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1 TABLE 4.3.11-1 Waste That Is Generated from Construction and
2 Operations under Alternative 2

Waste Construction Operationsa

Liquid nonhazardous (sanitary) (L/yr) NAb 830,000
Solid nonhazardous (sanitary) (tons/yr) NA 23
Solid hazardous (including sludge) (tons/yr) NA 8.6

aAssumed a total of 8,669 hoist trips and 20 years of operation, which is
when the majority of GTCC LLRW and GTCC-Iilce waste would be
received. Estimates were based on Sandia (2008a).

bNA means not applicable.

3
4
5 Geology. It is assumed that the GTCC LLRW and GTCC-like waste would be disposed
6 of in underground waste disposal rooms similar to those currently used for the disposal of TRU
7 waste and that they would be mined adjacent to the panels currently planned for the repository.
8 Because the techniques used for room construction would be the same as those employed for
9 developing the existing repository, geologic impacts would be the same as those produced by

10 historical construction activities and would be negligible.
11
12 Water resources. Construction activities to allow for the disposal of GTCC LLRW and I
13 GTCC-like waste in the WIPP repository would increase the site's annual water use of1
14 15 million L (4 million gal) by about 2% and would increase production at the Carlsbad Double
15 Eagle South Well Field by about 0.03%. Construction of the additional rooms at the WIPP
16 repository would not disturb the ground surface. Because no land surfaces would be disturbed
17 during construction, there would be no impacts on either surface water or groundwater resources.
18 Similarly, there would be no impacts on surface water or groundwater quality during
19 construction because there would be no liquid wastes produced and because underground spills
20 would be limited to the interior of the repository, where timely and effective cleanup would
21 occur. The waste disposal operations to emplace the GTCC LLRW and GTCC-like waste
22 inventory at the WIPP repository would require approximately 20 million L (5.4 million gal) of
23 water. This quantity of water is the same as the amount used currently for WIPP operations
24 because in the peak operational year, GTCC LLRW and GTCC-like waste shipments would be
25 emplaced at a level similar to the level for waste shipments currently being handled at WIPP.
26 Because the quantity of water used annually would be the same as the amount that is currently
27 used, there would be no net increase in water use at the site. Similarly, there would be no
28 additional water demand on the Double Eagle water supply system.
29
30 Human health. It is estimated that the radiation dose commitment to the workforce
31 would be 5.8 person-rem and would not produce any LCFs. The maximum dose to any
32 individual worker would not exceed the administrative limit for waste disposal at WIPP of
33 1 rem/yr and would likely be no more than several hundred murem over the entire duration of the
34 disposal activities. A total of about 62 lost workdays due to occupational injuries and no fatalities
35 are projected for the workforce who would be disposing of GTCC LLRW and GTCC-like wastes
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1 under this alternative. These injuries would not be associated with the radioactive nature of the
2 wastes but would simply be those that are expected to occur in any project of this size. No
3 measurable radiation doses or LCFs are expected to occur to members of the general public
4 residing near the site during or after site operations, according to the same modeling approach as
5 that used in the recent recertification of WIPP.
6
7 Ecological resources. The only potential impacts on ecological resources from disposal
8 of GTCC LLRW and GTCC-like waste at the WIPP site would result from minor increases in
9 land disturbance and from collisions of animals with vehicles. Both would have only a localized

10 impact on wildlife and are not expected to result in adverse population-level impacts.
11
12 Socioeconomics. Potential impacts from the construction of additional underground
13 rooms at WIPP to accommodate the GTCC LLRW and GTCC-like waste would be relatively
14 small. Construction activities would involve direct employment of 58 people in the peak
15 construction year and an additional 72 indirect jobs in the ROI. Construction would also produce
16 approximately $4.6 million in income in the peak construction year. Potential impacts from
17 disposal operations could be relatively large. Operational activities would involve about
18 1,123 direct jobs annually and an additional 1,218 indirect jobs in the ROI. The operations at
19 WIPP for emplacement of GTCC LLRW and GTCC-like waste would also produce $104 million
20 in income annually. Because these operations at WIPP would be accomplished by using the
21 existing workforce, no significant in-migration of workers or their families would occur; thus,
22 there would be no resulting impacts on housing, public finances, public service employment, or
23 traffic.
24
25 Environmental justice. Health impacts on the general population within the 80-km
26 (50-mi) assessment area during construction and operations would be negligible, and no impacts
27 on minority and low-income populations as a result of the construction and operations of a
28 GTCC LLRW and GTCC-like waste disposal facility are expected. If analyses that accounted for
29 any unique exposure pathways (such as subsistence fish, vegetation, or wildlife consumption or
30 well-water consumption) determined that health and environmental impacts would not be
31 significant, then there would be no high and adverse impacts on minority and low-income
32 populations. If impacts were found to be significant, disproportionality would be determined by
33 comparing the proximity of high and adverse impacts to the location of low-income and minority
34 populations.
35
36 Land use. There would be no change in the land use at the WIPP site and its surrounding
37 area from the inclusion of GTCC LLRW and GTCC-Iike wastes. The oil and gas leases and
38 livestock grazing that occur within the WIPP site would not be affected.
39
40 Transportation. Shipment of all waste to WIPP by truck would result in approximately
41 33,700 shipments involving a total distance of 90 million km (56 million mi). No LCFs are
42 expected to occur to truck crew members or the general public, but two accident fatalities could
43 occur. For shipment of all waste by rail, 11,800 railcar shipments totaling 32 million km
44 (20 million mi) of travel would be required. One accident fatality is estimated for rail shipment
45 to WIPP, and no LCFs would result.
46
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1 Cultural resources. No potential impacts on cultural resources are expected from the
2 disposal of GTCC LLRW and GTCC-like waste at WIPP, since the construction, operations, and
3 post-closure activities associated with GTCC LLRW and GTCC-like waste disposal would not
4 involve disturbance to land beyond that already occupied by the existing footprint of the WIPP
5 site.
6
7 Waste management. Waste from GTCC LLRW and GTCC-like waste emplacement at
8 WIPP would primarily be from operations and include small quantities of nonhazardous solid
9 and liquid waste and solid hazardous waste. The waste generated would not affect current waste

10 management protocols at WIPP.
11
12
13 4.5 CUJMULATIVE IMPACTS
14
15 Consistent with 40 CFR 1508.7, in this EIS, Cmltv mat
16 a cumulative impact is the impact on the Cmltv mat

17 environment that results from the incremental Cumulative impacts are the total impacts on a
18 impact of the action when added to other past, given resource resulting from the incremental
19 present, and reasonably foreseeable future environmental effects of an action or actions added
20 actions regardless of what agency (federal or to those from other past, present, and reasonably
21 nonfederal) or person undertakes such actions, foreseeable future actions.
22 A cumulative impacts assessment accounts for
23 both geographic (spatial) and time (temporal)
24 considerations of past, present, and reasonably foreseeable actions. Geographic boundaries can
25 vary by resource area, depending on the amount of time an impact remains in the environment,
26 the extent to which such an impact can migrate, and the magnitude of the potential impact. The
27 primary factor considered for the purpose of cumulative impacts analysis for this EIS is if the
28 other actions would have some influence on the resources in the same time and space as those
29 affected by the implementation of this alternative (construction of additional underground
30 disposal rooms and the conduct of disposal operations for emplacement of the GTCC LLRW and
31 GTCC-like waste) at WIPP.
32
33 The primary use of land within 16 km (10 mi) of the WJPP site is grazing, with lesser
34 amounts of land used for oil and gas extraction and potash mining. Most of this land is managed
35 and owned by BLM. Two ranches are located within 16 km (10 mi) of the WIPP site; the closest
36 town, Loving, New Mexico, is about 29 km (18 mi) away. Most of the land within 50 km (30 mi)
37 of the site is owned by either the federal government or the State of New Mexico. Within 80 km
38 (50 nil) of the site, there is dry land farming and there is irrigated farming along the Pecos River;
39 also, some forest, wetlands, and urban land can be found. At the time of the preparation of this
40 EIS, no known large actions were being planned on BLM land.
41
42 The land use described above, in combination with the low potential impacts discussed in
43 Section 4.3 for Alternative 2, indicate that cumulative impacts from the construction, operations,
44 and post-closure phases of the proposed action at the WlPP site would be small and would not
45 have a significant cumulative impact on area air quality, geology and soils, water resources,
46 ecology, socioeconomics, environmental justice, cultural resources, and land use. Potential
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1 radionuclide concentrations that could be released from the facility are expected to be negligible.
2 The post-closure performance analysis performed for emplacement of all GTCC LLRW and
3 GTC C-like waste at WIPP demonstrates that disposal of these wastes would not result in human
4 health impacts (see Section 4.3.4.3). Potential combined effects of transportation of GTCC
5 LLRW and GTCC-like waste to WJPP would likewise not have a significant cumulative impact
6 on transportation (see Section 4.3.9).
7
8 On June 15, 2005, the NRC staff issued the Environmental Impact Statement for the
9 Proposed National Enrichment Facility in Lea County, New Mexico (NRC 2005). This facility

10 was constructed and is in operation. It is located about 59 km (37 mi) east of the WIPP site (town
11 of Eunice). The distance from the WI!PP site -- combined with NRC staff findings as reported in
12 NRC (2005), which stated that environmental impacts from this enrichment facility would be
13 small to moderate -- indicate that cumulative impacts from the possible GTCC LLRW and
14 GTCC-like waste disposal activities at WLPP in combination with the enrichment facility
15 operations would likewise not result in a significant cumulative impact (including human health
16 and transportation impacts).
17
18 On June 5, 2012 (Federal Register, Vol. 77, No. 108/Tuesday, June 5, 2012), DOE
19 proposed to evaluate two additional locations for a long-term mercury storage facility. These two
20 locations are both near WIPP, but the first one is located within and the second is located outside
21 the land subject to the WIPP LWA as amended (P.L. No. 102-579 as amended by P.L. 104-201).
22 The first is located in Section 20, Township 22 South, Range 31 East (across the WIPP access
23 road from the WIPP facility), and the second is located in Section 10, Township 22 South,
24 Range 31 East, approximately 3.5 mi (5.6 kin) north of the WJPP facility. In response to
25 comments received during public scoping, DOE has decided to analyze a third location near
26 WIPP, Section 35 in Township 22 South, Range 31 East, Section 35 is the same section being
27 analyzed in this GTCC EIS. The analysis of impacts on the various resource areas from
28 construction and operation of a long-term mercury storage facility at locations considered in the
29 Final Long-Term Management and Storage of Elemental Mercury Environmental Impact
30 Statement (DOE/EIS-0423; DOE 201 lib) and in the Final Long-Term Management and Storage
31 of Elemental Mercury Supplemental Environmental Impact Statement (DOE/EIS-0423-S 1;
32 DOE 2013) indicated that the impacts would range from none to minor, including impacts on
33 land use and visual resources, surface water or groundwater resources, air emissions, engine
34 exhaust emissions from transporting mercury, noise levels, ecological resources, cultural and
35 paleontological resources, the site's waste management infrastructure, human health,
36 socioeconomics, and vehicle trips during construction. There would be minor, short-term
37 (6-month) air quality impacts involving construction of a new storage facility. There would be no
38 disproportionately high and adverse effects on minority or low-income populations.
39 Transportation accidents are predicted to pose a negligible to low risk to human health. The
40 impacts from the proposed construction and operation of a long-term mercury storage facility
41 discussed above, in combination with the potential impacts summarized in Section 4.4 for the
42 GTCC proposed action, would not have a significant cumulative impact on any of the resource
43 areas evaluated for WIPP and the WIPP Vicinity. Disposal or storage of mercury at WIPP may
44 require amending the WIPP LWA as amended.
45
46
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1 4.6 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES
2
3 The resources that would be irreversibly and irretrievably committed for the disposal of
4 GTCC LLRW and GTCC-like waste at WIPP would include the underground space, energy, raw
5 materials, and other natural and man-made resources used to construct the additional rooms
6 needed. The impacts from such a commitment of resources would be small, since the WIPP
7 facility is already in place.
8
9 Energy expended would be in the form of fuel for equipment and vehicles and electricity

10 for facility operation. Construction and operations would consume approximately 1.9 million L
11 (490,000 gal) of diesel fuel. The electrical energy requirement would represent a small increase
12 in the electrical energy demand of the area. Resources that would be committed irreversibly or
13 irretrievably for GTCC LLRW and GTCC-like waste disposal at WIPP would include materials
14 that could not be recovered or recycled and materials that would be consumed or reduced to
15 unrecoverable forms. It is expected that about 520,000 kg (510 tons) of steel would be
16 committed to the construction of the additional disposal rooms. During operations, the proposed
17 action would generate a small amount of nourecyclable waste streams, such as hazardous wastes
18 that would be subject to RCRA regulations. Generation of these waste streams would represent
19 an irreversible and irretrievable commitment of material resources.
20
21
22 4.7 STATUTORY AN]) REGULATORY PROVISIONS RELEVANT
23 TO THIIS GTCC EIS
24
25 The WWPP LWA as amended (P.L. 102-579 as amended by P.L. 104-20 1) limits the use
26 of WIPP to the disposal of TRU waste generated by atomic energy defense activities. In addition,
27 the WIPP LWA as amended establishes certain limits on the surface dose rate, total volume, total
28 radioactivity (curies), and maximum activity level (curies per liter averaged over the volume of
29 the canister) for waste received at WIPP. The implementation of the WIPP alternative for GTCC
30 LLRW and GTCC-like waste would require a change in laws to allow receipt of non-defense
31 TRU and non-TRU waste and modification of the disposal capacity limits stipulated by the
32 WIJPP LWA as amended to authorize an increase in the total volume of all TRU waste and total
33 curies of RH TRU waste received at WIPP. In addition, (1) a corresponding modification to the
34 facility's RCRA permit with the New Mexico Environment Department (NMED); (2) a
35 modification to the Agreement for Consultation and Cooperation between Department of Energy
36 and the State of New Mexico for the Waste Isolation Pilot Plant (updated April 18, 1988), which
37 sets limits on the total volume of RH TRU received at WIPP; and (3) compliance certification
38 with the EPA might be required. Remote-handled GTCC LLRW and GTCC-like waste would be
39 packaged in shielded containers and would not exceed the surface dose and curie-per-liter limits
40 for RH waste in the WIPP LWA as amended.
41
42 Implementation of the WIPP alternative would also require legislative changes for WIPP
43 to be utilized as a disposal facility for GTCC LLRW consistent with the LLRWPAA
44 (P.L. 99-240) direction that such a facility be licensed by the NRC. DOE plans to highlight these
45 issues in the Report to Congress that will be submitted. The report will include a description of
46 disposal alternatives evaluated in the GTCC BIS.
47
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1 The total capacity for disposal of TRU waste established under the WIPP LWA as
2 amended (P.L. 102-579 as amended by P.L. 104-20 1) is 175,675 m3 (6.2 million ft3). The
3 Consultation and Cooperative Agreement with the State of New Mexico (1981) established a
4 total RH capacity of 7,080 m3 (250,000 ft3), with the remaining capacity for CH TRU at
5 168,500 m3 (5.95 million ft3). In addition, the WIPP LWA as amended limits the total
6 radioactivity of RJI waste to 5.1 million curies. For comparison, the GTCC LLRW and GTCC-
7 like CH volume, RH volume, and RH total radioactivity are approximately 6,650 m3

8 (235,000 ft3), 5,050 m3 (178,000 ft3), and 157 million curies, respectively. On the basis of
9 emplaced and anticipated waste volumes, the disposal of all GTCC LLRW and GTCC-like waste

10 at WIPP would exceed the limits for RH volume and RH total activity. The majority of the
11 GTCC LLRW and GTCC-like RH volume is from the Other Waste category (e.g., DOE
12 non-defense TRU), and activated metal waste contributes to most of the RH activity. The WIPP
13 LWA as amended also limits disposal in WIPP to defense-generated TRU waste. Therefore, the
14 implementation of the WIPP alternative for all GTCC LLRW and GTCC-like waste would
15 require a change in law to allow receipt of non-defense wastes on non-transuranic (non-TRU)
16 waste at WIPP, an increase in the disposal capacity limit for RH total curies, and a change to the
17 Consultation and Cooperative Agreement to authorize an increase in the total volume of all RH
18 TRU waste. In addition, a corresponding modification of the facility's RCRA permit with the
19 NMIED, a modification to the Agreement for Consultation and Cooperation between the
20 U.S. Department of Energy and the State of New Mexico for the Waste Isolation Pilot Plant
21 (updated April 18, 1988), which sets limits (identified above) on the total volume of RH TRU
22 received at WIPP, and compliance certification with the EPA might be required. RH GTCC
23 LLRW and GTCC-like waste would be packaged in shielded containers and would not exceed
24 the surface dose and curies-per-liter limits for RH waste in the WIPP LWA as amended.
25
26
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1 5 EVALUATION ELEMENTS COMMON TO ALTERNATIVES 3, 4, AND 5
2
3
4 This chapter presents information that is applicable to the three land disposal alternatives:
5 Alternative 3 (borehole disposal), Alternative 4 (trench disposal), and Alternative 5 (vault
6 disposal). Section 5.1 describes Alternatives 3 to 5 and the general approach and assumptions
7 that were incorporated in developing the conceptual facility designs evaluated in this EIS.
8 Section 5.2 summarizes the assessment approach and assumptions for developing the affected
9 environment and consequence analyses for each environmental resource area. Section 5.3

10 discusses the potential environmental consequences and human health impacts that are common
11 to all land disposal sites evaluated in Chapters 6 through 11. This chapter concludes with a
12 discussion of the irreversible and irretrievable commitment of resources from construction and
13 operations in Section 5.4, of the inadvertent human intruder scenario in Section 5.5, and of
14 institutional controls in Section 5.6. These topics apply to all three disposal methods being
15 evaluated under Alternatives 3 to 5, regardless of the site or disposal location.
16
17
18 5.1 DESCRIPTION OF ALTERNATIVES 3 TO 5
19
20 Sections 5.1.1 to 5.1.3 describe Alternatives 3 to 5, respectively. Details on the
21 conceptual designs for the three land disposal facilities are presented in Section 5.1.4. At each of
22 the six federal sites (Hanford Site, 1NL Site, LAINL, NNSS, SRS, and WJPP Vicinity) to be
23 evaluated under Alternatives 3 to 5, a parcel of land has been designated as the GTCC reference
24 location for evaluation purposes in this EIS. These GTCC reference locations are generally near
25 current waste disposal facilities at the sites. Figures showing the locations are provided in the
26 site-specific chapters, Chapters 6 through 11. Figures that show the general footprints of the
27 GTCC reference locations in order to provide perspective on where the locations are situated
28 with regard to the sites as a whole are provided in Chapter 1 (Figures 1.4.3-4 through 1.4.3-9).
29 Since no specific commercial disposal location has been identified for evaluation, no reference
30 locations for the generic commercial disposal facilities at the four regions are presented in this
31 EIS, and evaluations are hypothetical in nature.
32
33 The approximate size (44 ha or 110 ac) of the GTCC reference locations at the Hantford
34 Site, the INL Site, LANL, NNSS, and WIPP Vicinity was based on the space required for the
35 borehole method because it requires the most space of the three land disposal methods evaluated
36 for those sites (see Table 5.1-1 and Table 1.4.3-1). The approximate size (24 ha or 60 ac) of the
37 GTCC reference location at SRS was based on the space required for the vault disposal method,
38 because it is larger than the space required for the trench method and because the borehole
39 method is not being considered for this site.
40
41 The size of the GTCC reference location depends primarily on the number of disposal
42 units (i.e., the number of boreholes, trenches, or vaults) required to accommodate the total
43 volume of waste. Less space would be required if only a portion of the GTCC LLRW and
44 GTCC-like waste inventory was disposed of by using a particular method. Table 5.1-2
45 summarizes the capacity of a single borehole, trench, or vault (each vault is made up of 11 vault
46 cells) for emplacing the disposal containers assumed in this EIS. The numbers of disposal units
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1
2

TABLE 5.1-1 Number of Disposal Units and Land Area Required for
Land Disposal Methods

No. of CH No. of RH
Land Disposal Waste Waste Total No. of Facility

Facility Disposal Units Disposal Units Disposal Unitsa Size (ac)b

Borehole 420 510 930 110
Trench 7 22 29 50
Vault 34 cellsa 92 cells 12 60

aFor the vault method, there would be 12 vaults, each containing 11 disposal
cells. Values presented were rounded to two significant figures.

bRequired acreage presented for the borehole, trench, and vault disposal facility
were rounded from 110.4, 46, and 63 acres, respectively.

TABLE 5.1-2 Number of Each Type of Disposal
Container That Can Be Accommodated by One
Disposal IUnita

3
4
5
6
7

Type of
Container Borehole Trench Vault Cellb

CH 55-gal drums 56 3,000 630
SWB 8 500 100
Cs irradiator 20 1,700 300
RH 55-gal drumas 54C 1,200 290
AMCs 36 910 220

8
9

10
11
12
13
14
15
16
17
18
19

a Values presented were rounded to two significant
figures.

b There are 11 vault cells per vault disposal unit.

C It is assumed that three RI- drums would be
packaged in an RH canister for borehole disposal,
with 18 RH canisters per borehole.

(i.e., number of boreholes, trenches, or cells in a vault) needed for each land disposal method and
for each waste group and container type are summarized in Table 5.1-3. Details on disposal
containers and packing arrangements in the disposal units are also provided in Sections 5.1.1 to
5.1.3 and in Appendix D.

5.1.1 Alternative 3: Disposal in a New Borehole Disposal Facility

Alternative 3 would involve the construction, operations, and post-closure of a new
borehole facility for disposal of the GTCC LLRW and GTCC-like waste inventory. GTCC
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1 TABLE 5.1-3 Number of Disposal Units Required for Each Waste Type and Disposal Containera

Containers Boreholes Vault Cells Trenches
Container

Waste Type Type Stored Projected Total Stored Projected Total Stored Projected Total Stored Projected Total

Group 1
GTCC LLRW
Activated metals - RH

Past/present commercial AMC
reactors

170 2,300 2,500

Sealed sources - CH 55-galb drum 0 8,700 8,700
Cesium irradiators - CH Self-contained 0 1,400 1,400

Other Waste - CH 55-gal drum 200 0 200
Other Waste - RH 55-gal drum 160 5 160
GTCC-lIke waste
Activated metals - RH AMC 20 18 38
Sealed sources - CH 55-gal drum 1 3 4
Cesium irradiators - CH Self-contained 0 0 0
Other Waste - CH 55-gal drum 170 0 170
Other Waste - CU SWB 220 170 380
Other Waste - RH 55-gal drum 2,500 950 3.500

4.6 64

0 160
0 72
3.6 0
2.9 <0.1

68

160
72
3.6
3

0.8 11

0 14
0 4.8
0.3 0
0.5 <0.1

11

14
4.8
0.3
0.6

0.2 2.5 2.7

0 2.9 2.9
0 0.9 0.9

<0.1 0 <0.1
0.1 <0.1 0.1

<0.1 <0.1 <0.1
<0.1 <0.1 <0.1

0 0 0
<0.1 0 <0.1

0.4 0.3 0.8
2.1 0.8 2.9

0.6 0.5
<0.1 <0.1

0 0 0
3.1 0

27 21
47 18

1.1 <0.1 <0.1 0.2
<0.1 <0.1 <0.1 <0.1

0 0 0 0 0
3.1 0.3 0 0.3

48 2.2 1.7 3.8
64 8.7 3.3 12r~j~

~J3

Group 2
GTCC LLRW
Activated metals - RH-

New BWRs AMC
New PWRs AMC
Additional commercial waste AMC

Other Waste - CH SWB
Other Waste - RH 55-gal drum
GTCC-like waste
Other Waste - CH SWB
Other Waste - RH 55-gal drum

Total Grou~psl1and 2

0 200 200
0 830 830
0 2,000 2,000
0 830 830
0 11,000 11,000

0 260 260
0 4,200 4,200

0 5.6
o 23
0 55
0 100
0 210

5.6
23
55

100
210

0 0.9
0 3.9
0 9.2
0 8.3
0 39

0.9
3.9
9.2
8.3

39

0
0
0
0
0

0.2 0.2
0.9 0.9
2.2 2.2
1.7 1.7
9.4 9.4

0 33 33
0 78 78

0 2.6 2.6
0 15 15

13 110 130e

0 0.5 0.5
0 3.5 3.5

3 26 29.3,400 33,000 37,000 89 840 930

'-



TABLE 5.1-3 (Cont.)

Number of Containers Number of Boreholes Number of Vault Cells Number of Trenches
Container

Waste Type Type Stored Projected Total Stored Projected Total Stored Projected Total Stored Projected Total

Breakdown by Container
Type for Groups 1 and 2

CH drum 380 8,700 9,100 6.7 160 160 0.6 14 14 0.1 2.9 3
SWB 220 1,300 1,500 27 160 180 2.2 13 15 0.4 2.5 2.9
Self-contained 0 1,400 1,400 0 72 72 0 4.8 4.8 0 0.9 0.9
RH drum 2,700 17,000 19,000 49 310 360 9.3 57 67 2.2 14 16
AMC 190 5,300 5,500 5.2 150 150 0.9 25 26 0.2 5.9 6.1

Total 3,400 33,000 37,000 89 840 930 13 110 130 3 26 29

a All values have been rounded to two significant figures. Some totals may not equal sum of individual components because of independent rounding. AMC =activated metal canister,

BWR = boiling water reactor, CH = contact handled, PWR =pressurized water reactor, RH = remote handled, SWB =standard waste box.

b 55 gal =208 L.

e There are 1 1 vault cells per vault; therefore, 130 vault cells would require 12 vaults.

1
2
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1 reference locations at five of the six sites are evaluated for this alternative: Hanford Site, IN4L
2 Site, LANL, NNSS, and WIPP Vicinity. Alternative 3 is not evaluated for SRS because the depth
3 required (i.e., about 40 m or 130 ft) for the borehole disposal method is incompatible with the
4 shallow groundwater table present at this site. Borehole disposal is also evaluated for one of the
5 generic commercial regional locations (in Region IV).
6
7 About 44 ha (110 ac) of land would be required to accommodate the approximately
8 930 boreholes needed to dispose of the waste packages containing the 12,000 m3 (420,000 ft3) of
9 GTCC LLRW and GTCC-like waste. Fewer boreholes and less space would be required if only a

10 portion of the inventory was disposed of by using boreholes. This acreage would include land
11 required for support infrastructure (e.g., facilities or buildings for receipt and handling of waste
12 packages or containers) and space for a retention pond to collect stormwater runoff and truck
13 washdown water. Borehole disposal entails emplacement of waste in boreholes at depths deeper
14 than 30 m (100 ft) but above 300 m (1,000 fi) bgs. Boreholes can vary widely in diameter (from
15 0.3 to 3.7 m [1 to 12 ft]), and the proximity of one borehole to another can vary depending on the
16 design of the facility. The technology for drilling larger-diameter boreholes is simple and widely
17 available. The current conceptual design employs boreholes that are 2.4 m (8 ft) in diameter and
18 40-in (1 30-ft) deep in unconsolidated to semniconsolidated soils, as shown here in Figure 5.1.1 -1
19 and in Figure 1.4.2-1, with the spacing between boreholes being 30 m (100 ft).
20
21 A bucket auger would be used to drill the large-diameter borehole (see Figure 5.1.1-2),
22 and a smooth steel casing would be advanced to the depth of the borehole during the drilling and
23 construction of the borehole. The casing would provide stability to the borehole walls and ensure
24 that waste packages would not snag or plug the borehole as they were lowered and that they
25 would sit in an upright position when they reached the bottom. The upper 30 m (100 ft) of
26 smooth steel casing would be removed upon closure of the borehole. In some cases where
27 consolidated materials might be encountered, a more robust drilling technology, such as drilling
28 a series of smaller boreholes next to each other with equipment designed to drill into rock
29 formations, would be required. A casing would also be used in this latter case as an aid in placing
30 the waste packages.
31
32 For a borehole, the packing arrangements assumed for CH waste are eight intervals
33 (levels) of 208-L (55-gal) drum 7-packs, five intervals of Cs irradiator 4-packs, or eight intervals
34 of one SWB. For RH waste, three intervals of two 3-packs of RH canisters or six intervals of
35 two 3-packs of activated metal canisters (AMCs) are assumed. The waste packages would be
36 placed into the borehole, and then a fine-grained, cohesionless fill (sand) would be used to
37 backfill around the waste containers to fill voids. After the borehole was filled with the waste
38 containers and backfill, a reinforced concrete layer would be placed over the waste packages to
39 help mitigate any future inadvertent intrusion. It is anticipated that clean fill from construction
40 would be used to backfill the borehole above the concrete layer. Each borehole could be capped
41 with a cover system consisting of a geotextile membrane overlain by gravel, sand, and topsoil
42 layers, similar to the cover system for trench disposal discussed in Section 5.1.3 and shown later
43 for vault disposal in Figure 5.1.3-4. In the case of the borehole, the top of the cover system
44 would be flush with or slightly elevated above the surrounding ground surface, depending on the
45 final design. Details on borehole facility construction, operations, and facility integrity are
46 provided in Section 5.1.4.
47
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208-L (55-gal) Drum 7-Pack Standard Waste Box

Cs Irradiator 4-Pack Two 3-packs of RH Cylinders or AMCs
1 MPAO41O12

2 FIGURE 5.1.1-1 Top View of Single-interval Packing Arrangements in
3 2.4-rn-Diameter (8-ft-Diameter) Boreholes for Different Container Types
4
5
6 5.1.2 Alternative 4: Disposal in a New Enhanced Trench Disposal Facility
7
8 Alternative 4 would involve construction, operations, and post-closure of a new trench
9 facility for disposal of the GTCC LLRW and GTCC-like waste included in Groups 1 and 2 of the

10 inventory. GTCC reference locations at the six federal sites (Hanford Site, IINL Site, LANL,
11 NNSS, SRS, and WIPP Vicinity) and at the four generic regional locations for the hypothetical
12 commercial disposal facilities are evaluated for this alternative.
13
14 To dispose of the entire 12,000 m3 (420,000 ft3) of GTCC LLRW and GTCC-like waste,
15 the conceptual design would include 29 trenches occupying a footprint of about 20 ha (50 ac)
16 (see Table 5.1-1). Fewer trenches and less space would be required if only a portion of the
17 GTCC LLRW and GTCC-like waste inventory was disposed of by using this method. The
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Auger drills into soil Bit carries soil to surface

1Backspinning throws soil off bit Front-end loader removes soil

2 FIGURE 5.1.1-2 Process Schematic for Drilling a Large-Diameter
3 Borehole by Using a Bucket Auger (Source: Sandia 2007)
4
5
6 assumed 20-ha (50 ac) area would include land needed for supporting infrastructure
7 (e.g., facilities or buildings for receipt and handling of waste packages or containers) and space
8 for a retention pond to collect stormwater runoff and truck washdown water. Each trench would
9 be approximately 3-rn (10-fl) wide, 11-rn (36-fl) deep, and 100-rn (330-fl) long. The number of

10 packages that would be needed to contain the waste inventory is given in Table 5.1-3. The
11 information is presented on a waste type basis. After placement of wastes in the trench, an
12 engineered barrier (a reinforced concrete layer) would be placed on top, and then backfill would
13 be added to just below the surface level. Each trench could be capped with a cover system
14 consisting of a geotextile membrane overlain by gravel, sand, and topsoil layers, similar to that
15 shown for the vault design final cover system later in Figure 5.1.3-4. In the case of the trench, the
16 top of the cover system would be flush with or slightly elevated above the surrounding ground
17 surface, depending on the final design. The additional concrete layer would serve to deter
18 inadvertent intrusion into the buried waste during the post-closure period.
19
20 During disposal operations for CH waste, one end of a trench would have a ramp to the
21 surface to allow entry by a forklift carrying CH waste packages (a pallet of four drums, four Cs
22 irradiators, or a single SWB) for emplacement. The assumed packing arrangement for 208-L
23 (55-gal) drums and SWBs in a 10-rn (33-fl) section of trench is shown in Figure 5.1.2-1.
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Five layers of 600 208-L (55-gal) drums each; 3,000 drums per trench

lOmn

1Five layers of 100 SWBs each; 500 SWBs per trench MPAOI11002

2 FIGURE 5.1.2-1 Top View of a 10-rn (33-ft) Section of a Trench Packed with
3 Contact-Handled Waste
4
5
6 Additional features would be necessary in the trenches where RH waste would be buried
7 to provide shielding for the workers once the waste was in place. The RH waste packages
8 (AMCs, drums, and RH canisters containing drums) would be disposed of in vertical reinforced
9 concrete cylinders with concrete shield plugs on the top of each cylinder. A mating flange would

10 enable coupling of the bottom-loading transfer cask to a given cylinder for transfer of the waste
11 package into the disposal unit. The transfer cask would be moved off of an on-site transport truck
12 and into position by an overhead crane. Figure 5.1.2-2 shows a top view of a 10-rn (33-ft) section
13 of an RH waste disposal trench. Each cylinder would be able to hold up to three AMCs, four
14 individual 208-L (55-gal) drums, or one RH canister. During trench closure, the engineered
15 barrier would be placed directly on top of the concrete shield plugs.
16
17 Facility construction, operations, and post-closure activities assumed for the evaluation of
18 the trench disposal method are discussed in Section 5.1.4 and Appendix D.
19
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Hexagonal Concrete Reinforced
Cylinder Cap Backfill Concrete Cylinder

1 MPA011003

2 FIGURE 5.1.2-2 Top View of a 10-rn (33-ft) Section of a Trench for Disposal of Remote-
3 Handled Waste
4
5
6 5.1.3 Alternative 5: Disposal in a New Vault Disposal Facility
7
8 Alternative 5 would involve the construction, operations, and post-closure of a new vault
9 facility for disposal of GTCC LLRW and GTCC-like waste included in Groups 1 and 2 of the

10 inventory. GTCC locations at all six federal sites (Hanford Site, INL Site, LANL, NNSS, SRS,
11 and WIPP Vicinity) and at the generic commercial sites for the four regions are evaluated for this
12 alternative.
13
14 In the conceptual design for vault disposal of GTCC LLRW and GTCC-like waste, a
15 reinforced concrete vault would be constructed near grade level, with the footings and floors of
16 the vault situated in a slight excavation just below grade. The design is a modification of a
17 disposal concept proposed by Henry (1993) for GTCC LLRW, and it is similar to a belowground
18 vault LLRW disposal method (Denson et al. 1987) previously investigated by the USACE. A
19 similar concrete vault structure is currently in use (mostly below grade) for the disposal of
20 higher-activity LLRW at SRS (MMES et al. 1994).
21
22 The vault disposal facility would occupy a footprint of about 24 ha (60 ac) (see
23 Table 5.1-1) to accommodate the 12 vaults required to dispose of the entire 12,000 mn3

24 (420,000 ft3) of GTCC LLRW and GTCC-like waste. Each vault (excluding the interim and final
25 cover) would be about li-rn (36-fl) wide, 94-rn (310-fl) long, and 7.9-rn (26-fl) tall, with
26 11 disposal cells situated in a linear array. Interior cell dimensions would be about 8.2-rn (27-fl)
27 wide, 7.5-rn (25-fl) long, and 5.5-rn (18-fl) high, with an internal volume of 340 mn3 (12,000 ft3)
28 per cell. Double interior reinforced concrete walls with an expansion joint would be included
29 after every second cell. Figure 1.4.2-4 in Chapter 1 shows a schematic cross section of a vault

30 cell.
31
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The packing arrangement to be used for CH 208-L (55-gal) drums in a cell assumes the
placement of 7-drum packs as received at the facility in a Transuranic Package Transporter-II
(TRUPACT-IL) Type B transportation package. Figure 5.1.3-1 shows the arrangement for the CH
drums, with 18 7-drum packs per layer. If five layers were used, 630 drums could be
accommodated in each cell. For SWBs, 20 SWBs could be arranged in one layer
(Figure 5.1.3-2), with five layers for 100 SWBs in one vault cell. In addition, it is assumed that
about 300 Cs irradiators (three layers of 10 by 10) could fit in one cell. SWBs, 7-drum packs,
and 4-packs of irradiators would be taken off an on-site transport truck and loaded into the cell
by an overhead crane.

tF

I

[ 7-drum pack/Adjacent Cell

7
/Gravelly 

Sand

Gravelly Sand Adjacent Cell[
MPAOI1100412

13
14
15
16

FIGURE 5.1.3-1 Single-Layer Packing Arrangement of Contact-Handled Waste in 208-L
(55-gal) 7-Drum Packs in Vault Cells
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2 FIGURE 5.1.3-2 Single-Layer Packing Arrangement of Contact-Handled Waste in
3 Standard Waste Boxes in Vault Cells
4
5
6 The vault cell design for disposal of RH waste would be similar to the trench design, as
7 discussed in Section 5.1.2. RH AMCs, 208-L (55-gal) drums, or canisters would be loaded from
8 a bottom-loading transfer cask into vertical concrete cylinders with thick concrete shield plugs
9 within each cell. Figure 5.1.3-3 shows a view from the top of a vault cell. The cylinder loading

10 would be the same as that for a trench: three AMCs, four 208-L (55-gal) drums, or one RH
11 canister per cylinder.
12
13 Two engineered cover systems would be used for the vaults. Figure 5.1.3-4 provides a
14 cross-sectional view of each. The first cover would either be installed after each vault was filled
15 with waste and permanently closed, or it would be installed incrementally as the vault was being

16
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Reinforced Concrete Cylinder

Hexagonal Concrete
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2 FIGURE 5.1.3-3 Top View of a Vault Cell for Disposal of Remote-Handled Waste
3
4
5 filled (this would be the interim cover with a rise-to-run of 1:3 from the vault edge to ground
6 level). The second cover system would partially replace the interim cover prior to closure of the
7 disposal facility (this would be the final cover with a rise-to-run of 1:5 from the vault edge to
8 ground level). The final cover would span all of the vaults in the facility to preclude runoff from
9 settling between vaults. As depicted in Figure 5.1.3-4, approximately the top 1.2 m (4 ft) of the

10 interim cover would be removed (another option would be to leave it in place); the native soil
11 that was removed would be used as fill between the vaults, along with additional soil; and the
12 engineered cover, consisting of the geotextile, gravel, sand, and topsoil, would be placed on top.
13
14
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FIGURE 5.1.3-4 Conceptual Cover Systems for a Vault Disposal Facility (Source: Modified
from Henry 1993)

A graded slope of 3% would be used over the top of the vaults. Both covers would have a
minimum depth of 5 m (16 ft) over any portion of the vault, with a 15-cm (0.5-ft) layer of
gravelly sand over the vault followed by a layer of clay that was 0.9-in (3-ft) thick, as shown in
Figure 5.1.3-4. The next layer in the interim cover would consist of 3.7 m (12 fi) of native soil
followed by 0.3 m (1 ft) of topsoil. In the final cover, the next layer over the clay layer would
have 2.8 m (9 ft) of native soil, followed by a 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 0.3 m (1 ft) of topsoil (Henry 1993). If needed,
rock armor could also be incorporated into the final cover to further protect against erosion. The
total height of the vault system (i.e., vault and final cover system) would be 13 m (43 ft).

Construction, operations, and post-closure activities for the vault are also discussed next
in Section 5.1.4 and in Appendix D.

5.1.4 Conceptual Facility Construction, Operations, and Integrity and Estimated Cost
for the Borehole, Trench, and Vault Disposal Methods

A conceptual design for each of the three land disposal methods (borehole, trench, and
vault) was developed to conduct an evaluation consistent with the objective of this EIS: to
provide a comparative analysis of the general performance of these generic conceptual waste
disposal facilities at the various GTCC reference locations evaluated.
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The conceptual designs for the land disposal facilities were selected on the basis of
current practices or concepts associated with the disposal of similar types of radioactive waste, as
discussed in Section 1.4.2. It is assumed that the land disposal methods discussed in this chapter
would accommodate the entire waste inventory. Thus, the estimated impacts of any given land
disposal method and site are expected to bound other potential scenarios in which a disposal
facility might be used to accommodate one or two of the waste types considered (e.g., activated
metals, sealed sources, or Other Waste). Table 5.1-1 summarizes the estimated facility size for
each disposal method. Figures 5.1.4-1, 5.1.4-2, and 5.1.4-3 provide conceptual full facility
layouts for the borehole, trench, and vault methods, respectively. Figure 5.1.4-4 illustrates a
cross section of the conceptual vault final cover system. A final cover system similar to that
shown in Figure 5.1.4-4 for the vault design could be employed for the trench and borehole
designs, depending on the local topology of the disposal area. In addition to the separate cover
for each borehole or trench, a cover system that would span multiple boreholes or trenches could
be added to maximize water runoff from the disposal area.

5.1.4.1 Disposal Facility Construction

Current industry construction practices were used as guidelines for assumptions aboutconstruction. It is assumed that initial site construction would take about 820 workdays spread
over 3.4 years (240 workdays per year). The construction period would cover the time necessary
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24
25 FIGURE 5.1.4-1 Layout of a Conceptual Borehole Disposal Facility
26
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2 FIGURE 5.1.4-2 Layout of a Conceptual Trench Disposal Facility
3
4
5 for initial site preparation, infrastructure emplacement, and support structure construction. It is
6 assumed that construction of the disposal units (borehole, trench, or vault) would occur in
7 parallel with their operations over a 20-year period, when the majority of the waste is expected to
8 be received. A period of 20 years is assumed for the construction of all disposal units. Assuming
9 an average annual rate of construction, the estimated 20-year period would be slightly more than

10 that necessary to accommodate the assumed receipt rate of the GTCC LLRW and GTCC-Iike
11 waste for at least the first 15 years of disposal operations. Thus, the annual impacts from
12 construction as presented in this EIS are considered to be slightly conservative but not
13 unrealistic, because waste receipt rates could vary from year to year. In addition, it is expected
14 that the majority of the waste (approximately 75% of the total waste) would be received for
15 disposal within the first 20 years of operations.
16
17
18 5.1.4.2 Disposal Facility Operations
19
20 Disposal operations, including the number of workers required, are contingent on the
21 availability and receipt of waste. Additional information about assumed GTCC LLRW and
22 GTCC-Iike waste generation rates or when waste would be received for disposal is provided in
23 Section B.4. As a conservative approach, it is assumed that the disposal facilities would be
24 standalone facilities operated on a continuous basis. In other words, they would not open
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2 FIGURE 5.1.4-3 Layout of a Conceptual Vault Disposal Facility
3
4
5 periodically to receive a short shipping campaign. Thus, the impacts assessed are considered to
6 represent reasonable maximum values, because such a disposal facility could be collocated with
7 another facility, and personnel, equipment, and supplies could be shared. If the collocation of
8 facilities was selected in the future, impacts from the GTCC LLRW and GTCC-like waste
9 disposal facility would be correspondingly lower depending on the number of employees and

10 costs associated with the overlapping of facilities. The minimum number of personnel assumed
11 for continuous operation of the facility was determined on the basis of a time-motion analysis of
12 operations associated with receiving and disposing of shipping containers (Argonne 2010).
13
14 It is assumed that disposal operations at the borehole, trench, or vault facilities would
15 start in 2019 for the purposes of this EIS. On the basis of this starting point and assumptions
16 about the availability of stored and projected waste, about shipping and packaging, and about
17 on-site operations, the number of workers required for the land disposal methods was
18 estimated. The actual start date for operations is uncertain at this time and dependent upon,
19 among other things, the alternative or alternatives selected, additional NEPA review as required,
20 characterization studies, and other actions necessary to initiate and complete construction and
21 operation of a GTCC LLRW and GTCC-Iike waste disposal facility. For purposes of analysis in
22 the EIS, DOE assumed a start date of disposal operations in 2019. However, given these
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2 FIGURE 5.1.4-4 Cross Section of Vault Final Cover System (bottom) below Top View of Vault
3 Disposal Area (both images are drawn to the same scale)
4
5
6 uncertainties, the actual start date could vary. In each case, it was estimated that approximately
7 570 shipments would be received annually through 2035, at which time fewer shipments would
8 be expected on an annual basis. The number of waste containers for disposal of GTCC LLRW
9 and GTCC-like waste at the land disposal (borehole, trench, and vault) facility is estimated to be

10 about 37,000, as shown in Table 5.1-3.
11
12 If a GTCC LLRW and GTCC-like waste disposal facility operated in conjunction with
13 another facility and if supporting infrastructure could be shared and economies of scale could be
14 realized, the actual impacts would be less than those presented in this chapter and in the site-
15 specific chapters (Chapters 6 through 12) for the land disposal alternatives. This would be the
16 case for the potential disposal of waste at WIPP (deep geologic disposal) that is being evaluated,

17 for which additional workers and support facilities are not expected to be required; only
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1 additional time and disposal space would be needed if GTCC LLRW and GTCC-like waste were[
2 disposed of at WIPP while it was already operating.
3
4
5 5.1.4.3 Disposal Facility Integrity
6
7 For the purposes of the EIS, the integrity of the land disposal facilities is assumed to be
8 the same for the borehole, trench, and vault methods for the impact analyses. This approach
9 allows for a comparison of the disposal methods on the basis of the general geophysical

10 conditions at each site. All disposal methods incorporate an engineered cover to reduce water
11 infiltration in the post-closure phase. (The Hanford Site is required to use lined disposal
12 facilities. A GTCC LLRW and GTCC-like waste facility, if implemented at Hanford, would thus
13 include a liner or leachate collection system in its design.)
14
15 Consideration of additional engineered features, such as internal grouting of the waste in
16 its disposal containers or grouting of the space between disposal containers in the disposal units,
17 might reduce the leach rates of radionuclides into the groundwater and thereby reduce the
18 potential peak impacts in the long term. An assumption that the third waste type, the Other
19 Waste, would be grouted in disposal containers was incorporated into the post-closure analysis.
20 For wastes like activated metals and sealed sources, which mostly contain radionuclides with
21 shorter half-lives, this EIS does not assume grouting would be required because of the waste
22 form.
23
24
25 5.1.4.4 Estimated Costs of Constructing and Operating the Borehole, Trench, and
26 Vault Disposal Facilities
27
28 The estimated costs for the initial construction of the land disposal facilities and for their
29 operation are discussed in detail in Appendix D. The same support functions would be necessary
30 for all three disposal methods because the GTCC LLRW and GTCC-like waste would arrive at
31 the disposal facility in the same packaging and disposal containers. The primary differences
32 would be found in the actual waste disposal units themselves and the equipment used to emplace
33 the waste. Thus, the primary difference in cost among the three methods would be in the cost of
34 constructing the disposal units; similar costs are expected for operations. Construction of a vault
35 facility is expected to have the highest cost because of the amount of material and labor involved
36 in its construction. The estimated cost for operations is based on 20 years of operations, as
37 discussed in Section 5.1.4.1 (approximately 75% of the total inventory is assumed to be received
38 for disposal within the first 20 years of operation). Table 5.1.4-1 presents a summary of these
39 estimates.
40
41
42 5.2 ASSESSMENT APPROACH AND ASSUMPTIONS
43
44 This section provides assessment approaches and assumptions for the environmental
45 resource areas evaluated for Alternatives 3 to 5. Appendix C provides additional details on
46 methodologies used for the impact analyses presented in this EIS. The generic commercial
47 disposal locations are not evaluated for the environmental resource areas discussed in this section
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1 TABLE 5.1.4-1 Estimated Costs to Construct and Operate the Land
2 Disposal Facilitiesa

Total Cost to
Cost to Construct Cost to Operate Construct and

Disposal Facility Facility Operate Facility
Method (in millions of $)b (in millions of $)C (in millions of $)

Borehole 210 120 330
Trench 86 160 250
Vault 360 160 520

a Costs are rounded to two significant figures.
b Construction costs for the borehole, trench, and vault disposal facilities

are for 930 boreholes, 29 trenches, and 12 vaults (consisting of 132 total
vault cells) and the supporting infrastructure.

COperational costs assume 20 years of facility operations for the borehole,
trench, and vault disposal methods. On the basis of the assumed receipt
rates, the majority of the wastes would be available for emplacement
during the first 15 years of operations (assumed to start in 2019). The
actual start date for operations is uncertain at this time and dependent
upon, among other things, the altemnative or alternatives selected,
additional NEPA review as required, characterization studies, and other
actions necessary to initiate and complete construction and operation of a
GTCC LLRW and GTCC-like waste disposal facility. For purposes of
analysis in the EIS, DOE assumed a start date of disposal operations in
2019. However, given these uncertainties, the actual start date could vary.

3
4
5 because each of the four regions encompasses a very large area for which a meaningful
6 evaluation of the resource area is not possible. However, human health impacts for the long term
7 are estimated by using region-specific input parameters. This estimate was done in order to
8 provide information that could be used to distinguish the four regions from one another.
9

10
11 5.2.1 Climate, Air Quality, and Noise
12
13
14 5.2.1.1 Climate and Air Quality
15
16 This section provides general descriptions for the following federally based air quality
17 programs likely to affect construction and operations of a disposal facility for GTCC LLRW and
18 GTCC-like waste:
19
20 • National Ambient Air Quality Standards (NAAQS),
21
22 • Prevention of Significant Deterioration (PSD),
23
24 • Visibility protection,
25
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1 • General conformity, and
2
3 • National Emissions Standards for Hazardous Air Pollutants (NESHAPs).
4
5 Specific details (such as state air standards) that differ among the GTCC reference locations are
6 presented in the site-specific discussions of the affected environment (Chapters 6 through 12).
7
8
9 5.2.1.1.1 NAAQS. The EPA has set NAAQS for six criteria pollutants -- including SO2 ,

10 N02, CO, 03, PM (PMlo and PM2.5), and lead-- as shown in Table 5.2.1-1. Primary NAAQS
11 specify maximum ambient (outdoor air) concentration levels of the criteria pollutants with the
12 aim of protecting public health with an adequate PriuaeMte
13 margin of safety. Secondary NAAQS specify PriuaeMte

14 maximum concentration levels with the aim of Particulate matter (PM) is dust, smoke, and other
15 protecting public welfare. The NAAQS specify solid particles and liquid droplets in the air. The

16 different averaging times as well as maximum size of the particulate is important and is measured
17 concentrations. Some of the NAAQS for in micrometers (jim). A micrometer is 1 millionth
18 averaging times of 24 hours or less allow the of a meter (0.00003 9 in.). PM10 is PM with an
19 standard values to be exceeded a limited number aerodynamic diameter that is less than or equal to

10 jim, and PM 2.5 is PM with an aerodynamic
20 of times per year. States can have SAAQS. diameter that is less than or equal to 2.5 jim.

21 SAAQS must be at least as stringent as the
22 NAAQS, and they can include standards for
23 additional pollutants. Ifra state has no standard corresponding to one of the NAAQS, the NAAQS
24 apply.
25
26 An area in which the measured air quality is above the NAAQS/SAAQS maximum
27 concentration is called a nonattainment area. Nonattainment areas in which air quality has
28 improved and is demonstrated to be below an NAAQS/SAAQS concentration can be
29 redesignated as a maintenance area. These areas are required to adopt a maintenance plan that
30 ensures air quality will not degrade in the area.
31
32
33 5.2.1.1.2 PSD. While the NAAQS (and SAAQS) place upper limits on the levels of air
34 pollution, PSD regulations that apply to attainment areas place limits on the total increase in
35 ambient pollution levels above established baseline levels for SO 2, NO2 , and PM10, thus
36 preventing "polluting up to the standard" (see Table 5.2.1-1). These allowable increases are
37 smallest in Class I areas such as national parks and wilderness areas. The rest of the country is
38 subject to larger Class II increments. States can choose a less stringent set of Class III
39 increments, but none have done so. Major (large) new and modified stationary sources must meet
40 the requirements for the area in which they are located and for any areas they impact. Thus, a
41 source located in a Class II area that is near a Class I area would need to meet the more stringent
42 Class I increment in the Class I area and the Class II increment elsewhere, as well as any other
43 applicable requirements.
44
45 In addition to capping increases in criteria pollutant concentrations below the levels set
46 by the NAAQS, the PSD program mandates stringent control technology requirements for new
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1
2

TABLE 5.2.1-1 National Ambient Air Quality Standards and Maximum Allowable
Increments for Prevention of Significant Deterioration

PSD Incrementsd
NAAQSb (jtg/rn3)

Averaging
Pollutanta Time Value Type C Class I Class II

SO 2  1-hour 75 ppb p _e-
3-hour 0.5 ppm (1,300 jig/rn3) S 25 512
24-hour 0.14 ppm P 5 91
Annual 0.03 ppm P 2 20

NO2  1-hour 0.100 ppm P - -

Annual 0.053 ppm (100 jig/rn 3) P, S 2.5 25

CO 1-hour 35 ppm (40 mg/rn 3) P--
8-hour 9 ppm (10 mg/rn 3) P - -

03 1-hour 0.l2 ppmf P, S - -

8-hour 0.075 ppm P, S - -

PMI 0  24-hour 150 jig/rn3  P, S 8 30
Annual - -4 17

PM 2.5  24-hour 35 jig/rn 3  P, S - -

Annual 15.0 jig/rn 3  P, S - -

Leadg Calendar quarter 1.5 jig/rn 3  P, S - -

Rolling 3-month 0.15 jig/rn 3  P, S - -

aCO =carbon monoxide, NO2 = nitrogen dioxide, 03 =ozone, PM2.5 = particulate matter < 2.5 jim,
PM 1 0 = particulate matter < 10 jim, 502 = sulfur dioxide, ppm =part(s) per million.

bRefer to 40 CFR Part 50 for detailed information on attainment determination and the reference
method for monitoring.

CP = primary standard whose limits were set to protect public health; S = secondary standard whose
limits were set to protect public welfare.

dClass I areas are specifically designated areas in which degradation of air quality is severely
restricted under the CAA; they include national parks, wilderness areas, monuments, and other areas
of special national and cultural significance. Class II areas have a somewhat less stringent set of
allowable emissions.

e A dash indicates that no standard exists.

f On June 15, 2005, the 1-hour 03 standard was revoked for all areas except the 8-hour 03
nonattainment Early Action Compact (EAC) areas (those do not yet have an effective date for their
8-hour designations). The 1-hour standard will be revoked for these areas 1 year after the effective
date of their designation as attainment or nonattainment for the 8-hour 03 standard.

gOn October 15, 2008, the EPA revised the lead standard from a calendar-quarter average of
1.5 jig/rn3 to a rolling 3-month average of 0.15 jig/rn 3 .

Sources: 40 CFR 52.21; EPA (2008)

3
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1 and modified major sources. In Class I areas, federal land managers are responsible for
2 protecting the areas' air-quality-related values (AQRVs), such as scenic, cultural, biological, and
3 recreational resources. As stated in the CAA, the AQRV test requires the federal land manager to
4 evaluate whether the proposed project will have an adverse impact on the AQRVs, including
5 visibility. Even if PSD increments are met, if the federal land manager detennines that there is an
6 impact on an AQRV, the permit may not be issued.
7
8
9 5.2.1.1.3 Visibility Protection. Visibility was singled out for particular emphasis in the

10 CAAA. Visibility in a Class I area is protected under two sections of the Act. Section 165
11 provides for the PSD program (described above) for new sources. Section 169(A), for older
12 soutrces, describes requirements for reasonably attributable single sources and regional haze
13 requirements, which address multiple sources. Federal land managers have a particular
14 responsibility to protect visibility in Class I areas. Even sources locating outside a Class I area
15 may need to obtain a pernit that assures no adverse impact on visibility within the Class I area,
16 and existing sources may need to retrofit controls. EPA's 1999 Regional Haze Rule set goals of
17 preventing future impairment and remedying existing impairment to visibility in Class I areas.
18 States had to revise their State Implementation Plans to establish emission reduction strategies to
19 meet a goal of natural conditions by 2064.
20
21_________________
22 5.2.1.1.4 General Conformity. Under Volatile Organic Compounds
23 EPA's general conformity regulations (40 CFR
24 Parts 51 and 93, April 5, 2010), federal Volatile organic compounds (VOCs) are organic
25 departments and agencies are prohibited fr~om vapors in the air that can react with other
26 taking actions in nonattainment and substances, principally nitrogen oxides (NOx), to

27 maintenance areas unless they first demonstrate fr zn 0)i h rsneo ulgt
28 that the actions would conform to the State
29 Implementation Plan as it applies to criteria pollutants. Transportation-related projects are
30 subject to requirements for transportation conformity. General conformity requirements apply to
31 stationary sources. Conformity addresses only those criteria pollutants for which the area is in
32 nonattainment or maintenance (for example, VOCs and N0x for 03). If annual source emissions
33 are below specified threshold levels, no conformity determination is required. If the emissions
34 exceed the threshold, a conformity determination must be undertaken to demonstrate that the
35 action conforms to the State Implementation Plan. The demonstration process includes public
36 notification and response and may require extensive analysis.
37
38 Given the low emissions, general conformity is unlikely to affect management options for
39 GTCC LLRW and GTCC-like waste.
40
41
42 5.2.1.1.5 NESHIAPs. In addition to the criteria pollutants, the EPA regulates hazardous
43 or toxic air pollutants specifically listed in the CAA, such as beryllium, cadmium, and
44 radionuclides. These NESHAPs generally regulate emissions rather than ambient concentrations.
45 The most important NESHAP for a GTCC LLRW and GTCC-like waste disposal facility is for
46 radionuclides (40 CFR Part 61, Subpart H), and it requires a demonstration that radionuclides
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1 other than radon released to the air from a DOE facility do not result in a dose to the public of
2 more than 10 mrem/yr. Emissions from both traditional stacks and diffuse sources must be
3 considered when demonstrating compliance.
4
5
6 5.2.1.2 Noise
7
8 This section provides general descriptions of noise and vibration associated with
9 construction and operation of a GTCC LLRW and GTCC-like waste disposal facility.

10
11 Any pressure variation that the human ear can detect is considered sound; noise is
12 unwanted sound. Sound is described in terms of amplitude (perceived as loudness) and frequency
13 (perceived as pitch). Sound pressure levels are typically measured with logarithmic decibel (dB)
14 scale. To account for human sensitivity to frequencies of sound (i.e., humans are less sensitive to
15 lower and higher frequencies and most sensitive to sounds between 1 and 5 kHz), A-weighting
16 (denoted by dBA) is widely used and is correlated with a human's subjective reaction to sound
17 (Acoustical Society of America 1983, 1985). To account for variations of sound with time, the
18 equivalent-continuous sound level (Leq) is used. Leq is the continuous sound level during a
19 specific time period that would contain the same total energy as the actual time-varying sound.
20 For example, Leq (1-h) is the 1-hour equivalent-continuous sound level. In addition, human
21 responses to noise differ depending on the time of the day (e.g., there is more annoyance over
22 noise during nighttime hours). The day-night average sound level (Ldn) provides an average of
23 the level over a 24-hour period after the addition of 10 dB to sound levels from 10 p.m. to 7 a.m.
24 to account for the greater sensitivity of most people to nighttime noise. Generally, a 3 -dB change
25 is considered a just noticeable difference, and a I10-dB increase is subjectively perceived as a
26 doubling in loudness and aimost always causes an adverse community response.
27
28 The Noise Control Act of 1972, along with its subsequent amendments (Quiet
29 Conmmunities Act of 1978, 42 USC, Parts 4901-4918), delegates to the states the authority to
30 regulate environmental noise and directs government agencies to comply with local community
31 noise statutes and regulations. Many local noise ordinances are qualitative, prohibiting excessive
32 noise or noise that results in a public nuisance. Because of the subjective nature of such
33 ordinances, they are often difficult to enforce. However, a handful of states and counties have
34 established quantitative noise-level regulations, which typically specify environmental noise
35 limits based on the land use of the property receiving the noise.
36
37 The EPA has a noise guideline that recommends an Ldn of 55 dBA, which is sufficient to
38 protect the public from the effect of broadband environmental noise in typically quiet outdoor
39 and residential areas (EPA 1974). These levels are not regulatory goals, but they are
40 "intentionally conservative to protect the most sensitive portion of the American population"~
41 with "an additional margin of safety." For protection against hearing loss in the general
42 population from nonimpulsive noise, the EPA guideline recommends an Leq of 70 dBA or less
43 over a 40-year period.
44
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1 Construction activities can result in varying degrees of ground vibration, depending on
2 the equipment and methods employed. Construction activities that typically generate the most
3 severe vibrations are blasting and impact pile-driving.
4
5 Three ground-borne vibration impacts are of general concern: human annoyance,
6 interference with vibration-sensitive activities, and damage to buildings. In evaluating ground-
7 borne vibration, two descriptors are widely used.
8
9 *Peak particle velocity (PPV). Measured as distance per time (such as inches

10 per second), PPV is the maximum peak velocity of the vibration and
11 correlates with the stresses experienced by buildings.
12
13 Vibration velocity level (Lv). This represents a 1-second average amplitude of
14 the vibration velocity. It is typically expressed on a log scale in decibels
15 (VdB), just as noise is measured in dB. This descriptor is suitable for
16 evaluating human annoyance because the human body responds to average
17 vibration amplitude.
18
19 A background vibration velocity level in residential areas is usually 50 VdB or lower,
20 well below the threshold of perception for humans, which is around 65 VdB
21 (Hanson et al. 2006). However, human response is not usually significant unless the vibration
22 exceeds 70 VdB. For evaluating interference with vibration-sensitive activities, the vibration
23 impact criterion for general assessment is 65 VdB. For residential and institutional land use
24 (primarily only daytime use, such as at a school or church), the criteria range from 72 to 80 VdIB
25 and from 75 to 83 VdB, respectively (depending on event frequency). For potential structural
26 damage effects, guideline vibration damage criteria for various structural categories are provided
27 in Hanson et al. (2006), but damage to buildings would occur at much higher levels (0.30 cm/s
28 [0.12 in./s] or higher, or approximately 90 VdB) than human annoyance and interference with
29 vibration-sensitive activities.
30
31
32 5.2.2 Geology and Soils
33
34 The main elements in assessing impacts on geologic and soil resources at the GTCC
35 reference locations being evaluated are the location and extent of the land being disturbed during
36 construction and operations. Geologic and soil conditions at each of the GTCC reference
37 locations are described in the affected environment sections for each site (Chapters 6
38 through 11). Surveys in the vicinity of these locations, including soil surveys, topographic
39 surveys, and geologic and seismic hazard maps, were reviewed. Well log data from on-site (or
40 near-site) wells and boreholes were also reviewed.
41
42 The EIS analysis evaluates impacts on critical geologic attributes, including access to
43 mineral or energy resources, destruction of unique geologic features, and mass movement
44 induced by construction. The impact analysis also evaluates regional geologic conditions, such as
45 the earthquake potential. The analysis for soil resources evaluates impacts on specific soil
46 attributes, including the potential for soil erosion and compaction by construction activities. Last,
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1 the determination of the relative magnitude of an impact for each of the reference locations is
2 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 5.2.3 Water Resources
7
8 Hydrologic resources potentially affected by the proposed action include rivers, streams,
9 and groundwater. Hydrologic conditions in the vicinity of each of the GTCC reference locations

10 are described in the affected environment section for each of these locations. Impacts on surface
11 water are presented as changes in runoff by comparing runoff areas with and without the GTCC
12 LLRW and GTCC-like waste disposal facility. The potential for surface water quality impacts is
13 assessed on the basis of the disposal facility's location relative to rivers and streams, local runoff
14 rates, and groundwater discharge.
15
16 Potential impacts on groundwater resources are evaluated as impacts on underlying
17 aquifers relative to changes in groundwater depth, direction of groundwater flow, groundwater
18 quality, and recharge rates. Impacts on groundwater depth and the direction of flow are assessed
19 by comparing the existing use of water with the projected demand for water to operate the GTCC
20 LLRW and GTCC-like waste disposal facility.
21
22
23 5.2.4 Human Health
24
25
26 5.2.4.1 Affected Environment Assessment
27
28 Human health impacts discussed under the affected environment sections summarize the
29 current radiation doses to on-site workers and the nearby off-site general public for each of the
30 sites evaluated. Potential radiation exposures can result from environmental releases of
31 radionuclides to groundwater and from airborne emissions that occur during the transport,
32 storage, and disposal of radioactive wastes. For most sites, the radiation doses are reported for
33 the highest-exposed individual for affected workers and members of the general public. In some
34 cases, the average individual dose instead of the dose to the highest-exposed individual was
35 reported by the site. Collective doses over the affected populations are also presented whenever
36 data are available. These reported radiation doses are compared to radiation dose limits set by
37 DOE or promulgated by regulatory agencies, and the expected radiation dose from natural
38 background and man-made sources. The reported doses were estimated by using generally
39 conservative exposure assumptions; in general, an individual is expected to receive a dose much
40 lower than that reported in these site-specific documents.
41
42 Potential radiation doses reported in the human health portions of the affected
43 environment sections for each site were estimated from environmental monitoring data or by
44 using computer models that simulate environmental transport, dispersion, and distribution of
45 radionuclides. The primary sources for the monitoring data and estimated doses were the annual
46 environmental reports for each site. In addition to these reports, published site-specific EISs and
47 DOE reports concerning radiation worker exposures were also referenced.
48
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1 5.2.4.2 Assessment of Impacts on Human Health2
3 The human health impacts associated with the waste handling, transportation, and
4 disposal of GTCC LLRW and GTCC-like wastes are analyzed for all aspects associated with
5 managing these wastes, from the point of generation, to the transportation of wastes to the
6 disposal site, to the placement of wastes in the disposal facility, and to the long-tenn
7 management of the closed facility. That is, this evaluation includes an assessment of potential
8 environmental impacts for both the operational phase and post-closure phase of actions at the
9 disposal sites. For purposes of analysis in the EIS, the wastes are assumed to be in a form that

10 will allow for transportation and disposal with no additional treatment being required, consistent
11 with the defined scope of the EIS.
12
13 The human health impacts are addressed for the three phases of the waste disposal site in
14 this EIS" construction, operations, and post-closure. During the first two phases, the impacts
15 consist of those from radiation exposure as well as nonradiation impacts. During the post-closure
16 period, the impacts are limited to those associated with long-term releases from the disposal
17 facilities. Direct physical intrusion, such as by a future inadvertent intruder into the disposal
18 facilities after site closure, is not analyzed quantitatively in this EIS. The actual facility design
19 would include barriers and other engineered features to preclude the likelihood of high impacts
20 on future inadvertent intruders (see related discussion in Sections 5.5 and 5.6). The human health
21 impacts include both those associated with routine activities and those from potential accidents.
22
23 The analysis does not address potential toxic chemical releases from the wastes; it is
24 limited to radioactive constituents only. The radioactive hazards of these wastes are expected to
25 exceed those associated with any toxic chemicals that might be present in the GTCC LLRW and
26 GTCC-like waste. The impacts presented for the radioactive contaminants are expected to bound
27 those that could occur from any hazardous chemicals in the wastes. The impacts associated with
28 waste transportation are addressed separately in this EIS; see Section 5.2.9 for a discussion of the
29 approach used to address these impacts.
30 __________________
31 Radiation
32 5.2.4.3 Radiological Impacts
33 Radiation consists of energy, generally in the form
34 Management of the GTCC LLRW and of subatomic particles (neutrons, alpha particles,
35 GTCC-like waste involves the handling, beta particles) or photons (x-rays and gamma rays)

36 tansorttio, ad dspoal f teseradoacive given off by unstable, radioactive atoms as they
36 tansortaion anddisosa of hes radoacive decay to reach a more stable configuration.

37 wastes. Following completion of the useful life Radiation can be classified as being in one of two
38 of the disposal facility, it would be categories: ionizing and non-ionizing (such as from
39 decommissioned in accordance with applicable a laser). The radiation from GTCC LLRW and
40 requirements at the time. A long-term GTCC-Iike waste is ionizing radiation. This type of
41 monitoring and maintenance period would radiation has sufficient energy to displace electrons

from atoms or molecules when it interacts with
42 follow site decommissioning to ensure that the matter (including the human body), creating ion

43 disposal facility was adequately containing the pairs. Ionizing radiation can cause cell damage;

44 disposed wastes. These activities might result in this damage can be repaired by the cell, or the cell

45 workers and members of the general public may die, or the cell may reproduce other altered
46 being exposed to radiation and radioactive cells that can lead to cancer.
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1 materials. Radiation, either man-made or naturally occurring, is released when an unstable atom2 of an element (an isotope) transforms (decays) into a more stable configuration. The radiation
3 that is released can be in the form of particles (e.g., neutrons, alpha particles, beta particles) or
4 waves of pure energy (e.g., gamma rays and x-rays).
5
6
7 Radiation can be broadly classified into Key Concepts in Estimating Risks from
8 two categories: ionizing and non-ionizing Radiation
9 radiation. Ionizing radiation is generally more

10 energetic than non-ionizing radiation and can The health effect of concern from exposure to
11 knock electrons out of molecules with which radiation at the levels expected from management

of the GTCC LLRW and GTCC-like wastes is the12 the particles or gamma rays and x-ray's interact, induction of cancer. Radiation-induced cancers
13 creating ion pairs. Non-ionizing radiation, such may takce many years to develop following
14 as that emitted by a laser, is different in that it exposure and are generally indistinguishable from
15 does not create ions when it interacts with cancers caused by other sources. Current radiation
16 matter but generally dissipates its energy in the protection standards and practices are based on the
17 form of heat. The radiation associated with premise that any radiation dose, no matter how
18 GTCC LLRW and GTCC-like waste is ionizing small, can result in detrimental health effects such

19 rdiaton.as cancer, and that the number of effects produced
19 rdiatonis in direct proportion to the radiation dose. This

20 concept is referred to as the "linear-no-threshold
21 Ionizing radiation is a known human hypothesis" and is generally considered to result in
22 carcinogen, and the relationship between conservative estimates (i.e., overestimates) of the
23 radiation dose and health effects is relatively health effects from low doses of radiation.
24 well characterized for high doses of most types
25 of radiation. Some of these cancers can be fatal, and this is referred to as LCF because the cancer
26 may take many years to develop and cause death. Lower levels of exposure might constitute a
27 health risk, but it is difficult to establish a direct cause-and-effect relationship because a
28 particular effect in a specific individual can be produced by different processes. The features of
29 cancers resulting from radiation are not distinct from those of cancers produced by other causes.
30 Hence, the risk of cancer from chronic exposures of ionizing radiation must be extrapolated from
31 data for increased rates of cancer observed at much higher dose rates. Chronic doses of low-level
32 radiation have not been directly shown to cause cancer, although this assumption has been made
33 in order to be protective.
34
35 The amount of energy deposited in ionizing radiation per unit mass of any material is the
36 absorbed dose and is generally expressed in the unit of rad (for radiation absorbed dose). Certain
37 types of radiation are more effective at producing ionizations than others. For the same amount
38 of absorbed dose, alpha particles will produce significantly more biological harm than will beta
39 particles or gamma rays. The dose equivalent approach was developed to normalize the unequal
40 biological effects produced by different types of radiation. The dose equivalent is the product of
41 the absorbed dose (in rad) and a quality factor that accounts for the relative biological
42 effectiveness of the radiation. The dose equivalent is typically expressed in a unit called a rem
43 (for roentgen equivalent man).
44
45 The dose delivered to internal organs as a result of radionuclides being systemically
46 incorporated into the body may continue long after intake of the radionuclide has ceased. After
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1 being taken into the body, some radionuclides are eliminated fairly quickly, while others are
2 incorporated into tissues or ultimately deposited in bones and can be retained for many years.
3 This process is in contrast to external doses, which occur only when a radiation field is present.
4 The committed dose equivalent was developed to account for doses to internal organs from
5 radionuclides taken into the body. The committed dose equivalent is the integrated dose
6 equivalent to specific organs for 50 years following intake.
7
8 The International Commission on Radiological Protection (ICRP) developed the concepts
9 of effective dose equivalent (EDE) and committed effective dose equivalent (CEDE) to account

10 for the differing cancer rates from chronic exposures to radiation by different organs and tissues
11 in the body. The EDE and CEDE are weighted sums of the organ-specific dose equivalents and
12 committed dose equivalents. The weighting factors used in these calculations are based on
13 selected stochastic risk factors and are used to average organ-specific dose equivalents. The total
14 effective dose equivalent (TEDE) is the sum of the EDE for external radiation and the 50-year
15 CEDE for internal radiation. The calculated doses given in this EIS are the TEDEs, as defined
16 here.
17
18 The most common forms of radiation associated with GTCC LLRW and GTCC-like
19 waste are neutrons, alpha and beta particles, and electromagnetic radiation in the form of gamma
20 rays and x-rays. Neutrons are one of the two components of an atom's nucleus (the other being
21 the proton) and are often emitted by unstable TRU radionuclides, such as isotopes of plutonium,
22 americium, and curium. An alpha particle consists of two protons and two neutrons and is
23 identical to the nucleus of a helium atom. Beta particles can be either positive (positron) or
24 negative (negatron); a negatron is identical to an electron. Gamma rays and x-rays have no
25 electrical charge or mass and can travel long distances in air, body tissues, or other materials.
26
27 Ionizing radiation can impart sufficient localized energy to living cells to cause cell
28 damage. This damage may be repaired by the cell, or the cell may die, or the cell may reproduce
29 other altered cells, sometimes leading to the induction of cancer. An individual may be exposed
30 to radiation from outside the body (external exposure) or, if the radioactive material has entered
31 the body through inhalation or ingestion, from inside the body (internal exposure).
32
33 Everyone is exposed to radiation on a daily basis, primarily from naturally occurring
34 cosmic rays, radioactive elements in the soil, and radioactive elements incorporated into the body
35 (such as potassium-40 [K-40]). Man-made sources of radiation include medical x-rays and
36 fallout from previous aboveground nuclear weapons tests and nuclear reactor accidents (such as
37 the accident involving the Chernobyl nuclear reactor in the Soviet Union in 1986). Ionizing
38 radiation causes biological damage only when the energy released during radioactive decay is
39 absorbed by tissue.
40
41 Radiation exposures associated with management of GTCC LLRW and GTCC-like waste
42 are generally expected to be limited to chronic effects. The main health concern associated with
43 chronic exposure to radiation is an increased likelihood of developing cancer, and this impact is
44 assessed in the EIS. Relatively large doses are required to cause acute effects, and potential
45 mechanisms for such exposures include direct intrusion into the disposal units or workers being
46 in the immediate vicinity of a large accidental release during operations. Acute doses above
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1 25 rad delivered over a short time period can induce a number of deleterious effects, including
2 nausea and vomiting, malaise and fatigue, increased body temperature, blood changes, epilation
3 (hair loss), and temporary sterility; bone marrow changes have not been identified until the acute
4 doses reach 200 rad (Cember 1983). Such exposures are highly unlikely for managing these
5 wastes.
6
7 ____________________
8 The EPA has developed dose Dose Conversion Factors
9 conversion factors (DCFs) for internal and

10 external exposures, and these factors are given Dose conversion factors (DCFs) represent the total
11 in Federal Guidance Report (FGR) 11 effective dose equivalent (TEDE) per unit intake of
12 (EPA 1988) and FGR 12 (EPA 1993). For radionuclide (internal exposure) or exposure to a

unit concentration of radioactive material external13 internal exposures, the DCF represents thetohebd(xeraepsu).TeCsae
14 50-year CEDE per unit intake of radionuclide, used -- along with estimates of the amount of
15 and for external exposures, the DCF represents radioactive material taken into the body by
16 the EDE per unit of time at 1 m (3 fi) above the inhalation and ingestion (for internal exposures) or
17 ground surface per unit of activity estimates of the exposure to radioactive material
18 concentration of the specified radionuclide. that emits gamma rays or x-rays (for external

19 TeseDC~ gien n te to EA dcumnts exposures) -- to estimate the TEDE. Updated19 TeseDC~sgivn inthetwo PA ocumnts DCFs have been developed by the ICRP and are
20 are based on the dosimetry models and results used in this EIS to estimate radiation doses to
21 given in ICRP? 26 (ICRP 1977) and ICRP 30 workers and members of the general public.
22 (ICRP 1979, 1980, 1981). These DCFs were
23 developed on the metabolic and anatomical
24 model of an adult male, the ICRP reference man weighing 70 kg (150 lb).
25
26 The ICRP updated its radiation dosimetry models for members of the general public
27 (spanning a range of ages, including adults) in ICRP 72 (ICRP 1996), and the concepts and
28 models included in ICRP 72 are gaining wide acceptance in the scientific community. For this
29 EIS, the DCFs given in ICRP 72 for adults are used to calculate the doses to workers and
30 members of the general public (ICRP 1996). These are the most recent values and provide a
31 reasonable estimate of doses for comparing the various alternatives evaluated in this EIS. Note
32 that the EPA included the DCFs based on ICRP 72 in its compact disc supplement to Federal
33 Guidance Report No. 13 (EPA 2002).
34
35 For the ELS, the radiological impacts were estimated by calculating the radiation doses to
36 workers and members of the general public from the anticipated activities required under each
37 alternative. These activities include those during the operations period, long-term monitoring and
38 surveillance period, and long-term post-closure period. Doses were estimated for internal and
39 external exposures that might occur during normal (or routine) operations and following
40 hypothetical accidents. The analysis considered three groups of people: (1) involved workers,
41 (2) noninvolved workers, and (3) members of the general public. These three cohorts are defined
42 as follows:
43
44 * nvolved workers. These are individuals working at the site (and transportation
45 drivers) who are directly involved with the handling of the wastes. The main
46 exposure mechanism would be from external gamma radiation.
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1 *Noninvolved workers. These are individuals working at a disposal site who are
2 not directly involved with the handling of the wastes. The main exposure
3 pathway is also external gamma radiation (but at a greater distance).
4
5 *Members of the general public. These are persons living near the site. These
6 individuals could receive a small external gamma radiation dose during the
7 operation period, and they could be exposed to radioactive materials over the
8 long term via the airborne and groundwater pathways.
9

10 For each of these groups, doses were estimated for the group as a whole (population or
11 collective dose). For the noninvolved workers and general public, doses were also calculated for
12 the highest-exposed individual (i.e., a hypothetical individual who could receive the greatest
13 possible dose). In accordance with DOE policies, all radiation exposures and releases of
14 radioactive material to the environment are required to be kept ALARA, a practice that has as its
15 objective the attainment of dose levels as far below applicable limits as possible.
16
17 In addition to estimating the radiation doses (TEDE) for potentially impacted individuals,
18 estimates were developed for the number of potential LCFs by using a health risk conversion
19 factor. This factor relates the radiation dose to the potential number of expected LCFs on the
20 basis of comprehensive studies of groups of people historically exposed to large doses of
21 radiation, such as the Japanese atomic bomb survivors. For this EIS, a health risk conversion
22 factor of 0.0006 LCF/person-rem was used. This value was identified by the Interagency
23 Steering Committee on Radiation Standards as a reasonable factor to use in the calculation of
24 potential LCFs associated with radiation doses as given in DOE guidance and recommendations
25 (DOE 2003b, 2004c). This conversion factor is used to calculate the number of LCFs for the
26 general population and for workers from the estimated radiation doses in this EIS.
27
28 This factor means that if a population of workers receives a total dose of 10,000 person-
29 rem, on average, 6 additional LCFs will occur among the workers. In many situations, the
30 estimated number of LCFs is less than 1. For example, if each of 100,000 people in the general
31l public was exposed to 1 mrem (or 0.00 1 rem), the total dose would be 100 person-rem, and the
32 estimated number of LCFs would be 0.06. This estimate of 0.06 needs to be interpreted
33 statistically (i.e., as the average number of deaths if the same radiation exposure was applied to
34 many groups of 100,000 people). In most groups, no one would incur an LCF from a dose of
35 1 mrem. In a very small percentage of groups (about 6%), 1 LCF would occur. In an extremely
36 small percentage of groups, 2 or possibly more LCFs would occur. An LCF value of 0.06 can
37 also be viewed as a 6% chance of 1 radiation-induced LCF in the exposed population.
38
39 These LCF estimates provided in the EIS are in addition to those from other causes. In
40 2008, the American Cancer Society estimated 566,000 people would die of cancer in the
41 United States, and about three times that number (1,440,000) would be diagnosed with cancer
42 (ACS 2008). Also, the likelihood of developing an LCF from background radiation is about 0.03,
43 based on an average background radiation dose rate of 620 mrem/yr as given by the National
44 Council on Radiation Protection and Measurements (NCRP 2009), a 70-year lifetime, and an
45 LCF factor of 0.0006/rem. The 620 mrern/yr background radiation estimate given in NCRP
46 (2009) includes about 310 mrem/yr from natural sources and 310 mrem/yr from man-made
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1 sources, including medical procedures and consumer products. This value is significantly larger
2 than the previous NCRP estimate of 360 mrem/yr primarily because of the increased use of
3 ionizing radiation in diagnostic and interventional medical procedures (NCRP 2009). In this EIS,
4 estimates of LCFs are given to one significant figure.
5
6 A number of radionuclides present in GTCC LLRW and GTCC-like wastes occur
7 naturally in the environment, including isotopes of uranium, thorium, and radium and their
8 radioactive decay products. The radiological impacts given in this EIS are incremental to those
9 from natural and man-made sources of radiation; that is, the impacts are those that an average

10 individual would incur in addition to the 620 mrem/yr noted above. A decision on the disposal of
11 GTCC LLRW and GTCC-like waste can thus be made on the basis of the radiological impacts
12 from this activity, without considering the background radiation contribution.
13
14 One of the major sources of the dose from natural background radiation is indoor radon
15 gas, largely because of its short-lived decay products. Most of this dose is due to radon-222,
16 which has a 3.8-day half-life (see Table B-7). Radon-222 is a decay product of radium-226. The
17 doses from the other two naturally occurring isotopes of radon (radon-219 and radon-220) are
18 much lower than the dose from radon-222. The annual radiation dose from the decay products of
19 radon-222 (referred to as radon progeny in this EIS) is estimated to be about 200 mrem/yr
20 (NCRP3 2009). This dose is from naturally occurring radon gas in soil, rock, and water that
21 infiltrates into houses; in the houses, the gas's decay products (which are charged particles) can
22 build up and attach to dust particles in the air.
23
24 Radium-226 is present in some GTCC LLRW and GTCC-like waste; thus, incremental
25 releases of radon gas from the waste packages could occur following their disposal. This gas
26 would not be released from the packages while they were intact but would instead decay to solid
27 radionuclides. However, following disposal, the packages would eventually degrade, and radon
28 gas in the packages could be released to the environment. This incremental radiation dose from
29 radon gas is included in the post-closure impacts presented in the ELS.
30
31
32 5.2.4.4 Nonradiological Impacts
33
34 The nonradiological impacts are those that would result from similar activities being
35 conducted for projects that do not involve radioactive materials. These impacts are not related to
36 the radioactive characteristics of the wastes; they result from the physical hazards associated
37 with these activities and are given in terms of the number of on-the-job fatalities and injuries that
38 could occur to workers under the various alternatives. These workers include construction
39 workers building the disposal facilities, transportation drivers, and workers moving the wastes
40 from the transport vehicles and placing the packages in the disposal facility. The approach used
41 to estimate the impacts on transportation is given separately in Section 5.2.9. These impacts were
42 calculated by using industry-specific statistics from the Bureau of Labor Statistics (BLS), as
43 reported by the National Safety Council. The injury incidence rates were for injuries involving
44 lost workdays (excluding the day of injury).
45
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1 The analysis calculated the predicted number of annual worker fatalities and injuries as
2 the product of the appropriate annual incidence rate and the number of FTE employees required
3 to implement the activities for the various alternatives. Estimates for the construction phase of
4 the project were developed separately from those for the operations phase, since the types of
5 activities that would occur are expected to be different. Construction would involve the use of
6 large earth-moving equipment and could entail a number of construction activities, whereas the
7 operations phase would be expected to use more specialized material-handling equipment, such
8 as forklifts. Data for the construction industry in 2006 were used for the former, and data for the
9 transportation and warehousing industry (excluding highway accidents) in 2006 were used for

10 the latter.
11
12 The calculation of fatalities and injuries from industrial accidents was based solely on
13 historical industry-wide statistics and therefore did not consider a threshold (i.e., any activity
14 would result in some estimated risk of fatality and injury). The selected alternative for managing
15 these wastes would be implemented in accordance with DOE and industry best management
16 practices, thereby reducing fatality and injury incidence rates. For the construction phase, the
17 number of lost workdays due to nonfatal injuries and illnesses was estimated by using a value of
18 6.0 per 100 FTE workers (BLS 2007a), and the estimated number of fatalities was estimated by
19 using a value of 13.2 per 100,000 FTE workers (BLS 2007b), information was from the
20 construction industry. For the operations phase, the number of lost workdays due to nonfatal
21 injuries and illnesses was estimated by using a value of 8.0 per 100 FTE workers (BLS 2007a),
22 and the number of fatalities was estimated by using a value of 7.4 per 100,000 FTE workers
23 (BLS 2007b), information was from the transportation and warehousing (excluding highway
24 accidents) industry.
25
26
27 5.2.5 Ecological Resources
28
29 This section provides an overview of the Eooia eore

30 considerations and data used to describe the EclgclIeore
31 ecological resources at the alternative sites. The Ecological resources include plant and animal
32 evaluation of the potential impacts from species and the habitats on which they depend
33 construction, operations, and post-closure of the (e.g., forests, fields, wetlands, streams, and ponds).
34 GTCC LLRW and GTCC-like waste disposal
35 facility at each site depends on an adequate
36 understanding of the ecological resources that exist at each alternative site. The ecological
37 resources are described in the affected environment subsections for each alternative site. These
38 descriptions cover the vegetation, wildlife, aquatic biota, special status species, and habitats at
39 the DOE sites in general and within the areas designated for the GTCC LLRW and GTCC-like
40 waste disposal facility. The affected environment subsections address past activities and current
41 species and habitat management actions that have influenced the ecological resources at each
42 alternative site. The information presented for each site was primarily obtained from previous
43 NEPA documents and from various environmental studies and resource and management
44 documents prepared for the alternative sites.
45
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1 The GTCC reference locations are found in five states (Idaho, New Mexico, Nevada,
2 South Carolina, and Washington) across the continental United States. A wide variety of
3 terrestrial habitats and, to a lesser extent, aquatic and wetland habitats occur in the vicinity of the
4 alternative GTCC reference locations. General descriptions of terrestrial habitats throughout the

p 5 conterminous United States are included in ecoregion descriptions. An ecoregion describes a
6 broad landscape in which the ecosystems have a general similarity. It can be characterized by the
7 spatial pattern and composition of biotic and abiotic features, such as vegetation, wildlife,
8 physiography, climate, soils, and hydrology (EPA 2007). Level III ecoregions (EPA 2007) are
9 used to describe ecosystems at a general level for each alternative site and are discussed in the

10 ecological resource section provided for each alternative site in Chapters 6 through 11.
11
12 As a federal land manager, DOE is responsible for managing and conserving biota and
13 their habitats on all the alternative sites. Compliance with a number of federal laws, regulations,
14 and Executive Orders would help protect ecological resources at the GTCC reference locations
15 (see Chapter 13). In addition, state regulations could be applicable at the various potential
16 disposal sites. The Endangered Species Act of 1973 (ESA), as amended, is among the major laws
17 and regulations that would be applicable to ecological resources. The ESA is federal legislation
18 intended to provide a means to conserve the ecosystems upon which endangered and threatened
19 species depend and provide programs for conserving those species, thus preventing extinction of
20 plants and animals. The ESA sections that would apply to a GTCC LLRW and GTCC-Iike waste
21 disposal facility are Section 7 and Section 10(a)(l)(B).
22
23 Section 7 of the ESA requires all federal agencies, in consultation with the USFWS or the
24 National Marine Fisheries Service (NMFS), to use their authorities to further the purpose of the
25 ESA and to ensure that their actions are not likely to jeopardize the continued existence of listed
26 species or result in destruction or adverse modification of critical habitat. The following
27 definitions are applicable to the species listing categories under the ESA:
28
29 *Endangered. Any species that is in danger of extinction throughout all or a
30 significant portion of its range.
31
32 *Threatened. Any species that is likely to become endangered within the
33 foreseeable future throughout all or a significant part of its range.
34
35 *Proposed for listing. Species that have been formally proposed for listing as
36 threatened or endangered by the USFWS or NMFS by notice in the Federal
37 Register.
38
39 .Candidate. Species for which the USFWS or NMIFS has sufficient
40 information on their biological status and threats to propose them as
41 threatened or endangered under the ESA, but for which development of a
42 proposed listing regulation is precluded by other higher-priority listing
43 actions.
44
45 * Critical habitat. Specific areas within the geographical area occupied by the
46 species at the time it is listed, on which are found physical or biological
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1 features essential to the conservation of the species and which may require
2 special management considerations or protection. Except when designated,
3 critical habitat does not include the entire geographical area that can be
4 occupied by the threatened, endangered, or other special status species.
5
6 Section l0(a)(1)(B) of the ESA allows for permits for incidental taking of threatened or
7 endangered species. Such pernits would be required, for example, where the potential exists for
8 individuals of a listed species to be accidentally destroyed by land disturbance or by vehicular
9 traffic, or when a nest of a listed species may need to be relocated.

10
11 Each state also identifies species that are of concern within its borders. Each state differs
12 in the listing status designations that it uses and in its regulations for protecting these species.
13 Some of these species are listed under the ESA. Project-specific assessments would consider
14 impacts on these species prior to project development.
15
16 Five of the DOE sites (Hanford Site, INL Site, LANL, NNSS, and SRS) evaluated in this
17 EIS serve to preserve regional biodiversity by providing a refuge for species that have been
18 reduced by human activities in the surrounding region. Off-road driving, public access, and
19 livestock grazing are prohibited at most of the alternative sites, thus providing additional
20 protection to ecological resources.
21
22 The same six DOE sites are National Environmental Research Parks (NERPs) and also
23 have other natural resource designations (Table 5.2.5-1). NERPs are outdoor laboratories that
24 provide opportunities for environmental studies on protected lands that act as buffers around
25 DOE facilities. These studies are used to (1) evaluate the environmental consequences of energy
26 use and development and mitigation of these effects and (2) demonstrate possible environmental
27 and land-use options (DOE 2007a).
28
29
30 5.2.6 Socioeconomics
31
32 Socioeconomic data for each site describe an ROI surrounding the site, which is made up
33 of multiple counties. The ROI is used to assess the impacts of site activities on employment,
34 unemployment, income, population, housing, community fiscal conditions, and community
35 service employment. The ROI at each site is based on the residential locations of government
36 workers directly related to site activities, and it encompasses the area in which these workers
37 spend their wages and salaries.
38
39
40 5.2.7 Environmental Justice
41
42 Executive Order 12898 (February 16, 1994) formally requires federal agencies to
43 incorporate environmental justice as part of their missions. Specifically, it directs them to
44 address, as appropriate, any disproportionately high and adverse human health or environmental
45 effects of their actions, programs, or policies on minority and low-income populations.
46
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1
2
3

TABLE 5.2.5-1 National Environmental Research Parks and Other Natural Management
Resource Areas within the Alternative Sites Proposed for a GTCC LLRW and GTCC-Like Waste
Disposal Facility

DOE Site National Environmental Research Park Other Natural Resource Areas

Hanford Site

Idaho National
Laboratory
(LNL Site)

Established in 1983, 366,000 acres~a Allows
for comparative studies of ecological
processes in sagebrush-steppe ecosystems.

Established in 1975, 568,300 acres. Allows
for comparative studies of ecological
processes in sagebrush-steppe ecosystems
to demonstrate the compatibility of energy
technology development and a quality
environment.

Established in 1973, 28,400 acres. Allows
for research in arid pinyon-juniper
communities and their interface with
coniferous forests and mountain meadows
and valleys under various levels of stress
and for the development of technology to
resolve regulatory and compliance-related
problems.

Established in 1992, 865,000 acres. Allows
for investigations of environmental
restoration and waste management
activities.

Hanford Reach National Monument:
Approximately 200,000 acres divided into
six administrative units:

* Fitzner-Eberhardt Arid Land Ecology
Reserve: 77,000 acres

* McGee Ranch-Riverlands Unit:
9,100 acres

* Vermita Bridge Recreation Area:
800 acres

* River Corridor Unit: 25,000 acres
* Saddle Mountain Unit/Saddle Mountain

National Wildlife Refuge: 32,000 acres
* Wahluke Unit: 57,000 acres

INL Sagebrush Steppe Ecosystem Reserve:
74,000 acres

Los Alamos
National
Laboratory
(LANL)

White Rock Reserve: Approximately
1,000 acres at TA-70 and TA-7 1

Nevada National
Security Site
(NNSS)

5-35 5-35 January 2016



Final GTCC EIS 5: Common Elements for Alternatives 3, 4, and 5

TABLE 5.2.5-1 (Cont.)

DOE Site National Environmental Research Park Other Natural Resource Areas

Savannah River Established in 1972, 198,000 acres. Allows • Crackerneck Wildlife Management
Site (SRS) for ecological research of cypress swamp Area and Ecological Reserve:

and southeastern pine and hardwood forests 11,200 acres
and for protection from public intrusion and • Red-Cockaded Woodpecker
most site-related activities. Includes Management Area: 87,200 acres
30 DOE Research Set-Aside Areas that are • Supplemental Red-Cockaded
representative habitats on SRS. Woodpecker Management Area:

47,100 acres
* Savannah River Swamp Management

Area: 10,000 acres
* Lower Three Runs Corridor

Management Area: 4,400 acres

Waste Isolation NE NE
Pilot Plant
(WIPP)

WIIPP Vicinity NE NE

a To convert to hectares, multiply the acreage by 0.405.
b NE = not established. No NERP or other natural resource area designation has been established at the WIPP

or WIPP Vicinity. No other natural resource area designation has been established for NNSS.

Sources: DOE (2000, 2007a); Evans et al. (2003); The Nature Conservancy (2003); USFS (2005)

The analysis of the impacts of a GTCC LLRW and GTCC-like waste disposal facility on
environmental justice issues follows guidelines described in Environmental Justice Guidance
under the National Environmental Policy Act (CEQ 1997). The analysis method has three parts:
(1) the geographic distribution of low-income and minority populations in the affected area is
described; (2) an assessment is made of whether the impacts from construction and operations
would be high and adverse; and (3) if the impacts would be high and adverse, a determination is
made of whether these impacts would disproportionately affect minority and low-income
populations.

Construction and operations of a GTCC LLRW and GTC C-like waste disposal facility
could affect environmental justice if any adverse health and environmental impacts resulting
from either phase of development were significantly high and if these impacts disproportionately
affected minority and low-income populations. If an analysis that accounted for any unique
exposure pathways (such as subsistence fish, vegetation or wildlife consumption, or well-water
consumption) determined that health and environmental impacts would not be significant, there
could be no high and adverse impacts on minority and low-income populations. If impacts were
found to be significant, disproportionality would be determined by comparing the proximity of
high and adverse impacts to the location of low-income and minority populations. Information

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
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1 needed to conduct the analysis would be collected and developed to support future evaluations
2 that would be included in follow-on documents for the selected alternatives.
3
4 The analysis of environmental justice issues considered impacts in an 80-km (50-mi)
5 buffer around the GTCC reference location in order to include any potential adverse human
6 health or socioeconomic impacts related to the construction and operations that might occur.
7 Accidental radiological releases, for example, have the potential to affect minority and low-
8 income population groups located some distance from the site, depending on the size and nature
9 of potential releases and on meteorological conditions. Any accidental release to the environment

10 also has the potential to affect fish and other natural resources that might be used for subsistence
11 by low-income and minority population groups located some distance from the site. The extent
12 would depend on the size and nature of any potential release at the site.
13
14 The description of the geographic distribution of minority and low-income groups was
15 based on demographic data from the 2010 Census (U.S. Bureau of the Census 2012). The
16 following definitions were used to define minority and low-income population groups.
17
18 *Minority. Persons are included in the minority category if they identify
19 themselves as belonging to any of the following racial groups: (1) Hispanic,
20 (2) Black (not of Hispanic origin) or African American, (3) American Indian
21 or Alaska Native, (4) Asian, or (5) Native Hawaiian or other Pacific Islander.
22
23 Beginning with the 2010 Census, where appropriate, the census form allows
24 individuals to designate multiple population group categories to reflect their
25 ethnic or racial origin. In addition, persons who classify themselves as being
26 of multiple racial origins may choose up to six racial groups. The term
27 "minority" includes all persons, including those classifying themselves in
28 multiple racial categories, except those who classify themselves as "White"
29 (U.S. Bureau of the Census 2012).
30
31 The CEQ guidance proposed that minority populations should be identified
32 where either (1) the minority population of the affected area exceeds 50% or
33 (2) the minority population percentage of the affected area is meaningfully
34 greater than the minority population percentage in the general population or
35 other appropriate unit of geographic analysis.
36
37 The ELS applies both criteria in using the Census Bureau data for census block
38 groups, wherein consideration is given to the minority population that is both
39 more than 50% and 20 percentage points higher in the block than it is in the
40 state (the reference geographic unit).
41
42 *Low-income. Individuals who fall below the poverty line. The poverty line
43 takes into account family size and age of individuals in the family. The
44 poverty threshold for 2009 for a family of five with three children below the
45 age of 18 was $25,603. For any given family below the poverty line, all
46 family members are considered as being below the poverty line for the
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1 purposes of analysis in the EIS. Although the poverty line is estimated
2 annually, the data are not available at the census block group level used in the
3 EIS analysis.
4
5
6 5.2.8 Land Use
7
8 Land use is a classification of parcels of t.
9 land relative to the presence of human activities Land Use

10 (e.g., industry, agriculture, recreation) and Land use is a classification of parcels of land
11 natural areas. This section provides an relative to the presence of human activities
12 overview of the considerations and data used (e.g., industry, agriculture, and recreation) and
13 to describe land use at the alternative sites. natural areas.
14 The evaluation of the potential impacts on
15 land use from construction, operations, and
16 post-closure of a GTCC LLRW and GTCC-like waste disposal facility at each site depends on an
17 adequate understanding of the existing land use at each alternative site and of whether the
18 proposed GTCC LLRW and GTCC-like waste disposal facility would be consistent with existing
19 land use designations. The descriptions of land use for each alternative site cover the current land
20 uses (1) at the DOE sites and WIPP Vicinity (including Section 35 that is administered by BLM),
21 (2) in the areas surrounding the sites, and (3) within the GTCC reference location. The affected
22 environment sections address past and current land uses that have influenced the GTCC
23 reference location at each alternative site. The information presented for each site was obtained
24 primarily from previous environmental studies and from various documents prepared for the
25 alternative sites. The land use descriptions for each alternative site pay particular attention to
26 special land uses both within and surrounding the alternative sites. These include national parks,
27 designated wilderness areas, state lands (e.g., recreation areas and parks), NERPs or other natural
28 resource designations, designated waste management areas, and so forth. Such land use attributes
29 could be important considerations in determining which alternative sites are more suitable for
30 locating the GTCC LLRW and GTCC-like waste disposal facility.
31
32
33 5.2.9 Transportation
34
35 The transportation risk analysis estimated both radiological and nonradiological impacts
36 associated with the shipment of GTCC LLRW and GTCC-like waste during disposal facility
37 operations from their points of origin to the disposal sites considered in this EIS. Further details
38 on the risk methodology and input data are provided in Section C.9 of Appendix C.
39
40
41 5.2.9.1 General Approach and Assumptions
42
43 Transportation impacts from both truck and rail shipments were estimated for each waste
44 type considered. In either case, the shipment configurations and the number of shipments
45 required were the same for each of the land disposal methods considered.
46
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This EIS evaluates the total number of shipments expected over the life of the disposal
facility. Shipment of waste is not presented on an annual basis because of the uncertainty
associated with the time of future waste generation and disposal facility operations. Appropriate
shipment schedules would be proposed in the future as part of a further analysis once a disposal
site and a disposal method were selected.

The transportation risk assessment considers human health risks from routine transport
(normal, incident-free conditions) of radiological materials and from potential accidents. In both
cases, risks associated with the nature of the cargo itself, called "cargo-related" impacts, are
considered. Risks related to the transportation vehicle (regardless of type of cargo), called
"vehicle-related" impacts, are considered for potential accidents (see Figure 5.2.9-1 for an image
of waste being loaded onto a transport vehicle). The transportation of hazardous chemicals is not
part of this analysis because hazardous chemicals have not been identified as part of the waste
inventory.

5.2.9.2 Routine Transportation Risk

The radiological risk associated with routine transportation is cargo-related and results
from the potential exposure of people (including workers and the public) to low levels of
external radiation near a loaded shipment. No direct physical exposure to radioactive material
would occur during routine transport because these materials would be in packages designed and

25

26
27

FIGURE 5.2.9-1 Transport of Radioactive Waste Containers
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1 maintained to ensure that they would contain and shield their contents during normal transport.
2 Any leakage or unintended release would be considered under accident risks.
3
4 Collective population radiological risks were estimated for persons living in the vicinity
5 of the shipment routes (off-link population), persons in all vehicles sharing the transportation
6 route (on-link population), and persons who might be exposed while a shipment was stopped
7 en route (persons at stops). For truck transportation, these stops include those for refueling, food,
8 and rest. For rail transportation, stops were assumed to occur for purposes of classification.
9

10 Collective doses were also calculated for truck transportation crew members involved in
11 the actual shipment of material and for railroad inspectors of rail shipments. Workers involved in
12 loading or unloading were not considered. The doses calculated for the first three population
13 groups were added together to yield the collective dose to the public; the dose calculated for the
14 fourth group represents the collective dose to workers.
15
16 In addition to assessing the routine collective population risk, the radiological risks to
17 individuals were estimated for a number of hypothetical exposure scenarios. Receptors included
18 transportation crew members, departure inspectors, and members of the public exposed during
19 traffic delays, while working at a service station, or while living near a facility.
20
21
22 5.2.9.3 Accident Transportation Risk
23
24 The cargo-related radiological risk from transportation-related accidents lies in the
25 potential release and dispersal of radioactive material into the environment during an accident
26 and the subsequent exposure of people through multiple exposure pathways, such as exposure to
27 contaminated soil, inhalation of airborne contaminants, or ingestion of contaminated food. The
28 radiological transportation accident risk assessment estimated collective population risks as well
29 as individual and population consequences.
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. Accident risk is
33 defined as the product of the accident consequence and the probability of the accident occurring.
34 In this respect, the collective accident risk to populations is estimated by considering a spectrum
35 of transportation-related accidents. The spectrum of accidents was designed to encompass a
36 range of possible accidents, including low-probability accidents that have high consequences and
37 high-probability accidents that have low consequences (e.g., "fender benders"). For radiological
38 risk, the results for collective accident risk can be compared directly to the results for routine
39 collective risk, because the latter results implicitly incorporate a probability of occurrence of 1 if
40 the shipment takes place.
41
42 The calculation of the collective population dose following the release and dispersal of
43 radioactive material includes the following exposure pathways:
44
45 • External exposure to the passing radioactive cloud,
46
47 • External exposure to contaminated ground,
48
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1 • Internal exposure from inhalation of airborne contaminants, and
2
3 * Internal exposure from the ingestion of contaminated food (rural areas only).
4
5 Because predicting the exact location of a severe transportation-related accident is impossible
6 when estimating population impacts, separate accident consequences were calculated for
7 accidents occurring in three population density zones: rural, suburban, and urban. Moreover, to
8 address the effects of the atmospheric conditions existing at the time of an accident, two
9 atmospheric conditions were considered: neutral and stable. The highest-exposed individual for

10 severe transportation accidents was considered to be located at the point of highest hazardous
11 material concentration that would be accessible to the general public.
12
13 The vehicle-related accident risk refers to the potential for transportation accidents that
14 could result directly in fatalities not related to the nature of the cargo in the shipment. This risk
15 represents fatalities from physical trauma. State-average rates for transportation fatalities are
16 used in the assessment. Vehicle-related accident risks are calculated by multiplying the total
17 distance traveled by the transportation fatality rates. In all cases, the vehicle-related accident
18 risks are calculated on the basis of distances for round-trip shipments, since the presence or
19 absence of cargo would not be a factor in accident frequency.
20
21
22 5.2.10 Cultural Resources
23
24 Cultural resources include archaeological and historic architectural sites and structures, as
25 well as places from the past having important public and scientific uses, and may include definite
26 locations (sites or places) of traditional cultural or religious importance to specified social or
27 cultural groups, such as American Indian tribes ("traditional cultural properties"). Cultural
28 resources can be either man-made or natural physical features associated with human activity
29 and, in most cases, are unique, fragile, and nonrenewable. Cultural resources that meet the
30 eligibility criteria for listing on the NRI-IP are termed "historic properties" under the NHPA.
31
32 NIHPA is a comprehensive law that creates a framework for managing cultural resources
33 in the United States. It expands the NRHP; establishes SHPOs, Tribal Historic Preservation
34 Offices, and the Advisory Council on Historic Preservation (ACH-P); and provides a number of
35 mandates for federal agencies. Section 106 of NHPA directs all federal agencies to take into
36 account the effects of their undertakings (actions and authorizations) on historic properties
37 included in or eligible for the NRIJP. Section 106 of the Act is implemented by regulations of the
38 ACHP (36 CFR Part 800). Section 106 regulations permit agencies to integrate compliance with
39 the NEPA process. This EIS represents the first phase of the Section 106 process, and
40 compliance focuses on consultation and the programmatic definitions of resources that might be
41 affected; the types of effects that might be anticipated; and recommendations to agencies on
42 avoiding, minimizing, or mitigating adverse effects if development of a GTCC LLRW and
43 GTCC-like waste disposal facility does occur at the indicated site. Full compliance with Section
44 106 would occur when specific proposals were acted upon. A compilation of laws and
45 regulations pertinent to cultural resources is presented in Table 5.2.10-1.
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1 TABLE 5.2.10-1 Cultural Resource Laws and Regulations

Law or Order Name Intent of Law or Order

Antiquities Act of 1906

National Historic Preservation Act
(1966) (NHPA)

Executive Order 11593, Protection
and Enhancement of the Cultural
Environment (1971)

Archaeological and Historic
Preservation Act (1974) (AHPA)

Archaeological Resources Protection
Act of 1979 (ARPA)

American Indian Religious Freedom
Act of 1978 (AIRFA)

Native American Graves Protection
and Repatriation Act of 1990
(NAGPRA)

Executive Order 13007, Indian
Sacred Sites (1996)

This was the first law to protect and preserve cultural resources on
federal lands. It makes it illegal to remove cultural resources from
federal land without a permit, establishes penalties for illegal excavation
and looting, and allows the President to establish historical monuments
and landmarks.

This law created the legal framework for considering the effects of
federal undertakings on historic properties in the United States. The law
expands the NRHP and establishes the ACHP, SHPOs, and Tribal
Historic Preservation Offices. Section 106 and its accompanying
regulations direct all agencies to take into account the effects of their
actions on properties included in or eligible for the NRHP, and they
establish the process for doing so.

Executive Order 11593 requires federal agencies to inventory their
cultural resources and to meet professional standards for recording any
cultural resource that may have been altered or destroyed.

The ANPA addresses impacts on cultural resources resulting from
federal activities and provides a fimding mechanism to recover, preserve,
and protect archaeological and historical data.

ARPA establishes civil and criminal penalties for the unauthorized
excavation, removal, damage, alteration, or defacement of archaeological
resources; prohibits trafficking in resources from public lands; and
directs federal agencies to establish educational programs on the
importance of archaeology.

AIRFA protects First Amendment guarantees to religious freedom for
American Indians. It requires federal agencies to consult when a
proposed land use might conflict with traditional Indian religious beliefs
or practices and to avoid interference to the extent possible. It also
requires that American Indians be allowed access to locations of
religious importance on federal land.

NAGPRA establishes the rights of Indian tribes to claim ownership of
certain "cultural items," including human remains, funerary objects,
sacred objects, and objects of cultural patrimony. It requires federal
agencies and museums to identify holdings of such remains and work
toward their repatriation. Excavation or removal of such cultural items
requires consultation with groups showing cultural affinity with the
items, as does discovery of these items during land use activities.

Executive Order 13007 defines sacred sites and directs agencies to
accommodate Indian religious practitioners' access to and use of sacred
sites, avoid adverse effects, and maintain confidentiality. It does not
create new rights but strongly_ affirms those that do exist.
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TABLE 5.2.10-1 (Cont.)

Law or Order Name Intent of Law or Order

Executive Order 13287, Preserve Executive Order 13287 encourages the federal government to take a
America (2003) leadership role in the protection, enhancement, and contemporary use of

historic properties and establishes new accountability for agencies with
regard to inventories and stewardship.

National Environmental Policy Act This law requires federal agencies to analyze the impacts of an action on
(NEPA) (1969) the human environment in order to ensure that federal decision makers

are aware of the environmental consequences of a project before
implementation.

1
2
3 5.2.11 Waste Management
4
5 Wastes generated from the three land disposal methods were estimated to determine if the
6 waste types and volumes could affect waste management programs at each of the sites being
7 evaluated under Alternatives 3 to 5. Potential impacts were determined by identifying whether
8 current site waste handling programs (or capacities, if information is available) include the types
9 of waste generated by the construction and operation of the land disposal facilities under

10 Alternatives 3 to 5. It is also assumed that no prior contamination would be encountered during
11 construction of the land disposal facilities.
12
13
14 5.3 ENVIRONMENTAL CONSEQUJENCES COMMON TO ALL SITES UNDER
15 ALTERNATIVES 3 TO 5
16
17 Environmental consequences from Alternatives 3 to 5 that are not site-specific are
18 summarized below and are not repeated in the discussions presented in Chapters 6 through 11 for
19 each of the alternative land disposal sites. Because the proposed disposal facilities are expected
20 to be available to contain the waste for a very long time (for the next hundreds of years), the
21 decommissioning phase of the proposed action could be better evaluated at the time the disposal
22 facility would be ready to be decommissioned. Hence, evaluations for the decommissioning
23 phase are not included in this BIS; instead, subsequent NEPA documentation would be prepared
24 at a later time to address the decommissioning phase.
25
26 Post-closure activities would include minimal activities, such as periodic visits for site
27 inspection and monitoring, that would involve light- or medium-duty vehicle traffic and
28 infrequent repair or maintenance activities, as needed. There would be no water demands during
29 the post-closure period. However, given enough time (on the order of thousands of years), it is
30 possible that groundwater at the various sites could become contaminated with some highly
31 soluble radionuclides (e.g., C-14, Tc-99, and 1-129). Indirect impacts on surface water (except at
32 NNSS) could also result from aquifer discharges (of contaminated groundwater) to seeps,
33 springs, and rivers. There would be no impact on geologic and soil resources, land use, and
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I cultural resources during the post-closure phase, because there would not likely be any additional
2 land disturbance and because no additional geologic materials or soil would be used. Monitoring
3 activities during post-closure are also not expected to have adverse impacts on these resources. It
4 is expected that potential impacts from the post-closure phase on all the resource areas evaluated
5 (i.e., the resource areas discussed above in addition to ecological resources, socioeconomics,
6 environmental justice, transportation, and waste management) would be less than those from the
7 construction and operations phases as presented in the site-specific chapters. Potential human
8 health impacts for the post-closure phase are presented in the site-specific chapters.
9

10
11 5.3.1 Climate, Air Quality, and Noise
12
13 The analysis for air quality and noise examined the potential impacts resulting from
14 construction, operations, and post-closure activities of the three land disposal facilities being
15 evaluated. Activities associated with these phases can have impacts both at the site of activity
16 and away from it, as air emissions are dispersed and noise is propagated from the point of
17 generation to other locations. Potential consequences on climate and air quality from
18 Alternatives 3 to 5 are site dependent and are discussed in Chapters 6 through 11 for the H-anford
19 Site, the INL Site, LANL, NNSS, SRS, and WIPP Vicinity, respectively. Noise impacts during
20 construction and operations are discussed in Section 5.3.1.1. Section 5.3.1.2 provides a
21 qualitative discussion regarding global climate impacts.
22
23
24 5.3.1.1 Noise
25
26
27 5.3.1.1.1 Construction. During construction, the commuter and delivery vehicles
28 moving around the facilities and along the traffic routes would generate intermittent noise.
29 However, the contribution to noise from these intermittent sources would be limited to the
30 immediate vicinity of the traffic route and would be minor in comparison with the contribution
31 from continuous noise sources, such as compressors or bulldozers, during construction. Sources
32 of noise during construction of the GTCC LLRW and GTCC-like waste disposal facility would
33 include standard construction activities involved with moving earth and erecting concrete and
34 steel structures. Noise levels from these activities would be comparable to those from other
35 construction sites of similar size. The noise levels would be highest during the early phases of
36 construction, when heavy equipment would be used to clear the site. Typically, this early phase
37 of construction would last for a few months of the entire construction period.
38
39 In general, the dominant noise source for most construction equipment is an insufficiently
40 muffled diesel engine. However, noise from pile driving or pavement breaking would dominate
41 in cases where these activities were involved. During construction, a variety of heavy equipment
42 would be used. Average noise levels for typical construction equipment range from 74 dBA for a
43 roller to 101 dBA for a pile driver (impact) at a distance of 15 m (50 fi) from a source
44 (Hanson et al. 2006). Data on the typical noise from a bucket auger, which would be heavily
45 used for borehole drilling, are not available, but data on noise from typical diesel-powered
46 equipment indicate that the noise would range from 84 to 89 dBA (Barnes et al. 1977).
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1 Accordingly, except for pile drivers and rock drills, most construction equipment has noise levels
2 of 75 to 90 dBA at a distance of 15 m (50 ft) from the source. The types and amounts of
3 construction equipment noise levels on a peak day under the three land disposal methods are
4 presented in Table 5.3.1-1.
5
6 With regard to noise, when a known noise-sensitive receptor (e.g., school, hospital) is
7 adjacent to a construction project and/or stringent local ordinances or specifications apply, a
8 detailed impact analysis is warranted. However, for a general assessment of construction, it is
9 adequate to assume that only the two noisiest pieces of equipment would operate simultaneously

10 in order to estimate noise levels at the nearest receptor (Hanson et al. 2006). The highest
11 composite noise levels from construction activities (e.g., two drill rigs) are estimated to be about
12 92 dBA at 15 m (50 ft) from the source. Considering geometric spreading only, and assuming a
13 10-hour daytime shift, the noise levels at a distance of 690 m (2,300 ft) from noise sources would
14 be below the EPA guideline of 55 dBA as the Ldn for residential zones. This distance is smaller
15 than the distance between the GTCC reference locations and the respective nearest known off-
16 site residence. Estimated distances of the GTCC reference locations from the respective nearest
17 known off-site residences are as follows: >6 km (4 mi) at Hanford; >11 km (7 mi) at the INL
18 Site; approximately 3.5 km (2.2 mi) at LANL (nearest residence in White Rock); >6 km (4 mi) at
19 NNSS; >14 km (9 mi) at SRS; and >5 km (3 mi) at the WIPP Vicinity. The EPA guideline was
20 established to protect against interference and annoyance due to outdoor activity (EPA 1974).
21 Actual sound levels would be much lower as a result of air absorption and ground effects due to
22 terrain and vegetation. Accordingly, noise from construction activities would be barely
23 discernible or completely inaudible at the site boundaries and the nearest residences.
24
25 Most of these construction activities would occur during the day, when noise is tolerated
26 better than at night because of the masking effects of background noise. Nighttime noise levels
27 would drop to the background levels of a rural environment because construction activities
28 would cease at night.
29
30 Construction activity can result in various degrees of ground vibration, depending on the
31 equipment and construction methods used. Activities that typically generate the most severe
32 vibrations are the detonation of high explosives and impact pile driving. All construction
33 equipment causes ground vibration to some degree, but the vibration diminishes in strength with
34 distance. For example, the vibration level at receptors beyond 70 m (230 ft) from a vibratory
35 roller (94 VdB at 7.6 m [25 ft]) would diminish below the threshold of perception for humans
36 and of interference with vibration-sensitive activities, which is around 65 VdB. During the
37 construction phase, no major construction equipment that could cause ground vibration would be
38 used. No sensitive structures would be located nearby. Therefore, there would be no adverse
39 vibration impacts from construction activities.
40
41
42 5.3.1.1.2 Operations. During the operations phase, noise-generating activities would
43 include those from the primary activities of receiving, handling, and emplacing waste packages
44 and attendant noise sources from heavy equipment and vehicle traffic, similar to those at any
45 other industrial site. It is estimated that between 2019 and 2035, there would be an annual
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1
2

TABLE 5.3.1-1 Peak-Day Construction Equipment Usage
by the Disposal Methods and Typical Noise Levels

Type of Typical Level at 15 m (50 ft)
Construction Equipment No. from a Source (dBA)

Trench
Loader 1 85
Dozer 1 85
Grader 1 85
Water truck 2 88
Vibratory roller I 74
Dump truck 2 88

Borehole
Loader 3 85
Dozer 1 85
Grader 1 85
Water truck 3 88
Vibratory roller 1 74
Dump truck 2 88
Drill rig 2 89

Vault
Loader 3 85
Dozer 2 85
Grader 1 85
Water truck 1 88
Vibratory roller 1 74
Dump truck 3 88

Sources: Barnes et al. (1977); Hanson et al. (2006)
3
4
5 average of 570 truck shipments (Appendix D). Assuming 240 workdays per year, a daily average
6 of slightly more than two shipments is anticipated.
7

8
9

10
11
12
13
14
15
16
17
18

When emplacement would take place at the disposal area, the operation of heavy
equipment (e.g., a trailer tractor and a front-end loader) would generate a combined noise level
of about 90 dBA at a distance of 15 m (50 ft) from the noise sources, a little lower than the level
during construction. The noise levels at a distance of 530 m (1,700 ft) from noise sources would
be below the EPA guideline of 55 dBA as the Ldn for residential zones. This distance is within
the site boundaries evaluated for the land disposal methods, as discussed previously in
Section 5.3.1.1.1. No residential locations exist within this distance. W~hen other types of
attenuation and the intermittency of operational activities are taken into account, these levels
would be much lower. Accordingly, noise from operational activities would be barely discernible
or completely inaudible at the site boundaries and the nearest residences.
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1 As was the case for construction activities, no major heavy equipment that could cause2 ground vibration would be operating during operational activities, and no sensitive structures
3 would be located nearby. Therefore, there would be no adverse vibration impacts from
4 operations at the land disposal sites.
5
6
7 5.3.1.2 Climate Change Impacts
8
9 Climate changes are underway in the United States and globally, and they are projected

10 to grow substantially over the next several decades unless immediate measures are taken to
11 reverse this trend. Climate-related changes include rising temperature and sea level; increased
12 frequency and intensity of extreme weather conditions (e.g., heavy downpours, floods, and
13 droughts); earlier snowmelts and associated frequent wildfires; and reduced snow cover, glaciers,
14 permafrost, and sea ice. After a thorough examination of the scientific evidence and careful
15 consideration of public comments, the EPA announced on December 7, 2009, that greenhouse
16 gases threaten the public health and welfare of the American people and should be considered
17 within the Clean Air Act definition of air pollutants.
18
19 Greenhouse gases include those gases, such as water vapor (H20), carbon dioxide (CC 2),
20 methane (C~H4), nitrous oxide (N2 0), hydro fluorocarbons, and perfluorocarbons, that are
21 transparent to incoming solar (short-wave) radiation but opaque to long-wave (infrared) radiation
22 and are thus capable of preventing long-wave thermal radiant energy discharged from the earth's
23 surface from leaving earth's atmosphere. The net effect over time is a trapping of absorbed
24 radiation and a tendency to warm the planet's surface and the boundary layer of the earth's
25 atmosphere, which constitute the "greenhouse effect." Some greenhouse gases (CO2 , CH4 , and
26 N2 0) are both naturally occurring and the product of industrial activities, while others (such as
27 the hydrofluorocarbons) are man-made and are present in the atmosphere exclusively as a result
28 of human activities. Each greenhouse gas has a different radiative forcing potential (the ability to
29 affect a change in climatic conditions in the troposphere, expressed as the amount of thermal
30 energy [in watts] trapped by the gas per square meter of the earth's surface). The radiative
31 efficiency of a greenhouse gas is directly related to its concentration in the atmosphere.
32
33 This EIS presents an assessment comparing the CO2 emissions estimated for the three
34 land disposal methods with the CO2 emissions for the states associated with the federal sites
35 evaluated in Chapters 6 through 12 (i.e., Hanford Site, INL Site, LANL, NNSS, SRS, and the
36 WTAP Vicinity). The assessment indicates that estimated CO2 emissions from the borehole,
37 trench, and vault disposal methods would be negligible. In addition, this Section 5.3.1.2 provides
38 a qualitative assessment of the potential effects of global climate change on the proposed land
39 disposal (borehole, trench, and vault) facilities for the long term, as discussed below.
40
41 Since 1990, the average annual precipitation over the United States has increased by
42 about 5%, but there were regional differences, e.g., increases mostly in the Northeast, Midwest,
43 and southern Great Plains and a mix of increases and decreases in much of the Southeast and
44 Southwest (Melillo et al. 2014). The global climate change model predictions indicate that in the
45 Southwestern United States, drier or prolonged drought conditions could arise notably in the
46 spring, whereas Northern areas could become wetter.
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1 Although the global climate change impacts are modeled only to the year 2100, these
2 initial indications can be used to determine what impacts global climate change might have on
3 the proposed borehole, trench, and vault waste disposal facilities at the various reference
4 locations or regions evaluated in this EIS. On the basis of the global climate change predictions
5 under a higher (i.e., worst-case) emission scenario (Melillo et al. 2014), average annual
6 infiltration rates for the long term at sites located in the Southwest (e.g., LANL, NNSS, WIPP
7 Vicinity, and the generic commercial location in the southern part of NRC Region IV) are
8 expected to decrease slightly or remain the same, while sites located in the Northwest would
9 increase slightly (e.g., Hanford and INL Sites). On the basis of Melillo et al. (2014), it can be

10 said that the maximum increase or decrease in precipitation under a higher emission scenario
11 would be up to 20% depending on the season. Under a lower emission scenario, these
12 percentages would be lower, and thus climate changes would probably not have any significant
13 impacts on the GTCC LLRW and GTCC-Iike waste disposal operations and facilities. This is
14 because slight increases in precipitation are expected in humid sites such as SRS. For sites
15 located in drier areas, such as Hanford, INL, LANL, NNSS, and WIPP Vicinity, changes of up to
16 about 20% by season are expected under a higher emission scenario but these changes are not
17 significant due to its lower annual precipitation. However, because current global climate change
18 model projections extend only to the year 2100, it is uncertain whether the indications discussed
19 here would continue for the 10,000-year period of interest for this EIS (i.e., human health
20 estimates are carried out to 10,000 years and longer for post-closure performance of the
21 borehole, trench, and vault disposal methods; see Section 5.3.4.3).
22
23 In addition to the potential increase or decrease in annualized precipitation rates, it is also
24 predicted that global climate change impacts would result in more intense precipitation events
25 (e.g., rainfall), which could affect the physical stability of the land disposal facilities. Global
26 climate change impacts predicted also include temperature increases and a rise in the sea level.
27 The modeled temperature increase of 2 to 11 °F is not expected to impact the structural integrity
28 of the facilities themselves or the waste contained in the facilities. The GTCC reference locations
29 are not located in coastal areas and so are not likely be impacted by the rise in sea level.
30
31
32 5.3.2 Geology and Soils
33
34 Data on the geologic and soil material requirements for the borehole, trench, and vault
35 disposal methods are provided in Table 5.3.2-1. Potential impacts on geology and soils from
36 Alternatives 3 to 5 are site dependent and are discussed in Chapters 6 through 11 for the Hanford
37 Site, the INL Site, LANL, INNSS, SRS, and WIPP Vicinity, respectively.
38
39
40 5.3.3 Water Resources
41
42 Impacts on water resources include direct and indirect impacts on surface waters and
43 groundwater (unsaturated and saturated). Direct impacts are impacts that would occur at the
44 place of origin. Indirect impacts would occur away from the point of origin. Direct and indirect
45 impacts could occur during the construction, operations, and post-closure. Impacts could result
46 from any of the three land disposal methods.
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1 TABLE 5.3.2-1 Geologic and Soil Resource
2 Requirements for Constructing a New GTCC LLRW
3 and GTCC-Like Waste Disposal Facility, by Disposal
4 Methoda

Amount Required (yd3), by Method

Material Trench Borehole Vault

Concrete 25,600 18,600 88,200
Gravel 36,100 25,300 156,400
Sand 3,600 27,900 198,300
Clay 12,900 _b 56,000
Soil (from off-site) - - 254,000

aThe values presented in this table are for facility
construction only.

bA dash indicates "not required."

5
6
7 Direct and indirect impacts on surface water resources could include changes in surface
8 water flow rates, depths, and quality. Direct and indirect impacts on groundwater could include
9 changes in the rate of groundwater recharge, the depth to groundwater, its flow direction and

10 velocity, and quality. Table 5.3.3-1 provides an estimate of the water needs for the three land
11 disposal methods under consideration in this EIS. These estimates are the same for all sites. In
12 addition, stormwater, truck washdown water, and sanitary waste water generated from the
13 construction and operations of the three land disposal methods could be discharged at the various
14 sites evaluated (see Table 5.3.11-1 for the estimated amounts). Tables 5.3.3-2 and 5.3.3-3
15 summarize direct and indirect impacts from the construction and operations, respectively, at all
16 sites.
17
18 Site-dependent potential consequences on water resources under Alternatives 3 to 5 are
19 discussed in Chapters 6 through 11 for the Hanford Site, the INL Site, LANL, NNSS, SRS, and
20 WIPP Vicinity, respectively.
21
22
23 5.3.4 Human Health
24
25 The human health impacts associated with the disposal of GTCC LLRW and GTCC-like
26 wastes are analyzed in this BIS for the construction, operations, and post-closure phases of the
27 project. Different types of hazards and potentially impacted individuals were addressed for these
28 three phases. The assessment of impacts was divided into those from normal operations and
29 those from potential accidents. The impacts from transportation are discussed separately in
30 Section 5.3.9.
31
32 The human health impacts during the construction and operations are expected to be
33 about the same for the three land disposal methods. The post-closure impacts are site dependent,
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1
2

TABLE 5.3.3-1 Water Consumption for the Three Land Disposal
Methods

Amount Consumed or Involveda

Activity/Resource Trench Borehole Vault

Construction
Total utility water for 20 yr (gal) 5,300,000 2,800,000 17,100,000
Annual utility water (gal/yr) 270,000 140,000 860,000

Operations
Annual potable water (gal/'yr) 310,000 240,000 31I0,000
Annual raw water (gal/yr) 1,100,000 410,000 1,100,000

a To convert to liters, multiply by 3.78.

3
4
5
6

TABLE 5.3.3-2 Summary of Water Use Impacts from Construction of a Land Disposal
Facility at the GTCC Reference Locations

Maximum
Current Annual Site Proposed Annual

Water Use or GTCC Facility Percent
Proposed Site Water Source Capacity (gal)a Water Use (gal)b Increase

Hanford Site Surface water (Columbia River) 216 million 855,000 0.40

1NL Site Groundwater (on-site wells) 1.1 billion 855,000 0.078

LANL Groundwater (on-site wells) 359 million (in 2005) 855,000 0.24

NNSS Groundwater (on-site wells) 293 million 855,000 0.29

SRS Groundwater (on-site wells) 1.42 billion (in 2006) 855,000 0.060

WIPP Vicinity Groundwater (Double Eagle 5.4 million 855,000 0.24c
South Well Field system)

a Sources for current annual site water use are as follows: Hanford Site (DOE 2009), INL Site
(DOE 2005b), LANL (LANL 2008), NNSS (USGS 2007), SRS (Mamatay 2007), and WIPP Vicinity
(Sandia 2008).

b The maximum annual water use for the construction period would be 855,000 gal for the vault method.

eAlthough the water demand for the proposed GTCC LLRW and GTCC-like waste disposal facility at
the WIPP Vicinity site would increase WIPP's water use by 16% per year (i.e., 855,000 gal -
5.4 million gal), it would increase the use of groundwater from the Double Eagle South Well Field
system (which has a capacity of 360 million gal/yr) by only 0.24% per year (i.e., 855,000 gal -
360 million gal).

7
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1 TABLE 5.3.3-3 Summary of Water Use Impacts from Operations at a Land Disposal Facility
2 at the GTCC Reference Locations

Maximum
Current Annual Site Proposed Annual

Water Use or GTCC Facility Percent
Proposed Site Water Source Capacity (gal)a Water Use (gal)b Change

Hantford Site Surface water (Columbia River) 216 million 1.4 million 0.65

INL Site Groundwater (on-site wells) 1.1 billion 1.4 million 0.13

LA!NL Groundwater (on-site wells) 359 million (in 2005) 1.4 million 0.39

NNSS Groundwater (on-site wells) 293 million 1.4 million 0.48

SRS Groundwater (on-site wells) 1.42 billion (in 2006) 1.4 million 0.099

WTPP Vicinity Groundwater (Double Eagle 5.4 million 1.4 million 0.39C
South Well Field system)

aSources for current annual site water use are as follows: Hanford Site (DOE 2009), INL Site
(DOE 2005b), LANL (LANL (2008), NNSS (USGS 2007), SRS (Mamatay 2007), and WIPP Vicinity
(Sandia 2008).

bThe maximum annual water use for the operational period would be about 1.4 million gal for the trench
and vault methods.

CAlthough the water demand for the proposed GTCC LLRW and GTCC-like waste disposal facility at
the WIPP Vicinity site would increase WIPP's water use by 26% per year (i.e., 1.4 million gal +

5.4 million gal), it would increase the use of groundwater from the Double Eagle South Well Field
system (which has a capacity of 360 million gal/yr) by only 0.39% per year (i.e., 1.4 million gal -
360 million gal).

3
4
5 and these are addressed for each of the sites in Chapters 6 through 11 for the Hanford Site, the
6 IINL Site, LANL, NNSS, SRS, and WIPP Vicinity, respectively. A summary of these results is
7 provided in Section 5.3.4.3, and the results are discussed in more detail in the appropriate
8 sections of Chapters 6 through 11. Post-closure human health impacts are also estimated on a
9 regional basis for the generic commercial disposal locations; these are presented in Chapter 12.

10
11 The greatest risk to human health during normal operations would result from radiation
12 doses and associated health risks to workers handling the wastes. The radiation doses to off-site
13 individuals would be very low, since the actions taken to protect workers, such as use of
14 shielding and remote handling equipment, would also serve to protect any nearby members of
15 the public. However, it is possible that waste-handling accidents could occur and result in loss of
16 shielding and possibly the release of radioactive contaminants that could become airborne and
17 affect nearby off-site members of the general public.
18
19
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1 The physical hazards to workers were considered during the construction and operations
2 phases of the project. The only significant impact during the post-closure phase would be from
3 the potential release of radioactive contaminants from the disposed wastes, which could reach
4 individuals living near the site. During the operations phase, the radiation exposures of workers
5 were considered in addition to the physical hazards associated with emplacement of the wastes
6 into the disposal facility.
7
8
9 5.3.4.1 Operations

10
11 During operations, the wastes would arrive at the disposal facility, be unloaded from the
12 transport vehicle, proceed through on-site staging activities, and be placed in the disposal
13 facility. Many of these activities would require shielding to keep worker doses in compliance
14 with DOE limits and ALARA. Remote handling equipment would be used as necessary to
15 further reduce these exposures. All of these activities would keep the doses to members of the
16 general public at very low levels, generally indistinguishable from those associated with
17 exposure to normal background radiation. However, it is expected that workers would incur
18 measurable radiation doses during waste disposal activities.
19
20
21 5.3.4.1.1 Workers. Two types of workers are addressed in the EIS: involved workers
22 (those directly involved in handling and disposing of the wastes at the disposal sites) and
23 noninvolved workers (those present at the site but not directly involved in waste disposal
24 activities). Given the physical form of the wastes, the only pathway of concern for workers
25 during normal operations would be external gamma irradiation. It is assumed that all of the
26 wastes would arrive at the site as solid materials that could be placed directly into the disposal
27 facility. Any necessary waste treatment would have already occurred at the site that generated or
28 staged the wastes prior to shipment, and the impacts associated with these activities are outside
29 the scope of this EIS.
30
31 The involved workers would incur radiation doses when they were in the general
32 proximity of the waste containers during waste handling and disposal activities. The external
33 gamma exposure rates of the GTCC LLRW and GTCC-like waste packages would cover a very
34 wide range of values; wastes would range from those that could be managed directly because
35 they had very low exposure rates to those that would have to be managed by using a large
36 amount of shielding and remote handling equipment.
37
38 The external gamma dose rates associated with packages containing activated metal
39 wastes were modeled by using the computer code MicroShield (Grove Software, Inc. 2005). The
40 gamma exposure rates on the surfaces of these containers, assuming there would be no additional
41 shielding, could exceed 1,000 roentgen/hour (R/h). These dose rates are somewhat smaller than,
42 but generally comparable to, those associated with SNF and high-level radioactive wastes.
43 However, these exposure rates would decrease quite quickly with distance. The external gamma
44 dose rate would be about 1% of the surface dose rate at a distance of 5 m (16 ft) from the source
45 and 0.0 1% of the surface dose rate at a distance of 50 m (160 if). Shielding would be used to
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1 protect both the involved and noninvolved workers. Use of remote-handling equipment would
2 also be necessary for these very-high-exposure-rate containers.
3
4 In addition to this direct gamma radiation, worker exposures could occur from secondary
5 (or air-scattered) radiation. The computer code MicroSkyshine (Grove Software, Inc. 2008) was
6 used to evaluate this component, again focusing on the activated metal waste containers by using
7 the conceptual geometric configurations of the vault, trench, and borehole. This computer code
8 was developed to address radiation exposures from secondary radiation when there is shielding
9 between the radiation source (waste packages) and a potentially exposed individual (nearby

10 worker). The shielding would greatly reduce the dose from direct (unscattered) radiation, but the
11 dose from air-scattered radiation could be significant. This dose could result from waste
12 packages in an open vault, trench, or borehole partially filled with waste. In this situation, the
13 gamma radiation would be emitted from the waste packages to the air above the disposal unit and
14 be scattered by air molecules in the atmosphere, and then a small fraction of the scattered
15 radiation would be directed toward a nearby worker. Micro Skyshine is a standard computer code
16 used for analyzing situations like this one that is relevant to disposal of GTCC LLRW and
17 GTCC-like waste.
18
19 Although this dose component is significantly lower than the direct (unshielded)
20 exposure associated with the activated metal waste containers, the exposure rates from skyshine
21 radiation could exceed 10 mR/h and approach 100 mR/h close to the disposal facility if several
22 waste containers were grouped together, such as in a trench, vault, or borehole prior to placement
23 of the overlying cover. These exposure rates further indicate the need to use shielding to protect
24 individuals working at the site.
25
26 Because the procedures to be used to manage these wastes at the site and the exact
27 activities that would be conducted by each involved worker (and the worker's proximity to the
28 waste containers) are not known at this time, it is difficult to calculate the dose to the workforce
29 implementing the various alternatives. For purposes of this EIS, data on the radiation exposures
30 of workers at existing DOE facilities were used to estimate the total dose that could be incurred
31 by workers in disposing of these wastes. Worker doses are required to be kept below 5 remlyr, as
32 mandated in 10 CFR Part 835. In addition, administrative control limits would be set below this
33 limit, and radiation exposures of the involved workers would be monitored for the duration of the
34 project.
35
36 DOE has established an agency-wide administrative control limit of 2 rem/yr in its
37 Radiological Control Manual (DOE 1994). This manual also requires that any contractors
38 working on DOE projects (such as those who would be expected to work on disposing of GTCC
39 LLRW and GTCC-like waste) establish a lower administrative control limit, on the order of 0.5
40 to 1.5 rem/yr. A project-specific administrative control limit would be set in accordance with
41 these requirements before any waste disposal activities would be implemented, and this limit
42 would be based on the specific conditions of the selected alternative. In addition, extensive use
43 would be made of remote-handling equipment and shielding to reduce potential exposures of the
44 workers, in accordance with DOE's ALALRA requirement.
45
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1 The average dose received by workers at DOE waste processing and management
2 facilities was 56 to 60 mrem/yr between 2004 and 2006. In 2006, 7,687 workers were
3 monitored for radiation exposure, and 2,457 of them (about one-third) had measurable doses.
4 With regard to the workers who had measurable doses, most (2,032 persons) received a dose of
5 less than 100 mrem, 324 received a dose between 100 and 250 mrem, 91 received a dose
6 between 250 and 500 mrem, 9 received a dose between 500 and 750 mrem, and only one
7 received a dose between 750 and 1,000 torero. No worker received a dose greater than 1 remn in
8 2006 (DOE 2007b).
9

10 For this BIS, the dose to the workforce was calculated by using an average annual dose to
11 an FTE involved worker and the estimated number of FTE operators and technicians during the
12 operations phase as given in Appendix D. The concept of an FTE worker was largely used to
13 estimate costs for the various disposal options (see Appendix D). An annual FTE is simply the
14 number of person-hours required for a given task divided by the number of working hours in a
15 year; that is, it is the number of full-time workers necessary to complete the task. This work can
16 be divided among a relatively large workforce. For example, if each of 100 individuals worked
17 3 months on a task (like waste disposal) over the course of a year, a total of 25 FTEs would be
18 associated with this task during that year. The annual dose to an FTE worker would thus be
19 larger than the dose to any individual worker. In this example, it could be four times greater.
20
21 It is expected that the GTCC LLRW and GTCC-like waste would be received at a
22 disposal site intermittently (see Section 3.4.2). There might be only a few waste disposal
23 campaigns in any week or month over the course of a year. Because of this, several crews might
24 be used to dispose of these wastes. These crews would perform other functions when wastes
25 were not available for disposal. So it is likely that a larger number of individuals than the number
26 of FTEs given in Appendix D would actually be involved with waste disposal activities.
27
28 As noted above, the doses to workers at DOE facilities are a very low percentage of the
29 limit given in 10 CFR Part 835. For this assessment, the average annual dose for an FTE
30 involved worker is taken to be 0.2 rem/yr, which is about three times greater than the average
31 dose to a badged worker for comparable activities at DOE sites in 2006. A higher dose rate was
32 assumed for this analysis, since the dose rates for some of the waste containers (specifically
33 those for activated metal wastes, which constitute about 17% of the GTCC LLRW and GTCC-
34 like waste volume) are expected to be significantly higher than those for the containers processed
35 and disposed of at DOE sites in 2006. In addition, many of the occupationally exposed workers
36 at DOE sites (such as those included in the data provided for 2006) likely spend much of their
37 time in nonradioactive areas, and the calculation given here is based on the number of FTEs that
38 would be needed to manage the wastes.
39
40 The number of operators and technicians necessary to receive, transfer, and dispose of the
41 expected number of GTCC LLRW and GTCC-Iike waste packages is estimated to be 23 for
42 waste disposal in trenches, 13 for boreholes, and 26 for vaults (Appendix D). Although it is
43 assumed for purposes of analysis in this EIS that disposal operations would occur over a period
44 lasting up to 64 years, the actual length of the operational period would depend on the actual
45 wastes that were being disposed of and the times when these wastes were being generated.
46
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1 On the basis of these estimates and the assumption of an average annual dose rate of
2 0.2 remiyr per involved worker FTE, the annual worker doses would be 4.6 person-rem for
3 trenches, 2.6 person-rem for boreholes, and 5.2 person-remn for vaults. Note that these annual
4 worker doses are somewhat higher than but generally comparable to those associated with the
5 storage of SNF at commercial nuclear power plants (see Section 3.5.1.1). These annual worker
6 doses would result in annual LCF risks of 0.003, 0.002, and 0.003 for these three disposal
7 methods, respectively. These LCF estimates were obtained by using a risk factor of 0.0006 LCF
8 per person-remn, as identified in Section 5.2.4. The average annual dose rate of 0.2 rem/yr per
9 involved worker FTE could be spread over a number of workers who make up the FTE. The

10 average dose rate to any given individual worker is expected to be similar to the values given
11 above for DOE waste processing and management activities, depending on the actual number of
12 workers involved in these activities.
13
14 It should be noted that this dose to the workforce would be distributed among all workers
15 involved in managing the wastes at the alternative sites over the entire time period that the
16 facility would be receiving and disposing of wastes. Different workers would likely be rotated
17 into these activities over time, so the maximum dose to any given worker over the entire duration
18 of the project would likely be no more than a few rem. Wastes would be received intermittently
19 over the operational time period. The annual dose to the highest-exposed worker would be no
20 more than the DOE administrative control limit (2 renm/yr) for site operations.
21
22 The dose to noninvolved workers would be much less than the dose to involved workers.
23 The noninvolved workers (such as those constructing additional facilities or working in the
24 administration building) would be some distance away from the waste packages. As noted
25 previously, the external gamma dose rate at 50 m (160 ft) from the waste package is only about
26 0.01% of the surface dose rate. Also, there would likely be significantly fewer noninvolved
27 workers than involved workers when wastes would be processed at the site to ensure compliance
28 with the DOE ALARA requirement. The annual collective dose to the noninvolved workforce is
29 conservatively estimated to be less than 0.1 person-rem/yr for each of these three disposal
30 methods. No LCFs would be expected to result from these doses to noninvolved workers.
31
32
33 5.3.4.1.2 General Public. The only exposures to members of the general public at
34 off-site locations near the disposal site during normal operations would be from the external
35 gamma radiation emitted by the waste containers at off-site locations near the disposal site.
36 Access to the site would be restricted during this time frame. These doses are expected to be very
37 small, since procedures to protect on-site workers handling the wastes would also serve to reduce
38 the off-site doses to levels that would be indistinguishable from background.
39
40 The scattered (skyshine) dose at a distance of 100 m (330 ft) from the activated metal
41 waste containers in the trench was calculated by MicroSkyshine to be about 0.050 mrenm/h. This
42 dose could occur from a waste container placed in the trench prior to placement of the cover (or
43 interim shielding to reduce the overall skyshine dose in the vicinity). The exposure rates for the
44 borehole and vault were calculated to be lower.
45
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1 The actual dose received by an off-site individual would depend on the location of the
2 disposal facility at a given site, the specific design used for the facility, procedures used to
3 manage the wastes at the site (including the use of temporary shielding), the extent of the buffer
4 zone, and the length of an individual's exposure. However, the dose to the highest-exposed
5 member of the general public is not expected to exceed a few millirem over the duration of waste
6 disposal activities and would likely be indistinguishable from that associated with natural
7 background radiation.
8
9

10 5.3.4.2 Accidents
11
12 This EIS addresses the human health impacts on workers and members of the general
13 public from a range of potential accidents at a disposal facility that could occur under the three
14 land disposal methods. The impacts of these accidents are expected to be comparable for all three
15 methods. An accident is an event or series of unexpected or undesirable events leading to a loss
16 of waste containment or shielding that results in exposures to workers or members of the general
17 public. The two important elements considered in the assessment of risks from potential
18 accidents are the consequences of the accident and the expected frequency (or probability) of the
19 accident. As noted earlier, all of the wastes received at the disposal facility are assumed to be in a
20 solid form that can be disposed of directly. As such, very little material is expected to become
21 airborne from an accident involving waste containers.
22
23
24 5.3.4.2.1 Accidents Involving Radioactive Releases of Material. A wide range of
25 different types of accidents was evaluated for the land disposal methods. The accidents included
26 those initiated by operational events, such as equipment or operator failure, and natural
27 phenomena, such as earthquakes. Because the disposal methods involve similar operations and
28 the same waste packages, the accidents evaluated are applicable to all three land disposal
29 methods. Because of differences in the local weather patterns and the location of the potential
30 receptors, the radiological impacts for Alternatives 3 to 5 are site-dependent and are discussed in
31 Chapters 6 through 11 for the Hanford Site, the INL Site, LANL, NNSS, SRS, and WlPP
32 Vicinity, respectively. These impacts for accidents are not addressed for the generic commercial
33 disposal locations in this EIS.
34
35 No repackaging of waste is anticipated at the disposal facility. Thus, the only way a
36 release of radioactive material to the environment from operational events could occur would be
37 if a disposal container ruptured during handling operations. Handling operations would include
38 the (1) transfer of disposal containers from their Type B packages as received at the Waste
39 Receipt and Storage Building for temporary storage, (2) transfer from temporary storage to an
40 on-site transport vehicle, and (3) transfer from the transport vehicle into the disposal unit. All
41 such operations are expected to involve the use of forklifts and/or cranes. Table 5.3.4-1
42 summarizes the accident scenarios analyzed. Further details on the scenario analysis can be
43 found in Appendix C.
44
45 Physical damage to waste containers could result from low-speed vehicle collisions or
46 from being dropped or crushed by falling objects. Only minor releases are expected at the facility
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1 TABLE 5.3.4-1 Accidents Evaluated for the Land Disposal Facilities

Frequency Range

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

1 Single drum drops, lid failure in
Waste Receipt and Storage
Building

2 Single SWB drops, lid failure in
Waste Receipt and Storage
Building

3 Three drums drop, puncture, lid
failure in Waste Receipt and
Storage Building

4 Two SWBs drop, puncture, lid
failure in Waste Receipt and
Storage Building

5 Single drum drops, lid failure
outside

6 Single SWB drops, lid failure
outside

7 Three drums drop, puncture, lid
failure outside

8 Two SWBs drop, puncture, lid
failure outside

A single CII drum is damaged by a forklift and spills its
contents onto the ground inside the Waste Receipt and
Storage Building.

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

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

Two CH SWBs are damaged by a forklift and spill their
contents onto the ground inside the Waste Receipt and
Storage 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 CII drums are damaged by a forklift and spill their
contents outside.

Two CII SWBs are damaged by a forklift and spill their
contents outside.

0

0

ON



TABLE 5.3.4-1 (Cont.)

Frequency Range

Scenario i0-4 to 10-6 to
Number Accident Scenarioa Accident Description >10-2/yr 10-2 /yr 10-4/yr <10-6/yr

9 Fire inside the Waste Receipt and A fife or explosion within the Waste Receipt and Storage X
Storage Building, one SWB Building affects the contents of a single CH SWB.
assumed to be affected

10 Single RH waste canister breach A single RH waste canister is breached during its fall in the X
Waste Receipt and Storage Building.

11 Earthquake affects 18 pallets, each The Waste Receipt and Storage Building is assumed to be X
with four CH drums damaged during a design basis earthquake, with failure of the

structure and confinement systems resulting.

12 Tornado, missile hits one A major tornado and associated tornado missiles result in X
CH-SWB, contents released failure of the Waste Receipt and Storage Building structure

and its confinement systems.

13 Flood It is assumed that the location of the facility would be sited X
such that it would preclude severe flooding.

-4

Ut

U1

a Details of the accident scenario evaluated are presented in Appendix C.
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1 should such accidents happen. Accidents involving CH waste containers are expected to result in
2 higher impacts because these Type A containers, although fairly robust, are not as sturdy as the
3 RI{ canisters or AMCs and their shielding casks. As a consequence, the CH waste containers
4 would be more prone to lose a portion of their contents, and, in addition, airborne radioactive
5 contamination from such material as activated metals would be minimal compared with
6 contamination from Other Waste because the contamination associated with activated metal
7 waste is very immobile. CH drum and SWB radionuclide inventories that gave the highest
8 impacts were used in this facility accident analysis for accident numbers 1 through 9, 11, and 12.
9 Accident number 10 was also evaluated for perspective, should an RH canister fail during an

10 accident.
11
12 Fire from internal or external causes would be another potential cause for release of
13 radioactive contamination. Internal causes would be minimized by proper treatment of the waste
14 before packaging prior to receipt at the facility. External causes would be primarily linked to
15 equipment fires, which could be minimized through proper maintenance and use of equipment.
16 Accident number 9 considers the impacts from a short-term fire in the Waste Receipt and
17 Storage Building.
18
19 Potential releases of radioactive material could also occur as a result of natural hazards.
20 Such releases are only anticipated prior to emplacement (i.e., they would occur while the waste
21 was at the Waste Receipt and Storage Building). However, it is assumed that the disposal facility
22 would be sited in an area that is not prone to flooding, and depending on the area of the country
23 in which it was situated, the facility would be built to meet local standards for earthquakes. Other
24 natural hazards (such as tornadoes) in certain areas of the country could cause releases. Accident
25 numbers 11 and 12 look at potential scenarios involving earthquakes and tornadoes, respectively.
26
27 The consequences for the highest-exposed individuals and the collective general public
28 were estimated by using air dispersion models to predict the downwind air concentrations
29 following a release. These models consider a number of factors, including the characteristics of
30 the material released, location of the release, and meteorological conditions. The air
31 concentrations were used to estimate the radiation doses and the potential LCFs associated with
32 these doses. The consequences were estimated on the basis of the assumption that the wind was
33 blowing in the direction that would yield the greatest impacts. For accidents involving releases of
34 radioactive material, the consequences are expressed in the same way as are those from routine
35 operations (i.e., as radiation doses and LCFs for the individuals receiving the highest impacts and
36 exposed population for all important exposure pathways).
37
38 As long as the dose to an individual from accidental exposure is less than 20 rem and the
39 dose rate is less than 0.60 remn/h, the health risk conversion factors given previously would be
40 applicable, and the only important health impact would be the LCF. In other words, at those
41 doses and dose rates, other possible radiation effects (e.g., fatalities from acute radiation
42 syndrome, reproductive impairment, or cataract formation) do not need to be considered. These
43 doses and dose rates for limiting the evaluation of health risk to cancer are given in Federal
44 Guidance Report No. 13 (EPA 1999).
45
46
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1 Highest-Exposed Individuals. The risk to involved workers would be very sensitive to
2 the specific circumstances of the accident and depend on how rapidly the accident developed, the
3 exact location and response of workers, the direction and amount of the release, the physical and
4 thermal forces causing or caused by the accident, meteorological conditions, and the
5 characteristics of the building if the accident occurred indoors. The involved workers would be
6 radiation workers, and their exposures would be monitored and controlled by appropriate
7 management methods.
8
9 The accident analysis evaluated the potential exposure of a hypothetical individual

10 located 100 m (330 fi) downwind of an accident (radiation doses and LCFs). The exposure
11 estimates include potential doses from inhalation, groundshine, and cloudshine for 2 hours
12 following a hypothetical accidental release of radioactive material, as discussed above. The
13 hypothetical individual receiving the greatest impacts would likely be a noninvolved worker at
14 the disposal facility. At all the land disposal sites, any potential dose to an individual member of
15 the public from an accidental release of radioactive material is expected to be much lower than
16 those estimated here for the noninvolved worker. The radiological impacts to a hypothetical
17 individual located downwind from an accident for Alternatives 3 to 5 are site-dependent and are
18 discussed in Chapters 6 through 11 for the Hanford Site, the INL Site, LANL, NNSS, SRS, and
19 WIPP Vicinity, respectively.
20
21
22 General Public. The general public consists of the population living within 80 kmr
23 (50 mi) of the GTCC LLRW and GTCC-like waste disposal facility at the reference locations
24 evaluated. The exposure estimates include potential doses from inhalation, groundshine,
25 cloudshine, and ingestion of contaminated crops for 1 year following a hypothetical accidental
26 release of radioactive material as discussed above. More details on the analysis are provided in
27 Appendix C. The radiological impacts on the general public for Alternatives 3 to 5 are site-
28 dependent and are discussed in Chapters 6 through 11 for the Hanford Site, the INL Site, LANL,
29 NNSS, SRS, and WIPP Vicinity, respectively.
30
31
32 5.3.4.2.2 Nonradiological Worker Impacts. The potential human health impacts from
33 accidents include the physical consequences of accidents whether or not a release of radioactive
34 material occurs. The physical consequences are given here in terms of injuries and illnesses
35 (as lost workdays) as well as the likelihood of worker fatalities.
36
37 The human health impacts on noninvolved workers are assessed for the construction and
38 operational phases. These impacts are expected to be the same for each land disposal site under
39 consideration in this BIS but are disposal-technology-dependent, since the activities and
40 workforce requirements differ for the various disposal methods. These impacts were estimated
41 by using statistical data compiled for private industry and data on the number of workers
42 estimated to be needed for all phases of the project.
43
44 The rates at which accidents and injuries occur during construction activities were
45 obtained from information provided by the BLS, as reported by the National Safety Council
46 (BLS 2007a,b). On the basis of 2006 statistical data for the construction industry, the number of
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1 lost workdays due to nonfatal injuries and illnesses was calculated by using a value of 6.0 per
2 100 FTE workers, while the work-related fatality rate was taken to be 13.2 per 100,000 FTE
3 workers. The statistical rates for the past few years vary only slightly from these values. These
4 rates were used for the construction phase of the project for the three disposal methods.
5
6 Worker fatality and injury risks are calculated as the product of the incidence rate (given
7 above) and the number of FTE workers needed for constructing the land disposal GTCC LLRW
8 and GTCC-like waste facilities. Table 5.3.4-2 shows the calculation results for the three land
9 disposal methods. The number of lost workdays due to injuries was calculated for the borehole,

10 trench, and vault methods to be 16, 49, and 150, respectively; the number of lost workdays is
11 proportional to the number of workers needed for the methods. While the numbers of fatalities
12 calculated for the three disposal methods are different, they are all less than one (1), meaning no
13 fatality is expected to occur among the involved workers during these two phases of the project.
14
15 The same approach was used for the operational period, although different rates were
16 used to better reflect the type of expected activities. In addition, the results were given on an
17 annual basis. The total number of injuries and fatalities can be obtained by multiplying the
18 annual values given here by the assumed length of the operational period.
19
20 For nonfatal injuries, the 2006 statistics pertaining to the warehousing and storage
21 industry were used, since this information is the most representative of the workers being
22 evaluated in this EIS. For work-related fatalities, the statistics pertaining to the transportation and
23 warehousing industries were modified, because "warehousing and storage" was not included as a
24 separate category in the BLS fatality data. Among the reported fatality cases for the
25 transportation and warehousing industry, 54% were related to highway accidents. Since
26 transportation risks associated with the disposal of GTCC LLRW and GTCC-like wastes are
27 addressed separately in this EIS, the fatalities of highway accidents included in these values were
28 excluded. Therefore, the fatality rate used in this EIS analysis was 46% of the fatality rate for the
29 transportation and warehousing industries. The nonfatal injury and illness rate (as lost workdays)
30 used for involved workers during the operational period is 8.0 per 100 FTE workers, and the
31 fatality rate is 7.4 per 100,000 FTE workers.
32
33 The number of FTE workers necessary for the operational period for the three land
34 disposal methods represents the number of operators and technicians required to operate the
35 disposal facility (see Appendix D). Although it is assumed that disposal operations would occur
36 over a period lasting up to 64 years, the actual length of the operational period would depend on
37 the actual wastes that were being disposed of and the time when the wastes were being
38 generated. As shown in Table 5.3.4-2, the expected numbers of lost workdays per year due to
39 nonfatal injuries were calculated to be 1 for the borehole method and 2 for the trench and vault
40 methods. The total numbers of fatalities are all significantly less than one (1); therefore, no
41 fatalities are expected to occur to the involved workers during operations of the three land
42 disposal methods.
43
44
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I TABLE 5.3.4-2 Estimated Number of FTE Involved Workers,
2 Nonfatal Injuries and Illnesses, and Fatalities Associated with the
3 Construction and Operations of the Land Disposal Facilitiesa

Phase Borehole Trench Vault

Construction
Total FTEsb 260 820 2,400
Nonfatal injuries and illnessesc 16 49 150
Fatalitiesd 0.034 0.11 0.32

Operations
Annual FTEse 13 23 26
Annual nonfatal injuries and illnessesf 1 2 2
Annual fatalitiesg 0.00096 0.0017 0.0019

aThe results for the construction phase represent the total number of
injuries and fatalities for the three land disposal methods evaluated in
the EIS. The results for the operations phase represent annual values.
The total number of injuries and fatalities during the operations phase
can be obtained by multiplying these annual values by the assumed
length of the operational period.

bThe total numbers of ETE workers needed during the construction phase
was obtained from Appendix D. The values given here are those
reported for construction of the three facility designs.

CThe numbers of nonfatal injuries and illnesses (as lost workdays) were
estimated on the basis of statistical data for the construction industry in
2006 (BLS 2007a). The nonfatal injury and illness rate was 6.0 per
100 FTEs.

dThe numbers of fatalities were estimated on the basis of national census
data for the construction industry in 2006 (BLS 2007b). The fatality rate
was 13.2 per 100,000 FTEs.

eThe annual numbers of FTE workers during the operations phase
represent the average number of operators and technicians needed to
operate the disposal facilities (Appendix D).

fThe annual numbers of nonfatal injuries and illnesses (as lost workdays)
were estimated on the basis of statistical data for the warehousing and
storage industry in 2006 (BLS 2007a). The nonfatal injury and illness
rate was 8.0 per 100 FTEs.

gThe annual numbers of fatalities were estimated on the basis of national
census data for the transportation and warehousing industry, excluding
the fatalities caused by highway accidents, in 2006 (BLS 2007b). The
fatality rate was 7.4 per 100,000 FTEs.

4
5
6
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1 5.3.4.3 Post-Closure
2
3 iFor this EIS, the post-closure human health impacts were evaluated by considering the
4 impacts that could occur to the general public from radioactive contaminants released from the
5 waste packages emplaced in the land disposal facilities over the long term. It is assumed that no
6 worker impacts would occur once the disposal sites were closed. Direct intrusion into the waste
7 disposal units is qualitatively addressed in this EIS (see Section 5.5).
8
9 The two mechanisms by which off-site members of the general public could be affected

10 by the disposal of these wastes in land disposal facilities in the long term are from (1) airborne
11 emissions and (2) leaching of radioactive contaminants from the waste packages, followed by
12 their transport to groundwater and migration to an accessible location, such as a groundwater
13 well. Airborne emissions could include gases (such as radon, CO2, and water vapor) and
14 particulates should the disposal facility cover be completely lost through erosion. Particulate
15 radionuclide air emissions are not expected to be significant, since it is very unlikely that the
16 entire disposal facility cover would be lost through erosion. In addition, any material removed
17 from the facility surface cover by erosion or weathering would be replaced to some extent by
18 nearby soil that had been similarly removed. Nevertheless, this pathway was assessed for
19 completeness.
20
21 Standard engineering practices and measures would be taken in designing and
22 constructing the disposal facility in order to ensure long-term stability and minimize the
23 likelihood of contaminant migration from the wastes to the surrounding environment. The
24 facility would be sited in a location consistent with the requirements specified by the NRC for
25 LLRW disposal facilities given in 10 CFR Part 61 and the Radioactive Waste Management
26 Manual, DOE M 435.1-1 (DOE 1999a), which include siting them in locations with geologic
27 characteristics that would minimize events that could compromise the containment
28 characteristics of the disposal facility in the long term. Use of engineering controls in concert
29 with the natural features of the selected site should ensure the long-term viability of the disposal
30 facility.
31
32 For analysis of the long-term impacts on human health after closure of the disposal
33 facility, a hypothetical individual is assumed to move near the site and reside in a house located
34 100 m (330 ft) from the edge of the disposal facility. This location was selected because it is the
35 minimum distance identified in Manual DOE M 435.1-1 (DOE 1999a) for the location of the
36 buffer zone surrounding a DOE LLRW disposal site at which compliance with dose standards
37 needs to be demonstrated. No additional buffer zone beyond the area necessary to operate the
38 LLRW disposal facility is assumed in this analysis. This assumption is expected to be
39 conservative, since the DOE sites considered in this EIS are very large, and a significant buffer
40 zone of greater than 100 m (330 f-t) would likely be employed for this disposal facility.
41
42 For this analysis, a hypothetical individual is assumed to move to this location and
43 develop a farm. It is assumed that this resident farmer would develop a groundwater well as the
44 source of drinking water and would obtain much of his or her food (fruits, vegetables, meat, and
45 milk) from the farm. A resident farmer was selected for this evaluation because this scenario
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1 would involve relatively intensive use of the land and provides a conservative basis for
2 comparison of different options.
3
4 The hypothetical resident fanner could be exposed to airborne contaminants, including
5 radon gas and its short-lived decay products, as well as gaseous radionuclides such as carbon- 14
6 (C-14 in the form of CO2 ) and hydrogen-3 (11-3 or tritium in the form of water vapor). These
7 gases could diffuse out of the waste containers and move through the disposal facility cover and
8 then be transported by the wind to the off-site residence of the farmer. This individual could also
9 incur a radiation dose through the use of groundwater contaminated from the leaching of

10 radionuclides in the waste containers and their transport to the underlying groundwater table.
11
12 Secondary soil contamination at off-site locations would be possible if contaminated
13 groundwater was used for irrigation and if this practice continued for an extended period of time.
14 Potential exposure pathways related to the use of contaminated groundwater include external
15 irradiation; inhalation of dust particulates, radon gas (and its short-lived decay products), H-3,
16 and C-14; and ingestion of water, soil, plant foods, meat, and milk. Plant foods (fruits and
17 vegetables) could become contaminated through foliar deposition as well as root uptake. Meat
18 and milk could become contaminated if livestock ingested contaminated water (obtained from
19 the well) and fodder contaminated by this groundwater.
20
21 The potential for radiation exposure to this hypothetical receptor in the future would exist
22 only if radionuclides were released from the waste containers and disposal facility. The most
23 likely mechanism for this scenario to occur would be contact with infiltrating water. Water (such
24 as that from precipitation) could infiltrate into the disposal area and contact the waste containers.
25 No releases would occur while the waste containers and engineering barriers (such as a cover
26 system) remained intact. However, over time, it is likely that the waste packages and engineering
27 barriers would lose their integrity. When this situation occurred, water could contact the waste
28 materials within the packages and move downward to the groundwater table.
29
30 Data on the performance of waste packages and engineering barriers over an extended
31 time period are limited. Even when the data are available, using such data to predict the release
32 rates of radionuclides over a very long time period can be difficult to defend, especially in the
33 context of a comparative analysis that is not intended to consider extensive details. The potential
34 impacts on groundwater are evaluated over a very long period in this EIS (10,000 years or longer
35 to peak dose). How and when the waste packages and engineering barriers would begin to
36 degrade and how this degradation would progress over time are very difficult to determine.
37
38 It was assumed for purposes of analysis in the EIS that the Other Waste type (as opposed
39 to activated metals and sealed sources) would be solidified (e.g., with grout or another similar
40 material) prior to being placed in the disposal units. This is a reasonable assumption and
41 consistent with current disposal practices for such wastes, which include a wide variety of
42 materials that could compact or degrade without such measures. Use of such a stabilizing agent
43 was not assumed for the activated metal waste and sealed sources because their waste form
44 makes them less susceptible to leaching.
45
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1 In performing these evaluations, a number of engineering measures (e.g., a cover system)2 were included in the conceptual facility designs to minimize the likelihood of contaminant
3 migration from the disposal units. It was assumed that these measures would remain intact for
4 500 years after the disposal facility closed. After 500 years, the barriers would gradually fail. To
5 account for these measures, it was assumed that the water infiltration rate to the top of the waste
6 disposal area would be zero for the first 500 years and then 20% of the natural rate for the area of
7 the remainder of the period of calculation (10,000 years). A water infiltration rate of 20% of the
8 natural rate for the area was only used for the waste disposal area. The natural background
9 infiltration rate was used at the perimeter of the waste disposal units. This method is assumed to

10 be a reasonable way to model the use of an improved cover for the purposes of this analysis. A
11 sensitivity analysis was performed to evaluate the significance of these assumptions, and this is
12 presented in Appendix E.
13
14 To evaluate the uncertainties that the key assumptions might have on the long-term
15 human health impacts presented in this EIS, a sensitivity analysis was performed and is provided
16 in Section E.5 of Appendix B. In this sensitivity analysis, the RESRAD-OFFSITE calculations
17 were repeated each time different values were used for each of the key assumptions (the values
18 for the other parameters were kept at their base values).
19
20 Three key parameters were addressed in the sensitivity analysis: (1) the water infiltration
21 rate to the top of the disposal facility cover, (2) the effectiveness of the stabilizing agent (grout)
22 used for Other Waste, and (3) the distance to the assumed hypothetical receptor. These three
23 parameters relate to disposal facility design, waste form stability, and site characteristics.
24
25 The results indicated that the peak annual dose would increase as the water infiltration
26 rate increased, because when more water would enter the waste disposal horizon, more
27 radionuclides would be leached and released from the disposal facility. The increase in the peak
28 dose would be approximately proportional to the increase in the water infiltration rate. This
29 result is not unexpected, and it indicates the need for a very effective cover to minimize the
30 amount of infiltrating water that could contact the GTCC LLRW and GTCC-like waste.
31
32 With regard to the use of a stabilizing agent for Other Waste, the release rates of
33 radionuclides from the waste disposal area would be reduced as long as the agent remained
34 effective. The use of the agent would reduce the annual dose and LCF risk associated with
35 groundwater contamination for the corresponding period. Hence, the peak annual dose after the
36 effective period would be lower than it would be when there was no waste stabilization or when
37 the effective period of the stabilizing agent was shorter. The extent of this reduction would be
38 very dependent on the specific site being addressed and the mix of radionuclides in the wastes.
39
40 Finally, the radiation dose incurred by the hypothetical resident farmer would decrease
41 with increasing exposure distance, as would be expected. This reduction would occur because
42 additional dilution of radionuclide concentrations in groundwater would result from the
43 additional transport distance toward the location of the off-site well. As the distance would
44 increase from 100 m (330 ft) to 500 m (1,600 ft), the maximum annual radiation dose would
45 decrease by more than 70%.
46
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1 The results of this analysis are summarized in Table 5.3.4-3 for radiation doses and
2 Table 5.3.4-4 for LCFs. These results are discussed further in the appropriate sections of
3 Chapters 6 through 12 and Appendix E.
4
5 Because the radionuclide mix for each waste type (i.e., activated metals, sealed sources,
6 and Other Waste) is different, the peak annual doses and LCF risks for each waste type do not
7 necessarily occur at the same time. In addition, the peak annual doses and LCF risks for the
8 entire GTCC LLRW and GTCC-like waste inventory considered as a whole could be different
9 from those for the individual waste types. Hence, estimated annual doses and LCF risks for the

10 hypothetical resident farmer scenario evaluated for the post-closure phase are presented in two
11 ways in this EIS. The first presents the peak annual doses and LCF risks when disposal of the
12 entire GTCC LLRW and GTCC-like waste inventory is considered. The second presents the
13 peak annual doses and LCF risks when each waste type is considered on its own. Results are
14 presented for each land disposal method as evaluated for each given site. The first set of results
15 could be used as the basis for comparing the performance of each site and each land disposal
16 method if the entire GTCC LLRW and GTCC-like waste inventory was going to be disposed of
17 at one site by using one method. The second set could be used as the basis for comparing the
18 perfonnance of each site and each land disposal method when disposal of each of the three waste
19 types was being considered.
20
21 The tables in Chapters 6 through 12 (e.g., Tables 6.2.4-2 and 6.2.4-3 in Chapter 6;
22 Tables 7.2.4-2 and 7.2.4-3 in Chapter 7 etc. to Chapter 11; Chapter 12 tables are those shown in
23 Section 12.2) present the peak annual doses and LCF risks to the hypothetical resident farmer
24 when disposal of the entire GTCC LLRW and GTCC-like waste inventory at each site is being
25 considered for the land disposal methods evaluated (the first set described above). In these tables,
26 the doses contributed by each waste type to the peak annual dose reported (i.e., dose for each
27 waste type at the time when the peak dose for the entire inventory is observed) are also tabulated.
28 As discussed above, these doses (from the various waste types) do not represent the peak annual
29 dose and LCF risk of the waste type itself when considered on its own.
30
31 The second set of results is presented in Tables E-22 through E-25 in Appendix E. Peak
32 annual doses and LCF risks are reported for each waste type. Because these peak annual doses
33 and LCF risks generally occur at different times, the results should not be summed to obtain total
34 annual doses and LCF risks for comparison with those presented in Chapters 6 through 12
35 (although for some cases, these sums might be close to those presented in the site-specific
36 chapters).
37
38 The human health impacts (annual doses and LCF risks) to the hypothetical resident
39 farmer given in this BIS are intended to serve as indicators of the relative performance of each of
40 the three land disposal methods at each of the sites evaluated. These can be considered to serve
41 as a metric for comparing the relative performance of the land disposal methods at these sites.
42 Further design considerations and site-specific modeling would be performed when
43 implementation decisions were being made. By using robust engineering designs and redundant
44 measures to contain the radionuclides in the disposal unit, the potential releases of radionuclides
45 would be delayed and reduced to very low levels, thereby minimizing potential groundwater
46 contamination and its associated human health impacts in the future.
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1 TABLE 5.3.4-3 Comparison of Maximal Doses (mrem/yr) within
2 10,000 Years for the Resident Farmer Scenario Associated with the Use and
3 Ingestion of Contaminated Groundwater at the Various GTCC Reference
4 Locations Evaluated for the Land Disposal Methodsa,b

Hanford INL WIPP
Disposal Facility Site Site LANL NNSS SRS Vicinity

Borehole 4.8 820 160 0 NAC 0
Trench 48 2,100 380 0 1,700 0
Vault 49 2,300 430 0 1,300 0

aAll values are given to two significant figures. The values are based on the entire
inventory of GTCC LLRW and GTCC-like waste being disposed of in a borehole,
trench, or vault facility at each site. These results do not address combinations of
disposal methods, which could result in lower doses and LCF risks, depending on
the waste types being disposed of.

bIn addition to the dose associated with contaminated groundwater, there would be a
small radiation dose from the airbomne release of radioactive gases from the
disposed-of wastes for the trench (<1.8 rnrem/yr) and vault (<0.52 mrerr/yr)
disposal methods.

NA = not applicable.

5
6
7 TABLE 5.3.4-4 Comparison of Maximal Latent Cancer Risks (LCF/yr)

8 within 10,000 Years for the Resident Farmer Scenario Associated with the
9 Use and Ingestion of Contaminated Groundwater at the Various GTCC

10 Reference Locations Evaluated for the Land Disposal Methodsa

Hanford INL WIPP
Disposal Facility Site Site LANL NNSS SRS Vicinity

Borehole 0.000003 0.0005 0.00009 0 NAb 0
Trench 0.00003 0.001 0.0002 0 0.001 0
Vault 0.00003 0.001 0.0003 0 0.0008 0

aAll values are given to one significant figure to reflect the uncertainties in these
estimates. The values and are based on the entire inventory of GTCC LLRW and
GTCC-lilke waste being disposed of in a borehole, trench, or vault facility at each
site. These results do not address combinations of disposal methods, which could
result in lower doses and LCF risks, depending on the waste types being disposed
of.

b NA = not applicable.

11
12
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1 In this analysis, the same land disposal facility concepts and designs were used at each of
2 the various sites. As a result, some sites (specifically those in arid regions) performed better than
3 those in more humid environments. This result should not be interpreted as implying that a site in
4 a humid environment could not be used to dispose of GTCC LLRW and GTCC-like waste in an
5 acceptable manner. Rather, this means that more engineering and administrative controls might
6 be necessary. DOE has considered the potential doses to the hypothetical resident farmer as well
7 as other factors discussed in Section 2.9 in identifying the preferred alternative as presented in
8 Section 2.10.
9

10
11 5.3.4.4 Intentional Destructive Acts
12
13 DOE evaluated the consequences of scenarios involving IDAs, such as sabotage or
14 terrorism events, associated with the GTCC LLRW and GTCC-like waste types and disposal
15 methods analyzed in this EIS. Potential IDA scenarios involving the GTCC LLRW and GTCC-
16 like waste under consideration could occur during transport of the waste to the disposal facility,
17 while the waste containers are being handled at the facility (unloading, temporary storage, and
18 emplacement), or after emplacement.
19
20
21 5.3.4.4.1 Approach. GTCC LLRW and GTCC-like waste pose a potential terrorist threat
22 because of their higher radioactivity in a given volume when compared to other LLRW. Such
23 material could be incorporated into an RDD intended to cause societal disruption, including
24 significant negative economic impacts. The consequences of an IDA involving hazardous
25 material depend on the material's chemical, radioactive, and physical properties, its accessibility,
26 its quantity, its packaging, and its ease of dispersion, and also on the surrounding environment,
27 including the number of persons in close proximity to an event. Because the characteristics of the
28 activated metals, sealed sources, and Other Waste considered in this EIS (see Section 1.4.1) are
29 different, the wastes are treated separately in this IDA analysis.
30
31 There are many detailed scenarios, ranging from minor incidents to widespread
32 contamination, whereby this waste could be used in an IDA, Even though the likelihood of
33 occurrence of any detailed scenario is speculative and cannot be determined, there are certain
34 classes of events that may be identified and qualitatively analyzed to provide an upper range
35 estimate of impacts.
36
37 In this analysis, generic IDA scenarios for transporting the waste to a disposal facility and*
38 for handling and disposing of the waste at the facility are evaluated and discussed separately. In
39 the case of transportation, a limited amount of material is available in robust packaging, but it is
40 more readily accessible to the public and could travel through areas of varying population
41 density and land use. Initiating events could range from hijacking the transportation vehicle and
42 its contents for future use in a single or multiple RDDs, causing an accident involving a
43 transportation vehicle in an attempt to release radioactive material, or detonating explosives
44 placed on or near the transportation vehicle (e.g., an improvised explosive device, rammed by a
45 car or truck bomb) during transport. Regardless of the initiating event, the highest potential
46 impacts would be similar to the severe transportation accident impacts discussed later in
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1 Section 5.3.9.3 and discussed in detail soon in Section 5.3.4.4.5 for the various waste types. Such
2 impacts were evaluated over a range of scenarios, from rural areas with few people to highly
3 populated urban areas.
4
5 In a similar fashion, it is expected that generic IDA scenarios at a disposal facility could
6 cause a range of impacts similar to those analyzed for facility accidents earlier in
7 Section 5.3.4.2.1 and in Chapters 6 through 11 (Sections 6.2.4.1, 7.2.4.1, etc.) for facilities. Such
8 scenarios could involve an overt or covert land or aerial attack on the facility involving any
9 number of assailants, with or without explosives or incendiary devices, and with or without

10 insider assistance. The upper range of potential impacts is discussed soon in Section 5.3.4.4.5 for
11 the land disposal methods analyzed.
12
13 Therefore, this IDA analysis focuses on the land disposal methods because DOE already
14 considered the potential impacts of IDAs (i.e., acts of sabotage or terrorism) at WIPP, the
15 geologic repository (see Section 4.3.4.4).
16
17
18 5.3.4.4.2 Security Measures. Appropriate security measures would be instituted to
19 ensure the safety of facility workers and the surrounding off-site public. DOE is responsible for
20 safe disposition of the GTCC LLRW and GTCC-like waste, whether it is in an NRC-licensed
21 disposal facility, a facility operated at a DOE or commercial site, or a facility operated by DOE
22 or a commercial entity.
23
24 DOE has acted in a strong and proactive manner to understand and preclude or mitigate
25 the threats posed by IDAs. In accordance with DOE Order 470.4A, "Safeguards and Security
26 Program," and Order 470.3B, "Graded Security Protection Policy," DOE conducts vulnerability
27 assessments and risk analyses of facilities and equipment under its jurisdiction to evaluate the
28 physical protection elements, technologies, and administrative controls needed to protect DOE
29 assets. DOE Order 470.4A establishes the roles and responsibilities for the conduct of DOE's
30 Safeguards and Security Program. DOE Order 470.3B (a) specifies those national security assets
31 that require protection; (b) outlines threat considerations for safeguards and security programs to
32 provide a basis for planning, design, and construction of new facilities or modifications to
33 existing facilities; and (c) provides an adversary threat basis for evaluating the performance of
34 safeguards and security systems. DOE also protects against espionage, sabotage, and theft of
35 radiological materials.
36
37 DOE would conduct in-depth, site-specific safeguards and security inspections of the
38 GTCC LLRW and GTCC-like waste disposal facility to ensure that existing safeguards and
39 security programs satisfied DOE requirements. Any issues identified would be resolved before
40 the startup of the operations.
41
42 As part of the licensing requirements for a LLRW disposal facility, NRC regulations at
43 10 CFR 61.16 may require a physical security plan for the facility. Licensed LLRW disposal
44 facilities also undergo periodic inspections. The primary purpose of the NRC inspection program
45 for LLRW facilities is to verify that these facilities are operated and managed throughout their
46 entire life cycle in a manner that provides protection from radioactivity to employees, members
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1 of the public, and the enviromnment. Included in these inspections are reviews of site security and
2 the security of handled radioactive materials.
3
4
5 5.3.4.4.3 Disposal Options. The three land disposal options (borehole, vault, and trench)
6 share the same infrastructure, in that these three types of facilities are designed for receipt, secure
7 temporary storage, and final disposal of the waste. No waste processing would be conducted at
8 the facility, which would eliminate any potential for malevolent acts involving unpackaged waste
9 or bulk hazardous chemicals. CH waste in 208-L (55-gal) drums or SWBs would be the most

10 vulnerable to attack, either in temporary storage at the WHB or during on-site transport for final
11 emplacement. The RH waste would pose a less desirable target for attack because of the added
12 shielding required for handling, and, in the case of activated metals, because it would be in a
13 form that is much less dispersible.
14
15 During transport to the disposal facility, waste materials would be in heavily shielded
16 casks that would prevent the release of any radioactive material under any but the most severe
17 conditions, as discussed in Section C.9.3.3 in Appendix C. Once at the facility, waste would be
18 unloaded from the transport vehicle and placed in secure temporary storage. CH waste containers
19 such as 208-L (55-gal) drums or SWBs would be taken out of the transport packaging, such
20 as a TRUIPACT-II container, and staged in a temporary storage area at the WIJB prior to
21 emplacement in a disposal unit. RH waste would either be stored in its Type B transport cask or
22 be removed from its cask and temporarily stored in a heavily shielded room in the WHB before
23 emplacement. Only limited numbers of waste containers would be in the WHB at any given
24 time.
25
26 Emplacement of the waste would entail loading the CH containers by crane or forklift
27 onto on-site transport vehicles, moving the waste to the disposal unit, and unloading the waste by
28 crane or forklift into the disposal unit. CH waste might also be taken directly by forklift from the
29 WHB to the disposal unit, depending on the final facility design and operating procedures. RH
30 waste would be transferred to an on-site transfer cask. The cask would be loaded by crane onto
31 an on-site transport vehicle, if it was not already on the vehicle during the waste transfer, and
32 moved to the disposal unit, then unloaded by crane into the disposal unit.
33
34 Once emplaced in a closed disposal unit, the waste would be well-isolated from any
35 potential IDA, thus significantly reducing the risk of contaminating the environment. The
36 disposed-of waste would have a minimum cover of 5 m (17 ft). For the trench option, the 5-mn
37 (1 7-ft) cover would include the 1.1 -m (3. 8-ft)-thick, reinforced concrete, engineered barrier,
38 whereas the vault option has a minimum cover of 5 in (17 ft) on top of its 1.1 -m (3. 8-ft)-thick
39 reinforced concrete ceiling (see Section D.3 in Appendix D). Waste in the borehole would have a
40 30-in (100-ft) cover, including a 1. 1-in (3.8-ft)-thick concrete layer. However, a large blast or
41 excavation using typical earth-moving equipment could readily expose, at the least, the concrete
42 cover on the trench or vault. Such an action would likely not initially disperse the waste but
43 would make it easier to access. A borehole, with its 30-in cover and small cross section (smaller
44 amount of waste per unit) precluding anything but specialized drilling equipment to reach the
45 waste, would provide more security.
46
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1 Compared to the vault and trench options, the borehole option would also provide the
2 most security after emplacement before the disposal unit was closed. Because of the borehole's
3 depth and smaller diameter, access to the waste in the borehole and the dispersion of the waste
4 into the surrounding environment would be difficult. CH waste would be readily accessible in
5 partially filled trenches or vault cells. RH waste would be less accessible in either case, lying
6 beneath the 1.1 m (3.8 ft) of concrete of the radiation shield. Final covers on the trenches could
7 be installed in sections as the waste was in place, thereby reducing the amount of material
8 available to an IDA before closure of the entire trench.
9

10
11 5.3.4.4.4 Facility Location. The location of the disposal facility would affect how
12 readily accessible the waste was and also the extent of human health impacts if an IDA occurred
13 at the facility. The further a disposal site is from population centers, the less likely it is that the
14 site would become a target, because terrorists would find it harder to blend in with the local
15 population (i.e., they might be more easily detected while they were planning, preparing, and
16 executing a potential IDA). In addition, an IDA at a location farther from potential victims would
17 affect fewer individuals, and would likely be a less attractive option for terrorists. All specific
18 disposal locations being considered are in relatively remote areas. Most locations under
19- consideration for a disposal facility in this EIS are also withih secure DOE areas, providing
20 added protection for an operating facility or one that is still under institutional control.
21
22
23 5.3.4.4.5 Waste Types and Characteristics. Human health impacts of an IDA are
24 directly related to what the characteristics of the radionuclide are (e.g., alpha or beta emitter and
25 isotope half-life), how much radiological material is available for dispersal, how readily
26 dispersible the material may be, and how the material is dispersed to the environment. For
27 example, activated metals are highly radioactive gamma emitters that pose an external exposure
28 threat, but they are not readily dispersible because of their solid metal form. Other Waste may
29 consist of random pieces of maintenance, process, or demolition debris, such as contaminated
30 metal, wood, cloth, plastic, or paper. Many of these items have loosely adhering radioactive

P 31 contamination and/or are readily combustible, allowing the radioactive material to be more easily
32 dispersed. Like activated metals, sealed sources contain highly radioactive gamma emitters.
33 These materials are often doubly encapsulated in stainless steel and thus are not readily
34 dispersible unless the source is first mechanically opened or somehow forcibly ruptured. The
35 radioactive material in sealed sources can take on different forms that affect dispersibility. These
36 include solid metals, ceramic or compressed disks, and powders.
37
38 Because of the physical and chemical characteristics of the different waste types as
39 discussed above and in Section 1.4.1 and Appendix B, the IDA analysis of the GTCC LLRW and
40 GTCC-like activated metals and Other Waste was conducted separately from the analysis of the
41 sealed sources.
42
43
44 Activated Metals and Other Waste. For the activated metals and Other Waste
45 considered for disposal, the initiating forces and resulting quantities of radioactive material that
46 could be released by an IDA would be similar to those released in severe accidents, as analyzed
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1 in Section 5.3.9.3 for transportation and here in Section 5.3.4.2.1 and in Chapters 6 through 11
2 (Sections 6.2.4.1, 7.2.4.1, etc.) for facilities.
3
4 Unlike the evaluation of accidents, the evaluation of IDAs provides an estimate of the
5 potential consequences of such events, without attempting to estimate the frequency or
6 probability that an IDA would be attempted or would succeed. This is because there is no
7 accepted basis for estimating the frequency of IDAs. Consequently, the evaluation does not
8 account for security measures that might be implemented to help prevent such attacks. Final
9 disposition of the waste in the types of disposal facilities considered in this ELS would greatly

10 reduce the potential for diversion or theft associated with an IDA. The comparison of IDAs with
11 accidents in the following sections is limited to the consequences that might result if an accident
12 or IDA occurred, and it does not address the likelihood of either type of event.
13
14
15 Transportation impacts. It is expected that an IDA involving a shipment of activated
16 metals or Other Waste would have impacts similar to those from a severe transportation accident.
17 Because of high radionuclide inventories, most of the GTCC LLRW and GTCC-like waste is
18 expected to require the use of Type B packaging for shipment, as discussed and described in
19 Section C.9.4.2. The robust nature of these casks limits the potential release of radioactive
20 material under the severest of accident conditions, as analyzed in Section 5.3.9.3. The severe
21 accidents evaluated are generic in nature (i.e., there is no specific initiating event) but do involve
22 extremes in mechanical and thermal (fire) forces.
23
24 The largest impacts were assessed for accidents involving fully loaded railcars
25 (maximum amount of radioactive material available) in highly populated urban areas (largest
26 affected population) under stable (calm) weather conditions (least amount of airborne dispersion,
27 highest potential air concentrations of radioactive material). For these maximum reasonably
28 foreseeable accidents, such an analysis is conservative in nature because any change in
29 conditions would likely result in lower impacts. For this reason, it is not expected that during a
30 single shipment, a terrorist attack could create conditions that would further increase impacts.
31 For activated metal shipments, the largest impact would be a collective population dose of
32 60 person-rem, with no LCFs expected, as presented in Table 5.3.9-3. For the Other Waste
33 category, a collective population dose of 3,200 person-rem, with the potential for two LCFs in
34 the general population, is estimated for a railcar shipment of CII waste.
35
36
37 Facility impacts. Once received at a disposal facility, the GTCC LLRW and GTCC-like
38 waste would be removed from their protective Type B shipping containers, stored temporarily in
39 the WJIB, and then transported on-site to a disposal unit, where they would be emplaced. An
40 IDA committed at a disposal facility could occur during one of these phases; the largest potential
41 impacts would likely occur during temporary storage of the waste in the WIIB.
42
43 The on-site transportation of activated metal waste or Other Waste - RH would involve
44 the use of a shielded on-site transfer cask to protect workers from the high radiation levels
45 associated with these types of waste. The transfer cask would have properties similar to those of
46 the Type B casks used for off-site transport and would limit dispersal if an accident or IDA
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1 occurred. Thus, IDA impacts involving the on-site transfer of activated metal or Other
2 Waste - RH at the disposal facility are expected to be similar to those from a severe truck
3 transportation accident involving one cask. Because all of the proposed disposal facility sites are
4 in isolated rural areas, a collective population dose of 0.46 or 6.0 person-rem or less is expected,
5 as given in Table 5.3.9-3 for a severe accident involving a truck carrying activated metal waste
6 or Other Waste - RH, respectively, in a rural population zone.
7
8 The on-site transportation of Other Waste - CH would involve moving the waste in its
9 disposal containers: either 208-L (55-gal) drums or SWVBs. These Type A containers as described

10 in Appendix B are not as robust as the Type B transportation casks and are more susceptible to
11 dispersion of their contents as a result of an IDA event. The facility accident analyses described
12 in 5.3.4.2.1 took this factor into account.
13
14 On-site movement of CII waste would involve either a single SWB or a 7-drum pack of
15 208-L (55-gal) drums. However, more waste can be contained by a direct-filled SWB than in
16 seven 208-L (55-gal) drums. An SWB would be moved by forklift or similar conveyance from
17 the WITB to the disposal unit. The facility accident with the largest impacts would be one that
18 involved an SWB filled with Other Waste - CHI in a fire (Accident No. 9). It is expected that an
19 IDA event involving an SWB during on-site movement would have similar results, because it
20 would provide maximum dispersion of the SWB contents to off-site locations. As seen in
21 Chapters 6 through 12 (Sections 6.2.4.1, 7.2.4.1, etc.), the potential collective population
22 consequences would range from 0.47 person-rem at the NNSS reference locations to 160 person-
23 rem at LALNL for Accident No. 9. Although Type A containers do not provide as much
24 protection from dispersion after an IDA than do Type B containers, the impacts would still be
25 less than or comparable to those from the off-site severe transportation accidents discussed
26 above, because the population densities surrounding the sites would be low and because less
27 material would be at risk. Impacts from site to site would vary, depending on the site
28 meteorology and the surrounding population density and its distribution.
29
30 The IDA scenario that would encompass the most material at risk is the one that would
31 occur during the temporary storage of the GTCC LLRW and GTCC-like waste after their receipt
32 at a disposal facility. The conceptual facility designs used for this EIS do not include the amount
33 of detail required to specify the total number of containers that could be stored at any one time,
34 either physically or administratively. The amount of waste to be stored would be established
35 during the implementation phase, limited to minimize worker risk, dependent on the security
36 measures implemented, and dependent on the type of disposal units employed at the site.
37 However, a rough estimate of potential consequences can be derived by scaling the CH waste
38 facility (fire) accident by the number of SWBs that might be stored. For example, if 20 SWBs
39 were in storage at the WHB and if all of them were involved in a serious fire, the collective
40 off-site population consequence at the Hanford Site reference location would be about
41 1,500 person-rem or less, because it is likely that not all SWBs would have the maximum
42 amount of radioactivity possible. The magnitude of such a consequence is about the same as that
43 of the worst severe transportation accidents evaluated in urban areas.
44
45
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1 Sealed Sources. With regard to the sealed sources being considered for disposal, the
2 initiating forces and resulting quantities of radioactive material (from contents of sealed sources)
3 that could be released by an IDA could be larger than the forces and quantities associated with
4 severe accidents as analyzed in Section 5.3.9.3 for transportation and in Section 5.3.4.2.1 and
5 Chapters 6 through 11 (6.2.4.1, 7.2.4.1, etc.) for facilities. Sealing the sources would reduce their
6 potential to release radioactivity during facility accidents in which the waste containers in which
7 the sources were packaged were punctured or dropped. Sealing, in addition to the shielding
8 afforded by the massive Type B containers used for transportation, would limit the potential
9 release of their contents during severe transportation accidents. In the case of an IDA, the entire

10 contents of one or more sealed sources could be made available for dispersion. Unlike the Other
11 Waste, the sealed sources at risk would be in a concentrated form that would make multiple
12 sources more amenable to consolidation and covert movement before a potential IDA. Thus, an
13 IDA involving sealed sources could be preceded by the theft or diversion of the sources and their
14 consolidation to prepare an RDD.
15
16 The use of sealed sources in an RDD could lead to a mass contamination event
17 (NAS 2008; GAO 2008). Fortunately, it is very difficult to cause deterministic human health
18 effects in more than a handful of people (Musolino and Harper 2006). As shown in
19 Table 5.3.9-3, estimates indicate that the sealed source transportation accidents that would
20 involve the most material at risk and greatest potential consequences would result in fewer than
21 10 LCFs over the long term in highly populated urban areas. Consolidation of the contents of
22 sealed sources and detonation in an RDD without the protective containment provided by a
23 Type B transportation cask could increase the potential impact by more than two orders of
24 magnitude. However, even among people who were suffering from health effects, few people, if
25 any, would receive a dose that could result in acute lethality (GAO 2008). For the highest
26 collective urban human health impact estimated in Table 5.3.9-3, the average risk to a member of
27 the affected population of contracting cancer from exposure in his or her lifetime would be about
28 1 chance in 3.5 million. The primary impacts of such an event would be to raise the level of fear
29 and anxiety in the general population and extract a large economic toll on the community
30 (NAS 2008).
31
32 Human health impacts would depend on the location of the release, the surrounding
33 population density, the area topology, and the local meteorology. Potential exposure to
34 individuals would also depend highly on their actions immediately following the release
35 (Dombrowski and Fishbeck 2006). Such impacts would be influenced to some extent by
36 emergency response capabilities and training in the affected area (Musolino and Harper 2006;
37 Harper et al. 2007).
38
39 Because the exact nature, time, and location of an IDA are impossible to predict, a range
40 of scenarios involving radiological releases similar to events that could involve sealed sources
41 considered in this EIS were investigated in the past. Depending on the amount of activity
42 involved, contaminated locations (where individuals might receive more than the suggested
43 U.S. Department of Homeland Security relocation guidelines of 2 rem/yr [73 FR 45029]) could
44 range in the tens of square kilometers (Harper et al. 2007; GAO 2008). Potential acute fatalities
45 could be on the order of 10 to 50 people, with potential LCFs being in the hundreds (Dombroski
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1 and Fishbeck 2006; Rosoff and vcon Winterfeldt 2007). The economic impacts (e.g., relocation,
2 business loss, decontamination, demolition, and disposal) could reach billions of dollars.
3
4
5 5.3.5 Ecological Resources
6
7 This section describes the potential impacts on ecological resources associated with a
8 GTCC LLRW and GTCC-like waste disposal facility regardless of the alternative site chosen.
9 Both direct and indirect impacts on terrestrial vegetation and wetlands, wildlife, aquatic biota,

10 and special status species are presented. Most impacts on ecological resources would occur
11 during construction of the disposal facility, when most land disturbance would occur.
12 Compliance with applicable environmental laws, regulations, and guidance (Chapter 13),
13 coupled with use of mitigation measures, would minimize the adverse impacts described in this
14 section (DOE 2003a).
15
16
17 5.3.5.1 Potential Impacts on Terrestrial Vegetation
18
19 Ground-disturbing activities during the construction of the GTCC LLRW and GTCC-like
20 waste disposal facility (including excavation, grading, and clearing of vegetation) would have
21 direct impacts on plant communities. The operation of heavy equipment would injure or destroy
22 existing vegetation and compact and disturb soils. Soil aeration, infiltration rates, and moisture
23 content could be affected. Deposition of fugitive dust from exposed soil surfaces or gravel
24 roadways might result in reduced photosynthesis and primary production in adjacent terrestrial
25 and wetland habitats. Impacts might include reduced growth and density of vegetation and
26 changes in the plant community composition to more tolerant species. In areas where loose soils
27 such as sand dunes occur, erosion might occur as a result of stornwater runoff, wind erosion, or
28 sloughing of unstable slopes. Stabilization of slope margins might be difficult, and establishment
29 of vegetative cover might be slow, possibly resulting in prolonged habitat losses near the
30 construction area.
31
32 Removal of trees within or along forest or woodland areas could potentially result in an
33 indirect disturbance to forest or woodland interior areas by changing the light and moisture
34 conditions and by introducing nonforest or nonwoodland species, including potentially invasive
35 species. In addition, trees remaining along the margin of the construction area might decline as a
36 result of stress induced by altered conditions. Disturbance of surface soils near trees could also
37 adversely affect trees along the margin. Root disturbance, soil compaction, topsoil loss, reduced
38 soil moisture or reduced aeration, or altered drainage patterns might contribute to tree losses in
39 addition to the loss of trees removed during land clearing.
40
41 Some plant species can benefit from land-disturbing activities because the activities
42 create suitable habitat for them or create an opportunity to recruit seeds into new locations.
43 Fencing (during the institutional control/monitored post-closure period), which would exclude
44 larger herbivores, might also benefit some plant species. The species used to revegetate the
45 GTCC reference location would be chosen in accordance with management policies at the site.
46 As appropriate, regionally native plants would be used to landscape the disposal site. In arid
47 regions, revegetation might be difficult.
48
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1 Under Executive Order 13112, federal agencies are mandated, to the extent practicable,
2 to prevent and control the spread of invasive species and to restore native species and habitat
3 conditions. Even with judicious attempts to revegetate the GTCC reference location with native
4 vegetation, site disturbance could facilitate the dispersal of invasive species by altering existing
5 habitat conditions, stressing or removing native species, and allowing easier movement by
6 wildlife or human vectors (Trombulak and Frissell12000). Invasive plant species are present at all
7 of the alternative DOE sites. Typically, seeds or other propagules of these species are easily
8 dispersed, and they generally tolerate disturbed conditions. The introduction and spread of
9 invasive plant species into disturbed areas represents a potential threat to biodiversity through

10 displacement of native species, simplification of plant communities, and fragmentation of habitat
11 (DOE 1 999b). In addition, invasive species may alter ecological processes, such as fire regimes.
12 Effects may include an increase in both the frequency and the intensity of wildfi'es, particularly
13 as a result of the establishment of annual grasses (e.g., cheatgrass [Bromus tectorum] in the
14 Western states), which produce large amounts of easily ignitable fuel over large contiguous
15 areas. Native species, particularly shrubs, in habitats not adapted to frequent or intense fires
16 might be adversely affected, and their populations could be greatly reduced in affected areas,
17 creating opportunities for further increases in populations of invasive species. Vehicle traffic
18 could also increase the potential for fires.
19
20 Contamination by compounds such as diesel fuel might result from accidental spills at the
21 disposal site. Contaminants spilled onto ground surfaces could result in direct injury and
22 mortality of plants, and migration through the soil could make recovery and restoration difficult.
23 Habitats with highly penmeable soils could experience rapid migration of contaminants through
24 the root zone. Some contaminants might migrate to shallow groundwater and subsequently enter
25 the root zone of nearby vegetation in the path of groundwater movement.
26
27
28 5.3.5.2 Potential Impacts on Wildlife
29
30 The construction and operations of the GTCC LLRW and GTCC-like waste disposal
31 facility might adversely affect wildlife through (1) habitat reduction, alteration, or fragmentation;
32 (2) introduction of invasive vegetation; (3) injury or mortality of wildlife; (4) erosion and runoff;
33 (5) fugitive dust; (6) noise; and (7) exposure to contaminants. The overall impact on wildlife
34 populations would depend on the (1) type and amount of wildlife habitat that would be disturbed,
35 (2) spatial and temporal extent of the disturbance, (3) wildlife that occupy the project site and
36 surrounding areas, and (4) timing of construction activities relative to crucial life stages of
37 wildlife (e.g., breeding season).
38
39
40 5.3.5.2.1 Habitat Disturbance. Developed and fenced areas (during the institutional
41 control/monitored post-closure period), could directly eliminate habitat, inhibit habitat use, or
42 alter the dispersal and distribution patterns of wildlife. The amount of habitat that would be
43 disturbed would be a function of the degree of disturbance already present in the project site area
44 and the area disturbed for the disposal facility (i.e., up to 44 ha [110 ad] for boreholes, 24 ha
45 [60 ac] for vaults, or 20 ha [50 ac] for trenches). The construction of a disposal facility would not
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1 only result in the direct reduction or alteration of wildlife habitat within the project footprint but
2 could also affect the diversity and abundance of wildlife through the fragmentation of habitat.
3
4 Effects from habitat disturbance would be related to the type and abundance of the
5 habitats affected and the wildlife species that occur in those habitats. For example, habitat
6 disturbance could affect local wildlife populations, especially species whose habitats were
7 uncommon and not well represented in the surrounding landscape. In contrast, few population-
8 level impacts are expected for cases in which the GTCC LLRW and GTCC-like waste disposal
9 facility would be located on currently disturbed or modified lands, such as rangelands. The

10 wildlife species least likely to be affected would be habitat generalists. Also, many wildlife
11 species can tolerate and adapt to a variety of habitats and can therefore be found in habitats other
12 than those considered typical for the species (Giffen et al. 2007).
13
14 Although most fragmentation research has focused on forested areas, similar
15 ecological impacts have been reported for the more arid and semiarid landscapes of the
16 western United States, particularly shrub-steppe habitats that are dominated by sagebrush or
17 salt desert scrub communities. For example, habitat fragmentation, combined with habitat loss
18 and degradation, has been shown to be largely responsible for the decline in greater sage-grouse
19 (Centrocercus urophasianus) throughout most of its range (Strittholt et al. 2000). Similar
20 impacts could be expected for other species, such as the federally listed pygmy rabbit
21 (Brachylagus idahoensis) and sagebrush lizard (Sceloporus graciosus).
22
23 The creation of edge habitat could (1) increase predation and parasitism of vulnerable
24 forest interior animals in the vicinity of edges; (2) have negative consequences for wildlife by
25 modifying their distribution and dispersal patterns; (3) be detrimental to species requiring large
26 undisturbed areas, because increases in edges are generally associated with concomitant
27 reductions in habitat size and possible isolation of habitat patches and corridors (habitat
28 fragmentation); or (4) increase local wildlife diversity and abundance.
29
30 The ecological importance of the edge largely depends on how different it is from the
31 regional landscape. For example, the influence of the edge would be less ecologically important
32 where the landscape has a high degree of heterogeneity. Also, edge influence would be less
33 ecologically important in a forest with a more open and diverse canopy (Harper et al. 2005).
34 Landscapes with a patchy composition (e.g., tree-, shrub-, and grass-dominated cover) might
35 already contain edge-adapted species that would make a created edge less likely to have any
36 influence (Harper et al. 2005).
37
38 Although habitats adjacent to facilities might remain unaffected, wildlife tend to make
39 less use of these areas. The combination of avoidance and stress reduces the capability of
40 wildlife to use habitat effectively.
41
42 Long-term displacement of elk (Cervus elaphus), mule deer (Odocoileus hemionus),
43 pronghomn (Antilocapra americana), or other species from critical (crucial) habitat or parturition
44 areas as a result of habitat disturbance would be considered significant. For example, activities
45 around parturition areas have the potential to decrease the usability of these areas for calving and
46 fawning. A disposal facility located within a crucial winter area could directly reduce the amount
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1 of habitat available to the local population. This situation could force individuals to use
2 suboptimal habitat, which could lead to debilitating stress and possibly to population-level
3 effects.
4
5 While not an absolute barrier, the GTCC LLRW and GTCC-like waste disposal facility
6 might limit travel by wildlife species between areas on either side of the facility. Habitat
7/ specificity, seasonal changes in microclimate, and population pressures could influence the
8 extent and rate at which small mammals would cross a cleared area. The size of the disposal
9 facility could present a barrier to the movement of some small animals (due to distance) and

10 larger mammals (due to the fence during the institutional control/monitored post-closure period);
11 human presence would also be a factor.
12
13
14 5.3.5.2.2 Introduction of Invasive Vegetation. Wildlife habitat could also be affected if
15 invasive vegetation became established in the construction-disturbed areas and adjacent off-site
16 habitats. The establishment of invasive vegetation could reduce habitat quality for wildlife and
17 locally affect wildlife occurrence and abundance.
18
19
20 5.3.5.2.3 Wildlife Injury or Mortality. Construction activities would result in the direct
21 injury or death of wildlife that (1) are not mobile enough to avoid construction activities
22 (e.g., reptiles, small mammals), (2) utilize burrows (e.g., ground squirrels and burrowing owls
23 [Athene cunicularia]), or (3) defend nest sites (such as ground-nesting birds). Although more
24 mobile wildlife species, such as deer and adult birds, might avoid the initial clearing activity by
25 moving into habitats in adjacent areas, it is conservatively assumed that adjacent habitats are at
26 carrying capacity for the species that live there and could not support additional wildlife from the
27 construction areas. The subsequent competition for resources in adjacent habitats would likely
28 preclude the incorporation of the displaced individuals into the resident populations. Collision
29 with vehicles could also be a source of wildlife mortality, especially in areas with concentrations
30 of wildlife or in travel corridors. Wildlife might also be affected if increased access led to an
31 increase in the legal and illegal taking of wildlife, which could affect local populations of some
32 species.
33
34
35 5.3.5.2.4 Erosion and Runoff. Construction activities might result in increased erosion
36 and runoff from freshly cleared and graded sites. This erosion and runoff could reduce water
37 quality in nearby aquatic or wetland habitats used by amphibians and other wildlife. Potential
38 impacts on wildlife could range from avoidance of the habitats to effects on reproduction,
39 growth, and survival. The latter would occur primarily to amphibians that would inhabit these
40 habitats. The potential for water quality impacts during construction would be short term for the
41 duration of construction activities and post-construction soil stabilization (e.g., reestablishment
42 of natural or man-made ground cover). Any impacts on amphibian populations would be
43 localized to the surface waters or wetlands receiving site runoff. Although the potential for
44 runoff would be temporary, pending the completion of construction activities and the
45 stabilization of disturbed areas with vegetative cover, erosion could result in significant impacts
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1 on local amphibian populations if an entire recruitment class was eliminated (e.g., complete
2 recruitment failure for a given year because of siltation of eggs or mortality of aquatic larvae).
3
4
5 5.3.5.2.5 Fugitive Dust. Little information is available regarding the effects of fugitive
6 dust on wildlife; however, if exposure was of sufficient magnitude and duration, the effects could
7 be similar to the respiratory effects identified for humans (e.g., breathing and respiratory
8 symptoms). A more probable effect would be the dusting of plants, which could make forage less
9 palatable. This effect would generally coincide with the area of displacement and stress to

10 wildlife resulting from human activity. Fugitive dust generation during construction activities is
11 expected to be short term and localized to the immediate construction area and is not expected to
12 result in any long-term individual or population-level effects.
13
14
15 5.3.5.2.6 Noise. Principal sources of noise during construction activities would include
16 truck traffic and the operation of heavy machinery. The most adverse impacts associated with
17 construction noise could occur if critical life-cycle activities (e.g., mating and nesting) were
18 disrupted. If birds were disturbed during the nesting season to the extent that they were
19 displaced, then nest or brood abandonment might occur.
20
21 Much of the research on wildlife-related noise effects has focused on birds. This research
22 has shown that noise may affect territory selection, territorial defense, dispersal, foraging
23 success, fledging success, and song learning (e.g., Reijnen and Foppen 1994; Foppen and
24 Reijnen 1994; Larkin 1996). Several studies (Foppen and Reijnen 1994; Reijnen and
25 Foppen 1994, 1995; Reijnen et al. 1995, 1996, 1997) have shown reduced densities of some
26 species adjacent to roads, with effects detectable from 20 to 3,530 m (66 to 11,600 ft) from the
27 roads. On the basis of these studies, Reijnen et al. (1996) identified a threshold effect sound level
28 of 47 dBA for all species combined and 42 dBA for the most sensitive species; the observed
29 reductions in population density were attributed to a reduction in habitat quality caused by
30 elevated noise levels. This threshold sound level of 42 to 47 dBA (which is somewhat below the
31 EPA-recommended limit for residential areas) is at or below the sound levels generated by truck
32 traffic that would likely occur at distances of 76 m (250 ft) from the construction area or access
33 roads or the levels generated by typical construction equipment at distances of 760 m (2,500 fi)
34 or more from the construction site.
35
36 Overall, the magnitude and duration of noise associated with trucks and construction
37 equipment are expected to result in only minor annoyance to wildlife at the site and not result in
38 any long-term adverse effects. The response of wildlife to this disturbance would vary by
39 species; the individual animal's physiological or reproductive condition; the distance from the
40 noise source; and the type, intensity, and duration of the disturbance.
41
42
43 5.3.5.2.7 Exposure to Contaminants. The depth of disposal and cover materials
44 associated with the disposal facilities is expected to prevent or minimize the exposure of wildlife
45 to radionuclides. Wildlife might be exposed to accidental spills or releases of oil, herbicides,
46 fuel, or other hazardous materials. Exposure to these materials could affect reproduction, growth,
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1 development, or survival of exposed individuals. Potential impacts on wildlife would vary
2 according to the material spilled, the volume of the spill, the location of the spill, and the species
3 being exposed. Spills could contaminate soils and surface water and could affect wildlife
4 associated with these media. The use by wildlife of areas contaminated with hazardous
5 constituents could result in the wildlife also becoming contaminated, and if individuals left the
6 area, they could spread the contaminants to other locations. A spill would likely have a
7 population-level adverse impact only if it was very large or it contaminated a crucial habitat area.
8 The potential for either event is very unlikely. Because the amounts of fuels and hazardous
9 materials used are expected to be small, an uncontained spill would affect only a limited area. In

10 addition, wildlife use of the area during construction would be very minor or nonexistent, thus
11 greatly reducing the potential for exposure. Spill response plans would be in place to address any
12 accidental spills or releases.
13
14
15 5.3.5.3 Potential Impacts on Aquatic Biota
16
17 The overall impact of a project on aquatic resources would depend on the type and
18 amount of aquatic habitat disturbed or contaminated, the nature of the disturbance or
19 contamination, and the biota that occupied the areas aquatic habitats. Surface waters do not occur
20 within any of the reference locations evaluated for the GTCC LLRW and GTCC-like waste
21 disposal facility at any of the alternative DOE sites. Therefore, potential impacts on aquatic biota
22 are limited to indirect impacts.
23
24 Characteristics of surface water runoff, such as flow direction and flow rates following
25 rain events, are controlled, in part, by local topography and vegetation cover. As a consequence,
26 any construction activities that affected the terrain and vegetation during construction of the
27 GTCC LLRW and GTCC-like waste disposal facility could alter the water flow patterns. Impacts
28 on aquatic ecosystems could result if these alterations affected the amount and timing of runoff
29 entering a particular water body.
30
31 During construction, ground disturbance could result in increased suspended sediment
32 loads. Turbidity and sedimentation from erosion are part of the natural cycle of physical
33 processes in water bodies, and most populations of aquatic organisms have adapted to short-term
34 changes in these parameters. However, if sediment loads were unusually high or lasted
35 for extended periods of time compared with natural conditions, adverse impacts could occur
36 (Waters 1995). Increased sediment loads could decrease the rate of photosynthesis in plants and
37 phytoplankton; decrease fish feeding efficiency; decrease the levels of invertebrate prey; reduce
38 fish spawning success; adversely affect the survival of incubating fish eggs, larvae, and fry; and
39 adversely affect amphibians, their larval stage, and their eggs. In addition, some migratory fishes
40 might avoid streams that contained excessive levels of suspended sediments (Waters 1995).
41
42 The level of effects from increased sediment loads would depend on the natural condition
43 of the receiving waters and the timing of sediment inputs. Whereas most aquatic systems would
44 probably be affected by large increases in the levels of suspended and deposited sediments,
45 aquatic habitats in which waters are normally turbid might be less sensitive to small to moderate
46 increases in suspended sediment loads than would habitats that normally have clear waters.
47 Similarly, increased sedimentation during periods of the year in which sediment levels might
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1 naturally be elevated (e.g., during wet parts of the year) might have impacts smaller than the
2 sediment impacts that occur during periods in which natural sediment levels are expected to be
3 lower.
4
5 Appropriate soil and erosion control measures would be used to protect aquatic resources.
6 During construction, the impacts from erosion and sedimentation would be minor to negligible,
7 and once the site was stabilized and revegetated, erosion and sedimentation impacts on nearby
8 water resources would probably not occur.
9

10 The potential exists for toxic materials (e.g., fuels and herbicides) to be introduced
11 accidentally into waterways during construction and maintenance activities. The level of impacts
12 from releases of toxicants would depend on the type and volume of chemicals entering the
13 waterway, the location of the release, the nature of the water body (e.g., size, volume, and flow
14 rates), and the types and life stages of organisms present in the waterway. Mitigation measures
15 would be taken during the development and maintenance of the GTCC LLRW and GTCC-like
16 waste disposal facility to restrict the use of machinery near waterways and to place restrictions
17 on the application methods, quantities, and types of herbicides that are used in the vicinity of
18 waterways in order to limit the potential for impacts on aquatic ecosystems. The GTCC LLRW
19 and GTCC-like waste disposal facility stormwater retention pond is not expected to become a
20 highly productive aquatic habitat.
21
22
23 5.3.5.4 Potential Impacts on Special-Status Species
24
25 Potential impacts on threatened, endangered, and other special-status species would be
26 fundamentally similar to those on vegetation, wildlife, and aquatic biota discussed earlier in this
27 section. However, threatened, endangered, and other special-status species are far more
28 vulnerable to impacts because their population sizes are smaller than those of the more common
29 and widespread species. This small population size makes them more vulnerable to the effects of
30 habitat fragmentation, habitat alteration, habitat degradation, human disturbance and harassment,
31 and mortality of individuals. Their vulnerability makes it very important to comply with
32 applicable laws, regulations, and Executive Orders (Chapter 13) and to successfully implement
33 mitigation measures.
34
35
36 5.3.6 Socioeconomics
37
38 The socioeconomic impacts of constructing and operating GTCC LLRW and GTCC-like
39 waste disposal facilities were assessed for an ROI around each site, corresponding to the area in
40 which construction and operational workers at the site would reside and spend their wages and
41 salaries. The economic impacts of GTCC LLRW and GTCC-like waste disposal facility
42 construction and operations were measured in terms of employment and income. Since an in-
43 migrant labor force is expected during both construction and operations of a disposal facility,
44 impacts of construction and operations on population, housing, public services, education
45 expenditures, and employment were also assessed. Impacts on the local transportation network of
46 GTCC LLRW facility employees who would commute were also assessed.
47
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1 Any socioeconomic impacts that would result from the transportation of GTCC LLRW
2 and GTCC-like waste, including impacts on property values, would be minimal. This is because
3 it is likely that the current transportation of other hazardous materials and the risk of accidents
4 involving these materials are already captured in housing values in the vicinity of transportation
5 routes. An accident involving GTCC LLRW or GTCC-like waste might create additional
6 impacts on the housing market only if residents were prevented from quickly returning to their
7 homes.
8
9 Potential site-specific consequences relative to socioeconomics from Alternatives 3 to 5

10 are further discussed in Chapters 6 through 11 for the Hanford Site, the JNL Site, LAINL, NNSS,
11 SRS, and WIPP Vicinity, respectively.
12
13
14 5.3.7 Environmental Justice
15
16 Potential consequences on environmental justice from Alternatives 3 to 5 would be site-
17 dependent. They are discussed in Chapters 6 through 11 for the Hanford Site, the lNL Site,
18 LANL, NNSS, SRS, and WIPP Vicinity, respectively.
19
20
21 5.3.8 Land Use
22
23 Land use impacts focus on the net land area affected, the area's relationship to existing
24 land uses in the project area, current growth trends and current and proposed land use
25 designations, proximity to special use areas, and other factors pertaining to land use. The amount
26 of land that would be cleared to construct a GTCC LLRW and GTCC-like waste disposal facility
27 would be up to 44 ha (110 ac) for the borehole method, 24 ha (60 ac) for the vault method, and
28 20 ha (50 ac) for the trench method. Therefore, current land use of up to 44 ha (110 ac) (or use of
29 up to 24 ha [60 ad] at SRS) would be altered to (or, in several cases, remain) the land use
30 associated with a radioactive waste disposal site.
31
32 Current land use was taken into account in identifying the GTCC reference locations at
33 each alternative site in order to minimize potential land use conflicts at the outset. Because of the
34 small area in which land use would change as a result of the GTCC LLRW and GTCC-like waste
35 disposal facility relative to the land use that currently exists in the area of the alternative sites,
36 land use impacts would be considered moderate to minor. Potential consequences relative to land
37 use from Alternatives 3 to 5 would be site-dependent and are discussed in Chapters 6 through 11
38 for the Hanford Site, the INL Site, LANL, NNSS, SRS, and WJPP Vicinity, respectively.
39
40
41 5.3.9 Transportation
42
43 Transportation impacts from the shipment of GTCC LLRW and GTCC-like waste were
44 evaluated for each disposal site considered. The impacts from both routine and accident
45 conditions were evaluated, as discussed in Appendix C, Section C.9. These impacts are presented
46 in three subsections: (1) collective population risks during routine conditions and accidents,
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1 (2) radiological risks to individuals receiving the highest impacts during routine conditions, and
2 (3) consequences to individuals and populations after the most severe accidents involving a
3 release of radioactive or hazardous chemical material.
4
5 Radiological impacts during routine conditions are a result of human exposure to the low
6 levels of radiation near the shipment. The regulatory limit established in 49 CFR 173.441
7 (Radiation Level Limitations) and 10 CFR 71.47 (External Radiation Standards for All
8 Packages) to protect the public is 0.1 mSv/h (10 mrem/h) at 2 m (6 fi) from the outer lateral sides
9 of the transport vehicle. This dose rate corresponds roughly to 14 nmrem/h at 1 m (3 ft). As

10 discussed in Appendix C, Section C.9.4.4, the external dose rate for CH shipments to the land-
11 disposal sites was set to 0.5 and 1.0 mrem/h at 1 m (3 ft) for truck and rail shipments,
12 respectively. For shipments of RH waste, the external dose rate was set to 2.5 and 5.0 mrem/h for
13 truck and rail shipments, respectively. These assignments were based on shipments of similar
14 types of waste. Dose rates for rail shipments are approximately double those for truck shipments
15 because rail shipments are assumed to have twice the number of waste packages as those on a
16 corresponding truck shipment. Impacts from accidents are dependent on the amount of
17 radioactive material in a shipment and on the fraction that is released if an accident occurs. The
18 parameters used in the transportation accident analysis are described further in Appendix C,
19 Section C.9.4.3.
20
21
22 5.3.9.1 Collective Population Risk
23
24 The collective population risk is a measure of the total risk posed to society as a whole by
25 the actions being considered. For a collective population risk assessment, the persons exposed
26 are considered as a group, without specifying individual receptors. Exposures to four different
27 groups were considered: (1) persons living and working along the transport routes, (2) persons
28 sharing the route, (3) persons at stops along the route, and (4) transportation crew members. The
29 collective population risk is used as the primary means of comparing various methods, and it
30 depends on the number and types of shipments as well as the origin and destination sites
31 involved. These impacts are specific to the disposal site involved and are presented in
32 conjunction with the site impacts given in Chapters 6 through 11.
33
34
35 5.3.9.2 Highest-Exposed Individuals during Routine Conditions
36
37 In addition to assessing the routine collective population risk, the risks to individuals
38 for a number of hypothetical exposure scenarios were estimated as described further in
39 Section C.9.2.2 in Appendix C. Receptors would include transportation workers, such as
40 inspectors, and members of the public who would be exposed during traffic delays, while
41 working at a service station, or while living or working near a facility. The distances and
42 durations of exposure would be similar to those given in previous transportation risk assessments
43 (DOE 1997a, 1999b, 2004a,b, 2008). The scenarios were not meant to be exhaustive but were
44 selected to provide a range of potential exposure situations. The estimated doses and associated
45 LCF estimates are provided in Tables 5.3.9-1 and 5.3.9-2, respectively.
46
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1
2

3
4
5
6

TABLE 5.3.9-1 Estimated Routine Doses (remn) to the Highest-Exposed Individuals from
Shipments of GTCC LLRW and GTCC-Like Waste, per Exposure Event

Sealed Sources and Activated Metals -

Other Waste - CH Other Waste - RH RHf

Receptor Truck Rail Truck Rail Truck Rail

Workers
Inspector (truck and rail) 0.00072 0.00 14 0.0044 0.0083 0.0044 0.0083
Railyard crew member NMa 0.00024 NA 0.00064 NA 0.00064

Public
Resident near route 1.6E-08 9.4E-08 4.1E-07 2.lE-07 4.1E-08 2.1E-07
Person in traffic 0.00064 NA 0.0037 NA 0.0037 NA
Person at service station 0.000014 NA 0.000037 NA 0.000037 NA
Resident near railyard NA 3.2E-06 NA 7.2E-06 NA 7.2E-06

a NA =not applicable.

TABLE 5.3.9-2 Estimated Risk of Fatal Cancer (LCF) to the Highest-Exposed Individuals
from Shipments of GTCC LLRW and GTCC-Like Waste, per Exposure Event

Sealed Sources and Activated Metals -

Other Waste - CHI Other Waste - RH RH

Receptor Truck Rail Truck Rail Truck Rail

Workers
Inspector (truck and rail) 4E-07 9E-07 0.000003 0.000005 0.000003 0.000005
Railyard crew member NAa 1E-07 NA 4E-07 NA 4E-07

Public
Resident near route 1E-11 6E-11 2E-11 1E-10 2E-l1 1E-10
Person in traffic 4E-07 NA 0.000002 NA 0.000002 NA
Person at service station 8E-09 NA 2E-08 NA 2E-08 NA
Resident near railyard NA 2E-09 NA 4E-09 NA 4E-09

a NA =not applicable.

The highest potential routine radiological exposure to an individual, with an LCF risk of
5 x 10-6, would be for truck and rail inspectors who could be exposed at a distance of 1 m (3 ft)
from a shipment of RH waste for up to an hour. There is also the possibility for multiple
exposures in some cases. For example, if an individual lived or worked near the disposal site, the
person could receive a combined dose of as much as approximately 0.5 or 1.0 mrem if present
for all truck or rail shipments, respectively, over the course of about 50 years. This dose is still
very low, about 300 times lower than the amount an individual receives in a single year from

7
8
9

10
11
12
13
14
15
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1 natural background radiation (about 310 mrem/yr). (As noted in Section 5.2.4.3, the average2 radiation dose to an individual from natural background radiation and man-made sources of
3 radiation is about 620 mrem/yr.)
4
5
6 5.3.9.3 Accident Consequence Assessment
7
8 Whereas the collective accident risk assessment considered the entire range of accident
9 severnties and their related probabilities, the accident consequence assessment assumes that an

10 accident of the highest severity category has occurred. The consequences, in terms of committed
11 dose (rem) and LCFs for radiological impacts, were calculated for both exposed populations and
12 individuals in the vicinity of an accident. For perspective, impacts were assessed for shipments
13 of each waste type (sealed sources, activated metals, Other Waste - CH, and Other Waste - RH)
14 that would result in the highest potential impacts. Shipment inventories are provided in
15 Appendix B.
16
17 Table 5.3.9-3 presents the radiological consequences to the population from severe
18 accidents involving shipments of GTCC LLRW and GTCC-like waste to a near-surface disposal
19 facility. Up to 9 LCFs were estimated for a severe urban rail accident involving sealed sources
20 (1,470 Ci of Am-241 in six TRUIPACT-II packages), while only 0.04 LCF was estimated for a
21 similar accident involving activated metals (6.6 MCi of activity in four AMCs). A number of
22 factors contributed to these differences, including the amount and type of activity per shipment,
23 the shipment configuration, the number of packages assumed to be breached during the accident,
24 and the amount released to the environment in an aerosol form.
25
26 The estimated population doses and associated LCFs were higher for the sealed sources
27 and Other Waste - CH than for the activated metals and Other Waste - RH because they had
28 higher amounts of alpha-emitting radionuclides, which are more of an inhalation (internal)
29 hazard. The dominant exposure pathway for suburban and urban areas was from inhaling the
30 aerosolized contaminant plume as it drifted downwind immediately after an accident. Exposure
31 impacts from activated metal accidents were also lower because radionuclide activity is fixed in
32 the outer layers of metal components and is not easily aerosolized, even under the extreme
33 conditions assumed for the severe accidents.
34
35 Severe rail accidents could have higher consequences than truck accidents because each
36 railcar would carry more material than would each truck. It is conservatively assumed that all
37 truck shipments of sealed sources and CH waste would consist of three fully loaded
38 TRUPACT-II packages and that each railcar shipment would consist of six fully loaded
39 TRUPACT-II packages. Likewise, all truck shipments of activated metals and Other Waste - RH
40 would consist of one Type B package capable of shielding an AMC (in the case of activated
41 metals) or an RH72B package (in the case of the Other Waste - RH). Railcar shipments are
42 assumed to consist of a suitable Type B rail cask, with four AMCs for activated metals or
43 two RH72B packages for Other Waste - RH. The same shipment configurations for the
44 TRUIPACT-II and RH72B packages were used in similar studies (DOE 1997a,b, 1998).
45
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1 TABLE 5.3.9-3 Potential Radiological Consequences to the Population from Severe
2 Transportation Accidentsa

Neutral Weather Conditionsb Stable Weather Conditionsb
Dose and Risk, per Type

of Waste Mode Rural Suburban Urban0  Rural Suburban Urban0

Dose (person-remn)
Sealed sources - CH Truck 930 2,000 4,400 1,600 3,400 7,600

Rail 1,900 3,900 8,700 3,300 6,800 15,000
Activated metals - Rpj~d Truck 0.27 3.9 8.6 0.46 6.8 15

Rail 1.1 16 35 1.9 27 60
Other Waste -CH Truck 190 410 920 330 720 1,600

Rail 380 830 1,800 650 1,400 3,200
Other Waste - RHd Truck 3.0 9.6 21 6.0 120 270

Rail 5.9 19 43 12 240 540

Risk (LCF)e
Sealed sources - CII Truck 0.6 1 3 1 2 5

Rail 1 2 5 2 4 9
Activated metals - Rp-Id Truck 0.0002 0.002 0.005 0.0003 0.004 0.009

Rail 0.0006 0.009 0.02 0.001 0.02 0.04
Other Waste - CH Truck 0.1 0.2 0.6 0.2 0.4 1

Rail 0.2 0.5 1 0.4 0.9 2
Other Waste - R1~{d Truck 0.002 0.006 0.01 0.004 0.07 0.2

Rail 0.004 0.01 0.03 0.007 0.1 0.3

a National average population densities were used for the accident consequence assessment, corresponding
to densities of 6 persons/kin2 , 719 persons/kin2, and 1,600 persons/kmn2 for rural, suburban, and urban
zones, respectively. Potential impacts were estimated for the population within a 80-km (50-mi) radius,
assuming a uniform population density for each zone.

b Neutral weather conditions constitute the most frequently occurring atmospheric stability condition in the
United States. They are represented by Pasquill stability Class D with a wind speed of 4 rn/s (9 mi/h) in
the air dispersion models used in this consequence assessment. Observations at National Weather Service
surface meteorologic stations at more than 300 U.S. locations indicate that on a yearly average, neutral
conditions (Pasquill Classes C and D) occur about half (50%) of the time, stable conditions (Classes E and
F) occur about one-third (33%) of the time, and unstable conditions (Classes A and B) occur about one-
sixth (17%) of the time (Doty et aL. 1976). For the accident consequence assessment, doses were assessed
under neutral atmospheric conditions (Class D with winds at 4 mr/s [9 mi/h]) and under stable conditions
(Class F with winds at 1 m/s [2.2 mi/h]). The results for neutral conditions represent the most likely
consequences. The results for stable conditions represent weather in which the least amount of dilution is
evident; the air has the highest concentrations of radioactive material, which leads to the highest doses.

eIt is important to note that the urban population density generally applies to a relatively small urbanized
area; very few, if any, urban areas have a population density as high as 1,600 persons/kmn2 extending as far
as 80 km (50 mi). The urban population density corresponds to approximately 32 million people within the
80-km (50-mi) radius, well in excess of the total populations along most of the routes considered in this
assessment.

dAs packaged for shipment to a near-surface disposal facility. If packaged for disposal at WIPP, potential
impacts from a single accident would be about one-third less than those given here because the
radionuclide shipment inventory would be that much smaller.

eLCFs were calculated by multiplying the dose by the health risk conversion factor of 6 x 10 -4 fatal cancers

3 per person-rem.

4
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1 The severe accident consequence assessment assumed all packages in a shipment would
2 become breached (DOE 1 997a, 1998). However, it is unlikely that all six Type B packages, such
3 as the TRUPACT-II packages, would become breached in one railcar accident and lead to a dose
4 estimate of as much as 15,000 person-rem (9 LCFs) received by an urban population, as
5 presented in Table 5.3.9-3. This dose is also spread over a footprint containing more than
6 1 million people, giving an average dose of less than 15 mrem per person. Such a dose is
7 approximately 5% of the average annual dose received by an individual from natural background
8 radiation.
9

10 Individuals in the vicinity of a severe accident could receive much higher doses, as
11 shown in Table 5.3.9-4. A CEDE of up to 62 rem could be received by a nearby person
12 downwind of the sealed source railcar accident. This dose would be from inhalation during
13 passage of the aerosolized radioactive material (plume) after the accident. No deaths or
14 symptoms of acute radiation syndrome are expected, but the increase in the lifetime risk of a
15 fatal cancer would be 0.04. The dose received would be smaller if all of the TRUPACT-il
16 packages were not breached, as might be expected, or if the contaminant material was released
17 over a longer period of time (minutes), such as in a release involving a fire in which the person
18 was not in the same location during passage of the entire plume.
19
20 Potential consequences relative to transportation from Alternatives 3 to 5 that would be
21 site-dependent are discussed in Chapters 6 through 11 for the Hanford Site, the TNL Site, LANL,
22 NNSS, SRS, and WIPP Vicinity, respectively.
23
24 For activated metal and Other Waste - RH- shipments to WIPP, estimated impacts would
25 be about one-third of the values given in Tables 5.3.9-3 and 5.3.9-4 because the packages
26 assumed for the WIPP shipments have about one-third of the capacity of the packages assumed
27 for the near-surface facilities.
28
29
30 5.3.10 Cultural Resources
31
32 Potential impacts on cultural resources from Alternatives 3 to 5 would be site-dependent
33 and are discussed in Chapters 6 through 11 for the Hanford Site, the ILNL Site, LANL, NNSS,
34 SRS, and WIPP Vicinity, respectively.
35
36
37 5.3.11 Waste Management
38
39 Construction of the land disposal facilities would generate wastes typical of large
40 construction projects. These wastes would include small quantities of hazardous solids,
41 nonhazardous solids (e.g., concrete and steel spoilage, excavated materials), hazardous liquids
42 (e.g., used motor oil and lubricants), and nonhazardous liquids (e.g., sanitary waste). Waste
43 generated from operations would include small quantities of solid LLRW (e.g., spent HEPA
44 filters) and nonhazardous solid waste (including recyclable wastes). Some liquid LLRW would
45 also be generated from truck washdown water. Operations would also generate a small quantity
46 of nonhazardous (sanitary) liquids.
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1
2

TABLE 5.3.9-4 Potential Radiological Consequences to the Highest-Exposed Individual
from Severe Transportation Accidentsa

Neutral Weather Conditionsb Stable Weather Conditionsb
Type of Waste, per

Mode Dose (remn) Risk (LCF)C Dose (remn) Risk (LCF)C

Sealed sources - CH
Truck 10 0.006 32 0.02
Rail 20 0.01 62 0.04

Activated metals - RHd
Truck 0.00049 0.0000003 0.0016 0.0000009
Rail 0.0021 0.00000 1 0.0065 0.000004

Other Waste - CH
Truck 2.1 0.001 6.6 0.004
Rail 4.1 0.002 13 0.008

Other Waste - Rjjd

Truck 0.046 0.00003 0.14 0.00009
Rail 0.090 0.00005 0.29 0.0002

aThe individuals receiving the highest doses and LCF risks were assumed to be at a downwind location
that would maximize the short-term dose. These individuals were assumed to be about 140 to 150 m
(460 to 490 ft) downwind for neutral weather conditions and 340 to 365 m (1,100 to 1,200 ft)
downwind for stable weather conditions.

bNeutral meteorologic conditions constitute the most frequently occurring atmospheric stability
condition in the United States. They are represented by Pasquill stability Class D with a wind speed of
4 rn/s (9 mi/h) in the air dispersion models used in this consequence assessment. Observations at
National Weather Service surface meteorologic stations at more than 300 U.S. locations indicate that
on a yearly average, neutral conditions (Pasquill Classes C and D) occur about half (5 0%) of the time,
stable conditions (Classes E and F) occur about one-third (33%) of the time, and unstable conditions
(Classes A and B) occur about one-sixth (17%) of the time (Doty et al. 1976). For the accident
consequence assessment, doses were assessed under neutral atmospheric conditions (Class D with
winds at 4 rr/s [9 mi/h]) and under stable conditions (Class F with winds at 1 mn/s [2.2 mi/h]). The
results for neutral conditions represent the most likely consequences. The results for stable conditions
represent weather in which the least amount of dilution is evident; the air has the highest concentrations
of radioactive material, which leads to the highest doses.

When applied to individuals, the LCF risk is the increased lifetime probability of developing an LCF.
LCFs were calculated by multiplying the dose by the health risk conversion factor of 6 x 10 -4 fatal

cancers per person-rem.

dAs packaged for shipment to a near-surface disposal facility. If packaged for disposal at WIPP,
potential impacts from a single accident would be about one-third less than those given here because
the radionuclide shipment inventory would be that much smaller.

3
4
5
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1 Table 5.3.11-1 presents the types and volumes of waste that would be generated from the2 construction and disposal operations associated with the land disposal methods evaluated for
3 Alternatives 3 to 5. These waste types are similar to those currently handled at the various sites
4 evaluated, except for the WlPP Vicinity reference location on BLM-administered land adjacent
5 to the WIPP property boundary, where there are currently no ongoing operations. However,
6 waste management resources available from the nearby WIPP repository could be used to
7 manage any waste that might be generated by a land disposal facility at WIPP Vicinity.
8
9 Table 5.3.11-2 summarizes waste handling programs and capacities (when information

10 was available) at the various sites evaluated for similar waste types. On the basis of the
11 information provided in Table 5.3.11-2, the waste types and volumes that could be generated
12 from the three land disposal methods would either be disposed of on-site or sent off-site for
13 disposal. No impacts on waste management programs at the various sites are expected under
14 Alternatives 3 to 5.
15
16 _________________
17 5.3.12 Cumulative Impacts Cumulative Impacts
18
19 Consistent with 40 CFR 1508.7, in this EIS, Cumulative impacts are the total impacts on a
20 a cumulative impact is "the impact on the given resource resulting from the incremental
21 environment which results from the incremental environmental effects of an action or actions

22 ipac oftheacton hen dde toothr pstadded to other past, present, and reasonably22 ipac oftheacton hen dde toothr pstforeseeable future actions.
23 present, and reasonably foreseeable future actions
24 regardless of what agency (federal or nonfederal) or
25
26
27 TABLE 5.3.11-1 Annual Waste Generated from the Construction and Operations of the Three
28 Land Disposal Methodsa

Trench Borehole Vault

Waste Type Constructionb Operationsb Constructionb Operations" Constructionb Operationsb

Nonradioactive waste
Hazardous solids (yd3) 57 _C 18 - 168 -

Nonhazardous solids (yd3)d 62,000 120 300,000 95 5,200 120
Hazardous liquids (gal) 23,000 - 7,300 - 68,000 -

Nonhazardous liquids (gal) 4,800,000 310,000 1,500,000 240,000 14,000,000 320,000

Radioactive waste
Solid LLRW (yd3) - 16 - 10 - 16
Liquid LLRW (gal) - 790,000 - 170,000 - 780,000

a Values given to two significant figures.

b The initial construction period is assumed to be 3.4 years; the operational period is assumed to be a 20-year period when

most of the GTCC LLRW and GTCC-like waste are expected to be received for disposal.

C A dash indicates waste type is not generated.

d The volume reported for construction includes industrial waste and excavated soil material that could be used for the

29 cover system; therefore, the inclusion here as waste would conservatively bound potential waste management impacts.
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1 TABLE 5.3.11-2 Waste Management Programs at the Various Sites Evaluated for the Land Disposal Methods

Site Nonhazardous Liquids Nonhazardous Solids Hazardous Liquids Hazardous Solids Solid LLRW Liquid LLRW

Hanford Nonhazardous liquids
Sitea are discharged to on-site

treatment facilities, such
as septic tanks,
subsurface soil
absorption systems, and
wastewater treatment
plants.

INL Sanitary wastes are treated
Siteb and then discharged to

impoundments,
evaporation lagoons, or
shallow subsurface
drainage fields.
Remaining sludge is
placed in the on-site
landfill.

LAINLC Nonhazardous liquids are
treated at the TA-46
Wastewater Treatment
Plant and discharged to a
permitted outfall.

Nonhazardous solid
wastes are sent to
municipal or
commercial solid waste
facilities.

When possible,
nonhazardous wastes
are recycled in
accordance with waste
minimization protocols.
Those that cannot be
recycled are disposed of
in an on-site landfill
complex (Central
Facilities Area) or
off-site.

Nonhazardous solids
are processed at the
TA-54 Material
Recycling Facility.
They are disposed of at
the Los Alamos County
Landfill, Rio Rancho
Landfill, and/or
recycling and scrap
facilities.

Hazardous liquids
would be sent off-site
for treatment, recycling,
recovery, and disposal
at RCRA-permitted
commercial facilities.

Hazardous liquids are
stored and then sent to
off-site commercial
disposal facilities.

Hazardous liquids
produced by
construction are
handled at consolidated
remote waste storage
sites (CRWSSs) for off-
site treatment and
disposal.

Same as hazardous
liquids.

Same as hazardous
liquids.

Hazardous solids are
treated at the CRWSSs
and disposed of off-site.

Solid LLRW that meets
disposal requirements is
disposed of on-site at
the mixed waste
trenches or the
Environmental
Restoration Disposal
Facility.

Solid LLRW is treated
and disposed of on-site
and off-site. Storage
capacity is 310 m3

(403 yd3).

Liquid LLRW would be
sent to the 200 Area
Effluent Treatment
Facility/Liquid Effluent
Disposal Facility for
treatment.

Liquid LLRW is
discharged to
evaporation ponds in
the Reactor Technology
Complex (RTC). Liquid
LLRW is solidified
before disposal.

Solid LLRW is treated Liquid LLRW is treated
at the TA-54 Solid at theTA-50-1
Waste Operations Radioactive Liquid
Area G. The primary Waste Treatment
waste pathway is Facility (RLWTF). The
on-site treatment and RLWTF generates
disposal. Additional effluent, which goes to
off-site disposal a National Pollutant
pathways are used as Discharge Elimination
necessary. System (NPDES)

outfall, and radioactive
solid waste types,
which are disposed of

.... .... .... .... .... .. on -site._ . . . . . . . .
2



TABLE 5.3.11-2 (Cont.)

Site Nonhazardous Liquids Nonhazardous Solids Hazardous Liquids Hazardous Solids Solid LLRW Liquid LLRW

NNS5 d Nonhazardous liquids are When possible, Hazardous liquids are Hazardous solids are Solid LLRW is Liquid LLRW must be

treated by using sewage nonhazardous wastes sent off-site to shipped to commercial disposed of at the solidified to meet the
lagoons or septic systems, are recycled in permitted treatment, treatment and disposal Area 5 Radioactive NNSS waste acceptance

accordance with waste storage, and disposal facilities. Waste Management criteria (and, if
minimization protocols. facilities. Complex. necessary, treated to
Those that cannot be meet RCRA Land
recycled arc sent to Disposal Restrictions)
appropriate permitted before shipment to the
landfills. NNSS.

SRSe Sanitary and other Nonsanitary Hazardous liquids are Hazardous solids are Solid LLRW is treated Same as solid LLRW.
nonhazardous liquids are nonhazardous solids are sent off-site to collected in containers and disposed of on or
treated at the Central sent off-site for permitted disposal and shipped off-site for off-site.
Sanitary Wastewater recycling or disposal. facilities, treatment and disposal.
Treatment Facility Sanitary nonhazardous
(CS WTF). solids are sent to the

Three Rivers Landfill.

WIPP Nonhazardous liquids When possible, Hazardous liquids could Nonmixed hazardous Solid LLRW could be Same as solid LLRW.
Vicinityf could be disposed of at nonhazardous solids be characterized, solids could be treated and disposed of

on-site sanitary lagoons, could be recycled in packaged, labeled, and characterized, placed in off-site.
as is done at the WIPP accordance with waste manifested to off-site containers, and stored
repository, minimization protocols. treatment, storage, and until they could be

Those that could not be disposal facilities, transported off-site for
recycled could be sent treatment and/or
to appropriate disposal disposal at a permitted
sites. facility.

~-JI

°-,

rbj
t'J

a Source: DOE (2012).
b Source: DOE (2005a).

c Source: LANL (2010).

d Source: NNSA (2008).

eSources: SRS (2005, 2010).

f Assumed waste operations would be similar to those conducted for WIPP.
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1 persons undertakes such actions." A cumulative impact assessment accounts for both geographic
2 (spatial) and time (temporal) considerations of past, present, and reasonably foreseeable actions.
3 Geographic boundaries can vary by discipline, depending on the amount of time that the effects
4 remain in the environment, the extent to which such effects can migrate, and the magnitude of
5 the potential impact. The cumulative impacts are discussed in Chapters 6 through 11 for the
6 Hanford Site, the INL Site, LANL, NNSS, SRS, and WIPP Vicinity, respectively.
7
8 The cumulative impacts section evaluates the impacts of constructing and operating a
9 GTCC LLRW and GTCC-like waste disposal facility (proposed action) in combination with the

10 impacts of past, present, and reasonably foreseeable future actions taking place within and
11 around each of the candidate sites. For most resources, the impacts of past and present actions
12 are generally accounted for in the affected environment section. For example, the current air
13 quality reflects both past and present activities occurring in the region. Off-site activities might
14 also contribute to cumulative impacts; these include clearing land for agriculture and urban
15 development, grazing, water diversion and irrigation projects, power generation projects, waste
16 management activities, industrial emissions, and the development of transportation and utility
17 networks.
18
19 Reasonably foreseeable future actions at each of the candidate sites include those that are
20 ongoing, under construction, or planned for future implementation. These are also described and,
21 together with the proposed action, considered for each evaluation.
22
23
24 5.4 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES
25
26 The resources that would be irreversibly or irretrievably committed during the disposal of
27 GTCC LLRW and GTCC-like waste by using the land disposal methods evaluated under
28 Alternatives 3 to 5 would include the land encompassed by the facility footprint, water, energy,
29 raw materials, and other natural and man-made resources for construction of the disposal facility.
30 The amount of resources consumed by the vault method would be the largest of those consumed
31 by the three methods. Table 5.4-1 presents estimates of resources consumed for the construction
32 of the three land disposal methods.
33
34 The operations of the land disposal methods would use up to 5.3 million L/yr
35 (1.4 million gal/yr) of water resources. The water used would not be returned to its original
36 source; however, the amount used would be small when compared with the annual production
37 rates of the water source for the sites evaluated. Energy expended would be in the form of fuel
38 for equipment and vehicles and electricity for facility operations. Each of the land disposal
39 methods would consume up to approximately 800,000 L (210,000 gal) of diesel fuel annually to
40 operate vehicles and emergency diesel generators during operations. The electrical energy
41 requirement would be up to 1,160 MWh, which represents a small increase in electrical energy
42 demand for the site areas. Table 5.4-2 presents estimates for annual utility consumption during
43 disposal operations.
44
45 The resources that would be irreversibly or irretrievably committed during construction
46 and operations of the land GTCC LLRW and GTCC-like waste disposal methods would include
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1
2
3

TABLE 5.4-1 Estimates of the Materials and Resources Consumed
during Construction of the Three Conceptual Land 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 34,000 10,800 101,000

Solidsb
Concrete (yd3 ) 25,600 18,600 88,200
Steel (tons) 2,000 1,400 7,960
Gravel (yd3) 32,900 25,000 156,000
Sand (yd3) 3,600 28,000 198,000
Clay (yd3) NAd NA 56,000
Soil (off-site) (yd3) NA NA 254,000

Liquids
Fuel (gal)b 580,000 3,030,000 3,400,000
Oil and grease (gal) 15,000 46,000 86,000

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

4
5
6
7
8
9

10
11
12
13
14
15

aWater requirement is estimated on the basis of the assumptions that each
FTE would require 20 galld and that cementation would require 25.1 lb of
water per 100 lb of cement (see Appendix D).

b Methodology is described in Appendix D.

C Peak demand of 1.70, 0.51, or 4.57 MWh for the trench, borehole, and
vault disposal facilities, respectively.

dNA = not applicable.

materials that could not be recovered or recycled and materials that would be consumed or
reduced to unrecoverable forms. For example, it is estimated that up to 810,000 kg (800 tons) of
steel and 68,000 m3 (88,200 yd3) of concrete would be committed to the construction of the vault
facility (see Table 5.4-1). In addition, about 195,000 m3 (254,000 yd3) of off-site soil would be
needed for construction of the vault method. During operations, the proposed action would
generate a small amount of nonrecyclable waste types, such as hazardous wastes that would be
subject to RCRA regulations. Generation of these waste types would represent an irreversible
and irretrievable commitment of material resources.
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1 TABLE 5.4-2 Annual Utility Consumption during Disposal
2 Operations

Annual Consumptiona

Utility Trench Borehole Vault

Potable water (U.S. gal/d) 310,000 240,000 310,000
Raw water (U.S. gal/d)b, C 1,100,000 420,000 1,110,000
Sanitary sewer (U.S. gal/d) 310,000 240,000 320,000
Natural gas (106 ft3) 11,200 11,200 11,200
Diesel fuel (U.S. gal/d) 210,000 80,000 210,000
Electricity (MWh) 1,160 970 1,150

a Based on 240 operation-days per year.
b Includes potable water and water used in truck washdown.

C Estimate is based on the assumption that, on average, 2,290 L
(605 gal) are used to wash down the truck transporting the GTCC
LLRW and GTCC-like waste (see Appendix D).

3
4
5 5.5 INADVERTENT HUMAN I1NTRUDER SCENARIO
6
7 The inadvertent human intruder scenario is not evaluated quantitatively for Alternatives 3
8 to 5 because the NRC had already incorporated the inadvertent human intruder protection
9 concept in its classification system of LLRW as Class A, B, C, or GTCC. The NRC had already

10 determined that for waste classified as GTCC, conventional near-surface land disposal is
11 generally not protective of an inadvertent human intruder.
12
13 In promulgating 10 CFR Part 61, the NRC evaluated various scenarios by which an
14 inadvertent human intruder might disrupt a waste trench (NRC 1981, 1982). This evaluation
15 supported the development of the waste classification system in 10 CFR Part 61, which specifies
16 radionuclide concentration limits for wastes that are appropriate for disposal near the surface.
17 However, when 10 CFR Part 61 was promulgated, the NRC thought that the primary technology
18 for disposing of LLRW would continue to be disposal in near-surface trenches, without
19 engineered barriers.
20
21 The classification was also based on the concept that the number of inadvertent intrusion
22 activities decreases with depth. Moreover, it is generally considered that for waste buried deeper
23 than the normal residential intrusion zone (the normal zone being about 3 m [9 ft], which is
24 generally required for residential dwellings with basements), the only potential for intrusion
25 would occur during a drilling event, such as for the installation of a well. As the depth of a
26 disposal facility gets deeper, it is generally considered that the likelihood of inadvertent intrusion
27 also tends to decrease.
28
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1 Although there is no consensus on the role of depth in protecting an inadvertent human
2 intruder at intermediate depths, the International Atomic Energy Agency, in discussing
3 intermediate-depth borehole designs, suggested that for boreholes at depths of 30 m (100 ft) or
4 higher, the effects of intrusion should be managed by using institutional controls, but for
5 boreholes below that depth, the effects do not need to be managed (JAEA 2003).
6
7 For the land disposal methods evaluated under Alternatives 3 to 5 in this EIS, it is
8 expected that the protection of an inadvertent human intruder could be accomplished by
9 incorporating one or more of the following waste disposal management activities or facility

10 design features: institutional controls, disposal depth, control of waste concentrations,
11 stabilization of the waste form, and intruder barriers. The designs considered for this EIS are
12 suggested starting points for enhanced disposal facilities; if necessary, they could be fortified
13 further, depending on-site-specific considerations and the actual waste characteristics once a
14 final site(s) and disposal method(s) were selected.
15
16 The borehole conceptual design evaluated for Alternative 3 incorporates disposal depth
17 and an intruder barrier (i.e., waste buried at a minimum depth of 30 m [100 ft] with a concrete
18 barrier/cover to prevent or minimize the potential for a drilling intrusion). The trench and vault
19 methods evaluated under Alternatives 4 and 5, respectively, also incorporate engineered bafflers
20 (i.e., a cover that is a minimum of 5-in [16-ft] thick with a concrete baffler for each) to prevent or
21 minimize the probability of an inadvertent intrusion. Waste packaging activities would take into
22 account the overall radionuclide concentrations or activity in the packages that would be
23 emplaced. The activated metal waste from commercial reactors, which contains the majority of
24 the radionuclide activity considered in this EIS, is already in a form that is resistive to drilling.
25
26 In summary, potential impacts could be minimized by mitigating either the probability of
27 intrusion or its consequences if the intrusion occurred. Each combination of site and design
28 addresses these two elements in different ways. Siting the disposal facility at a federal site could
29 lower the likelihood of intrusion because it would increase the likelihood of retaining control.
30 The remote locations of some of the federal sites evaluated in this EIS also help reduce the
31 probability of intrusion into a waste disposal facility located at those sites. Design features could
32 play a role in decreasing the consequences if an intrusion did occur. For instance, deep disposal
33 might lead to a consideration of drilling intrusion only, whereas possibly for designs in which
34 disposal is nearer the surface, more drastic types of intrusion would be considered. The form of
35 the waste could also alter the consequences; for instance, activated metals cannot be broken up as
36 easily as other waste forms. Considerations for institutional controls for Alternatives 3 to 5 are
37 discussed in Section 5.6 below.
38
39
40 5.6 INSTITUTIONAL CONTROLS
41
42 As part of the long-term strategy for protecting human health and the environment,
43 institutional controls would be incorporated in any facility used to dispose of GTCC LLRW and
44 GTCC-Iike waste. Institutional controls refer to a set of measures, both active and passive in
45 nature, to maintain the integrity and the protectiveness of a disposal facility. During the
46 institutional control period (particularly during the period of active institutional controls), the
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1 potential for inadvertent human intruder would be minimized or eliminated. Institutional controls
2 would also eliminate the potential for members of the public to be exposed to contaminants
3 (e.g., by restricting the use of groundwater via deed restrictions).
4
5 Active institutional controls come in many forms (e.g., providing security guards to
6 ensure that intrusion into a disposal facility does not occur, conducting routine inspections and
7 monitoring, maintaining fences and other security infrastructures, and maintaining the integrity
8 of the disposal facility itself). Passive institutional controls include fences, signs, and other
9 markers that inform the public of the presence of a disposal facility long after active institutional

10 controls have been completed. The passive institutional controls are expected to provide
11 protection to the public in addition to the protection provided by engineering features that could
12 be incorporated into the facility design, such as barriers and drill deflectors.
13
14 For the GTCC LLRW and GTCC-like waste disposal facility or facilities, it is expected
15 that both active and passive institutional controls would be implemented and relied on to allow
16 the facility to perform adequately with respect to protection from inadvertent human intruders.
17 Because the GTCC reference locations are on federally owned land where disposal facilities
18 currently exist, it is expected that passive institutional controls (including maintaining federal
19 ownership of the facility and lands) would be continued after the active institutional control
20 period. It is DOE's policy (DOE P 454.1) to use institutional controls as essential components of
21 a defense-in-depth strategy that uses multiple, relatively independent layers of safety to protect
22 human health and the environment (including natural and cultural resources). DOE would
23 maintain the institutional controls as long as necessary to perform their intended protective
24 purposes.
25
26 The active institutional control period for a GTCC LLRW and GTCC-like waste disposal
27 facility would be determined as part of subsequent documentation (e.g., ROD) following this
28 EIS. However, the long-lived nature of some of the radionuclides in the GTCC LLRW and
29 GTCC-like waste should be taken into account in establishing the period of active institutional
30 controls. The radionuclides in the GTCC LLRW and GTCC-like wastes are generally a
31 combination of short-lived and very-long-lived radionuclides. A number of neutron activation
32 products and fission products generally have short half lives (30 years or less), while the
33 actinides and certain fission products, such as Tc-99 and 1-129, have very long half-lives (more
34 than 10,000 years). Hence, the total radioactivity and hazard of the wastes as a result of
35 radioactive decay would not be significantly reduced after the first few hundred years. The short-
36 lived radionuclides that would decay to inconsequential levels would have done so by then, and
37 it would take several millennia for many of the long-lived radionuclides to decay to low levels.
38 As a result, little would be gained by extending the length of the active institutional control
39 period to much more than 100 years after closure.
40
41
42 5.7 REFERENCES FOR CHAPTER 5
43
44 Acoustical Society of America, 1983, American National Standard Specification for Sound Level
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46
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1 6 HANFORD SITE: AFFECTED ENVIRONMENT AND
2 CONSEQUENCES OF ALTERNATIVES 3, 4, AND 5
3
4
5 This chapter provides an evaluation of the affected environment, environmental and
6 human health consequences, and cumulative impacts from the disposal of GTCC LLRW and
7 GTCC-like waste under Alternative 3 (in a new borehole disposal facility), Alternative 4 (in a
8 new trench disposal facility), and Alternative 5 (in a new vault disposal facility) at the Hanford
9 Site. Alternatives 3, 4, and 5 are described in Section 5.1. Environmental consequences that are

10 common to the sites for which Alternatives 3, 4, and 5 are evaluated (including the Hanford Site)
11 are discussed in Chapter 5 and not repeated in this chapter. Impact assessment methodologies
12 used for this EIS are described in Appendix C. Federal and state statutes and regulations and
13 DOE Orders relevant to the Hanford Site are discussed in Chapter 13 of this EIS.
14
15 This chapter also includes American Indian text (presented in text boxes in Sections 6.1
16 and 6.4) that reflects the views and perspectives of the Nez Perce, the Confederated Tribes of the
17 Umatilla Indian Reservation, and the Wanapum People. Full narrative texts are provided in
18 Appendix G. The perspectives and views presented are solely those of the tribes. When tribal
19 neutral language is used (e.g., Indian People, Native People, Tribes) within the tribal text, it
20 reflects the input from these tribes, unless otherwise noted. DOE recognizes that American
21 Indians have concerns about protecting the traditions and spiritual integrity of the land in the
22 Hanford Site region, and that these concerns extend to the propriety of the Proposed Action.
23 Presenting tribal views and perspectives in this EIS does not represent DOE's agreement with or
24 endorsement of such views. Rather, DOE respects the unique and special relationship between
25 American Indian tribal governments and the Government of the United States, as established by
26 treaty, statute, legal precedent, and the U.S. Constitution. For this reason, DOE has presented
27 tribal views and perspectives in this EIS to ensure full and fair consideration of tribal rights and
28 concerns before making decisions or implementing programs that could affect tribes.
29
30
31 6.1 AFFECTED ENVIRONMENT
32
33 This section discusses the affected environment for the various environmental resource
34 areas evaluated for the GTCC reference location at Hanford. The GTCC reference location is
35 south of the 200 East Area in the central portion of the Hanford Site (see Figure 6.1-1). The
36 reference location was selected primarily for evaluation purposes for this EIS. The actual
37 location would be identified on the basis of follow-on evaluations if and when it is decided to
38 locate a land disposal facility at Hanford.
39
40
41 6.1.1 Climate, Air Quality, and Noise
42
43
44 6.1.1.1 Climate
45
46 The Hanford Site lies within the semiarid shrub-steppe Pasco Basin of the Columbia
47 Plateau in south-central Washington state (Burk 2007), which is the lowest section in eastern
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1 Washington. The region's climate is greatly influenced by the Pacific Ocean and the Cascade
2 Mountain Range to the west and other mountain ranges to the north and east. The Pacific Ocean
3 moderates temperatures throughout the Pacific Northwest, and the Cascade Range generates a

4 rain shadow that limits rain and snowfall in the eastern half of Washington State. The Cascade
5 Range also serves as a source of cold air drainage, which has a considerable effect on the wind

6 regime at the Hanford Site. Mountain ranges to the north and east of the region shield the area
7 from the severe winter storms and frigid air masses that move southward across Canada.

8
9 Climatological data for the Hanford Site are compiled at the Hanford Meteorology

10 Station, which is located on the Hanford Site's Central Plateau, just outside the northeast corner
11 of the 200 West Area and about 6 km (4 mi) northwest of the 200 East Area (Burk 2007).
12 Because of the size and topographic features at Hanford, wind, precipitation, temperature, and

13 other meteorological characteristics vary substantially.
14
15 The prevailing surface winds on Hanford's Central Plateau are from the northwest
16 (Figure 6.1.1-1) and occur most often during winter and summer (Burk 2007). Winds from the
17 southwest also occur frequently on the Central Plateau. During the spring and fall, there is an
18 increase in the frequency of winds from the southwest and a corresponding decrease in winds
19 from the northwest. In the southeastern portion of the Hanford Site, the prevailing wind direction

20 near the surface is from the southwest during most months; winds from the northwest are much

21 less common. Along the Columbia River, local winds are strongly influenced by the topography
22 near the river. Stations that are relatively close together can exhibit significant differences in
23 wind patterns. For example, Station 4 and Station 7 are only about 5 km (3 mi) apart, but the

24 wind patterns at the two stations are very different (Figure 6.1.1 -1).
25
26 At the Hanford Meteorology Station (HMS), about 6 km (4 mi) from the GTCC reference
27 location, the prevailing wind direction is northwest; secondarily, it came from the west-northwest
28 during the period from 1945 through 2004. The peak gusts are from the south-southwest,
29 southwest, and west-southwest (Hoitink et al. 2005). The annual average wind speed at the 15-rn

30 (50-ft) level is about 3.4 m/s (7.6 mph). The fastest monthly average wind speeds, 4.1 m/s
31 (9.1 mph), occur in June; the slowest, 2.7 m/s (6.0 mph), occur in December. The fastest wind

32 speeds at the HMS are usually associated with flow from the southwest. However, the
33 summertime drainage winds from the northwest frequently exceed 13 m/s (30 mph). The
34 maximum speed of the drainage winds and their frequency of occurrence tend to decrease as one

35 moves toward the southeast across the Hanford Site.
36
37 For the 1945-2004 period, the annual average temperature at the Hanford Site was
38 1 1.9°C (53.5°F) (Hoitink et al. 2005). January was the coldest month, averaging -0.5°C
39 (31.1 °F), and July was the warmest, averaging 24.8°C (76.6°F). During the last 60 years, the

40 highest temperature was 45.0°C (1 13°F) and the lowest was -30.6°C (-23°F). The number
41 of days with a maximum temperature of>Ž32.2°C (90°F) was about 53, while the number of days

42 with a minimum temperature of<•0°C (32°F) was about 106.
43
44 The area around the Hanford Site is the driest section in eastern Washington. Annual

45 precipitation at the Hanford Site averages about 17 cm (7 in.) (Hoitink et al. 2005). Precipitation

46 is highest in the winter and the lowest in the summer, with spring and autumn being in between.

47

6-3 January 2016



Final GTCC EIS Fina GTC FIS6: Hanford Site (Alternatives 3, 4, and 5)

1

2
3
4
5
6

FIGURE 6.1.1-1 Wind Roses at the 9.1-rn (30-ft) Level of the Hanford Meteorological
Monitoring Network, Washington, 1982-2006 (Source: Burk 2007)
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1 Measurable precipitation of 0.025 cm (0.01 in.) or more occurs an average of 68 days per year.
2 Summer precipitation is usually associated with thunderstorms (Ruffner 1985). During July and
3 August, it is not unusual for 4 to 6 weeks to pass without measurable rainfall. Measurable snow
4 is a rarity, and, if it does occur, it remains on the ground for only a short time. Snow typically
5 occurs from October through April. The annual average snowfall in the area is about 37.3 cm
6 (14.7 in.), which peaks in December and January (Hoitink et al. 2005). The Central Basin is
7 subject to Chinook winds that produce a rapid rise in temperature, and the snow partly melts and
8 evaporates in the dry wind.
9

10 Severe weather usually includes thunderstorms, dust storms, glaze, and tornadoes.
11 Thunderstorms occur in every month of the year except January and November
12 (Hoitink et al. 2005). The thunderstorm season is essentially from April through September. For
13 the period 1945 through 2004, there was an average of 10 thunderstorm days per year. The
14 criterion for both dust and blowing dust is that horizontal visibility is reduced to 10 km (6 mi) or
15 less. Dust is carried into the area from a distant source and may occur without strong winds.
16 Blowing dust occurs when dust is picked up locally and occurs with stronger winds. There was
17 an average number of five days per year with dust or blowing dust. Glaze is a coating of ice that
18 forms when rain or drizzle freezes on contact with any surface having a temperature that is below
19 freezing. There was an average number of six days per year with freezing rain or freezing
20 drizzle. Washington does not experience hurricanes because of the cold waters off the Pacific
21 Ocean.
22
23 Tornadoes in the northwestern portionFuiaSleoTrndInnsts
24 of the United States, including the HanfordFuiaSleoTrndItnsis

25 Site, are much less frequent and destructive • F0 Gale 40-72 mph 18-32 mn/s
26 than those in tornado alley in the central • F1 Moderate 73-112 mph 33-50 rn/s

27 United States. For the period 1950-2006, • F2 Significant 113-157 mph 5 1-70 rn/s

28 28 tornadoes were reported for 10 counties • F3 Severe 158-206 mph 7 1-92 rn/s
29 closest to the Hanford Site (Poston et al. 2007). . F4 Devastating 207-260 mph 93-116 mn/s

* F5 Incredible 261-318 mph 117-142 m/s
30 For the same period, 11 tornadoes (an average
31 of 0.2 tornado per year) were reported in the
32 four counties that encompass the Hanford Site: Adams, Benton, Franklin, and Grant. However,
33 most of these tornadoes were relatively weak; 10 were ranked less than or equal to F 1 and one
34 was F2 on the Fujita scale. No deaths or substantial property damage (in excess of $50,000) were
35 associated with these tornadoes.
36
37
38 6.1.1.2 Existing Air Emissions
39
40 The Hanford Site is included in the CAA Title V air operating permit program because it
41 is a "major source" as defined in the CAA and in Washington Administrative Code
42 (WAC) 173-401-200(19). The Hanford Site operates under State License FF-01 for air emissions
43 (Poston et al. 2007). Conditions specified in the license are incorporated into the Hanford Site
44 Air Operating Permit, which was reissued by the Washington State Department of Ecology on
45 December 29, 2006. The permit is intended to provide a compilation of applicable CAA
46 requirements for both radioactive and nonradioactive (i.e., toxic and criteria pollutants)
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American Indian Text

People have inhabited the Columbia Basin throughout the entire Younger Dryas era
(from 10,000 years ago to the present). Several even earlier archaeological sites are
known. Mammoth and bison harvest sites are found throughout the Columbia Plateau.
As the temperatures rose throughout this period, the Pleistocene lakes began to shrink
and wither away into alkali basins. The post-glacial grasslands of the Great Basin and
Columbia Basin were replaced by desert grasses, juniper, and sage, and megafauna
likewise decreased through ecological and hunting pressure. The glaciers in the
Cascades, Wallowa and Steens mountains rapidly disappeared.

After about 5400 B.P. increasing precipitation and rising water tables were apparent
again on both sides of the Cascades. Pollen history indicates continual short, sharp
climatic shifts that, directly (e.g., soil moisture) or indirectly (e.g., fire and disease),
produced rapid changes in the Northwest's vegetation. The plants and animals were now
modern in form. Hunters switched to deer, elk, antelope and small game such as rabbits
and birds. Fishing also became important along the coastal streams and in the
Columbia River system, with an increasing emphasis on the annual runs of the salmon
even though salmon runs date considerably farther back.

The human ethnohistory in the Columbia Basin is divided into cultural periods that
parallel the climatic periods and represent cultural adaptations to changing
environmental conditions. Throughout this entire period the oral history continually
added information needed for survival and resiliency as the climate fluctuated. The oral
history of local native people is consistent with contemporary scientific and historic
knowledge of the region and valdates the extreme climate changes that have occurred in
the region over thousands of years. Cameron examined archaeological, ethnographic,
paleoenvironmental, and oral historical studies from the Interior Plateau of British
Columbia, Canada, from the Late Holocene period, and found correlations among all
four sources of information.

Climate is one of the dominate issues of our time. Indian People have experience with
volcanic periods when it seemed our world was on fire and times when our world was
much colder. Distinct climatic periods have occurred during which Tribal life adapted to
environmental changes and our oral history reflects these climate changes and
adaptations. Scientific and historic knowledge validates tribal oral history for many
thousands of years.

Columbia Plateau Tribes have stories about the world being transformed from a time
considered prehistoric to what is known today. The Indian People remember volcanoes,
great floods, and animals now extinct. Mammoth and bison harvest sites are found
throughout the Columbia Plateau. They have memories of their world being destroyed by
fire and water and believe it will happen again. Indian People on the Columbia Plateau
have stories about the world being destroyed by fire and water. Some of these were
directly experienced, for example, the Mazama eruption 6,800 years ago, and the last of
the Missoula floods 13,000 years ago.

The Tribes know and remember about the weather and its changes because it was so
important to forming their lives. Oral histories indicate that the climate was much wetter
and supported vast forests in the region. Oral histories also recall a time when Gable

Continued on next page
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C.ontinuedl

Mountain or Nookshia, a major landscape feature on the Hartford Reservation, rose out
of the Missoula floods. There is a story about Indian People who fought severe winds
that were common a long time ago. One story tells of how a family trained their son by
having him fight with the ice in the river until he became strong enough to fight the
wind. He then beat the very strong winds of the past and now we do not have such
winds.

Holocene is the term used to describe the climate since the last glaciers (1 1,700 years
ago), covering much of the northwestern North America. This archaeological record
confirms the prehistory that includes arctic foxes found with Marines Rock Shelter.
The Palynologica~l data would be a good source for recreating climates that supported
ecosystems of the past 10,000 years.

Clmate change that will occur over the next 10,000 years will inevitably draw on
knowledge from the past, whether the climate becomes wetter or drier. Evaluation of
future climate scenarios will need to include as much variation as occurred in the last
10,000 years.

1
2
3 emissions at the Hanford Site and is implemented through federal and state programs. The
4 Benton Clear Air Authority regulates open-air burning and oversees the site's compliance with
5 asbestos regulations.
6
7 Annual emissions for major facility sources and total point and area sources of criteria
8 pollutants and VOCs in Adams, Benton, Franklin, and Grant Counties for the year 2002 are
9 presented in Table 6.1.1-1 (EPA 2009). Data for 2002 are the most recent emission inventory

10 data available on the EPA website. Area sources consist of nonpoint and mobile sources.
11 Because there are few major point sources in the area, area sources account for most of the
12 emissions of criteria pollutants and VOCs. On-road sources are major contributors to total
13 emissions of CO, NOx, and VOCs; off-road sources to S02; and miscellaneous sources to PM10
14 and PM2 .5. Nonradiological emissions associated with any activities at the Hanford Site are less
15 than 0.5% of those in Benton County and less than 0.2% of those in the four counties combined,
16 as shown in the table.
17
18 Annual emissions for criteria air pollutants, VOCs, ammonia (NH3), and toxic air
19 pollutants during 2006 are presented in Table 6.1.1-2 (Poston et al. 2007). Nonradiological
20 pollutants are primarily emitted from facilities in the 200 and 300 Areas on the Hanford Site. The
21 100, 400, and 600 Areas do not have any nonradiological emission sources of regulatory
22 concern. In past years, gaseous NH3 was emitted from the facilities, all located in both
23 200 Areas. During 2010, 200 Area tank farms produced reportable ammonia emissions.
24 Emissions from carbon tetrachloride (CC14) vapor extraction work in the 200 West Area are
25 categorized as "other toxic air pollutants" and do not need to be reported because they are below
26 respective reportable quantities. On the basis of sitewide emissions in 2005, which were higher
27 than those in 2006, air dispersion modeling indicates that concentrations from Hanford sources
28 represent a small percentage of the ambient air quality standards (Poston et al. 2010; DOE 2012).
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1 TABLE 6.1.1-1 Annual Emissions of Criteria Pollutants and Volatile Organic Compounds from
2 Selected Major Facilities and Total Point and Area Source Emissions in Counties Encompassing
3 the Hanford Sitea

Emission Rate (tons/yr)

Emission Category SO2 NOx CO VOCs PM 1p PM2 .5

Adams County
Point sources 0.0 0.0 0.0 0.0 0.0 0.0
Area sources 285 4,204 23,848 2,543 13,475 2,140
Total 285 4,204 23,848 2,543 13,475 2,140

Benton County
Agrium U.S. Inc!' 0.0 258 4.0 0.0 42.0 54.5
DOE, Hanford Reservation 3.0 12.0 27.0 9.0 2.6 1.7

0.48%c 0.14% 0.04% 0.07% 0.03% 0.08%
0.18% 0.05% 0.02% 0.03% 0.01% 0.02%

Williams Pipeline 0. 1 117 17. 4 0. 3 0.01 0.01
Point sources 3.2 388 49.4 10.2 44.7 56.4
Area sources 622 8,390 69,132 12,205 9,172 2,202
Total 626 8,778 69,182 12,215 9,217 2,258

Franklin County
Point sources 0.0 0.0 0.0 0.0 0.0 0.0
Area sources 361 4,701 31,459 4,525 8,714 1,583
Total 361 4,701 31,459 4,525 8,714 1,583

Grant County
Point sources 0.0 1.0 0.0 0.0 0.0 0.0
Area sources 383 5,366 45,981 6,647 15,985 2,682
Total 383 5,367 45,981 6,647 15,985 2,682

Four-county total 1,655 23,050 170,470 25,930 47,391 8,663

aEmission data for selected major facilities and for total point and area sources are for year 2002. CO = carbon
monoxide, NOx = nitrogen oxides, PM2 .5 = particulate matter <_2.5 prim, PM 1 0 = particulate matter •10 ptm,
SO2 = sulfur dioxide, VOCs = volatile organic compounds.

bData in italics are not added to yield totals.

c The top and bottom rows with % signs show emissions as percentages of Benton County total emissions and
four-county total emissions, respectively.

Source: EPA (2009)

An agreement between DOE and EPA provides a plan and schedule to bring the Hanford
Site into compliance with the NESHAP radionuclide requirements for continuous measurement
of airborne emissions from applicable sources (Poston et al. 2007). In 2009, radiological
emissions at the Hanford Site remained well below the levels that would cause off-site doses to
exceed the standard of 10 mrem/yr.

4
5
6
7
8
9

10
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TABLE 6.1.1-2 Annual Emissions of Criteria
Poliutants, Volatile Organic Compounds, Ammonia,
and Toxic Air Pollutants at the Hanford Site in 2006

Emission Rate

Pollutant kg/yr lb/yr tons/yr

SOx~ 2,900 6,400 3.2
NOx 11,000 24,000 12.0
CO 13,000 28,000 14.0
VOCs 10,000 22,000 11.0
Total PM 3,700 8,200 4.1
PMi10 2,800 6,200 3.1
PM2.5 1,000 2,200 1.1
Lead 0.44 0.97 4.85 x 10-4
Ammonia 5,500 12,000 6.0
Other toxic air pollutants 4,500 9,900 4.95
Total criteria pollutantsa 40,000 89,000 44.5

a Total criteria pollutants include SOx~, NOx, CO, VOCs,
total PM, and lead.

Source: Poston et al. (2007)
4
5
6 Radioactive constituents in air are monitored on the Hanford Site near facilities and
7 operations, at site-wide locations away from facilities, and off-site around the site perimeter and
8 in nearby and distant communities. hIn 2009, ambient air was monitored at site-wide locations
9 away from facilities, and off-site around the site perimeter and in nearby and distant

10 communities. In 2009, ambient air was monitored at 84 locations on the Hanford Site near
11 facilities and operations. Samplers were located primarily at or within approximately 500 m
12 (1,640 ft) of sites or facilities having the potential for, or a history of, environmental releases.
13 Samples were collected biweekly and analyzed. The 2009 data indicate a large degree of
14 variability by location. Samples collected from locations at or directly adjacent to Hanford Site
15 facilities had higher radionuclide concentrations than samples collected farther away. In general,
16 analytical results for most radionuclides were at or near Hanford Site background levels, which
17 are much less than EPA concentration limits but greater than those measured off-site. The data
18 also show that concentrations of certain radionuclides were higher and widely variable within
19 different on-site operational areas. Naturally occurring beryllium-7 and potassium-40 were
20 routinely identified (Poston et al. 2010).
21
22 Air sampling was conducted at 24 locations in the 200-West Area during 2009 (see
23 Table 6.1 .1-3). Generally, radionuclide levels measured in the 200-West Area were similar to
24 results for previous years. Uranium-234 and uranium-238 were detected in approximately 90%
25 of the samples. Plutonium-239/240 was detected in approximately 33% of the samples. The
26 plutonium-239/240 concentrations at air-sampling locations N165 (near the 216-Z-9 Trench) and
27 N987 (near the 241 TV Tank Farm) were greater than 10% of the EPA concentration value
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1TABLE 6.1.1-3 Concentrations of Selected Radionuclides (pCi/m 3) in Near-Facility Air Samples in
2 2009

Concentration (~pCi/m 3)
No. of No. of Sample

Radionuclide Site Samples Detections Average Maximum Number

Gross alpha 200-West 639 606 1.3E-03 + 1.3E-03 6.9E-03 + l.4E-03 N433
ERDFa 130 120 1.1E-03 4- 1.0E-03 2.9E-03 4- 8.4E-04 N518

Gross beta 200-West 639 638 1.8E-02 4- 1.7E-02 5.0E-02 4- 5.3E-03 N550
ERDF 130 130 1.6E-02 + 1.9E-02 5.0E-02 + 5.3E-03 N550

Cobalt-60 200-West 50 0 4.7E-06 4- 9.1E-05 1 .0E-04 4- 8.7E-05 N304
ERDF 10 0 -3.0E-06 + 5.1E-05 5.7E-05 + 8.8E-05 N518

Strontium-90 200-West 50 1 -2.0E-04 + 3.8E-04 2.1E-04 + 1 .9E-04 N449
ERDF 10 0 -1.7E-04 + 2.9E-04 6.8E-05 + 1.5E-04 N517

Cesium-137 200-West 50 5 4.7E-05 4- 1.lE-04 2.0E-04 4- 1.4E-04 N974
ERDF 10 3 1.2E-04 +2.1E-04 3.8E-04 + 1.5E-04 N517

Uranium-234 200-West 50 45 1.2E-05 4- 9.5E-06 2.8E-05 4- 1.4E-05 N550
ERDF 10 10 2.4E-05 + 2.4E-05 5.3E-05 4- 2.4E-05 N517

Uraniumn-235 200-West 50 7 2.0E-06 + 4.7E-06 9.7E-06 + 7.1E-06 N550
ERDF 10 3 3.3E-06 4- 5.3E-06 9.7E-06 4- 7.1E-06 N550

Plutonium-238 200-West 50 1 1.4E-06 4- 1.3E-05 2.6E-05 + 3.3E-05 N165
ERDF 10 1 4.2E-07 4- 1.6E-05 1.6E-05 + 8.3E-06 N963

Uranium-238 200-West 50 43 1 .0E-05 4- 8.6E-06 2.0E-05 + 1.1 E-05 N200
ERDF 10 10 2.0E-05 4- 1.9E-05 3.8E-05 + 1.8E-05 N517

Plutonium-239/240 200-West 50 17 1 .7E-05 - 1.0E-04 2.8E-04 4- 1.1E-04 N987
ERDF 10 3 5.7E-06 + 9.9E-06 1.5E-05 4- 8.7E-06 N517

Americium-241 200-West 2 2 3.6E-05 + 1.5E-05 4.3E-05 + l.9E-05 N165

Plutonium-241 200-West 2 0 3.5E-04 + 7.4E-04 7.2E-04 4- 7.5E-04 N165

3
4
5
6
7
8
9

10

aERDF = Environmental Restoration Disposal Facility.

(40 CFR Part 61, Appendix E, Table 2) for the composite samples collected during the first half
of 2009. Required notifications were made to the Washington State Department of Health. The
elevated plutonium value at N 165 is believed to originate from the nearby retired 21 6-ZP-9
Trench that received liquid waste from the plutonium finishing plant until 1995. No attributable
cause was specifically identified for the elevated plutonium value at N987.
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American Indian Text

The importance of clean fresh air is often overlooked in NEPA analysis. For example,
while wind and fire are part of the natural regime, an intact soil surface with a
cryptogam crust in the desert reduces dust resuspension during wind events.

The extensive cleanup and construction activities on Hantford contribute to blowing dust,
increased traffic, diesel emissions, deposition or re-deposition of radionuclides, and
generation of ozone, particulate matter, and other air pollutants with unknown human
and environmental health effects.

The Indian People believe that radioactivity is brought into the air by high winds -

commonly blowing 40-45 miles per hour and intermittently much stronger
{http://www.bces.wa.gov/windstorms.pdf). High winds over 150 mile per hour were
recorded in 1972 on Rattlesnake Mountain and in 1990 winds on the mountain were
recorded at 90 miles per hour. Dust devils can be massive in size, spin up to 60 miles
per hour, and frequently occur at the site. Tornadoes have been observed in Benton
County which is regionally famous for receiving strong winds.

It gets so windy that the site managers at Environmental Restoration Disposal Facility
(ERDF) occasionally send all workers home and close down the facility due to the degree
of blowing dust making it unsafe to work. Air quality monitoring results, including
radioactive dust, should be presented for ERDF, various plant operations, emission
stacks, venting systems, and power generation sites. Also, fugitive dust can affect
Viewshed and contribute to health affects during inversions.

2
3
4 6.1.1.3 Air Quality
5
6 With regard to the criteria pollutants (SO 2, NO2, CO, 03, PM 10 and PM2.5, and lead),
7 the Washington SAAQS are identical to the NAAQS for NO2 , CO, and PM 10 (EPA 2008a;
8 WAC 173-470, 173-475), as shown in Table 6.1.1-4. The State of Washington has established
9 more stringent standards for SO2 (WAC 173-474). In addition, the State has adopted standards

10 for gaseous fluorides (expressed as hydrogen fluoride [HF]) (WAC 173-481) and still retains
11 standards for total suspended particulates (TSPs) (WAC 173-470), which used to be one of
12 criteria pollutants but was replaced by PM1 0 in 1987.
13
14 The Hanford Site is located primarily in Benton County; the northern portion of the site is
15 located in Grant, Franklin, and Adams Counties. The counties encompassing the Hanford Site
16 are designated as being in attainment for all criteria pollutants (40 CFR 81.348).
17
18 A variety of air monitoring activities have been conducted on and around the Hanford
19 Site to assess the effectiveness of emission treatment and control systems and pollution
20 management practices and to determine compliance with state and federal regulatory
21 requirements (Fritz 2007a). The air pollutant of primary concern at the Hanford Site is
22 radiological contamination. PMlo concentrations are generally low in the region. However, there
23 have been infrequent instances of high levels of PM 1 0 concentrations in the region because of
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1
2
3

TABLE 6.1.1-4 National Ambient Air Quality Standards (NAAQS) or Washington State AmbientAir Quality Standards (SAAQS) and Highest Background Levels Representative of the GTCC
Reference Location at the Hanford Site, 2003-2007

Highest Background Level
NAAQS/

Pollutanta Averaging Time SAAQSb Concentrationc,d Location (Year)

SO2 1-hour 75 ppb 0.238 ppm (60%) Anacortes, Skagit Co. (2003)e
3-hour 0.5 ppmf 0.080 ppm (16%) Anacortes, Skagit Co. (2003)e

24-hour 0.1 ppm 0.029 ppm (29%) Anacortes, Skagit Co. (2005)e
Annual 0.02 ppm 0.004 ppm (20%) Seattle, King Co. (2005)C

NO2  1-hour 0.100 ppm -g
Annual 0.053 ppm 0.018 ppm (36%) Seattle, King Co. (2006)C

CO 1-hour 35 ppm 4.6 ppm (13%) Yakima, Yakima Co. (2003)
8-hour 9 ppm 3.4 ppm (38%) Yakima, Yakima Co. (2003)

03 1-hour 0.12 ppmh 0.080 ppm (67%) Klickitat Co. (2003)
8-hour 0.075 ppmf 0.070 ppm (93%) Klickitat Co. (2003)

TSP 24 hours 150 jig/in 3 -
Annual geometric 60 jtg/in 3

mean

PM1 0  24-hour 150 jtg/in 3  95 ptg/in 3 (63%) Kennewick, Benton Co. (2005)
Annual 50 ptg/in 3  24 pag/in 3 (48%) Kennewick, Benton Co. (2003)

PM 2.5  24-hour 35 pxg/in 3 f 42 ptg/in 3 (120%) Kennewick, Benton Co. (2004)
Annual 15.0 pag/in 3 f 7.6 pag/in 3 (51%) Kennewick, Benton Co. (2004)

Leadi Calendar quarter 1.5 ptg/m 3 f 0.03 ptg/in 3 (2.0%) Seattle, King Co. (2002)e,
Rolling 3-month 0.15 ptg/in-

Gaseous 24 hours 2.9
fluorides (as HF)

7 days 1.7--
30 days 0.84--

Growing seasonk 0.5--

a CO = carbon monoxide; HF = hydrogen fluoride; NO2 = nitrogen dioxide; 03 = ozone; PM2 .5 = particulate
matter <_2.5 ptm; PM10 = particulate matter •10 ima; SO 2 = sulfur dioxide; TSP = total suspended particulates.

b The more stringent standard between the NAAQS and the SAAQS is listed when both are available.

C Values in parentheses are monitored concentrations as a percentage of SAAQS or NAAQS.

d Monitored concentrations are the highest arithmetic mean for calendar-quarter lead; 2nd-highest for 1-hour,
3-hour, and 24-hour SO 2, I-hour and 8-hour CO, and 1-hour 03; 4th-highest for 8-hour 03; 99th percentile
for 24-hour PM10 ; 98th percentile for 24-hour PM2 .5; and arithmetic mean for annual SO 2, NO2, PM1 0, and
PM2 .5.

Footnotes continue on next page.
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TABLE 6.1.1-4 (Cont.)

eThese locations with the highest observed concentrations in the state of Washington are not representative of

the Hantford Site but are presented to show that these pollutants are not a concern over the state of

Washington.

~'NAAQS. No SAAQS exists.

g A dash indicates that no measurement is available.

hOn June 15, 2005, the EPA revoked the 1-hour 03 standard for all areas except the 8-hour 03 nonattainment

Early Action Compact (EAC) areas (these do not yet have an effective date for their 8-hour designations).

The 1-hour standard will be revoked for these areas 1 year after the effective date of their designation as

attainment or nonattainment for the 8-hour 03 standard.

Used old standard because no data in the new standard format are available.

JMeasurements of lead have been discontinued in Washington since 2003.

k Period from April 1 to September 30.

Sources: 40 CFR 52.21; EPA (2008a, 2009); WAC 173-470, 173-474, and 173-475 (refer to http://www.ecy.wa.

gov/laws-rules/ecywac.htmnl)
1
2
3 exceptional natural events, such as dust storms and large wildfires. Concentrations of other

4 criteria pollutants are relatively low because of low regional concentrations; thus, these

5 pollutants are generally of less concern.

6
7 Nearby urban or suburban measurements are typically used as being representative of

8 background concentrations at the Hanford Site. The highest concentration levels of all criteria

9 pollutants, except for 03 and PM2 .5, around the Hanford Site are less than or equal to 63% of

10 their respective standards in Table 6.1.1-4 (EPA 2009). The highest 03 and PM2 .5
11 concentrations, which are primarily of regional concern, are about 93% and 120% of the

12 applicable standards, respectively. These higher percentages are due in part to recent changes in

13 their standards. Overall, the areas surrounding the Hanford Site and the entire state of

14 Washington are in attainment for all criteria pollutants and have good air quality.

15
16 Particulate matter (PMlo and PM2 .5) has been measured at the HMS on the Hanford Site

17 since 2001 (Poston et al. 2007). During 2006, annual average PMlo concentrations were

18 12.7 jig/in3, which are typical of those measured in recent years, and the 24-hour PM 10

19 concentration did not exceed the EPA standard. During 2006, the measured annual average

20 PM2 .5 concentration was 4.5 jig/mn3 , while the highest 24-hour PM2 .5 concentration was

21 8.1 jig/mn3.

22
23 The Hanford Site and its vicinity are classified as PSD Class II areas. No Class I areas are

24 located within 100 km (62 ini) of the GTCC reference location. The nearest Class I areas are the

25 Alpine Lake and Goat Rocks Wilderness Areas, which are about 137 km (85 mi) west and

26 northwest of the GTCC reference location, respectively (40 CFR 8 1.434). Two PSD permits for

27 NO2 emissions were issued to facilities at the Hanford Site during 1980, but they were

28 terminated after permanent shutdowns (Fritz 2007a). There are no facilities currently operating at
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1 the Hanford Site that are subject to PSD regulations. A final PSD permit for the WTP was issued I
2 by the Washington State Department of Ecology in November 2003.
3
4
5 6.1.1.4 Existing Noise Environment
6
7 The State of Washington has established maximum permissible environmental noise
8 levels that are defined for the zoning of the area according to the Environmental Designation for
9 Noise Abatement (EDNA). Maximum noise levels are presented in Table 6.1.1-5. They are

10 based on the EDNA classification of receiving properties and source areas. The Hanford Site is
11 classified as EDNA Class C because of its industrial activities.
12
13 The noise-producing activities at the Hanford Site are associated with construction and
14 operational activities and local traffic, similar to those at any other typical industrial site.
15 Numerous field activities performed routinely at the Hanford Site have the potential to generate
16 noise at levels above typical background noise levels (Fritz 2007b). These activities could
17 possibly disturb wildlife when performed in remote areas. Noise sources at the Hanford Site
18 include various facilities, equipment, and machines (e.g., cooling systems, transformers, engines,
19 pumps, boilers, steam vents, and material handling equipment). However, traffic is the primary
20 noise source at the site and nearby residences (DOE 2012).
21
22 The Hanford Site is located in a rural setting, and no residences and sensitive receptors
23 (e.g., schools, hospitals) are located in the immediate vicinity of the GTCC reference location.
24 Noise studies at the Hanford Site have been concerned primarily with occupational noise at
25 workplaces (Fritz 2007b). Most industrial activities at the Hanford Site are located far away from
26 the site boundaries, so noise levels at the site boundaries are not measurable or are barely
27 distinguishable from background noise levels. Environmental noise measurements at Hanford
28 were conducted during a site characterization for the Skagit/Hanford Nuclear Power Plant Site in
29 1981 and for the Basalt Waste Isolation Project in 1987. In the 1981 study, noise levels ranged
30 from 30 to 61 dBA (Leq) at 15 sites. In the 1987 study, background noise levels measured at five
31 locations in undeveloped areas around the Hanford Site ranged between 24 and 36 dBA as Leq
32 (24-hour), in which wind was identified as the major contributor to background noise levels. For
33 the New Production Reactor EIS in 1991, noise levels associated with traffic were estimated at a
34 receptor located 15 m (50 ft) from the road edge of State Route (SR) 24 and SR 240. Noise levels
35 were estimated to range from 62 to 75 dBA as Leq (1-hour) for the baseline condition and during
36 construction and operational phases.
37
38 For the general area surrounding the Hanford Site, countywide Ldn'S based on population
39 density are estimated to be 31 for Adams County (typical of wilderness natural background
40 levels), and 36, 38, and 41 dBA for Grant, Franklin, and Benton Counties, respectively (typical
41 of rural areas) (Miller 2002; Eldred 1982).
42
43
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1 TABLE 6.1.1-5 Washington Maximum
2 Permissible Environmental Noise Levels

3 (dBA)a

EDNA of Receiving Property1 '

EDNA of
Noise Source Class Ac Class B Class C

Class A 55 57 60
Class B 57 60 65
Class C 60 65 70

aAt any hour of the day or night, these applicable
noise limitations may be exceeded for any
receiving property in any 1 -hour period by no
more than (1) 5 dBA for a total of 15 minutes,
(2) 10 dBA for a total of 5 minutes, or
(3) 15 dBA for a total of 1.5 minutes.

1'The three Environmental Designations for Noise

Abatement (EDNAs) are as follows:

Class A (Residential): Lands where human
beings reside and sleep (e.g., residential,
hospitals)

Class B (Commercial): Lands involving uses
requiring protection from noise that interferes
with speech (e.g., commercial living
accommodations, theaters, stadiums)

Class C (Industrial): Lands involving economic
activities of a nature such that higher noise
levels than those experienced in other areas are
normally anticipated (e.g., warehouses,
industrial properties).

CBetween the hours of 10:00 p.m. and 7:00 a.m.,

the noise limitations in the table shall be reduced
by 10 dBA for a receiving property within
Class A EDNAs.

Source: WAC 173-60, "Maximum Environmental
Noise Levels," http://www.ecy.wa.gov/biblio/
wac17360.html. Accessed Dec. 2007.

4
5
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American Indian Text

Native people understand that non-natural noise can be offensive while traditional
ceremonies are being held. Traditional ceremonies have been held at the Hantford site in
recent years. Some of the cultural use of the Hanford site by Tribes is being lost. Not all
ceremonial sites are known to non-Indians. The noise generated by the Hantford facility
may presently create noise interference for ceremonies held at sites like Gable Mountain
and Rattlesnake Mountain. Noise generating projects, such as the GTCC proposed site,
can interrupt the thoughts and focus and thus the spiritual balance and harmony of the
community participants of a ceremony. The Tribes recommend that quiet zones and time
periods should be identified for known Native American ceremonial locations on and
near the Hantford Reservation. The general values or attributes provide solitude,
quietness, darkness and wilderness-like or undegraded environments. These attributes
provide unquantifiable value and are fragile.

1
2
3 6.1.2 Geology and Soils
4
5
6 6.1.2.1 Geology
7
8
9 6.1.2.1.1 Physiography. The Hantford Site is located in the Columbia Basin, an

10 intermontane basin between the Cascade Range and the Rocky Mountains, in the Pacific
11 Northwest. The basin forms the northern part of the Columbia Plateau physiographic province
12 and the Columbia River flood-basalt province. It has four structural subprovinces, two of which
13 are important to the Hanford Site: the Yakima Fold Belt and the Palouse Slope (Figure 6.1.2-1).
14 The Yakima Fold Belt is a series of anticlinal ridges and synclinal valleys in the southwestern
15 part of the Columbia Basin that has a predominant east-west structural trend. The Palouse Slope
16 is the northeastern part of the Columbia Basin and shows little deformation, with only a few
17 faults and low-amplitude, long-wavelength folds on an otherwise gently westward-dipping
18 paleoslope (Chamness and Sweeney 2007).
19
20 The Hanford Site lies within the Pasco Basin, a smaller basin in the Yakima Fold Belt
21 along the southwestern margin of the Palouse Slope (Figure 6.1.2-1). The Saddle Mountains
22 form the northern boundary of the Pasco Basin; Rattlesnake Mountain forms part of its southern
23 boundary. The 200 East Area lies in the Cold Creek syncline between Yakimna Ridge and
24 Umtanum Ridge in the central portion of the Pasco Basin (Figure 6.1.2-2) (Chamness and
25 Sweeney 2007).
26
27 The synclinal valleys and basins between anticlinal ridges have been filled by river and
28 stream sediments; as a result, the Hanford Site has relatively low relief. Catastrophic flood events
29 (from glacial Lake Missoula and others) during the Late Pleistocene eroded sediments and
30 scoured basalt bedrock, forming the scablands to the north of the Pasco Basin. The scablands are
31 characterized by branching flood channels, giant current ripples, ice rafted erratics, and giant
32 flood bars. These landforms can be readily seen on the Hanford Site. Since the end of the
33 Pleistocene (about 10,000 years ago), winds have locally reworked flood sediments, depositing
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American Indian Text

The Indian People recommend that DOE pay more attention to landscape features and
visual and aesthetic services that flow from the geologic formations at Hanford. Cultural
and sacred landscapes may be invisible unless they are disclosed by the peoples to
whom they are important. Tribal values lie embedded within the rich cultural landscape
and are conveyed to the next generation through oral tradition by the depth of the
Indian languages. Numerous landmarks are mnemonics to the events, stories, and
cultural practices of native peoples. Oral histories impart basic beliefs, taught moral
values and the land ethic, and helped explained the creation of the world, the origin of
rituals and customs, the location of food, and the meaning of natural phenomena. The
oral tradition provides accounts and descriptions of the region's flora, fauna, and
geology. Within this landscape are songs associated with specific places; when access is
denied a song may be lost.

1
2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

American Indian Text

The Yakima Fold Belt and the Palouse Slope play potentially very significant roles at
Hanford both culturally and geologically. Rattlesnake and Gable Mountains are
examples of folded basalt structures within the Yakima Fold Belt. These geological
features have direct berig on the ground water and groundwater flow direction. There
are oral history accounts of these basalt featu•res above the floodwaters of Lake
Missoula. Many other topography features have oral history explanations such as the
Mooli Mooli (flood ripples along the river terrace) and the sand dunes.

3
4
5 dune sands in the lower elevations and windblown silt around the margins of the Pasco Basin.
6 Most sand dunes have been stabilized by vegetation, although there are active dunes in the
7 Hanford Reach National Monument, to the north of the 300 Area (Chamness and Sweeney 2007;

8 Normark and Reid 2003).
9

10
11 6.1.2.1.2 Topography. The 200 Areas are situated on a broad plateau (alluvial terrace)
12 of relatively low relief. Elevations range from 229 m (750 ft) MSL on the plateau to about 119 m

13 (390 ft) MSL at the Columbia River.
14
15
16 6.1.2.1.3 Site Geology and Stratigraphy. The GTCC reference location is situated
17 immediately to the south of the Integrated Disposal Facility (IDF) 200 East Area in the central
18 portion of the Hanford Site. The site lies about 11 km (7 mi) due south of the Columbia River.
19 Surficial sediments in the 200 East Area consist of active and stabilized eolian sand dunes of

20 Holocene age.
21
22 The stratigraphy consists of a sequence of Tertiary sediments overlying the basalt flows
23 of the Columbia River Basalt Group on the north limb of the Cold Creek sync line
24 (Figure 6.1.2-2). Sediments include the upper Miocene to Pliocene Ringold Formation;

6-17 6-17 January 2016



Final GTCC EIS 6: Hanford Site (Alternatives 3, 4, and 5)
Final GTCCEIS 6: Hanford Site (Alternatives 3, 4, and 5)

1 MPA041034

2 FIGURE 6.1.2-1 Location of the Hanford Site on the Columbia Plateau
3 (Source: Modified from Chamness and Sweeney 2007)
4
5
6 Pleistocene flood gravels, sands, and silt of the Hanford Formation; and Holocene eolian
7 deposits. The sedimentary sequence generally thickens toward the center of the syncline. The
8 following summary of stratigraphy at the Hanford Site is based on Chamness and
9 Sweeney (2007), Reidel and Fecht (2005), and Reidel (2005). Figure 6.1.2-3 presents a

10 stratigraphic column for the Hanford Site and vicinity; Figure 6.1.2-4 shows the stratigraphy at
11 the IDF site based on the work of Reidel (2005).
12
13
14 Columbia River Basalt Group. The Columbia River Basalt Group and interbedded
15 sedimentary rocks (Ellensburg Formation) form the main bedrock of the Columbia Basin and the
16 Hanford Site. The Columbia River Basalt Group consists of tholeiitic flood-basalt flows that
17 erupted 17 and 6 million years ago (during the Miocene) and now cover an area of about
18 230,000 km2 (88,000 mi2 ) of eastern Washington and Oregon and western Idaho. At the IDF
19 site, the Columbia River Basalt is encountered at depths of about 122 to 152 m (400 to 500 fi).
20 The top of the basalt unit slopes gently to the south, following the dip of the Cold Creek
21 syncline. There are at least 50 individual basalt flows beneath the Hanford Site with a total
22 combined thickness of more than 3 km (1.9 mi). The Columbia River Basalt Group has been
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2
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5

FIGURE 6.1.2-2 Physical Geology in the Vicinity of the Hanford Site (Source: Modified
from Chamness and Sweeney 2007)
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FIGURE 6.1.2-3 Generalized Stratigraphy of the Pasco Basin andVicinity (Source: Chamness and Sweeney 2007)

divided into five formations; from oldest to youngest, they are Picture Gorge Basalt, Imnaha
Basalt, Grande Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt (Figure 6.1.2-3).
Only the Grande Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt are exposed at
the Hanford Site.

The interbedded sedimentary rocks of the Ellensburg Formation consist predominantly of
volcanic-derived sediment. Toward the central and eastern part of the basin, fluvial mainstream
and overbank sediments of the ancestral Clearwater-Salmon and Columbia Rivers dominate.

Ringold Formation. The Ringold Formation is made up of fluvial and lacustrine
sediments deposited by the ancestral Columbia and Clearwater-Salmon River systems between
3.4 and 8.5 million years ago (from the Miocene to the Pliocene). Only the member of Wooded
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1 Island is present beneath the 200 East Area. It consists of fluvial gravels separated by fine-
2 grained deposits typical of overbank and lacustrine environments. The gravels are clast- and
3 matrix-supported, pebble-to-cobble gravels with a fine to coarse sand matrix. The common
4 lithologies are basalt, quartzite, and intermediate to felsic volcanics. Interbedded lenses of silt
5 and sand are also common. The Ringold Formation reaches a maximum thickness of 87 m
6 (285 ft) on the west side of the IDF site; it is entirely missing beneath the north and northeast
7 parts of the 200 East Area.
8
9

10 Cold Creek Unit. The surface of the Ringold Formation was eroded extensively by the
11 ancestral Columbia River and by catastrophic Pleistocene floodwaters. During this time, the
12 Columbia River flowed through various channels between Umtanum Ridge and Gable Mountain
13 (Figure 6.1.2-2) and eroded a wide channel to the south across the middle of the Hanford Site.
14 The channel gradually shifted course to the east, where it continued to erode the eastern half of
15 the site, removing the uppermost layers of the Ringold Formation. The eroded channel can be
16 traced from Gable Gap across the eastern part of the 200 East Area and to the southeast. It is
17 deepest below the northern portion of the IDF site. The channel is thought to be a smaller part of
18 a much larger trough that underlies the 200 East Area.
19
20 Thin, laterally discontinuous alluvial deposits separate the Ringold Formation from the
21 overlying Hanford Formation in some parts of the Hanford Site. These deposits are collectively
22 referred to as the Cold Creek Unit and consist of a Plio-Pleistocene unit, pre-Missoula gravels,
23 and early Palouse soil. The Plio-Pleistocene unit unconformably overlies the Ringold Formation
24 in the western Cold Creek syncline in the vicinity of the 200 West Area. Depending on location,
25 the Plio-Pleistocene unit is made up of interfingering carbonate-cemented silt, locally referred to
26 as the "caliche layer," sand and gravel, carbonate-poor silt, and sand; and/or basaltic detritus
27 consisting of weathered and unweathered basaltic gravels deposited as locally derived slope
28 wash, colluviums, and sidestream alluvium.
29
30 Pre-Missoula gravels are composed of quartzose to gneissic pebble-to-cobble gravel with
31 a sand matrix. These gravels are up to 25-in (82-ft) thick, contain less basalt than underlying
32 Ringold gravels and overlying Hanford deposits, have a distinctive white or bleached color, and
33 sharply truncate underlying strata. The early Palouse soil consists of up to 20 m (66 fi) of silt and
34 fine-grained sand. Deposits composing the early Palouse soil are massive, brownish-yellow, and
35 compact.
36
37
38 Hantford Formation. The Hanford Formation rests unconformably atop the eroded
39 surface of the Ringold Formation. It is as thick as 116 m (380 ft) in the vicinity of the IDF site.
40 The unit is thickest in the northern part of the site where the erosional channel has cut into
41 Ringold Formation; it thins to the southwest along the margin of the trough under the eastern
42 portion of the IDF site. The sediments of the Hanford Formation were deposited between
43 2 million and 13,000 years ago by the catastrophic floodwaters from glacial Lake Missoula,
44 glacial Lake Columbia, glacial Lake Bonneville, and ice-margin lakes.
45
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1 The glaciofluvial sediments of the Hanford Formation consist of poorly sorted, pebble to
2 cobble gravel and of fine- to coarse-grained sand, with lesser amounts of interstitial and
3 interbedded silt and clay. They are divided into three facies (units): a lower gravel-dominated
4 facies, an upper sand-dominated facies, and an interbedded sand- and silt-dominated facies
5 (Figure 6.1.2-3). The gravel-dominated facies was deposited by high-energy floods and consists
6 of coarse-grained, basaltic sand and granular to boulder gravel with an open framework texture,
7 massive bedding, and large-scale planar cross bedding in outcrop. These deposits make up most
8 of the Hanford Formation in the northern portion of the 200 Areas.
9

10 The sand-dominated facies were deposited adjacent to main flood channel courses during
11 the waning stages of flooding and are most common in the central and southern parts of the
12 200 Areas. They consist of fine- to coarse-grained sand and granular gravel interlayered with
13 deposits of Cascade ash. The sands have a high basalt content and are generally black, gray, or
14 salt-and-pepper in color. The silt content of the sands varies and is lowest where the sands are
15 well sorted. The interbedded sand- and silt-dominated facies were deposited in slack water
16 conditions and in back-flooded areas. They consist of thin-bedded, plane-laminated, and ripple
17 cross-laminated silt and fine- to coarse-grained sand. The beds are typically a few to several tens
18 of inches or centimeters thick and have normally graded bedding. The interbedded sand- and silt-
19 dominated unit tends to be absent in the vicinity of the IDF site.
20
21
22 Eolian Sand Dunes. Active and stabilized eolian sand dunes are a common feature
23 across the Hanford Site. In the 200 East Area, the dunes have a parabolic form in plan view.
24 Dune deposits include Mazama ash from an eruption that occurred 6,000 years ago. The dunes
25 have massive cross bedding, which indicates eastward transport. Active blowouts are common.
26 Most dunes and interdune areas at Hanford are stabilized by vegetation and have only local areas

27 of active sand transport.
28
29
30 6.1.2.1.4 Seismicity. The seismicity of the Columbia Plateau is relatively low compared
31 with other regions of the Pacific Northwest, the Puget Sound, and western Montana/eastern
32 Idaho (DOE 2012). The largest known earthquake in the Columbia Plateau occurred in 1936 near
33 Milton-Freewater, Oregon. It had a Richter magnitude of 5.75 and was followed by a number of
34 aftershocks. The largest earthquakes near the Hanford Site occurred in 1918 and 1973. Both
35 events had a magnitude of 4.4 and were located less than 16 km (10 mi) to the north of the
36 Hanford Site near Othello (Chamness and Sweeney 2007).
37
38 Earthquakes in the central Columbia Plateau tend to occur in clusters or "swarms." The
39 areas north and east of the Hanford Site are regions of concentrated earthquake swarm activity.
40 Earthquake swarms have also occurred at several locations within the Hanford Site. About 90%
41 of the earthquakes occurring in swarms have magnitudes of 2 or less and have shallow focal
42 depths (usually less than 4 km [2 mi]). Each swarm typically lasts several weeks to months and
43 consists of several to a hundred or more earthquakes clustered in an area of 5 to 10 km (3 to
44 6 mi) in the lateral dimension, with the longest dimension in an east-west direction (Chamness
45 and Sweeney 2007).
46
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1 Seismic data from the Hanford Seismic Network and the Hanford Strong Motion
2 Accelerometer Network located on and around the Hanford Site are reported in the site's annual
3 seismic report. Seismograph stations and strong motion accelerometer sites are located
4 throughout the site, including one (H2E) at the 200 East Area. A total of 117 earthquakes
5 occurred at the Hanford Site between October 1, 2005, and September 30, 2006. Of these, the
6 majority (78) were swarms with magnitudes usually less than 2; the remaining earthquakes (39)
7 were considered random, occurring in prebasalt sediments or crystalline basement rocks. None of
8 the earthquakes occurring in FY 2006 were thought to result from movement along faults
9 associated with major anticlinal ridges in the Hanford Site area (Rohay et al. 2006).

10
11 Probabilistic seismic hazard analyses have determined that the design basis for facilities
12 at the Hanford Site should be able to withstand peak horizontal accelerations of 0.10g from an
13 earthquake with a return frequency of once in 500 years (annual probability of 0.002) and 0.20g
14 from an earthquake with a return frequency of once in 2,500 years (annual probability of 0.0004)
15 (Chamness and Sweeney 2007).
16 _ _ _ _ _ _ _ _ _ _ _ _ _

American Indian Text

Geologic structure of the Pacific Northwest includes a feature called the Olympic-
Wallowa Lineaxnent (the OWL). Surface and depth data have identified a structural "line"
within the earth's crust that can be traced roughly from southeast of the Wallowa
Mountains, under Hanford, through the Cascades and under Seattle and the Sound.
Such lineaments are signals of crustal structure that are not yet well identified.
Emerging research being reported throug~h the USGS is highlighting the importance of
Seattle area faults connecting under the Cascades into the Yakima Fold Belt and on
along the OWL. The geologic stress on the surface of the earth in the local region have a
north-south compressional force direction that has caused the surface to wrinkle in
folds that trend approximately east-west, thus creating the Yakima Fold Belt. Fault
movement along these folds occurs all the time, and studies have shown these to be
considered active fault zones.

17
18
19 6.1.2.1.5 Volcanic Activity. Flood basalt volcanism associated with the Columbia River
20 Basalt Group occurred during an 11 -million-year episode between 17 and 6 million years ago.
21 Most of the lava during this episode was extruded during the first 2 to 2.5 million years of
22 that period. There has been no volcanic activity during the last 6 million years. The recurrence
23 of Columbia River basalt volcanism is not considered to be a credible volcanic hazard
24 (Tallman 1996).
25
26 Volcanism in the Cascade Range has been active since the Pleistocene (2 million years
27 ago). Several volcanoes in this range are active today, including Mount Mazama (Crater Lake)
28 and Mount Hood in Oregon and Mount St. Helens (the most active in the range), Mount Adams,
29 and Mount Rainier in Washington state. They will likely remain active for the next 100 years.
30 The three closest volcanoes to the Hanford Site are Mount Adams, 150 km (93 mi) to the west-
31 southwest; Mount Rainier, 175 km (109 mi) to the northwest; and Mount St. Helens, 200 km
32 (124 mi) to the west-southwest. Given these distances, the only volcanic hazard is ash
33 accumulation following the eruption of a Cascade Range volcano (Tallman 1996).
34
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1 Probabilistic volcanic hazard studies of the Cascade Range completed by the USGS
2 calculated that the annual probability that the accumulation of volcanic ash in Washington would
3 exceed 1 cm (0.39 in.) after an eruption is 0.00 1 (once every 1,000 years). The annual probability
4 that the volcanic ash accumulation would exceed 10 cm (3.9 in.) is 0.000 12 (once every
5 8,300 years). Design ashfall loads range from 14.6 kg/in 2 (2.99 lb/fl2) for a hazard probability of
6 0.002 1 (once every 476 years) to 146.5 kg/mn2 (30.0 lb/ft2 ) for a hazard probability of 0.000043
7 (once every 23,256 years), assuming an uncompacted ash density of 769 kg/in2 (158 lb/fl2) and a
8 50% compaction ratio (Tallmnan 1996).
9

10
11 6.1.2.1.6 Slope Stability, Subsidence, and Liquefaction. No natural factors in the
12 GTCC reference location that would affect the engineering aspects of slope stability or
13 subsidence have been reported.
14
15 Liquefaction of saturated sediments is a potential hazard during or immediately following
16 large earthquakes. Whether soils will liquefy depends on several factors, including the magnitude
17 of the earthquake, peak ground velocity, liquefaction susceptibility of soils, and depth to
18 groundwater. Given the deep water table in the 200 Areas, liquefaction is not likely to be a
19 hazard. However, groundwater levels in the 200 Areas are changing as a result of changes in
20 wastewater discharge practices in the area.
21
22
23 6.1.2.2 Soils
24

American Indian Text

Native Peoples understand the importance of soils and minerals. Oral history has
suggested that soils have a medicinal purpose for healing wounds as well as used for
building structures, creating mud baths, and filtering water. Material from the White
Bluffs was used for cleaning hides, making paints, and whitewashing villages.

Soil characteristics: soil chemistry (ph, ion activity, micronutrients, microorganisms),
lack of this knowledge is a data gap such as the influence of past tank leaks on soil
chemistry and characteristics/properties. Sandy soils have high transmissivity. Soil
integrity is important to tribes since the soils support plant life, which supports many
other life forms, which are all important to tribes.

25
26 The undisturbed soils within the study area are predominantly sands and loamy sands. In
27 the area of the GTCC reference location, the Rupert sand and Burbank loamy sand predominate.
28 The Rupert sand is a brown to grayish brown, coarse-grained sand that grades to dark grayish
29 brown at a depth of about 90 cm (35 in.). The sand has developed under grass, sagebrush, and
30 hopsage in alluvial fan deposits mantled by wind-blown sand. It forms hummocky terraces and
31 dune-like ridges. The Burbank loamy sand is a coarse-grained sand, very dark grayish brown in
32 color, that ranges in thickness from 41 to 76 cm (16 to 30 in.) and is underlain by gravel
33 (Hajek 1966).
34
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6.1.2.3 Mineral and Energy Resources

The Hanford Site excavates borrow materials from existing borrow pits and quarries
throughout the site, including the various parts of the 200 Area and the areas between them (but
not in the area of the GTCC reference location). Historically, mineral resources, including
gravel, sand, and basalt, have been used to make concrete, to construct roads, as cap material for
closing waste sites, and in general construction (DOE 2001 la).

No reported energy resources are being developed within the boundaries of the Hanford
Site. Deep natural gas production from anticlines in the basalt of Pasco Basin has been tested by
oil exploration companies without commercial success (DOE 1995).

6.1.3 Water Resources

American Indian Text

Water sustains all life. As with all resources, there is both a practical and a spiritual
aspect to water. Water is sacred to the Indian People, and without it nothing would live.
When having a feast, a sip of water is taken either first or after a bite of salmon, then a
bit of salmon, then small bites of the four legged animals, then bites of roots and berries,
and then all the other foods.

The quality of purity is very important for ceremonial use of water. The concept of sacred
water or holy water is global, and often connects people, places, and religion; religions
that are not land-connected may lose this concept. Additionally, concepts related to the
flow of services from groundwater and the valuation of groundwater is receiving
increased attention.

6.1.3.1 Surface Water

6.1.3.1.1 Rivers and Streams.

Columbia River. The Columbia River is the principal surface water body on the HanfordSite. It flows through the northern portion of the site and forms part of the site's eastern
boundary. Flow in the river is from north to south across the site, with eventual discharge to the
Pacific Ocean. The river is impounded by 11 dams within the United States; seven are upstream
and four are downstream of the Hanford Site. The Hanford Reach is the last free-flowing,
nontidal segment of the Columbia River in the United States. It extends from Priest Rapids Dam,
immediately upstream of the Hanford Site about 82 km (51 mi) southeast, to Lake Wallula,
29 km (18 mi) downstream of the Hanford Site near Richland, Washington (Thorne and
Last 2007). Figure 6.1.3-1 shows surface water features at Hanford.
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FIGURE 6.1.3-1 Surface Water Features on the Hanford Site (Source: Thorne and
Last 2007)

Flows through the Hanford Reach fluctuate significantly and are controlled primarily by

releases from three upstream storage dams: Grand Coulee in the United States and Mica and
Keenleyside in Canada. Flows in the Hanford Reach are directly affected by releases from Priest
Rapids Dam; however, Priest Rapids operates as a run-of-the-river dam rather than a storage

dam. Flows are controlled to generate power and promote salmon egg and embryo survival.
Columbia River flow rates near Priest Rapids during the 90-year period from 1917 to 2007
averaged about 3,330 cms (117,550 cfs). Daily average flows during this period ranged from
570 to 19,500 cms (20,000 to 690,000 cfs). The lowest and highest flows occurred before the

construction of upstream dams. During the 10-year period from 1997 through 2006, the average
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flow rate was about 3,300 ems (116,500 cfs). Storage dams on tributaries of the Columbia River
also affect flows (Thome and Last 2007).

Peak daily average flow during 2006 was 7,731 cms (273,000 cfs). Columbia River flows
typically peak from April through June during spring runoff from snowmelt, and they are lowest
from September through October. As a result of daily discharge fluctuations from upstream
dams, the depth of the river varies over a short time period. River stage changes of up to 3 in
(10 ft) during a 24-hour period may occur along the Hanford Reach. The width of the river varies
from approximately 300 to 1,000 m (1,000 to 3,300 ft) within the Hanford Reach (Thome and
Last 2007).

Major floods on the Columbia River are typically the result of rapid melting of the winter
snowpack over a wide area during periods of high precipitation. The maximum historical flood
on record occurred in 1894, with a peak discharge of 21,000 cms (724,000 cfs) at the Hanford
Site. The largest recent flood took place in 1948, with an observed peak discharge of 20,000 ems
(700,000 cfs) at the Hanford Site. Exceptionally high runoff in 1996 resulted in a maximum
discharge of nearly 11,750 ems (415,000 cfs). Construction of several flood-control/water-
storage dams upstream of the Hanford Site has increased control of the river's flow and reduced
the likelihood of flood recurrence (Thorne and Last 2007).

Flood potential on the Columbia River was evaluated by estimating the probable
maximum flood, which takes into account the upper limit of precipitation falling on the drainage
area and other hydrologic factors (e.g., antecedent moisture conditions, snowmelt, and tributary
conditions) that could result in maximum runoff. The probable maximum flood for the Columbia
River downstream of Priest Rapids Dam was calculated to be 40,000 ems (1.4 million cfs),
which is greater than the 500-year flood (Figure 6.1.3-2). This flood would inundate parts of the
100 Areas adjacent to the Columbia River, but the central portion of the Hanford Site, including
the 200 Areas, would remain unaffected. The USACE (1989) derived the standard project flood,
giving both regulated and unregulated peak discharges for the Columbia River downstream of
Priest Rapids Dam. Frequency curves for both unregulated and regulated peak discharges are
also given for the same portion of the Columbia River. The regulated standard project flood for
this part of the river was given as 15,200 ems (540,000 cfs), and the 100-year regulated flood
was given as 12,400 ems (440,000 cfs). Impacts on the Hanford Site would be negligible and less
than the probable maximum flood (Thorne and Last 2007). According to 10 CFR Part 1022, a
floodplain is defined as the lowlands adjoining inland and coastal waters and relatively flat areas
and flood-prone areas of offshore islands, including, at a minimum, that area inundated by a
> 1%-chance flood in any given year (i.e., the "100-year floodplain" caused by the 100-year
flood).

Upstream dam failures could arise from a number of causes, with the magnitude of the
resulting flood depending on the degree of breaching at the dam. The USACE evaluated a
number of scenarios on the effects from failures of Grand Coulee Dam, assuming flow
conditions of 11,000 ems (400,000 cfs). For emergency planning, USACE hypothesized 25%
and 50% breaches, that is, the "instantaneous" disappearance of 25% or 50% of the center
section of the dam, resulting from the detonation of explosives. The discharge or flood wave
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2 FIGURE 6.1.3-2 Flood Area for the Probable Maximum Flood on the

3 Columbia River, Hanford Site (Source: Thorne and Last 2007)
4
5
6 resulting from such a breach at Grand Coulee Dam was determined to be 600,000 cms
7 (21 million cfs) (Thorne and Last 2007).
8
9 In addition to the areas inundated by the probable maximum flood, shown in

10 Figure 6.1.3-2, the remainder of the 100 Areas, the 300 Area, and nearly all of Richland would
11 be flooded. No determinations were made regarding failures of dams upstream, associated
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1 failures downstream of Grand Coulee Dam, or breaches greater than 50% of Grand Coulee Dam.2 The 50% scenario was believed to represent the largest realistically conceivable flow resulting
3 from either a natural or a human-induced breach.
4
5 The possibility of a landslide resulting in river blockage and flooding along the Columbia
6 River was also examined for an area bordering the east side of the river upstream of Richland.
7 The possible landslide area considered was the 75-in-high (250-ft-high) bluffs generally known
8 as White Bluffs in the northern portion of the Hanford Site (and north of the river). Calculations
9 were made for a 8 x 105 m3 (1 x 106 yd3) landslide volume, with a concurrent flood flow of

10 17,000 cms (600,000 cfs) and a 200-year flood, resulting in a flood-wave crest elevation of
11 122 m (400 fi) MSL. Areas inundated upstream of such a landslide event would be similar to
12 those inundated during the probable maximum flood (Thorne and Last 2007).
13
14 The primary uses of the Columbia River include the production of hydroelectric power,
15 irrigation of cropland in the Columbia Basin, and transportation of materials by barge. Several
16 communities along the Columbia River rely on the river for drinking water. The Columbia River
17 is also used as a source of both drinking water and industrial water for several Hanford Site
18

American Indian Text

The Columbia River is the lifeblood of the Indian People. It supports the salmon and
every food or material that they rely on for subsistence. It is an essential human right to
have clean water. If water is contaminated it then contaminates all living things. Tribal
members that exercise a traditional lifestyle would also become contaminated. A perfect
example is making a sweat lodge and sweating. It is a process of cleansing and
purification. If water is contaminated then the sweat lodge materials and process of
cleansing would actually contaminate the individual.

Indian People are well known for adopting technology if it were instituted wisely and did
not sacrifice or threaten the survival of the group as a whole. This approach applies to
tribal use of groundwater. Even though groundwater was not used except at springs,
tribes would have potentially used technology for developing wells and would have used
groundwater if seen to be an appropriate action. The existing contamination is
considered an impact to tribal rights to utilize this valuable resource.

The hyporheic zone in the Columbia River needs to be more fully characterized to
understand the location and potential of groundwater contaminants discharging to the
Columbia River.

Contaminated groundwater plumes at Hanford are moving towards the Columbia Riv•er
and some contaminants are already recharging to the river. It is the philosophy of the
Indian People that groundwater restoration and protection be paramount to DOE's
management of Hantford. Institutional controls, such as preventing use of groundwater,
should only be a temporary measure for the safety of people and animals. It will be
questioned when DOE views institutional controls as a viable long-term management
option to allow natural attenuation. The timeline of natural attenuation may not best
represent a Tribal preference of a proactive corrective cleanup measure(s). for
contamination plumes. Cleanup should be a priority before considering placement of
additional waste like GTCC in the 200 area.
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1 facilities. In addition, the river is used extensively for recreation (Thorne and Last 2007;
2 Poston et al. 2007).
3
4
5 Yakima River. The Yakima River is located south of the Hanford Site and follows a
6 portion of the southwestern boundary just to the west of the 300 Area. It drains surface runoff
7 from about one-third of the Hanford Site. The Yakima River has much lower flows than the
8 Columbia River, with an average daily flow of about 100 cms (3,530 cfs), according to 72 years
9 of daily flow records kept by the USGS. The average monthly maximum and minimum are

10 497 cms (17,550 cfs) and 4.6 cms (165 cfs), respectively. Exceptionally high flows were
11 observed during 1996 and 1997; the highest average daily flow rate during 1996 was nearly
12 1,300 cms (45,900 cfs). Average daily flow during 2000, a low water year, was 89.9 cms
13 (3,176 cfs). The average daily flow during 2006 was 100 cms (3,530 cfs). The Yakima River is
14 considered to be a losing river because the elevation of the river surface is higher than the local
15 water table (Thorne and Last 2007).
16
17 There have been fewer than 20 major floods on the Yakima River since 1862. The most
18 severe floods occurred during November 1906, December 1933, May 1948, and February 1996.
19 During these events, discharge magnitudes at Kiona, Washington, were recorded at 1,870 cms
20 (66,000 cfs), 1,900 cms (67,000 cfs), 1,050 cms (37,000 cfs), and 1,300 ems (45,900 cfs),
21 respectively. The recurrence intervals for the 1933 and 1948 floods are estimated at 170 and
22 33 years, respectively. The development of irrigation reservoirs within the Yakima River Basin
23 has considerably reduced the flood potential of the river. The southern border of the Hanford Site
24 could be susceptible to a 100-year flood on the Yakima River (Thorne and Last 2007;
25 Figure 6.1.3-3).
26
27
28 Cold Creek. Cold Creek and its tributary, Dry Creek, are ephemeral streams within the
29 Yakima River drainage system in the southwestern portion of the Hanford Site (Figure 6.1.3-1).
30 These streams drain areas to the west of the site and cross the southwestern part of the site
31 toward the Yakima River (Figure 6.1.3-1). When surface flow occurs, it infiltrates rapidly and
32 disappears into the surface sediments in the western part of the site.
33
34 The GTCC reference location at Hanford is situated about 16 km (10 mi) northeast of

35 Cold Creek in the 200 East Area.
36
37 During 1980, a flood risk analysis of Cold Creek was conducted as part of the
38 characterization of a basaltic geologic repository for high-level radioactive waste. Such design
39 work is usually done according to the standard project flood criteria or probable maximum flood
40 criteria rather than the worst-case or 100-year flood scenario. Therefore, in lieu of 100- and
41 500-year floodplain studies, a probable maximum flood evaluation was performed. It was based
42 on a large rainfall or combined rainfall/snowmelt event in the Cold Creek and Dry Creek
43 watershed. The probable maximum flood discharge rate for the lower Cold Creek Valley was
44 2,265 cms (80,000 cfs), compared with 564 cms (19,900 cfs) for the 100-year flood
45 (Figure 6.1.3-4). Modeling indicated that SR 240 along the southwestern and western portions of

46 the site would be unusable (Thorne and Last 2007).
47
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2 FIGURE 6.1.3-3 Flood Area from a 100-Year Flood of the Yakima
3 River near the Hanford Site (Source: Thorne and Last 2007)
4
5
6 6.1.3.1.2 Other Surface Water.
7
8
9 Springs. Springs are found on the slopes of the Rattlesnake Hills along the western edge

10 of the Hanford Site (Figure 6.1.3-1). There is also an alkaline spring at the east end of Umtanum
11 Ridge. Rattlesnake and Snively Springs form small surface streams. Water discharged from
12 Rattlesnake Springs flows into Dry Creek for about 3 km (1.9 mi) before disappearing into the
13 ground (Thorne and Last 2007).
14
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2 FIGURE 6.1.3-4 Extent of Probable Flood in Cold Creek Area,
3 Hanford Site (Source: Thorne and Last 2007)
4
5
6 Riverbank springs were documented along the Hanford Reach long before Hanford
7 operations began. During the early 1 980s, researchers identified 115 springs along the Benton

8 County shoreline of the Hanford Reach. The presence of shoreline springs varies with the river
9 stage, which is controlled by upriver conditions and operations at upriver dams. Seepage occurs

10 both below the river surface and on the exposed riverbank, particularly at a low river stage.

11 Water flows into the aquifer (resulting in "bank storage") as the river stage rises, then it

12 discharges from the aquifer in the form of shoreline springs as the river stage falls. Following an

13 extended period of low river flow, groundwater discharge zones located above the water level of

14 the river may cease to exist once the level of the aquifer comes into equilibrium with the level of

15 the river. Thus, springs are most readily identified immediately following a decline in the river
16 stage. Bank storage of river water also affects the contaminant concentration of the springs.
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1 Spring water discharged immediately following a river stage decline generally consists of river2 water or a mixture of river water and groundwater. The percentage of groundwater in the spring
3 water discharge increases over time following a drop in the river stage (Thorme and Last 2007).
4
5
6 Ponds. West Lake is a natural alkaline lake that lies to the north of the 200 East Area
7 (Figure 6.1.3-1). West Lake is about 1.4 ha (3.5 ac) and is located approximately 8 km (5 mi)
8 northeast of the 200 West Area and about 3 km (1.9 mi) north of the 200 East Area. West Lake
9 was considered to be an ephemeral lake before operations began at the Hanford Site, with water-

10 level fluctuations depending on groundwater-level fluctuations. The lake sits in a topographically
11 low area that intersects the water table and is recharged by groundwater. West Lake does not
12 receive direct discharges of effluent from site facilities; however, wastewater discharges at other
13 Hanford facilities influencing the water table indirectly affect water levels in the lake. The lake's
14 water levels have been decreasing over the past several years because of reduced wastewater
15 discharge at other facilities (Thorne and Last 2007).
16
17 The Treated Effluent Disposal Area is located to the east of the 200 East Area
18 (Figure 6.1.3-1). It consists of two disposal ponds, each about 145 by 145 m (475 by 475 fi).
19 The disposal ponds receive permitted industrial wastewater from the 200 East Area. Once in
20 the ponds, wastewater is allowed to evaporate or infiltrate into the ground (Thome and
21 Last 2007).
22
23 Several naturally occurring vernal ponds are located on the Hanford Site, including 10 at
24 the eastern end of Umtanum Ridge, seven in the central part of Gable Butte, and three at the
25 eastern end of Gable Mountain. The ponds occur in depressions perched atop a shallowly buried
26 basalt surface and are formed as water collects over the winter (they dry up by summer). The
27 ponds range in size from about 6.1 by 6.1 m (20 by 20 ft) to 45.7 by 30 m (150 by 100 ft) and
28 tend to occur in clusters (Thorne and Last 2007).
29
30
31 Wetlands. Wetlands on the Hanford Site occur in the riparian zone along the Columbia
32 River (DOE 2012). Irrigation on the east and west sides of the Wahluke Slope and on White
33 Bluffs has created two wetland areas just north of the Columbia River (Figure 6.1.3-1; Thorne
34 and Last 2007).
35
36
37 6.1.3.1.3 Surface Water Quality. The water quality of the Columbia River from Grand
38 Coulee Dam to the Washington-Oregon border, which includes the Hanford Reach, has been
39 designated as Class A by Washington State (Poston et al. 2010). Class A waters are suitable for
40 essentially all uses, including raw drinking water, recreation, and wildlife habitat. For the
41 Columbia River downstream from Grand Coulee Dam, the aquatic life designation is "salmon
42 and trout spawning, noncore rearing, and migration." (Noncore refers to areas in which physical,
43 chemical, and biological conditions are not specifically good for mating, reproduction, rearing,
44 feeding, migration, and/or avoidance of disturbances such as floods and fire.) This designation
45 provides for the protection of the spawning, noncore rearing, and migration of salmon and trout
46 and other associated aquatic life. The recreational use designation for the Columbia River
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