunium-239
Carbon-14
Cesium-137

Barium-137m (959'
Cobalt-60
Curium-243
Curium-244
Curium-245
Curium-246
Europium- 152
Europium- 154
Europium-i155
Hydrogen-3
Iodine-129
Iron-55
Lead-210

Bismuth-210
Polonium-210

Manganese-54
Molybdenum-93

Niobium-93m
Neptunium-237

Protactinium-233
Nickel-59
Nickel-63
Niobium-94
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Promethium-147

Samarium-147
Protactinium-23 1
Radium-226

Radon-222
Polonium-218
Lead-214
Bismuth-214

-Polonium -214

22 yr
;) 19 days

) 22mrai
11 days

4.0s
0.0018 s
36min
2.1 min
4.8 min
430 yr

7,400 yr
2. 4 days
5,700 yr

30 yr
) 2.6 min

5.3 yr
29 yr
18 yr

8,500 yr
4,700 yr

13 yr
8.8 yr
5.0 yr
12 yr

16 million yr
2.7 yr
22 yr

5. 0 days
140 days
310 days
3,500 yr

14 yr
2.1 million yr

27 days
75,000 yr

96 yr
20,000 yr

88 yr
24,000 yr
6,500 yr

14 yr
380,000 yr

2.6 yr
110 billion yr

33,000 yr
1600 yr
3.8 days
3.1 min
27min
20 min

O. 00016 s

73
31, 000

39 million
52, 000

13 billion
30 trillion
25 million
420 million
190 million

3.5
0.20

230,000
4.5
88

540 million
1,100

52
82

0.17
0.31
180
270
470

9,800
0.000 18
2,400

77
130,000

4,500
7,700

1.1
280

0.0007 1
21,000
0.082

60
0.19
17

0.063
0.23
100

0.0040
940

0.000000023
0.048

1.0
160, 000

290 million
33 million
45 million
330 trillion

a, f
a
/3
a•
ag
a

1T

13

13,E

IT

1,EC

13
13

13

13

0.068
5.9

5.7
6.8
7.4

6.6

5.5

5.3

5.8
5.8
5.4
5.4

5.3

4.8

0.016
0. 053
0.40
0.076
0. 0063
<0.001

0.46
0.010
0.49
0.052
0.022
0.26

0.049
0.19
0.065
0.097
0.14
0.086
0.065
0.0080
0.14
0.29
0.063
0.0057
0.064
0.0042
0.03 8
0.39

<0.001
0.0042
0.0055
0.028
0.070
0.20

0.0046
0.17
0.17
0.0 11

0.0067
0.0 11

0.0052
0.0087
0.062

0.065
0.0036
<0.001
<0.001

0.29
0.66

<0. 001

<0.00 1
0.11
0.059
0.13
0. 056

<0.001
0. 051
0. 04 7

0. 0022
0.033
0.056
0.17

0.60
2.5
0.13

00017
0.096

0.0015
1.2
1.2

0.061

0.025
0.0017
0.0048

<0.001
0.84
0.0 11
0.0019
0.035
0.20

0.0024

1.6
0.0018
<0.001
0.00 17
<0.001
0.00 14
<0.001

0.048
0.0067
<0.001
<0. 001

0.25
1.5

<0.001

5.5
5.1
5.2

<0.001
4.9

2.2
5.0
4.8
5.5
6.0

Z7.
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TABLE B-8 (Cont.)

Radiation Energy per Decay (MeV)

Specific Activity Decay Alpha Beta Gamma
Radionuclide Half-Life (Ci/g) Mode (a) (13) (y,)

Radium-228 5.8 yr 280 13 -0.017 <0.001
Actinium-228 6.1 h 2.3 million /3 0.48 0.97
Thorium-228 1.9 yr 830 at 5.4 0. 021 0. 0033

Samarium-15 1 90 yr 27 13 -0.020 <0.001
Strontium-90 29 yr 140 13 -0.20-

Yttrium-90 64 h 550,000 /3 0.94 <0.001
Technetium-99 210,000 yr 0.017 13 -0.10-

Thorium-229 7,300 yr 0.22 a• 4.9 0.12 0.096
Radium-225 15 days 40, 000 /3 O .11 0. 014
Actinium-225 10 days 59, 000 at 5.8 0. 022 0. 018
Francium-221 4.8 min 180 million at 6.3 0. 010 0. 031
Astatine-217 0.032 s 1.6 trillion at 7.1 <0.001 <0.001
Bismuth-213 46min 20 million a, fl 0. 13 0. 44 0. 13
Polonium-213 (98%) 0.0000042 s 13,000 trillion a 8.4--
Thallium-209 (2%) 2.2 min 410 million /3 O .69 2.0
Lead-209 3.3 h 4. 7 million fl 0.20-

Thorium-230 77,000 yr 0.020 at 4.7 0.015 0.00 16
Thorium-232 14 billion yr 0.00000011 a• 4.0 0.012 0.0013
Uranium-232 72 h 22 at 5.3 0.017 0.0022
Uranium-233 160,000 yr 0.0098 at 4.8 0.0061 0.00 13
Uranium-234 240,000 yr 0.0063 a• 4.8 0.0 13 0.00 17
Uranium-235 700 million yr 0.0000022 ax 4.4 0.049 0.16

Thorium-231 26 h 540, 000 /3 O .17 0. 026
Uranium-236 23 million yr 0.000065 at 4.5 0.011 0.0016
Uranium-238 4.5 billion yr 0.00000034 at 4.2 0.010 0.0014

Thorium-234 24 days 23,000 /3 0.060 0.0093
.Protactinium-234m 1.2 min 690 million /3 0.82 0. 012

aThis table provides a summary of the key radioactive properties of the major radionuclides addressed in this ETS.
Many of these radionuclides have short-lived decay products, which will accompany them in the wastes or be
present in the future as a result of ingrowth. These associated radionuclides are indicated in italics following the
parent radionuclide. A hyphen means the entry is not applicable. EC = electron capture, IT = isomeric transition,
Ci = curie, g = gram, and MeV = million electron volts. Values are given to two significant figures and were
obtained from Appendix G of Federal Guidance Report Number 13 issued by the U.S. Environmental Protection
Agency (EPA 1999) and Publication 38 of the International Commission on Radiological Protection (ICRP 1983).

bSome radionuclides, such as actinium-227 and bismuth-213, decay by more than one mode. Where this occurs and
the resultant decay products are also radioactive, the relative percentages of the decay products are indicated in the
table.

An "in" following the isotopic number, such as barium-137m, indicates that this radionuclide is metastable and
reaches a more stable energy configuration by isomeric transition, generally accompanied with one or more

gamma rays.

1
2
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1 defined to be radioactive waste with contact dose rates greater than 200 millirem per hour
2 (morero/h). The physical form of this waste is solid metal, which is both physically and
3 chemically inert.
4
5
6 B.3.2 Sealed Sources
7
8 Sealed sources typically consist of concentrated radioactive material encapsulated in
9 relatively small containers made of titanium, stainless-steel, or other metals. These sources are

10 commonly used to sterilize medical products, detect flaws and failures in pipelines and metal
11 welds, determine the moisture content in soil and other materials, and diagnose and treat illnesses
12 such as cancer. Only a small fraction of the sealed sources are GTCC LLRW, depending upon
13 the quantity (curies) and half-life of the specific radionuclide present in the source. Most sealed
14 sources are Class A, B, or C LLRW and can be disposed of at existing commercial LLRW
15 disposal facilities, subject to facility waste acceptance criteria and state/compact requirements.
16 The sealed sources that are GTCC LLRW are those that represent a long-term hazard to human
17 health and the environment and exceed the radionuclide concentrations for classification as
18 Class C LLRW given in Title 10, Section 61.55, of the Code of Federal Regulations
19 (10CFR61.55).
20
21 Essentially all of the sealed sources being addressed in this EIS are in Group 1. There are
22 two categories of sealed sources considered in this EIS: small sealed sources and large Cs- 137
23 irradiators. For purposes of analysis, it is assumed that the small GTCC LLRW sealed sources
24 will be packaged in 208-L (55-gal) drums by radionuclide on the basis of packaging factor limits
25 developed by the DOE Global Material Security/Off-Site Source Recovery Project (GMS/OSRP)
26 at Los Alamos National Laboratory (LANL). About 8,700 drums are estimated to be required to
27 dispose of these packaged sealed sources.
28
29 In addition to these small sealed sources, there are 1,435 large Cs-137 irradiators in the
30 waste inventory, each with an assumed volume of 0.71 m3 (25 ft3 ). These irradiators cannot be
31 packaged in 208-L (55-gal) drums and are assumed to be disposed of individually in their
32 original shielded devices. In these irradiators, the Cs-137 source is contained within a very robust
33 shielded device, which is expected to retain its integrity for many years following disposal.
34
35 Sealed sources can encompass several physical forms, including ceramic oxides, salts, or
36 metals. Cesium chloride salt was generally used in older Cs-137 sources, and newer small
37 sources typically have the radionuclide bonded in a ceramic. Of these two forms, cesium chloride
38 salt is much more water soluble. For this EIS, all of the Cs-137 sources are assumed to be present
39 as cesium chloride salt. For the rest of the sealed sources, the radionuclides are assumed to be in
40 the form of oxides. These oxide sources are likely to be in the form of pellets (Sandia 2008).
41 While there are some sealed sources currently in storage, most of this waste will be generated in
42 the future.
43
44 Sealed sources generally have relatively low dose rates when packaged for disposal. As
45 noted in Sandia (2008), all of the packaged sealed sources are expected to be contact-handled
46 (CH) waste, with the exception of two americium-24 1/beryllium sources. For purposes of
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1 analysis in this EIS, CH waste is waste for which the contact dose rates on the surface of the
2 package are less than 200 mrem/h. If RH sealed-source wastes are generated, appropriate
3 precautions will be taken to protect workers during waste handling and disposal operations.
4
5
6 B.3.3 Other Waste
7
8 Other Waste consists of a wide variety of materials, including contaminated equipment,
9 debris, scrap metal, glove boxes, filters, resins, soil, solidified sludges, and other materials. This

10 type of waste includes those GTCC LLRW and GTCC-like wastes that do not fall into one of the
11 other two types (activated metals or sealed sources). Other Waste can come in a number of
12 physical forms, and a range of radionuclides may be present. About 58% of the Other Waste is
13 RH waste, and 42% is CH waste.
14
15 Much of the waste in this category is associated with the West Valley Site.
16 Decontamination and decommissioning activities at the West Valley Site would generate both
17 GTCC LLRW and GTCC-like wastes, with the possible exhumation of the NDA and SDA
18 generating all of the GTCC LLRW at this site. It is expected that most of the GTCC-like Other
19 Waste associated with the West Valley Site would meet the DOE definition of TRU waste. This
20 waste might have originated from non-defense activities and therefore might not be authorized
21 for disposal at WIPP under the WIPP LWA as amended (P.L. 102-579 as amended by
22 P.L. 104-20 1). In addition to the Other Waste associated with the West Valley Site, this waste
23 type includes GTCC LLRW from two commercial Mo-99 production projects and GTCC-like
24 waste from a planned DOE Pu-238 production project.
25
26 It is assumed for purposes of analysis in this ELS that the radionuclides in Other Waste
27 can leach out somewhat readily when exposed to water. Therefore, it is assumed that the Other
28 Waste would be stabilized with grout or another matrix prior to being shipped to the disposal
29 facilities considered in this BIS, as appropriate.
30
31
32 B.4 ASSUMED WASTE GENERATION TIMES
33
34 The waste generation times assumed for purposes of analysis in the EIS are shown in
35 Figure 3.4.2-1. As shown in this figure, much of the waste is assumed to be generated and
36 received at the alternative disposal facilities before 2035.
37
38 The GTCC LLRW and GTCC-like waste disposal facility is assumed to be available to
39 receive wastes in 2019, and at that time, the GTCC LLRW and GTCC-Iike waste in storage
40 would begin to be transported to the disposal facility. The actual start date for operations is
41 uncertain at this time and dependent upon, among other things, the alternative or alternatives
42 selected, additional NEPA review as required, characterization studies, and other actions
43 necessary to initiate and complete construction and operation of a GTCC LLRW and GTCC-like
44 waste disposal facility. For purposes of analysis in the BIS, DOE assumed a start date of disposal
45 operations in 2019. However, given these uncertainties, the actual start date could vary. As
46 shown in Table B- 1, the current volume of stored GTCC LLRW and GTCC-like waste is about

B-22 B-22 January 2016



Final GTCC EIS Appendix B: GTCC LLRW & GTCC-Like Waste Inventories

1 1,100 m3 (39,000 ft3), and this volume is expected to increase somewhat over the next nine
2 years. While very little additional activated metal from decommissioning commercial nuclear
3 reactors would be generated before 2019, the volumes of sealed sources and Other Waste would
4 increase as sealed sources would continue to become disused and a number of ongoing projects
5 that would generate GTCC-like waste would be completed.
6
7 A number of assumptions were made in developing the assumed generation and waste
8 receipt rates. For the Group 1 wastes, future inventory estimates are projected to 2035 for Other
9 Waste, 2062 for activated metals, and 2083 for sealed sources. The time period used for activated

10 metal waste accounts for the decommissioning of all currently NRC-licensed commercial nuclear
11 power plants, which will produce most of the radionuclide activity for Group 1 wastes. Many
12 nuclear utilities are currently seeking and being granted extensions to their operating licenses
13 from NRC. These extensions are generally for about 20 years. Assuming that all commercial
14 nuclear power reactors receive 20-year license extensions, the last currently operating nuclear
15 power plant will cease operation in 2056. It is assumed that a 6-year cooling period occurs before
16 decommissioning operations commence and these wastes become available for disposal. When
17 one year is allowed for disposal, all such waste will be disposed of by 2062 (Sandia 2008).
18
19 The time period for Group 1 Other Waste reflects a reasonable amount of time for
20 addressing the indicated wastes. Many of these wastes are associated with the West Valley Site,
21 and activities that could generate Group 1 wastes at this site are expected to be completed before
22 2035. The waste volumes and activities for the Other Waste generated by other sources are
23 comparatively small and well defined. The time period for Group 1 sealed sources is consistent
24 with the assumption used to address the future decommissioning of Group 2 commercial nuclear
25 power reactors.
26
27 All of the wastes in Group 2 will be generated in the future. Some of these facilities may
28 or may not be constructed and operated as currently envisioned, so these projections have a high
29 degree of uncertainty associated with them. This situation contrasts with that of the Group 1
30 wastes, some of which are already in storage and the rest of which are expected to be generated
31 from currently operating facilities.
32
33 The same approach as that used for the Group 1 activated metal wastes from commercial
34 nuclear reactors was used for comparable Group 2 wastes from proposed new reactors. Although
35 the schedules for new commercial reactors are subject to change, it is projected that activated
36 metal wastes from decommissioning these reactors would be generated to 2083. A total of
37 33 new reactors were assumed to estimate the volumes and radionuclide activities for these
38 wastes, consistent with information provided by the NRC (NRC 2009). As was the case for the
39 Group 1 activated metal wastes, it is assumed that the new reactors would have a 60-year
40 operational life and that a 6-year cooling period would occur before decommissioning operations
41 would Commence and these wastes would become available for disposal.
42
43 All other GTCC LLRW and GTCC-like waste in Group 2 are expected to be disposed of
44 shortly after generation. Most of the Group 2 GTCC LLRW is associated with the assumed
45 exhumation of the NDA and SDA at the West Valley Site. For purposes of analysis in the EJS, it
46 is assumed that a decision to exhume these wastes would be made within 10 years of the Record
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1 of Decision: Final Environmental Impact Statement for Decommissioning and/or Long-Term
2 Stewards hi:p at the West Valley Demonstration Project and Western New York Nuclear Service
3 Center (DOE 2010~b) and that these wastes would be exhumed from 2020 to 2035. This is a
4 conservative approach, because if the wastes were exhumed later, additional radioactive decay
5 would occur prior to generation of this GTCC LLRW and GTCC-like waste. As noted
6 previously, it is assumed that the interim on-site storage of wastes from the two planned
7 commercial Mo-99 production projects and the planned DOE Pu-238 production project would
8 allow for decay of the short-lived radionuclides in these wastes.
9

10
11 B.5 PACKAGING ASSUMPTIONS
12
13 Packaging and shipment configurations vary among Alternatives 2, 3, 4, and 5.
14 Section B.5.1 provides the assumptions used for the land disposal alternatives (3, 4, and 5). The
15 assumptions for disposal at WTPP (Alternative 2) are discussed in Section B.5.2.
16
17
18 B.5.1 Land Disposal
19
20 For the purpose of this BIS, GTCC LLRW and GTCC-like waste are assumed to be
21 transported by truck and rail to a disposal facility in Type B shipping packages. There are more
22 truck casks readily available for shipping CH waste than for shipping RH waste, especially RH
23 waste with external radiation dose rates on the order of 1,000 rem/h at the container surface.
24 Rates this high are characteristic of the activated metal waste discussed in Section B .3.1. On the
25 other hand, a number of rail casks can accommodate waste containers and payloads that are
26 larger than those handled by truck casks, and the rail casks also have sufficient shielding for
27 waste with high external radiation dose rates. Table B-9 provides examples of shipping packages
28 that could be used for the transport of GTCC LLRW and GTCC-like waste, some of which are
29 discussed further in Sections B.5.1.1 and B.5.l.2. Note that not all GTCC LLRW or GTCC-like
30 waste would necessarily require shipment in Type B packaging as discussed in Section C.9.4.2.
31 Because the levels of radioactivity of the CH waste (including the sealed sources) in their
32 Type A containers (i.e., 208-L [55-gal] drums and SWBs) are assumed to be near the upper
33 limits specified in 10 CFR Part 71, with multiple drums or SWBs per shipment, Type B shipping
34 packaging is assumed for this analysis. However, at the time of actual shipment, all GTCC
35 LLRW and GTCC-like waste would be packaged in compliance with applicable radioactive
36 material transportation safety regulations, and Type B packaging might not be required,
37 depending on the characteristics of the waste to be transported.
38
39
40 B.5.1.1 Contact-Handled Waste
41
42 A common container for the storage and disposal of CH and RH GTCC LLRW and
43 GTCC-like waste is the 208-L (55-gal) drum (referred to as drum(s) in the remainder of this
44 appendix). In addition, some stored and projected CH wastes may be packaged for disposal in
45 standard waste boxes (SWBs). This BIS assumes that the disposal of CH waste, with the
46 exception of Cs-137 irradiators, will be in drums and SWBs. The Transuranic Package
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1
2

TABLE B-9 Representative Sample of Type B Shipping Packages with the Potential for
Transporting GTCC LLRW and GTCC-Like Waste3

Maximum
Internal Internal Maximum Gross Waste Type Transport Mode

Diameter Length Payload Weight
Package in rn (in.) in m (in.) in kg (lb) in kg (lb) CH RHb Truckc Rail

TRUPACT-II 1.85 1.91 3,300 8,700 X X
(73) (75) (7,265) (19,250)

HalfPACT 1.85 1.14 3,400) 8,200 X X
(73) (45) (7,600) (18,100)

CNS 10-160B 1.73 1.96 6,600 32,700 X X
(68) (77) (14,500) (72,000)

RH 72-B 0.79 3.30 3,600 15,200 X X
(31) (130) (8,000) (33,500)

CNS 3 -5 5 d 0.91 2.82 4,200 31,800 X X
(36) (111) (9,220) (70,000)

3-60Be 0.89 2.82 4,300 36,300 X X
(35) (111) (9,500) (80,000)

TN-RAM 0.89 2.82 4,300 36,300 X X
(35) (111) (9,500) (80,000)

NAC STC 1.80 4.19 8,500 11.8,000 X X
(71) (165) (1 8,7 0 0 )f (260,000)

NAC UMS 1.73 4.90 9,100 113,000 X X
(68) (193) (2 0,000)f (250,000)

125-B 1.30 4.90 20,000 82,300 X X
(51) (193) (44,000) (181,500)

TS 125 1.70 4.90 38,000 129,000 X X
(67) (193) (85,000) (285,000)

a The packages' internal dimensions and weight limits were taken from NRC (2006).

b Casks designed to handle RH- waste may also transport CH waste.

C Truck casks may also be used for rail transport.

d The certificate of compliance expired in October 2008 and will not be renewed.

eProposed design intended for replacement of the CNS 3-55 cask (Carlson et al. 2006; NRC 2007).

f Listed payload weight is that specified for the transport of GTCC LLRW and GTCC-like waste.

Transporter-I (TRUPACT-II) Type B package (DOE 2005) is an example of what can be used
to transport the CH waste for disposal. This package is in widespread use for similar types of
waste and can be used for both truck and rail transport. Two common shipping configurations of
waste used with the TRUPACT-II are two stacked 7-drum packs (seven 208-L [55-gal] drums in
a close-packed hexagonal unit) or two stacked SWBs.

For the purposes of this EIS, the external volume occupied by a drum is assumed to be
0.267 m3 (9.43 ft3), which assumes a right circular cylinder with an outside diameter of 0.610 m
(2.0 ft) and a length of 0.914 m (3.0 ft). This external volume is in the upper range of 0.226 to

3
4
5
6
7
8
9

10
11
12
13
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1 0.283 m3 (8 to 10 ft3) (DOE 2006a) that is expected for these types of drums at an LLRW
2 disposal site but is not considered to be overly conservative. The internal volume of a 208-L
3 (55-gal) drum is 0.208 m3 (7.34 ft3). The outside dimensions of an SWB are 1.80 m (71 in.) in
4 length, 1.37 m (54 in.) in width, and 0.94 m (37 in.) in height (DOE 2004). The approximate
5 internal and external volumes of an SWB are 1.88 m3 (66.4 ft3) and 2.08 m3 (73.4 ft3),
6 respectively. SWBs are rounded on the ends for use as shipping containers within TRUIPACT-II
7 shipping casks, with two SWBs to a cask in a stacked configuration.
8
9 While other shipping configurations (e.g., 321- and 378-L [85- and 100-gal] drums, as

10 well as 10-drum overpacks) might be possible with the TRUJPACT-II or other casks, their use is
11 not considered in this EIS, but the use of other types of containers could be accommodated in the
12 current disposal facility designs discussed in Appendix D. Also, GTCC LLRW and GTCC-like
13 CH waste may be found in storage in containers larger than SWBs at some sites, but there are
14 currently no viable casks available for transport. Packing arrangements in the CH disposal units
15 could be modified accordingly in the future if such packages became available (e.g., the
16 TRUJPACT-III [DOE 2007]).
17
18
19 B.5.1.2 Remote-Handled Waste
20
21 A number of Type B casks are available for the transport of Ru waste. Selection of the
22 proper cask will depend on the external dose rate and the use of the appropriate shipping
23 container or canister for a given cask. Except for activated metal waste (which has a high
24 external dose rate similar to spent nuclear fuel), the majority of the RH wastes being considered
25 for disposal can be packaged in drums and shipped in truck casks, such as the RH 72-B
26 (DOE 2006b) and 10-160B (NRC 2005), or in a rail cask (such as the Nuclear Assurance Corp.
27 [NAC] STC). This EIS assumes that all Ru waste, except for activated metal waste, is packaged
28 for disposal in drums. If shipped in the RH 72-B cask, three drums can be packaged in an RH
29 canister (DOE 1995) that is designed for use with this cask. The RH canister has a length of
30 3.07 m (121 in.), a diameter of 0.66 m (26 in.), a wall that is 0.64-cm (0.25-in.) thick, and an
31 internal volume of 0.89 m3 (31.4 ft3). As an alternative, RH waste can be loaded directly into the
32 canister for disposal (DOE 2006c). The proposed land disposal facility designs in Appendix D
33 can accommodate both drums and RH canisters.
34
35 Activated metal is assumed to be packaged in unshielded right circular stainless-steel
36 canisters (activated metal canisters ([AMCs]). To facilitate potential shipment by truck as well as
37 rail and to provide flexibility in the facility design as discussed in Appendix D, the size and
38 weight of these canisters were selected to be compatible with existing containers and weight
39 limitations of truck casks. AMCs are assumed to have an external length of 1.22 m (48 in.), an
40 outside diameter of 0.66 m (26 in.), an external volume of 0.418 m3 (14.8 ft3), and an internal
41 volume of 0.370 m3 (13.1 ft3), with a wall thickness of 1.27 cm (0.5 in.) and an end plate
42 thickness of 2.54 cm (1 in.). The external diameter of 0.66 m (26 in.) was chosen to match that of
43 the RH canister (DOE 1995) and remain close to the 0.61-rn (24-in.) diameter of drums used for
44 RH waste disposal. A loaded AMC is estimated to weigh approximately 2,600 kg (5,800 lb).
45 This weight was based on a fill fraction of 75% (Sandia 2007). Additional discussion on the size
46 of the AMCs in relation to RH disposal is presented in Appendix D.
47
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1 Most Type B casks would need to be recertified to transport activated metals. A recent2 investigation of appropriate truck and rail casks for the transport of activated metals showed that
3 few options are available, primarily because of the cargo's high external radiation dose rates
4 (Carlson et al. 2006). The certificate of compliance for the heavily shielded CNS 3-55 truck cask
5 is no longer valid (it expired in October 2008). However, Energy Solutions may be in the process
6 of supplying an equivalent replacement, the 3-60B cask (NRC 2007). The TN-RAM is also a
7 candidate truck cask, but only one cask is in existence (Carlson et al. 2006). On the other hand,
8 the TN-RAMd and/or the CNS 3-55 design could be used as the basis for another certificate of
9 compliance submittal. Both the 3-60B and TN-RAM designs have a payload capacity of

10 4,300 kg (9,500 lb) and internal dimensions that could support a longer AMC.
11
12 The present length of the AMC was selected to keep it compatible with the RH 72-B and
13 10-160B packages. For containers with lower dose rates, an AMC could be shipped with spacers
14 in the RH 72-B, which has a 3,600-kg (8,000-1b) payload. The 10-160B is certified to transport
15 activated metal and has a 6,580-kg (14,500-1b) payload. However, additional shielding would be
16 needed for any AMCs with radiation dose rates on the order of 1,000 rem/h at contact. The
17 payload limit includes any additional shielding and bracing that would be needed, which would
18 likely require recertification of the package.
19
20
21 B.5.2 Waste Isolation Pilot Plant
22
23 The assumptions about the packaging used to dispose of CH waste are the same for
24 disposal at WIPP and for the land disposal options. However, it is assumed that RH waste would
25 be packaged in one of the two shielded containers discussed below, so it could be handled as CH
26 waste in order to optimize disposal space at WIPP (Sandia 2007, 2008). Both truck and rail
27 transport modes are considered for shipment of GTCC LLRW and GTCC-like waste to WIPP.
28
29 For activated metal and RH waste with higher external dose rates, packaging in canisters
30 with a diameter of 0.71 m (28 in.), height of 1.4 m (55 in.), and inner cavity dimensions of
31 0.47 m (18.4 in.) in diameter and 1.15 m (45.4 in.) in length is assumed. The canister is fitted
32 with a 9.71-cm (3.825-in.) lead shield to reduce radiation rates at the surface to less than
33 200 mrem/h (Sandia 2007). The canister is based on an older AMC design and should not be
34 confused with the AMCs used in this EIS as described in Section B.5.1.2; it is referred to as a
35 half-shielded activated metal canister (h-SAMC) in this EIS. A loaded canister is estimated to
36 weigh 4,190 kg (9,220 lb). For truck transport, only one h-SAMC is assumed per shipment; there
37 is one h-SAMC per truck Type B package. Three h-SAMCs are assumed per rail Type B
38 package.
39
40 RH waste with lower external dose rates is assumed to be packaged in lead-shielded
41 containers currently undergoing certification for use at WIPP (DOE undated). These containers
42 are roughly the size of 208-L (55-gal) drums with a 2.54-cm (1-in.) lead liner designed to hold a
43 1 13-L (30-gal) drum of RH- waste. One HalfPACT type B package can transport one three-pack
44 (DOE undated).
45
46
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

B.6 SITE INVENTORIES AND SIIIPMIENTS

The number of shipments from a generator site to a disposal facility depends on the type
of waste, the amount of waste, the packaging used, and the transport mode. Sections B.6. 1 and
B.6.2 summarize this information for disposal at land disposal sites and WIPP, respectively.
Table B- 10 summarizes the shipment loading assumptions used for the alternatives considered.

B.6.1 Land Disposal

It is assumed that approximately 12,600 truck shipments or 5,000 rail shipments of all
GTCC LLRW and GTCC-like waste considered in Groups 1 and 2 would be needed if the
land disposal methods were used. For the purposes of this EIS, Table B-il summarizes waste
volumes generated, disposal containers, and number of shipments estimated.

B.6.2 Deep Geologic Disposal at WIPP

It is assumed that approximately 33,700 truck shipments or 11,800 rail shipments would
be needed to dispose of all Group 1 and 2 GTCC LLRW and GTCC-like waste at WIPP, as
summarized in Table B-12. The number of shipments is more than double the number estimated

TABLE B-10 Number of Waste Containers per Shipment

Number of
Containers

Waste Container per Vehicle Comments

Truck shipments
AMC 1 One AMC per Type B shipping package
h-SAMC 1 One h-SAMC per Type B shipping package
CH drum 42 Two 7-drum packs per TRUIPACT-II, three TRUIPACT-Ils per truck
SWB 6 Two SWBs per TRUPACT-II, three TRUPACT-Ils per truck
Cs- 137 irradiator 6 Two irradiators per TRUPACT-Il, three TRUPACT-Ils per truck
RH drum 3 Three drums per one RH canister in an RH 72-B
Lead-shielded container 9 Three containers per HalfPACT, three HalfPACTs per truck

Rail shipments
AMC 4 The weight of the number of AMCs is limited by the Type B

shipping package
h-SAMC 3 The weight of the number of h-SAMCs is limited by the Type B

shipping package
CHI drum 84 Two 7-drum packs per TRUIPACT-II, six TRUPACT-Ils per railcar
SWB 12 Two SWBs per TRUIPACT-II, six TRUJPACT-Ils per railcar
Cs-137 irradiator 12 Two SWBs per TRUPACT-II, six TRUPACT-Ils per railcar
RH drum 6 Three drums per RH canister, two RH canisters/RH 72-Bs per railcar
Lead-shielded container 18 Three containers per HalfPACT, six HalIPACTs per railcar
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1 TABLE B-li Estimated Number of Radioactive Material Shipments for Disposal of GTCC LLRW and
2 GTCC-Like Waste at Potential Land Disposal Sitesa

No. of No. of
Waste Volume No. of Truck Railcar

Shipment Site Type (in3) Container Type Containers Shipments Shipmentsb

Group 1
GTCC LLRW
Activated metals

Past/present commercial reactorsc RH 882.4 AMC 2,452 2,452 660
Sealed sourcesd

Small CH 1,810.0 55-gal drum 8,702 209 105
Cs-137 irradiators CH 1,018.9 Self-contained 1,435 240 120

Other Waste
CH CII 42.1 55-gal drum 203 5 3 ;
RH RH 33.6 55-gal drum 162 54 27

~GTCC-Iike waste
,• ~Activated metals •

RH RH 12.8 AMC 38 38 11
Sealed sourcesd

Small CH 0.8 55-gal drum 4 1 1
Other Waste c

CH drum CH 33.9 55-gal drum 173 5 3

CH SWB CH 708.8 SWB 381 64 32 :
RH RH 716.3 55-gal drum 3,462 1,155 579 [

Group_ _1_ _total .. . . . . . . . . . . . . . . . . . .5,_2_5_9_._5_ . . . . . . . . . . . ._1_7_,_0_1_2 4,223 1,541
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TABLE B-li (Cont.)

No. of No. of
Waste Volume No. of Truck Railcar

Shipment Site Type (in 3 ) Container Type Containers Shipments Shipmentsb

Group 2
GTCC LLRW
Activated metals

New BWRs RH 72.6 AMC 202 202 54
New PWRs RH 303.4 AMC 833 833 227
Additional commercial waste RH 735.3 AMC 1,990 1,990 498

Other Waste
CH CH 1,551.0 SWB 829 139 70
RH RH 2,361.8 55-gal drum 11,365 3,789 1,896

GTCC-Iike waste
Other Waste

CHI CH 488.3 SWB 261 44 22
RE RH 874.4 55-gal drum 4,207 1,403 702

Group 2 total 6,386.8 19,687 8,400 3,469

Total Groups 1 and 2 11,646.2 36,699 12,623 5,010

a AMC = activated metal canister, BWR = boiling water reactor, CHI = contact-handled, PWR =pressurized water

reactor, RH = remote-handled, SWB =standard waste box.

b Rail shipments are assumed to consist of one railcar as part of a general freight train.

C Sum of shipments from the individual commercial reactor site locations. Approximate reactor locations are listed in
Table 3.4-1 in Chapter 3.

dFor purposes of this EIS, commercial and DOE sealed sources are assumed to be shipped from the population-
weighted center of the United States. These sources are distributed throughout the country and are projected waste.
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TABLE B-12 Estimated Number of Radioactive Material Shipments for Disposal of GTCC LLRW and
GTCC-Like Waste at WIPPa

No. of No. of
Waste Volume No. of Truck Railcar

Shipment Site Type (in 3 ) Container Type Containers Shipments Shipmentsb

Group 1
GTCC LLRW
Activated metals

Past/present commercial reactorsc
Sealed sourcesd

Small
Cs- 137 irradiators

Other Waste
CU
RH-

GTCC-Iike
Activated metals

RH
Sealed sourcesd

Small
Other Waste

CH drum
CU SWB
RH

RH 882.4 h-SAMC

CU 1,810.0 55-gal drum
CH 1,018.9 Self-contained

12,595

8,702
1,435

203
172

70

CH
RU

RU

CU

42.1 55-gal drum
33.6 h-SAMC

12.8 h-SAMC

0.8 55-gal drum

12,595

209
240

5
172

70

1

4,237

105
120

3
58

24

14

CU 33.9 55-gal drum 173 5 3
CU 708.8 SWB 381 64 32
RU 716.3 h-SAMC 3,654 3,654 1,221

5,259.5 27,389 17,015 5,804
-Grouip 1 total

q
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TABLE B-12 (Cont.)

No. of No. of
Waste Volume No. of Truck Railcar

Shipment Site Type (in 3) Container Type Containers Shipments Shipmentsb.

Group 2
GTCC LLRW
Activated metals

New BWRs RH 72.6 h-SAMC 956 956 320
New PWRs RH 303.4 h-SAMC 4,789 4,789 1,607
Additional commercial waste RH 735.3 h-SAMC 3,736 3,736 1,246

Other Waste
CH CH 1,551.0 SWB 829 139 70
RH container RH 2,298.9 Shielded container 20,348 2,262 1,131
RH h-SAMC RH 62.9 h-SAMC 323 323 109

GTCC-like waste
Other Waste

CH CH 488.3 SWB 261 44 22
RH RH- 874.4 h-SAMC 4,441 4,441 1,481

Group 2 total 6,386.8 35,683 16,690 5,986

Total Groups 1 and 2 11,646.2 63,072 33,705 11,790

aBWR =boiling water reactor, CH = contact-handled, h-SAMC = half-shielded activated metal canister,
PWR =pressurized water reactor, RH = remote-handled, SWB = standard waste box.

b Rail shipments are assumed to consist of one railcar as part of a general freight train.

C Sum of shipments from the individual commercial reactor site locations. Approximate reactor locations are listed in
Table 3.4-1 in Chapter 3.

dFor purposes of this EIS, commercial and DOE sealed sources are assumed to be shipped from the population-weighted
center of the United States. These sourcesare distributed throughout the country and are projected waste.
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1 for the land disposal sites because of the use of the lead-shielded containers to transport the RH
2 waste. The h-SAMC and lead-shielded containers have less internal volume than the AMCs and
3 208-L (55-gal) drums, respectively.
4
5
6 B.7 ACCIDENT CONSEQUENCE SHIPMENT INVENTORIES
7
8 For the transportation accident consequence analysis discussed in Section 5.3.9.3 and in
9 Appendix C, Section C.9.3 .3, the potentially worst-case shipment inventories (radionuclide

10 source terms) were used in the analysis. In the case of sealed sources, if all shipments were
11 grouped according to the radionuclides present, shipments of Am-24 1 sealed sources were found
12 to have the highest potential impacts. Truck shipments were assumed to carry 1,470 Ci of
13 Am-241 based on a limit of 35 Ci per 208-L (55-gal) drum, with 14 drums per TRUJPACT-II and
14 three TRUPACT-Ils per truck. Rail shipments were assumed to contain double the volumes of
15 truck shipments. Table B- 13 presents the estimated shipment inventories used for activated
16 metals from commercial nuclear power plants, Other Waste - CH, and Other Waste - RH. The
17 values in Table B- 13 for the activated metals and Other Waste - RH represent shipments to
18 enhanced near-surface disposal facilities using the AMC for the activated metals in a Type B
19 shipping package and 208-L (55-gal) drums in an RH 72-B for the Other Waste - RH. For
20 shipments to WJPP, the corresponding inventories for the activated metals and Other Waste - RHt
21 would be approximately one-third the values in Table B-13 because the assumed shielded
22 containers for these wastes can only accommodate about one-third the volume of the AMC and
23 208-L (55-gal) drum configurations.
24
25
26 TABLE B-13 Shipment Inventories Assumed
27 for the Transportation Accident Consequence
28 Assessment

Activity (Ci)

Radionuclide Truck Rail

Activated Metals
Americium-241 2.30E-02 9.20E-02
Carbon-14 8.32E+00 3.33E+01
Cobalt-60 2.34E+04 9.35E+04
Cesium-137 4.95E+00 1.98E+01
Hydrogen-3 2.58E+00 1.03E+01
Iodine-i129 6.85E-04 2.74E-03
Iron-55 l.53E+04 6.13E+04
Manganese-54 2.62E+01 1.05E+02
Nickel-59 4.44E+01 1.78E+02
Nickel-63 6.44E+03 2.58E+04
Niobium-94 2.67E-01 1.07E+00
Plutonium-23 8 3.20E-04 1.28E-03
Plutonium-239 1.62E+00 6.48E+00

29
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TABLE B-13 (Cont.)

Activity (Ci)

Radionuclide Truck Rail

Activated Metals (Cont.)
Plutonium-241 9.18E-03 3.67E-02
Strontium-90 4.36E+00 1.75E+01
Technetium-99 1 .62E+00 6.48E+00

Other Waste - CH
Americium-241 2.95E+02 5.90E+02
Cobalt-60 9.85E-04 1.97E-03
Cesium-137 9.18E-02 1.84E-01
Nickel-63 6.15E-03 1.23E-02
Neptunium-237 2.53E-01 5.06E-01
Plutonium-238 2.08E+01 4.16E+01
Plutonium-239 2.78E-01 5.56E-01
Plutonium-240 2.22E-03 4.44E-03
Plutonium-241 1.08E+00 2.16E+00
Strontium-90 8.43E-02 1.69E-01
Thorium-230 1.1 1E-03 2.22E-03
Uranium-235 3.50E-02 7.00E-02

Other Waste - RH
Cesium-134 1.84E+00 3.68E+00
Cesium-137 4.29E+01 8.58E+01
Cobalt-60 4.12E+O0 8.24E2+00
Curium-242 1 .47E+00 2.94E+00
Curium-244 5.14E+00 1.03E+01
Europium- 152 3.19E+00 6.38E+00
Europium-154 9.30E-01 1.86E+00
Europium- 155 4.24E-01 8.48E-01
Manganese-54 2.22E-01 4.44E-01
Plutonium-238 3.45E+00 6.90E+00
Plutonium-239 9.02E-01 1.80E+00
Plutonium-240 1 .45E-01 2.90E-OI
Ruthenium- 106 2.47E-01 4.94E-01
Scandium-46 4.21E+00 8.42E+00
Strontium-90 1.71E+01 3.42E+01
Uraniumn-233 3 .62E+00 7.24E+00
Tungsten-185 1.10E+02 2.20E+02
Tungsten-188 2.78E+02 5.56E+02

1
2
3
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1 APPENDIX C:
2
3 IMPACT ASSESSMENT METHODOLOGIES
4
5
6 This appendix summarizes the methodologies used in evaluating the various
7 environmental resource areas discussed in this environmental impact statement (EIS). The
8 environmental resource areas evaluated are as follows:
9

10 • Climate, air quality, and noise;
11 ° Geology and soils;
12 • Water resources;
13 ° Human health (including accidents and intentional destructive acts);
14 ° Ecological resources;
15 ' Socioeconomics;
16 ° Environmental justice;
17 * Land use;
18 ° Transportation (including accidents);
19 * Cultural resources; and
20 * Waste management.
21
22 In addition to the above resource areas, DOE evaluated inadvertent human intrusion and
23 cumulative impacts that could result from implementation of the proposed GTCC action at each
24 of the sites evaluated in combination with past, present, and planned activities (including federal
25 and nonfederal activities) at or in the vicinity of each of the sites.
26
27
28 C.1 AIR QUALITY AND NOISE
29
30
31 C.l.1 Air Quality
32
33 Potential air quality impacts under each alternative were evaluated by estimating
34 potential air pollutant emissions from the activities associated with facility construction and
35 operations. Potential air emission sources were obtained from Appendix D. Air emissions of
36 criteria pollutants, volatile organic compounds (VOCs), and carbon dioxide (CO 2. a primary
37 greenhouse gas) that would result from the activities associated with construction (e.g., engine
38 exhaust and fugitive dust emissions from heavy equipment and vehicles) and operations
39 (e.g., boiler and emergency generator stack emissions) were estimated by using emission factors
40 available in the standard reference (EPA 2004) and by using activity-level data obtained from
41 Appendix D. Information previously developed for other similar projects was also obtained and
42 used to the extent possible. The significance of project-related emissions to overall air quality
43 was determined by comparing the estimated project-related emissions with the
44 sitewide/countywide emissions or statewide/worldwide emissions of CO2 .
45
46
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1 C.1.2 Noise
2
3 Potential noise impacts under each alternative were assessed by estimating the noise
4 levels from noise-emitting sources associated with facility construction and operations, then
5 performing noise propagation modeling. First, all potential noise-emitting sources were
6 identified, as described in Appendix D. Examples of noise-emitting sources include heavy
7 equipment used in earth-moving activities during construction, process equipment, emergency
8 generators used during operations, and both the on-site and off-site vehicles used throughout the
9 project. Sound power or sound pressure levels of individual noise sources were obtained from

10 the literature (e.g., Hanson et al. 2006; Menge et al. 1998; Wood and Barnes 2006). For a general
11 assessment of industrial activities, this EIS adopted a simplified but conservative approach to
12 estimate noise levels at sensitive receptors. For a general assessment, it is adequate to assume
13 that only the two noisiest pieces of equipment would operate simultaneously and continuously at
14 full power (Hanson et al. 2006). Potential noise impacts at the nearest sensitive receptors
15 (e.g., residences) were estimated by using a simple noise propagation formula (e.g., considering
16 geometric spreading of sound energy only). If other attenuation mechanisms, such as air
17 absorption or ground effects, are included, more decreases of sound levels would occur.
18 Assuming a 10-hour daytime shift, estimated potential noise levels were assessed by comparing
19 them to the U.S. Environmental Protection Agency (EPA) noise guideline (EPA 1974), which is
20 more stringent than the state or local guidelines.
21
22 In addition, a ground-borne vibration impact analysis was performed in the same way as
23 was the noise impact analysis. Common ground-borne vibration sources include construction and
24 operational activities (e.g., use of heavy equipment). The distances at which vibration levels are
25 below the threshold of perception for humans and interference with vibration-sensitive activities
26 were estimated (Hanson et al. 2006).
27
28
29 C.2 GEOLOGY AND SOILS
30
31 The main elements considered when assessing impacts on geologic and soil resources
32 were the location and extent of land disturbed during construction and operations. Activities that
33 could result in land disturbance include excavating for the trench and vault facilities, drilling for
34 boreholes, and staging of equipment in designated areas. Geologic and soil conditions within
35 each of the greater-than-Class C (GTCC) reference locations and at the Waste Isolation Pilot
36 Plant (WIPP) are described in the affected environment section. Surveys in the vicinity of the
37 candidate sites, including soil surveys, topographic surveys, and geologic and seismic hazard
38 maps, were reviewed as an initial step in the assessment. Well log data from on-site (or near-site)
39 wells and boreholes were also reviewed.
40
41 The impact analysis for geologic resources evaluated effects on critical geologic
42 attributes, including access to mineral or energy resources, destruction of unique geologic
43 features, and mass movement induced by construction. The impact analysis also evaluated
44 regional geologic conditions, such as earthquake potential. The impact analysis for soil resources
45 evaluated effects on specific soil attributes, including the potential for soil erosion and
46 compaction by construction activities.
47
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1 The determination of the relative magnitude of an impact for each evaluated site was2 based on an analysis of both the context of the action and the intensity of the impact on a
3 particular resource.
4
5
6 C.3 WATER RESOURCES
7
8 Water resources that could be affected by the GTCC LLRW and GTCC-like waste
9 disposal facility include rivers, streams, and groundwater. Hydrologic conditions (including

10 hydrologic parameters, such as flow volumes [surface water] and hydraulic conductivity
11 [groundwater]) in the vicinity of each site evaluated in this GTCC EIS and are described in the
12 affected environment sections.
13
14 Impacts on surface water were evaluated in terms of runoff and water quality. Changes in
15 runoff were assessed by comparing runoff conditions with and without the GTCC LLRW and
16 GTCC-like waste disposal facility. The potential for impacts on surface water quality was
17 assessed on the basis of the site's location relative to rivers and streams, local runoff rates, and
18 groundwater discharge.
19
20 The impact analysis for groundwater resources evaluated effects on underlying aquifers
21 in terms of changes in groundwater depth, direction of groundwater flow, groundwater velocity,
22 groundwater quality, and recharge rates. Impacts on groundwater depth and direction of flow
23 were assessed by comparing existing water use with water demand under the proposed action.
24 For the land disposal alternatives (borehole, trench, and vault), the RESRAD-OFFSITE
25 (Yu et al. 2007) model was used to estimate the concentrations and migration rates of
26 contaminants from source areas to groundwater (i.e., changes in groundwater quality over time).
27 Changes in recharge rates were assessed by estimating the impermeable area that would result
28 from GTCC LLRW and GTCC-like waste disposal facility construction and operations and
29 comparing it to the recharge area currently available at each of the sites evaluated
30 (see Appendix B).
31
32
33 C.4 HUMAN HEALTH RISK
34
35 This section describes the approach used for assessing the human health impacts from
36 disposal of GTCC low-level radioactive waste (LLRW) and GTCC-like waste under normal and
37 accident conditions. For normal operations (Section C.4. 1), potential impacts are evaluated for
38 the short term (during construction and disposal operations) and long term (post-closure of the
39 facility). Facility accidents are considered in Section C.4.2.
40
41
42 C.4.1 Operations
43
44 The GTCC LLRW and GTCC-like waste would arrive at the disposal facility
45 prepackaged in accordance with appropriate packaging and transportation regulations, and it is
46 expected that the containers would retain their integrity throughout the disposal operations.
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1 Leakage of the waste containers is not expected to occur under routine operations; hence,
2 airborne emissions or wastewater discharges are likewise not expected. As a result, human health
3 impacts during the operational phase would be limited to external radiation exposure, which
4 could occur without direct contact with the waste. The release of contaminants from the waste
5 material could occur after the closure of the disposal facility, as a result of the degradation of the
6 waste containers in the environment over time. Only after the release of the contaminants could
7 human health risks result from direct contact with the contaminants as a result of inhalation and
8 ingestion through potentially available pathways and subsequent transport in the environment.
9

10
11 C.4.1.1 Receptors and Exposure Pathways
12
13 Human health impacts are estimated for three categories of receptors in this EIS:
14 involved workers, noninvolved workers, and the off-site general public. Both involved workers
15 and noninvolved workers would be employed by the waste disposal facility. Involved workers
16 are those workers who conduct waste disposal activities, such as loading and unloading the waste
17 containers and placing them into the disposal cells. Noninvolved workers work at the disposal
18 facility but do not perform hands-on activities. For example, they would be employees who work
19 in the administration building or outside the immediate area of the disposal facility but within the
20 boundary of the disposal facility footprint. The general public consists of residents who live
21 outside the boundary of the disposal facility but within 80 km (50 mi) of the facility boundary.
22
23 As noted previously, the release of waste material through airborne emissions or
24 wastewater discharges is not expected during the operation of the disposal facility except as a
25 result of accidents, which are discussed in Section C.4.2. Potential impacts are thus estimated
26 only for the involved workers who, because of their close proximity to the waste material, could
27 incur radiation doses through external exposure. Radiation exposures of the noninvolved workers
28 and the off-site general public would be low because they would be farther away from the waste
29 materials. More details are provided in Sections 5.3.4.1.1 and 5.3.4.1.2.
30
31 After the closure of the land disposal facility (i.e., borehole, trench, or vault), exposures
32 could occur from waste material released by airborne emissions (should the cover system fail)
33 and from leaching of radionuclides to the groundwater (which is used for drinking and household
34 activities). Such releases could occur over a long time period, usually following closure of the
35 disposal facility. The potential radiation doses and latent cancer fatality (LCF) risks from the
36 airborne pathway would be low; the pathway of most concern is leaching to groundwater (see
37 Section 5.3.4.3). To assess the potential impact associated with using contaminated groundwater
38 in the future, a well located 100 m (330 ft) from the edge of the disposal facility was assumed to
39 be installed by a hypothetical member of the general public. The potential dose from using the
40 contaminated water was analyzed to provide an indication of the post-closure impact associated
41 with waste disposal. Post-closure analysis for Alternative 2 (disposal at WIPP) is discussed in
42 Chapter 4 (Section 4.3.4.3).
43
44 Another scenario that could be used to assess the potential impacts from the closure of a
45 waste disposal facility involves a hypothetical intruder who has no knowledge of the waste
46 disposal history and establishes a residence above the waste disposal area after the institutional
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1 control period. While digging soil to build the house, the intruder could exhume radioactive
2 material and place it around the house for fill. This exposure scenario is considered to be very
3 unlikely because there would be an engineered barrier (reinforced concrete slab) and a thick
4 layer of cover material placed above the waste material for Alternatives 3 to 5. This scenario is
5 not relevant for Alternative 2 (disposal at WJIPP, a geologic repository). The potential exposure
6 of such an individual would be limited and result from the slow release mechanism of gas
7 diffusion. The radionuclides of concern include carbon-14 (C-14), hydrogen-3 (H-3), and radon
8 isotopes and their progeny. It is assumed that the C-14 and H-3 in the waste material would be
9 converted to CO 2 and tritiated water vapor (HTO) in the environment prior to their diffusion

10 process in soil. Radon gas would be generated in the disposal area through radiological decay of
11 radon precursors (radium-226 and radium-228). It is assumed that because the intruder would
12 live above the waste disposal area, he or she would incur radiation exposure by inhaling the
13 gaseous radionuclides (including radon isotopes and their progeny) that would be released as the
14 waste containers gradually degraded. The intruder scenario was not assessed quantitatively in the
15 EIS because of its low probability of occurrence. Disposal procedures would be conducted in a
16 manner to make this scenario implausible.
17
18
19 C.4.1.2 Radiation Dose and Health Effects
20
21 The primary human health impact of concern would be radiation exposure that would
22 occur as a result of the radionuclides contained in the waste material. All radiological exposures
23 are presented in terms of committed dose and associated health effects. The calculated dose is the
24 total effective dose equivalent (TEDE), which is the sum of the effective dose equivalent (EDE)
25 from exposure to external radiation and the 50-year committed effective dose equivalent (CEDE)
26 from exposures to internal radiation. For this EIS, the radiation doses were calculated by using
27 the dose conversion factors (DCFs) for adults developed by the International Commission on
28 Radiological Protection (ICRP) as given in ICRP 72 (ICRP 1996). (See Section 5.2.4 for more
29 discussion on these DCF s). The results are generally given in terms of rem or mrem (0.001 rem)
30 for individuals and in terms of person-rem for collective populations.
31
32 The primary adverse health effect from the potential radiation doses resulting from
33 disposal operations would be the potential for the induction of LCFs. The health risk conversion
34 factor (expected LCFs per dose) used to convert radiation doses to LCFs (i.e., 0.0006 per rem or
35 person-remn) is a value identified by the Interagency Steering Committee on Radiation Standards
36 (ISCORS) as a reasonable factor to use in the calculation of potential LCFs associated with
37 radiation doses as given in DOE guidance and recommendations (DOE 2003, 2004). Adverse
38 health effects for individuals are presented in terms of the probability of developing an excess
39 LCF, whereas adverse health effects for collective populations are presented as the number of
40 excess LCFs among the population.
41
42
43 C.4.1.3 Sources of Data and Application of Software
44
45 The external exposures incurred by the involved workers for the three land disposal
46 alternatives are estimated on the basis of information on worker activities, the estimated number
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1 of workers required to implement each alternative, and an average estimated annual dose of
2 0.2 remn per full-time equivalent (FTE) employee. This value is higher than but generally
3 consistent with doses incurred by workers performing comparable activities at DOE sites (see
4 Section 5.3.4.1.1) and those associated with storage of activated metal wastes at commercial
5 nuclear reactors (see Section 3.5.1.1). Actual worker dose information was used for waste
6 disposal activities at WIPP. This approach was used because there is considerable uncertainty
7 about the procedures workers would use to dispose of these wastes. The exact approach workers
8 would use to dispose of these wastes would be determined after the disposal site and detailed
9 facility design had been approved. This approach for addressing involved worker impacts is

10 considered reasonable for this EIS and is described in more detail in Section 5.3.4.1.1.
11
12 The radiological impacts from inhaling gaseous radionuclides are estimated by using the
13 RESRAD-OFFSITE computer code (Yu et al. 2007). The inhalation rate of the individual is
14 assumed to be 20 m3 /d, with an exposure duration of 24 hours per day for 365 days per year. The
15 outdoor air concentrations are used for these calculations, and the time spent indoors, where
16 concentrations would be less than they are outdoors, is not accounted for. Site-specific wind
17 speed and contamination source data are used in these calculations; the data are based on
18 information contained in the post-closure performance analysis report for the waste disposal
19 facility (Argonne 2010). This approach ensures consistency with the assumptions used for the
20 groundwater impact analysis.
21
22 The assessment of the potential impacts from groundwater contamination for the land
23 disposal alternatives was conducted by using the same computer code (RESRAD-OFFSITE), as
24 summarized in the post-closure performance analysis report (Argonne 2010). The maximum
25 radiation doses associated with using the contaminated groundwater as the source of drinking
26 water are analyzed for a resident farmer scenario for time frames of 10,000 years and
27 100,000 years. The ingestion rate of drinking water for the groundwater receptor is assumed to
28 be 730 L/yr (190 gal/yr), which is the ingestion rate for adults recommended by the EPA
29 (EPA 1997). See Appendix E for more details on this evaluation.
30
31 The nonradiological impacts on workers are calculated as the number of lost workdays
32 that could occur from occupational accidents and illnesses. Data from the National Safety
33 Council are used to develop these estimates, as described in Section 5.3.4.2.2.
34
35
36 C.4.2 Facility Accidents
37
38 The methodology for analyzing the range of potential accidents that could result in a
39 release of radioactive material to the environment and that could occur at the land disposal
40 facilities is discussed in this section. The accident analysis considers potential events involving
41 the different GTCC LLRW and GTCC-like waste types considered in the EIS. Accidents could
42 be initiated during facility operations, such as those that result from equipment or operator
43 failure, or they could be caused by external events, including natural phenomena (earthquake,
44 flood, wind, or tornado). Reasonably foreseeable accidents were screened to identify the
45 accidents that would have the greatest consequences on workers and the public. These
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1 "bounding" accidents provide an envelope for the consequences of the other potential accidents
2 that would have less impact on workers and the public.
3
4 Because the disposal options involve similar operations and the same waste packages, the
5 accidents evaluated are applicable to all three land disposal options. Because of the differences in
6 the local weather patterns and the location of the potential receptors, the radiological impacts for
7 Alternatives 3 to 5 are site-dependent and are discussed in Chapters 6 through 11 for the Hanford
8 Site, the Idaho National Laboratory (JNL) Site, Los Alamos National Laboratory (LANL),
9 Nevada National Security Site (NNSS), Savannah River Site (SRS), and the Waste Isolation

10 Pilot Plant (WIPP) Vicinity, respectively.
11
12 The output from the disposal facility accident analyses consists of (1) identification of the
13 accidents potentially important with regard to human health risk for each waste type,
14 (2) assessment of the frequencies of these accidents, (3) evaluation of the source terms resulting
15 from these accidents, and (4) identification of the human health impacts associated with the
16 release and atmospheric dispersion of the source term.
17
18
19 C.4.2.1 Accidents Evaluated
20
21 An accident is an event or series of unexpected or undesirable events leading to a loss of
22 waste containment or shielding that could result in radiological exposure to workers or members
23 of the general public. The accidents considered fall under two broad categories (operational
24 events and natural phenomena) that had been previously evaluated for similar types of waste and
25 packaging (DOE 1997a, 2006, 2007). Table C-i summarizes the accident scenarios analyzed.
26 Table C-2 provides more details for each potential accident considered.
27
28
29 C.4.2.1.1 Operational Events. It is not expected that any waste would be repackaged at
30 the disposal facility; therefore, the only way an operational event could release radioactive
31 material to the environment would be if a disposal container ruptured during handling or
32 temporary storage operations. Handling operations would include (1) transfer of the disposal
33 containers from their Type B shipping packages as received at the Waste Handling Building
34 (WHB) to temporary storage, (2) transfer from temporary storage to an on-site transport cask
35 (if waste is remote-handled [RH]) or to a vehice, and (3) transfer from the transport vehicle into
36 the disposal unit. All such operations are expected to involve the use of forklifts and/or cranes.
37
38 Physical damage to waste containers could result from low-speed vehicle collisions,
39 being dropped, or being crushed by falling objects. Only minor releases would be likely should
40 such accidents happen. High-speed impacts are not anticipated at the disposal facility because
41 of the operational procedures that are followed (e.g., the on-site maximum speed limits are low,
42 waste disposal operations are separated from worker vehicular transport, and access to disposal
43 operations is limited).
44
45 Accidents involving contact-handled (CH) waste containers (208-L [55-gal] drums and
46 standard waste boxes [SWBs]) are expected to result in higher impacts because these Type A
47 containers, although fairly robust, are not as sturdy as the cesium irradiators and the RH canisters
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1 1 TABLE C-i Accidents Evaluated for the Land Disposal Facilities

Frequency Range

Accident 10-4to 10"6 to
Number Accident Scenario Accident Description >10-2 /yr 10-2/yr 10-4/yr <10-6/yr

Co

Single drum drops, lid failure in
Waste Handing Building

Single SWB drops, lid failure in
Waste Handing Building

Three drums drop, puncture, lid
failure in Waste Handling Building

Two SWBs drop, puncture, lid
failure in Waste Handling Building

Single drum drops, lid failure outside

Single SWB drops, lid failure outside

Three drums drop, puncture, lid
failure outside

A single CH drum is damaged by a forklift and
spills its contents onto the ground inside the
Waste Handling Building.

A single CH SWB is damaged by a forklift and
spills its contents onto the ground inside the
Waste Handling Building.

Three CH drums are damaged by a forklift and
spill their contents onto the ground inside the
Waste Handling Building.

Two CH SWBs are damaged by a forklift and
spill their contents onto the ground inside the
Waste Handling Building.

A single CH drum is damaged by a forklift and
spills its contents outside.

A single CH SWB is damaged by a forklift and
spills its contents outside.

Three CH drums are damaged by a forklift and
spill their contents outside.

x

x

X

X

x

X

X

0

0
0

8Two SWBs drop, puncture, lid Two CH SWBs are damaged by a forklift and X
failure outside s ~il~l their c~ont~ents o~utsi~de........ ...........................



TABLE C-i (Cont.)

Frequency Range

Accident 10-4 to 10-6 to
Number Accident Scenario Accident Description >10"2 /yr 10-2/yr 10"4/yr <10"6 /yr

9Fire inside the Waste Handling A fire within the Waste Handling Building X
Building, one SWB assumed to be affects the contents of a single CH SWB.
affected

10 Single RH waste canister breach A single RH waste canister is breached during X
a fall in the Waste Handling Building.

11 Earthquake affects 18 pallets, each The Waste Handling Building is damaged X
with four CH drums during a design basis earthquake, and the

structure and confinement systems fail.

12 Tornado, missile hits one SWB, A major tomnado and associated tornado X
contents released missiles result in failure of the Waste Handling

Building structure and its confinement
systems.

13 Flood The facility would be sited in a location that X
would preclude severe flooding.

1
2

0

0
0
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1 TABLE C-2 Hypothetical Facility Accident Descriptions

Accident
Number Accident Scenario Description

1 A package (either a 7-drum pack or 4-drum pallet of CII transuranic [TRU] waste) is dropped from a
forklift or crane while being handled in the Waste Handling Building. Because the waste containers
are Type A packages, per U.S. Nuclear Regulatory Commission (NRC) requirements, they are
designed to withstand a 1-in (3.3-fl) drop onto an unyielding surface without damage. However,
because the vertical lift can exceed this design rating, it is assumed that the container drop and
subsequent crushing cause the lid of a single container to be knocked off. No inner plastic liner is
assumed to be present. A fraction of the respirable-sized particulates in the drum are assumed to be
suspended inside the drum during the fall and to be released when a lid fails. Spilled contents are
released, and the respirable particles are resuspended from this material. Facility high-efficiency
particulate air (HEPA) filtration is considered for releases to the atmosphere.

2 Same as Accident 1, except that a single, direct-loaded SWB with CHI waste is involved in a drop
from a forklift or crane.

3 An error made by the Waste Handling Building forklift operator causes a forklift to strike and
puncture two drums. An additional drum is knocked off, and the lid fails. Because the waste
containers are Type A packages, per NRC requirements, they are designed to withstand a 1-in (3.3-ft)
drop onto an unyielding surface without damage. However, because the vertical lift can exceed this
design rating, it is assumed that the container drop and subsequent crushing cause the lid of a single
container to be knocked off. No inner plastic liner is assumed to be present. A fraction of the
respirable-sized particulates in the drum are assumed to be suspended inside the drum during the fall.
A fraction of these are released when the lid fails, or the contents may be released and the respirable
particles may be resuspended from this material. Facility HEPA filtration is considered for releases to
the atmosphere.

4 An error made by the Waste Handling Building forklift operator causes a forklift to strike and
puncture a single, direct-loaded SWB. An additional SWB is knocked off, and the lid fails. Because
the waste containers are Type A packages, per NRC requirements, they are designed to withstand a
1-in (3.3-ft) drop onto an unyielding surface without damage. However, because the vertical lift can
exceed this design rating, it is assumed that the container drop and subsequent crushing cause the lid
of a single container to be knocked off. No inner plastic liner is assumed to be present. A fraction of
the respirable-sized particulates in the SWB are assumed to be suspended inside the SWB during the
fall. A fraction of these are released when the lid fails, or the contents may be released and the
respirable particles may be resuspended from this material. Facility HEPA filtration is considered for
releases to the atmosphere.

5 Same as Accident 1, except that it occurs outdoors during disposal operations.

6 Same as Accident 2, except that it occurs outdoors during disposal operations.

7 Same as Accident 3, except that it occurs outdoors during disposal operations.

8 Same as Accident 4, except that it occurs outdoors during disposal operations.

9 A fire in the WHB is caused by the malfunction or overheating of electrical equipment. This fire
subseq~uent~ly__inites~earb~y combustibles and is assumed to involve one SWB with CII waste.
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TABLE C-2 (Cont.)

Accident
Number Accident Scenario Description

10 During the unloading of an RHT shipping cask or the loading of an on-site transfer cask, the crane,
grapples, or lift fixtures fail, and an RH canister is dropped, resulting in the canister being crushed or
punctured.

11 The Waste Handling Building is assumed to be damaged during a design basis earthquake, and the
structure and confinement systems fail. The roof is assumed to collapse onto 18 4-drum pallets of CH
waste that are in the storage area awaiting final internment. Although four 4-drum pallets are
assumed for disposal in trenches, the same number of drums could be involved as 7-drum packs for
disposal in 40-in (130-fl) boreholes or above-grade vaults. In either case, the number of drums
involved (72) is less than two full truck shipments of CH waste (84 drums).

12 A major design basis tomnado is assumed to damage the Waste Handling Building to the extent that
a wind-driven missile is able to hit a single SWB containing CH waste. Missiles might be produced
from nearby trees, poles, cranes, parts of the facility structure, or various pieces of equipment or
material (e.g., pallets).

13 The facility would be sited in a location that would preclude severe flooding.
1
2
3 or activated metal canisters (AMCs) and their shielding casks. As a consequence, the CH waste
4 containers would be more prone to release a portion of their contents. CII drum and SWB
5 radionuclide inventories that had the highest impacts were used in this facility accident analysis
6 for Accidents 1-9, 11, and 12. Accident 10 was also evaluated to provide that perspective should
7 an RH canister fail during an accident. A preliminary screening analysis, in which equivalent
8 release fractions were assumed both for GTCC Other Waste - CHI and for GTCC Other
9 Waste - RH released from their containers, showed greater impacts for the CH waste. In addition,

10 if an AMC somehow became breached, the airborne radioactive contamination from material
11 such as activated metal waste would be minimal compared to that from Other Waste, because of
12 the relatively immobile nature of the contamination. Before sealed sources are packaged in
13 drums for disposal, they are relatively immune to collisions and physical impacts because it is
14 assumed that sealed sources are already encased in their own sealed cases or shields; thus,
15 releases from sealed sources are expected to be less than those from the Other Waste - CH.
16
17 Fire from internal or external causes is another potential reason for radioactive
18 contamination. Internal causes would be minimized by properly treating the waste before it was
19 packaged and received at the facility. External causes, which are primarily linked to vehicle or
20 equipment fires, would be minimized through proper maintenance and use. Accident 9 considers
21 the impacts from a short-term fire in the WIIB.
22
23
24 C.4.2.1.2 Natural Hazards. Potential releases of radioactive material could also occur
25 as a result of natural hazards. Such releases are anticipated only before emplacement (i.e., while
26 the waste is at the WHB). However, it is assumed that the disposal facility would be sited in an
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1 area that is not prone to flooding, and depending on the area of the country in which it would be
2 situated, the facility would be built to meet local standards for earthquakes. Other natural hazards
3 (such as tornadoes) in certain areas of the country could cause releases. Accidents 11 and 12 look
4 at potential scenarios involving earthquakes and tornadoes, respectively.
5
6 A flood is not considered to be a credible hazard because it is assumed that the facility
7 would be sited to preclude severe flooding. It is assumed that the location and design of the
8 disposal facility would bring the frequency below 1 x 10-6/yr. For example, the U.S. Nuclear
9 Regulatory Commission's (NRC's) regulations in Title 10, Section 61.50 of the Code of Federal

10 Regulations (10 CFR 61.50) require, in part, that waste disposal shall not take place in a
11 100-year floodplain. U.S. Department of Energy (DOE) guidance (DOE M 435.1-1) also
12 indicates that floodplains should be avoided.
13
14 High winds and tornadoes could cause extensive damage, including collapse of a
15 structure. For this accident analysis, it is assumed that the WJIB could be damaged if a major
16 tornado, with associated tornado debris missiles, would sweep through the area. Missiles could
17 be produced from nearby trees, poles, cranes, parts of the facility structure, or various pieces of
18 equipment or material (e.g., pallets). The radiological dose would be much lower for a tornado
19 than a high wind because the tornado's higher wind would disperse releases more widely, but
20 credit is not taken in the dispersion analysis for this effect. It is assumed that a missile driven by
21 the wind from a tornado would hit and break an SWB, causing it to release some of its
22 radioactive contents.
23
24 The major earthquake assumed would be severe enough to cause the WHB roof to
25 collapse. The. earthquake analysis assumes that 18 4-drum pallets of CH waste in the storage area
26 awaiting final internment would be affected. While it is assumed that 4-drum pallets would be
27 disposed of in trenches, the same number of drums could be involved as 7-drum packs for
28 disposal in 40-in (130-ft) boreholes or above-grade vaults. In either case, the number of drums
29 involved (72) is less than two full truck shipments of CH waste (84 drums).
30
31
32 C.4.2.1.3 Accident Frequency. The annual frequency of occurrence for waste handling
33 accidents is the product of the number of drums received per year, number of operations per
34 drum, and probability that a mishandling accident would damage a drum so it would release
35 radioactive material to the surrounding environment. Table C-3 summarizes the development of
36 the accident frequencies.
37
38 Seismic design guidelines for DOE facilities are based on facility usage categories. For
39 each category, an earthquake hazard level is specified by using site-specific seismic hazard data.
40 This process ensures that facilities are designed on a uniform basis to address the effects of
41 seismic events, regardless of their locations (DOE 1997b). A beyond-design-basis earthquake,
42 regardless of accident frequency, must be assumed to defeat all building confinement functions.
43 Buildings are typically constructed to withstand earthquakes. Therefore, the frequency of the
44 beyond-design-basis earthquake scenario is assumed to be equal at all of the disposal sites
45 considered. A similar process applies to the hardening of facilities to the potential impacts from
46 high winds and tornados.
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1 TABLE C-3 Determination of Frequencies of Occurrence of Hypothetical Facility Accidents

Number of Number of Accident
Accident Containers Operations Frequency Frequencyb
Number Accident Scenario per Yeara per Container per Operation (1/yr)

1 Single drum drops, lid failure in Waste Handing Building 330 2 1.1E-05c 7.3E-03
2 Single SWB drops, lid failure in Waste Handing Building 83 2 1.1E-05 1.8E-03
3 Three drums drop, puncture, lid failure in Waste Handling Building 330 2 0.25 x 1.1E-05 1.8E-03
4 Two SWBs drop, puncture, lid failure in Waste Handling Building 83 2 0.25 x 1.1E-05 4.6E-04
5 Single drum drops, lid failure outside 330 2 1.1E-05 7.3E-03
6 Single SWB drops, lid failure outside 83 2 1.1E-05 1.8E-03
7 Three drums drop, puncture, lid failure outside 330 2 0.25 x 1.1E-05 1.8E-03
8 Two SWBs drop, puncture, lid failure outside 83 2 0.25 x 1.1E-05 4.6E-04
9 Fire inside the Waste Handling Building, one SWB assumed to be affectedd NA0  NA NA 1 .0E-05
10 Single RH waste canister breach 1,150 NA NA 1.0E-05
11 Earthquake affects 18 pallets, each with four CH drumsf' NA NA NA 1 .0E-05
12 Tomnado, missile hits one SWB, contents releasedf NA NA NA 1 .0E-05
13 Flood NA NA NA < le-6

a Based on postulated receipt rates, with the majority of the waste being disposed of by 2035.

b Calculated as the product of the number of containers times the number of handling events per container times the accident frequency per handling

event.

eDrop frequency of 1.1 x 10.5 per operation taken from page 6.13-7-5 of Dubrin et al. (1997).

d Annual frequency of 1 x 10.5 per year taken from page G-69 of DOE (1997b).

e NA =not applicable, since the number of affected containers is defined in the accident scenario.

f Natural phenomena frequency of 1 x 10O5 per year assuming disposal facilities would be constructed as DOE Hazard Category 2 facilities, as per
pages G-6 and G-10 of DOE (1997b). 03

0%

2

t'j



Final GTCC EIS Appendix C: Impact Assessment Methodologies

1 C.4.2.1.4 Source Terms. In analyzing the potential consequences of postulated facility
2 accidents, the source term, which is the amount of radioactive material released, is evaluated.
3 The source term is the product of five factors (DOE 1994):
4
5 Q=MR* DR * A RFf*P RF *LPF
6 where:
7
8 Q = source term (Ci);
9

10 MAR = material at risk, the maximum amount and type of material present that
11 may be acted upon by the potentially dispersive energy source (Ci);
12
13 DR =damage ratio, the fraction of the MAR actually affected by the accident
14 condition;
15
16 ARF = airborne release fraction, the fraction of radioactive material actually
17 affected by the accident condition that is suspended in air;
18
19 RF = respirable fraction, the fraction of the airborne radioactive particles that
20 are in the respirable size range (i.e., less than 10 •tm); and
21
22 LPF = leak path factor, the cumulative fraction of airborne material that escapes
23 to the atmosphere from the postulated accident.
24
25 Table C-4 summarizes the values used in the EIS facility accident analysis.
26
27 The source term should represent a reasonable maximum for a given waste stream. A
28 screening analysis identified the CH waste stream that is the most hazardous to human health.
29 For CH waste assumed to be packaged in 208-L (55-gal) drums, waste from the INL Site is
30 expected to pose the highest risk. For CH waste packaged in SWBs, DOE waste from the West
31 Valley Site is expected to pose the highest risk. For RH packaged in 208-L (55-gal) drums, DOE
32 waste from the West Valley Site is expected to pose the highest risk. Note that three RH drums
33 are contained within the RH canister evaluated in Accident 10.
34
35 Because of the uncertainties involved in waste type characterization at the present time,
36 container activity inventories were averaged by taking the total activity for a given waste type
37 from a specific generator and dividing that by the number of containers necessary to hold the
38 waste (discussed further in Appendix B). This information was developed from the waste
39 inventory database established for this EIS. Table C-S lists the estimated inventories for a CH
40 drum (Accidents 1, 3, 5, 7, and 11), CH SWB (Accidents 2, 4, 6, 8, 9, and 12), and RH drum
41 (Accident 10) as used in this analysis. The actual respirable amount (Ci) released to the
42 environment, the source term, is obtained by multiplying the value in the "Release Factor"
43 column in Table C-4 by the activity from the appropriate container (Table C-4) for a given
44 accident.
45
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S TABLE C-4 Estimated Release Fractions for Hypothetical Facility Accidentsa

Accident Container Number of Release
Number Type Containers DR ARFb Rj~b LPFC Factor'1

1 CH drum 1 0.25e 0.00 1 0.1 0.00 1 2.5E-08
2 CH SWB 1 0.25 0.001 0.1 0.001 2.5E-08
3 CH drum 3 (2 x 0.1 + 1 x 0. 2 5)/3 f 0.001 0.1 0.001 4.5E-08
4 CH SWB 2 (1 x 0.1 + 1 × 0.25)/2a 0.001 0.1 0.001 3.5E-08
5 CH drum 1 0.25 0.001 0.1 1 0.000025
6 CHI SWB 1 0.25 0.00 1 0.1 1 0.000025
7 CH drum 3 (2 x 0.1 + 1 x 0.25)/3 0.001 0.1 1 0.000045
8 CHI SWiB 2 (1 × 0.1 + 1 x 0.25)/2 0.001 0.1 1 0.000035
9 CH SWB 1 1 0 .0 0 0 5h 1 1 0.0005
10 RH canister 1 0.01e 0.001 0.1 0.001 1E-09
11 CII drum 72 0.li 0.001 0.1 1 0.00072
12 CH SWB 1 1 0.001J 0.1J 1 0.0001
13 Sited to preclude severe flooding, no release assumed

a DR = damage ratio, ARF = airborne release fraction, RLF = respirable fraction, LPF = leakpath factor;
CH = contact-handled, SWB = standard waste box, RH = remote-handled.

b For direct loaded containers (DOE 2006).

C The values for LPF are explained on page C- 17.

d The release factor is the product of the number of containers x DR x ARF x RF x LPF.
Multiplication of this factor by the appropriate container inventory in Table C-5 provides the source
term for each accident.

C Source: DOE (1997b).

f Damage ratio of 0.1 for each punctured drum and 0.25 for dropped drum with lid failure
(DOE 1997b).

g Damage ratio of 0.1 for the punctured SWB and 0.25 for the dropped SWB with lid failure
(DOE 1997b).

h Based conservatively on packaged cellulosic or plastic materials (DOE 2007).

1 Assumed to behave similarly to a postulated collapse of the Waste Handling Building at WIPP
(DOE 2006).

JRelease fractions associated with tornado missiles are assumed to resemble the fractions associated
with mechanical spills (DOE 2007).

Values for the damage ratio, airborne release fraction, and respirable fraction as given in
Table C-4 were identified through a review of similar past analyses (DOE 1 997b, 2006) and
current recommendations (DOE 2007). A leak path factor of 0.001 represents containment by the
WHB and assumes continuous operation of the building's heating, ventilation, and air-
conditioning (HVAC) system, with high-efficiency particulate air (HEPA) filters removing
99.9% of the airborne particulates. A leak path factor of 1 represents an accident that occurs
outdoors or an accident whose conditions have negated the WHB3 containment.

2
3
4
5
6
7
8
9

10
11
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1 TABLE C-5 Waste Container Inventories (Ci) for
2 Use in the Facility Accident Analysisa

Container Type

Element CH Drum CH SWB RH Drum

AC-227 1 .0E-08 1 .0E-04 4.6E-06
Am-241 7.5E+00 9.1E+00 1.2E+00
Am-242m 6.3E-10 --

Am-243 2.9E-08 9.9E-02 1 .7E-02
Bi-212 5.9E-03 4.7E-04
C- 14 8.4E-09 3.8E-02 1.8E-02
Cd-i113m 2.0E-07 --

Ce-144 5.9E-12 5.9E-04 4.7E-05
Cm-242 3.3E-03 2.7E-04
Cm-243 9.7E-10 2.3E-04 9.6E-04
Cm-244 9.5E-07 5.7E-03 2.1E-02
Cm-245 1.3E-11 - 5.4E-02
Cm-246 1.2E-13 - 8.6E-03
Co-57 2.3E-13 --

Co-60 2.5E-05 7.5E-07 4.9E-02
Cs-134 4.9E-08 3.2E-05 4.2E-06
Cs-135 4.0E-08 --

Cs-137 2.3E-03 1.3E-01 5.6E+01
Eu- 152 2.0E-05 --

Eu- 154 5.4E-06 6.8E-04 2.7E-03
Eu-155 1.9E-06 - 1.2E-04
Fe-55 2.2E-06 3.0E-02 3.6E-03
H-3 1.0E-06 5.6E-04 2.6E-03
1- 129 3.1E-07 9.5E-08 4.3E-04
K-40 - 2.2E-03 8.1E-05
Mn-54 9.7E-15 2.8E-05 2.3E-06
Ni-59 - 2.2E-04 -

Nb-94 3.3E-07 - 1.6E-05
Ni-59 1.7E-06 - 2.5E-02
Ni-63 1.6E-04 - 1.5E+00
Np-237 6.4E-03 1.4E-04 3.4E-04
Pa-231 6.8E-08 --

Pb-210 2.3E-08 --

Pb-212 - 4.1E-03 3.3E-04
Pd-107 7.5E-10 --

Pm-146 7.0E-10 --

Pro-147 - - 8.9E-04
Pu-236 7.0E-1 1 1.6E-04 1.2E-05
Pu-238 5.3E-01 3.5E+00 2.8E-01
Pu-239 7.0E-03 2.6E+00 5.3E-01
Pu-240 5.6E-05 2.0E+00 3.6E-01
Pu-241 2.7E-02 4.7E+01 5.0E+00
Pu-242 1.4E-08 1.3E-02 1.1E-03
Ra-226 1.6E-07 1.2E-02 4.6E-04

3 Ra-228 - 9.2E-04 5.7E-05
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TABLE C-5 (Cont.)

Container Type

Element CH Drum CH SWB RH Drum

Ru- 106 6.1 E- 11 2.9E-04 2.4E-05
Sb-125 3.6E-07 --

Se-79 2.0E-08 --

Sm-147 3.2E-14 --

Sm-151 1.8E-05 --

Sn-121m 2.8E-09 --

Sn-126 1.9E-12 --

Sr-90 2.1E-03 1.4E-01 1.2E+01
Tc-99 5.5E-07 9.1E-04 2.7E-02
Th-228 2.3E-10 1.3E-02 1.0E-03
Th-229 2.6E-07 6.4E-03 2.5E-04
Th-230 2.8E-05 1.2E-03 4.7E-05
Th-232 5.2E-09 8.1E-04 3.3E-05
U-232 7.0E-07 6.8E-02 3.0E-03
U-233 2.5E-07 2.7E-02 1.8E-03
U-234 1.5E-05 1.3E-01 4.9E-03
U-235 8.9E-04 5.3E-05 5.3E-05
U-236 5.0E-08 1.5E-04 1.3E-04
U-238 5.7E-08 2.6E-04 3.0E-04
Zr-93 1 .0E-07 --

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

aCH =contact-handled, RH = remote-handled,
SWB =standard waste box. A dash means not
applicable, since this radionuclide was not identified as
being present for the waste packaged in this type of
container.

C.4.2.2 Human Health Impacts

The consequences to the collective off-site general public and individuals receiving the
highest impacts are estimated by using an air dispersion model to predict the downwind air
concentrations following a release. A number of factors are considered, including the amount
of the material released (as discussed in Section C.4.2.1), location of the release, and
meteorological conditions. The air concentrations are used to estimate the radiation doses and the
potential LCFs associated with these doses. The consequences are estimated on the basis of the
assumption that the wind is blowing in the direction that would yield the greatest impacts. For
accidents involving releases of radioactive material, the consequences are expressed in the same
way as are the consequences from routine operations (i.e., as radiation doses and LCFs for the
exposed population and individual receiving the highest dose for all important exposure
pathways).
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1 C.4.2.2.1 General Public. The general public consists of the population living within
2 80 km (50 mi) of the GTCC reference location. The radiation exposure estimates include
3 potential doses from inhalation, groundshine, cloudshine, and ingestion of contaminated crops
4 for 1 year following a hypothetical accidental release of radioactive material, as discussed above.
5
6 The GENII computer code (Napier et al. 1988) was used to assess the radiological
7 impacts to the collective off-site population (members of the public) for each accident
8 considered. The off-site population distributions used for the accident analysis were determined
9 by using the latest geographic information (2007 population estimates) available for the land

10 disposal reference locations (ESRI 2008). Future population projections were not used because
11 they are considered too speculative for the time frame covered in the EIS.
12
13 The meteorological data used in GENII are joint frequencies of wind speed, wind
14 direction, and atmospheric stability class. The joint-frequency weather data for the Hanford Site
15 (Duncan 2007), LANL (Fuehne 2008), NNSS (DOE 2002a), SRS (NRC 2005), and the WIPP
16 Vicinity (DOE 1 997b) were obtained from published reports. Weather data for the JNL Site were
17 based on the weather file data (for Idaho Falls, Idaho) originally provided with CAP88-PC
18 (Clean Air Act Assessment Package 1988-Personal Computer) (EPA 1992).
19
20 A ground-level release (1 -m [3.3 -ft] release height) is assumed for all accidents. To
21 provide a conservative estimate for the impacts, the sector with the highest exposure (highest
22 population dose, which is dependent on the number and location of people as well as the
23 weather conditions) was selected, but 50% meteorology (weather conditions that produce
24 impacts that are not exceeded 50% of the time) is used so as not to be overly conservative. For
25 the 1-year exposure period, the length of time of external exposure to contaminated soil is
26 0.5 year (NRC 1977b), and no credit is given for shielding for inhalation exposure and external
27 exposure to the passing airborne plume. The highest potential ingestion doses, from the autumn
28 period, are incorporated in the reported exposures.
29
30 The radiological impacts on the general public for Alternatives 3 to 5 are discussed in
31 Chapters 6 through 11 for the Hantford Site, the IN4L Site, LANL, NNSS, SRS, and the WIPP
32 Vicinity, respectively.
33
34
35 C.4.2.2.2 Highest-Exposed Individuals. The risk to involved workers would be very
36 sensitive to the specific circumstances of the accident and depend on how rapidly the accident
37 developed, the exact location and response of the workers, the direction and amount of the
38 release, the physical and thermal forces causing or caused by the accident, meteorological
39 conditions, and the characteristics of the building if the accident occurred indoors. Impacts on
40 involved workers under accident conditions would likely be dominated by physical forces from
41 the accident itself, so the radiological impacts (radiation doses and LCFs) on such workers would
42 not be meaningful and are not quantified in the EIS. However, it is recognized that injuries and
43 fatalities among involved workers would be possible as a result of the radiological and physical
44 forces if an accident did occur.
45
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1 Accident impacts to the individual receiving the highest potential dose were determined
2 by using the GENII code. The same release height and meteorological conditions as those used
3 for the population accident impacts were used for this analysis. The accident analysis evaluated
4 the potential exposure of a hypothetical individual located 100 m (330 ft) downwind of an
5 accident (radiation doses and LCFs). The exposure estimates are reported for the sector (wind
6 direction) with the highest impacts that include potential doses from inhalation, groundshine, and
7 cloudshine for 2 hours following a hypothetical accidental release of radioactive material. The
8 2-hour exposure accounts for plume passage and potential delays in relocation, if necessary. No
9 mitigative actions are assumed. The individual receiving the highest dose is expected to be a

10 noninvolved worker at the disposal facility. The radiological impacts for Alternatives 3 to 5 are
11 discussed in Chapters 6 through 11 for the Hanford Site, the 1NL Site, LANL, NNSS, SRS, and
12 the WIPP Vicinity, respectively.
13
14
15 C.5 ECOLOGICAL RESOURCES
16
17 Impacts on ecological resources consider the effects of facility construction, operations,
18 and post-closure on terrestrial, wetland, aquatic, and special-status species and their habitats at
19 and in the vicinity of each GTCC reference location or disposal facility site. Special attention
20 was paid to resources protected by regulations (e.g., federally listed species, migratory birds,
21 bald and golden eagles, and wetlands). Section 5.3.5 presents a discussion of the methodology
22 used to determine the potential impacts of the GTCC disposal options on ecological resources.
23 Direct and indirect impacts on ecological resources are evaluated on the basis of the:
24
25 • Nature and quality of habitats within and adjacent to the construction
26 footprint,
27
28 • Potential magnitude of changes to habitat quality and quantity,
29
30 • Temporal characteristics of when impacts could occur,
31
32 • Expected duration of impacts,
33
34 • Sensitivity of biological resources that could be affected by changes in habitat
35 quality or quantity,
36
37 ° Rarity and importance of affected resources, and
38
39 • Regulatory requirements (wetlands, threatened and endangered species,
40 migratory birds).
41
42 Factors considered in evaluating impacts from the GTCC disposal facility include:
43
44 • Habitat loss, modification, and fragmentation;
45
46 • Barriers to movement;
47
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1 ° Changes in hydrology and water quality;
2
3 ° Erosion and sedimentation;
4
5 • Air quality and fugitive dust;
6
7 • Introduction of invasive species;
8
9 • Exposure to contaminants (including radionuclides);

10
11 ° Mortality and injury; and
12
13 • Noise and disturbance.
14
15 A quantitative assessment of the impacts on the large number of species found at each
16 alternative site was not practical. The approach used for this EIS consisted of gathering land use
17 and land cover data to identify areas 0f potential habitat and how it would be affected. Thus,
18 impacts on plants and wildlife primarily addressed the effects of facility construction on habitat
19 loss and fragmentation. The potential impacts on wetlands were based on the direct impacts that
20 could result from construction (e.g., filling) or indirect impacts (e.g., changes in water quality,
21 hydrologic regime, or soil compaction and runoff). Impacts on threatened and endangered
22 species were investigated by using a species-specific approach. Consultations with regulatory
23 agencies (e.g., U.S. Fish and Wildlife Service [USFWS] and state fish and game departments)
24 were undertaken to assist with the identification of threatened, endangered, and other special-
25 status species to be considered at each site (see Appendix F for consultation letters).
26
27 An overview of the potential impacts that could occur on ecological resources regardless
28 of the GTCC reference location or method is presented in Section 5.3.5. The implementation of
29 mitigation measures to minimize the impacts described in Section 5.3.5 would help to limit the
30 potential impacts on ecological resources.
31
32
33 C.6 SOCTOECONOMICS
34
35 The analysis of socioeconomic impacts from the construction of additional rooms and
36 waste disposal operations at WIPP and the construction and waste disposal operations at the land
37 disposal facilities assesses impacts in a region of influence (ROI) at each of the sites evaluated in
38 this ELS. The ROI includes the counties in which the majority (up to 90%) of employees reside at
39 each of the sites. The ROI includes county governments, city governments, and school districts.
40 Within the ROI at each site, there are also various jurisdictions that could be affected by GTCC
41 LLRW and GTCC-like waste disposal facility construction and operations. The assessment of
42 the impacts from GTCC LLRW and GTCC-like waste disposal facilities covers impacts on
43 employment, income, population, housing, community services, and traffic.
44
45
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1 C.6.1 Impacts on Regional Employment and Income
2
3 The assessment of impacts from a GTCC LLRW and GTCC-like waste disposal facility
4 on regional employment and income is based on the use of regional economic multipliers in
5 association with project expenditure data for the construction and operational phases. Multipliers
6 capture the indirect (off-site) effects of on-site activities associated with the construction and
7 operational activities or events. Expenditure data associated with the construction and operations
8 of a GTC.C LLRW and GTCC-like waste disposal facility are derived from numerous sources.
9 These sources provide the relevant data on construction and operating costs for labor and

10 materials, in various general cost categories.
11
12 Cost data for each cost category are then mapped into the relevant North American
13 Industry Classification System (NAICS) codes for use with multipliers from an IMPLAN model
14 specified for each state (MIG, Inc. 2008). IMPLAN input-output economic accounts show the
15 flow of commodities to industries from producers and institutional consumers. The accounts also
16 show consumption activities by workers, owners of capital, and imports from outside the region.
17 The IMIPLAN model contains 528 sectors representing industries in agriculture, mining,
18 construction, manufacturing, the wholesale and retail trade, utilities, finance, insurance and real
19 estate, and consumer and business services. The model also includes information for each sector
20 on employee compensation; proprietary and property income; personal consumption
21 expenditures; federal, state, and local expenditures; inventory and capital formation; and imports
22 and exports.
23
24 Impacts on employment are described in terms of the total number of jobs created in the
25 region in the peak year of construction and in the first year of operations. The relative impact of
26 the increase in employment in the ROI is calculated by comparing total GTCC LLRW and
27 GTCC-like waste facility construction employment over the period in which construction occurs
28 with baseline ROI employment forecasts over the same period. Impacts are expressed in terms of
29 the percentage point difference in the average annual employment growth rate with and without
30 GTCC project construction. Forecasts are based on data provided by the U.S. Department of
31 Commerce.
32
33
34 C.6.2 Impacts on Population
35
36 An important consideration in the assessment of the impacts from a GTCC LLRW and
37 GTCC-like waste disposal facility is the number of workers, families, and children who would
38 migrate into the ROI, either temporarily or permanently, to construct and operate the facility.
39 The capacity of regional labor markets to supply workers in the occupations required for facility
40 construction and operations in sufficient numbers is closely related to the occupational profile of
41 the ROI and occupational unemployment rates. To estimate the in-migration that would occur to
42 satisfy direct labor requirements, the analysis develops estimates of the available labor in each
43 direct labor category based on ROL unemployment rates applied to each occupational category.
44 In-migration associated with indirect labor requirements are derived from estimates of the
45 available labor supply in the ROI economy as a whole that is able to satisfy the demand for labor
46 by industry sectors in which GTCC LLRW and GTCC-like waste disposal facility spending
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1 initially occurs. The national average household size is used to calculate the number of additional
2 family members who would accompany direct and indirect in-migrating workers.
3
4 Impacts on population are described in terms of the total number of in-migrants arriving
5 in the region in the peak year of construction and in the first year of operations. The relative
6 impact of the increase in population in the ROI is calculated by comparing total GTCC LLRW
7 and GTCC-like waste disposal facility construction in-migration over the period in which
8 construction occurs with baseline ROI population forecasts over the same period. Impacts are
9 expressed in terms of the percentage point difference in the average annual population growth

10 rate with and without project construction. Forecasts are based on data provided by the
11 U.S. Bureau of the Census.
12
13
14 C.6.3 Impacts on Housing
15
16 The in-migration of workers during construction and operations has the potential to
17 substantially affect the housing market in the ROI. The analysis considers these impacts by
18 estimating the increase in demand for rental housing units in the peak year of construction and
19 for owner-occupied housing in the first year of operations, resulting from the in-migration of
20 both direct and indirect workers into the ROL. The impacts on housing are described in terms of
21 the number of rental units required in the peak year of construction and the number of owner-
22 occupied units required in the first year of operations. The relative impact on the existing
23 housing in the ROI is estimated by calculating the impact of GTCC-related housing demand on
24 the forecasted number of vacant rental housing units in the peak year of construction and the
25 forecasted number of vacant owner-occupied units in the first year of operations. Forecasts are
26 based on data provided by the U.S. Bureau of the Census.
27
28
29 C.6.4 Impacts on Community Services
30
31 hn-migration associated with the construction and operations of a GTCC facility could
32 translate into increased demand for educational services and public services (police, fire
33 protection, health services, etc.) in the ROI. Estimates of the total number of in-migrating
34 workers and their families are used to calculate the impact of GTCC LLRW and GTCC-like
35 waste disposal facility construction and operations for the ROI counties in which the majority of
36 new workers would locate. Impacts of the facility on county, city, and school district revenues
37 and expenditures are calculated by using baseline data provided in the relevant jurisdictions'
38 annual comprehensive financial reports forecasted for the peak year of construction and first year
39 of operations, based on per-capita revenues and expenditures for each jurisdiction. Population
40 forecasts are based on data provided by the U.S. Bureau of the Census.
41
42 Impacts of GTCC LLRW and GTCC-like waste disposal facility in-migration on
43 community service employment are also calculated for the ROI counties in which the majority of
44 new workers would locate. By using estimates of the number of in-migrating workers and
45 families, the analysis calculates the number of new sworn police officers, firefighters, and
46 general government employees required to maintain the existing levels of service for each
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1 community service. Calculations are based on the existing number of employees per 1,000
2 population for each community service. The analysis of the impact on educational employment
3 estimates the number of teachers in each school district who would be required to maintain the
4 existing teacher-student ratios across all student age groups. Information on existing employment
5 and levels of service is collected from the individual jurisdictions providing each service.
6
7
8 C.6.5 Impacts on Traffic
9

10 Impacts on traffic in the ROI are described in terms of the impact of the increase in traffic
11 caused by the GTCC LLRW and GTCC-Iike waste disposal facility on the major road segments
12 used to commute to and from the site by existing site employees. The analysis allocates trips
13 made by construction workers to individual road segments on the basis of the residential
14 distribution of existing site workers. The impact on the existing annual average number of daily
15 trips is then calculated, and the impact on the level of service provided by each individual
16 segment is estimated. Traffic information is collected from state and county transportation
17 departments.
18
19
20 C.7 ENVIRONMENTAL JUSTICE
21
22 Executive Order 12898 (February 16, 1994) formally requires federal agencies to
23 incorporate environmental justice as part of their missions. Specifically, it directs them to
24 address, as appropriate, any disproportionately high and adverse human health or environmental
25 effects of their actions, programs, or policies on minority and low-income populations.
26
27 The analysis of the impacts of a GTCC LLRW and GTCC-like waste disposal
28 (i.e., construction of additional rooms and waste operations at WIPP, and construction and
29 operation of a new borehole, trench, or vault disposal facility at the GTCC reference location
30 evaluated) on environmental justice issues follows Council on Environmental Quality (CEQ)
31 guidelines described in Environmental Justice Guidance under the National Environmental
32 Policy Act (CEQ 1997). The analysis method (1) describes the geographic distribution of low-
33 income and minority populations in the affected area; (2) assesses whether the impacts of
34 construction and operations would be high and adverse; and (3) if impacts are high and adverse,
35 determines whether these impacts would disproportionately affect minority and low-income
36 populations.
37
38 Construction and operations associated with GTCC LLRW and GTCC-like waste
39 disposal could affect environmental justice if any adverse health and environmental impacts
40 resulting from either phase of development were significantly high and if these impacts
41 disproportionately affected minority and low-income populations. If an analysis that accounted
42 for any unique exposure pathways (such as subsistence fish, vegetation or wildlife consumption,
43 or well-water consumption) determined that health and environmental impacts would not be
44 significant, there could be no high and adverse impacts on minority and low-income populations.
45 If impacts were found to be significant, disproportionality would be determined by comparing
46 the proximity of high and adverse impacts to the location of low-income and minority
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1 populations. Information needed to conduct the analysis would be collected and developed to
2 support future evaluations that would be included in follow-on documents for the selected
3 alternative(s).
4
5 The analysis of environmental justice issues considers impacts in an 80-km (50-mi)
6 buffer around the site in order to include any potential adverse human health or socioeconomic
7 impacts related to the GTCC LLRW and GTCC-like waste disposal (i.e., construction of
8 additional rooms and waste disposal operations at WIPP, and construction and operation of a
9 new borehole, trench, or vault disposal facility). Accidental radiological releases, for example,

10 could affect minority and low-income population groups located some distance from the site,
11 depending on the size and nature of potential releases and on the meteorological conditions. Any
12 accidental release to the environment could also affect fish and other natural resources that might
13 be used for subsistence by low-income and minority population groups some distance from the
14 site, the extent of which also would depend on the size and nature of any potential release at the
15 site.
16
17 The description of the geographic distribution of minority and low-income groups is
18 based on demographic data from the 2010 Census (U.S. Bureau of the Census 2012). Definitions
19 of minority and low-income population groups are as follows:
20
21 *Minority. Persons are included in the minority category if they identify
22 themselves as belonging to any of the following racial groups: (1) Hispanic,
23 (2) Black (not of Hispanic origin) or African American, (3) American Indian
24 or Alaska Native, (4) Asian, or (5) Native Hawaiian or other Pacific Islander.
25
26 Beginning with the 2000 Census, where appropriate, the census form allows
27 individuals to designate multiple population group categories to reflect their
28 ethnic or racial origin. In addition, persons who classify themselves as being
29 of multiple racial origins may choose up to six racial groups. The term
30 minority includes all persons, including those classifying themselves in
31 multiple racial categories, except those who classify themselves as "White"
32 (U.S. Bureau of the Census 2012).
33
34 The CEQ guidance proposes that minority populations should be identified in
35 locations where either (1) the minority population of the affected area exceeds
36 50% or (2) the minority population percentage of the affected area is
37 meaningfully greater than the minority population percentage in the general
38 population or other appropriate unit of geographic analysis.
39
40 The BIS applies both criteria in using the Census Bureau data for census block
41 groups, in that consideration is given to the minority population that is more
42 than 50% or 20 percentage points higher in the relevant location than it is in
43 the state (the reference geographic unit).
44
45 • Low-income. These are individuals who fall below the poverty line. The
46 poverty line takes into account the family size and the age of individuals in the
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1 family. In 1999, for example, the poverty line for a family of five with three2 children below the age of 18 was $19,882. For any given family below the
3 poverty line, all family members are considered as being below the poverty
4 line for the purposes of analysis in this EIS.
5
6
7 C.8 LAND USE
8
9 Land use impacts are identified changes in land use categories and alternative or

10 conflicting uses caused by a proposed action. Potential impacts on land use were evaluated for
11 each alternative site by examining the characteristics and size of the land required for GTCC
12 LLRW and GTCC-like waste disposal and the compatibility of current land use designations
13 with the GTCC LLRW and GTCC-like waste disposal facility. The analyses considered potential
14 land use impacts that could be incurred during the construction, operations, and post-closure
15 phases of the project at each alternative site. An impact on land use would occur if the facility
16 would change land use in the area in which the facility was located (i.e., the facility would not
17 conform to existing DOE land use plans and policies) or in surrounding areas. Therefore, the
18 GTCC LLRW and GTCC-like waste disposal facility was considered to have a potential impact
19 on land use only if it would:
20
21 • Conflict with existing land use plans;
22
23 • Conflict with existing recreational, educational, scientific, or other uses of the
24 area;
25
26 • Conflict with existing conservation goals for the area; or
27
28 ° Require a conversion from existing commercial land use of the area
29 (e.g., timber harvest, mineral extraction, livestock grazing).
30
31
32 C.9 TRANSPORTATION RISK ANALYSIS
33
34 This section provides the methodology and key input parameters used for the
35 transportation risk analysis performed in support of the GTCC BIS. The methodology follows the
36 common approach identified in DOE (2002b). The analysis evaluated the transportation of the
37 waste from its assumed or known location of generation or storage to each of the proposed
38 disposal facility locations. Transportation impacts were estimated for shipment by both truck and
39 rail modes for the three GTCC LLRW and GTCC-like waste types.

40
41
42 C.9.1 Overview
43
44 The transportation risk assessment considered human health risks both from routine
45 (normal, incident-free) transport of radiological materials and from potential accidents. In both
46 cases, risks associated with the nature of the cargo itself ("cargo-related" impacts) were
47 considered. Risks related to the transportation vehicle regardless of type of cargo ("vehicle-
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1 related" impacts) were considered for potential accidents. Transportation of hazardous chemicals
2 was not part of this analysis because no hazardous chemicals have been identified as being part
3 of the waste disposal operations. Figure C-i depicts the overall approach.
4
5
6 C.9.1.1 Routine Transportation Risk
7
8 The radiological risk associated with routine transportation would be cargo-related and
9 result from the potential exposure of people to low levels of external radiation near a loaded

10 shipment. No direct physical exposure to radioactive material would occur during routine
11 transport because these materials would be in packages designed and maintained to ensure that
12 their contents were contained and shielded during normal transport. Any leakage or unintended
13 release would be considered under accident risks.
14
15
16 C.9.1.2 Accident Transportation Risk
17
18 The cargo-related radiological risk from transportation-related accidents would come
19 from the potential release and dispersal of radioactive material into the environment during an
20 accident and the subsequent exposure of people through multiple exposure pathways
21 (e.g., exposure to contaminated soil, inhalation, or the ingestion of contaminated food).
22
23 Vehicle-related accident risks refer to the potential for transportation-related accidents
24 that would result in fatalities caused by physical trauma unrelated to the cargo.
25
26
27 C.9.2 Routine Risk Assessment Methodology
28
29 The RADTRAN 5 computer code (Neuhauser and Kanipe 2003; Weiner et al. 2006) was
30 used in the routine and accident cargo-related risk assessments to estimate the radiological
31 impacts on collective populations. RADTRAN 5 was developed by Sandia National Laboratories
32 to calculate population risks associated with the transportation of radioactive materials by truck,
33 rail, air, ship, or barge. The code has been used extensively for transportation risk assessments
34 since it was originally issued in the late 1970s as RADTRAN (RADTRAN 1) and has been
35 reviewed and updated periodically. RADTRAN 1 was originally developed to facilitate the
36 calculations presented in NUREG-0 170 (NRC 1977a).
37
38
39 C.9.2.1 Collective Population Risk
40
41 The radiological risk associated with routine transportation would result from the
42 potential exposure of people to low-level external radiation in the vicinity of loaded shipments.
43 Even under routine transportation, some radiological exposure could occur. Because the
44 radiological consequences (dose) would occur as a direct result of normal operations, the
45 probability of routine consequences is taken to be 1 in the RADTRAN 5 code. Therefore, the
46 dose risk is equivalent to the estimated dose.
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1 For routine transportation, the RADTRAN 5 computer code considers major groups of
2 potentially exposed persons. The RADTRAN 5 calculations of risk for routine highway and rail
3 transportation include exposures of the following population groups:
4
5 *Persons along the route (off-link population). Collective doses were
6 calculated for all persons living or working within 0.8 km (0.5 mi) of each
7 side of a transportation route. The total number of persons within the 1.6-km
8 (1-mi) corridor was calculated separately for each route considered in the
9 assessment.

10
11 *Persons sharing the route (on-link population). Collective doses were
12 calculated for persons in all vehicles sharing the transportation route. This
13 group includes persons traveling in the same or opposite directions as the
14 shipment, as well as persons in vehicles passing the shipment.
15
16 *Persons at stops. Collective doses were calculated for people who might be
17 exposed while a shipment was stopped en route. For truck transportation,
18 these stops would include those for refueling, food, and rest. For rail
19 transportation, it was assumed that stops would occur for purposes of
20 classification.
21
22 *Crew members. Collective doses were calculated for truck transportation crew
23 members involved in the actual shipment of material. Workers involved in
24 loading or unloading were not considered. The doses calculated for the first
25 three population groups were added together to yield the collective dose to the
26 public. The dose calculated for the fourth group represents the collective dose
27 to workers.
28
29 The RADTRAN 5 calculations for routine dose generically compute the dose rate as a
30 function of distance from a point or line source (Neuhauser and Kanipe 2003). Associated with
31 the calculation of routine doses for each exposed population group are parameters such as the
32 radiation field strength, source-receptor distance, duration of exposure, vehicular speed, stopping
33 time, traffic density, and route characteristics (such as population density). The RADTRAN
34 manual contains derivations of the equations used and descriptions of these parameters
35 (Neuhauser and Kanipe 2003).
36
37
38 C.9,2.2 Highest-Exposed Individual Risk
39
40 In addition to assessing the routine collective population risk, the risks to individuals
41 receiving the highest impacts were estimated for a number of hypothetical exposure scenarios by
42 using the RISKINID model (Yuan et al. 1995; Biwer et al. 1997). Receptors included
43 transportation crew members, departure inspectors, and members of the public exposed during
44 traffic delays, while working at a service station, or while living near a facility, as summarized in
45 Table C-6.
46
47
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1 TABLE C-6 Individual Exposure Scenarios

Receptor Exposure Event Source

Workers
* Inspector (truck and rail) 1 m for 1 hour DOE 2008

Railyard crew member 10 m for 2 hours DOE 1997a, 2008

Public
Resident near route 18 m (rail), 30 m (truck) DOE 2008 (rail),

DOE 1997a (truck)
Person in traffic jam 1.2 m for 1 hour DOE 2008
Person at service station 16 m for 49 minutes DOE 2008
Resident near railyard 200 m for 20 hours DOE 1 997a

2
3
4 RISKIND was used to calculate the dose to each individual considered for an exposure
5 scenario defined by an exposure distance, duration, and frequency specific to that receptor. The
6 distances and durations of exposure were similar to those given in previous transportation risk
7 assessments (DOE 1990, 1995, 1996, 1997a, 1999). The scenarios were not meant to be
8 exhaustive but were selected to provide a range of potential exposure situations.
9

10 The RISKIND external dose model considers direct external exposure and exposure from
11 radiation scattered from the ground and air. RISKIND was used to calculate the dose as a
12 function of distance from a shipment on the basis of the dimensions of the shipment (millirem
13 per hour for stationary exposures and millirem per event for moving shipments). The code
14 approximates the shipment as a cylindrical volume source, and the calculated dose includes
15 contributions from secondary radiation scattering from buildup (scattering by the material
16 contents), cloudshine (scattering by the air), and groundshine (scattering by the ground). As a
17 conservative measure, credit for potential shielding between the shipment and the receptor was
18 not considered.
19
20
21 C.9.3 Accident Assessment Methodology
22
23 The radiological transportation accident risk assessment used the RADTRAN 5 code for
24 estimating collective population risks and the RISKIND code for estimating individual and
25 population consequences. The collective accident risk for each type of shipment was determined
26 in a maimer similar to that described for routine collective population risks.
27
28
29 C.9.3.1 Radiological Accident Risk Assessment
30
31 The risk analysis for potential accidents differs fundamentally from the risk analysis for
32 routine transportation because occurrences of accidents are statistical in nature. The accident risk
33 assessment is treated probabilistically in RADTRAN 5 for radiological risk. Accident risk is
34 defined as the product of the accident consequence (dose or exposure) and the probability of the
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1 accident occurring. In this respect, RADTRAN 5 estimates the collective accident risk to
2 populations by considering a spectrum of transportation-related accidents. The spectrum of
3 accidents was designed to encompass a range of possible accidents, including low-probability
4 accidents that have high consequences and high-probability accidents that have low
5 consequences (such as "fender benders"). For radiological risk, the results for collective accident
6 risk can be directly compared with the results for routine collective risk because the latter results
7 implicitly incorporate a probability of occurrence of 1 if the shipment takes place.
8
9 The RADTRAN 5 calculation of collective accident risk uses models that quantify the

10 range of potential accident sevenities and the responses of transported packages to accidents. The
11 spectrum of accident severity is divided into several categories, each of which is assigned a
12 conditional probability of occurrence (i.e., the probability that if an accident does occur, it will
13 be of a particular severity). Release fractions, defined as the fraction of the material in a package
14 that could be released in an accident, are assigned to each accident severity category on the basis
15 of the physical and chemical form of the material. The model takes into account the mode of
16 transportation and the type of packaging by selecting the appropriate accident probabilities and
17 release fractions, respectively. The accident rates, the definitions of accident severity categories,
18 and the release fractions used in this analysis are discussed further in Section C.9.4.4.
19
20 For accidents involving the release of radioactive material, RADTRAIN 5 assumes that
21 the material is dispersed in the environment according to standard Gaussian diffusion models.
22 For the risk assessment, default data for atmospheric dispersion were used, representing an
23 instantaneous ground-level release and a small-diameter source cloud (Neuhauser and
24 Kanipe 2003). The calculation of the collective population dose following the release and
25 dispersal of radioactive material includes the following exposure pathways:
26
27 • External exposure to the passing radioactive cloud,
28
29 • External exposure to contaminated ground,
30
31 • Internal exposure from inhalation of airborne contaminants, and
32
33 • Internal exposure from the ingestion of contaminated food.
34
35 For the ingestion pathway, state-average food transfer factors, which relate the amount of
36 radioactive material ingested to the amount deposited on the ground, were calculated in
37 accordance with the methods described by NRC Regulatory Guide 1.109 (NRC 1977b) and were
38 used as input to the RADTRAN code. Doses of radiation from the ingestion or inhalation of
39 radionuclides were calculated by applying standard dose conversion factors (DCFs) (EPA 1999;
40 ICRP 1996).
41
42
43 C.9.3.2 Vehicle-Related Accident Risk Assessment
44
45 The vehicle-related accident risk refers to the potential for transportation accidents that
46 could result directly in fatalities not related to the nature of the cargo in the shipment. This risk
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1 represents fatalities from physical trauma. State-average rates for transportation fatalities are
2 used in the assessment, as discussed in Section C.9.4. 1.3. Vehicle-related accident risks were
3 calculated by multiplying the total distance traveled by the rates for transportation fatalities. In
4 all cases, the vehicle-related accident risks were calculated on the basis of distances for round-
5 trip shipment, since the presence or absence of cargo would not be a factor in accident frequency.
6
7
8 C.9.3.3 Accident Consequence Assessment
9

10 The RISKIND code is used to provide a scenario-specific assessment of radiological
11 consequences from severe transportation-related accidents for each waste type. The RADTRAN
12 accident risk assessment considers the entire range of accident severities and their related
13 probabilities, whereas the RISKIND accident consequence assessment focuses on accidents that
14 result in the largest releases of radioactive material to the environment.
15
16 For each waste type, accident consequences are presented for a shipment of waste that
17 represents the highest potential radiological risk if an accident was to occur. This "maximum
18 reasonably foreseeable accident" is identified for each waste type by screening the site-specific
19 radiological waste characteristics (that is, activity concentrations) developed for this EJS, taking
20 into account the physical forms of waste and the relative hazards of individual radionuclides. For
21 most waste shipments, the consequences of severe accidents would be less than those presented
22 for the maximum reasonably foreseeable case. The accident consequence assessment is intended
23 to provide an estimate of the maximum potential impacts posed by a severe transportation-
24 related accident involving a particular waste type.
25
26 The severe accidents considered in the consequence assessment are characterized by
27 extreme mechanical and thermal forces. In all cases, these accidents result in a release of
28 radioactive material to the environment. The accidents correspond to those Within the highest
29 accident severity category, as described previously. These accidents represent low-probability,
30 high-consequence events. Therefore, accidents of this severity are expected to be extremely rare.
31 However, the overall probability that such an accident could occur depends on the potential
32 accident rates for this severity category and the shipping distance for each case.
33
34 For each waste type, RISKIND is used to calculate the accident consequences for local
35 populations and for the highest-exposed individual. The population dose includes the population
36 within 80 km (50 mi) of the accident site. The exposure pathways considered are similar to those
37 discussed previously for the accident risk assessment. Although remedial activities after the
38 accident (for example, evacuation or ground cleanup) would reduce the consequences, these
39 activities are not considered in the consequence assessment.
40
41 Because predicting the exact location of a severe transportation-related accident is
42 impossible when estimating population impacts, separate accident consequences are calculated
43 for accidents occurring in three population density zones: rural, suburban, and urban. Moreover,
44 to address the effects of the atmospheric conditions existing at the time of an accident, two
45 atmospheric conditions are considered: neutral and stable.
46
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1 The highest-exposed individual for severe transportation accidents would be located at
2 the point that would have the highest concentration of hazardous material that would be
3 accessible to the general public. This location is assumed to be 30 m (100 ft) or farther from the
4 release point at the location of highest air concentration. Only the shipment accident that would
5 result in the highest contaminant concentration is evaluated for individual exposures.
6
7
8 C.9.4 Input Parameters and Assumptions
9

10 The principal input parameters and assumptions used in the transportation risk
11 assessment are discussed in this section. DOE has broad authority under the Atomic Energy Act
12 to regulate all aspects of activities involving radioactive materials that are undertaken by DOE or
13 on its behalf, including the transportation of radioactive materials. DOE exercises this authority
14 to regulate certain DOE shipments, such as shipments undertaken by governmental employees or
15 shipments involving special circumstances. In most cases that do not involve national security,
16 DOE utilizes commercial carriers that undertake shipments of DOE material under the same
17 terms and conditions as those of commercial shipments. These shipments are subject to
18 regulation by the U.S. Department of Transportation (DOT) and other entities, as appropriate. As
19 a matter of policy, all DOE shipments are undertaken in accordance with the requirements and
20 standards that apply to comparable commercial shipments, except where there is a determination
21 that national security or another critical interest requires different action. In implementing this
22 policy, DOE cooperates with federal, state, local, and tribal entities and utilizes existing expertise
23 and resources to the extent practicable. In all cases, DOE will achieve a level of protection that
24 meets or exceeds the level of protection associated with comparable commercial shipments.
25
26 DOT and the NRC have the primary responsibility for federal regulations governing
27 commercial radioactive material transportation. The Hazardous Materials Transportation Act of
28 1975, as amended (49 United States Code [U.S.C.] 5105, et seq.), requires DOT to establish
29 regulations for the safe transportation of hazardous materials in commerce (including radioactive
30 materials). Title 49 of the Code of Federal Regulations (CFR) contains DOT standards and
31 requirements for the packaging, transporting, and handling of radioactive materials for all modes
32 of transportation. DOT's Hazardous Materials Regulations, or HMRs, on the transportation of
33 hazardous and radioactive materials can be found in 49 CFR Parts 171 through 180. In addition,
34 the requirements for motor carrier transportation can be found in 49 CFR Parts 350 through 399,
35 and the requirements for transportation by rail can be found in 49 CFR Parts 200 through 268.
36 The NRC sets additional design and performance standards for packages that carry materials
37 with higher levels of radioactivity. The NRC regulations pertaining to transportation of
38 radioactive materials are found in 10 CFR Part 71. These regulations include detailed
39 requirements for certification testing of packaging designs. This certification testing involves a
40 variety of conditions, such as heating, free dropping onto an unyielding surface, immersing in
41 water, dropping the package onto a vertical steel bar, and checking gas tightness.
42
43
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1 C.9.4.1 Route Characteristics
2
3 The transportation route selected for a shipment determines the total population of
4 potentially exposed individuals and the expected frequency of transportation-related accidents.
5 For truck and rail transportation, the route characteristics most important for a risk assessment
6 include the total shipping distance between each origin site and destination site and the
7 population density along the route.
8
9

10 C.9.4.1.1 Route Selection. The DOT routing regulations concerning radioactive
11 materials on public highways are prescribed in 49 CFR 397.101 (Requirements for Motor
12 Carriers and Drivers). The objectives of the regulations are to reduce the impacts from
13 transporting radioactive materials, establish consistent and uniform requirements for route
14 selection, and identify the role of state and local governments in routing radioactive materials.
15 The regulations attempt to reduce potential hazards by prescribing that populous areas be
16 avoided and that travel times be minimized. In addition, the regulations require the carrier of
17 radioactive materials to ensure (1) that the vehicle is operated on routes that minimize
18 radiological risks and (2) that accident rates, transit times, population density and activity, time
19 of day, and day of week are considered in determining risk. The final determination of the route
20 is left to the discretion of the carrier unless the shipment contains a "highway route controlled
21 quantity" (I{RCQ) of radioactive material, as defined in 49 CFR 173.403 (Definitions). Many
22 potential shipments evaluated for this EIS, such as shipments of activated metal from
23 commercial reactors, fall under this category.
24
25 A vehicle transporting an HRCQ of radioactive materials is required to use the interstate
26 highway system except when moving from the point of origin to the interstate or from the
27 interstate to a destination point, when making a necessary repair or rest stop, or when emergency
28 conditions make continued use of the interstate unsafe or impossible. Carriers are required to use
29 interstate circumferential or bypass routes, if available, to avoid populous areas. Any state or
30 Native American tribe may designate alternative preferred routes to replace or supplement the
31 interstate system, in accordance with 49 CFR 397.103. DOT highway routing requirements
32 preempt any conflicting routing requirements issued by state, local, or tribal governments, such
33 as prohibitions on radioactive waste shipments through local nuclear-free zones
34 (49 CFR 397.203).
35
36 Railroad routes are generally fixed by the location of rail lines, and urban areas typically
37 cannot be readily bypassed. However, DOT's Pipeline and Hazardous Materials Safety
38 Administration regulations in 49 CFR 172.820(c) require each rail carrier annually to "analyze
39 the safety and security risks for the transportation route(s)" it uses to transport shipments of
40 HRCQ quantities of radioactive material, among other commodities. The route analysis must
41 include the 27 factors related to safety and security identified in Appendix D to 49 CFR Part 172.
42 Carriers are then required to use the analysis to "select the practicable route posing the least
43 overall safety and security risk," in accordance with 49 CFR 172.820(e).
44
45 For this analysis, representative shipment routes were identified by using the
46 Transportation Routing Analysis Information System (TRAGIS) (Version 1.5.4) routing model
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1 (Johnson and Michelbaugh 2003) for truck and rail shipments. The routes were selected to be
2 reasonable and consistent with routing regulations and general practice, but they are
3 representative routes only because the actual routes will be chosen in the future. At the time of
4 shipment, the route would be selected on the bases of current road or railroad track conditions,
5 including repairs and traffic congestion.
6
7 The highway data network in TRAGIS is a computerized road atlas that includes a
8 complete description of the interstate highway system and of all U.S. highways. In addition, most
9 principal state highways and many local and community highways are identified. The code is

10 periodically updated to reflect current road conditions and has been compared with reported
11 mileages and observations of commercial trucking firns. The TRAGIS highway database
12 version used was Highway Data Network 4.0.
13
14 Truck routes are calculated within the model by minimizing the total impedance between
15 origin and destination. The impedance is basically defined as a function of distance and driving
16 time along a particular segment of highway. The HRCQ option in the model was used to select
17 routes for all shipments. The population densities along a route are derived from 2000 Census
18 data.
19
20 The rail network used in TRAGIS consists of numerous subnetworks and represents
21 various competing rail companies in the United States. The network was originally based on data
22 from the Federal Railroad Administration and reflected the U.S. railroad system in 1974. The
23 database has been expanded and modified over the past three decades. The code is updated
24 periodically to reflect current track conditions and has been compared with reported mileages
25 and observations of commercial rail firms. A 1:100,000-scale rail network is now incorporated
26 into TRAGIS. The TRAGIS rail database version used was Railroad Data Network 3.2.
27
28 Rail routes are calculated by using a "shortest-route" algorithm that finds the path of
29 minimum impedance within an individual subnetwork. A separate method is used to find paths
30 along the subnetworks. The routes chosen for this study were selected by using the standard
31 assumptions in the model, which simulate the process of selection that railroads would use to
32 direct shipments of radioactive waste. The population densities along a route are derived from
33 2000 Census data.
34
35 The actual routes selected for GTCC LLRW and GTCC-like waste shipments at the time
36 of implementation will meet the requirements of DOT for using the interstate highway system or
37 a State-designated alternative route as appropriate. In addition, DOT will follow other routes that
38 have been identified through agreements with local, tribal, or state governments for transport of
39 radioactive waste.
40
41
42 C.9.4.1.2 Population Density. Three population density zones -- rural, suburban, and
43 urban -- were used for the population risk assessment. The fractions of travel and average
44 population density in each zone were determined with the TRAGIS routing model. Rural,
45 suburban, and urban areas are characterized according to the following breakdown: Rural
46 population densities range from 0 to 54 persons/kmn2 (0 to 139 persons/mi2); suburban densities
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1 range from 55 to 1,284 persons/km2 (140 to 3,326 persons/mi2 ); and urban densities cover all
2 population densities greater than 1,284 persons/km2 (3,326 persons/mi2 ). Use of these three
3 population density zones is based on an aggregation of the 11 population density zones provided
4 in the TRAGIS model output. For calculation purposes, information about population density
5 was generated at the state level and used as RADTRAN input for all routes.
6
7
8 C.9.4.1.3 Accident and Fatality Rates. For calculating accident risks, vehicle accident
9 involvement and fatality rates were taken from data provided in Saricks and Tompkins (1999).

10 For each transport mode, accident rates are generically defined as the number of accident
11 involvements (or fatalities) in a given year per unit of travel by that mode in the same year.
12 Therefore, the rate is a fractional value: The accident-involvement count is the numerator, and
13 vehicular activity (total traveled distance) is the denominator. Accident rates are derived from
14 multiple-year averages that automatically account for such factors as heavy traffic and adverse
15 weather conditions. For assessment purposes, the total number of expected accidents or fatalities
16 is calculated by multiplying the total shipping distance for a specific case by the appropriate
17 accident or fatality rate.
18
19 For truck transportation, the rates presented in Saricks and Tompkins (1999) are
20 specifically for heavy combination trucks involved in interstate commerce. Heavy combination
21 trucks are rigs composed of a separable tractor unit containing the engine and one to three freight
22 trailers connected to each other and the tractor. Heavy combination trucks are typically used for
23 shipping radioactive wastes. Truck accident rates are computed for each state on the basis of
24 statistics for 1994 to 1996 compiled by the DOT Office of Motor Carriers. Saricks and Tompkins
25 (1999) present accident involvement and fatality counts, estimated kilometers of travel by state,
26 and the corresponding average accident involvement and fatality rates for the three years
27 investigated. Fatalities (including of crew members) are deaths that are attributable to the
28 accident and that occurred within 30 days of the accident.
29
30 The truck accident assessment presented in this EIS uses state-specific accident and
31 fatality rates for travel on interstate highways. The total accident risk for a case depends on
32 the total distance traveled in various states and does not rely on national average accident
33 statistics. For comparative purposes, the national average truck accident rate on interstate
34 highways presented in Saricks and Tompkins (1999) is 3.15 x 10-7 accidents/truck-km
35 (5.07 x 10o-7 accidents/mi). Likewise, the national average truck fatality rate was reported as
36 8.9 x 10-9 fatalities/truck-kmn (1.4 x 10-8 fatalities/mi).
37
38 Rail accidents rates are computed and presented in a manner similar to truck accident
39 rates in Saricks and Tompkins (1999). However, for rail transport, the unit of haulage is the
40 railcar. State-specific rail accident involvements and fatality rates are based on statistics for 1994
41 to 1996 compiled by the Federal Railroad Administration. Rail accidents include both mainline
42 accidents and those occurring in rail yards.
43
44 The rail accident assessment presented in this EIS uses accident and fatality rates for
45 travel on mainline (Class 1 and 2) railroads. The total accident risk for a case depends on the
46 total distance traveled in various states and does not rely on national average accident statistics.
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1 For comparative purposes, the national rail accident rate on mainline railroads presented in2 Saricks and Tompkins (1999) is 2.74 x 10-7 accidents/railcar-km (4.41 x 10-7 accidents/mi).
3 Likewise, the national average rail fatality rate was reported as 7.82 x 10-8 fatalities/railcar-km
4 (1.26 x 10-7 fatalities/kin).
5
6 Note that the accident rates used in this assessment were computed by considering all
7 interstate shipments, regardless of the cargo. Saricks and Kvitek (1994) points out that shippers
8 and carriers of radioactive material generally have a higher-than-average awareness of
9 transportation risk and prepare cargoes and drivers for such shipments accordingly. This

10 preparation should have the twofold effect of reducing component and equipment failure and
11 mitigating the contribution of human error to accident causation. However, these mitigating
12 effects are not considered in the accident assessment.
13
14
15 C.9.4.2 Packaging
16
17 The packaging used for shipping radioactive materials must be designed, constructed, and
18 maintained to ensure that it will contain and shield the contents during normal transportation. For
19 more highly radioactive material, the packaging must contain and shield the contents in severe
20 accidents. The type of packaging used is determined by the radioactive hazard associated with
21 the packaged material. The basic types of packaging required by the applicable regulations are
22 designated as Type A, Type B, or industrial packaging (generally for low-specific-activity
23 material). All shipments evaluated in this analysis are assumed to use Type B packaging for
24 transportation.
25
26 The 208-L (55-gal) drums and SWBs that are assumed to contain the CH waste (as
27 discussed in Appendix B, Section B.4) are Type A packaging. This type of packaging must
28 withstand the conditions of normal transportation without the loss or dispersal of the radioactive
29 contents, as specified in 49 CFR 173.4 13 (Additional Design Requirements for Type A
30 Packages). "Normal" transportation refers to all transportation conditions except those resulting
31 from accidents or sabotage. Approval of Type A packaging is obtained by demonstrating that the
32 packaging can withstand specified testing conditions intended to simulate normal transportation.
33 Type A packaging usually does not require special handling, packaging, or transportation
34 equipment. Because the levels of radioactivity in many of these Type A containers containing
35 CHI GTCC LLRW or GTCC-like waste would be near the upper limits specified in 10 CFR
36 Part 71, with multiple drums or SWBs per shipment, the use of Type B packaging is assumed for
37 CH waste shipments. At the time of actual shipment, all GTCC LLRW and GTCC-like waste
38 would be packaged in compliance with radioactive material transportation safety regulations, and
39 Type B packaging might not be required, depending on the characteristics of the waste to be
40 transported.
41
42 In addition to meeting all the Type A standards, Type B packaging must also provide a
43 high degree of assurance that the package integrity will be maintained even during severe
44 accidents, with essentially no loss of the radioactive contents or serious impairment of the
45 shielding capability. Type B packaging is required for shipping large quantities of radioactive
46 material and must satisfy stringent testing criteria (as specified in 10 CFR Part 71). The testing
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1 criteria were developed to simulate conditions of severe hypothetical accidents, including
2 impact, puncture, fire, and immersion in water. The most widely recognized Type B packaging is
3 the massive casks used to transport highly radioactive spent nuclear fuel (SNF) from nuclear
4 power stations. Large-capacity cranes and mechanical lifting equipment are usually necessary for
5 handling Type B packaging. Many Type B packages are transported on trailers specifically
6 designed for that purpose.
7
8 The CH waste considered in this EIS, while it is placed in Type A packaging, is assumed
9 to be transported in Type B containers referred to as the Transuranic Package Transporter-Il

10 (TRUIPACT-lI). TRUJPACT-Ils are being used for the shipment of similar types of waste to
11 WIPP. One TRUPACT-Il can accommodate either 14 208-L (55-gal) drums (two stacked
12 7-drum packs [hexagonal arrays with one in the middle]) or two stacked SWBs. For the purposes
13 of this EIS, four cesium irradiators are assumed to be shipped in one TRUTPACT-II.
14
15 A discussion of the RH waste packaging assumed for this EIS is provided in
16 Section B.4.1.2 in Appendix B. Section B.5 in Appendix B summarizes the shipment
17 configurations and number of shipments used in the transportation analysis.
18
19
20 C.9.4.3 Accident Characteristics
21
22 The assessment of transportation accident risk takes into account the fraction of material
23 in a package that would be released or spilled to the environment during an accident, commonly
24 referred to as the release fraction. The release fraction is a function of the severity of the accident
25 and the material packaging. For instance, a low-impact accident, such as a fender-bender, is not
26 expected to cause any release of material. Conversely, a very severe accident is expected to
27 release nearly all of the material in the shipment into the environment. The method used to
28 characterize accident sevenities and the corresponding release fractions for estimating radioactive
29 risks are described below.
30
31
32 C.9.4.3.1 Accident Severity Categories. A method to characterize the potential severity
33 of transportation-related accidents is described in NUREG-0170 (NRC 1977a). The NRC method
34 divides the spectrum of transportation accident severities into eight categories. Other studies
35 have divided the same accident spectrum into six categories (Wilmot 1981), 20 categories
36 (Fischer et al. 1987), or more (Sprung et al. 2000); however, these latter studies focused
37 primarily on accidents involving shipments of SNF. In this analysis, the NUJREG-0 170 scheme is
38 used for all shipments.
39
40 The NUREG-0 170 scheme for accident classification is shown in Figures C-2 and
41 C-3 for truck and rail transportation, respectively. Severity is described as a function of the
42 magnitudes of the mechanical forces (impact) and thermal forces (fire) to which a package might
43 be subjected during an accident. Because all accidents can be described in these terms, severity is
44 independent of the specific accident sequence. In other words, any sequence of events that results
45 in an accident in which a package is subjected to forces within a certain range of values is
46 assigned to the accident severity category associated with that range. The scheme for accident
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FIGURE C-2 Scheme for NUJREG-0170
Classification by Accident Severity Category for
Truck Accidents (Source: NRC 1977a)

severity is designed to take into account all credible transportation-related accidents, including
those accidents with a low probability but high consequences and those with a high probability
but low consequences.

Each severity category represents a set of accident scenarios defined by a combination of
mechanical and thermal forces. A conditional probability of occurrence (i.e., the probability that
if an accident occurs, it is of a particular severity) is assigned to each category. The fractional
occurrences for accidents by accident severity category and population density zone are shown in
Table C-7 and are used for estimating the radioactive risks.

Category I accidents are the least severe but the most frequent. Category VIII accidents
are very severe but very infrequent. To determine the expected frequency of an accident of a
given severity, the conditional probability in the category is multiplied by the baseline accident
rate. Each population density zone has a distinct distribution of accident sevenities related to
differences in average vehicular velocity, traffic density, location (rural, suburban, or urban), and
other factors.
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C.9.4.3.2 Package Release Fractions. In NUREG-0 170, radiological and chemical
consequences are calculated by assigning package release fractions to each accident severity
category. The release fraction is defined as the fraction of the material in a package that could be
released from the package as the result of an accident of a given severity. Release fractions take
into account all the mechanisms necessary to release material from a damaged package into the
environment. Release fractions vary according to the type of package and the physical form of
the material.

Representative release fractions for accidents involving activated metal shipments were
taken from NUREG-0170 (NRC 1977b). The recommendations in NUIREG-0 170 are based on
best engineering judgments and have been shown to provide conservative estimates of material
releases following accidents. Release fractions for accidents of each severity category are given
in Table C-8. As shown in that table, the amount of material released from the package ranges
from zero for minor accidents to 100% for the most severe accidents. Important for the purposes
of risk assessment are the fraction of the released material that can be entrained in an aerosol
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1
2
3

TABLE C-7 Fractional Occurrences for Truck and
Rail Accidents by Severity Category and Population
Density Zone

Fractional Occurrence by
Accident Population Density Zone
Severity Fractional
Category Occurrence Rural Suburban Urban

Truck
I 5.5E-01 1.0E-01 1.0E-01 8.0E-01
II. 3.6E-01 1.0E-01 1.0E-01 8.0E-01
III 7.0E-02 3.0E-01 4.0E-01 3.0E-01
IV 1.6E-02 3.0E-01 4.0E-01 3.0E-01
V 2.8E-03 5.0E-01 3.0E-01 2.0E-01
VI 1.1E-3 7.0E-01 2.0E-01 1.0E-01
VII 8.5E-05 8.0E-01 1.0E-01 1.0E-01
VIII 1.5E-05 9.0E-01 5.0E-02 5.0E-02

Rail
I 5.0E-01 1.0E-01 1.0E-01 8.0E-01
II 3.0E-01 1.0E-01 1.0E-0l 8.0E-01
III 1.8E-01 3.0E-01 4.0E-01 3.0E-01
IV 1.8E-02 3.0E-01 4.0E-01 3.0E-01
V 1.8E-03 5.0E-01 3.0E-01 2.0E-01
VI 1.3E-04 7.0E-01 2.0E-01 l.0E-01
VII 6.0E-05 8.0E-01 l.0E-01 1.0E-01
VIII 1.0E-05 9.0E-01 5.0E-02 5.0E-02

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Source: NRC (1977a)

(part of an airborne contaminant plume) and the fraction of the aerosolized material that is also
respirable (of a size that can be inhaled into the lungs). These fractions depend on the physical
form of the material. Most solid materials are difficult to release in particulate form and are
therefore relatively nondispersible. Conversely, liquid or gaseous materials are relatively easy to
release if the container is breached in an accident.

The aerosolized fraction and the respirable fraction were taken to be 1 x 10-6 and
0.05, respectively, for the activated metal that is expected to behave as immobile material
(Neuhauser and Kanipe 1992). The release fractions used for the CH and other Ru waste
shipments with the TRUPACT-II and RH-72B Type B packages, respectively, are also
provided in Table C-8.

C.9.4.3.3 Atmospheric Conditions during Accidents. Hazardous material released to
the atmosphere is transported by the wind. The amount of dispersion, or dilution, of the
contaminant material in the air depends on the meteorological conditions at the time of the
accident. Because predicting the specific location of an off-site transportation-related accident
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1 TABLE C-8 Estimated Release Fractions for Type B Packages
2 under Various Accident Severity Categories

Accident TRUJPACT-IIb RH-72BC
Severity Release
Category Fractiona Truck Rail Truck Rail

I 0 0 0 0 0
II 0 0 0 0 0
III 0.01 8 x i0-9 2 x 10-8 6 x 10-9 2 x 10-8
IV 0.1 2 x10-7  7x10-7  2 x10-7  7 x10-7

V 1 8 x10-5  8 x10-5  1x10-4  1ix10-4

VI 1 2x10-4  2x10-4 lx10-4  lxl0-4
VII 1 2 x10-4  2x10-4  2 x10-4 2 x10-4
VIII 1 2 x10-4  2 x10"4  2x10-4 2 x10-4

aSource: NRC (1977b), used for all activated metal shipments.
Aerosolized and respirable fractions for activated waste in Type B
packages for all accident severity categories are assumed to equal
1 x 10-6 and 0.05, respectively.

bSource: DOE (1997b), used for CH waste shipments. Both aerosolized
and respirable fractions are assumed to equal 1.0.

cSource: DOE (1990), used for RH waste shipments. Both aerosolized and
respirable fractions are assumed to equal 1.0.

3
4
5 and the exact meteorological conditions at the time of an accident is impossible, generic
6 atmospheric conditions were selected for the accident risk assessment. National average weather
7 conditions (Weiner et al. 2006) were used in the analysis.
8
9

10 C.9.4.4 Radiological Risk Assessment Input Parameters and Assumptions
11
12 The dose (and, correspondingly, the risk) to populations during routine transportation of
13 radioactive materials is directly proportional to the assumed external dose rate from the
14 shipment. The actual dose rate from the shipment is a complex function of the composition and
15 configuration of shielding and containment materials used in the packaging, the geometry of the
16 loaded shipment, and the characteristics of the radioactive material itself.
17
18 Table C-9 lists the external dose rates developed for this transportation analysis. The dose
19 rates are presented as the dose rate at 1 m (3.3 ft) from the lateral sides of the transport vehicle.
20 These values are well below the regulatory limit established in 49 CFR 173 .441 (Radiation Level
21 Limitations) and 10 CFR 71.47 (External Radiation Standards for All Packages) to protect the
22 public. The regulatory limit is set at is 0.1 mSv/lh (10 mremih) at 2 m (6 ft) from the outer lateral
23 sides of the transport vehicle. This dose rate corresponds to approximately 14 mrem/h at 1 m
24 (3 ft) from the shipment. Previous estimates of external dose rates at 1 m from CH and RH
25 wastes similar to GTCC LLRW and GTCC-like waste have ranged up to 3.3 mrem/lh for CH
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1 TABLE C-9 External Dose Rates, Package Sizes, and Distances Used
2 in RADTRAN

Dose Rate at
Sm (3.3 ft)

from Side ofI
the Transport Crew

Vehicle Package Distance Crew
Shipment (torero/h) Size (in) (in) View (in)

Activated metal and RH waste
Truck 2.5a 3.b 3.2 0.66
Rail 5.0 7.2e NAd NA

CH waste
Truck 0.5 7.4e 10 1.85
Rail 1.0 14.8f NA NA

a Source: Sandia (2008).

b One RH-72B package.

C Two RH-72B packages.

d NA = not applicable.

eThree TRUPACT-II packages.

f' Six TRUPACT-II packages.

3
4
5 waste and up to 9.2 mrem/h for RH waste (DOE 1997b). By using a DOE-complex-wide average
6 radionuclide profile of similar waste, a more recent dose rate estimate of 0.5 mrem/h for CHi
7 waste truck shipments and 2.5 mrem/h for Ru waste truck shipments was calculated
8 (Sandia 2008). Because of the high activities associated with the GTCC LLRW and GTCC-like
9 waste, especially for the activated metals, these estimates could be lower than the actual values

10 for some specific shipments in the future, but they represent a more realistic overall average
11 external dose rate than the use of an excessive bounding estimate, and they are consistent across
12 alternatives. Once an alternative is selected for disposal of specific waste, further analysis may
13 be required to optimize waste packaging and shipment configurations to minimize impacts on the
14 basis of the characteristics of the actual waste to be transported.
15
16 In addition to the specific parameters discussed previously, values for a number of
17 general parameters must be specified within the RADTRAN code to calculate radiological risks.
18 Standard values were used in most cases. These general parameters define basic characteristics
19 of the shipment and traffic and are specific to the mode of transportation. The user's manual for
20 the RADTRAN code (Neuhauser and Kanipe 2003; Weiner et al. 2006) contains derivations and
21 descriptions of these parameters. The general RADTRAN input parameters used in the
22 radiological transportation risk assessment are summarized in Table C-10.
23
24
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Fia1TC ITABLE C-10 General RADTRAN Input Parametersa

Parameter Truck Rail

Number of crew members 2 5
Average vehicular speed (kmlh)b

Rural 88.49 64.37
Suburban 40.25 40.25
Urban 24.16 24.16

Stop time (h/kin) 0.00 15 0.033
Number of people exposed while stopped 25 Route-specific suburban

population average density
Distance for exposure while stopped (in) 20 10 to 400
Number of people per vehicle sharing route 2 3
Population density (persons/kin2 )c Route specific Route specific
One-way traffic count (vehicles/h)d

Rural 530 1
Suburban 760 1
Urban 2,400 5

Fraction of farmnlande Route specific *Route specific

a Accident conditional probabilities are listed by severity category in Table C-7. Accident
release fractions are given in Table C-8. External dose rates are given in Table C-9.

b Fraction of rural and suburban travel on freeways is assumed to be 1. Thus, the rural

speed is used for both urban and suburban zones in RADTRAN for truck transport.

cRoute-specific population densities are from the TRAGIS route outputs.

d Source: DOE (2002b).

eState-specific fraction of farmland was taken from Table 8, pp. 29 1-299, in USDA

(2004).

2
3
4 C.9.5 Uncertainties and Conservatism in Estimated Impacts
5
6 The sequence of analyses performed to generate estimates of risk from transporting
7 radioactive waste is as follows: (1) determine the waste inventory and characteristics at each site,
8 (2) estimate the shipment requirements, (3) determine the route characteristics, (4) calculate the
9 radiation doses to exposed individuals (including estimating environmental transport and uptake

10 of radionuclides), and (5) estimate health effects. Uncertainties are associated with each step.
11 Uncertainties exist in the (1) way that the physical systems being analyzed are represented by the
12 computational models; (2) data required to apply the models (because of measurement errors,
13 sampling errors, natural variability, or unknown factors caused simply because the actions being
14 analyzed will occur in the future; and (3) calculations themselves (e.g., the approximation
15 algorithms used in the computer programs).
16
17 In principle, one could estimate the uncertainty associated with each input or
18 computational source and predict the resultant uncertainty in each subsequent set of calculations.
19 Thus, one could propagate the uncertainties from one set of calculations to the next and estimate
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1 the uncertainty in the final, or absolute, result. However, conducting such a full-scale
2 quantitative uncertainty analysis is often impractical and sometimes impossible, especially for
3 actions that would be initiated at an unspecified time in the future. Instead, the risk analysis is
4 designed to ensure -- through uniform and judicious selection of scenarios, models, and input
5 parameters -- that relative comparisons of risk among the various alternatives are meaningful. In
6 the transportation risk assessment, this objective is accomplished by uniformly applying input
7 parameters and assumptions to all alternatives for each waste type. Therefore, although
8 considerable uncertainty is inherent in the absolute magnitude of the transportation risk for each
9 alternative, much less uncertainty is associated with the relative differences among the

10 alternatives in a given measure of risk.
11
12 In the following sections, areas of uncertainty are discussed for each assessment step
13 enumerated previously, with the exception of health effects. Special emphasis is placed on
14 identifying whether the uncertainties affect relative or absolute measures of risk. Where
15 practical, the parameters that most significantly affect the risk assessment results are identified,
16 and quantitative estimates of uncertainty are provided.
17
18
19 C.9,5.1 Uncertainties in the Waste Inventory and Characterization
20
21 The site-specific waste inventories and the physical and radiological waste characteristics
22 are important input parameters for the transportation risk assessment. The potential amount of
23 transportation required for any alternative is determined primarily by the projected waste
24 inventory at each site and assumptions about shipment configurations (packaging and shipment
25 capacities). The physical and radiological characteristics of the waste are important in
26 determining the amount of waste that would be released during an accident and the subsequent
27 doses to exposed individuals through multiple environmental exposure pathways.
28
29 In general, the uncertainties in the data specific to the site and waste type could affect the
30 relative and absolute measures of transportation risk, and they are difficult to quantify. For
31 example, there is a large amount of uncertainty associated with the amount of GTCC activated
32 metal waste that would come from commercial reactors, in terms of reactor availability (when a
33 given reactor would shut down) and in terms of the time decommissioning would actually occur
34 (e.g., if there were years between shutdown and decommissioning, it is possible that little or
35 no activated metal waste would be classified as GTCC LLRW and GTCC-like waste). Precisely
36 defining the impact of these uncertainties on the transportation risk is difficult, given the large
37 number of sites.
38
39 The uncertainties in the waste characterization data are reflected to some degree .in the
40 transportation risk results. If the waste inventories are consistently overestimated (or
41 underestimated), the resulting transportation risk estimates are also overestimated (or
42 underestimated) by roughly the same factor. In terms of relative risk comparisons, such
43 uncertainties have little effect, since the majority of the waste would require shipment under all
44 disposal alternatives (i.e., none of the sites being considered for disposal are also large generators
45 of GTCC LLRW or GTCC-like waste).
46
47
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1 C.9.5.2 Uncertainties in Defining the Shipment Configurations
2
3 As stated previously, the amount of transportation required for each disposal alternative
4 is partly based on assumptions about the packaging and shipment configurations for each waste
5 type. Representative shipment configurations have been defined for each waste type on the basis
6 of either historical or potential future shipment capacities. (For example, all truck shipments of
7 activated metal could be made in RH-72B or similar Type B packages because of the
8 hypothetical design used for the activated metal canisters). In reality, the actual shipment
9 capacities might differ from the predicted capacities, so the projected number of shipments and

10 consequently the total transportation risk would change. (For example, some GTCC activated
11 metal is already stored in large transportation, storage, and disposal canisters that are suitable
12 only for rail transport). However, although the predicted transportation risks would increase or
13 decrease accordingly (decrease in this case), the relative differences in risks among alternatives
14 would generally remain unchanged.
15
16
17 C.9.5.3 Uncertainties in Determining the Route
18
19 Representative routes between all origin sites and destination sites considered for the
20 disposal alternatives have been determined. The routes chosen were consistent with current
21 guidelines, regulations, and practices but may not be the actual routes that will be used in the
22 future. In reality, the actual routes may differ from the representative ones in terms of the lengths
23 of the routes and total populations along them. Moreover, because the assessment considers
24 wastes generated over the next 50 to 70 years, the highway and rail infrastructures and the
25 demographics along the routes could also change over time. Although these effects are not
26 accounted for in the transportation assessment, it is anticipated that any changes would not
27 significantly affect the comparisons of risk among the disposal alternatives considered in
28 the EIS.
29
30
31 C.9.5.4 Uncertainties in Calculating Radiation Doses
32
33 The models used to calculate radiation doses from transportation activities introduce
34 additional uncertainty into the risk assessment process. Estimating the accuracy, or absolute
35 uncertainty, of the risk assessment results is generally difficult. The accuracy of the calculated
36 results is closely related to the limitations of the computational models and to the uncertainties in
37 each of the input parameters that the model requires. The single greatest limitation facing users
38 of RADTRAN, RISK1ND, or any computer code of this type is the scarcity of data for certain
39 input parameters.
40
41 Uncertainties associated with the computational models are minimized by using state-of-
42 the-art computer codes that have been extensively reviewed. However, because numerous
43 uncertainties are recognized but are difficult to quantify, assumptions are made at each step of
44 the risk assessment process. These assumptions are intended to produce conservative results (that
45 is, overestimate the calculated dose and radiological risk). Because parameters and assumptions
46 are applied equally to all disposal alternatives for a waste type, this model bias is not expected to
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1 affect the meaningfulness of the risk comparisons; however, the results may not represent risks
2 in an absolute sense.
3
4 Incident-free transportation risks are the dominant component of the total transportation
5 risk for both truck and rail modes. The most important parameter in calculating incident-free
6 doses is the shipment external dose rate (i.e., incident-free doses are directly proportional to the
7 shipment external dose rate). For calculation purposes, average dose rates were applied to each
8 waste type because information is not available to predict shipment dose rates accurately on a
9 site-by-site and waste-stream basis. In practice, the external dose rates will vary not only from

10 one site to another and one waste type to another but also from one shipment to another for a
11 given site; the rates are expected to range near the levels assumed for this assessment.
12
13
14 C.9.5.5 Uncertainties in Comparing Truck and Rail Transportation Modes
15
16 The transportation risk assessment results presented in this EIS indicate that rail
17 transportation would pose a lower overall risk to workers and the public than would truck
18 transportation of the same quantity of waste. However, it is important to recognize that although
19 rail shipments were found to result in no expected fatalities, the risks from transportation
20 operations for both modes are, in general, small. Moreover, comparisons between truck and rail
21 shipment risks need to consider the uncertainties inherent in the risk assessment process. As
22 discussed above, in most cases, the calculational uncertainties are difficult to quantify and may,
23 in fact, not be the same for truck transport as they are for rail transport. Some important issues
24 that should be considered while comparing truck and rail shipment risks are discussed below.
25
26 In this EIS, transportation risks are estimated for the shipment of all waste by 100% truck
27 or by 100% rail mode for each disposal alternative and waste type. The intent of this approach is
28 to bound the transportation impacts for any possible mix of truck and rail shipments, recognizing
29 that both modes would likely take place in the future. Therefore, all facilities were assumed to
30 have rail access. However, a number of the generator sites and some disposal sites do not have
31 direct rail access. For those sites lacking direct rail access, the risks associated with shipping
32 waste by truck to a rail siding are not considered in detail; however, preliminary evaluations
33 indicate that these activities generally contribute only a small amount to the overall
34 transportation risk (DOE 1997a).
35
36 Although subject to calculational uncertainties, a number of factors that contribute to the
37 assessment results indicate that rail shipments have lower impacts than truck shipments for the
38 same alternative. These factors include the following:
39
40 *Rail shipments are larger than truck shipments; thus, fewer total rail shipments
41 are needed. Consequently, impacts from rail shipment tend to be lower
42 because overall transportation impacts tend to be proportional to shipment
43 mileage.
44
45 • On a per-shipment basis, rail shipments have lower radiological impacts than
46 do truck shipments. The radiological impacts from rail shipments tend to be
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1 lower because fewer members of the public are exposed during rail transport
2 (primarily because there are fewer people at railroad stops and because fewer
3 people share the routes). In addition, rail crew members tend to be much
4 farther from the radioactive material packages than are truckers. However, the
5 differences in radiological risk between the two transport modes for all
6 disposal alternatives lie within the uncertainty of the estimates on the number
7 and location of exposed persons.
8
9 Although rail impacts were found to be less than truck impacts, a number of

10 considerations were not specifically addressed in the representative assessment conducted for the
11 purposes of the EIS. First, rail shipments may require additional handling and preparation,
12 especially for sites lacking rail access, and this handling would contribute to the overall rail
13 shipment risk. Second, to be cost effective, rail shipments generally require a large inventory of
14 waste. Rail may thus not be a cost-effective option at smaller generating sites. Finally, rail
15 operations in general are not as flexible and responsive to individual site needs and capabilities
16 as are truck operations.
17
18
19 C.10 CULTURAL RESOURCES
20
21 Cultural resources are the physical remains of past human activity or natural features that
22 have significant historical or cultural meaning. These resources include archaeological sites,
23 historic structures, cultural landscapes, and traditional cultural properties.
24
25 The analysis of impacts on cultural resources relied on similar types of information for
26 each site and alternative. The area potentially affected was determined for each site and included
27 the areas needed for both construction and operations. To the extent possible, these areas
28 included some buffer to allow for any minor changes during implementation. Information on the
29 presence of cultural resources within the area that might be affected was compiled. This task
30 relied on cultural and historical background data that provided an overarching context for the
31 types of cultural resources that could be present in each region. Previous cultural resource studies
32 were reviewed to determine if specific resources exist within the area potentially affected. A
33 records search was done to determine if any of the cultural resources that are present are eligible
34 for listing on the National Register of Historic Places (NRHiP).
35
36 DOE initiated consultation and communication activities on the GTCC EIS with
37 14 participating American Indian tribal governments that have cultural or historical ties to the
38 DOE sites being analyzed in this EIS. The consultation activities are being conducted in
39 accordance with President Obama's Memorandum on Tribal Consultation (dated
40 November 5, 2009); Executive Order 13175 (dated November 6, 2000) entitled "Consultation
41 and Coordination with American Indian Tribal Governmnents"; Executive Memorandum (dated
42 September 23, 2004) entitled "Government-to-Government Relationship with Tribal
43 Governments" (White House 2004); and DOE Order 144.1, "American Indian Tribal
44 Government Interaction and Policy" (dated January 2009). The consultation activities include
45 technical briefings, the development of the written tribal narrative included in this EIS related to
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1 the specific site affiliated with the tribe, and/or discussions with elected tribal officials, based on
2 individual tribal preferences and mutually agreed-upon protocols.
3
4 Once the baseline for the types of cultural resources present was established, the
5 assessment considered the activities that would be required for the proposed action and their
6 potential for affecting cultural resources. Of greatest concern were activities that would require
7 ground disturbance because these activities would have the greatest impact on cultural resources.
8 If archeological surveys had not been completed for the project area, the analysis assumed that
9 the distribution of resources was the same as the distribution known for the surrounding region.

10 Once the potential for impacts from each alternative was determined, the effects of each
11 alternative were compared. Tribal perspectives, comments, and concerns identified during the
12 consultation process will be considered by DOE in the decision-making process for selecting and
13 implementing (a) disposal alternatives(s) for GTCC LLRW and GTCC-like waste.
14
15
16 C.11 WASTE MANAGEMENT
17
18 Potential impacts on waste management programs at the various sites considered in this
19 EIS were evaluated. Wastes that could be generated from the construction of the land disposal
20 options evaluated in this EIS include small quantities of hazardous solids, nonhazardous solids
21 (concrete and steel spoilage, excavated materials), hazardous liquids, and nonhazardous (sanitary
22 waste) liquids. Wastes that could be generated from the operation of the land disposal methods
23 include small quantities of solid LLRW, such as spent I{EPA filters, and nonhazardous solid
24 waste (including recyclable wastes). Some liquid LLRW would also be generated from truck
25 washdown water. A compilation of the waste volumes that could be generated from the
26 construction and operations of the land disposal facilities is presented in Appendix D and in
27 Table 5.3.1 1-1. For the assessment of waste management impacts in this EIS, annualized
28 construction waste data were derived from the information presented in Appendix D. An initial
29 construction period of 3.4 years was assumed in the derivation.
30
31 At all the sites evaluated for the land disposal options, the waste management programs
32 for the waste categories generated were reviewed to determine potential impacts from the
33 additional waste that could be generated. All the waste categories are routinely handled at all the
34 DOE sites evaluated. Waste generated at the WIPP Vicinity could be sent off-site for disposal;
35 commercial disposal options are available for the waste categories that would be generated.
36
37 Disposal operations would generate types of waste similar to those currently generated
38 (i.e., liquid nonhazardous, solid nonhazardous, and hazardous waste); it is expected that existing
39 handling procedures and capacities would accommodate the additional waste.
40
41
42 C.12 CUMULATIVE IMPACTS
43
44 Cumulative effects or impacts result from the incremental impact of the action
45 alternatives when added to other past, present, and reasonably foreseeable future actions,
46 regardless of what government agency or private entity undertakes such actions. Cumulative
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1 effects may result from impacts that are minor individually but that, when viewed collectively
2 over space and time, can produce significant impacts. The approach used for cumulative impacts
3 analysis in this ETS was based on the principles outlined in CEQ (1997) and on the guidance
4 developed by the EPA in EPA (1999) for independent reviewers of EISs.
5
6 The cumulative impact analysis for this EIS was not meant to be a review of all potential
7 environmental impacts at and near a site, nor was it meant to be a sitewide impact analysis. For
8 this EIS, past and present impacts at a given site are generally addressed in the affected
9 environment discussion for each resource area. Reasonably foreseeable future actions at a given

10 site were gleaned primarily from a review of various National Environmental Policy Act (NEPA)
11 documents available for the site. In addition, the latest EIS (draft or final, as appropriate)
12 available for the site was reviewed to identify total cumulative impact values reported for the site
13 (with the reasonably foreseeable future actions considered). The potential impacts from this EIS
14 were then compared to those reported values in order to gain perspective on the potential
15 contribution from the GTCC EIS alternatives to overall cumulative impacts at the sites.
16
17
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1 APPENDIX D:
2
3 CONCEPTUAL DISPOSAL FACILITY DESIGNS
4
5
6 This appendix presents information on the conceptual facility designs and layouts, modes
7 of transportation, waste packaging, facility resource requirements, and facility emissions
8 associated with the three land disposal methods that the U.S. Department of Energy (DOE) is
9 considering for disposal of greater-than-Class C (GTCC) low-level radioactive waste (LLRW)

10 and GTCC-like waste: (1) borehole disposal, (2) trench disposal, and (3) vault disposal. Each
11 conceptual facility is designed to provide the disposal capacity needed for the entire inventory
12 described in Appendix B. In addition, this appendix provides supporting information for
13 estimating incremental air emissions from waste to be disposed of at the Waste Isolation Pilot
14 Plant (WIPP).
15
16
17 D.1 SCOPE
18
19 Two enhanced near-surface methods for disposing of GTCC LLRW and GTCC-like
20 waste were evaluated: a trench and an above-grade vault. One intermediate-depth method -- the
21 borehole disposal method -- was also evaluated. The level of detail of the proposed designs that
22 is presented in this appendix is sufficient for use in this environmental impact statement (EIS).
23 Further studies, including a site-specific safety analysis report, would be necessary to support
24 further decision-making with regard to implementing any of the three methods.
25
26 The disposal facility designs are sized to accommodate the disposal of approximately
27 12,000 m3 (420,000 ft3) of GTCC LLRW and GTCC-like wastes that are expected to be
28 generated through the year 2083. Information on the waste types and their radionuclide activities,
29 volumes, and packaging is provided in Appendix B. The disposal facilities are designed as stand-
30 alone operations. Depending on the final location of such a facility, certain components, such as
31 buildings, equipment, or personnel, could be shared with or obtained from existing facilities, thus
32 lowering anticipated costs.
33
34 Section D.2 presents a summary of the assumed disposal packages. Section D.3 provides
35 descriptions of the three land disposal methods considered. Conceptual designs of the proposed
36 facilities are presented in Section D.4. Section D.5 discusses the number of and the cost
37 associated with the personnel required for the construction of and operations at each facility.
38 Estimates of the resource materials and utilities needed to construct and operate the facility are
39 provided in Section D.6. Estimated construction and operation emissions and wastes are
40 discussed in Section D.7, and data on emissions from material deliveries and worker vehicles are
41 provided in Section D.8. Section D.9 provides additional estimates of air emissions related to the
42 expansion and operation of the W1IPP facility to accommodate the GTCC LLRW and GTCC-like
43 waste considered in this EIS.
44
45 The number of construction workers required at any one time during site preparation and
46 facility construction will vary because of the temporary nature of the work and because certain
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1 tasks can be accomplished concurrently while others must occur consecutively. A minimum
2 number of workers are necessary to operate the facility, and that number depends on the waste
3 receipt rate, as discussed further in Section D.5.2. Thus, the estimated resources and emissions
4 from facility operations presented in Sections D.6, D.7, and D.8 are based on the personnel
5 estimates given in Section D.5.2.
6
7
8 D.2 TRANSPORTATION AND PACKAGING
9

10 This section provides information on the assumptions about waste transportation and
11 packaging for the borehole, trench, and vault disposal alternatives. Information on the
12 transportation and packaging assumptions for the deep geologic disposal alternative (WIPP) is
13 found in Appendix B. It is assumed that GTCC LLRW and GTCC-like waste would be shipped
14 to the disposal facility in their final disposal containers. Thus, the disposal facilities would be
15 designed to most efficiently accommodate the types of containers that would most likely be used
16 to transport and dispose of this waste. It is assumed that GTCC LLRW and GTCC-like waste
17 would be transported by truck and rail to the disposal facility in Type B shipping packages, as
18 discussed in Section 5. The waste to be disposed of would include sealed sources, contact-
19 handled (CII) Other Waste (Other Waste - CII), remote-handled (RH) Other Waste (Other
20 Waste - RH), and activated metals, as discussed in Appendix B.
21
22
23 D.2.1 Contact-Handled Waste
24
25 A common container for the storage of CHI and RH GTCC LLRW and GTCC-like waste
26 is the 208-L (55-gal) drum (referred to as drum(s) in the remainder of this appendix). In addition,
27 it is assumed that some stored and projected CH wastes would be packaged for disposal in
28 standard waste boxes (SWBs). As discussed in Appendix B, this EIS explicitly assumes that the
29 disposal of CHI waste, except for cesium (Cs) irradiator sources, would be in drums and SWBs.
30 The Cs irradiators are self-contained and would be disposed of in their original shielded
31 container. The size of these irradiators is assumed to be 150 x 65 x 67 cm (59 x 26 x 27 in.)
32 (Sandia 2008a).
33
34 Although the use of other shipping and disposal configurations (e.g., 320-L and 380-L
35 [85-gal and 100-gal] drums) might be possible, their use is not explicitly considered; however,
36 the use of other container types could be accommodated in the current disposal facility designs.
37 Also, GTCC LLRW and GTCC-like CH waste might be found in storage in containers larger
38 than SWBs at some sites, but there are currently no viable casks available for transport. Stacking
39 arrangements in the CII disposal cells could be modified accordingly in the future if such
40 packages became available.
41
42
43 D.2.2 Remote-Handled Waste
44
45 It is assumed that all RH waste, except for the activated metal waste types, would be
46 packaged for disposal in drums. As discussed in Appendix B, three drums could be packaged in
47 an RH canister (DOE 1995) that is designed for use with the RH-72B shipping cask. As an
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1 alternative, RH waste could be loaded directly into the canister for disposal (DOE 2006). The
2 proposed facility designs can accommodate both drums and RH canisters, as discussed further in
3 Sections D.3.l.2.2, D.3.2.2.2, and D.3.3.2.2.
4
5 It is assumed that activated metals would be packaged in right circular stainless-steel
6 canisters (activated metal canisters [AMCs]). To facilitate potential shipment by truck as well as
7 rail and to provide flexibility in the facility design, the size and weight of these canisters were
8 selected to be compatible with existing containers and weight limitations of truck casks.
9 Additional discussion on the size of the AMCs is presented in Section B.4.1.2.

10
11
12 D.3 LAND DISPOSAL METHODS
13
14
15 D.3.1 Trench Disposal
16
17
18 D.3.1.1 Conceptual Trench Design
19
20 The basic design for the trench disposal facility utilizes trenches that are 3-in (10-fl)
21 wide, 1 1-in (36-fl) deep, and 100-in (330-fl) long. The trench width and depth were selected to
22 optimize disposal capacity per trench within the limits of excavation equipment that is readily
23 available and shoring equipment that is commercially available. The conceptual drawing of a
24 cross section of the basic trench design (Figure D-l1) illustrates the trench design features and
25 dimensions. In addition, the conceptual design for a trench facility is deeper and narrower than it
26 is for conventional near-surface LLRW disposal facilities in order to minimize the potential for
27 inadvertent human intrusion during the post-closure period.
28
29 The side walls of the trench would be vertically constructed. A well-compacted material
30 would be placed on top of the native material in the floor of the trench. A layer of sand or gravel
31 (0.3 in [ 1 fl]) would be placed on top of the compacted material to improve stability. The nature
32 of the compacted material would be selected to be compatible with the surrounding geologic
33 material. The trench sidewalls would be constructed with temporary metal shoring. The metal
34 shoring would be removed when the trench was closed.
35
36 The waste packages would be placed into the trench about 5 to 10 m (15 to 30 ft) bgs, and
37 a fine-grained cohesionless fill (sand) would be used to backfill around the waste containers to
38 fill voids. After the trench was filled with the waste containers and backfilled, a reinforced
39 concrete layer would be placed over the waste packages to help mitigate any future inadvertent
40 intrusion. Use of 6-in. (15-cm) on-center steel reinforcement (rebar), in two perpendicular layers,
41 would strengthen the concrete. In addition to adding strength to the concrete layer, the spacing of
42 the rebar would provide protection against inadvertent drilling straight down into the trenches.
43 For this reason, the concrete would have two sets of perpendicular steel reinforcement, one near
44 the top face and the other near the bottom face of the barrier. With a spacing of 6 in. (15 cm),
45 most drill bits would not pass into the trench without encountering the steel reinforcement first
46 (discouraging further penetration), if they had not initially been stopped by the concrete itself.
47
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2 FIGURE D-1 Cross Section of a Conceptual Trench Disposal Unit
3
4
5 It is anticipated that clean fill from construction would be used to backfill the trench
6 above the concrete layer. Each trench could be capped with a cover system consisting of a
7 geotextile membrane overlain by gravel, sand, and topsoil layers (similar to that shown for the
8 vault design final cover system depicted later in Figure D-8). In the case of the trench, the top of
9 the cover system would be flush with or slightly elevated above the surrounding ground surface,

10 depending on the final design.
11
12
13 !D.3.1.2 Disposal Package Configurations
14
15
16 1D.3.1.2.1 Contact-Handled Waste. The assumed packing arrangement for 208-L
17 (55-gal) drums and SWBs in a 10-in (33-fl) section of trench is shown in Figure D-2. Up to five
18 layers of drums or SWBs could be accommodated with approximately 0.3 m (1 ft) of fill above
19 and below each layer, for a total of 3,000 drums or 500 SWBs per trench. For the larger cesium
20 sources, it is assumed that there would be 560 units per layer (four across the trench width) and
21 three layers, for a total of 1,680 cesium sources per trench. During disposal operations for CH
22 waste, one end of a trench would have a ramp to the surface for entry by a forklift carrying CHI
23 waste packages (a pallet of four drums, four cesium sources, or one SWB) for emplacement.
24
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lOin

Five layers of 600 208-L (55-gal) drums each; 3,000 drums per trench

3m0
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2 FIGURE D-2 Top View of a 10-rn (33-ft) Section of a Trench Packed with Contact-Handled
3 Waste
4
5
6 D.3.1.2.2 Remote-Handled Waste. Additional features are needed in the trenches where
7 RH waste would be buried to provide shielding for the workers once the waste was in place. The
8 RI- waste packages (AMCs, drums, and RI- canisters) would be disposed of in vertical
9 reinforced concrete cylinders with concrete shield plugs (1 .2-rn [4-ft] thick) on the top of each

10 cylinder. This design is similar to that proposed for activated metal disposal (Harvego 2007). A
11 mating flange would enable coupling of the bottom-loading transfer cask to a given cylinder for
12 transfer of the waste package into the disposal unit. The transfer cask would be moved off an
13 on-site transport truck into position by an overhead crane. Figure D-3 shows a top view of a
14 10-rn (33-ft) section of an RI- waste disposal trench. Each cylinder would be capable of holding
15 up to three AMCs, four individual 208-L (55-gal) drums, or one RH canister. With 302 cylinders
16 per trench, as many as 906 AMCs, 1,208 drums, or 302 RI- canisters could be emplaced in one

17 trench.
18
19
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D.3.2 Borehole Disposal

D.3.2.1 Conceptual Borehole Design

Borehole disposal would entail the emplacement of waste in boreholes at depths below
30 m (100 ft) but above 300 m (1,000 fi). Boreholes can vary widely in diameter (from 0.3 to
3.7 m [1 to 12 ft]), and the proximity of one borehole to another can vary depending on the
design of the facility. The technology for drilling larger-diameter boreholes is simple and widely
available. The current conceptual design employs boreholes that are 2.4 m (8 ft) in diameter and
40-in (130-ft) deep in unconsolidated to semiconsolidated soils, as shown in Figure D-4, with
GTCC LLRW and GTCC-like waste emplacement assumed to be about 30 to 40 in (100 to
130 ft) bgs.

A bucket auger would be used to drill the large-diameter borehole (see Figure D-5), and a
smooth steel casing would be advanced to the depth of the borehole during the drilling and
construction of the borehole. The casing would provide stability to the borehole walls and ensure
that waste packages would not snag and plug the borehole as they were lowered and would not
sit in an upright position when they reached the bottom. The upper 30 in (100 ft) of smooth steel
casing would be removed upon closure of the borehole. In some cases where consolidated
materials might be encountered, a more robust drilling technology would be required. A casing
would also be used in this latter case as an aid in placing waste packages.

The waste packages would be placed into the borehole, and a fine-grained cohesionless
fill (sand) would be used to backfill around the waste containers to fill voids. After the borehole
was filled with the waste containers and backfill, a reinforced concrete layer would be placed
over the waste packages to help mitigate any future inadvertent intrusion. Use of 6-in. (15-cm)
on-center steel reinforcement (rebar), in two perpendicular layers, would strengthen the concrete.
In addition to adding strength to the concrete layer, the spacing of the rebar would provide
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2 FIGURE D-4 Cross Section of a Conceptual 40-rn
3 (130-ft) Borehole
4
5
6 protection against inadvertent drilling straight down into a borehole. For this reason, the concrete
7 would have two sets of perpendicular steel reinforcement, one near the top face and the other
8 near the bottom face of the barrier. With a spacing of 6 in. (15 cm), most drill bits would not pass
9 into the borehole without encountering the steel reinforcement first (discouraging further

10 penetration), if they had not initially been stopped by the concrete itself.
11
12 It is anticipated that clean fill from the construction of the facility would be used to
13 backfill the borehole above the concrete layer. Each borehole could be capped with a cover
14 system consisting of a geotextile membrane overlain by gravel, sand, and topsoil layers, similar
15 to that discussed for trench disposal in Section D.3. 1.1 and shown for the vault design final cover
16 system depicted later in Figure D-8. In the case of the borehole, the top of the cover system
17 would be flush with or slightly elevated above the surrounding ground surface, depending on the
18 final design.
19
20
21 D.3.2.2 Disposal Package Configurations
22
23
24 D.3.2.2.1 Contact-Handled Waste. CH waste would be taken off the on-site transport
25 vehicle and lowered by crane into a borehole for emplacement. For a borehole, assumed packing
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1 acksplnnlno throws soil oft bit Front-end loader removes soil

2 FIGURE D1-5 Process Schematic for Drilling a Large-Diameter
3 Borehole by Using a Bucket Auger (Source: Sandia 2007b)
4
5
6 arrangements for CH waste are eight intervals (levels) of 2O8-L (55-gal) drum 7-packs
7 (56 drums), five intervals of cesium-source 4-packs (20 cesium sources), or eight intervals of
8 one SWB (eight SWBs). Approximately 0.3 m (1 ft) of fill would be used between intervals.
9 Single-interval packing arrangements are shown in Figure D-6.

10
11
12 D1.3.2.2.2 Remote-Handled Waste. For RH waste, three intervals of two 3-packs of
13 RH canisters or six intervals of two 3-packs of AMCs are assumed. Thus, 18 RH canisters or
14 36 AMCs could be emplaced in a borehole. Boreholes for disposal of RH waste would have a
15 shielded cover once the RH waste was emplaced, prior to being full and backfihled. On-site
16 transport of RH waste would occur in shielded bottom-loading transfer casks (e.g., smaller
17 versions of the type used at independent spent fuel storage installations for the movement of
18 spent nuclear fuel [SNF]) that would mate with ports on a borehole cover. Once the transfer cask
19 was mated to the borehole cover, the RH waste would be lowered into place.
20
21
22

D-8 
January 2016

D-8 January 2016



Final GTCC EIS Appendix D: Conceptual Disposal Facility Designs
Final GTCC EIS Appendix D: Conceptual Disposal Facility Designs

208-L (55-gal) 7-Drum Pack Standard Waste Box

Cs lrradiator 4-Pack Two 3-Packs of RH Cylinders or AMCs
1 MPA041012

2 FIGURE D-6 Top View of Single-Interval Packing Arrangements in
3 2.4-rn-Diameter (8-ft-Diameter) Boreholes for Different Container
4 Types
5
6
7 D.3.3 Vault Disposal
8
9

10 D.3.3.1 Conceptual Vault Design
11
12 The conceptual design for the vault disposal of GTCC LLRW is a reinforced concrete
13 vault constructed near grade level, with the footings and floors of the vault situated in a slight
14 excavation just below grade. The design is a modification of one disposal concept proposed by
15 Henry (1993) for GTCC LLRW and is similar to a belowground (Denson et al. 1987) vault
16 LLRW disposal method previously investigated by the U.S. Army Corps of Engineers. A similar
17 below-grade concrete vault structure is currently in use for disposal of higher-activity LLRW at
18 the Savannah River Site (SRS) (MMES et al. 1994).
19
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1 D.3.3.1.1 Vault System. Each vault would be 11-rn (35-ft) wide, 94-rn (3 10-fl) long, and
2 7.9-rn (26-fl) tall, with 11 disposal cells situated in a linear array. Interior cell dimensions would
3 be 8.2-rn (27-fl) wide, 7.5-rn (25-fl) long, and 5.5-rn (18-ft) high, with an internal volume of
4 340 m3 (12,000 ft3 ) per cell. Double interior walls with an expansion joint would be included
5 afler every second cell. GTCC LLRW and GTCC-like waste disposal placement is assumed to be
6 about 4.3 to 5.5 m (14 to 18 fi) above ground surface. Figure D-7 shows a schematic cross
7 section of a vault cell.
8
9 The exterior walls and roof would be composed of 1.1-rn (3.8-fl)-thick reinforced

10 concrete. In addition to adding strength and durability to the vault, the thick concrete would
11 attenuate the radiation emanating from the RH waste component of the material destined for
12 disposal. The most hazardous of the wastes in this respect would be the activated metals from
13 reactor decommissioning; their external radiation rates, primarily from cobalt-60 (Co-60), could
14 be a few thousand roentgens per hour at the waste package surface (Sandia 2007a). With an
15 attenuation of Co-60 gamma rays of one-half for about every 6.2 cm (2.4 in.) of concrete
16 (Shleien 1992), a reduction in radiation (by a factor of more than 260,000) to near background
17 levels is expected.
18
19 Use of 6-in. (15-cm) on-center steel reinforcement (rebar), in two perpendicular layers,
20 would strengthen the concrete in the floor, walls, and vault cap (ceiling). In addition to adding
21 strength to the vault construction, the spacing of the rebar would provide protection against
22 inadvertent drilling into the disposal cells. For this reason, the vault cap would have two sets of
23 perpendicular steel reinforcement, one near the exterior face and the other near the interior face
24 of the cap. With a spacing of 6 in. (15 cm), most drill bits would not pass into the vault without
25 encountering the steel reinforcement first (discouraging further penetration), if they had not
26 initially been stopped by the concrete itself. Steel reinforcement in the walls was included
27 because of the increased prevalence of using directional drilling at deeper depths for utility work,
28 which can expose the walls as well as the top of the vault to drilling.
29
30
31 D.3.3.1.2 Engineered Cover Systems. An engineered cover would be used to aid in the
32 isolation of the waste from the environment over the long term. In addition to the protection
33 afforded by the vault and its internal backfill, the thickness of the cover would assure that
34 external exposure rates remained at background levels. The design would direct surface water
35 away from the waste and help deter intrusion by humans, plants, and animals. Minimum and
36 maximum slope requirements would be incorporated to ensure adequate drainage and to reduce
37 erosion/maintain slope stability, respectively.
38
39 Two engineered cover systems are included in the design for the vaults, as shown in
40 Figure D-8. The first would be put in place after a vault was filled with waste and permanently
41 closed, or it could be implemented incrementally as the vault was filled (the interim cover with a
42 rise-to-run of 1:3 from the vault edge to ground level). The second cover system would partially
43 replace the interim cover prior to closure of the disposal facility (the final cover with a rise-to-
44 run of 1:5 from the vault edge to ground level). A graded slope of 3% would be used over the
45 combined cover of all of the vaults. Both covers would have a minimum depth of 5.0 m (17 fi)
46 over any portion of a vault, with a 15-cm (0.5-fl) layer of gravelly sand over a vault followed by
47 a layer of clay 0.9-in (3-fl) thick, as shown in Figure D-8. The next layer in the interim cover
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FIGURE D-7 Cross Section of a Conceptual Above-Grade Vault
Design (drawn to scale)

5.0 m
(16.5 ift)

Native Soil
3.66 m (12.0 ift)

Interim
Cover System

.......................
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Gravel/Cobble 0.60 m (2.0 ft)
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0.30 m (1.0 ift)
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10

FIGURE D-8 Conceptual Cover Systems for a Vault Disposal Facility
(Source: Modified from Henry 1993)
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1 would consist of 3.7 m (12.0 fi) of native soil followed by 0.3 m (1 ft) of topsoil. In the final
2 cover, the next layer over the clay layer would have 2.8 m (9.0 ft) of native soil, followed by a
3 geotextile layer, 0.6 m (2 ft) of gravel, 15 cm (0.5 ft) of pea gravel, 15 cm (0.5 ft) of sand, and
4 0.3 m (1 fi) of topsoil (Henry 1993). If needed, rock armor could also be incorporated into the
5 final cover to further protect against erosion.
6
7
8 D.3.3.2 Disposal Package Configurations
9

10
11 D.3.3.2.1 Contact-Handled Waste. The packing arrangement of CH 208-L (55-gal)
12 drums in a cell assumes placement of 7-drum packs as received at the facility in a Transuranic
13 Package Transporter-II (TRUPACT-II) Type B transportation package. Figure D-9 shows the
14 arrangement for the CH drums, with 18 7-packs used per layer. With five layers, 630 drums
15 could be accommodated in each cell. For SWBs, 20 could be arranged in one layer
16 (see Figure D-10), with five layers for 100 SWBs in one vault cell. In addition, it is estimated
17 that about 300 cesium irradiators (three layers of 10 x 10) would fit in one cell. A layer of fill
18 would be used between layers of disposal containers to minimize void spaces. SWBs, 7-drum
19 packs, and 4-packs of irradiators would be taken off an on-site transport truck and loaded into the
20 vault cell by an overhead crane.
21
22
23 D.3.3.2.2 Remote-Handled Waste. Vault cells for disposal of RH waste would be
24 similar in design to the trench approach as discussed in Section D.3. 1.2.2. RH AMCs, 208-L
25 (55-gal) drums, or canisters would be loaded from a bottom-loading transfer cask into vertical
26 reinforced concrete cylinders with thick concrete shield plugs within each cell. Figure D- 11
27 provides a view from the top of a vault cell. The cylinder loading would be the same as that for
28 the trench approach -- three AMCs, four 208-L (55-gal) drums, or one RH canister per cylinder.
29 With 72 cylinders per cell, 216 AMCs, 288 drums, or 72 RH canisters could be emplaced in each
30 vault cell.
31
32
33 D.4 CONCEPTUAL FACILITY LAYOUTS
34
35 For all methods, an outside fence would maintain a minimum 30-in (100-ft) buffer
36 around the site, with a larger buffer where the stormwater retention pond and site support
37 facilities could be located. A guard house would restrict access to the site. An administration
38 building would provide the base for site operations, with waiting areas, offices, record storage,
39 and personnel support facilities (e.g., meeting rooms, locker rooms). A receipt and storage (waste
40 handling) building would provide space for inspecting newly received waste for disposal,
41 offloading the waste, and temporarily storing the waste before its emplacement in the disposal
42 units. Vehicles, equipment, and supplies necessary to site operations would be maintained,
43 repaired, and stored in a maintenance and storage building. A laboratory building would provide
44 space for analysis of sample monitoring swipes taken from the exterior of waste packages and
45 equipment. A utilities building would house a boiler and refrigeration system, as well as pump
46 equipment for maintaining proper water levels for an on-site water tank to support potable and
47 sanitary water systems, fire protection systems, and dust suppression. A washdown pad would
48 provide an area for cleaning vehicles and equipment.
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]

MPA01 100)4

2 FIGURE D-9 Top View of a Single-Layer Packing Arrangement of Contact-Handled Waste
3 in 208-L (55-gal) 7-Drum Packs in Vault Cells

4
5
6 D.4.1 Trench Disposal
7
8 Figure D- 12 shows the layout of a conceptual enhanced near-surface trench waste
9 disposal facility. It is estimated that approximately 29 trenches would be required for the

10 disposal of the 12,000 m3 (420,000 ft3) of waste currently under consideration. Trenches would
11 be spaced 30 m (100 ft) apart within a facility footprint of about 50 ac (20 ha) with dimensions
12 of 550 x330 m(1,800x× 1,100 ft) at the fence line.
13
14
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MPO1 1005

2 FIGURE D-10 Top View of a Single-Layer Packing Arrangement of Contact-Handled
3 Waste in Standard Waste Boxes in Vault Cells
4
5
6 D.4.2 Borehole Disposal
7
8 Figure D- 13 shows the layout of a conceptual intermediate-depth borehole waste disposal
9 facility that covers about 110 acres (44 ha). It is estimated that approximately 930 40-rn (130-fl)

10 boreholes would be required for the disposal of the 12,000 mn3 (420,000 ft3 ) of waste currently
11 under consideration. Boreholes would be spaced 10 m (33 fi) apart on-center with a 30-rn (98-fl)
12 space between rows. The facility footprint dimensions would be about 510 x 870 m
13 (1,700 × 2,800 fi) at the fence line.
14
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Reinforced Concrete Cylinder

Hexagonal Concrete
1 L~~yIIIuIei L•ap

2 FIGURE D-I1 Top View of a Vault Cell for Disposal of Remote-Handled Waste
3
4
5 D.4.3 Vault Disposal
6
7 The conceptual above-grade vault system design incorporates 12 vaults with a total land
8 use requirement of about 60 ac (25 ha) within the outer perimeter fence, as shown by the layout
9 of a conceptual facility presented in Figure D-14. Approximately 40 ac (16 ha) would be

10 required for the 12 disposal vaults and their final cover system. The vaults would be spaced to
11 (1) provide adequate room for the interim cover systems (2.1 ac or 0.8 ha each) to be emplaced
12 as each vault was completely filled, (2) protect site workers, and (3) isolate the waste before
13 decommissioning and emplacement of the final cover system prior to facility closure. The
14 facility footprint dimensions would be about 420 × 610 m (1,400 x 2,000 ft) at the fence line.
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2 FIGURE D-12 Layout of a Conceptual Trench Disposal Facility
3
4
5 Ditches would separate the vaults with their interim cover systems to minimize standing
6 water and provide site drainage. The conceptual design incorporates a retention pond that is
7 180 x 110 x 0.30 m (580 x 350 x 1 ft) to manage stormwater runoff. The proposed size
8 of the pond might need to be modified on the basis of site-specific conditions, including
9 precipitation.

10
11
12 D.5 STAFFING AND COST ESTIMATES
13
14
15 D.5.1 Construction
16
17 The construction labor force could be organized into five groups:
18
19 1. Management, engineering, design, permitting (Home Office). This group
20 includes management, planning, engineering, and permitting personnel.
21 Permitting includes licensing activities and National Environmental Policy
22 Act (NEPA) documentation. This group is typically located at the contractors'
23 home or regional office rather than in the field.
24
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2 FIGURE D-13 Layout of a Conceptual Borehole Disposal Facility
3
4
5 2. Management and supervision at the construction site (Field Office). This
6 group represents overall field management and supervision during actual
7 construction and excavation. Personnel would be stationed in trailers initially.
8 They would relocate to finished buildings (e.g., administration building) upon
9 their completion. This group would remain at one relatively constant level for

10 initial construction of the disposal facility and the initial disposal units. Other
11 levels would be used for intermittent construction of the other disposal units
12 and installation of the final cover system.
13
14 3. Site preparation. This group includes the surveyors, operating engineers, truck
15 drivers, and laborers who would provide the initial construction entrance,
16 temporary (gravel) roads, stormwater management, initial grubbing,
17 installation of utility services, and associated activities. The level of effort for
18 this group would be greatest during site preparation leading up to construction
19 of the first disposal unit.
20
21 4. Construction. This group includes those who would be involved in building
22 the trenches, boreholes, or vaults and constructing the support buildings.
23
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2 FIGURE D-14 Layout of a Conceptual Vault Disposal Facility
3
4

5
6
7
8

5. Checkout and startup. This group includes those involved in readiness
assessments, final licensing and permitting activities, and training and
certification of the operating staff.

9 Summaries of labor and cost estimates are provided in Tables D- 1 through D-4 for
10 construction of the disposal facility. All cost estimates are based on R.S. Means construction data
11 (R.S. Means 2004, 2006).
12
13
14 D.5.2 Operations
15
16

17
18

D.5.2. 1 Staffing-Level Methodology

19 To assure that trained personnel would be available at a stand-alone facility, the estimates
20 presented here assume that a disposal facility would remain open on a continuous basis; that is,
21 the facility would not open periodically to receive a short shipping campaign and then close
22 again until a sufficient amount of waste required disposal. This continuous operation would
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1 TABLE D-1 Estimated Person-Hours and Direct Costs Associated with the Construction
2 of the Conceptual Disposal Facilities

Material
Person- Cost Labor Cost S/Ca Cost Total Cost

Activity Hours ($) ($) ($) ($)

Trench
Geotechnical investigation 256 16,700 11,600 0 28,300
Shoring placement 1,790 264,000 80,400 0 345,000
Drilling deflector 1,070,000 9,400,000 33,100,000 0 42,500,000
Site prep 44,500 1,020,000 1,210,000 3,360,000 5,600,000
Earthwork grading 1,470 88,800 58,600 0 147,000
R11 trenches 155,000 7,680,000 5,730,000 0 13,400,000
Trench closure 20,600 869,000 586,000 0 1,460,000
Support facilities 75,400 4,260,000 2,210,000 1,040,000 7,500,000
Total direct costs 1,370,000 23,600,000 43,000,000 4,400,000 71,000,000

Borehole
Geotechnical investigation 256 16,700 11,600 0 28,300
Borehole 168,000 103,000,000 13,500,000 0 116,000,000
Drilling deflector 92,000 33,100,000 2,100,000 0 35,200,000
Site prep 81,500 1,620,000 2,220,000 1,320,000 5,170,000
Earthwork grading 3,650 220,000 146,000 0 366,000
Support facilities 88,700 5,120,000 2,530,000 1,090,000 8,740,000
Total direct costs 434,000 143,000,000 20,500,000 2,410,000 166,000,000

Vault
Vault site preparation 69,800 13,700,000 1,910,000 1,660,000 17,300,000
Vault construction 3,570,000 60,800,000 180,000,000 800,000 241,000,000
Vault cap 307,000 12,700,000 8,650,000 0 21,400,000
Support facilities 114,000 4,870,000 3,330,000 1,480,000 9,690,000
Total direct costs 4,060,000 92,100,000 194,000,000 3,950,000 290,000,000

a SIC = subcontract.

3
4
5
6

TABLE D-2 Estimated Total Construction Full-Time
Equivalents

Staff (FTE-yr)

Construction Phase Trench Borehole Vault

Direct construction 686 217 2,029
Indirect construction (20% of above) 137 43 406

Total construction 824 260 2,434

7
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1 TABLE D-3 Project Management Labor Staffing

Staff (FTE-yr)
Project Management

Labor Trench Borehole Vault

Program manager 1.5 0.5 5.6
Project manager 7.2 2.3 21.1
Program QA/QC manager 0.5 0.1 1.2
Construction manager 43.3 13.7 127.6
Project QA inspector 15.1 4.8 44.6
Health and safety officer 43.3 13.7 127.6
Administrative assistant 22.7 7.2 67.0
Accounting clerk 3.8 1.2 11.1

2
3
4 TABLE D-4 Total Estimated Construction Costs

Cost ($)

Cost Summary Trench Borehole Vault

Subcontractor costs 71,000,000 166,000,000 290,000,000
Engineering and design fees 2,840,000 6,630,000 11,600,000
Other direct costs (ODC) 533,000 1,240,000 2,170,000
Subtotal ODC, design, and subcontracts 74,400,000 174,000,000 303,000,000

Markup (15%) 11,200,000 26,000,000 45,500,000
Project management labor costs 1,120,000 2,600,000 4,550,000
Estimated construction costs 86,700,000 202,000,000 354,000,000

Professional services contingency 989,000 2,310,000 4,040,000

Total costa 88,000,000 210,000,000 360,000,000

5
6
7
8
9

10
11
12
13
14
15
16

a Total cost is rounded off to two significant figures.

ensure that the same trained personnel would be available to operate the facility and that
institutional knowledge would not be lost. In addition, a minimum number of personnel would be
necessary for proper operation of the facility, but that number would not scale linearly as the
receipt rate increased. Thus, single-value cost estimates or full-time equivalent (FTE) values per
shipment or unit volume of waste received are not used.

Coupled with the assumptions on waste receipt rates at the facility, the assumption that
the disposal facility would operate on a continuous basis provides for conservative estimates of
staffing levels and associated impacts. As discussed below, the number of staff members
required to operate the facility is based on potential waste receipt rates in the years following the
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1 opening of the facility, which is the time when the majority of the waste would be emplaced. The
2 remaining years of operation would likely require lower staffing levels. Depending on the actual
3 schedules of when the waste could be delivered, the facility could operate on an interim-type
4 basis. In such a case, a pool of trained workers would need to be available when required.
5
6 The number of personnel and their functions were estimated on the basis of the
7 functions of the facility, waste volume receipt rates at the facility, and on-site movements of
8 waste packages for final disposal. Details of the time-motion information (unit operations)
9 used to determine the average number of workers required for operations are presented in

10 Argonne (2010). The time period through 2035 was used to estimate the size of the workforce
11 because the majority of the waste under consideration (approximately 75%) would be available
12 for disposal by that time. The annual average receipt rate between 2019 and 2035 is estimated to
13 be 570 truck shipments. As a conservative measure, this receipt rate was used to estimate
14 impacts fr'om operations for the entire period a disposal facility would be open, from 2019 to
15 2083.
16
17
18 D.5.2.2 Operational Data
19
20 Table D-5 provides information on the number and function of personnel required to
21 operate the facility. Annual costs for labor, consumables, and equipment are provided in
22 Tables D-6 through D-8 for trench, borehole, and vault disposal, respectively. More detailed
23 supporting information on operating equipment costs can be found in Argonne (2010).
24
25
26 TABLE D-5 Detailed Worker Breakdown for
27 Disposal Facility Operationsa

Number of FTEs

Labor Category Trench Borehole Vault

Officials and managers 1 1 1
Professionals 1.1 0.6 1.1
Technicians 8 5 8
Security 11 11 11
Craft workers (maintenance) 2 3 2
Office and clerical 6 6 6
Line supervisors 4 4 4
Operators 15 8 18
Total personnel 48 38 51

a Values are rounded to appropriate significant figure.
28
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1
2

TABLE D-6 Annual Operating and Maintenance Costs for a
Disposal Facility

Conceptual Trench

Unit Cost Total Cost
Description Quantity Unit ($) ($)

Consumables
Diesel fuel
Electricity
Water
Natural gas
Total consumables cost

Equipment
Tractor trailers
Emplacement cranes
Forklift trucks
Vibratory compactor
End-loaders
Pickup trucks
Miscellaneous tools
Maintenance allowance
Total equipment cost

210,000
1,160

1,100,000
11,200

3
1
3
1
1
5
1
1

gal/yr
MWh/yr
gal/yr
Mcf/yr

Each
Each
Each
Each
Each
Each
Year
Year

2.49
89.00

0.002
12.00

7,500.00
11,000.00

1,500.00
8,500.00
7,950.00
1,100.00
8,805.87

19,000.00

522,900
103,240

2,498
134,400
763,038

22,500
11,000
4,500
8,500
7,950
5,500
8,806

19,000
87,756

Labor
Officials and managers 1.0 FTE 1 6(
Professionals 1.1 FTE 1 3C
Technicians 7.7 FTE 10(
Security 10.7 FTE 10C
Craft workers (maintenance) 2.4 FTE 10OC
Office and clerical 6.0 FTE 8
Line supervisors 4.0 FTE 10C
Operators 15.2 FTE 10(
Indirect costs (at 12%)
Total labor cost

3,000.00 160,000
000.00 142,544
000.00 774,351
000.00 1,066,611
000.00 237,500
000.00 480,000
000.00 400,014
000.00 1,523,673

574,163
5,358,856

Contingency

Summary Subtotal ($) (%) ($) Total ($)

Consumables 763,038 40 305,215 1,068,254
Equipment 87,756 30 26,327 114,083
Labor 5,358,856 25 1,339,714 6,698,570
Total 6,209,651 1,671,256 7,880,907a

a Value rounded to $8 million as annual operating cost. Assuming 20 years of operation, the total
cost to operate a trench disposal facility is assumed to be about $160 million.

3
4
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1TABLE D-7 Annual Operating and Maintenance Costs for a Conceptual Borehole
2 Disposal Facility

Unit Cost Total Cost
Description Quantity Unit ($) ($)

Consumables
Diesel fuel 80,000 gal/yr 2.49 199,200
Electricity 970 MWh/yr 89.00 86,330
Water 410,000 gal/yr 0.002 931
Natural gas 11,200 Mcf/yr 12.00 134,400
Total consumables cost 420,861

Equipment
Tractor trailers 3 Each 7,500.00 22,500
Emplacement cranes 1 Each 11,000.00 11,000
Fork lift trucks 3 Each 1,500.00 4,500
Vibratory compactor 1 Each 8,500.00 8,500
End-loaders 1 Each 7,950.00 7,950
Pick up trucks 4 Each 1,100.00 4,400
Miscellaneous tools 1 Year 5,133.60 5,134
Maintenance allowance 1 Year 19,000.00 19,000
Total equipment cost 82,984

Labor
Officials and managers 1.0 FTE 160,000.00 160,000
Professionals 0.6 FTE 130,000.00 78,419
Technicians 5.5 FTE 100,000.00 545,135
Security 10.7 FTE 100,000.00 1,066,611
Craft workers (maintenance) 2.7 FTE 100,000.00 265,000
Office and clerical 6.0 FTE 80,000.00 480,000
Line supervisors 4.0 FTE 100,000.00 400,078
Operators 7.6 FTE 100,000.00 761,721
Indirect costs (at 12%) 450,836
To y 9t a1 la~b~or _co st_ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,207,79_9_. .

Contingency

Summary Subtotal ($) (%) ($) Total ($)

Consumables 420,861 40 168,344 589,206
Equipment 82,984 30 24,895 107,879
Labor 4,207,799 25 1,051,950 5,259,748
Total 4,711,644 1,245,189 5,956,833a

a Value rounded to $6 million as annual operating cost. Assuming 20 years of operation, the total
cost to operate a borehole disposal facility is assumed to be about $120 million.

3
4
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1
2

TABLE D-8 Annual Operating and Maintenance Costs for a Conceptual Above-Grade
Vault Facility

Unit Cost Total Cost
Description Quantity Unit ($) ($)

Consumables
Diesel fuel
Electricity
Water
Natural gas
Total consumables cost

Equipment
Tractor trailers
Emplacement cranes
Fork lift trucks
Vibratory compactor
End-loaders
Pick up trucks
Miscellaneous tools
Maintenance allowance
Total equipment cost

Labor
Officials and managers
Professionals
Technicians
Security
Craft workers (maintenance)
Office and Clerical
Line supervisors
Operators
Indirect costs (at 12%)

210,000
1,150

1,090,000
11,200

3
1
3
1
1
6
1
1

gal/yr
MWh/yr
gal/yr
Mcf/yr

Each
Each
Each
Each
Each
Each
Year
Year

2.49
89.00

0.002
12.00

7,500.00
11,000.00

1,500.00
8,500.00
7,950.00
1,100.00

10,009.12
19,000.00

522,900
102,350

2,476
134,400
762,126

22,500
11,000
4,500
8,500
7,950
6,600

10,009
19,000
90,059

1.0
1.1
7.7

10.7
2.3
6.0
4.0

17.8

FTE
ETE
FTE
FTE
FTE
FTE
FTE
FTE

160,000.00
130,000.00
100,000.00
100,000.00
100,000.00
80,000.00

100,000.00
100,000.00

160,000
141,606
770,803

1,066,611
225,000
480,000
400,015

1,776,823
602,503

._ To tal la~bo9r_ co9st . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contingency

Summary Subtotal ($) (%) ($) Total ($)

Consumables 762,126 40 304,850 1,006,976
Equipment 90,059 30 27,018 117,077
Labor 5,623,360 25 1,405,840 7,029,201
Total 6,475,545 1,737,708 8,213,253a

a Value rounded to $8 million as annual operating cost. Assuming 20 years of operation, the total
cost to operate a vault disposal facility is assumed to be about $160 million.

3
4
5
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1 D.6 RESOURCE ESTIMATES
2
3 Resources needed for the construction and operations of a GTCC LLRW and GTCC-like
4 waste disposal facility can be divided into two classes: materials and utilities. Materials are the
5 substances used to construct the disposal trenches, boreholes, or vaults and support buildings,
6 such as sand, clay, gravel, and concrete. This category also includes the excavated materials.
7 Utilities include electricity, natural gas or propane, water, and diesel fuel. Materials would be
8 consumed primarily during construction activities. Utilities would be consumed during both
9 construction and operations.

10
11
12 D.6.1 Construction
13
14 Table D-9 summarizes materials and resources consumed during construction of a GTCC
15 LLRW and GTCC-like waste disposal facility. The large amount of soil required for vault
16 disposal is necessary for the final 5-in (16-ft) cover depth. More detailed supporting information
17 on resources required for construction can be found in Argonne (2010).
18
19
20 D.6.2 Operations
21
22 Operational activities would include receiving the packages of waste, inspecting them,
23 possibly storing them temporarily, possibly reconfiguring them for disposal (e.g., bundling RH
24 canisters into 3-packs for borehole disposal), transporting the waste containers to the disposal
25 cells, and emplacing them. To some extent, construction activities and operational activities
26 would be concurrent. For example, one or more trenches, boreholes, or vaults would be being
27 filled while others were being constructed. Once all the GTCC LLRW and GTCC-like waste had
28 been emplaced and the facility had undergone closure, a period of institutional control would
29 follow. An institutional control program would include physical control of access to the site, an
30 environmental monitoring program, periodic surveillance, and custodial care. The use of utilities
31 would be much greater during the operational period than the institutional control period, so
32 utility use during the institutional control period is not considered here.
33
34
35 D.6.2.1 Materials
36
37 The only major consumable materials used during operations would be pallets for
38 potential bundling operations, sand for backfill, and chemicals used to treat the water used
39 on-site, as shown in Table D-10.
40
41
42 D.6.2.2 Utilities
43
44 The utilities required for operations are summarized in Table D- 11 and D- 12. Water and
45 sewage usage are based on the staffing requirements discussed in Section D.5.2.1. Gas, oil, and
46 electricity would be consumed primarily to keep the facility buildings operational, with minor
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1
2

TABLE D-9 Estimates of the Materials and Resources Consumed
during Construction of the Conceptual Disposal Facilities

Total Consumption
Construction Materials

and Resources Trench Borehole Vault

Utilities
Water (gal)a 5,300,000 2,800,000 17,100,000
Electricity (MWh)b~c 34,200 10,800 101,000

Solidsc
Concrete (yd3) 25,600 18,600 88,200
Steel (tons) 2,000 1,400 7,960
Gravel (yd3) 36,100 25,300 156,400
Sand (yd3) 3,600 27,900 198,300
Clay (yd3) 12,900 5,180 56,000
Soil (off-site) (yd3) _d _ 254,000

Liquids
Diesel fuel (gal)b 750,000 2,030,000 3,380,000
Oil and grease (gal) 18,000 48,000 86,000

Gases
Industrial gases (propane) (gal)b 5,400 4,300 13,600

aWater requirement estimates are based on DOE (1997), in which each
FTE requires 20 gal/d, and cementation requires 26.1 lb of water per
100 lb of cement.

b Scaling methodology is based on LLNL (1997).

C Peak demand is 1.71, 0.54, or 5.05 MWh for the trench, borehole, and
vault disposal facilities, respectively.

d Dash means not applicable.

amounts of electricity required to operate the overhead cranes during unloading. More
information on utility demand can be found in Argonne (2010).

3
4
5
6
7
8

9 D.7 FACILITY EMISSIONS AND WASTES
10
11
12 D.7.1 Construction
13
14 Wastes generated during construction of the disposal facility would be typical of large
15 construction projects. Wastes would consist primarily of construction debris, including concrete
16 fragments, and sanitary wastes generated by the labor force. Emissions would result primarily
17 from the use of fuels in constructing the facility, removing construction debris, and disturbing the
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1 TABLE D-IO Materials Consumed Annually during Operationsa

Quantity (lb/yr)

Material and Chemicaib Trench Borehole Vault

Sand 2.59E+05 5.20E+04 9.80E+03
Standard pallet (trench = 48-in. × 48-in. × 7.5-in, tall, 140 5.84E+05 -

borehole = steel pallet)
Hydrochloric acid (37% HC1) 277 103 275
Sodium hydroxide (50% NaOH) 227 85 225
Sodium hypochlorite 107 40 106
Copolymers 150 56 149
Phosphates 17 6 17
Phosphonates 16 6 15

a See Kemmer (1988) for water treatment.

b The chemicals are used to treat the raw water used during waste operations.

C Dash means not applicable.

TABLE D-11 Average-Day Utility Consumption
during Disposal Operations

2
3
4
5

Average-Day Consumption

Utilitya Trench Borehole Vault

Potable water (USG/d) 1,300 1,000 1,300
Raw water (USG/d)b 4,600 1,700 4,500
Sanitary sewer (USG/d) 1,300 1,000 1,300
Natural gas (Mcf/d) 47 47 47
Diesel fuel (USG/d) 900 300 900
Electricity (MWh)c 4.8 4.0 4.8

aUSG/d = U.S. gallons per day, Mcf = million cubic

feet.

bIncludes potable water and water used in truck
washdown. Estimate assumes that on average, 605 gal
are used to wash down the truck that transports the
GTCC LLRW and GTCC-like waste. The estimate is
based on Table 6-1 in EPA (2001).

CPeak-day demand is 0.5, 0.5, and 0.5 MWh for the
trench, borehole, and vault disposal facilities,
respectively.

6
7
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1 TABLE D-12 Annual Utility Consumption during Disposal
2 Operations

Annual Consumptionb

Utilitya Trench Borehole Vault

Potable water (USG/yr) 310,000 240,000 310,000
Raw water (USG/yr)b~c 1,100,000 410,000 1,090,000
Sanitary sewer (USG/yr) 310,000 240,000 320,000
Natural gas (Mcf/yr) 11,200 11,200 11,200
Diesel fuel (USG/yr) 210,000 80,000 210,000
Electricity (MWh) 1,160 970 1,150

a USG/yr --U.S. gallons per year, Mcf= million cubic feet.
b Based on 240 operations-days per year.

SIncludes potable water and water used in truck washdown.
Estimate assumes that, on average, 605 gal (2,300 L) are used
to wash down the truck that transports the GTCC LLRW and
GTCC-like waste. The estimate is based on Table 6-1 in
EPA (2001).

3
4
5 land (fugitive dust). The amount of concrete waste was estimated on the basis of the assumption
6 that 0.65% of the concrete usage would be spoilage. The other solid wastes, which would include
7 construction debris and rock cuttings, were taken to be eight times the volume of the concrete
8 spoilage. Steel waste was taken to be 0.5% of the steel requirements. These solid nonhazardous
9 wastes would be disposed of in a municipal solid waste landfill. The amount of sanitary waste

10 was estimated on the basis of the total construction workforce. Liquid (sanitary) nonhazardous
11 wastes would be treated in a portable system or hauled off-site for treatment and disposal.
12 Table D-13 summarizes the amount of waste that would be generated during construction.
13
14 Estimates of criteria pollutant emissions generated during construction were based on the
15 estimated amounts of fuel used by the trucks, cranes, and other heavy equipment during
16 construction. Standard U.S. Environmental Protection Agency (EPA) emission factors from the
17 WebFire database (http://cfpub.epa.gov/oarweb/index.cfm?action~fire.main) were used in these
18 calculations. Emissions were calculated from the total quantity of diesel fuel consumed. Dust
19 was estimated from the amount of disturbed land area and the length of time that the disturbed
20 area would be under construction. National Ambient Air Quality Standards (NAAQS) for criteria
21 air pollutants are given in Table D-.14. Estimates of construction emissions are given in
22 Table D-15 for the disposal facilities. The initial construction period was assumed to be 3.4 years
23 (824 days for site preparation and construction of support facilities at 240 working days per
24 year). Although disposal unit construction might span more than 60 years because it is assumed
25 that the disposal units would be constructed as the waste became available for disposal, a total of
26 20 years of actual time for construction operations was assumed, which corresponds to the period
27 when most of the GTCC LLRW and GTCC-like waste is expected to be received for disposal.
28 Emissions of the following criteria air pollutants were estimated: sulfur oxides (SOx) as sulfur
29
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1 TABLE D-13 Total Wastes Generated during Construction

Waste Generation by Category Trench Borehole Vault

Hazardous solids (yd3) 57 18 168
Hazardous liquids (gal) 23,000 7,300 68,000
Nonhazardous solids (yd3)a 62,000 300,000 5,200
Nonhazardous liquids (gal)b 4,800,000 1,500,000 14,000,000

a Includes concrete and other excavated materials. Excavated materials (if clean) could be used as
backfill during operations and would reduce the volume that could be considered as waste.

b Includes sanitary and other nonhazardous liquids.

TABLE D-14 National Ambient Air
Quality Standards (NAAQS) for Criteria
Air Pollutants

2
3
4
5
6

Criteria Air Averaging Primary
Pollutant Time Standard

CO 1 hour 40 mg/in3

8 hours 10 mg/in3

Hydrocarbons 3 hours 160 lig/m3

NOx (as NO2 ) Annual 100 lag/in 3

SOx~ (as sO2 ) 24-hoursa 365 igg/m3

Arnual 80 •t1g/m 3

PM10  24 hours 150 pig/m 3

PM2 .5  24 hours 35 jtg/m3

Annual 15 jig/in3

a Not to be exceeded more than once a year.

Source: 40 CFR Part 50.0 et seq.

7
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1 TABLE D-15 Estimated Air Emissions during Constructiona

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Total Emissions (tons) Peak-Year Emissions (tons/yr)

Criteria Pollutantb Trench Borehole Vault Trench Borehole Vault

VOCsb 13 31 62 0.9 2.7 3.6
NOx 110 270 540 8.1 26 31
SO 2  12 32 53 0.9 3.0 3.2
Co 39. 110 190 3.3 11 11
PM 1 0c 25 60 65 5.0 13 8.6
PM 2.5d 12 30 44 1.5 4.1 3.6
CO2  8,400 29,000 38,000 670 2,200 2,300

a Excludes delivery and commuter vehicles.

b VOCs = volatile organic compounds.

C Assumes construction emission factor for fugitive dust PM10 of 0.22 tons/acre-month (average
conditions) (URBEMIS2007 2007).

d Assumes 21% of fugitive dust PM1 0 is PM2.5 and that 89% of combustion PM10 is PM2 .5
(www.aqmd.gov/CEQA/handbookIPM2_5/handouti1 .doc).

dioxide (SO 2), nitrogen oxides (NOx) as nitrogen dioxide (NO2), carbon monoxide (CO),
particulate matter with a diameter of less than or equal to 10 micrometers (PM10), and particulate
matter with a diameter of less than or equal to 2.5 micrometers (PM2.5 ). The construction
equipment fuel use, emission factors, and other supporting information can be found in
Argonne (2010).

D.7.2 Operations

Data on annual facility wastes are provided in Table D- 16. Data on emissions from fixed
facility sources and from mobile sources are provided in Tables D- 17 and D- 18, respectively. A
fixed facility source would be the process steam boiler used for space and water heating and
periodic testing of backup diesel generators for electrical power. Mobile emission sources would
include tractor trailers, end-loaders, cranes, and forklifts.

D.8 TRANSPORTATION

D.8.1 Construction

Local transportation of workers and materials could lead to significant amounts of vehicle
emissions that could affect the local air quality. Large volumes of materials, especially sand and
backfill, would be required for the construction of the GTCC LLRW and GTCC-like waste
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1 TABLE D-16 Annual Wastes during Operations

Average Annual
Generation Rate

Waste Category Treatability Category Trench Borehole Vault

Radioactive waste
Liquid LLRW (water from truck Liquid LLRW 790,000 170,000 780,000

washdowna) (gal)
Solid LLRW (including HEPA Combustible and noncombustible 16 10 16

filtersb) (yd3) solid LLRW

Nonradioactive waste
Liquid nonhazardous (sanitary) NAC 310,100 240,000 320,000

wastes (gal)
Solid nonhazardous wastesd (yd3) NA 120 95 120

a The water used to wash down the truck after it delivered the LLRW to the disposal facility could be

contaminated (but that is not likely). This analysis conservatively assumes that the washdown water would
be considered liquid LLRW until determined otherwise.

b HEPA =high-efficiency particulate air.

C NA = not applicable.

d Solid nonhazardous wastes include domestic trash and office waste.

TABLE D-17 Estimated Annual Emissions of Criteria Pollutants from Fixed Facility
Emission Sources

Mission-Critical Equipment Emissions Process Steam Boiler Emissions
(tons/yr) (tons/yr)

Criteria
Pollutant Trench Borehole Vault Trench Borehole Vault

SO2  3.57E-02 3.57E-02 3.57E-02 3.4E-03 3.4E-03 3.4E-03
NOx 5.44E-01 5.44E-01 5.44E-01 2.8E-01 2.8E-01 2.8E-01
CO 1.17E-01 1.17E-01 1.17E-01 4.7E-01 4.7E-01 4.7E-01
PMI 0  1.26E-02 1.26E-02 1.26E-02 4.3E-02 4.3E-02 4.3E-02
PM 2.5  1.26E-02 1.26E-02 1.26E-02 4.3E-02 4.3E-02 4.3E-02
CO2 2.03E+01 2.03E+01 2.03E+01 6.7E+02 6.7E+02 6.7E+i02

2
3
4
5

6
7
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1
2

TABLE D-18 Estimated Annual Emissions of
Criteria Pollutants from Mobile Sourcesa

Mobile Equipment Emissions
(tons/yr)

Criteria
Pollutant Trench Borehole Vault

SO 2  3.23E+00 1.20E+00 3.27E+00
NOx 2.58E+01 9.06E+00 2.59E+01
CO 1.25E+01 4.63E+00 1.26E+01
PM10 2.38E+00 8.46E-01 2.39E+00
PM2 .5  2.12E+00 7.53E-01 2.12E+00
CO2  2.34E+03 8.73E+02 2.37E+03

a Mobile emission sources include forklifts and mobile

cranes.

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

disposal facility. Approximately 9,200, 36,600, or 74,200 truck shipments for trench, borehole,
or vault disposal, respectively, would be required, as summarized in Table D-19. Estimated
emissions from these shipments are provided in Table D-20. The emission factors used in the
calculations are given in Table D-2 1. Additional vehicles required for worker intrasite
transportation would also result in some emissions during construction, as shown in Table D-20,
which also provides estimates for emissions as a result of worker commuter trips.

D.8.2 Operations

Estimated emissions for local transportation of disposal site workers (i.e., daily
commutes) are provided in Table D-22.

D.9 WASTE ISOLATION PILOT PLANT

The primary source of information for estimating the impacts of disposing of the GTCC
LLRW and the GTCC-like waste at the Waste Isolation Pilot Plan (WTPP) (Alternative 2) is
Sandia (2008b). The following text provides supplemental information for estimating the
incremental air emissions during construction of the additional underground rooms required to
emplace the waste and during disposal operations.

D.9.1 Construction

Emissions from construction of the underground rooms would result from underground
haul trucks taking the mined salt to the waste hoist and surface haul trucks taking the mined salt
from the waste hoist to the Salt Storage Area. The miner itself is powered by electricity and thus
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1 TABLE D-19 Rough Order-of-Magnitude Estimate of the Number of Truck Shipments of Construction Materialsa

Total Consumption No. of Truck Shipments
Truck

Resource Capacity Trench Borehole Vault Trench Borehole Vault

Portland cement (yd3)b 10 2,816 2,046 9,702 282 205 971
Gravel (yd3)b 10 46,596 32,926 192,562 4,660 3,293 19,257
Sand (yd3)b 10 10,256 32,736 221,232 1,026 3,274 22,124
Clay (yd3) 10 12,900 5,180 56,000 1,290 518 5,600
Steel (tons)C 21 2,000 1,400 7,960 96 67 380
Asphalt paving (tons)d 20 600 900 700 30 45 35
Backfill (yd3)e 10 - - 254,000 - - 25,400
Diesel fuel (gal)f 9,000 7.5E+05 2.0E+06 3.4E+06 84 226 376
Excavated materials 10 62,000 294,400 - 6,200 29,440 -

Total (rounded up) 13,700 37,100 74,200

a Calculation neglects truck deliveries of process equipment and related items (which should be low in comparison with other
shipments). A dash means not applicable.

b Assumes that concrete is composed of 11% Portland cement, 41% gravel, and 26% sand and is shipped to the site in a standard
1 0-yd3 (7.6-in3 ) end-dump truck.

c Assumes that the net payload for steel transport to site is 42,000 lb (19,000 kg).

d Assumes hot mix asphalt is loaded into the 20-ton-capacity fri-axle trucks for transport to the paving site.

e Assumes that shipment uses standard 10-yd3 (7.6-rn 3 ) end-dump trucks.

f' Assumes that shipment uses a U.S. Department of Transportation (DOT) 406/MC-306 atmospheric-pressure tank truck with a
9,000-gal (34,000-L) capacity.

2
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1 1TABLE D-20 Estimated Annual Emissions from Construction Vehiclesa

Delivery Vehicle Emissions Support Vehicle Emissions Worker Commuter Vehicle Emissions
(tons)b (tons)C (tons)d

Criteria Pollutant Trench Borehole Vault Trench Borehole Vault Trench Borehole Vault

SOx ~ 1.09E-04 2.96E-04 5.92E-04 1.66E-04 5.35E-05 4.87E-04 2.62E-03 8.26E-04 7.73E-03
NOx 6.85E-03 1.86E-02 3.71E-02 1.04E-02 3.36E-03 3.06E-02 6.15E-02 1.94E-02 1.82E-01
CO 2.62E-02 7.09E-02 1.42E-01 3.99E-02 1.28E-02 1.17E-01 1.63E+00 5.16E-01 4.82E3+00
PM10  1.43E-03 3.88E-03 7.77E-03 2.19E-03 7.02E-04 6.40E-03 1.26E-02 3.99E-03 3.74E-02
PM2 .5  7.63E-04 2.07E-03 4.13E-03 1.16E-03 3.74E-04 3.41E-03 6.10E-03 1.93E-03 1.80E-02
VOCs 4.28E-03 1.16E-02 2.32E-02 6.52E-03 2.10E-03 1.91E-02 7.85E-02 2.48E-02 2.32E-01
CO2  1.59E+01 4.29E+01 8.59E+01 2.42E+01 7.77E+00 7.08E+01 1.66E+02 5.23E+l01 4.89E+02

a Assumes a construction period of 20 years.

b Estimates of 13,700, 37,100, and 74,200 auto one-way trips to the construction site are based on the total number of deliveries for trench, borehole, or

vault construction, respectively. One-way trip distance of 20 mi (32 kin) is based on DOE (1997). Emissions are based on round-trip distances.

CAssumes one support vehicle per 30 construction workers (824, 260, or 2,434 FTEs assumed for trench, borehole, or vault construction, respectively), as
taken from LLNL (1997) and NRC (1994). Assumes that 10 mi (16 kin) are travelled per day per vehicle, as taken from Table 4.5 on page 4-15 of
NRC (1994).

dEstimates of 9,885, 3,123, and 29,212 auto one-way trips to the construction site are based on the total construction personpower for trench, borehole, or
vault facility construction, respectively. Assumes 240 workdays per year. One-way trip distance of 20 mi (32 kin) is based on DOE (1997). Emissions are
based on round-trip distance.
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1
2

3
4
5
6

TABLE D-21 Criteria Pollutant Vehicle Emission
Factors

Emission Factor (g/mi)a

Criteria Delivery Support Commuter
Pollutant Vehicle Vehicle Vehicle

SOx, 0.00225 0.00225 0.006
NOx, 0.141 0.141 0.141
CO 0.539 0.539 3.745
PMI0  0.0295 0.0295 0.029
PM2.5  0.0157 0.0157 0.014
VOCs 0.0880 0.0880 0.18
CO2  326 326 380

aEmission factors were determined by using Argonne
GREET 2.8a Version (version date: August 30, 2007)
available at http://www.transportation.anl.gov-
software/GREET/greet__2-8 a_beta.html.

TABLE D-22 Estimated Annual Emissions from
Commuter Vehicles

Commuter Vehicle Emissions (tons/yr)a
Criteria

Pollutant Trench Borehole Vault

SOx ~ 3.1E-03 2.4E-03 3.2E-03
NOx, 7.2E-02 5.7E-02 7.5E-02
CO 1.9E+00 1.5E+00 2.0E+00
PM 10  1.5E-02 1.2E-02 1.5E-02
PM2 .5  7.1E-03 5.6E-03 7.5E-03
VOCs 9.2E-02 7.2E-02 9.6E-02
CO2  1.9E+02 1.5E+02 2.0E+02

aEstimates of 11,548, 9,117, and 12,116 one-way auto
trips to the disposal facility are based on the total
operational personpower for trench, borehole, or vault
facility construction, respectively. Assumes
240 workdays per year. One-way trip distance of 20 mi
(32 kin) is based on DOE (1997). Emissions are based
on round-trip distance.

7
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would not produce any direct emissions. The assumed
construction period for the additional 26 rooms is 20 years.
The estimated annual emissions, based on 23,700 tons of
salt mined per room (Sandia 2008b), are shown in
Table D-23 for the criteria pollutants. Estimates are based
on the fuel consumption of the haul trucks given in
Table D-24 and the vehicle emission factors provided in
Table D-25.

D.9.2 Operations

The estimated emissions from operations at WIPP to
dispose of the GTCC LLRW and GTCC-like waste would
result from the equipment that moves disposal packages
underground. For CHI waste, a waste transporter moves the
package from the waste hoist to a disposal room, where a
20-ton forklift subsequently moves the waste to its
emplacement location. For RH waste, it is assumed that a
41-ton forklift would move the disposal package from the
hoist to its emplacement location (Sandia 2008b).
Table D-26 summarizes the effort involved on an annual
basis.

TABLE D-23 Air Emissions
during Construction at WIPP

Total Annual
Criteria Emissions Emissions

Pollutant (tons) (tons/yr)

VOCs 2.9 0.14
NOx 28.7 1.4
S02 4.7 0.23
CO 19.4 0.97
PMIob 36.5 1.8
PM2 .5c 28.1 1.4
CO2  3,734 186.7

aCalculated by using EPA
methodology for coal mining
(http://www.epa.gov/ttrlchief/ap42/
chl 1/final/c 11s09.pdf).

bAssumes 89% of combustion PM10
is PM2.5 (www.aqmd.gov/CEQA/
handbook/PM2_5/handout 1 .doc).

From Table D-26, the average annual hours of operation for each piece of equipment
were estimated: 539, 941, and 1,432 hours, respectively, for the 20-ton forklift, the waste
transporter, and the 41-ton forklift. The annual average emissions were then estimated by using
the emission factors given in Table D-27, as shown in Table D-28.

TABLE D-24 Annual Diesel Fuel Use for Construction of the Additional Disposal Rooms at
WIPP

No. of Diesel Fuel
Diesel Fuel Use Duration per Rooms per Duration per Use per Year

Type of Haul Truck per Room (gal)a Room (h)a Yearb Year (h) (gal)

185-hp underground 11,440 1,082.2 1.3 1,407 14,872
Surface 3,160 105.3 1.3 137 4,108

a Source: Sandia (2008b).

b Assumes 20-year period to construct the 26 additional rooms required for GTCC LLRW and GTCC-

like waste.

33
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1 TABLE D-25 Construction Equipment Fuel Consumption and Emission Factors

Consumables
(gal/h)

Emission Factor (lb/1,O00 gal)
Diesel Oil and

Type of Haul Truck Fuel Grease VOCs NOX SO CO PM10~a CO2

185-hp underground 10.6 0.2 17.1 171.7 31.2 123.5 16.8 22,600.0
Surface 30.0 0.2 0.2 2.3 0.0 0.8 0.1 272.3

a These emission factors are for combustion-derived PM10 emissions and do not include the fugitive
dust component.

2
3
4 TABLE D-26 Annual Equipment Usage for Disposal of Waste at WLPP

Time per Estimated Average
Disposal Diesel Average No. Diesel

Horsepower Package Usage of Disposal Usage
Equipment Ratinga (min)a (gal)a Packages/yrb (gal/yr)

20-ton forklift (diesel) 94 10 0.9 3,230 2,910
Waste transporter (diesel) 138 20 2.6 2,820 7,340
41-ton forklift (diesel) -RH 231 60 13.2 1,430 18,900
Total 29,200

a Source: Sandia (2008b).

b Average estimated for operations is based on the assumption that the majority of the waste

disposed of annually at WIPP is composed of GTCC LLRW and GTCC-like waste.

5
6
7
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1 TABLE D-27 Equipment Emission Factors

Emission Factor
(lb/horsepower per hour)

Criteria Air 20-ton 41-ton Waste
Pollutant Forklift Forklift Transporter

S02 1.87E-03 1.87E-03 1.87E-03
N0x 1.15E-02 9.92E-03 9.92E-03
CO 2.20E-03 2.20E-03 2.20E-03
PM 1 0 1.59E-03 8.82E-04 8.82E-04
PM2 .5  1.41E-03 7.85E-04 7.85E-04
VOCs 8.82E-04 8.82E-04 8.82E-04
CO2  1.15E+00 1.15E+00 1.15E+00

Source: www.aqmd.gov/CEQA/documents/2005/
nonaqmd/chevronlappB .xls.

TABLE D-28 Estimated
Average Annual Emissions
of Criteria Pollutants from
GTCC LLRW and GTCC-
Like Waste Emplacement at
WIPP

2
3
4
5
6
7
8
9

Annual
Average

Criteria Air Emissions
Pollutant (tons/yr)

SO 2  4.8E-01
NOx 2.6E+00
CO 5.6E-01
PMlo 2.4E-01
PM2 .5  2.2E-01
VOCs 2.3E-01
CO2 2.9E+02

10
11
12
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1 APPENDIX E:
2
3 EVALUATION OF LONG-TERM HUMAN HEALTH IMPACTS FOR THE
4 NO ACTION ALTERNATIVE AND THE LAND DISPOSAL ALTERNATIVES
5
6
7 This appendix presents the approach used to evaluate the long-term impacts on human
8 health that could result from the No Action Alternative in Chapter 3 and the land disposal
9 alternatives (via the borehole, trench, or vault disposal methods) in Chapters 6 through 12

10 considered in the Greater-Than-Class C (GTCC) Environmental Impact Statement (EIS). The
11 approach used to evaluate long-term impacts on human health from use of the Waste Isolation
12 Pilot Plant (WIPP) deep geologic repository is presented in Chapter 4. The RESRAD-OFFSITE
13 computer code (Yu et al. 2007), with site-specific parameters to the extent that this information
14 was available, was used to perform the analyses for the three land disposal methods at the six
15 federal and four generic commercial sites. This computer code was also used to evaluate the
16 long-term human health impacts for the No Action Alternative. The information given in this
17 appendix summarizes the approach and results described in Argonne (2010). A number of
18 simplifying assumptions are made for the purposes of the comparative analysis in this BIS,
19 especially in terms of the long-term performance of engineered materials assumed for the
20 borehole, trench, and vault disposal facilities. It is expected that detailed, site-specific
21 assessments that would include more specific calculations on the physical and chemical

22performance of different engineered materials would be made before implementation of any
23 alternative.
24
25 For the No Action Alternative, it is assumed that the long-term human health impacts
26 would be limited to members of the general public who might be exposed to GTCC LLRW and
27 GTCC-like waste stored in facilities located within the four NRC regions. For the land disposal
28 alternatives, it is assumed that the long-term human health impacts would be limited to members
29 of the general public who might be exposed to radioactive contaminants released from the waste
30 packages after the engineering barriers (including the cover) and waste containers failed. Direct
31 intrusion into the waste disposal units is considered to be a very unlikely event and is not
32 addressed in this appendix; this issue is addressed in Section 5.5. A number of markers and
33 barriers would be placed on, in, and near the closed disposal facility to prevent intrusion into the
34 buried wastes. The impacts from direct intrusion into the disposal facility are therefore addressed
35 qualitatively in the BIS.
36
37 There are three release mechanisms considered in RESRAD-OFFSITE that can lead to
38 contamination at off-site locations: airborne releases, surface runoff, and leaching (see
39 Section E. 1). However, only two of these mechanisms are considered significant and applicable
40 to storage or disposal of GTCC LLRW and GTCC-like waste in the long term: (1) airborne
41 releases and (2) leaching of radioactive contaminants from the waste containers or packages,
42 with transport to groundwater and migration to an accessible location, such as a groundwater
43 well. These two mechanisms are addressed in this EIS to determine the impacts on off-site
44 members of the general public following closure of the storage or disposal facility. Surface
45 runoff is not considered to be a viable pathway, given the depth of the disposal facility cover and
46 use of good engineering practices during closure of the disposal facility, which would include
47 measures to minimize erosion by surface water.
48
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1 Airborne releases could include gases (e.g., radon, carbon dioxide [CO2 ], and water2 vapor containing tritium [H-3]) and particulates if the disposal facility cover was completely lost
3 through erosion. Particulate radionuclide emissions are not expected to be significant, because it
4 is very unlikely that the thick disposal facility cover would be completely lost through erosion. In
5 addition, any material removed from the facility surface cover by erosion or weathering could be
6 replaced to some extent by nearby soil similarly removed. Potential radiation doses to individuals
7 from gaseous releases are expected to be small because the gases would have to diffuse through
8 the thick covers placed on top of the waste disposal units.
9

10 Standard engineering practices and measures would be taken in designing and
11 constructing the disposal facility to ensure long-term stability and to minimize the likelihood of
12 contaminant migration from the wastes to the surrounding environment. The facility would be
13 sited in a location consistent with applicable requirements, which would include the
14 consideration of geologic characteristics, to minimize events that could compromise the
15 containment characteristics of the disposal facilities in the long term. It is expected that the use
16 of engineering controls in concert with the natural features of the selected site would ensure the
17 long-term viability of this facility.
18
19 The groundwater pathway is generally the pathway of most concern with regard to
20 addressing the post-closure impacts on the general public from a disposal facility for GTCC
21 LLRW and GTCC-like waste, and this pathway is the focus of this appendix. Releases to surface
22 water would only occur once the entire engineered cover over the disposed wastes had eroded
23 away. Because of the thick cover layer and the use of very robust engineering techniques to
24 construct it, it was assumed for the analyses in the EIS that the buried GTCC LLRW and GTCC-
25 like waste would always be overlain by some cover material through 10,000 years, eliminating
26 surface water runoff as a potential exposure mechanism for the action alternatives.
27
28 Even if releases to surface water were to occur, it is not expected that these releases
29 would be significant or result in higher peak annual doses or latent cancer fatality (LCF) risks
30 than would releases to groundwater. The disposal facility and waste containers are assumed to
31 maintain their integrity for at least 500 years, and this factor would allow many of the shorter-
32 lived radionuclides to decay to innocuous levels prior to any releases to the environment. In
33 addition, it is expected that releases to surface water would be much more diluted in the
34 environment (such as in a river or lake) before being ingested by the hypothetical receptor than
35 would comparable releases to groundwater (in which case the hypothetical receptor would
36 extract water for use from a well). Because of this smaller amount of dilution, the groundwater
37 pathway would likely be much more significant than the surface water pathway.
38
39 Since the travel time to a hypothetical receptor would likely be shorter for any releases to
40 surface water than for releases to groundwater, the time at which the peak annual dose and LCF
41 risk would occur could be sooner for the surface water pathway than the groundwater pathway.
42 However, this is not expected to have a significant impact on the peak annual dose or LCF risk,
43 because the radionuclides that would cause most of the dose have very long half-lives. That is,
44 the additional time to reach a hypothetical receptor through groundwater would not result in any
45 appreciable additional reduction in the radionuclide concentrations causing most of the impacts
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1 due to radioactive decay. For these reasons, the groundwater pathway is considered to be the
2 most significant pathway in the long term in this EIS.
3
4 An analysis similar to that done for the land disposal alternatives was done for the No
5 Action Alternative (see Chapter 3). Under this alternative, no credit is taken for maintenance of
6 the stored GTCC LLRW and GTCC-Iike waste beyond 100 years. That is, it is assumed for
7 analysis purposes in this EIS that after 100 years, water could contact the radioactive
8 contaminants in the waste packages and leach radionuclides from the wastes, and that these
9 radionuclides could then move toward the underlying groundwater system. While airborne

10 releases from degraded containers could occur, it is expected that the dispersion of any released
11 radionuclides by the wind would greatly decrease the air concentrations. In addition, it is
12 expected that surface runoff would not be a major concern with regard to this alternative in the
13 long term, because the storage sites would probably have berms or other engineered features to
14 minimize water runoff from the site.
15
16 The highest doses associated with the No Action Alternative would therefore probably be
17 those associated with the migration of radionuclides to groundwater that would subsequently be
18 used by members of the general public. Focusing on the groundwater pathway for this alternative
19 also allows for a more direct comparison of the long-term impacts from the No Action
20 Alternative with the post-closure impacts given for the action alternatives.
21
22
23 E.1 RESRAD-OFFSITE COMPUTER CODE
24
25 The RESRAD-OFFSITE computer code (Yu et al. 2007) is an extension of the original
26 RESRAD code (Yu et al. 2001) developed by Argonne National Laboratory for the
27 U.S. Department of Energy (DOE). The original (on-site) RESRAD code was developed to
28 address exposure pathways relevant to an individual exposed to residual radioactive soil
29 contamination. This focus allowed for the development of soil cleanup criteria for various
30 exposure scenarios, and RESRAD was largely used to develop cleanup criteria for radioactively
31 contaminated soil in support of DOE remedial action projects.
32
33 This code was expanded in RESRAD-OFFSITE to address the radiological consequences
34 to a receptor located either on-site or outside the area of primary contamination. The expanded
35 code can be used to calculate the radiological dose and excess lifetime cancer risk to various
36 receptors by using dose coefficients and radionuclide slope factors from the U.S. Environmental
37 Protection Agency (EPA) and International Commission on Radiological Protection (ICRP).
38 Although this code, too, was developed largely to address soil cleanup guidelines corresponding
39 to a specified dose limit, it has a number of features that make it a good choice for use in the
40 analyses done for this EIS.
41
42 The following discussion on the use of RESRAD-OFFSITE focuses on the use of this
43 code for the action alternatives. The same general approach that was used for the action
44 alternatives was used for the No Action Alternative. The simulation approach for the action
45 alternatives is described in Section E.2, and the approach used for the No Action Alternative is
46 described in Section E.3.
47
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1 The RESRAD-OFFSITE computer code allows for the initial radiological contamination
2 to be in environmental settings ranging from those involving surficial contamination to situations
3 in which a clean cover layer overlies a zone of radioactive contamination. This latter situation
4 simulates the closed land disposal facilities for GTCC LLRW and GTCC-like waste addressed in
5 this EIS, in which there is an overlying soil cover over the disposed-of wastes (the zone of
6 radioactive contamination). The RESRAD-OFFSITE computer code can incorporate the
7 presence of up to five partially saturated layers below the contaminated zone, a feature that is
8 advantageous for delineating the various sites addressed in this EIS. The RESRAD-OFFSITE
9 code is more flexible than the original RESRAD code in that it has the capability to not only

10 model the radiation exposure of an individual who spends time directly above the primary zone
11 of radioactive contamination (on-site) but also one who spends time away from the primary
12 contamination (off-site), which is the application that is most useful for this EIS.
13
14 As noted previously, there are three types of releases that can lead to contamination at
15 off-site locations (Figure E-l) that are addressed by RESRAD-OFFSITE: airborne releases,
16 surface runoff, and leaching. Airborne releases can lead to the off-site releases of either
17 particulates or gases (such as radon). Particulate releases are limited to sites having surficial soil
18 contamination, while gases can be released from buried materials following their upward
19 movement from the radioactive contamination source through any overlying cover materials. For
20 this BIS, particulate releases are expected to be very unlikely given the thick covers overlying the
21 disposed-of wastes. In addition, any such releases would be greatly diluted in the atmosphere,
22 such that potential doses to members of the general public would be very low. The only
23 radionuclides that would be subject to airborne releases are gases, because the surface soil cover
24
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26 FIGURE E-1 Environmental Release Mechanisms and Exposure Pathways Considered
27 in RESRAD-OFFSITE
28
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1 is assumed to remain sufficiently intact so as to not expose the buried wastes to the atmosphere.
2 That is, it is assumed in the EIS analyses that the soil cover is not completely removed with
3 regard to all of the sites and disposal methods.
4
5 The second release mechanism (surface runoff) is also considered to not be relevant to
6 the analysis conducted for this EIS. This mechanism addresses the loss of surficial contamination
7 by precipitation that flows along the slope of the ground surface to the surrounding area. In the
8 RESRAD-OFFSITE code, any radioactively contaminated material removed by surface runoff is
9 modeled as a release to a nearby surface water body. This exposure pathway is not relevant to

10 this assessment because it is assumed that the disposed-of wastes would always be overlain by
11 some clean soil cover.
12
13 The third release mechanism considered by RESRAD-OFF SITE is the leaching of
14 radionuclides by precipitation that percolates through the contaminated waste zone. This is the
15 pathway of most concern in the post-closure assessment of potential human health impacts. For
16 this EIS, it is assumed that once contamination reaches the groundwater, it is removed by a
17 hypothetical individual using a well. Radionuclides in groundwater can also be discharged to a
18 surface water body, but this would result in much lower concentrations of radionuclides due to
19 dilution. For conservatism, groundwater was assumed to be the sole source of potable water for
20 the hypothetical individual for assessing the post-closure impacts.
21
22 Since RESRAD-OFF SITE does not contain features to simulate the movement of
23 percolating water over the various layers of an engineered cover or the degradation of waste
24 containers over time, simplifying assumptions were made in this analysis. For example, the
25 engineered barriers and waste containers were assumed to begin to degrade and fail 500 years
26 after closure of the disposal facility. This is a conservative assumption that was used because
27 RESRAD-OFFSITE does not have the capability to calculate a container failure distribution.
28 This adds conservatism to the results presented in this EIS.
29
30 However, RESRAD-OFFSITE does have features that allow a reasonable estimate to be
31 made of the release of radioactive contaminants from the GTCC LLRW and GTCC-like waste.
32 Specifically, the code uses a rate-controlled release to model the quantity of contaminants that
33 can be removed by leaching from the wastes as water flows down through the primary zone of
34 contamination. The release rate can be specified to vary as a function of time and is used by
35 RESRAD-OFFSITE to simulate the entry of radionuclides into the percolating water with
36 subsequent transport in the unsaturated zone(s) and groundwater aquifer. This is a very useful
37 feature of this code for use in the EIS analyses, because it allows the source term (GTCC LLRW
38 and GTCC-like waste) to have any physical or chemical form. What needs to be specified is the
39 release rate of the radionuclides from the source.
40
41 The RESRAD-OFFSITE groundwater transport model simulates the convection and
42 dispersion of radionuclides in the liquid phase during transport in soils. Some sites have very
43 uniform settings, and parameters can be selected to represent soil properties on the basis of the
44 measurements taken in site soils. Other sites have much more complicated geological settings,
45 and they can include fracture flow. In these cases, it is important to select the parameter values
46 that best represent flow conditions in the local environment so that these conditions can be
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1 adequately modeled with the RESRAD-OFFSITE computer code. For example, in the analyses
2 for disposal of GTCC LLRW and GTC C-like waste at the Idaho National Laboratory (INL) Site,
3 a distribution coefficient (Kd) value of zero was specified for all radionuclides for the thick-flow
4 basalt layers. This selection was made to simulate the fracture flow condition in which water
5 flows through the basalt layers quickly, leaving little contact time for dissolved radionuclides to
6 be adsorbed to the solid phase.
7
8 In evaluating the movement of radionuclides through the environment, the RESRAD-
9 OFFSITE computer code addresses radioactive decay and ingrowth of progeny radionuclide(s).

10 This capability is one of the major reasons RESRAD-OFFSITE was selected for use in this EIS.
11 Many of the radionuclides in the GTCC LLRW and GTCC-like waste (in particular, the actinide
12 elements) are present in long decay chains, and it is necessary to accurately account for the decay
13 and ingrowth of all radionuclides that could affect a potential receptor in the long-term future.
14 The RESRAD code has been used in a number of situations addressing radionuclide decay and
15 ingrowth during groundwater transport, and it has been shown to provide good estimates of this
16 effect.
17
18 In addition to simply accounting for decay and ingrowth of radioactive progeny as the
19 primary radionuclides move through the environment, RESRAD-OFFSITE uses radionuclide-
20 specific retardation factors to address the effects of sorption and desorption on the transport
21 speed through soil. This feature allows the code to simulate the different rates at which
22 radionuclides in the same decay chain move in the environment. Numerical methods are
23 employed in RESRAD-OFFSITE to evaluate the analytical solutions to the differential equations
24 that characterize the behavior of radionuclides being transported in the unsaturated and saturated
25 zones. To increase the precision of the calculation results in this EIS, the saturated zone was
26 further divided to smaller sublayers.
27
28 While other computer models have features that could be used to support this analysis,
29 use of these codes would not significantly improve the results presented in the EIS. The results
30 of most interest were the estimated peak annual dose and peak annual LCF risk in the first
31 10,000 years. If the peak annual impacts did not occur within 10,000 years, the analysis was
32 extended out to 100,000 years. The radionuclides that would cause most of the dose have long
33 half-lives (C-14, Tc-99, 1-129, and isotopes of uranium and plutonium), and the peak annual
34 dose, in many cases, would occur in the distant future. Because of this, it was not necessary to
35 know in great detail the exact mechanisms by which the radionuclides from the site would be
36 released in order to perform this comparative assessment.
37
38 A number of the computer codes considered for this analysis require detailed information
39 on the engineering design and the specific materials used to construct the facility, which are
40 generally lacking at this point in the process. Also, although these codes might improve the
41 estimates for the first few hundred years, or even a thousand years, they provide no information
42 to address the conditions of the engineered barriers and waste containers and their performances
43 over the very long time frame necessary for this EIS. After radionuclides would be released from
44 the disposal unit, they would travel through the various layers of soils underneath the disposal
45 facility to reach the groundwater table and then travel in the groundwater aquifer to arrive at the
46 receptor location. The time that the radionuclides would spend traveling in soils could be
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1 thousands of years or even longer, and the potential radioactive ingrowth and decay and the
2 different transport speeds between parent and progeny radionuclides could significantly affect
3 the groundwater concentrations.
4
5 The RESRAD-OFFSITE code has the ability to simulate the transport of radionuclides in
6 the vadose zone and saturated zone, and this capability has been demonstrated in the past.
7 Although the code does not have the ability to estimate distributed container failure over time, it
8 has provisions that allow users to bypass the release rate calculations and accept the input release
9 rates of radionuclides as a function of time.

10
11 There are other computer codes with functions similar to those of RESRAD-OFFSITE.
12 Some neglect the ingrowth of progeny nuclides during transport; some consider ingrowth by
13 assuming progeny nuclides are transported at the same speed as are parent nuclides. Others
14 consider both ingrowth of progeny and different transport speeds of parents and progeny but
15 employ numerical analysis methods that would take very long (unrealistic) computation times for
16 simulations that are run over 10,000 or 100,000 years. The precision of results from a numerical
17 analysis can be greatly affected when the analysis is extended to such a long period of time as
18 that required by this EIS.
19
20 Given the complexity of the facility design, the various physical and chemical
21 compositions of waste, the complexity of the actual geologic nature and hydrogeologic nature of
22 the candidate sites, and the unknown behavior of the engineered barriers and waste containers
23 over a very long period of time, estimates of the peak annual radiation doses and LCF risks to
24 human health are very difficult to predict over the time periods considered in the BIS.
25 Assumptions were made to simplify the impact analysis, and these were applied in a uniform
26 manmer across the different sites. This allows a comparison to be made of the relative merits of
27 the various disposal alternatives and sites considered in the EIS. These results would not be
28 significantly affected if other computer codes were utilized in the analysis.
29
30 RESRAD-OFFSITE also accounts for the accumulation of radionuclides at off-site
31 locations through dust deposition and water irrigation. Water irrigation can lead to the
32 accumulation of radionuclides in soil, which is significant for the hypothetical off-site receptor
33 considered in the EIS (i.e., a resident farmer).
34
35 The RESRAD-OFFSITE methodology has been used in two model validation studies: the
36 Biospheric Model Validation Study II (BIOMOV II) program and the Environmental Modeling
37 for Radiation Safety (EMRAS) program (BIOMOVS II11996; IAEA 1996). Both programs were
38 organized by the International Atomic Energy Agency (IAEA). Currently, the EMRAS Naturally
39 Occurring Radioactive Material Working Group is using RESRAD-OFFSITE for a model
40 comparison study with area source scenarios. This level of validation supports the use of this
41 code in performing the comparative evaluation in this EIS.
42
43
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1 E.2 SIMULATION APPROACH FOR THE LAND DISPOSAL ALTERNATIVES
2
3 Potential long-term impacts on human health that could result from the disposal of GTCC
4 LLRW and GTCC-like waste were analyzed in this EIS by using the RESRAD-OFFSITE
5 computer code, as summarized above. Additional details on this computer code are presented in
6 its user manual, which can be reviewed for more information (Yu et al. 2001). This section
7 discusses the exposure scenario and source term assumptions used for the analyses.
8
9

10 E.2.1 Exposure Scenario and Pathways
11
12 The assessment of long-term impacts on human health from the closed disposal facility
13 requires the identification of an appropriate exposure scenario. Proper site selection and proper
14 design, closure, and post-closure monitoring and maintenance of the facility would reduce the
15 likelihood, to the extent possible, that anyone would actually be exposed to the radioactive
16 contaminants in the wastes. A hypothetical resident farmer exposure scenario was selected for
17 performing a comparative analysis in this ELS as a conservative approach. This scenario is
18 unlikely to occur at the federal sites evaluated in this EIS, since current land use designations for
19 the reference locations do not include residential use. The results presented here should not be
20 used for regulatory compliance purposes in the future, and they should not be compared with
21 site-specific performance assessments that have been conducted for existing waste disposal
22 facilities. Such assessments are based on site-specific exposure scenarios and conditions.
23 However, the assessment in this EIS does provide useful information to guide the decision-
24 making process for identifying the most appropriate method to manage these GTCC LLRW and
25 GTCC-like waste.
26
27 For the analysis of long-term impacts on human health after closure of the disposal
28 facility, a hypothetical resident farmer is assumed to move near the site and reside in a house
29 located 100 m (330 ft) from the edge of the disposal facility boundary. This location was selected
30 because it is consistent with the minimum buffer zone distance surrounding a DOE LLRW
31 disposal site identified in DOE Manual 435.1-1 (DOE 1999). This DOE Radioactive Waste
32 Management Manual notes that a larger or smaller buffer zone for a DOE LLRW disposal
33 facility may be used if adequate justification is provided. No additional distance beyond this
34 minimum buffer zone of 100 m (330 ft) from the edge of the disposal facility is assumed in this
35 analysis. This assumption is conservative since the federal sites considered in this EIS are very
36 large, and a significant buffer zone of greater than 100 m (330 ft) would likely be employed for
37 this disposal facility. An evaluation of the reduction in the potential radiation dose to this
38 hypothetical receptor at greater distances is given in Section E.6.
39
40 For this analysis, a hypothetical individual is assumed to move to this location and
41 develop a farm. This resident farmer is then assumed to develop a groundwater well as the sole
42 source of water (for drinking, household use, irrigation, and feeding livestock) and to obtain
43 much of his/her food (fruits, vegetables, meat, and milk) from the farm. A hypothetical resident
44 farmer was selected for this evaluation because this scenario would involve the most intensive
45 use of the land, and this receptor would thus incur the highest dose of any potential receptor in
46 the future. As mentioned previously, the assumption of a resident farmer presents a potentially
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conservative bias against sites where such a scenario is less likely. However, the use of the same
exposure scenario at all sites provides a common basis for comparison of the results for the sites
considered in this EIS. DOE has considered the potential doses to the hypothetical resident
farmer as well as other factors discussed in Section 2.9 in identifying the preferred alternative
presented in Section 2.10.

The hypothetical resident farmer could be exposed to airborne contaminants, including
particulates, radon gas and its short-lived decay products, and gaseous radionuclides such as
C-14 (in the form of CO2) and H-3 (in the form of water vapor). These gases could diffuse out of
the waste containers and move through the disposal facility cover and then be transported by the
wind to the off-site location where the farmer resides. As noted previously, airborne particulates
are not expected to be generated, given the presence of the engineered cover over the GTCC
LLRW and GTCC-Iike waste. This individual could also incur a radiation dose through the use
of groundwater contaminated as the result of leaching of radionuclides in the waste containers
and their transport to the underlying groundwater table.

Secondary soil contamination at off-site locations would be possible if contaminated
groundwater was used for irrigation and if this practice was continued for an extended period of
time. Potential exposure pathways related to the use of contaminated groundwater include
(1) external irradiation; (2) inhalation of dust particulates from irrigated fields, radon gas (and its
short-lived decay products), H-3, and C- 14; and (3) ingestion of water, soil, plant foods, meat,
and milk. Plant foods (fruits and vegetables) could become contaminated through foliar
deposition as well as root uptake. Meat and milk could become contaminated if livestock
ingested contaminated water (obtained from the well) and fodder contaminated by use of this
groundwater. Figure E-2 illustrates the exposure pathways associated with use of contaminated
groundwater.

iIrrigation
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FIGURE E-2 Exposure Pathways Associated with the Use of Contaminated
Groundwater
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1 E.2.2 Assumptions Related to Leaching from the Wastes
2
3 It is assumed that the only way the hypothetical receptor would be exposed to radiation in
4 the future would be if the radionuclides were released from the waste containers and disposal
5 facility. The most likely mechanism for this to occur would be contact with infiltrating water.
6 Precipitation could infiltrate into the disposal area and contact the waste containers. It is assumed
7 that no releases would occur while the waste containers and engineering barriers (including the
8 cover) remained intact. However, it is expected that over time, the waste packages and
9 engineering barriers would lose their integrity. When this condition occurred, water could

10 contact the waste materials within the packages and move downward to the groundwater table.
11 Although water could also enter the contaminated waste zone as a result of the rising
12 groundwater, this scenario is not considered likely because the disposal facility would be sited in
13 accordance with NRC regulations that should preclude this from occurring.
14
15 Data on the performance of waste packages and engineering barriers over an extended
16 time period are limited. Even when data are available, using the data to predict the release rates
17 of radionuclides over a very long time period can be difficult to defend. The potential impacts on
18 groundwater are evaluated over a very long time period in this EIS (10,000 years and longer to
19 obtain peak annual doses and LCF risks). Determining how and when the waste packages and
20 engineering barriers would begin to degrade and how this degradation would progress over time
21 is one of the more challenging and site- and design-specific aspects of the analysis. Thus, for a
22 comparative analysis such as this, simplifying assumptions are made regarding the performance
23 of engineering barriers and waste packages.
24
25 The radiation doses presented in the post-closure assessment in this EIS are intended to
26 be used for comparing the performance of each land disposal method at each site evaluated. The
27 results indicate that the use of robust engineering designs and redundant measures in the disposal
28 facility could delay the potential release of radionuclides and could reduce the release to very
29 low levels, thereby minimizing the potential groundwater contamination and associated human
30 health impacts in the future.
31
32 For purposes of analysis in this EIS, it is assumed that the engineered barriers would
33 begin to degrade and fail 500 years after the closure of the disposal facility. This assumption is
34 considered to be conservative (i.e., yield greater impacts) since the integrity of the engineered
35 barriers is expected to last longer than 500 years. It is assumed that the radionuclides in the
36 disposed-of wastes (listed in Appendix B) would not be available for leaching until the
37 engineering barriers started to degrade. Many of the radionuclides in the GTCC LLRW and
38 GTCC-like waste have very long half-lives, so this 500-year time period would not result in an
39 appreciable reduction in the total hazard associated with these wastes as a result of radioactive
40 decay. This assumption is more conservative for some sites than others where conditions are
41 more favorable to the long-term performance of waste packages.
42
43 In performing these evaluations, the protection provided by a number of engineering
44 measures included in the conceptual facility designs, such as a cover designed to minimize water
45 infiltration, was considered in the analyses. It is assumed that these engineering measures would
46 completely eliminate water infiltration into the waste units for the first 500 years. It is assumed
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1 that after that time, the integrity of these engineering measures would begin to degrade and fail,
2 reducing their effectiveness in keeping percolating water out of the waste disposal units. A study
3 at the Savannah River Site (SRS) indicated that after 10,000 years, the closure cap at the F-Area
4 would still shed about 80% of the cumulative precipitation falling on it, with a higher degree of
5 effectiveness occurring before 10,000 years (Phifer et al. 2007). The cover effectiveness would
6 continue to decrease very slowly after 10,000 years. This information was used to estimate the
7 amount of water that could infiltrate into the disposed-of wastes as described in the following
8 text. The assumed effectiveness of a cover system can be a critical factor for distinguishing
9 between facility performance at a humid site and at an arid site.

10
11 It is assumed that the water infiltration rate into the top of waste disposal facility would
12 be zero for the first 500 years following closure, and then it would be 20% of the natural rate.
13 This approach is meant to account for the reduction in the integrity of the cover and other
14 engineering barriers as they begin to degrade and fail. This value was used for all future times
15 extending to 10,000 years and longer (to obtain peak annual doses). This reduced water
16 infiltration rate (from the natural rate for the area) is limited to the waste disposal area; at the
17 perimeter of the waste disposal facility, the natural background infiltration rate is used in the EIS
18 analyses.
19
20 This is a simplified approach to address the reduction in cover effectiveness over time.
21 The amount of water infiltrating into the disposal facility would increase as the cover
22 effectiveness decreased. It is difficult to model the gradual degradation of the engineered cover;
23 hence, the long-term average effectiveness was simulated in the calculations. A sensitivity
24 analysis was conducted to examine the potential change in off-site doses by using varied values
25 to simulate varying degrees of effectiveness that would yield different water infiltration rates.
26 The results of this sensitivity analysis are given in Section E.6.
27
28 This approach of using a reduced water infiltration rate only for the waste disposal area is
29 assumed to be conservative, because with a higher water infiltration rate outside the waste
30 disposal area, the transport time needed for radionuclides to reach the underlying groundwater
31 table after they have been released from the waste disposal area would be shortened. This
32 approach provides less time for radioactive decay to occur during transport, which results in
33 higher groundwater concentrations being estimated at the receptor location.
34
35
36 E.2.3 Assumptions Related to Radionuclide Release Rates
37
38 As described in Appendix B, the GTCC LLRW and GTCC-like waste encompass three
39 waste types for purposes of analysis in this BIS: activated metals, sealed sources, and Other
40 Waste. For activated metal wastes, the release of radionuclides was correlated with the corrosion
41 of metals. The radionuclide release fraction for activated metals was taken to be 1.19 x 10-5 /yr in
42 this analysis. This value is assumed to be reasonable for stainless-steel waste forms for the
43 purpose of this comparative analysis on the basis of rates observed in corrosion experiments on
44 stainless-steel coupons conducted at the 1NL Site (JNL 2006; Adler Flitton et al. 2004).
45 However, if the environmental conditions surrounding a specific waste were not controlled and
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1 were more conducive to causing corrosion, or if the metal making up a specific waste was more
2 conducive to corrosion, the release fractions could be higher than those used here.
3
4 The release rates of radionuclides in sealed sources were simulated on the basis of the
5 assumption that radionuclides would partition between water and the sealed source matrix when
6 coming in contact with water. It is assumed that the partitioning factor of each radionuclide has
7 the same value as the Kd associated with the surface soil at the various sites. Because there
8 would be backfill soil surrounding the waste containers in the disposal units, radionuclides
9 released from the sealed sources would have to travel through the surrounding soils before

10 leaving the disposal area. By using the soil Kd values to calculate the radionuclide release rates,
11 the binding of radionuclides to the sealed source matrix is assumed to be the same as that in the
12 surrounding soil. This approach is conservative, because it tends to overestimate the release rates
13 of radionuclides from sealed sources.
14
15 While activated metals and sealed sources are structurally sound and generally resistant
16 to leaching with water, many of the wastes in the Other Waste type are not. For this analysis, it is
17 assumed that the Other Waste would be solidified (e.g., with grout or another similar material)
18 before being placed in the disposal units. This assumption is reasonable and consistent with
19 current disposal practices for such wastes, which include a wide variety of materials that could
20 compact or quickly degrade without such measures. Use of such a stabilizing agent is not
21 assumed for activated metal and sealed source wastes.
22
23 The solidification provided by mixing the Other Waste with a stabilizing agent would
24 also reduce the leaching of radionuclides. However, the reduction in leaching might not last over
25 a long period of time, when the nature of the stabilizing agent would change in the environment
26 or the integrity of the stabilizing agent would deteriorate. In this analysis, the effectiveness of
27 solidification in terms of leaching reduction is assumed to last for 500 years following facility
28 closure; after that, the retention of radionuclides by the stabilizing agent is assumed to be the
29 same as that of the surrounding backfill soils. Hence, the release rates of radionuclides from the
30 Other Waste were simulated with soil Kd values after the effective period of the stabilizing
31 agent. The release rates of radionuclides were simulated with the Kd values for a cementitious
32 system during the effective period, assuming cement would be used as the stabilizing agent.
33
34 Cement that contains slag has been shown to reduce the leaching of nickel, technetium,
35 and uranium more effectively than cement that does not contain slag. The presence of slag results
36 in an environment that is more reducing and not oxidizing, as opposed to cement alone. Since
37 technetium and uranium are major radionuclides of concern with respect to the GTCC LLRW
38 and GTC C-like waste, it is assumed that slag-containing cement would be used to solidify the
39 Other Waste for purposes of analysis in this EIS. Although the cementitious material could
40 eventually convert to an oxidized form over long periods of time, this effect would be offset by
41 the corrosion of the metal drums in the disposal environment, which would consume oxygen and
42 lead to chemically reducing conditions.
43
44 Information on the Kd values in cementitious systems is given in Table B-i for a number
45 of elements from different sources. (All tables appear before the references at the end of this
46 appendix.) Only one set of values was given in Krupka et al. (2004), which was taken to
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1 represent a non-slag-containing cementitious system. Kaplan is a co-author of this 2004 report,
2 as well as the author of a separate study published in 2006 (Kaplan 2006). It is assumed that the
3 second report contains additional information that was not available when the first report was
4 published in 2004. Therefore, when selecting the Kd values for cementitious systems, only data
5 from the second report were used for comparison with data from the other sources.
6
7 The last two columns of Table B-i provide the selected Kd values for oxidizing and
8 reducing cement. These values are generally the lowest (or most conservative in that they allow
9 for the most potential leaching into the groundwater) of the reported values, unless multiple

10 sources provided the same higher value. In addition to the reported values, chemical similarity
11 was also considered in determining the values to use in this analysis. The use of the smallest Kd
12 values would result in more conservative (higher) dose estimates.
13
14 The Kd values for reducing cement are used in this analysis to estimate the release rates
15 of radionuclides when water infiltrates into the waste disposal units while the effectiveness of the
16 stabilizing agent still holds. As indicated in Table E- 1, the selected values for oxidizing and
17 reducing cement are the same except for nickel, technetium, and uranium. Note that these values
18 are based on specific assumptions regarding the type of cement used and would need to be
19 reconsidered on the basis of the actual cements that could be used in a specific situation.
20 Maintaining local reducing conditions can be an important consideration in designing the final
21 system for specific wastes containing significant amounts of nickel, technetium, and uranium
22 isotopes.
23
24 For the analyses in this EIS, the grout is assumed to retain its effectiveness for 500 years
25 following facility closure. After this time period, the leachability of the Other Waste would
26 increase as the grout degraded, which would result in higher off-site doses. The amount of the
27 increase would depend on the rate at which the grout failed. While it is difficult to model the
28 gradual degradation of the grout System, a sensitivity analysis was conducted to examine the
29 potential change in off-site doses that would result from a different effective period for the grout
30 stabilization system. The results of this sensitivity analysis are given in Section E.6.
31
32
33 E.3 SIMULATION APPROACH FOR THE NO ACTION ALTERNATIVE
34
35 An analysis of the long-term human health impacts associated with the No Action
36 Alternative (in which the wastes are stored indefinitely) was conducted to provide information
37 for comparison of the post-closure human health impacts associated with the action alternatives.
38 As noted previously, the pathway of most concern in the long term is expected to be radionuclide
39 migration to groundwater underlying the storage facilities. The analysis of the No Action
40 Alternative was also done by using the RESRAD-OFFSITE computer code.
41
42 Under the No Action Alternative, it is assumed that a generic site located within each of
43 the four NRC regions would be the storage location for all of the GTCC LLRW and GTCC-like
44 waste within that region. It is assumed that the activated metals and Other Waste would remain
45 within the NRC region in which the facility that generated the wastes was located, and the sealed
46 sources would be divided among the four NRC regions in proportion to the number of NRC-
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1 licensed facilities within each region. That is, the potential long-term impacts from the
2 groundwater pathway were analyzed for four different sites with different waste inventories
3 (Table E-2). The characteristics of the generic storage site within each region are assumed to be
4 the same as those of the generic commercial site within the same region for the action
5 alternatives.
6
7 It is assumed that the GTCC LLRW and GTCC-like waste would be placed on the
8 ground surface without any protective covers. They would be stacked randomly and would take
9 up more space than they would in the disposal cells for the action alternatives. Monitoring and

10 surveillance of the waste containers are assumed to last for 100 years but would be discontinued
11 after that period. The waste packages are assumed to be left unattended in this manner for the
12 indefinite future (10,000 years and beyond).
13
14 This analysis of the No Action Alternative was performed to provide a baseline against
15 which the action alternatives could be compared. This alternative is not a viable long-term
16 management option for the GTCC LLRW and GTC C-like waste, and at some point in the future, I
17 a decision would have to be made to dispose of these wastes.
18
19
20 E.3.1 Exposure Scenario and Pathways
21
22 The exposure scenario and pathways considered for the No Action Alternative are the
23 same as those considered for the action alternatives described above. That is, a hypothetical
24 resident farmer is assumed to inhabit a site located 100 m (330 ft) from the edge of the storage
25 facility and to obtain water for use at the farm from a groundwater well. The storage area is
26 assumed to cover an area of 90,000 m2 (970,000 ft2); that is, 300 x 300 m (1,000 x 1,000 ft).
27
28
29 E.3.2 Assumptions Related to Leaching from the Wastes
30
31 The potential long-term human health impacts (peak annual doses and LCF risks) for the
32 No Action Alternative were calculated for each waste type separately. Because there would be
33 no protection against weathering of the waste containers after the monitoring and surveillance
34 period ended (at 100 years), it is assumed that the containers would breach and fail at this time.
35 This would allow precipitation water to enter the containers and contact the waste materials. The
36 precipitation rates assumed for the generic storage sites are 1.07, 1.34, 0.82, and 0.27 m/yr for
37 Regions I, II, III, and IV, respectively (Poe 1998; Toblin 1999). The other assumptions related to
38 leaching of contaminants from the waste packages are generally the same as those given for the
39 action alternatives.
40
41
42 E.3.3 Assumptions Related to Radionuclide Release Rates
43
44 The release rates of radionuclides contained in activated metal waste were calculated with
45 an assumed release fraction of 1.19 × 10-5 /yr, which was the same as that assumed for the action
46 alternatives. This release fraction reflects the corrosion rate of metal and was obtained from
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1 actual measurements conducted at the INL Site (INL 2006). For the sealed source and Other
2 Waste types, the release rates of radionuclides were calculated by assuming the partitioning of
3 radionuclides between the waste matrix and the precipitation water would be the same as the
4 partitioning of radionuclides between soil particles and water. This assumption was made
5 because the wastes would not be solidified, and the use of soil Kds for calculating radionuclide
6 release rates is consistent with the approach used for evaluating the action alternatives.
7
8 After radionuclides were released from the waste containers, they would accumulate in
9 the surface soil underneath the containers. This contamination could be released from the storage

10 site by runoff water or be carried to deeper soils by infiltration water. The fraction of released
11 radionuclides removed by runoff water would depend on the amount of runoff water, the slope of
12 the ground surface, the adsorption of radionuclides to the surface soil, and engineered site
13 features such as berms. Unlike the design of a disposal facility that would incorPorate
14 engineering measures to facilitate surface water runoff away from the disposal area to prevent
15 water from infiltrating to deeper soils, a preferred feature for a storage area would be the
16 capability to reduce surface water runoff to reduce the spread of contamination to the
17 surrounding area.
18
19 For this analysis of the No Action Alternative, it is assumed that all released
20 radionuclides accumulating in the surface soil would be carried by infiltration water to deeper
21 soils. The infiltration rate of water is assumed to be the same as that for the generic commercial
22 disposal facility located in the same region. As shown in Table E- 19, the water infiltration rates
23 for the generic disposal facilities in Regions I, II, III, and IV are 0.074, 0.18, 0.05, and
24 0.001 m/yr, respectively. These values are listed as precipitation rates in the table. Because the
25 irrigation rates, runoff coefficients, and evapotranspiration coefficients are all zero, the
26 infiltration rates would be equivalent to the precipitation rates.
27
28
29 E.4 INPUT PARAMETERS FOR RESRAD-OFFSITE EVALUATIONS
30
31 As described previously, the RESRAD-OFFSITE computer code (Yu et al. 2007) was
32 used to calculate the potential impacts on a hypothetical resident farmer located 100 m (330 fi)
33 from the edge of the disposal facility. Two potential release mechanisms (associated with
34 airborne emissions and leaching to groundwater) were considered in the assessment for the
35 action alternatives. For the potential radiation doses resulting from airborne releases coming
36 directly from the disposal area, a Gaussian plume dispersion model (which is incorPorated into
37 the RESRAD-OFFSJTE code along with the default wind speed and stability class frequency
38 data from the weather station that is nearest the site) was used in this evaluation. The doses from
39 this release mechanism were largely from gaseous emissions (principally radon gas and its short-
40 lived decay products). The results of these analyses are provided in the appropriate sections of
41 the EIS and are not repeated in this appendix.
42
43 For the groundwater pathway, site-specific input parameters were used to simulate the
44 movement of contaminants from the wastes contained in the disposal unit to the hypothetical
45 resident farmer located 100 m (330 ft) from the edge of the disposal facility in the downgradient
46 direction. These parameters were obtained from published information given in performance
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1 assessments, risk assessments, and environmental modeling studies for the various sites. The
2 input parameters relevant to the groundwater pathway are provided in Tables E-3 through E- 14
3 for the six federal sites. Two tables are provided for each of the six sites. The first table provides
4 the values for all of the input parameters except the Kid values; the Kd values for each of the
5 radionuclides addressed for each site are given in the second table.
6
7 For example, Table E-3 provides the values used for the RESRAD-OFFSJTE parameters
8 for the evaluation at the INL Site except for the Kd4 values, which are provided in Table E-4. The
9 same is done for the Hanford Site (Tables E-5 and E-6), Los Alamos National Laboratory

10 (LANL, Tables E-7 and E-8), Nevada National Security Site (NNSS, Tables E-9 and E-10), SRS
11 (Tables E-1 1 and E-12), and the WIPP Vicinity (Tables E-13 and E-14). Additional details on
12 these values (including the selection rationale and sources used in determining these values) are
13 also provided in the tables.
14
15 The input parameters most significant in an evaluation of the groundwater migration
16 pathway are given in a comparative manner for these six sites in Tables E- 16 through E- 18, in
17 order that differences in site characteristics can be more easily compared. These parameters
18 include the water infiltration rates (Table E- 15), characteristics of the unsaturated and saturated
19 zones (Tables E-16 and E-17), and Kid values (Table E-18).
20
21 Data for the generic commercial sites located in the four regions were obtained from the
22 same sources (NRC 1981; Poe 1998; Toblin 1999). These values are shown in Tables E-19 and
23 E-20 for comparison. Table E- 19 provides the values for all input parameters except the Kd
24 values, and Table E-20 provides the Kid values. These same values were also used for the No
25 Action Alternative.
26
27 The, calculated concentrations of the various radionuclides in groundwater were used to
28 calculate the radiation dose to the hypothetical resident farmer for the relevant exposure
29 pathways. This individual is assumed to be an adult who spends 75% of his/her time at the site in
30 the vicinity of his/her house (50% indoors and 25% outdoors) and 25% of his/her time away
31 from the area. The farmer is assumed to cultivate an agricultural field encompassing 1,000 m2

32 (0.25 ac) for growing fruits and vegetables and a grazing area of 10,000 mn2 (2.5 ac) for raising
33 livestock. It is assumed that the yields of fruits, vegetables, meat, and milk would be sufficient to
34 provide 50% of the needs of the farmer and his family. The remainder of the food would be
35 obtained from sources removed from the farm and be free of any radioactive contamination.
36 These assumptions are taken directly from the RESRAD-OFFSITE code for the default
37 residential farmer scenario.
38
39 It is assumed that the farmer would drill a well close to his/her house to supply the
40 potable water needs for drinking, household activities, watering livestock, and irrigating the farm
41 fields. The farmer would draw approximately 2,500 m3 (660,000 gal) of water from the well
42 each year. For the fruit and vegetable fields, an irrigation rate of 0.1 rn/yr (0.33 ft/yr) of water
43 applied to the field is used for SRS and the two generic sites located in Regions I and II; a higher
44 value of 0.2 rn/yr (0.66 ft/yr) is used for the other federal sites and the two generic sites located
45 in Regions III and IV. Because SRS and the generic sites located in Regions I and II have higher
46 precipitation rates, less irrigation water would be needed to sustain the growth of crops and
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1 vegetables. An irrigation rate of 0.1 m/yr (0.33 ft/yr) is used for the livestock grazing field for all2 sites. Although irrigation water may not actually be needed at all of these sites (or lesser amounts
3 than those indicated here), this assumption has the effect of increasing the cumulative amount of
4 contamination in the agricultural field that could end up in the resident farmer's food supply.
5
6 It is assumed that the resident farmer would ingest 730 L (200 gal) of water; 14 kg (31 lb)
7 of leafy vegetables; 160 kg (350 lb) of fruit, grain, and nonleafy vegetables; 63 kg (140 lb) of
8 meat; and 92 L (24 gal) of milk every year. While working in the fields, the farmer would ingest
9 36.5 g (0.080 lb) of soil every year (or an average of 0.1 g per day for each day of the year). The

10 inhalation rate of the farmer was taken to be 8,400 m3/yr (297,000 ft3 /yr). Except for the water
11 ingestion rate, which is about the 90th percentile value for the general public (EPA 2000), these
12 values for the consumption and exposure parameters are the same as the RESRAD-OFFSITE
13 default values.
14
15 As noted previously, this assessment is meant to provide a comparative evaluation of the
16 relative merits of each of the disposal sites. While the assumption used (that there would be a
17 complete loss of institutional memory and that residential use of the area in the immediate
18 vicinity of a GTCC LLRW and GTCC-like waste disposal facility would occur) provides a
19 uniform basis for evaluating potential impacts, its use does not imply that such a situation is
20 expected to occur. Use of standardized assumptions and input parameters (as was done in this
21 analysis) should help to ensure that the best alternative site is selected for disposal of GTCC
22 LLRW and GTCC-like wastes.
23
24 While the health effects addressed in this EIS are limited to LCF risks, additional health
25 effects beyond cancer can occur in individuals exposed to radiation, including cardiovascular
26 disease and hereditary effects. However, these additional health effects are not quantified in this
27 EIS. The risk of cardiovascular disease has been shown to increase in persons exposed to high
28 therapeutic doses and also in atomic bomb survivors exposed to more modest doses (NAS 2006).
29 However, there is no direct evidence of increased risk of noncancer diseases at low doses, such
30 as the doses that could potentially occur to members of the general public under the alternatives
31 evaluated in this EIS.
32
33 Also, the risk of hereditary effects from radiation exposure is generally attributable to
34 gamma irradiation of the reproductive organs. In contrast, most of the dose to the hypothetical
35 resident farmer in the long term would be a result of long-lived radionuclides having alpha and
36 beta radiation. As noted in NAS (2006), the risk of heritable disease is sufficiently small that it
37 has not been detected in humans, even in thoroughly studied irradiated populations, such as those
38 of Hiroshima and Nagasaki. The risk of cancer fatality was determined to be a reasonable means
39 of comparing alternatives in the EIS.
40
41 The assessment of potential human health impacts resulting from groundwater
42 contamination was conducted for a time period of 10,000 years following facility closure. If the
43 maximum impacts (peak annual doses and LCF risks) were not observed in this time period, the
44 assessment time was extended to 100,000 years, which is the maximum time limit for the
45 RESRAD-OFFSITE code. The results of this assessment are provided in Section E.5. A detailed
46 discussion of this evaluation is provided in Argonne (2010).
47
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1 E.5 RESULTS
2
3 The results of the RESRAD-OFFSITE simulations are summarized in Table E-21 for the
4 No Action Alternative. This table presents the estimated peak annual doses when the storage of
5 each individual waste type in each NRC region is considered. As indicated by the results, storage
6 of the GTCC LLRW and GTCC-like waste in Region I would result in very high radiation
7 exposure to a hypothetical farmer residing 100 m (330 ft) from the edge of the storage facility.
8 The peak annual dose could reach 270,000 mrem/yr for the GTCC-like Other Waste - RH in this
9 region. The peak annual dose for Region II during the first 10,000 years would be much lower,

10 with a maximum value of about 850 mrem/yr for GTCC LLRW Other Waste - RH. However,
11 after 10,000 years, the peak annual dose would increase and could reach as high as
12 16,000 mrem/yr for GTCC LLRW sealed sources.
13
14 A similar tendency was found in the estimated annual doses for Region III. The lowest
15 impacts would occur in Region IV. Within 100,000 years, the estimated peak annual dose would
16 be less than 10 mrem/yr. While the estimated results can largely be explained on the basis of
17 precipitation and infiltration rates as well as the depth to the groundwater table assumed for the
18 storage site at each region, they are also in part due to the different waste inventories assumed to
19 be stored in the different regions.
20
21 The results for the action alternatives are summarized in Tables E-22 through E-25.
22 Table E-22 presents the estimated peak annual doses to the hypothetical resident farmer from
23 each individual waste type in the Group 1 stored inventory, and Table E-23 presents the results
24 from each individual waste type in the Group 1 projected inventory. These results are based on
25 the dose conversion factors for an adult in ICRP 72 (ICRP 1996), as discussed in Appendix C.
26 The peak annual doses from each individual waste type in the entire Group 1 waste inventory are
27 given in Table E-24. Table E-25 gives the peak annual doses for the Group 2 inventory (all of
28 which is projected waste). These two groups of wastes are defined in Section 1.4.1 of the EIS.
29 The dose calculations were performed over two time periods -- 10,000 years and 100,000 years
30 -following closure of the disposal facility.
31
32 The results are provided separately for GTCC LLRW and GTCC-like waste and address
33 the three separate waste types (activated metals, sealed sources, and Other Waste). The estimated
34 peak annual doses are associated with the disposal of each type of waste material, respectively;
35 therefore, they may occur at different times in the future. The results are provided in this format
36 to allow for an evaluation of the post-closure human health impacts associated with disposing of
37 certain types of wastes at specific locations with specific disposal approaches. For example, it is
38 possible to compare the peak annual projected doses for the stored activated metal GTCC LLRW
39 that could result from using the three disposal methods at the different alternate sites by looking
40 at the appropriate column in Table E-22. As noted previously, these results are intended to be
41 viewed in a comparative manner given the uncertainties associated with this analysis.
42
43 The results given in these four tables differ from those given in the site-specific chapters
44 of the EIS. The values given in this appendix are the peak annual doses associated with the
45 disposal of each individual waste type in the Group 1 stored inventory (Table E-22), Group 1
46
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1 projected inventory (Table E-23), Group 1 total inventory (Table E-24), and Group 2 total
2 inventory (Table E-25). The values given in the main body of the HIS represent the peak annual
3 doses to the hypothetical resident farmer at the time of peak annual dose for the entire GTCC
4 LLRW and GTCC-like waste inventory. Because of the different radionuclide mixes and
5 activities contained in the different waste types, the maximum doses that could result from each
6 waste type individually generally occur at different times than the peak annual dose from the
7 entire inventory. The results given in the main body of the HIS could be used to support the
8 decision-making process when disposal of the entire inventory at a single separate location is
9 considered, while those in this appendix would support decision-making for the disposal of

10 individual waste types.
11
12 The peak annual doses range from zero (meaning that the radioactive contaminants from
13 that particular waste type do not reach the off-site receptor) up to 2,200 mrem/yr for vault
14 disposal of Group 1 GTCC-like Other Waste at the INL Site in 10,000 years. All annual doses
15 calculated as being less than 0.00 1 mrem/yr are reported as being "<0.00 1 mrem/yr," since these
16 doses are much too low to be measured or detected. The highest doses calculated for the federal
17 sites are those from disposing of wastes at the INL Site. For the INL Site, the high doses are due
18 to the low Kd values for several radionuclides, particularly for iodine- 129 (1-129) and uranium
19 isotopes (a value of 0 cm3/g was used for 1-129, and for uranium isotopes, a value of 0 cm3 /g
20 was used for part of the basalt layers and a value of 0.66 cm3 /g was use for the saturated zone in
21 this analysis). A low Kd indicates that the radionuclide has a high potential for partitioning to the
22 liquid phase while moving through soil.
23
24 The highest dose for the generic commercial facilities located in the four regions ranges
25 from zero up to 10,000 mrem/yr in 10,000 years. On the basis of the results of the RESRAD-
26 OFFSITE modeling, it is estimated that there would be no groundwater dose within 10,000 years
27 for a generic commercial facility located in Region IV because the radioactive contamination
28 would not reach the groundwater table in 10,000 years as a result of the arid conditions at this
29 location. The highest dose estimated is for a commercial facility located in Region I because of
30 the higher water infiltration rate there, in combination with a shallow depth to groundwater table
31 and low Kd values for C-14 and 1-129 (a value of 0 cm3/g was used in the analysis).
32
33 The sites with the lowest estimated annual doses are those located in the arid regions of
34 the country. The analyses indicate that the radionuclides are not expected to reach groundwater
35 for any waste type and disposal method at NNSS in 100,000 years, and generally lower doses are
36 projected to occur at the other sites located in the Western United States (except for the INL
37 Site). No radionuclides are expected to reach groundwater at the WIPP Vicinity in 10,000 years,
38 and the maximum annual doses in 100,000 years at this site are low.
39
40 The arid sites result in lower doses because of lower water infiltration rates there (due to
41 lower precipitation) and the longer distance to the groundwater table. Of these two factors, the
42 water infiltration rate appears to be more significant than the depth to the groundwater table. The
43 time period of this analysis is very long (longer than 10,000 years), and many of the
44 radionuclides have very long half-lives. Radionuclides released from the disposed-of wastes
45 would eventually reach the groundwater table within this time period, even if the depth to the
46 groundwater table was increased. Reducing the water infiltration rate would not only reduce the
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1 radionuclide release rate but would also increase the transport time to reach the hypothetical
2 exposure location.
3
4
5 E.6 SENSITIVITY ANALYSIS
6
7 The peak annual doses and LCF risks to a hypothetical resident farmer located 100 m
8 (330 ft) downgradient of the edge of a disposal facility from using contaminated groundwater are
9 presented in Section E.5. The following assumptions were used in the EIS to perform this

10 evaluation:
11
12 1. The engineering barriers incorporated in the disposal facility would keep
13 percolating water out of the waste units for 500 years following closure of the
14 disposal facility.
15
16 2. After 500 years, the integrity of the bafflers and waste containers would begin
17 to degrade, allowing for water infiltration into the top of the disposal units at
18 20% of the natural infiltration rate for the area.
19
20 3. The water infiltration rate around and beneath the disposal facility would
21 remain at 100% of the natural rate for the area at all times.
22
23 4. Once water would begin to affect the disposed-of wastes, radionuclides would
24 be leached out at a rate that would depend on the waste type.
25
26 5. A stabilizing agent (grout) would be used to solidify the Other Waste type,
27 and this grout would maintain its effectiveness for 500 years.
28
29 6. After 500 years, the effectiveness of the grout would be compromised,
30 allowing for more leaching to occur.
31
32 7. The activated metal and sealed source wastes would be disposed of without
33 the use of any additional stabilizing material.
34
35 These assumptions were applied across various alternate sites so that the peak annual doses and
36 LCF risks for the different sites could be compared on a uniform basis.
37
38 The parameters used in these analyses were generally selected to provide conservative
39 estimates (i.e., to overestimate the peak annual doses and LCF risks that would likely occur in
40 the future should one of these alternatives be implemented). Uncertainties are inherent with these
41 types of analyses, especially given the long periods analyzed in this EIS (10,000 years and longer
42 to obtain peak annual doses and LCF risks). To evaluate the uncertainties associated with key
43 assumptions used for the analysis of the long-term human health impacts, a sensitivity analysis
44 was performed to provide information on the effects that key assumptions have on the results. In
45 this sensitivity analysis, the RESRAD-OFFSITE calculations were repeated while the value of
46 only one parameter was varied and the values of the other parameters were kept at their base
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1 values. This approach excluded the influence of the other parameters and provides results that
2 can be analyzed to determine which assumptions have the most impact on these estimates.
3
4 Two sites were considered in this sensitivity analysis: SRS and WIPP Vicinity. The first
5 site is representative of sites in the Eastern United States (a humid site), and the second site is
6 representative of sites in the Western United States (an arid site). The analysis was limited to
7 trench disposal of the GTCC-like stored Group 1 Other Waste - CH, and it was conducted for a
8 time period of 10,000 years. It is assumed that this waste would be stabilized with grout, and this
9 waste type has a radionuclide mix that is representative of many of the GTCC LLRW and

10 GTCC-like waste. The results of the sensitivity analysis for this waste type and disposal method
11 at these two sites can be used to infer conclusions about different waste streams disposed of at
12 other alternate sites by using the three land disposal methods. This analysis also gives some
13 indication of the level of conservatism in the results, which is useful information for the
14 decision-making process.
15
16 Three parameters were addressed in this sensitivity analysis: (1) the water infiltration rate
17 through the disposal facility cover after 500 years following closure of the facility, (2) the
18 effectiveness of the stabilizing agent (grout) used for Other Waste, and (3) the distance to the
19 assumed hypothetical receptor. These three parameters address issues related to disposal facility
20 design, waste form stability, and site selection.
21
22 To address the influence of the water infiltration rate on the estimated radiation doses to
23 the hypothetical future farmer, two additional infiltration rates (corresponding to 50% and 100%
24 of the natural infiltration rate for the area) were considered along with the base value of 20%.
25
26 The effective period for the stabilizing agent (grout) used for Other Waste is assumed to
27 be 500 years in this EIS. This assumption is considered to be reasonable, but it is likely that the
28 grout could be effective for a longer period of time. To address the significance of this time
29 period assumed for grout, two additional effective periods were addressed for both the SRS and
30 WJIPP Vicinity: 2,000 years and 5,000 years.
31
32 The exposure distance to the resident farmer is assumed to be 100 m (330 fi) from the
33 edge of the disposal facility. This distance was based on the minimum buffer zone identified for
34 DOE LLRW disposal facilities. This distance would likely be much longer, especially for the
35 federal sites considered in this EIS. To address the significance of the distance to a future
36 hypothetical receptor (which may have a bearing on site selection and development of a buffer
37 zone), this distance was increased to 300 m (980 ft) and 500 m (1,600 ft).
38
39 In addition to the Base Case, two additional values were considered for each of the three
40 parameters at the two sites as discussed above. A total of 10 additional cases were constructed
41 and analyzed by using RIESRAD-OFFSITE at SRS and WIPP Vicinity. Table E-26 lists the
42 different cases and the parameter values assumed for those cases.
43
44 Tables E-27 and E-28 provide the peak annual doses and the times at which they would
45 occur for the Base Case and the 10 sensitivity analysis cases analyzed for the WIPP Vicinity and
46 SRS, respectively. A time period of 10,000 years was used to perform these analyses with the
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1 RESRAD-OFFSITE computer code. Note that the results given here for the Base Case differ.
2 from those given in the site-specific chapters in the main body of the EIS. The peak annual doses
3 in this appendix for the Base Case are the peak values when disposal of only the Group 1 stored
4 GTCC-like Other Waste - CH is considered, whereas the values in the main body of the EIS are
5 the peak annual doses when disposal of the entire inventory of GTCC LLRW and GTCC-like
6 waste is considered.
7
8 For the WIIPP Vicinity, groundwater contamination would not occur within 10,000 years
9 for any of the three water infiltration rates used in this analysis (20%, 50%, or 100% of the

10 natural background rate for this area) after failure of the engineering barriers (including the
11 cover) and waste containers. A higher rate than is naturally present at that site is needed for
12 groundwater contamination to occur. A higher infiltration rate to the disposal units would result
13 in higher release rates of radionuclides, yielding higher peak doses. However, the transport time
14 required for radionuclides to move to the groundwater table after leaving the disposal units
15 would be the same, regardless of the water infiltration rate to the disposal units. The times would
16 be the same because in the analysis, it is assumed that the water infiltration rate to areas outside
17 the waste disposal units would be equivalent to the natural background rate. (This assumption
18 was selected to provide more conservative estimates of the potential doses.) Since groundwater
19 contamination would not occur within 10,000 years in the Base Case, the contamination would
20 not be observed in Cases I or II either.
21
22 For Cases III to VIII, the effectiveness of grouting was extended from 500 years to either
23 2,000 years or 5,000 years, which would reduce the leaching of radionuclides for a longer time
24 when compared with the time for the Base Case. Consequently, at the WIPP Vicinity, no
25 groundwater contamination was observed within 10,000 years for these cases. Increasing the
26 exposure distance of the receptor from 100 m (330 ft) to 300 m (980 ft) in Case IX and to 500 m
27 (1,600 ft) in Case X would postpone the onset of radiation exposure. In addition, because of the
28 extra dilution by clean water coming down from the ground surface, the potential radiation dose
29 would also be lower than that in the Base Case. The maximum dose of 0 mrem/yr within
30 10,000 years as calculated for Cases IN and X at the WIPP Vicinity is consistent with this
31 expectation.
32
33 The results for the Base Case and Cases I and II as calculated for SRS (Table E-28)
34 demonstrate the influence of the water infiltration rate on the GTCC LLRW and GTCC-like
35 waste in the disposal unit. The results provide information on the influence that the perfonmance
36 of the disposal facility cover has on long-term radiation doses through the groundwater pathway.
37 The peak annual dose would increase as the water infiltration rate increased, because when more
38 water would enter the waste packages, more radionuclides would be leached and released from
39 the disposal area. The increase in the peak annual dose would be roughly proportional to the
40 increase in the water infiltration rate. Similar conclusions can be drawn about the results for
41 Cases III, IV, and V or the results for Cases VI, VII, and VIII. Figure E-3 compares the radiation
42 doses as a function of time among the Base Case, Case I, and Case II. Figure E-4 compares the
43 radiation doses among Cases III, IV, and V. Figure E-5 compares the radiation doses among
44 Cases VI, VII, and VIII.
45
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4
5
6 In Figure E-3, for all the three cases (Base Case, Case I, and Case II), the sharp peak
7 close to time 0 is caused by C-14, which was assumed to be highly soluble in water (a Kd value
8 of 0 cm3 /g was used in the analyses). After C-14, Np-237 and then Ra-226 would reach the
9 groundwater table. The radiation dose between 100 and 350 years is mainly contributed by

10 Np-237. After 350 years, Ra-226 plays a dominant role in determining the radiation dose.
11 Because of more adsorption to the soil particles during transport to the receptor location, the
12 peaks created by Np-237 and Ra-226 are not as sharp as the peak created by C-14. In addition to
13 the initial inventory in the Group 1 GTCC-like stored Other Waste - CH, Np-237 could be
14 generated by the decay of Am-241, while Ra-226 could be generated by the decay of U-234 and
15 Th-230. The ingrowth of Np-237 and Ra-226 explains the gradual rise of the radiation dose,
16 which continues all the way to 10,000 years after the peak at around 500-600 years. Note that for
17 the RESRAD-OFFSITE analyses, time 0 corresponds to the onset of leaching of radionuclides,
18 which is assumed to occur 500 years after the closure of the disposal facility when the integrity
19 of the barrier materials and waste containers begins to degrade. Therefore, if the reported time is
20 600 years, it means 1,100 years after the closure of the disposal facility.
21
22 The influence of the effectiveness of the stabilizing agent (grout) on the potential
23 radiation doses is demonstrated by comparing the results of the Base Case and Cases III and VI
24 (see Figure E-6). During the effective period, the release rates of radionuclides from the waste
25 disposal area would be reduced, thereby reducing the radiation dose associated with groundwater
26 contamination for the corresponding period. The retention of more radionuclides in the waste
27 containers would allow for more radioactive decay to occur before the release. Hence, the peak
28 annual dose after the effective period would be lower than when there was no waste stabilizing
29 or when the effective period of the stabilizing agent was shorter. The longer the effective period,
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4
5
6 the more evident the delay and reduction of the peak dose (compare the dose results for Cases I,
7 IV, and VII in Figure E-7 or the results for Cases II, V, and VIII in Figure E-8).
8
9 For Case III in Figure E-6 (the first part of the curve overlaps with the curve for

10 Case VI), the dose results were obtained by assuming the effectiveness of grouting would last for
11 2,000 years (i.e., the grouting would be effective for 1,500 years after water started to infiltrate
12 into the waste containers). The grouting would reduce the releases of radionuclides and allow for
13 more radioactive decay to take place in the containers. By the time the grout was no longer
14 effective, the partitioning of radionuclides to the water phase would increase simultaneously,
15 resulting in a sudden increase of the release rates, and the corresponding increase in radiation
16 dose would be observed at a later time depending on the travel time required for the
17 radionuclides to reach the receptor location. Because the grouting would have more influence on
18 Np-237 than on Ra-226 (Kds used for Np-237 and Ra-226 were 300 and 100 cm3/g, respectively,
19 in the analyses), the radiation dose within the effective period (the first 1,500 years in the
20 RESRAD-OFFSITE analyses) would be largely contributed by Ra-226. After the effective
21 period, the release rates of both Np-237 and Ra-226 would increase. However, because Np-237
22 (with a Kd of 0.6 cm3/g) would travel faster than Ra-226 (with a Kd of 5 cm3/g) in the soil
23 column and groundwater aquifer, its influence on the radiation dose would be observed earlier
24 (the first peak after 1,500 years in the dose profile) than that from Ra-226 (the second peak after
25 1,500 years in the dose profile). The grouting would also reduce the release rate of C-14 (a Kid of
26 10 cm3/g was assumed for the grouting system); therefore, a sharp peak before 1,500 years
27 would no longer be observed. The sharp peak (close to 1,500 years in the dose profiles) would
28 occur after the effective period of the grout; however, the radioactivity of C- 14 would have
29 decayed some by then, so the sharp peak would become less obvious.
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1 For Case VI in Figure E-6, the dose results were obtained by assuming that the
2 effectiveness of grouting would last for 5,000 years. The dose profiles are similar to that for
3 Case III and can be explained by the same reasons provided in the previous paragraph, except
4 that more decay and ingrowth of radioactivity would occur in the waste containers prior to the
5 loss of grout effectiveness. The increased radioactive decay explains why magnitudes of the
6 peaks after 4,500 years for Case VI are smaller than magnitudes of the peaks after 1,500 years
7 for Case III. The increased ingrowth of progeny radionuclides explains why the difference in the
8 maximum dose between Cases III and VI is less than the difference in the maximum dose
9 between the Base Case and Case III.

10
11 The radiation dose incurred by the hypothetical resident farmer considered for post-
12 closure impact analyses would decrease with increasing exposure distance, as demonstrated by
13 the results for the Base Case and Cases IX and X (see also Figure E-9). As mentioned before,
14 this result would occur because additional dilution of radionuclide concentrations in groundwater
15 would result from the additional transport distance toward the location of the off-site well. As the
16 distance would increase from 100 m (330 ft) to 500 m (1,600 ft), the maximum annual radiation
17 dose would decrease by more than 70%.
18
19 Although the sensitivity analysis was not conducted with the entire inventory of GTCC
20 LLRW and DOE GTCC-like waste, the results in this appendix provide a good indication of the
21 dose reduction that would occur with the entire inventory under more favorable conditions than
22 those assumed for the Base Case (i.e., a lower water infiltration rate with better engineering of
23 the cover, a longer effective time for the stabilizing agent [grout], and a longer distance to a
24 hypothetical receptor). It is expected that with more robust designs of engineering barriers and
25 waste containment procedures, the actual human health impacts would be much lower than those
26 presented in this EIS.
27
28
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1 TABLE E-1 Distribution Coefficients (cm 3/g) for Cementitious Systems (moderately aged concrete)a

Mattigod
PNNL- 13037 WSRC-TR-2006-0004 SRNL-RPA-2007- et al. 2002

Rev. 2 Rev. 0 (Kaplan 2006) 00006 (Kaplan 2007) Mattigod et al. 2 00 2b Selected Value
(Krupka Haddam Neck

Element et al. 2004) Oxidizing Reducing Oxidizing Reducing Oxidizing Reducing Samples Oxidizing Reducing

Ac 5,000 5,000 5,000 _ -.... 1,000 1,000
Am 5,000 5,000 5,000 - - 1,000-5,000 1,000-5,000 >230 - >1,750 1,000 1,000
C 10 10 10 - - 100 100 - 10 10
Cm 5,000 5,000 5,000 - - 1,000 1,000 - 1,000 1,000
Co 100 1,000 1,000 - - 100 100 3,400-32,500, 100 100

180-380
Cs 30 4 4 - - 20 20 14,800-26,800, 4 4

34-240
Fe - - - 5,000 1,000 100 100 7-18 12 12
Gd - 5,000 5,000 ..... 1,000 1,000
H 0 0 0 - - 0 0 - 0 0
I 8 20 20 -.... 20 20
Mn - - - 100 100 - -- 100 100
Mo - - - 0.1 0.1 - -- 0.1 0.1
Nb 40 1,000 1,000 - - 1,000 1,000 - 1,000 1,000
Ni 100 1,000 1,000 - - 100 100 10-61 10 100
Np 2,000 2,000 2,000 - - 2,000-5,000 5,000 >300 - >510 300 300
Pa 2,000 2,000 2,000 ..... 2,000 2,000
Pb 5,000 500 500 ..... 500 500
Po - 500 500 ..... 500 500
Pu 5,000 5,000 5,000 - - 5,000 5,000 >1,300 - >5,600 5,000 5,000
Ra 100 100 100 ..... 100 100
Sm - 5,000 5,000 .... 1,000 1,000
Sr - 1 1 - - 1-3 1-3 10-11 1 1
Tc 0 0 5,000 - - 0-1 1,000 6-21 0 1,000
Th 5,000 5,000 5,000 - - 5,000 5,000 - 5,000 5,000
U 1,000 1,000 5,000 ..... 1,000 5,000

a Sources for the Kd values for cementitious systems are Krupka et al. (2004), Kaplan (2006, 2007), and Mattigod et al. (2002).

b Values obtained from Table 5 of Mattigod et al. (2002) for Environment II, which considers moderately aged cement that may last from 100-10,000 years to
1,000-100,000 years. The original sources cited by Mattigod et al. (2002) for the Kd values are Krupka and Seine (1998) and Bradbury and Van Loon (1998).

C A dash means no information was available.
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TABLE E-2 Inventories of the GTCC LLRW and GTCC-Like Waste in the Four NRC Regions for the No Action

Alternativea

Waste Volume (mn3 )

GTCC LLRW GTCC-Like Waste

Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste All Waste
NRC Region Metals Sources - CH - RH Metals Sources - CH - RH Types

I 960 520 1,600 2,000 0 0 930 1,300 7,300
II 420 740 0 390 2.9 0 270 270 2,100
III 220 420 0 0 0 0 0 0 640
IV 390 1200 42 33 9.9 0.83 31 19 1,700

Waste Activity (Ci)

GTCC LLRW GTCC-Like Waste

Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste All Waste
NRC Region Metals Sources - CH - RH Metals Sources - CH - RH Types

I 3.3E+07 3.7E+05 2.4E+04 3.1E+i04 0.0 0.0 3.3E+04 4.9E+05 3.4E+07
II 5.2E+07 5.3E+05 0.0 9.8E+04 2.3E+05 0.0 2.4E+02 4.2E+-04 5.3E+07
III 2.4E+07 3.0E+05 0.0 0.0 0.0 0.0 0.0 0.0 2.4E+07
IV 4.7E+07 8.2E+05 1.1E+01 9.5E+04 5.2+03 7.7E+01 1.3E+03 2.0E+02 4.8E+07

a' All values are given to two significant figures.
4
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1
2

TABLE E-3 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for the
INL Site

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (m/s)
Precipitation (m/yr)

3.4 Site-specific data.
0.22 Site-specific data.

WRCC 2007
WRCC 2007

Primary contamination area
properties

Irrigation (rn'yr)
Evapotranspiration coefficient
Runoff coefficient

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor
Support practice factor

Contaminated zone
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)

Soil erodibility factor

Field capacity
b-parameter
Hydraulic conductivity (m/yr)

0
0.52

0.6212

160
10

0.045
1

No agricultural activities.
To obtain an infiltration rate of

4 cm/yr, which is close to the
value used for the base-case
scenario (4.1 cm/yr) in the
performance assessment (PA)
for the Tank Farm facility.

To obtain an erosion rate of
1EB-5 in/yr for the cover and
contamination zone (i.e., would
yield more conservative results).

Chose a small value so that the
0.4

1 .00E-05
contaminated zone would not be
eroded away (i.e., would yield
more conservative results).

1.8 Estimated average for different
waste types, based on GTCC
inventory data.

0.00112 To obtain an erosion rate of
1E-5 mn/yr.

0.3
5.3
10

Yu et al. 2007
DOE 2003

Yu et al. 2007 (applies to the
sum of all four parameters at
left)

RESRAD-OFFSITE default
Yu et al. 2007

Sandia 2008

Yu et al. 2007

RESRAD-OFFSITE default
RESRAD-OFFSITE default
RESRAD-OFFSITE default

RESRAD-OFFSITE default
Yu et al. 2007

RESRAD-OFFSITE default
Yu et al. 2007

Cover layer
Total porosity
Erosion rate (miyr) 1.

Dry bulk density (g/cm3)
Soil erodibility factor 0

Unsaturated Zone 1

Thickness (in)

Density (g/cm3)
3 Total 2or~osi~ty------------------.....

0.4
.00E-05

1.5
'.00093

Chose a small value so that the
buried waste would remain
covered within the time frame
considered (i.e., would yield
more conservative groundwater
results because there would be
no losses through surface runoff
and erosion).

To obtain an erosion rate of
1E-5 in/yr.

Alluvium (surficial sediment, a
coarse-grain unit consisting of
predominantly sand and gravel).

9.14 Based on Well USGS-5 1 strata
information.

1.643 Density for sandy clay/clay.

DOE 2003, p. 2-46

Yu et al. 2000, Table 3.1-1
DOE _2_003 ........

E-30 
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TABLE E-3 (Cont.)

Parameter Value Value Selection Rationale Source

Effective porosity

Field capacity
Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 2
Thickness (in)

Density (g/cm3)
Total porosity
Effective porosity
Field capacity

Hydraulic conductivity (m/yr)
b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 3

Thickness (in)

Density (g/cm 3)

Total porosity

Effective porosity
Field capacity
Hydraulic conductivity (m/yr)

0.5 Set to the same value as total
porosity.

0.1 Coarse grain retains less water.
29,200 Corresponds to 80 m/d used in the

PA for the Tank Farm facility.
4.339 This b-parameter value, along

with the hydraulic conductivity
and infiltration rate, gives a
moisture content of 0.16.

0 No dispersivity is assumed for all
the sites.

Thick-flow basalt units.
94.64 Sum of thicknesses of thick-flow

basalt layers. According to Well
USGS-5i strata profile, thick-
flow basalt constitutes roughly
90% of the total thickness of all
basalt layers above the
groundwater table.

2 Density for basalt.
0.05 Value assumed for the basalt unit.
0.05 Set to the same as total porosity.

0.001 Set to a value less than moisture
content.

3,650 Corresponds to 10 m/d.
0.76 Selected to give a moisture

content of 0.004, which is
provided in the INL Site's
comments on RESRAD-
OFFSITE input parameters.

0 No dispersivity is assumed for all
sites.

Upper interbed sequence with a
low permeability.

7.47 Sum of thicknesses of upper
interbeds.

1.46 Value for silt loam.

0.57 Porosity used for the C-D interbed
in the Radioactive Waste
Management Complex
(RWM~vC) PA.

0.57 Set to the same as total porosity.

DOE 2003

DOE 2003, p. 3-42

DOE 2007
DOE 2003
DOE 2003

DOE 2003, p. 3-43
Wilcox 2008

NUIREG/CR-6697
(Yu et al. 2000)
DOE 2006a

DOE 2006a
RESRAD-OFFSITE default
DOE 2003

0.3
1.29 Corresponds to 0.0035 m/d, the

geometric mean of 0.005 m/d
and 0.0025 m/d assumed for the
C-CD and D-DE2 interbeds in

__the_ Ta~nkFarmn _fa~cili PA.

E-31 
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TABLE E-3 (Cont.)

Parameter Value Value Selection Rationale Source

b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 4
Thickness (mn)

Density (g/cm3)
Total porosity

Effective porosity
Field capacity
Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

3.6 Calculated mean for silt loam soil.
Distribution is log normal (1.28,
0.334). The b-parameter, along
with the assumed infiltration
rate and hydraulic conductivity,
results in a moisture content of
0.414.

0 No dispersivity is assumed for all
sites.

Lower sedimentary interbeds.
15.39 The difference between total

thickness of the interbeds
(estimated to be about 23.35 m
according to the Well USGS-5i
profile) and the thickness of the
upper interbeds, 7.47 m.

1.643 Set to the value for alluvium
0.5 sediment since they were

assumed to have similar
hydraulic characteristics in the
Tank Farm facility PA.

0.5 Set to the same as total porosity.
0.3

29,200 Set to the same value as for
alluvium.

10.4 Value for silty clay. This
b-parameter value, along with
the infiltration rate and
hydraulic conductivity, results in
a moisture content of 0.286.

0 No dispersivity is assumed for all
sites.

NUREG/CR-6697
(Yu et al. 2000)

DOE 2003

RESRAD-OFFSITE default
DOE 2003

Unsaturated Zone 5 Thin-flow basalt units.
Thickness (in) 10.52 Sum of thicknesses of thin-flow

basalt layers. According to Well
USGS-5 1 strata profile, thin
flows basalt constitutes roughly
10% of the total thickness of all
basalt layers above the
groundwater table.

Density (g/cm3) 2 Density for basalt. DOE 2007
Total porosity 0.05 Value assumed for the basalt unit. DOE 2003
Effective porosity 0.05 Set to the same as total porosity. DOE 2003
Field capacity 0.00 1 Set to a value less than moisture

content.
Hydraulic conductivity (m/yr) 365,000 Corresponds to 1,000 m/d. DOE 2003, p. 3-43
b-parameter 1.67 Selected to give a moisture Willcox 2008

content of 0.004, which is
provided in the INL Site's
comments on RESRAD-

... ... ... ... ... ... ... ... ... ... ... ... .. O... 9F SITE i£ut_ parameters.
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TABLE E-3 (Cont.)

Parameter Value Value Selection Rationale Source

Longitudinal dispersivity (in)

Saturated zone hydrology
Thickness (mn)

Density of saturated zone (g/cm3)
Total porosity
Effective porosity
Hydraulic conductivity (m/yr)

Hydraulic gradient to well

Depth of aquifer contributing to
well (mn), below the water table

Longitudinal dispersivity (mn)

Horizontal lateral dispersivity (in)

Disperse vertically (yes/no)
Vertical lateral dispersivity (mn)

0 No dispersivity is assumed for all
sites.

495 Site-specific average (76-9 14 in).

2 Density for basalt.
0.05 Value assumed for basalt.
0.05 Set to the same as total porosity.
1,979 Corresponds to 5.42 mn/d (the

geometric mean of the range
from 3.0E-3 to 9.8E+3 mid,
reported as the effective
hydraulic conductivity of the
basalt and interbedded
sediments that compose the
Snake River Plain Aquifer at
and near the TNL Site).

0.00075 Average for the site (0.000 19 to
0.0028), close to the average
slope of the water table (4 ft/mi)
reported in the Tank Farm
facility PA.

10

Anderson and Lewis 1989
DOE 2007
DOE 2003
DOE 2003
DOE 2003

McCarthy and McElroy 1995;
Anderson and Lewis 1989;
DOE 2003

RESRAD-OFFSITE default

10% of
distance
traveled
10% of

longitudinal
dispersivity

Yes
10% of the
horizontal

lateral
disoersivity

Assumption used for all sites,
which is commonly used for
groundwater transport modeling.

To consider dispersion.
Assumption used for all sites.

Yu et al. 2007

1
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1 TABLE E-4 Soil/Water Distribution Coefficients (Kd values)a for Different Radionuclides for the INL Site

Kd Value (cm 3/g)

Unsaturated
Zone 1 Unsaturated Unsaturated Zone 3 Unsaturated Unsaturated

(alluvium, Zone 2 (upper interbed Zone 4 (lower Zone 5
surficial (thick flow sequence with a sedimentary (thin flow Saturated

Element sediment) basalt units) low permeability) interbeds) basalt units) Zone Value Selection Rationaleb Source

Ac 225 0 225 225 0 9 Based on comments from the INL Site, DOE 2007
the same Kd value was used for
alluvium and interbeds. The basalt Kd
was set to 0, and the Kd for the
saturated zone was set to 1/25 that of
alluvium and interbeds.

Am 225 0 225 225 0 9 Same as for Ac. DOE 2007
C 0.4 0 0.4 0.4 0 0.016 Same as for Ac. DOE 2007
Cm 4,000 0 4,000 .4,000 0 160 Same as for Ac. DOE 2007

t•Co 10 0 10 10 0 0.40 Same as for Ac. Jenkins 2001
€•Cs 500 0 500 500 0 20 Same as for Ac. Jenkins 2001

Fe 220 0 220 220 0 8.8 Same as for Ac. Jenkins 2001
Gd 240 0 240 240 0 9.6 Same as for Ac. Jenkins 2001
H 0 0. 0 0 0 0 Same as for Ac. DOE 2007
1 0 0 0 0 0 0 Same as for Ac. DOE 2007
Mn 50 0 50 50 0 2 Same as for Ac. Jenkins 2001
Mo 10 0 10 10 0 0.4 Same as for Ac. DOE 2007
Nb 500 0 500 500 0 20 Same as for Ac. DOE 2007
Ni 100 0 100 100 0 4 Same as for Ac. Jenkins 2001
Np 23 0 23 23 0 0.92 Same as for Ac. DOE 2007
Pa 8 0 8 8 0 0.32 Same as for Ac. DOE 2007
Pb 270 0 270 270 0 10.80 Same as for Ac. DOE 2007
Po 150 0 150 150 0 6 Same as for Ac. Jenkins 2001
Pu 2,500 0 2,500 2,500 0 100 Same as for Ac. DOE 2007
Ra 575 0 575 575 0 23 Same as for Ac. DOE 2007



TABLE E-4 (Cont.)

Kd Value (cm3/g)
Unsaturated

Zone I Unsaturated Unsaturated Zone 3 Unsaturated Unsaturated
(alluvium, Zone 2 (upper interbed Zone 4 (lower Zone 5
surficial (thick flow sequence with a sedimentary (thin flow Saturated

Element sediment) basalt units) low permeability) interbeds) basalt units) Zone Value Selection Rationaleb Source

Sm 2,500 0 2,500 2,500 0 100 Same as for Ac. DOE 2007
Sr 12 0 12 12 0 0.48 Same as for Ac. Jenkins 2001
Tc 0 0 0 0 0 0 Same as for Ac. DOE 2007
Th 500 0 500 500 0 20 Same as for Ac. DOE 2007
U 15.4 0 15.4 15.4 0 0.616 Same as for Ac. DOE 2007

a Kd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone, the release fraction of radionuclides is correlated with the metal
corrosion rate for the activated metal wastes, the site-specific soil Kd values for sealed sources, and site-specific soil Kd values and cementitious system Kd values for
Other Waste.

b For the TNL Site's review comments on the RESRAD-OFFSITE input parameters, see Wilcox (2008).

Cm
cm

1
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1
2

TABLE E-5 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for the
Hanford Site

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (mis)

Precipitation (miyr)

Primary contamination area
properties

Irrigation (m/yr)
Evapotranspiration coefficient

Runoff coefficient

3.4 Site-specific data at Hanford
Meteorology Station (HMS),
50 m above ground.

0.17 Site-specific data (54.39 in./yr),
based on HMVS measurements.
Consistent with values reported
by the Western Regional
Climate Center (1948-2005).

0 No agricultural activities.
0.97878 In DOE 2005, the infiltration rate

suggested for the post-design
life for the sitewide surface
barrier is 3.5 mm/lyr; the
post-design life for the
Integrated Disposal Facility
(IDF) surface barrier is
0.9 mm/yr. However, for the
IDF surface barrier, a sensitivity
analysis needs to be conducted
for an infiltration rate of
5.0 mm/yr as well. Considering
the recharge rate at the
200 E Area, which ranges from
1.5 to 4 mm/yr with shrub
covering, and to be consistent
with the other sites that use a
natural infiltration rate for the
GTCC analysis, an infiltration
rate of 3.5 mm/yr was chosen
for the groundwater analysis. To
obtain an infiltration rate of
0.003 5 in/yr (3.5 mm/yr), the
evapotranspiration coefficient
was calculated to be 0.97878.

0.03 Runoff is about 3% of the total
precipitation; most of the
remaining precipitation is lost
through evapotranspiration.

160 To obtain the desired erosion rates
0.4 for the cover and contamination

0.003 zone.

DOE 2004

DOE 2004, p. 4.16

Yu et al. 2007
DOE 2005

Duncan et al. 2007

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor

__ _ -Suypp9_rt- pract i~ce _factor_ .......

Yu et al. 2007 (applies to sum
of all four parameters at left)

1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3
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TABLE E-5 (Cont.)

Parameter Value Value Selection Rationale Source

Contaminated zone
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)

0.4
1.000E-05 Chose a small value so that the

contaminated zone would not be
eroded away. Will yield more
conservative results.

1.8 Estimated average for different
waste streams, based on
preliminary GTCC LLRW and
GTCC-like waste inventory
data.

0.42 To obtain the desired erosion rate.
Soil erodibility factor
Field capacity
b-parameter
Hydraulic conductivity (m/yr)

Cover layer
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)
Soil erodibility factor

Unsaturated Zone 1

Thickness (in)

Density (g/cm3)

Total porosity

Effective porosity

Field capacity
Hydraulic conductivity (m/yr)

0.3
5.3
10

RESRAD-OFFSITE default
Yu et al. 2007

Sandia 2008

Yu et al. 2007
RESRAD-OFFSITE default
RESRAD-OFFSITE default
RESRAD-OFFSITE default

RESRAD-OFFSITE default
Yu et al. 2007

RESRAD-OFFSITE default
Yu et al. 2007

0.4
1.00E-05

1.5
0.35

Chose a small value so that the
buried waste would remain
covered within the time frame
considered (i.e., would yield
more conservative groundwater
results because there would be
no losses through surface runoff
and erosion).

To obtain the desired erosion rate.

Fine sand plus coarse sand-
dominated layers in the Hanford
Formation. They were
considered together because of
their similar geological and
hydrogeological properties.

58 Average value calculated with the
•stratigraphic columns data for
200 E area.

1.65 For fine sand and coarse sand
layers in Hanford Formation.

0.37 Set to the same as effective
porosity.

0.37 For fine sand and coarse sand
layers in Hanford Formation.

0.03 Residual moisture content.
710 Corresponding to 2.25E-3 cm/ds.

Selected based on the
information presented in
Last et al. 2006 for fine and
coarse sands in Hanford
Formation.

4.05 Value for sand soil.

Last et al. 2006

Last et al. 2006

Last et al. 2006

Last et al. 2006

Last et al. 2006

Yu et al. 2001
_A~ssumption used for all sites

b-parameter
Longitud~ina~l _disersivi~y i(m) 0 No dispersion ...........
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TABLE E-5 (Cont.)

Parameter Value Value Selection Rationale Source

Unsaturated Zone 2

Thickness (in)

Density (glcm3)

Total porosity

Effective porosity
Field capacity
Hydraulic conductivity (m/yr)

b-parameter
Longitudinal dispersivity (mn)

Saturated zone hydrology

Thickness (in)

Density of saturated zone (g/cm3)

Total porosity
Effective porosity
Hydraulic conductivity (m/yr)

Hydraulic gradient to well

Gravel-dominated layers in the
Hanford Formation plus Ringold
Unit E. They were considered
together because of their similar
geological and hydrogeological
properties.

30 Average value calculated with the
stratigraphic columns data for
200 E area.

1.93 For gravel-dominated layers in
Hantford Formation and Ringold
Unit E.

0.27 Value for Hanford and Ringold
gravel.

0.27 Set to the same as total porosity.
0.024 Residual moisture content.

148 Corresponding to 4.68E-4 cm/s.
Selected on the basis of
information presented in
Last et al. 2006 for gravel-
dominated layers in Hanford
Formation and Ringold Unit E.

7.12 Value for sandy clay loam soil.
0 No dispersion.

Consider the combination of the
Hanford Formation and Ringold
Unit E.

45 Entire aquifer is 45 to 71.7 m
thick. Use the lower value.

1.98 Calculated on the basis of a soil
particle density of 2.65 g/cm3

and a total porosity of 0.25.
0.25 Used for unconfmed aquifer.
0.25 Set to the same as total porosity.

12,775 Slug tests at five monitoring wells
in the IDF location (Reidel
2004) indicate a high-
permeability condition, ranging
from >25 to >45 m/d. These
estimates for the hydraulic
conductivity beneath the IDF
site are consistent with the
unconfined aquifer flow through
the gravel-dominated facies of
the lower Hanford Formation.
Use the average of 35 in/day,
which converts to 12,775 in/yr.

0.00124 Geometric mean of the range from
0.00073 to 0.00209.

Data presented in
Last et al. 2006, Appendix A.

Last et al. 2006

DOE 2009

DOE 2009
Last et al. 2006
Last et al. 2006

Yu et al. 2001, Table E-2
Assumption used for all sites.

Horton 2007

Page 0-91, DOE 2009
Page 0-91, DOE 2009
Reide1 2004

Horton 2007

Depth of aquifer contributing to 10 RESRAD-OFFSITE default
-well (.m)• _be~low w ater table . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .:. . . . . . .
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TABLE E-5 (Cont.)

Parameter Value Value Selection Rationale Source

Longitudinal dispersivity (in) 10% of Assumptions used for all sites.
distance Common practices for
traveled groundwater transport modeling.

Horizontal lateral dispersivity (in) 10% of
longitudinal
dispersivity

Disperse vertically (yes/no) Yes To consider dispersion. Yu et al. 2007
Vertical lateral dispersivity (in) 10% of Assumptions used for all sites.

horizontal
lateral

dispersivity

1
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1 TABLE E-6 Soil/Water Distribution Coefficients (Kd values)a for Different Radionuclides for the Hanford Site

lKd Value (cm 3/g)
Value Selection Rationale Value Selection

Unsaturated Unsaturated Saturated for Unsaturated Zone 1 Rationale for
•Source Zone 1 Zone 2 Zone and Saturated Zone Source Unsaturated Zone 2 Source

C~'j

Ac 300 30

Am

C

Cm

1,900

300

190

0.4

30

200

8

* 300 Best K~d value for far field in
sand sequence with natural
recharge (no impact from
wastes).

1,900 To be consistent with values
used in DOE 2009.

4 To be consistent with the
values used in DOE 2009.

300 Best Kd value for far field in
sand sequence with natural
recharge (no impact from
wastes).

2,000 Best K~d value for far field in
sand sequence with natural
recharge (no impact from
wastes).

80 To be consistent with the
values used in DOE 2009.

Krupka et al. 2004,
Table 5.6

Use 10% of the value
for sand-dominated
soil, an approach used
in the groundwater
data package.

Thorne et al. 2006

DOE 2009;
Beyeler et al. 1999

DOE 2005, 2009

Table 5.6,
Krupka et al. 2004

Table 5.6,
Krupka et al. 2004

DOE 2005, 2009

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Thorne et al. 2006

Thome et al. 2006

Thome et al. 2006

Thome et al. 2006

Thomne et al. 2006

Co 2,000

Cs 80

t-,

Fe 220 22 220 Generic value for sand soil. Site-specific value Same as above. Thome et al. 2006
preferred. Sheppard
and Thibault 1990;
Yu et al. 2000

2



TABLE E-6 (Cont.)

Source

Gd

H

Kid Value (cm3/g)

Unsaturated Unsaturated
Zone 1 Zone 2

825 82.5

0 0

Sa

Mn 50

Mo 10

Nb 300

Ni 400

Np 2.5

Pa 2.5

Pb 80

0

5

1

30

40

0.25

0.25

8

Value Selection Rationale
aturated for Unsaturated Zone 1
Zone and Saturated Zone

825 Generic value for soil.

0 To be consistent with the
values used in DOE 2009.

0 To be consistent with the
values used in DOE 2009.

50 To be consistent with the
values used DOE 2009.

10 To be consistent with the
values used DOE 2009.

300 Best Kd1 value for far field in
sand sequence with natural
recharge (no impact from
wastes).

400 To be consistent with the
values used in DOE 2009.

2.5 To be consistent with the
values used in DOE 2009.

2.5 Set to the same values as Np.

80 To be consistent with the

Source

Yu et al. 2000

DOE 2005, 2009

DOE 2005, 2009

Sheppard and
Thibault 1990,
Yu et al. 2000

Sheppard and
Thibault (1990);
Yu et al. 2000

Krupka et al. 2004,
Table 5.6

DOE 2009;
Beyeler et al. 1999

DOE 2005, 2009

DOE 2005, 2009

DOE 2005, 2009

Value Selection
Rationale for

Unsaturated Zone 2

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Source

Thorne et al. 2006

Thorne et al. 2006

Thorne et al. 2006

Thome et al. 2006

Thome et al. 2006

Thome et al. 2006

Thome et al. 2006

Thome et al. 2006

Thorne et al. 2006

Thorne et al. 2006t'j

values used in DOE 2009.



TABLE E-6 (Cont.)

-k

Kd Value (cm3/g)
Value Selection Rationale Value Selection

Unsaturated Unsaturated Saturated for Unsaturated Zone 1 Rationale for
Source Zone 1 Zone 2 Zone and Saturated Zone Source Unsaturated Zone 2 Source

Po 150 15 150 Generic value for sand soil. Sheppard and Same as above. Thome et al. 2006
Thibault 1990;
Yu et al. 2000

Pu 150 15 150 To be consistent with the DOE 2005, 2009 Same as above. Thorne et al. 2006

values used in DOE 2009.

Ra 10 1 10 Same as Sr. DOE 2005 Same as above. Thomne et al. 2006

Sm 300 30 300 Same as Ac. Krupka et al. 2004, Same as above. Thorne et al. 2006
Table 5.6

Sr 10 1 10 To be consistent with the DOE 2005, 2009 Same as above. Thomne et al. 2006
values used in DOE 2009.

Tc 0 0 0 To be consistent with the DOE 2005, 2009 Same as above. Thorme et al. 2006
values used in DOE 2009.

Th 3,200 320 3,200 To be consistent with the DOE 2009; Same as above. Thome et al. 2006
values used in DOE 2009. Beyeler et al. 1999

U 0.6 0.06 0.6 To be consistent with the DOE 2009; Same as above. Thorne et al. 2006
values used in DOE 2009. Beyeler et al. 1999

aKd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone, the release fraction of radionuclides is correlated
with the metal corrosion rate for the activated metal wastes, the site-specific soil I•j values for sealed sources, and the site-specific soil Kd values
and cementitious system Id values for Other Waste.

0

t-,j
1
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1 TABLE E-7 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for LANL

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (m/s)

Precipitation (m/yr)

Primary contamination area
properties

Irrigation (m/yr)
Evapotranspiration coefficient
Runoff coefficient

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor
Support practice factor

Contaminated zone
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)

Soil erodibility factor

Field capacity
b-parameter
Hydraulic conductivity (m/yr)

Cover layer
Total porosity
Erosion rate (rn/yr)

Dry bulk density (gfcm3)
Soil erodibility factor

2.65 Geometric mean of the
distribution log normal (2.65,
1.35).

0.356 Site-specific data.

0
0.9

0.8596

160
10

0.045

No agricultural activities.
To obtain an infiltration rate of

5 mrn/yr, which was determined
for use in the analysis on the
basis of the histogram shown on
p. 23 of Stauffer et al. 2005.

To obtain the erosion rates used as
the input values for the cover
and contamination zone.

0.4
1 .00E-05 Chose a small value so that the

buried waste would remain
covered within the time frame
considered (i.e., would yield
more conservative groundwater
results because there would be
no losses through surface runoff
and erosion).

1.8 Estimated average for different
waste streams, on the basis of
preliminary GTCC LLRW and
GTCC-like waste inventory
data.

0.00112 To obtain the erosion rate used for
the input value.

0.3
5.3
10

Distribution information from
Henckel 2008. The
distribution function is based
on wind speed data collected
at the meteorological tower
at TA-54 from January 1992
through April 2005
(http://weather.lanl.gov)

Bowen 1990

Yu et al. 2007
Stauffer et al. 2005

Yu et al. 2007 (applies to the
sum of all four parameters at
left)

RESRAID-OFFSITE default
Yu et al. 2007

Sandia 2008

Yu et al. 2007

RESRAD-OFFSITE default
RESRAD-OFFSITE default
RESRAD-OFFSITE default

RESRAD-OFFSITE default
Yu et al. 2007

RESRAD-OFFSITE default
Yu et al. 2007

0.4
1 .00E-05

1.5

Chose a small value so that the
cover material would not be
eroded away completely within
the time frame considered.

0.00093 To obtain the erosion rate used for
.... ... ... ... th~e input value.

2
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TABLE E-7 (Cont.)

Parameter Value Value Selection Rationale Source

Unsaturated Zone 1
Thickness (in)

Density (g/era3)

Total porosity

Effective porosity

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 2

Thickness (in)

Density (g/cm3)

Total porosity

Effective porosity

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Tshirege Member Unit 2.
13 Determined on the basis of

as-drilled data for Well R-22.
1.4 Value for Tshirege Member

Unit 2.
0.41 Value for Tshirege Member

Unit 2.
0.41 Set to the same value as total

porosity.
0.02 Set to a smaller value than 0.024,

the moisture content for a
saturation of 0.06.

61.81 Corresponds to a permeability of
2.0E-13 mn2 for the Tshirege

Member Unit 2.
0.175 Selected to give a saturation of

0.06, an approximated value
based on the range of site data
for Unit 2 presented in
Figure 2.1-2 of
Birdsell et al. 1999.

0 No dispersion for vadose zone, an
assumption applied to all sites.

Tshirege Units lv, lg, and Cerro
Toledo interval.

26 " Determined based on as-drilled

data for Well R-22.
1.2 Average value for Tshirege

Member Unit 5.
0.47 Average value for Tshirege

Units If, lg, and Cerro Toledo
interval.

0.47 Set to the same value as total
porosity.

0.02 Set to a smaller value than 0.094,
the moisture content for a
saturation of 0.2.

46.36 Corresponds to a permeability of
1 .5E-1 3 in 2, the average for
Tshirege Member Units Iv, lg,
and Cerro Toledo interval.

1.339 Selected to give a saturation of
0.2, an approximated value
based on the range of site data
for Unit 2 presented in
Figure 2.1-2 of
Birdsell et al. 1999.

0 No dispersion for vadose zone, an
assumption _applied to all sites.

Stauffer et al. 2005, Table 2

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Birdsell et al. 1999

Stauffer et al. 2005, Table 2

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Birdsell et al. 1999
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TABLE E-7 (Cont.)

Parameter Value Value Selection Rationale Source

Unsaturated Zone 3

Thickness (in)

Density (g/cm 3)

Total porosity

Effective porosity

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 4
Thickness (in)

Density (g/cm 3)

Total porosity

Effective porosity

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Otowi Member above Guaje
Pumice.

16 Determined based on as-drilled
data for Well R-22.

1.2 Value for Otowi Member above
Guaje Pumice.

0.44 Value for Otowi Member above
Guaje Pumice.

0.44 Set to the same value as total
porosity.

0.04 Set to a smaller value than 0.12;
the moisture content
corresponds to a saturation of
0.27.

71.08 Corresponds to a permeability of
2.3E-13 m2 for Otowi Member
above Guaje Pumice.

2.152 Selected to give a saturation of
0.27, an approximated value
based on a range of site data in
Figure 2.1-2 of
Birdsell et al. 1999.

0 No dispersion for vadose zone, an
assumption applied to all sites.

Otowi Member Guaje Pumice.
3 Determined based on as-drilled

data for Well R-22.
0.8 Value for Otowi Member Guaje

Pumice.
0.67 Value for Otowi Member Guaje

Pumice.
0.67 Set to the same value as total

porosity.
0.0000 1 Set to a small value so that it is not

used to reset the saturation ratio
calculated.

46.36 Corresponds to a permeability of
l.5E-13 m2 for the Otowi
Member Guaje Pumice.

1.891 Selected to give a saturation of
0.26, an approximated value
based on a range of site data
presented in Figure 2.1-2 of
Birdsell et al. 1999.

0 No dispersion for vadose zone, an
assumption applied to all sites.

Stauffer et al. 2005, Table 2

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Birdsell et al. 1999

Stauffer et al. 2005, Table 2

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Birdsell et al. 1999

Unsaturated Zone 5 Cerros del Rio basalts vadose
zone.

Thickness (in) 211 Determined on the basis of Stauffer et al. 2005, Table 2
as-drilled data for Well R-22.

Density (g/cm3) 2.7 Value for the basalts. Stauffer et al. 2005, Table 4

E-45 January 2016



Final GTCC EIS Fina GTC EISAppendix E: Long-Term Human Health Impacts

TABLE E-7 (Cont.)

Parameter Value Value Selection Rationale Source

Total porosity
Effective porosity

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Saturated zone hydrology

Thickness (mn)

Density of saturated zone (g/cm3)
Total porosity
Effective porosity

Hydraulic conductivity (m/yr)

Hydraulic gradient to well

Depth of aquifer contributing to
well (in), below water table

Longitudinal dispersivity (mn)

Horizontal lateral dispersivity (in)

Disperse vertically (yes/no)
Vertical lateral dispersivity (in)

0.00 1 Value for basalts vadose zone.
0.001 Set to the same value as total

porosity.
0.00001 Set to a small value so that it is not

used to reset the saturation ratio
calculated.

309.05 Corresponds to a permeability of
1 .0E-12 m2 for the basalts
vadose zone.

2.7 13 Selected to give a saturation of
0.27, an approximated value
based on the range of site data
presented in Figure 2.1-2 of
Birdsell et al. 1999.

0 No dispersion for vadose zone, an
assumption applied to all sites.

Cerro del Rio basalts saturated
zone.

37.5 Used for groundwater modeling.
2.7 Value for the basalts.
0.05 Value for basalts saturated zone.
0.05 Set to the same value as total

porosity.
309.05 Corresponds to a permeability of

1 .0E- 12 in
2 for the basalts

vadose zone.
0.013

10

Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Birdsell et al. 1999

Stauffer et al. 2005
Stauffer et al. 2005, Table 4
Stauffer et al. 2005, Table 4

Stauffer et al. 2005, Table 4

Stauffer et al. 2005,
Section 3.1.4.3

RESRAD-OFFSITE default

10% of
distance
traveled

10% of the
longitudinal
dispersivity

Yes
10% of the
horizontal

lateral
dispersivity

Assumption applied to all sites
considered. A common practice
used in groundwater modeling.

To consider dispersion.
Assumption applied to all sites

considered.

Yu et al. 2007

1
2
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1 TABLE E-8 Soil/Water Distribution Coefficients (Kd values)a for Different Radionuclides for

2 LANL

IKd Value (cm3/g)

Unsaturated Saturated
Element Zone Zone Value Selection Rationale Source

Ac 130 130 Value suggested by French of LANL for
use in RESRAD-OFFSITE modeling to
develop a GTCC LLRW and GTCC-like
waste disposal facility.

Am 2,400 2,400 Most likely value based on the distribution,
T (2.0E+02, 2.4E+3, 2.7E+04).

C 0 0 For volcanic tuff.

Cm 50 50 For devitrified volcanic tuff.

Co 0.45 0.45 For volcanic tuff.

Cs 7.5 7.5 Mean of distribution, U(1.0E+0, 1.5E+01,
7.5E+0).

Fe 209 209 Value for generic soil.
Gd 50 50 Value for generic soil.
H 0 0 Assumed no adsorption.
I 0 0 For volcanic tuff.

Mn 158 158 Value for generic soil.
Mo 4 4 For volcanic tuff.

Nb 100 100 For volcanic tuff.

French 2008; Wolsberg 1980

French 2008; Longmire et al. 1996

Birdsell et al. 1999; Krier et al. 1997;
Brookins 1984; French 2008

Birdsell et al. 1999; Krier et al. 1997;
Brookins 1984; French 2008

Birdsell et al. 1999; Krier et al. 1997;
Brookins 1984; French 2008

French 2008; Bechtel/SAIC 2004

Yu et al. 2000
Krier et al. 1997
Krier et al. 1997
Birdsell et al. 1999; Krier et al. 1997
Yu et al. 2000
Birdsell et al. 1999; Krier et al. 1997;

Brookins 1984
Birdsell et al. 1999; Krier et al. 1997;

Brookins 1984
Birdsell et al. 1999; Krier et al. 1997;

Brookins 1984
French 2008; Longmire et al. 1996

French 2008; Bechtel/SAIC 2004

Birdsell et al. 1999; Krier et al. 1997;
Brookins 1984

Yu et al. 2000
Birdsell et al. 1999, Krier et al. 1997

French 2008; Bechtel/SAIC 2004

Krier et al. 1997; Baes et al. 1984
French 2008; Bechtel/SAIC 2004

Birdsell et al. 1999; Krier et al. 1997;
French 2008; Longmire et al. 1996

French 2008; Bechtel/SAIC 2004

French 2008; Longmire et al. 1996

Ni 50 50 For volcanic tuff.

Np 2.2 2.2 Most likely value based on the distribution,
T(I.7E-01, 2.2E+0, 3.1E+0).

Pa 5,500 5,500 Mean of the distribution, TN(5.5E+03,
1.5E+03, 1.0E+03, 1.0E+04).

Pb 25 25 For volcanic tuff.

Po 1 0 10 Value for generic soil.
Pu 4.10 4.10 Geometric mean for volcanic tuff

(4.1-110).
Ra 500 500 Mean of the distribution, U(1.0E+2,

1 .0E+03, 5.0E+02).
Sm 50 50 Set to the same value as Gd.
Sr 40 40 Mean of the distribution, U(1.0E+0,

7.0E+01, 4.0E+01).
Tc 0 0 Assumed no adsorption.

Th 5,000

U 2.4

5,000 Mean of the distribution, U(1.0E+3,
1 .0E+04, 5.0E+03).

2.4 Most likely value based on the distribution,
T(I.4E+0, 2.4E+0, 3.5E+0).

a Kd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone, the release fraction of
radionuclides is correlated with the metal corrosion rate for the activated metal wastes, the site-specific soil Id values

3 for sealed sources, and site-specific soil Kd values and cementitious system Kd values for Other Waste.
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1 TABLE E-9 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for NNSS

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (m/s)
Precipitation (m/yr)

Primary contamination area
properties

Irrigation (mlyr)
Evapotranspiration coefficient
Runoff coefficient

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor
Support practice factor

Contaminated zone
Total porosity
Erosion rate (miyr)

Dry bulk density (g/eca 3)

Soil erodibility factor

Field capacity
b-parameter
Hydraulic conductivity (miyr)

2.6 Site-specific data.
0.13 Site-specific data.

0
0.99
0.977

160
0.4

0.003
1

No agricultural activities.
Selected to give an infiltration rate

of 0.00003 mn/yr, which is the
site-specific hydraulic
conductivity for the vadose
zone.

To obtain the erosion rates used as
the input values for the cover
and contamination zone.

Bechtel Nevada 2006
National Security

Technologies, LLG 2008

Yu etal. 2007
Shott et al. 1998

Yu et al. 2007 (applies to sum
of all four parameters at left)

0.4
1 .00E-05 Chose a small value so that the

buried waste would remain
covered within the time frame
considered (i.e., would yield
more conservative groundwater
results because there would be
no losses through surface runoff
and erosion).

1.8 Estimated average for different
waste streams, based on
preliminary GTCC LLRW and
GTCC-like waste inventory
data.

0.42 To obtain the erosion rate used as
the input value.

0.3
5.3
10

RESRAD-OFFSITE default
Yu et al. 2007

Sandia 2008

Yu et al. 2007

RESRAD-OFFSITE default
RESRAD-OFFSITE default
RESRAD-OFFSITE default

RESRAD-OFFSITE default
Yu et al. 2007

RESRAD-OFFSITE default
Yu et al. 2007

Cover layer
Total porosity
Erosion rate (m/yr)

0.4
1 .00E-05 Chose a small value so that the

cover material would not be
eroded away completely within
the time frame considered.
Would yield more conservative
results.

To obtain the erosion rate used as
Dry bulk density (g/cm3) 1.5
Soil erodibility factor 0.35
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TABLE E-9 (Cont.)

Parameter Value Value Selection Rationale Source

Unsaturated Zone 1
Thickness (in)

Density (g/cm3)
Total porosity
Effective porosity
Field capacity
Hydraulic conductivity (m/yr)
b-parameter
Longitudinal dispersivity (in)

Saturated zone hydrology
Thickness (in)

Density of saturated zone (g/cm3)
Total porosity
Effective porosity
Hydraulic conductivity (m/yr)
Hydraulic gradient to well

Depth of aquifer contributing to
well (in), below water table

Longitudinal dispersivity (in)

Horizontal lateral dispersivity (mn)

Disperse vertically (yes/no)
Vertical lateral dispersivity (in)

246 Average of the range from 235.3
to 256.6 m.

1.65 Site-specific data.
0.36 Site-specific data.
0.36 Site-specific data.

0.3
0.00003

5.3
0

Site-specific data.

No dispersivity was assumed for
the unsaturated zone.

220 Average value from well-
monitoring data.

Bechtel Nevada 2001, 2002

Shorttet al. 1998
Short et al. 1998
Shottet al. 1998
RESRAD-OFFSITE default
Shott et al. 1998
RESRAD-OFFSITE default
Assumption used for all sites.

Reynolds Electrical &
Engineering Company, Inc.
1994

Shorttet al. 1998
Shott et al. 1998
Shorttet al. 1998
Shorttet al. 1998
National Security

Technologies, LLC 2008
RESRAD-OFFSITE default

Yu et al. 2007

1.6
0.36
0.36
439

9.70E-05

Site-specific data.
Site-specific data.
Site-specific data.
Site-specific data.
Site-specific data.

10

10% of the
distance
traveled

10% of the
longitudinal
dispersivity

Yes
10% of the
horizontal

lateral
dispersivity

Assumption used for all sites.
Common practice for
groundwater modeling.

Assumption used for all sites.
Common practice for
groundwater modeling.

To consider dispersion.
Assumption used for all sites.

1
2
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1 TABLE E-10 Soil/Water Distribution Coefficients for Different Radionuclides for NNSSa

Kd Value (cm3/g)

Unsaturated Saturated
Element Zone Zone Value Selection Rationale Source

Ac 7,000

Am
C
Cm
Co
Cs
Fe
Gd
H
I
Mn
Mo
Nb

Ni
Np
Pa
Pb
Po
Pu
Ra
Sm

Sr
Tc
Th
U

7,000
0

4,000
60
280
209
825
0
0

50
10

7,000

100
5
5

300
300
7.5
185
245

420
0

7,000
0.8

7,000 Mean value of the distribution used in the
Area 5 Radioactive Waste Management
Site (RWMS) performance assessment
(PA) model.

7,000 Same as Ac.
0 Same as Ac.

4,000 Suggested value for sandy soil.
60 Suggested value for sandy soil.
280 Suggested value for sandy soil.
209 Suggested value for generic soil.
825 Suggested value for generic soil.

0 Value used in the Area 5 RWMS PA model.
0 Value used in the Area 5 RWMS PA model.
50 Suggested value for sandy soil.
10 Suggested value for sandy soil.

7,000 Mean value of the distribution used in the
Area 5 RWMS PA model.

100 Same as Nb.
5 Same as Nb.
5 Same as Nb.

300 Same as Nb.
300 Set to the same value as Pb.
7.5 Same as Nb.
185 Same as Nb.
245 Set to the same value as Eu used in the

Area 5 RWMS PA model.
420 Same as Nb.

0 Same as Nb.
7,000 Same as Nb.

0.8 Same as Nb.

Bechtel Nevada 2006

Bechtel Nevada 2006
Bechtel Nevada 2006
Yu et al. 2000
Yu et al. 2000
Yu etal. 2000
Yu et al. 2000
Yu et al. 2000
Bechtel Nevada 2006
Bechtel Nevada 2006
Yu et al. 2000
Yu et al. 2000
Bechtel Nevada 2006

Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006

Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006
Bechtel Nevada 2006

aKd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone, the
release fraction of radionuclides is correlated with the metal corrosion rate for the activated metal wastes,
the site-specific soil IKd values for sealed sources, and site-specific soil Id values and cementitious
system Kid values for Other Waste.

2
3
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1 TABLE E-1I. RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for SRS

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (m/s)
Precipitation (m/yr)

Primary contamination area
properties

Irrigation (m/yr)
Evapotranspiration coefficient
Runoff coefficient

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor
Support practice factor

Contaminated zone
Total porosity
Erosion rate (rn/yr)

Dry bulk density (g/cm3)

3
1.2

0
0.598
0.22 1

160
10

0.045
1

0.4

Site-specific data.
Site-specific data.

No agricultural activities.
On the basis of both coefficients, an

infiltration rate of 0.376 rn/yr
(14.8 in.!/yr) was derived. The
Flach et al. 2005 estimate for
trenches covered with a 4-ft
operational soil cover and topsoil is
14.8 in./yr. The Young and
Pohlmann 2003 study shows an
infiltration rate ranging from 9 to
16 in./yr with a median value of
14.8 in./yr, or 1/3 of the yearly
rainfall of approximately 48 in. The
above information is cited in
WSRC 2008, Part C, pp. 68 and 69.

To obtain the desired erosion rates for
the cover and contamination zone.

SRCC 2007a
SRCC 2007b;

Cook et al. 2004

Yu et al. 2007
WSRC 2008 (applies to both

parameters at left)

Yu et al. 2007 (applies to
sum of all four parameters
at left)

RESRAD-OFFSITE default
Yu et al. 2007

Sandia 2008

1 .Cl1E-O5 Chose a small value so that the
contaminated zone would not be
eroded away. Will yield more
conservative results.

1.8 Estimated average for different waste
streams, based on preliminary
GTCC LLRW and GTCC-like
waste inventory data.

Soil erodibility factor 0.00112 To obtain the desired erosion rate. Yu et al. 2007
Field capacity 0.3 RESRAD-OFFSITE default
b-parameter 5.3 RESRAD-OFFSITE default
Hydraulic co~nduc~ti~vity_(_m/_yr) ...... 1_0_ ........................ RESRAD_-_OFFSITE _de~fault_ .

2
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TABLE E-11 (Cont.)

Parameter Value Value Selection Rationale Source

Cover layer
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)
Soil erodibility factor

Unsaturated Zone 1
Thickness (in)

Density (g/cm3)

Total porosity

Effective porosity

Field capacity
Hydraulic conductivity (m/yr)

b-parameter

Longitudinal dispersivity (in)

Unsaturated Zone 2
Thickness (mn)

Density (g/cm3)

Total porosity

Effective porosity
Field capacity
Hydraulic conductivity (m/yr)

b-parameter

0.4
1 .00E-05

1.5
0.00093

Chose a small value so that the buried
waste would remain covered within
the time frame considered
(i.e., would yield more conservative
groundwater results because there
would be no losses through surface
runoff and erosion).

To obtain the desired erosion rate.

6.1 According to Part B, Figure 1-6, of
WSRC 2008, the thickness of the
upper vadose zone can be
calculated as the sum of the
thicknesses of the soil fill (4 ft),
upper waste zone (2.5 ft), and
lower waste zone (13.5 ft). The
total is 20 fi, (i.e., 6.1 in).

1.65 Calculated with a soil particle density
of 2.70 g/cmn3 and an effective
porosity of 0.39.

0.39

0.39 Set to the same value as total
porosity.

RESRAD-OFFSITE default
Yu et al. 2007

RESRAD-OFFSITE default
Yu et al. 2007

WSRC 2008, Figure 1-6

WSRC 2008, Part B,
Table 1-14

WSRC 2008, Part B,
Table 1-14, p. 1-55

RESRAD-OFFSITE default
WSRC 2008, Part B,

Table 1-14, Appendix G,
Table G-2

Yu et al. 2000

WSRC 2008, p. 2-43

Kaplan 2006

WSRC 2008, Table 1-14

WSRC 2008, p. 2043

WSRC 2008, Table 1-14
RESRAD-OFFSITE default
WSRC 2008, Tables 1-14,

G-2
Yu et al. 2000

0.3
2.7 For upper vadose zone.

6.62 Mean of distribution, log normal
(LN) (1.89, 0.260) for sandy clay
soil.

16.9 The water table in the E-Area and
Z-Area is approximately 20 to 25 m
below the ground surface.

1.62 Calculated with a soil particle density
of 2.66 g/cmn3 and an effective
porosity of 0.39.

0.39 Used for PORFLOW transport
analysis for lower vadose zone.

0.39 For lower vadose zone.
0.3
29 For lower vadose zone.

4.1 Mean of distribution, LN (1.41,
0.275), for sandy clay loam.

Longitudinal dispersivi~ty),_ _m .... .. ._0 ... ..... ....... .. ..... . .WSR _C_ 2008_,_ p. 2_-43 .....
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TABLE E-11 (Cont.)

Parameter Value Value Selection Rationale Source

Saturated zone hydrology
Thickness (in) 27.85 Mean of the range of site-specific For E Area, Cook et al. 2004

data (15.5-40.2 mn), including
thicknesses from the upper and
lower aquifer zones and the tan
clay confining zone.

Density of saturated zone (glcm3) 1.39 Considering the distribution of local WSRC 2008, p. 1-67
clayey sediments throughout the
sandy aquifer.

Total porosity 0.38 For sandy material associated with WSRC 2008, p. 1-57
aquifers.

Effective porosity 0.25 Considering the distribution of local WSRC 2008, p. 1-67
clayey sediments throughout the
sandy aquifer.

Hydraulic conductivity (in/yr) 1,265 Geometric mean of the values for WSRC 2008, p. 1-57 and
Upper Three Runs aquifer and Table G-1
Lower Three Runs aquifers.

Hydraulic gradient to well 0.0079 Geometric mean of the site-specific MVMES et a1.1994
range for Aquifer Unit IIB,
0.0035-0.0 18.

Depth of aquifer contributing to 10 RESRAD-OFFSITE default
well (in), below water table

Longitudinal dispersivity (in) 10% of the Assumption used for all sites.
distance Common practice for groundwater
traveled modeling.

Horizontal lateral dispersivity (in) 1% of Assumption used for all sites.
distance Common practice for groundwater
traveled modeling.

Disperse vertically (yes/no) Yes To consider dispersion. Yu et al. 2007
Vertical lateral dispersivity (in) 0.1% of Assumption used for all sites.

distance
traveled

1
2
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1 TABLE E-12 Soil/Water Distribution Coefficients for Different Radionuclides for SRSa

Kd Value (cm 3/g)

Unsaturated Unsaturated Saturated
Element Zone 1 Zone 2 Zone Value Selection Rationale Source

Ac 8,500

Am
C

Cm
Co

8,500
0

8,500
30

Cs 250

Fe
Gd

H

I
Mn
Mo
Nb

Ni
Np
Pa
Pb
Po
Pu

Ra
Sr

Sm
Tc
Th

400
8,500

0

0.6
200
120
0

30
35
35

5,000
5,000
5,900

17
17

8,500
0.2

2,000

1,100

1,100
0

1,100
7

50

200
1,100

0

0
15
6
0

7
0.6
0.6

2,000
2,000
270

5
5

1,100
0.1
900

200

1,100 Clay/sand material best estimated
Kd. Clay material Kd for
unsaturated Zone 1. Sand
material Kd for unsaturated
Zone 2 and saturated zone.

1,100 Same as above.
0 Same as above.

1,100 Same as above.
7 Best value for clayey/sandy

sediment.
50 Best value for sandy/clayey

sediment.
200 Best value for clayey/sandy soil.
1,100 Best value for clayey/sandy

sediment.
0 Clay/sand material best estimated

Kd. Clay material Kd for
unsaturated Zone 1. Sand
material Kd for unsaturated
Zone 2 and saturated zone.

0 Same as above.
15 Best value for clayey/sandy soil.
•6 Best value for clayey/sandy soil.
0 Same as above.

WSRC 2008, Table 2-33;
Kaplan 2006

Same as above
Same as above
Same as above
Kaplan 2006, Table 10

Kaplan 2006, Table 10

Kaplan 2007
Kaplan 2006, Table 10

WSRC 2008, Table 2-3 3; the
values listed were obtained
from Kaplan 2006

Same as above
Kaplan 2007
Kaplan 2007
WSRC 2008, Table 2-33; the

values listed were obtained
from Kaplan 2006

Same as above
Same as above
Same as above
Same as above
Kaplan 2006
WSRC 2008, Table 2-33; the

values listed were obtained
from Kaplan 2006

Same as above
Same as above
Same as above
Same as above
Best value for sandy soil,

Kaplan 2006
Same as above

7
0.6
0.6

2,000
2,000
270

5
5

1,100
0.1
900

Same as above.
Same as above.
Same as above.
Same as above.
Best value for clayey/sandy soil.
Clay/sand material best estimated

Kd. Clay material Kd for
unsaturated Zone 1. Sand
material Kd for unsaturated
Zone 2 and saturated zone.

Same as above.
Same as above.
Same as above.
Same as above.
Same as above.

U 300 200 Same as above.

Kd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone, the release fraction of
radionuclides is correlated with the metal corrosion rate for the activated metal wastes, the site-specific soil Kd values

for sealed sources, and site-specific soil Kd values and cementitious system Kd values for Other Waste.

2
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TABLE E-13 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis for
WIPP Vicinity

Parameter Value Value Selection Rationale Source

Site properties
Wind speed (mis)

Precipitation (m/yr)

Primary contamination area
properties

Irrigation (m/yr)
"Evapotranspiration coefficient

Runoff coefficient

Rainfall and runoff
Slope-length-steepness factor
Cover and management factor
Support practice factor

Contaminated zone
Total porosity
Erosion rate (m/yr)

Dry bulk density (g/cm3)

Soil erodibility factor

Field capacity
b-parameter
Hydraulic conductivity (m/yr)

3.71 Site-specific data, low end of the
most prevalent range.

0.3048 Site-specific data (about 12 in.).

0 No agricultural activities.
0.9934 To obtain an infiltration rate of

0.002 m/yr, which is indicated in
the source suggested by WIPP
staff for reference.

0.0125 Because of the flat ground surface,
the annual runoff is typically 0.1
to 0.2 in. The average value of
0.15 in. converts to a runoff
coefficient of 0.0 125.

DOE 2006b

•DOE 2006b

Yu et al. 2007
Campbell et al. 1996

For annual runoff--
DOE 2006b

Yu et al. 2007 (applies to sum
of all four parameters at left)

160
0.4

0.003
1

To obtain the erosion rates used as
input values for the cover and
contamination zone.

0.4
1 .00E-05 Chose a small value so that the

contaminated zone would not be
eroded away. Will yield more
conservative results.

1.8 Estimated average for different
waste streams, based on GTCC
LLRW and GTCC-like waste
inventory data.

0.42 To obtain the erosion rate used as
the input value.

0.3
5.3
10

RESRAD-OFFSITE default
Yu et al. 2007

Sandia 2008

Yu et al. 2007

RESRAD-OFFSITE default
RESRAD-OFFSITE default
RESRAiD-OFFSITE default

RESRAD-OFFSITE default
Yu et al. 2007

Cover layer
Total porosity
Erosion rate (m/yr)

0.4
1.00E-05 Chose a small value so that the

buried waste would remain
covered within the time frame
considered (i.e., would yield more
conservative groundwater results
because there would be no losses
through surface runoff and
erosion).

Dry bulk density (g/cm3) 1.5 RESRAD-OFFSITE default
Soil erodibility factor 0.35 To obtain the erosion rate used as Yu et al. 2007

the in put value.
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1
TABLE E-13 (Cont.)

Parameter Value Value Selection Rationale Source

Unsaturated Zone 1

Thickness (in)

Density (g/cm3)

Total porosity

Effective porosity

The perched aquifer located in the
Dewey Lake Formation was
selected as the groundwater of
concern in the modeling. Among
the subsurface and deep
ground water aquifers, it has the
best water quality and was
classified as a U.S. Environmental
Protection Agency (EPA) Class II
aquifer. The depth to the
groundwater table (153 m)
specified in Table 4.4-1 of
Sandia 2007 (Task 3.4 report) also
corresponds to this aquifer in
Dewey Lake Formation.

153 Comparable to the groundwater
level measurement data.

1.47 Average of sandy and silty soils.
According to the description in
DOE 2006b, the Dewey Lake
Redbeds Formation consists of
alternating thin beds of siltstone
and fine-grained sandstone.

0.445 Average of silty and sandy soil.

0.404 Average of silty and sandy soil.

0.1 Used a smaller value because the
moisture content is expected to be
low because of the small
infiltration rate.

107.31 Geometric mean for sandy and silty
soils. Geometric mean for sandy
soil was calculated as 803.5 in/yr.
Geometric mean for silty soil was
calculated as 14.33 rn/yr.

1.76 Geometric mean for sandy and silty
soils. Geometric mean for sandy
soil was calculated as 0.975.
Geometric mean for silty soil was
calculated as 3.1899.

0 No dispersivity was assumed for the

DOE 2006b, Sandia 2007

Yu et al. 2000

Distribution information for silt
and sand soils from
Yu etal. 2000

Distribution information for silt
and sand soils from
Yu et al. 2000

Field capacity

Hydraulic conductivity (m/yr)

b-parameter

Distribution information for silt
and sand soils from
Yu et al. 2000

Distribution information for
sand and silt soils from
Yu et al. 2000

Assumption used for all sites.
Longitudinal dispersivity (mn)

unsaturated zone.
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TABLE E-13 (Cont.)

Parameter Value Value Selection Rationale Source

Saturated zone hydrology
Thickness (in) 5.1 Saturated thickness for the natural DOE 2006b

water table identified in middle
Dewey Lake.

Density of saturated zone 1.47 Average of sandy and silty soils. Distribution information for silt
(g/cm3) and sand soils from

Yu et al. 2000
Total porosity 0.445 Average of silt and sand soil. Distribution information for silt

and sand soils from
Yu et al. 2000

Effective porosity 0.404 Average of silt and sand soil. Distribution information for silt
and sand soils from
Yu et al. 2000

Hydraulic conductivity (m/yr) 107.31 Geometric mean for sandy and silty Distribution information for silt
soils. Geometric mean for sandy and sand soils from
soil was calculated as 803.5 mn/yr. Yu et al. 2000
Geometric mean for silty soil was
calculated as 14.33 mn/yr.

Hydraulic gradient to well 0.0 17 The gradient in Dewey Lake is Powers et al. 1978
20-40 ft/mi in the east. It is up to
150 ft/mi to the west. Average is
90 ft/mi.

Depth of aquifer contributing to 5.1I Set to the depth of aquifer. Yu et al. 2007
well (mn), below water table

Longitudinal dispersivity (in) 10% of the Assumption used for all sites.
distance Common practice for groundwater
traveled modeling.

Horizontal lateral dispersivity (in) 10% of the Assumption used for all sites.
longitudinal Common practice for groundwater
dispersivity modeling.

Disperse vertically (yes/no) Yes To consider dispersion. Yu et al. 2007
Vertical lateral dispersivity (in) 10% of the Assumption used for all sites.

horizontal
lateral

dispersivity

1
2
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1 TABLE E-14 Soil/Water Distribution Coefficients for Different Radionuclides for
2 WIPP Vicinitya

Kd Value (cm 3/g)

Unsaturated Saturated Value Selection
Element Zone Zone Rationaleb Source

Ac 450 450 Value for sandy soil Sheppard and Thibault 1990
Am 1,445 1,445 Value for generic soil Yu et al. 2000

C 5 5 Value for sandy soil Sheppard and Thibault 1990
Cm 4,000 4,000 Value for sandy soil Sheppard and Thibault 1990
Co 60 60 Value for sandy soil Sheppard and Thibault 1990
Cs 280 280 Value for sandy soil Sheppard and Thibault 1990
Fe 209 209 Value for genetic soil Yu et al. 2000
Gd 825 825 Value for generic soil Yu et al. 2000
H 0.06 0.06 Value for generic soil Yu et al. 2000
I 1 1 Value for sandy soil Sheppard and Thibault 1990

Mn 50 50 Value for sandy soil Sheppard and Thibault 1990
Mo 10 10 Value for sandy soil Sheppard and Thibault 1990
Nb 160 160 Value for sandy soil Sheppard and Thibault 1990
Ni 400 400 Value for sandy soil Sheppard and Thibault 1990
Np 5 5 Value for sandy soil Sheppard and Thibault 1990
Pa 380 380 Value for generic soil Yu et al. 2000
Pb 270 270 Value for sandy soil Sheppard and Thibault 1990
Po 150 150 Value for sandy soil Sheppard and Thibault 1990
Pu 550 550 Value for sandy soil Sheppard and Thibault 1990
Ra 500 500 Value for sandy soil Sheppard and Thibault 1990
Sr 15 15 Value for sandy soil Sheppard and Thibault 1990

Sm 245 245 Value of sandy soil Sheppard and Thibault 1990
Tc 0.1 0.1 Value for sandy soil Sheppard and Thibault 1990
Th 3,200 3,200 Value for sandy soil Sheppard and Thibault 1990
U 35 35 Value for sandy soil Sheppard and Thibault 1990

aKd values are listed for the unsaturated zones and the saturated zone. For the contaminated zone,

the release fraction of radionuclides is correlated with the metal corrosion rate for the activated
metal wastes, the site-specific soil Kdj values for sealed sources, and site-specific soil Kdj values
and cementitious system Kd values for Other Waste.

bThe Kd value selected was the smaller one of either the value for sandy soil given in Sheppard
and Thibault (1990) or the value for generic soil recommended in NUREG/CR-6697
(Yu et al. 2000).

3
4

E-58 
January 2016

E-58 January 2016



Final GTCC EIS Fina GTC EJSAppendix E: Long-Term Human Health Impacts

1
2

TABLE E-15 Water Infiltration Rates Used in the RESRAD-OFFSITE Analyses for the
Six DOE Sitesa

Evaluated Sites

Hanford IN4L WIPP
Parameter Site Site LANL NNSS SRS Vicinity

Precipitation rate (m/yr) 0.17 0.22 0.36 0.13 1.2 0.3
Irrigation rateb (nm/yr) 0 0 0 0 0 0
Infiltration rate used in the analyses (m/yr) 0.003 5 0.05 0.005 0.00003 0.376 0.002

a Values were obtained from site reports.

b No agricultural activity over the disposal areas was assumed for this analysis

3
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1 TABLE E-16 Unsaturated Zone Characteristics Used as Input Parameters in the
2 RESRAD-OFFSITE Analyses for the Six DOE Sitesa

Disposal Site Considered

Hanford INL
Parameter Site Site LANL NNSS SRS WIPP Vicinity

Unsaturated Zone 1
Thickness (in) 58 9.14 13 246 6.1 153
Density (g/cm3) 1.65 1.64 1.4 1.65 1.65 1.47
Total porosity 0.37 0.5 0.41 0.36 0.39 0.445
Effective porosity 0.37 0.5 0.41 0.36 0.39 0.404
Field capacity 0.03 0.1 0.02 0.3 0.3 0.1
Hydraulic conductivity (m/yr) 710 29,200 61.81 0.00003 2.7 107.31
Soil b-parameter 4.05 4.34 0.175 5.3 6.62 1.76

Unsaturated Zone 2
Thickness (in) 30 94.6 26 _b 16.9-
Density (g/cm3) 1.93 2.0 1.2 - 1.62-
Total porosity 0.27 0.05 0.47 - 0.39-
Effective porosity 0.27 0.05 0.47 - 0.39-
Field capacity 0.024 0.001 0.02 - 0.3 -

Hydraulic conductivity (mn/yr) 148 3650 46.36 - 29 -

Soil b-parameter 7.12 0.76 1.339 - 4.1 -

Unsaturated Zone 3
Thickness (mn) - 7.47 16 - --

Density (g/cm3) - 1.46 1.2 - --

Total porosity - 0.57 0.44 - --

Effective porosity - 0.57 0.44 - --

Field capacity - 0.3 0.04 - --

Hydraulic conductivity (in/yr) - 1.29 71.08 - - -

Soil b-parameter - 3.6 2.152 - - -

Unsaturated Zone 4
Thickness (in) - 15.39 3 - --

Density (g/cm3) - 1.64 0.8 - --

Total porosity - 0.5 0.67 - --

Effective porosity - 0.5 0.67 - --

Field capacity - 0.3 0.00001 - - -

Hydraulic conductivity (mn/yr) - 29,200 46.36 - - -

Soil b-parameter - 10.4 1.891 - - -

Unsaturated Zone 5
Thickness (in) - 10.52 211 - --

Density (g/cm3) - 2.0 2.7 - --

Total porosity - 0.05 0.001 - - -

Effective porosity - 0.05 0.00 1 - - -

Field capacity - 0.001 0.00001 - - -

Hydraulic conductivity (m/yr) - 365,000 309.05 - - -

Soil b-parameter - 1.67 2.71 - --

a The values given here were used in the RESRAD-OFFSITE evaluations for post-closure performance of the

vault method. A smaller value for thickness (of the effective unsaturated zone) was used as the input value for
evaluating post-closure performance of the trench and borehole methods to simulate placement of the waste in
the unsaturated zone for these two methods.

bA dash means not applicable.
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2

TABLE E-17 Saturated Zone Characteristics Used as Input Parameters in the RESRAD-
OF~FSITE Analyses for the Six DOE Sitesa

Evaluated Site

Hanford INL WIPP
Parameter Site Site LANL NNSS SRS Vicinity

Thickness (in) 45 495 37.5 220 27.85 5.1
Density of saturated zone (g/cm3) 1.98 2.0 2.7 1.6 1.39 1.47
Total porosity 0.25 0.05 0.05 0.36 0.38 0.445
Effective porosity 0.25 0.05 0.05 0.36 0.25 0.404
Hydraulic conductivity (m/yr) 12,775 1,979 309.1 439 1,265 107.31
Hydraulic gradient to well 0.00124 0.00075 0.013 0.000097 0.0079 0.017
Depth of aquifer contributing to well (in) 10 10 10 10 10 5.1

a Parameter values were obtained from site reports when available.
3
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TABLE E-18 Soil/Water Distribution Coefficient (K~d) Values (cm 3 /g) Used in RESRAD-OFFSITE Analyses for
the Six DOE Sitesa

Evaluated Sites

Hanford
Elementb Soil Layerc Site INL Site LANLd NNSS SRS WIPP Vicinity

Ac

Am

C

Cm

Co

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

300, 30 225, 0, 225, 225, 0
300 9

1,900; 190 225, 0, 225, 225, 0
1,900 9

4, 0.4 0.4, 0, 0.4, 0.4, 0
4 0.016

300, 30 4,000; 0; 4,000; 4,000; 0
300 160

2,000; 200 10, 0, 10, 10, 0
2,000 0.4

80, 8 500, 0, 500, 500, 0
80 20

220, 22 220, 0, 220, 220, 0
220 8.8

0
0

50
50

0.45
0.45

7.5
7.5

0
0

4,000
4,000

60
60

280
280

130 7,000
130 7,000

2,400 7,000
2,400 7,000

8,500; 1,100
1,100

8,500; 1,100
1,100

0, 0
0

8,500; 1,100
1,100

30, 7
7

250, 50
50

400, 200
200

450
450

1,445
1,445

5
5

4,000
4,000

60
60

280
280

209
209

Cs

Fe 209 209
209 209

Gd UZ 825, 82.5 240, 0, 240, 240, 0
SZ 825 9.6

50 825 8,500; 1,100
50 825 1,100

825
825

34

t'j

ON



TABLE E-18 (Cont.)

Evaluated Sites

Hanford
Elementb Soil Layerc Site INL Site LANLd NNSS SRS WIPP Vicinity

H

I

Mn

Mo

Nb

UZ
SZ

UZ
SZ

UZ
SZ

UZ
Sz

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

UZ
SZ

0, 0
0

0, 0
0

50, 5
50

0,0,0,0,0
0

0,0,0,0,0
0

50, 0, 50, 50, 0
2

0
0

0
0

158
158

0
0

0
0

50
50

Ni

Np

10, 1
10

300, 30
300

400, 40
400

2.5, 0.25
2.5

2.5, 0.25
2.5

80, 8
80

150, 15
150

10, 0, 10, 10, 0
0.4

500, 0, 500, 500, 0
20

100, 0, 100, 100,0
4

23, 0, 23, 23, 0
0.92

8, 0, 8,8, 0
0.32

270, 0, 270, 270, 0
10.8

150,0, 150, 150, 0
6

4 10
4 10

100 7,000
100 7,000

0, 0
0

0.6, 0
0

200, 15
15

120, 6
6

0, 0
0

30, 7
7

35, 0.60
0.6

35, 0.6
0.6

50
50

2.2
2.2

5,500
5,500

Pa

0.06
0.06

1
1

50
50

10
10

160
160

400
400

5
5

380
380

270
270

150
150

100
100

5
5

5
5

300
300

300
300

t-)

Pb

Po

25
25

10
10

5,000; 2,000
2,000

5,000; 2,000
2,000



TABLE E-18 (Cont.)

ON

Evaluated Sites

Hanford
Elementb Soil Layerc Site TNL Site LANLd NNSS SRS WIPP Vicinity

Pu UZ 150, 15 2,500; 0; 2,500; 2,500; 0 4.1 7.5 5,900; 270 550
SZ 150 100 4.1 7.5 270 550

Ra UZ 10, 1 575, 0, 575,575, 0 500 185 17, 5 500
SZ 10 23 500 185 5 500

Sm UZ 300, 30 2,500; 0; 2,500; 2,500; 0 50 245 8,500; 1,100 245
SZ 300 100 50 245 1,100 245

Sr UZ 10, 1 12, 0, 12, 12, 0 40 420 17, 5 15
SZ 10 0.48 40 420 5 15

Tc UZ 0, 0 0, 0,0, 0,0 0 0 0.2, 0.1 0.1
SZ 0 0 0 0 .0.1 0.1

Th UZ 3,200; 320 500, 0, 500, 500, 0 5,000 7,000 2,000; 900 3,200
SZ 3,200 20 5,000 7,000 900 3,200

U UZ 0.6, 0.06 15.4, 0, 15.4, 15.4, 0 2.4 0.8 300, 200 35
SZ 0.6 0.616 2.4 0.8 200 35

a Kd values were obtained from site reports and other site sources, as identified in Tables E-3, E-5, E-7, E-9, E-1 1, and E-13.

b The Kid values for different isotopes of the same element were assumed to be the same in the analysis.

C For purposes of this analysis, the transport of radionuclides leached from the disposal area was assumed to occur in vadose
zones and the saturated zone at all potential disposal sites. The physical properties of these zones are site dependent.
Abbreviations for vadose zones (which are unsaturated) and the saturated zone are UZ and SZ, respectively.

d For the LANL site, all the vadose zones were assumed to have the same Kd value.

0

0

0

C.,

t-'J

ON

1



Final GTCC EJS Apni Ln-emHmnHat matAppendix E: Long-Term Human Health Impacts

1 TABLE E-19 RESRAD-OFFSITE Input Parameter Values for Groundwater Analysis
2 for Generic Commercial Sites in the Four Regions

Parameter Name Region I Region II Region III Region lV

Site properties
Precipitation (m/yr)a 0.074 0.18 0.05 0.001

Primary contamination area propertiesb
Irrigation (rmlyr) 0 0 0 0
Evapotranspiration coefficient 0 0 0 0
Runoff coefficiente 0 0 0 0
Rainfall and runoffe 160 160 160 160
Slope-length-steepness factor 0.4 0.4 0.4 0.4
Cover and management factor 0.03 0.03 0.03 0.03
Support practice factor 1 1 1 1

Contaminated zoneb
Total porosity 0.4 0.4 0.4 0.4
Erosion rate (m/yr) 1 .00E-05 1 .00E-05 1 .00E-05 1 .00E-05
Dry bulk density (g/cm3 ) 1.8 1.8 1.8 1.8
Soil erodibility factor 0.42 0.42 0.42 0.42
Field capacity 0.3 0.3 0.3 0.3
b-parameter 5.3 5.3 5.3 5.3
Hydraulic conductivity (m/yr) 10 10 10 10

Cover layerb
Total porosity 0.4 0.4 0.4 0.4
Erosion rate (m/yr) 1.00E-05 1.00E-05 1.00E-05 1.00E-05
Dry bulk density (g/erm3) 1.5 1.5 1.5 1.5
Soil erodibility factor 0.35 0.35 0.35 0.35

Unsaturated zone 1
Thickness (in) 3.353 13.41 2.16 54.86
Density (g/cm3) 1.6 1.5 1.5 1.6
Total porosity 0.38 0.42 0.44 0.41
Effective porosity 0.38 0.42 0.44 0.41
Field capacity 0.093 0.15 0.23 0.12
Hydraulic conductivity (m/yr) 1981 201 518 1798
b parameterb 5.3 5.3 5.3 5.3
Longitudinal dispersivity (m)b 0 0 0 0

Saturated zone hydrologyd
Thickness (in) 13.72 15.24 11.28 64
Density of saturated zone (g/cm3) 1.6 1.8 1.6 1.7
Total porosity 0.38 0.4 0.38 0.3
Effective porosity 0.22 0.23 0.22 0.17
Hydraulic conductivity (m/yr)e 103.6 18.9 21.03 91
Hydraulic gradient to welle 1 1 1 1
Depth of aquifer contributing to well 10 10 10 10

(in), below water table
Longitudinal dispersivity (in) 10% of 10% of 10% of 10% of

distance distance distance distance
traveled traveled traveled traveled
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TABLE E-19 (Cont.)

Parameter Name Region I Region II Region Ill Region IV

Horizontal lateral dispersivity (in) 10% of 10% of 10% of 10% of
longitudinal longitudinal longitudinal longitudinal
dispersivity dispersivity dispersivity dispersivity

Disperse vertically (yes/no) Yes Yes Yes Yes
Vertical lateral dispersivity (in) 10% of 10% of 10% of 10% of

horizontal horizontal horizontal horizontal
lateral lateral lateral lateral

dispersivity dispersivity dispersivity dispersivity

aThe input value for the precipitation rate was set to match the infiltration rate used in
NUJREG-0782, Vol. 4 (NRC 1981). In order to obtain the same infiltration rate to the vadose
zone as that used in NUREG-0782, the irrigation rate, evapotranspiration rate, and runoff
coefficient were all set to 0.

b Input parameters for the primary contamination area, contaminated zone, and cover layers were

kept the same as those used for the DOE alternate sites, unless specifically noted.

c The evapotranspiration rate and runoff coefficient were set to zero in order to obtain the desired

water infiltration rate. See also note footnote a.

dInput parameters for the unsaturated and saturated zones were obtained from Toblin (1998,
1999), and Poe (1998), unless specifically noted.

CTo obtain the same Darcy's velocity as used in Toblin (1999), the hydraulic conductivity was set
to the Darcy velocity value, while the hydraulic gradient was set to 0.

1
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TABLE E-20 Soil/Water Distribution Coefficients (cm 3/g) for Different Radionuclidesa for
Commercial Facilities in the Four Regions

Region I Region II Region III Region IV

Unsaturated Saturated Unsaturated Saturated Unsaturated Saturated Unsaturated Saturated
Element Zone Zone Zone Zone Zone Zone Zone Zone

Ac 228 228 538 228 538 228 228 228
Am 82 82 200 82 200 82 82 82
C 0 0 0 0 0 0 0 0

Cm 82 82 200 82 200 82 82 82
Co 2 2 9 2 9 2 2 2

Cs 51 51 249 51 249 51 51 51
Feb 209 209 209 209 209 209 209 209
Gdb 50 50 50 50 50 50 50 50

H 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0

Mnb 50 50 50 50 50 50 50 50
Mob 4 4 4 4 4 4 4 4

Nb 50 50 100 50 100 50 50 50
Ni 12 12 59 12 59 12 12 12
Np 3 3 3 3 3 3 3 3
Pa 0 0 50 0 50 0 0 0

Pb 234 234 597 234 597 234 234 234
Poe 234 234 597 234 597 234 234 234

Pu 10 10 100 10 100 10 10 10
Ra 24 24 100 24 100 24 24 24
Sm 228 228 538 228 538 228 228 228
Sr 24 24 100 24 100 24 24 24
To 3 3 3 3 3 3 3 3
Th 100 100 100 100 100 100 100 100

U 0 0 50 0 50 0 0 0

a Kd values were obtained from Toblmn (1999) unless specifically noted.

b Selected Kd values for Fe, Gd, Mn, Mo, respectively, were the smallest values among those used for the six federal

sites.

C The value of the Kd for Po was set to be same as the value of the Kd for Pb.
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1 TABLE E-21 Estimated Peak Annual Doses (in mrem/yr) from the Use of Contaminated Groundwater for the No Action
2 Alternativea,b

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated •Sealed Other Waste Other Waste

NRC Region (yr) Metals Sources - CH - RH Metals Sources - CHI - RH

I 10,000 130 73,000 3,800 26,000 - - 97,000 270,000
100,000 130 73,000 3,800 26,000 - - 97,000 270,000

II 10,000 10 210 - 850 0.14 - 0.14 0
100,000 170 16,000 - 3,200 0.14 - 180 14,000

III 10,000 6.2 120 ...... -

100,000 190 13,000 ...... -

IV 10,000 0 0 0 0 0 0 0 0
100,000 0 9.3 0 0.023 0 0 0.89 9.8

aCHI = contact-handled, GTCC =greater-than-Class C, RH = remote-handled, Region I-IV = a generic storage site located within each of the

four NRC regions.

bThese annual doses are associated with the use of contaminated groundwater by a hypothetical resident fanner located 100 m (330 ft) from the
edge of the storage facility. All values are given to two significant figures, and a dash means there is no inventory for that waste type. The
values given in this table represent the peak annual doses from each waste type. Because of the different radionuclide mixes and activities
contained in the different waste types, the peak annual doses that could result from each waste type individually generally occur at different
times than the peak annual dose from the entire inventory. The peak annual doses from the entire GTCC LLRW and GTCC-like waste inventory
are given in Chapter 3 of the EIS.
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TABLE E-22 Estimated Peak Annual Doses (in mrem/yr) from the Use of Contaminated Groundwater at the Various Sites for the
Stored Group 1 Inventorya~b

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RH-

Hanford Site Vault

Trench

Borehole

1NL Site Vault

Trench

Borehole

10,000
100,000

10,000
100,000

10,000
100,000

10,000
100,000

10,000
100,000
10,000

100,000

10,000
100,000

10,000
100,000

10,000
100,000

0.26
0.26
0.33
0.33
0.17
0.17

7.7
7.7
8.9
8.9
6.2
6.2

60
60
5.2
5.2
3.0
3.0

_b 0
< 0.001

0
< 0.001

0
0

0
0.0029

0
0
0
0

0.044
0.36
0.042
0.35

0.0 13
0.11

2.3
2.3
2.0
2.0
0.79
0.79

0.22
0.22
0.21
0.21
0.065
0.065

0
0
0
0
0

< 0.001

0.86
0.86
0.99
0.99
0.68
0.68

0.45
0.45
0.55
0.55
0.33
0.33

0
< 0.001

0
< 0.001

0*
< 0.001

0
0
0
0
0
0

0
0
0
0
0
0

0.012
20

0.014
24

< 0.0042
7.5

5.5
70
6.4
78
48
53

1.8
1.8
2.2
2.2
0.74
0.74

40
40
39
39

0.11
0.63

2,200
2,200
1,900
1,900
750
750

230
230
210
210
67
67

LANL Vault

Trench

Borehole

0
0
0
0
0
0

NNSS Vault 10,9000
100,000

Trench 10,000
100,000

Borehole 10,000
100,000

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0 0
0 0
0 0
0 0
0 0
0 0

0
0
0
0
0
0

0
0
0
0
0
0



TABLE E-22 (Cont.)

,N

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RHF

SR50  Vault 10,000 2.9 - 0.0051 1.3 0.21 < 0.001 40 1,000
100,000 2.9 - 0.0051 1.3 0.21 < 0.001 120 1,000

Trench 10,000 4.0 - 0.0059 1.4 0.27 < 0.001 62 1,100
100,000 8.0 - 0.0059 1.4 0.27 < 0.001 130 1,100

WIPP Vicinity Vault 10,000 0 - 0 0 0 0 0 0
100,000 2.9 - 0 0.16 0 0 0.039 36

Trench 10,000 0 - 0 0 0 0 0 0
100,000 2.9 - 0 0.12 0 0 0.039 28

Borehole 10,000 0 - 0 0 0 0 0 0
100,000 2.9 - 0 0.068 0 0 0.022 16

Region IC Vault 10,000 14 - 0 24 0.027 0.0075 700 3,200
100,000 14 - 0 24 0.027 0.0075 700 3,200

Region TIC Vault 10,000 0.98 - 0.013 0.056 0.13 0 18 940
100,000 16 - 0.013 5.4 0.13 0 130 940

Trench 10,000 1.7 - 0 0.25 0.16 0 20 950
100,000 62 - 0 1 8 0.16 0 590 2,100

Region 1110 Vault 10,000 1.1 - 0 0.077 0.16 0 6.3 410
100,000 32 - 0 3.7 0.16 0 90 410

Region IV Vault 10,000 0 - 0 0 0 0 0 0
100,000 0.0041 - 0 0.11 0 0 5.8 5.7

Trench 10,000 0 - 0 0 0 0 0 0
100,000 0.0072 - 0 0.10 0 0 7.1 5.4

Borehole 10,000 0 - 0 0 0 0 0 0
100,000 0.028 - 0 0.034 0.0039 0 2.3 1.7

Footnotes appear on next page.



TABLE E-22 (Cont.)

a.CH = contact-handled, GTCC = greater-than-Class C, INL =Idaho National Laboratory, LANL =Los Alamos National Laboratory, '
NNSS = Nevada National Security Site, RHI= remote-handled, SRS = Savannah River Site, WIPP = Waste Isolation Pilot Plant, Region I-IV =a generic commercial site•
located within each of the four major regions of the country.

bThese annual doses are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 ft) from the edge of the disposal
facility. All values are given to two significant figures, and a dash means there is no inventory for that waste type. Annual doses of less than 0.001 mrem/yr are reported
as <0.001. The values given in this table represent the peak annual doses from each waste type. Because of the different radionuclide mixes and activities contained in the
different waste types, the peak annual doses that could result from each waste type individually generally occur at different times than the peak annual dose from the
entire inventory. The peak annual doses from the entire GTCC LLRW and GTCC-like waste inventory are given in the site-specific chapters of the EIS.

The above-grade vault is the only method evaluated for Region I and Region III because of the shallow groundwater depth. The borehole method is not considered

suitable for SRS and Regions I, II, and III.
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1 TABLE E-23 .Estimated Peak Annual Doses (in mrem/yr) from the Use of Contaminated Groundwater at the Various Sites for
2 the Projected Group 1 Inventorya~b

Peak Annual Dose (in mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RH

Hanford Site Vault 10,000 4.0 0 _b 0.0013 0 0 0.0045 0.12
100,000 4.0 21 - 0.011 0 0.0012 5.6 480

Trench 10,000 5.0 0 - 0.0013 0 0 0.0055 0.12
100,000 5.0 25 - 0.011 0 0.0015 6.9 460

Borehole 10,000 2.6 0 - < 0.001 0 0 0.0016 0.036
100,000 2.6 11 - 0.0033 < 0.001 < 0.001 2.1 140

1NL Site Vault 10,000 120 0.028 - 0.069 2.1 0 1.6 6.4I
100,000 120 150 - 0.069 2.1 0.0058 19 1,700

Trench 10,000 140 0 - 0 2.5 0 1.8 5.7
- 100,000 140 170 - 0 2.5 0 22 1,500

Borehole 10,000 93 32 - 0.024 1.7 0 8.4 580
100,000 93 74 - 0.024 1.7 0 8.6 580

LANL Vault 10,000 64 0 - 0 1.1 0 0.52 0.62
100,000 64 0 - 0 1.1 0 0.52 0.62 •

Trench 10,000 78 0 - 0 1.4 0 0.63 0.58..

100,000 78 0 - 0 1.4 0 0.63 0.58
Borehole 10,000 46 0 - 0 0.81 0 0.21 0.18 ;

100,000 46 0 - 0 0.81 0 0.21 0.18 _

NNSS Vault 10,000 0 0 - 0 0 0 0 0
100,000 0 0 - 0 0 0 0 0

Trench 10,000 0 0 - 0 0 0 0 0
100,000 0 0 - 0 0 0 0 0

Borehole 10,000 0 0 - 0 0 0 0 0... .. .. .. .. .. .. .. .. . 1 0 0 o ,0 0 0o. . . . . . . .. . .o . . . . . .0.. .. ... 0. 0 . . . .. . . . 0 . . . . . 0 . . .. . . 0 . . . . . . . . .



TABLE E-23 (Cont.)

N

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RH-

SRSe Vault 10,000 45 150 - 0.039 0.53 < 0.001 10 3.6
100,000 45 150 - 0.039 0.53 < 0.001 33 400

Trench 10,000 60 170 - 0.043 0.66 < 0.001 16 3.9
100,000 120 330 - 0.043 0.66 0.073 38 430

WIPP Vicinity Vault 10,000 0 0 - 0 0 0 0 0
100,000 44 0 - 0.0047 0 0 0.014 0.44

Trench 10,000 0 0 - 0 0 0 0 0
100,000 44 0 - 0.0037 0 0 0.014 0.34

Borehole 10,000 0 0 - 0 0 0 0 0
100,000 44 0 - 0.0021 0 0 < 0.001 0.19

Region Je Vault 10,000 220 5,300 -0.73 0.067 10 200 9,700
100,000 220 5,300 -0.73 0.067 10 200 9,700

Region I10 Vault 10,000 15 220 - 0.0059 0.33 0 3.2 0.55
100,000 250 1,400 - 0.16 0.33 0.049 37 330

Trench 10,000 26 250 - 0 0.39 0 4.7 320
100,000 940 5,400 - 0.54 0.39 4.6 170 430

Region IIIC Vault 10,000 18 95 -0 0.40 0 1.4 0.2
100,000 490 940 -0.11 0.40 0.19 26 170

Region IV Vault 10,000 0 0 - 0 0 0 0 0
100,000 0.062 5.7 - 0.0032 0 0 1.6 130

Trench 1 0,000 0 0 -. 0 0 0 0 0
100,000 0.11 6.9 - 0.0031 0.0013 0 1.9 130

Borehole 10,000 0 0 - 0 0 0 0 0
100,000 0.45 2.3 - < 0.001 < 0.001 0 0.64 44

Cm

Footnotes appear on next page.



TABLE E-23 (Cont.)

aCH = contact-handled, GTCC = greater-than-Class C, INL = Idaho National Laboratory, LANE = Los Alamos National Laboratory, NNSS =Nevada National

Security Site, RH = remote-handled, SRS = Savannah River Site, WIPP = Waste Isolation Pilot Plant, Region I-IV = a generic commercial site located within•

each of the four major regions of the country.

bThese annual doses are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 fi) from the edge of the

disposal facility. All values are given to two significant figures, and a dash means there is no inventory for that waste type. Annual doses of less than
0.001 mrem/yr are reported as <0.001. The values given in this table represent the peak annual doses from each waste type. Because of the different radionuclide
mixes and activities contained in the different waste types, the peak annual doses that could result from each waste type individually generally occur at different
times than the peak annual dose from the entire inventory. The peak annual doses from the entire GTCC LLRW and GTCC-Iike waste inventory are given in the
site-specific chapters of the EIS.

CThe above-grade vault is the only method evaluated for Region I and Region III because of the shallow groundwater depth. The borehole method is not

considered suitable for SRS and Regions I, II, and III.
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TABLE E-24 Estimated Peak Annual Doses (in mrem/yr) from the Use of Contaminated Groundwater at the Various Sites for
the Total Group 1 Inventorya~b.

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RH

Hanford Site Vault 10,000
100,000

Trench 10,000
100,000

Borehole 10,000
100,000

INL Site

LANL

Vault 10,000
100,000

Trench 10,000
100,000

Borehole 10,000
100,000

Vault 10,000
100,000

Trench 10,000
100,000

Borehole 10,000
100,000

4.2
4.2
5.3
5.3
2.8
2.8

130
130
150
150
99
99

120
120
84
84
49
49

0
21
0

25
0
11

0.028
150
0

170
32
74

0
0
0
0
0
0

0
0
0
0
0
0

0
< 0.001

0
< 0.001

0
0

0
0.0029

0
0
0
0

0
0
0
0
0
0

0.045
0.38
0.043
0.36
0.013
0.11

2.3
2.3
2.0
2.0

0.81
0.81

0.22
0.22
0.21
0.21
0.065
0.065

0
0
0
0
0

< 0.001

3.0
3.0
3.4
3.4
2.4
2.4

1.6
1.6
1.9
1.9
1.1
1.1

0
0.0012

0
0.0015

0
< 0.001

0
0.0058

0
0
0
0

0
0
0
0
0
0

0.0 16
26

0.02
31

0.0058
9.6

7.1
89
8.2
100
56
61

2.3
2.3
2.8
2.8
0.95
0.95

41
490
39
480
0.14
140

2,200
2,200
1,900
1,900
750
750

230
230
210
210
67
67

NNSS Vault 10,000
100,000

Trench 10,000
100,000

Borehole 10,000
100,000

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

ON



&o

0

• oud ;xou uo .icoddu so~ou~oog [

01
0£
0o
0lr

O09

0t,6

000'0t

0%

017

91
0

O001'1
O001'1

£
0
6
0
V'L
0

8"9

09L

OL.1
61

006
006

0
0
0
0
0
0

£IO'O
0

£100.0
0
0
0

5t0"0
0

11'O
0

11'0
0

LLO'O

81

090"0

0
0
0
0
0
0

0
0

0
0

£10.0
£10"0

6U"0
0

9.17
0

6170"0
0

01
01

0
0
0
0
0
0

£LO'O
100"0>
100"0 >
10O0">

0
6"9
0

~0

0176

00t7'5
05z

0017'I

8tV0
0

EI'0
0

990'0
0

0Es
61

000'1

09Z
91

917"0
917"0

£60"0
£60"0

O00'OO1
O00'OI
000'00 I
000'01
000'001
O00'OI

000'001
O00'OL

000'001
O00'O1
000'00I
000'01

000'00L
000'01

000'001
000'01
000'001
000'01
000'00 I
O00'O1

000'001
O00'OL
O00'OO1
O00'O1

o~oqoaog

LqouaI1

;IngA AI uo!1a)

qlnuA oiiu!j

Mln•A oil UOl~}J

oI uo!•o)J0
0

0£0"0
0.

0

0

0L I
6L.
0& I

0
0
0
0
0
0

0L0"0
0

£I'0
0

9I"0
0

0
0
0
0
0
0

6500"0
6500"0
1500"0
1500"0

0
0
0
0
0
0

OLI
05 I
05 I

Li17
0
L17
0

L17
0

0£ I
179
817
817

MlneA X&!u!!A ddIPA

t1ouai1
£6"0
£6"0
17L'O
17V'O

V 'I
tV'I
V'I
V'I IlneA 0S)JS

HH- H3 - sooanos Sle1OIA H4 - HO- sooIfnoS SlgJaA. (iX) poq;,a•jl!
o .''PA O aaWo lsA,• .IoT.o paI~S pa•,IAf, V o lS tf alo a;S•A\ fol-o paI~S pa•,AWlV s!sA•IIUVJO

___________________________________po!afd aW!I

O1SteA% O)jlj-3Jjjf AJt'-J- D310

(';uoD) •-•t •tqflV&



TABLE E-.24 (Cont.)

aCH = contact-handled, GTCC = greater-than-Class C, TNL = Idaho National Laboratory, LANL =Los Alamos National Laboratory, NNSS =Nevada National

Security Site, RI-I remote-handled, SRS =Savannah River Site, WIPP =Waste Isolation Pilot Plant, Region I- IV =a generic commercial site located within
each of the four major regions of the country.

b These annual doses are associated with the use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 if) from the edge of the
disposal facility. All values are given to two significant figures. Annual doses of less than 0.001 mrem/yr are reported as <0.001I. The values given in this table
represent the peak annual doses from each waste type. Because of the different radionuclide mixes and activities contained in the different waste types, the peak
annual doses that could result from each waste type individually generally occur at different times than the peak annual dose from the entire inventory. The peak
annual doses from the entire GTCC LLRW and GTCC-like waste inventory are given in the site-specific chapters of the ELS.

o The above-grade vault is the only method evaluated for Region I and Region III because of the shallow groundwater depth. The borehole method is not

considered suitable for SRS and Regions I, II, and III.
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1 TABLE E-25 Estimated Peak Annual Doses (in mrem/yr) from the Use of Contaminated Groundwater at the Various Sites for
2 the Total Group 2 Inventorya~b

Peak Annual Dose (rem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated. Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RI- Metals Sources - CH - RH

Hanford Site Vault 10,000 2.0 0 0.025 1.6 - 0.0062 0.23
100,000 2.0 0 3.7 9.4 - - 11 22

Trench 10,000 2.5 0 0.03 1 1.5 - - 0.0076 0.22
100,000 2.5 0 4.5 8.9 - - 14 21

Borehole 10,000 1.3 0 0.0091 0.47 - - 0.0023 0.066
1 00,000 1.3 0 1.4 2.8 - - 4.2 6.5

TNL Site Vault 10,000 57 0 2.4 100 - - 3.1 12
100,000 57 0 13 100 - - 38 76

•1Trench 10,000 65 0 2.9 100 - - 3.6 11
100,000 65 0 14 100 - - 43 69

Borehole 10,000 45 0 5.6 50 - - 17 26
100,000 45 0 5.9 50 - - 18 30

LANL Vault 10,000 30 0 0.87 40 - - 1.0 3.1 •
100,000 30 0 0.87 40 - - 1.0 3.1

Trench 10,000 37 0 1.0 38 - - 1.2 2.9
100037 0 1.0 38 - - 1.2 2.9

Borehole 100,000 2 .51 .209
Boeoe 100,000 22 0 0.35 13 - - 0.42 0.96

NNSVut 100,000 02 0 0.3 03 - - 0.4 0.9

NNSVut 100,000 0 0 0 0 - - 0 0

Trnh 100,000 0 0 0 0 - - 0 0
Trnh 100,000 0 0 0 0 - - 0 0
Boeoe 100,000 0 0 0 0 - - 0 0
Boeoe 100,000 0 0 0 0 - - 0 0

t,,J



TABLE E-25 (Cont.)

Peak Annual Dose (mrem/yr) within 10,000 and 100,000 Years

GTCC LLRW GTCC-Like Waste
Time Period
of Analysis Activated Sealed Other Waste Other Waste Activated Sealed Other Waste Other Waste

Site Method (yr) Metals Sources - CH - RH Metals Sources - CH - RH

SRSe Vault 10,000 21 0 10 390 - - 20 50
100,000 21 0 26 390 - - 66 110

Trench 10,000 28 0 13 460 - - 32 59
100,000 62 0 27 460 - - 76 59

WIPP Vicinity Vault 10,000 0 0 0 0 - - 0 0
100,000 20 0 0.017 3.6 - - 0.022 0.67

Trench 10,000 0 0 0 0 - - 0 0
100,000 20 0 0.016 2.8 - - 0.022 0.52

Borehole 10,000 0 0 0 0 - - 0 0
100,000 19 0 0.0091 1.6 - - 0.012 0.29

Regionlce Vault 10,000 110 0 71 490 - - 410 820
100,000 110 0 71 490 - - 410 820

Region I1e Vault 10,000 7.1 0 5.4 210 - - 6.3 39
100,000 120 0 10 210 - - 76 150

Trench 10,000 12 0 6.6 210 - - 9.5 35
100,000 480 0 43 330 - - 340 530

Region lIIP Vault 10,000 7.8 0 2.1 83 - - 2.5 15
100,000 240 0 7.1 74 - - 56 110

RegionlIV Vault 1 0,000 0 0 0 0 - - 0 0
100,000 0.11 0 1.0 8.4 - - 3.1 6.2

Trench 10,000 0 0 0 0 - - 0 0
100,000 0.14 0 1.2 6.9 - - 3.9 5.8

Borehole 10,000 0 0 0 0 - - 0 0
100,000 0.26 0 0.41 1.5 - - 1.3 2.0

0%

t-,,

Footnotes appear on next page.



TABLE E-25 (Cont.)

a CH =contact-handled, GTCC = greater-than-Class C, 1NL =Idaho National Laboratory, LANL = Los Alamos National Laboratory, NNSS = Nevada National "
Security Site, RH =remote-handled, SRS =Savannah River Site, WIPP =Waste Isolation Pilot Plant, Region I-IV = a generic commercial site located within•
each of the four major regions of the country.

bThese annual doses are associated withthe use of contaminated groundwater by a hypothetical resident farmer located 100 m (330 ft) from the edge of the
disposal facility. All values are given to two significant figures, and a dash means there is no inventory for that waste type. Annual doses of less than
0.001 mrem/yr are reported as <0.001. The values given in this table represent the peak annual doses from each waste type. Because of the different
radionuclide mixes and activities contained in the different waste types, the peak annual doses that could result from each waste type individually generally
occur at different times than the peak annual dose from the entire inventory. The peak annual doses from the entire GTCC LLRW and GTCC-like waste
inventory are given in the site-specific chapters of the EIS.

CThe above-grade vault is the only method evaluated for Region I and Region III because of the shallow groundwater depth. The borehole method is not

considered suitable for SRS and Regions I, II, and III.
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1
2 TABLE E-26 Sensitivity Analysis Cases Addressed in the EIS

3
4
5
6

Base

Parameter Case Case I Case II CaselIII Case IV Case V Case VI Case VII Case VIII Case IX Case X

Effective period of grout (yr) 500 500 500 2,000 2,000 2,000 5,000 5,000 5,000 500 500

Percentage of natural 20 50 100 20 50 100 20 50 100 20 20
infiltration rate into the waste
units after 500 years (%)

Distance to the hypothetical 100 100 100 100 • 100 100 100 100 100 300 500
receptor (mn)

TABLE E-27 Peak Annual Doses within 10,000 Years and the Occurrence Times at the WlPP Vicinity for the Different

Sensitivity Analysis Casesa

Base
Result Case Case I Case II Case m Case IV Case V Case VI Case VII Case VIII Case IX Case X

Peak annual dose (mrem/yr) 0 0 0 0 0 0 0 0 0 0 0
Time (yr) 0 0 0 0 0 0 0 0 0 0 0

a The sensitivity analysis considered the disposal of stored Group 1 GTCC-like Other Waste - CH by using the trench method.

V-4
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2

TABLE E-28 Peak Annual Doses within 10,000 Years and the Occurrence Times at SRS for the Different Sensitivity Analysis
Casesa

Base
Result Case Case I Case II Case III Case IV Case V Case VI Case VII Case VTII Case IX Case X

Peak annual dose (mrem/yr) 62 140 250 41 85 130 37 72 100 23 13
Time (yr) 610 580 550 2,100 2,100 2,000 5,100 5,100 5,100 780 940

a The sensitivity analysis considered the disposal of stored Group 1 GTCC-like Other Waste - CHI by using the trench method. All values are
given to two significant figures. The times for the peak annual doses represent the time after failure of the cover and engineered barriers (which
is assunmed to begin 500 years after closure of the disposal facility).
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