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Chapter 4 • Short-Term Environmental Consequences 

American Indian, Hispanic or Latino, or low-income populations due to normal operations, the same 
would be true for nonradioactive air emissions. 

Section 4.3 .12.3 discusses potential human health risks of transporting offsite waste for disposal at 
Hanford and transporting construction materials from onsite, local, and regional locations to Hanford. 
The radiological risks would be the same as those described under Waste Management Alternative 2. 
Similar to Waste Management Alternative 2, the risks of transporting construction and operational 
materials to Hanford under all disposal groups would be small. Therefore, this Waste Management 
alternative would not pose disproportionately high and adverse impacts on minority, American Indian, 
Hispanic or Latino, and low-income populations residing along the transportation routes. 

4.3.14 Waste Management 

This section evaluates the impacts of waste generation associated with implementation of each of the 
various Waste Management alternatives and disposal groups, as applicable, on the waste management 
infrastructure at Hanford. As summarized in Section 4.3 and detailed in Chapter 2, these Waste 
Management alternatives and disposal groups were developed to manage the various waste volumes 
projected to be generated under the alternatives for Tank Closure, FFTF Decommissioning, and Waste 
Management. In general, the disposal groupings vary primarily in direct relation to the required size, 
number, and lifespan of disposal facilities (i.e., IDF-East, IDF-West, and the RPPDF) that would be 
constructed, operated, and ultimately closed under each disposal scenario. This subsection evaluates the 
impacts of waste generation associated with the construction, operations, deactivation, and closure of 
expanded waste treatment and storage facilities and new waste disposal, in addition to existing waste 
management activities analyzed under Waste Management Alternative 1, No Action. Common to Waste 
Management Alternatives 2 and 3 is that Hanford waste treatment and storage activities would be 
expanded at the CWC, T Plant, and WRAP to provide greater capacity and throughput. Also common to 
all three Waste Management alternatives is the continued operation of trenches 31 and 34 for disposal of 
LL W /MLL W until filled. The remaining space in the two trenches is 17,215 cubic meters ( approximately 
22,517 cubic yards) and the fiscal year 2007 projected emplacement rate is approximately 476 cubic 
meters (approximately 623 cubic yards) in the two trenches. Using this emplacement rate, the remaining 
time the trenches will operate is approximately 36 years, or through 2043. For analysis purposes, this EIS 
assumes the trenches will operate through 2050. 

The following analysis is consistent with DOE policy and DOE Manual 435.1-1 that DOE radioactive 
waste shall be treated, stored, and, in the case of LL W, disposed of at the site where the waste is 
generated, if practical, or at another DOE facility. The analysis of these FFTF Decommissioning 
alternatives and options is based on disposal of LL W and MLL W of at Hanford. However, if DOE 
determines that use of Hanford's or another DOE site's waste management facilities is not practical or 
cost-effective, DOE may approve the use of non-DOE (i.e., commercial) facilities to store, treat, and 
dispose of such waste. 

Included in this section is a discussion of the waste inventories projected to be generated under each of 
the Waste Management alternatives as summarized in Table 4-149 for each of the Waste Management 
alternatives and disposal groupings. The inventories include secondary LLW, MLLW, and hazardous 
waste. Operations of the WRAP and T Plant will produce small amounts of LLW and MLLW. No TRU 
waste or liquid LL W is expected to be generated by facility construction, operations, deactivation, or 
closure. 
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LOW-LEVEL RADIOACTIVE WASTE 

LL W would be generated during routine operations at the two MLL W trenches (trenches 31 and 34) in 
LLBG 218 W-5 and during operations of WRAP and the T Plant. LLW is typically not treated or only 
minimally treated (e.g., compaction) before disposal. Therefore, this waste treatment would cause no 
impacts on the Hanford waste management system. The LL W would be sent directly to disposal. 
Therefore, long-term storage facilities would not be required. All LL W would be disposed of in an IDF. 

MIXED LOW-LEVEL RADIOACTIVE WASTE 

MLL W would be generated during routine operations at WRAP and the T Plant. Using a combination of 
on and offsite capabilities, MLL W would be treated to meet an RCRA land disposal restriction treatment 
standards prior to disposal. All MLL W would be disposed of in an IDF. 

HAZARDOUS WASTE 

Hazardous waste is dangerous waste as defined in the Washington Administrative Code (WAC 173-303). 
Hazardous waste generated during operations at the two MLLW trenches (trenches 31 and 34) in 
LLBG 218-W-5 and for postclosure care of the IDF(s) would be packaged in DOT-approved containers 
and shipped off site to permitted commercial recycling, treatment, and disposal facilities. Hanford 
shipped 182,177 kilograms (408,186 pounds) of hazardous waste off site in 2005 (Poston et al. 2006) 
Management of the additional waste generated under the Waste Management alternatives would require 
little, if any, additional planning. The waste would be treated and disposed of at offsite commercial 
facilities . 

4.3.14.1 

4.3.14.1.1 

Alternative 1: No Action 

Waste Inventories 

Under Waste Management Alternative 1, No Action, no new facility construction would be initiated. 
Storage and treatment ofLLW, MLLW, and TRU waste at the CWC, WRAP, and T Plant complex would 
continue. Disposal actions would continue at the lined disposal trenches, trenches 31 and 34, in 
LLBG 218-W-5 through 2035. No offsite shipments of TRU waste or LLW/MLLW would be received. 
Administrative controls would be implemented for a period of 100 years following disposal operations 
(2036 through 2135). Table 4-149 presents the estimated waste volumes generated under Waste 
Management Alternative 1. 
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Table 4-149. Waste Management Alternatives - Summary of Waste Generation Volumes 
Project Phase 

Waste Type Construction I Operations I Deactivation I Closure I Total 
Alternative I: No Action 
Low-level radioactive waste NA I 38 I NA I NA I 38 
Hazardous wastea NA I 38 I NA I NA I 38 
Alternatives 2 and 3: Treatment and Storage 
Low-level radioactive waste NA I 1,457 I NA I NA I 1,457 
Hazardous wastea NA I 98 I NA I NA I 98 
Alternative 2: Disposal Group I 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 
Alternative 2: Disposal Group 2 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 
Alternative 2: Disposal Group 3 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 
Alternative 3: Disposal Group I 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 
Alternative 3: Disposal Group 2 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 
Alternative 3: Disposal Group 3 
Low-level radioactive waste NA I 58 I NA I NA I 58 
Hazardous wastea NA I 58 I NA I NA I 58 

a Hazardous waste is accumulated on site for less than 90 days and then shipped to offsite commercial facilities for treatment and/or disposal. 
Note: All values are in cubic meters. To convert cubic meters to cubic yards, multiply by 1.308. 
Key: NA=not availab le. 
Source: SAIC 2007c, 2008. 

Peak Annual Generation 
Year(s) of 

I 
Annual Waste 

Peak Volume 

2007- 2035 I I 
2007- 2035 I I 

2019- 2050 I 40 
20 19- 2050 I 3 

2007- 2050 I 1 
2007- 2050 I I 

2007- 2050 I I 
2103-2202 I 3 

2007- 2050 I I 
2168- 2267 I 3 

2007- 2050 I I 
2007- 2050 I I 

2007- 2050 I I 
2 103- 2152 I 3 

2007- 2050 I I 
2168- 2267 I 3 
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Alternative 2: Disposal in IDF, 200-East Area Only 

Waste Management Alternative 2 includes continued storage and treatment of LLW, MLLW, and TRU 
waste. Existing waste management facilities at the CWC, T Plant, and WRAP would be expanded as 
summarized above. Waste management operations at the expanded facilities would produce a small 
amount of waste, as shown in Table 4-149. 

Under this alternative, no additional offsite TRU waste would be received. Offsite shipments of waste to 
Hanford would be limited to 82,000 cubic meters (107,256 cubic yards) of LLW and MLLW. 
Construction, operations, deactivation, and closure of two disposal facilities would provide for disposal of 
tank waste, onsite-generated non-CERCLA waste, FFTF waste, waste management waste streams, and 
offsite-received LLW/MLLW. Disposal facilities would include a single IDF in the 200-East Area and an 
RPPDF. The RPPDF would be used for disposing of equipment and soils that are not highly 
contaminated but result from clean closure of the tank farms. The IDF would be used for disposal of all 
other waste streams. 

As mentioned in Section 4.3.14 and under Alternative 2, three disposal groups were developed to 
accommodate the different waste volumes generated by Tank Closure, FFTF Decommissioning, and 
Waste Management alternative activities. Within each disposal group, the largest waste volwne was 
utilized to size the disposal facilities (IDF and RPPDF). These three disposal groups are described further 
in Chapter 2, Section 2.5, of this EIS. 

Closure actions would include construction of a modified RCRA Subtitle C barrier over IDF-East and the 
RPPDF. Closure actions at the CWC, WRAP, T Plant, and LLBG (trenches 31 and 34) are not included 
in the alternative. 

4.3.14.2.1 Waste Inventories 

Table 4-149 presents the estimated waste volumes generated under Waste Management Alternative 2. 

4.3.14.2.2 Disposal Groups 1, 2, and 3 

Under all disposal groups, MLL W and LL W would be generated from operations of WRAP and the 
T Plant, and LLW would be generated from operations of the LLBG. All waste would be disposed of in 
IDF-East. 

4.3.14.3 Alternative 3: Disposal in IDF, 200-East and 200-West Areas 

Waste Management Alternative 3 includes continued storage and treatment of LLW, MLLW, and TRU 
waste. Existing waste management facilities at the CWC, WRAP, and T Plant would be expanded as 
under Alternative 2. Waste management operations at the expanded facilities would produce a small 
amount of waste, as shown in Table 4-149. 

Under this alternative, no additional offsite TRU waste would be received. Offsite shipments of waste to 
Hanford would be limited to 82,000 cubic meters (107,256 cubic yards) of LLW and MLLW. 
Construction, operations, deactivation, and closure of two IDFs and one RPPDF would provide for 
disposal of tank waste, onsite-generated non-CERCLA waste, FFTF waste, waste management waste 
streams, and offsite-received LLW/MLLW. Disposal facilities would consist of one IDF in the 200-East 
Area, which would be used for tank waste only; one IDF in the 200-West Area, which would be used for 
onsite-generated non-CERCLA, offsite-received LLW/MLLW, FFTF waste, and waste management 
waste streams; and an RPPDF. The RPPDF would be used for disposing of equipment and soils 
associated with clean closure of the tank farms as under Waste Management Alternative 2. The IDFs 
would be used for disposal of all other waste streams. As mentioned in Section 4.3 .14 and under 
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Alternative 2, three disposal groups were developed to accommodate the different waste volumes 
generated by Tank Closure, FFTF Decommissioning, and Waste Management alternative activities. 
Within each disposal group, the largest waste volume was utilized to size the disposal facilities (IDF-East, 
IDF-West, and the RPPDF). These three disposal groups are described further in Chapter 2, Section 2.5, 
of this EIS. 

Closure actions would include construction of a modified RCRA Subtitle C barrier over each IDF and 
RPPDF. Closure actions at the CWC, WRAP, T Plant, and LLBG (trenches 31 and 34) are not included 
in the alternative. 

4.3.14.3.1 Waste Inventories 

Table 4-149 presents the estimated waste volume generated under Waste Management Alternative 3. 

4.3.14.3.2 Disposal Groups 1, 2, and 3 

Under all disposal groups, MLLW, and LLW would be generated from operations of WRAP and the 
T Plant, and LL W would be generated from operations of the LLBG. All waste would be disposed of in 
an IDF. 

4.3.15 Industrial Safety 

Illness, injury, and death are possible outcomes of any industrial accident. The accepted standard for 
measuring the outcome of an industrial accident is the TRC of illness, injury, and death. This section 
addresses potential impacts on the worker associated with implementation of each of the Waste 
Management alternatives and disposal groupings. Key underlying assumptions and industrial safety 
incident rates used in support of this analysis are the same as those described in Section 4.1.15 for the 
Tank Closure alternatives. 

Using the referenced incidence rates and the projected labor hours, occupational safety impacts associated 
with each of the alternatives were detennined (see Table 4-150). The number of cases associated with 
alternatives having less construction activities could be slightly overstated. Conversely, alternatives 
having a larger component of construction activity could be slightly understated. 

As shown in Figure 4-39, the greatest industrial safety impacts are associated with alternatives having the 
greatest number of labor hours. 

4.3.15.1 Alternative 1: No Action 

There are one million total labor hours identified under this alternative. Using the selected TRC rate of 
2.0 and total labor hours, it is anticipated that there will be 10 reportable cases and no fatalities . 

4.3.15.2 Alternative 2: Disposal in IDF, 200-East Area Only 

This Waste Management alternative examines the construction, operations, deactivation, and closure of 
IDF-East and the RPPDF in addition to ongoing LLBG 218-W-5 activities. This alternative also involves 
the construction, operations, and deactivation of several new and expanded facilities to support ongoing 
Hanford waste treatment and storage activities. In summary, using the total labor hours (37.9 million) 
and the incidence rate (2.0), it is anticipated that approximately 379 TRCs would occur. Fatalities are not 
expected based on the number of workers and total labor hours. Under Alternative 2 there are three 
separate disposal groups associated with disposal activities. 
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Table 4-150. Waste Management Alternatives - Industrial Safety Impacts 
Total 

Recordable Projected 
Million Case Rate per Total Fatality Rate per 

Labor Labor JOO Workers Recordable 100,000 Workers 
Alternative Category Hours per Year Cases per Year 

I : No Action Construction 0.0 2.0 0.0 0.26 
Operations 0.69 2.0 6.9 0.26 
Deactivation 0.3 1 2.0 3. 1 0.26 
Closure 0.0 2.0 0.0 0.26 

I Total 1.00 10.0 
2 and 3: Construction 3.52 2.0 35.2 0.26 
Treatment and Operations 33 .9 2.0 339 0.26 
Storage Deactivation 0.47 2.0 4.70 0.26 

Closure 0.0 2.0 0.0 0.26 
2 and 3 37.9 379 
Treatment and 
Storage Total 
2: Disposal Construction 2.05 2.0 20.5 0.26 
Group 1 Operations 11.7 2.0 11 7 0.26 

Deactivation 0.0 2.0 0.0 0.26 
Closure 6. 13 2.0 6 1.3 0.26 

2 Disposal 19.9 199 
Group I Total 
2: Disposal Construction 8.89 2.0 88.9 0.26 
Group 2 Operations 95.2 2.0 952 0.26 

Deacti vation 0.0 2.0 0.00 0.26 
Closure 23 .7 2.0 237 0.26 

2 Disposal 128 1,280 
Group 2 Total 
2: Disposal Construction 8.89 2.0 88.9 0.26 
Group 3 Operations 172 2.0 1,720 0.26 

Deactivation 0.0 2.0 0.00 0.26 
Closure 23 .7 2.0 237 0.26 

2 Disposal 205 2,050 
Group 3 Total 
3: Disposal Construction 3.67 2.0 36.7 0.26 
Group l Operations 11.6 2.0 11 6 0.26 

Deactivati on 0.0 2.0 0.0 0.26 
Closure 6. 11 2.0 6 1.1 0.26 

3 Disposal 21.4 214 
Group l Total 
3: Disposal Construction 10.5 2.0 105 0.26 
Group 2 Operations 94.8 2.0 948 0.26 

Deactivation 0.0 2.0 0.00 0.26 
Closure 23.7 2.0 237 0.26 

3 Disposal 129 1,290 
Group 2 Total 

Construction 10.5 2.0 105 0.26 
3: Disposal Operations 171 2.0 1,710 0.26 
Group 3 Deactivation 0.0 2.0 0.0 0.26 

Closure 23.7 2.0 237 0.26 
3 Disposal 205 2,050 
Group 3 Total 

Projected 
Fatalities 

0.0 
0.0009 
0.0004 
0.0 
0.001 
0.005 
0.04 
0.0006 
0.0 
0.05 

0.003 
0.015 
0.0 
0.008 
0.026 

0.01 2 
0.12 
0.0 
0.03 
0.16 

0.01 2 
0.22 
0.0 
0.03 
0.26 

0.005 
0.015 
0.0 
0.008 
0.03 

0.014 
0.123 
0.0 
0.03 
0.1 7 

0.01 
0.22 

0.0 
0.03 
0.26 

Note: Values presented in the table have been rounded to no more than three significant digits, where appropriate. Totals may not 
equal the sum of the contributions due to rounding. 
Source: Labor hours compiled from Appendix I. 
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The work specified in this group would require 19.9 million labor hours to complete. Applying the TRC 
rate of 2.0, 199 TRCs can be expected. No fatalities are anticipated. 

4.3.15.2.2 Disposal Group 2 

Work under this disposal group would require approximately 128 mi ll ion total labor hours , generating 
1,280 TRCs. Based on the projected labor hours and incident rate, no fatalities are anticipated. 

4.3.15.2.3 Disposal Group 3 

Under this disposal group, total labor hours equal about 205 million hours, and it is anticipated that there 
would be 2,050 TRCs. No deaths are projected. 

4.3.15.3 Alternative 3: Disposal in IDF, 200-East and 200-West Areas 

Waste Management Alternative 3 includes the construction ofIDFs in the 200-East and 200-West Areas 
of Hanford, in addition to the RPPDF and continued LLBG 218-W-5 activities. As under Alternative 2, 
several Hanford waste treatment and storage facilities would also be expanded. The construction, 
operations, and deactivation of waste treatment and storage faci lities would require roughly 38 mi llion 
labor hours. Applying the 2.0 TRC rate per 200,000 labor hours results in 379 TRCs over the life of the 
project. Applying the fatality (0.26) rate per 100,000 workers returns a value of 0.05 . A fatality is not 
projected to occur over the period of the project. The following paragraphs evaluate the impact of three 
disposal groups associated with the closure of waste tanks and decommissioning of FFTF. 

4.3.15.3.l Disposal Group 1 

This disposal group requires about 21 million hours to complete. It would generate 214 TRCs; no 
fatalities are expected. 
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Disposal Group 2 

This disposal group requires a total of about 129 million labor hours. Approximately 1,290 TRCs are 
anticipated, and no fatalities are expected for this alternative. 

4.3.15.3.3 Disposal Group 3 

To complete the work under this disposal group would require about 205 million hours. This alternative 
is expected to generate 2,050 TRCs; fatalities are not anticipated. 

4.4 COMBINATION OF ALTERNATIVES 

The potential short-term environmental and human health impacts associated with implementation of 
alternatives and options for (1) Hanford SST system closure (i .e., tank closure), (2) decommissioning of 
the FFTF and auxiliary facilities (i.e. , FFTF decommissioning), and (3) management of waste resulting 
from other Hanford activities and limited volumes from other DOE sites (i.e. , waste management) are 
presented separately in Sections 4.1, 4.2, and 4.3, respectively, of this chapter. The individual Tank 
Closure, FFTF Decommissioning, and Waste Management alternatives and options, as applicable, are 
described in detail in Chapter 2 and Appendix E. This section presents the potential short-term, combined 
impacts on key resource indicators of implementing selected alternatives and options associated with the 
three sets of proposed actions. 

Key resource indicators have been selected from the total range of impacts measures presented for each 
resource area or discipline analyzed elsewhere in this chapter to focus on those measures that provide the 
most meaningful and useful assessment of potential impact. Combined impacts analyses have not been 
perfonned for the following resource areas or disciplines : noise and the facility accidents component of 
public and occupational health and safety. As presented in this section, the combined impacts analyses 
provide a basis for determining the potential peak and/or total impact on an environmental resource area 
or human health indicator associated with implementation of alternatives and options from each of the 
sets of proposed actions analyzed in this EIS. For the purposes of this combined impacts analysis, the 
impacts from disposition ofRH-SCs at INL are counted in the combination total for Hanford even though 
the work would not occur at Hanford. 

Several hundred impacts scenarios could result from the potential combinations of the 11 Tank Closure, 
3 FFTF Decommissioning, and 3 Waste Management alternatives when factored with their associated 
option cases and waste disposal groups. For purposes of analysis, the following combinations of 
alternatives were chosen to represent key points along the range of actions and associated overall impacts 
that could result from full implementation of the three sets of proposed actions: 

• Combination 1: all No Action Alternatives 

• Combination 2: Tank Closure Alternative 2B (Expanded WTP Vitrification; Landfill Closure), 
FFTF Decommissioning Alternative 2 (Entombment) with the Idaho Option for disposition of 
RH-SCs and the Hanford Reuse Option for disposition of bulk sodium, and Waste Management 
Alternative 2 (Disposal in IDF, 200-East Area Only) with Disposal Group I 

• Combination 3: Tank Closure Alternative 6B, Base Case (All Vitrification with Separations; 
Clean Closure); FFTF Decommissioning Alternative 3 (Removal) with the Idaho Option for 
disposition of RH-SCs and the Hanford Reuse Option for disposition of bulk sodium, and Waste 
Management Alternative 2 (Disposal in IDF, 200-East Area Only) with Disposal Group 2 
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Alternative Combination 1 represents the potential short-tenn impacts resulting from minimal DOE action 
and the greatest long-term impact with respect to groundwater. Alternative Combination 2 is a midrange 
case representative of DOE's Preferred Alternative(s), as addressed in Chapter 2, Section 2.12. 
Alternative Combination 3 reflects the most conservative estimate of impacts for most resource areas in 
tenns of the intensity of the potential impact and therefore represents, on the whole, a combination that 
would result in maximum potential short-tenn impacts, but would likely have the lowest long-term 
impacts on groundwater. For some resource areas, a combination that includes Alternative 6A, Option 
Case, would result in maximum short-term impacts. Selection of these three alternative combinations for 
detailed analysis in this EIS is done only to establish overall impact-level reference cases for stakeholders 
and decisiomnakers to consider, and does not preclude the selection and implementation of different 
combinations of the various alternatives in support of final agency decisions. 

4.4.1 

4.4.1.1 

Land Resources 

Land Use 

The land use impacts of implementing the various Tank Closure, FFTF Decommissioning, and Waste 
Management alternatives are presented in Sections 4.1.l, 4.2.l, and 4.3.1. Those analyses evaluated the 
land requirements of each alternative and whether proposed facilities and actions would be compatible 
with guidelines established by the Hanford Comprehensive Land-Use Plan EIS and recent supplement 
analysis (DOE 1999, 2008) and RODs (64 FR 61615, 73 FR 55824). Although in some cases previously 
undisturbed land would be developed, the analyses established that all proposed facilities and actions 
would be compatible with site land-use guidelines; thus, this issue is not addressed further in this section. 
However, since the land needed for facility construction is additive, the total land requirement for each of 
the three combinations is addressed below. 

To determine the combined land requirement at Hanford, the area needed for each component within each 
combination was added together (see Table 4-151 ). Since not all facilities would be constructed and not 
all activities would occur within previously disturbed areas, the table also presents the area of 
undeveloped land that would be required. The land requirement at INL is minimal under all combinations 
(none under Combination 1 and 0.1 hectares [0.3 acres] of disturbed land under Combinations 1 and 2); 
therefore, it is not addressed further. 

As noted in Table 4-151, Combination 1 requires the least amount of land (i.e., 2 hectares [5 acres]), all 
of which would be undisturbed land within Borrow Area C. Combination 2 has a total land requirement 
of 307 hectares (759 acres), 67 percent of which is undeveloped. The total land area needed under 
Combination 3 would be 793 hectares (1,960 acres), 94 percent of which is undeveloped. Under 
Combinations 2 and 3, approximately two-thirds of the undeveloped land would be within Borrow 
AreaC. 

Although not addressed in the table, the greatest land area would be required under an alternative 
combination that included Tank Closure Alternative 6A, Base Case; FFTF Decommissioning 
Alternative 3 (with all facilities to be built at Hanford); and Waste Management Alternative 3 (with waste 
Disposal Group 2 or 3). Under this combination, a total of 1,150 hectares (2,830 acres) would be needed, 
95 percent of which is currently undeveloped. 
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Table 4-151. Combined Hanford Land Use Requirements 
Land Area Required (hectares) 

Combination and Hanford 
Component Alternative Total Land Undeveloped Land 

Combination 1 
Tank Closure No Action 2.0 2.0 
FFTF Decommissioning No Action 0 0 
Waste Management No Action 0 0 
Total 2.0 2.0 
Combination 2 
Tank Closure 2B 195 97.9 
FFTF Decommissioning 2, Idaho Option, Hanford 2.8 

Reuse Ootion 3.6 
Waste Management 2, DG 1 108 106 
Total 307 207 
Combination 3 
Tank Closure 6B, Base Case 381 340 
FFTF Decommissioning 3, Idaho Option, Hanford 3.3 3.2 

Reuse Ootion 
Waste Management 2,DG2 409 406 
Total 793 749 

Note: To convert hectares to acres, multiply by 2.471 . Totals may not equal the sum of the contnbuhons due to round mg. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site. 
Source: Compiled from Sections 4. l.l.2 .1-4.1.1.12.1 , 4.2.1.1.1 -4.2.1.3 .1, 4.3. l.1.1-4.3 .1.3. 1. 

4.4.1.2 Visual Resources 

The impact on visual resources under these TC & WM EIS combinations is related to a number of factors . 
Among these is the area of undeveloped land that would be disturbed by new facilities, as analyzed in 
Section 4.4.1.1 above. Thus, the values for undeveloped land found in Table 4-151 provide a guide to the 
range of visual impacts that could be expected from the various alternative combinations. Additionally, 
the size of the area to be disturbed, the location of new facilities relative to public points of observation 
(i .e. , public roadways or nearby higher elevations), and the proximity of new development to present 
industrial development must also be considered when evaluating combined visual impacts. 

The least amount of undeveloped land (i.e., 2 hectares [5 acres]) would be required under Combination 1. 
In this case, all development would be within Borrow Area C, an area that, with the exception of an 
access road, is undisturbed grassland at present. This combination would disturb about 0.2 percent of 
Borrow Area C. Combination 2 would require 207 hectares (511 acres) of undeveloped land, and 
Combination 3 would require 793 hectares (1,960 acres) of undeveloped land. In both cases, about two
thirds of this land would be within Borrow Area C. 

Facilities and actions likely to have the greatest overall impact on visual resources are those that would 
require large areas (e.g. , over 20 hectares [50 acres]) . Facilities needing less land would generally be 
located within built-up areas and, thus, would tend to blend in with existing development. No facilities 
that would be constructed under Combination 1 would require more than 20 hectares (50 acres) of land. 
Under Combination 2, expansion of IDF-East, construction of the RPPDF, and mining activities within 
Borrow Area C would each require over 20 hectares (50 acres). While IDF-East and the RPPDF could be 
visible from nearby higher elevations, they would be minimally visible or not at all visible from 
Route 240. The disturbance to Borrow Area C would be readily visible from State Route 240, as well as 
Rattlesnake Mountain, an area important to American Indians (see Chapter 3, Section 3.2.8.3). In 
addition to the facilities noted for Combination 2, Combination 3 would require construction of the ILA W 
Interim Storage Facilities and the HL W Debris Storage Facilities. Combination 3 would require 
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401 hectares (991 acres) within Borrow Area C, nearly triple the land requirement of Combination 2 
(139 hectares [344 acres]). 

As is the case for land use (see Section 4.4.1.1 ), the greatest impact on visual resources would result from 
a combination of TC & WM EIS alternatives that is not represented in Table 4-151- Tank Closure 
Alternative 6A, Base Case; FFTF Decommissioning Alternative 3 (with all facilities to be built at 
Hanford); and Waste Management Alternative 3 (with waste Disposal Group 2 or 3)- requiring a total of 
1,090 hectares (2,700 acres) of undeveloped land. This would include 656 hectares (1,620 acres) within 
Borrow Area C, as well as large areas between the 200-East and 200-West Areas and adjacent to the 
200-East Area. 

Regardless of the alternative combination being evaluated, construction within the 200 Areas would not 
change the BLM Visual Resource Management Class IV rating. However, the BLM rating for Borrow 
Area C would be lowered to Class Ill under Combination 1 and Class IV under Combinations 2 and 3. 

4.4.2 Infrastructure 

The utility infrastructure impacts of implementing the various Tank Closure, FFTF Decommissioning, 
and Waste Management alternatives are presented in Sections 4.1.2, 4.2.2, and 4.3 .2. This section 
summarizes the overall demands on utility infrastructure and resource requirements of the three 
alternative combinations. Table 4-152 presents the projected peak annual and total demands for 
electricity, liquid fuels , and water under each alternative combination. Under each combination, the 
peaks for each component could potentially occur during different time periods and not overlap. To 
determine the potential maximum impact of each alternative combination, the peaks of each component 
were totaled together even when peak impacts are projected to occur in different timeframes. The 
resulting total projections are overly conservative and represent the upper limit for utility resource 
requirements. 

As shown in Table 4-152, the tank closure component is the most significant contributor to combined 
peak and combined total utility demands under all combinations, except that surveillance and monitoring 
activities during the 100-year administrative control period associated with the FFTF Decommissioning 
No Action Alternative have greater total demands for electricity and water than those associated with the 
Tank Closure No Action Alternative. For electricity, gasoline, and water, both the highest combined peak 
and combined total demands occur under Combination 3 due to the requirements associated with Tank 
Closure Alternative 6B, Base Case, combined with those of Waste Management Alternative 2, Disposal 
Group 2. Combined peak demands are highest under Combination 3 despite the fact that Tank Closure 
Alternative 2B under Combination 2 bas higher peak annual demands for diesel fuel, gasoline, and water 
than Alternative 6B, Base Case. The combined peak diesel fuel demand is highest under Combination 2, 
although the combined total diesel fuel demand is highest under Combination 3. 

Overall, combined peak annual electrical energy demands could range from 0.04 million megawatt-hours 
under Combination 1 to as high as 1.26 million megawatt-hours under Combination 3, with the total 
combined energy requirements ranging from 0.73 to 21.7 million megawatt-hours over the entire duration 
of alternatives. The peak electrical energy demand of 1.26 million megawatt-hours (approximating an 
electric load of 144 megawatts) under Combination 3 would be about 72 percent of the 1.74 million 
megawatt-hour annual capacity (199 megawatt load capacity) of the Hanford electric power distribution 
system. 
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Table 4-152. Combined Utility Infrastructure Requirements 
Electricity Diesel Fuel 

Peak Year(s)a Peak Gasoline Peak 
and Total Year(s)3 and Year(s)a and 

Combination and (M megawatt- Total Total 
Component Alternative hours) (M liters) (M liters) 

Combination 1 
Tank Closure No Action 0.035 (2008) 11.8 (2008) 1.0 (2008) 

0.12 35 .9 4.61 
FFTF Decommissioning No Action 0.006 0 0.0011 

(2008- 2107) (2008- 2107) 
0.60 0 0.11 

Waste Management No Action 0.00019 
3.46 (2009) 

0.012 
(2007- 2035) (2036-2135) 

0.0056 13.9 1.23 
Combined Peakb 0.04 15.3 1.01 
Combined Totalb 0.73 49.8 5.95 
Combination 2 
Tank Closure 28 1.16 (2040) 271 (2040) 8.18 (2040) 

17.9 4,040 156 
FFTF Decommissioning 2, Idaho 

0.0039 (2017) 
2.33 0.32 

Option, (2015- 2021) (2015- 2021) 
Hanford 0.0045 5.35 0.87 
Reuse 
Option 

Waste Management 2, DG 1 0.018 41.6 4.69 
(2007- 2050) (2011 - 2052) (2011 - 2052) 

0.56 257 21.7 
Combined Peakb 1.18 315 13.2 
Combined Tota[b 18.5 4,300 179 
Combination 3 
Tank Closure 68, Base 1.24 (2040) 255 (2040) 6.56 (2040) 

Case 21.1 4,360 216 
FFTF Decommissioning 3, Idaho 0.0039 1.70 0.28 

Option, (2013- 2017) (2015- 2021) (2013- 2016) 
Hanford 
Reuse 0.0077 5.09 0.88 
Option 

Waste Management 2, DG2 0.018 154 15.2 
(2007- 2050) (2011-2102) (2011- 2102) 

0.56 1,460 83.1 
Combined Peakb 1.26 258 22.0 
Combined Tota[b 21.7 5,830 300 

Water Peak 
Year(s)3 and 

Total 
(M liters) 

1,090 (2008) 
3,300 
79.8 

(2008- 2107) 
7,980 

25.5 (2009) 

35.7 
1,200 

11 ,300 

3,560 (2040) 
86,300 

16.5 
(2015- 2021) 

31.l 

90.9 
(2011- 2052) 

3,050 
3,670 
89,400 

3,500 (2040) 
92,600 

15.6 
(2015- 2021) 

30.4 

283 
(2011- 2102) 

21,200 
3,800 

114,000 
a Year(s) in parentheses denotes the timeframe over which the listed peak value could theoretically occur based on projected 

timeframes for contributing activities associated with each component. 
b The combined peaks and combined totals may not equal the sum of the contributions due to rounding. 
Note: To convert liters to gallons, multiply by 0.26417. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site; M=million. 
Source: Compiled from Tables 4-2, 4- 99, and 4-128 . 

For liquid fuels (diesel fuel and gasoline), combined peak annual requirements could range from about 
16.3 million liters (4.3 million gallons) under Combination 1 to as high as 328 million liters (86.6 million 
gallons) under Combination 2, with the total combined liquid fuel requirements ranging from 55.7 million 
liters (14. 7 million gallons) to 6,130 million liters (1,619 million gallons) over the entire duration of 
alternatives. It has been assumed for the purposes of analysis that liquid fuels are not capacity-limiting 
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resources, as supplies would be replenished from offsite sources to support each alternative and provided 
at the point of use on an as-needed basis. 

Water requirements could entail a combined peak annual demand ranging from about 1,200 million liters 
(317million gallons) under Combination 1 to 3,800million liters (l ,000million gallons) under 
Combination 3, with total combined water requirements ranging from 11 ,300 million liters (2,985 million 
gallons) to 114,000 million liters (30,115 million gallons) over the duration of the alternatives. The 
projected peak annual water demand of 3,800 million liters (1 ,000 million gallons) under Combination 3 
would be about 21 percent of the 18,500 million liter (4,890 million gallon) annual capacity of the 
Hanford Export Water System and about 17 percent of the 200 Areas' historical average annual water use 
of more than 22,700 million liters (6,000 million gallons). 

As discussed above, none of the three combinations of alternatives would exceed the capacity of a 
Hanford utility system. While Combination 3 reflects the upper end of the three combinations, it does not 
bound infrastructure resource demands. A combination that would include Tank Closure Alternative 6A, 
Option Case, instead of Alternative 6B, Base Case, along with FFTF Decommissioning Alternative 2 
(with all facilities to be built at Hanford) and Waste Management Alternative 2 (with waste Disposal 
Group 3), would have the greatest combined impact on utility infrastructure. 

Under such a combination, the combined peak annual electrical energy demand could be 1.99 million 
megawatt-hours with a total combined energy requirement of 189 million megawatt-hours over the entire 
duration of the alternatives. The peak electrical energy demand of 1.99 million megawatt-hours 
(approximating an electric load of 227 megawatts) would be about 114 percent of the 1.74 million 
megawatt-hour annual capacity (199 megawatt load capacity) of the Hanford electric power distribution 
system, exceeding its capacity. For water, the combined peak annual water demand could be about 
6,880 million liters (1 ,817 million gallons) with a total combined water requirement of approximately 
681,000 million liters (180,000 million gallons). The projected peak annual water demand of 
6,880 million liters (1 ,817 million gallons) under all alternatives under this combination would be about 
37 percent of the 18,500 million liter (4,890 million gallon) annual capacity of the Hanford Export Water 
System and about 30 percent of the 200 Areas' historical average annual water use of more than 
22,700 million liters (6,000 million gallons). 

4.4.3 Air Quality 

The nonradiological air pollutant impacts of implementing the various Tank Closure, FFTF 
Decommissioning, and Waste Management alternatives are presented in Sections 4.1.4, 4.2.4, and 4.3.4. 
This section summarizes the overall impacts of the three alternative combinations. Table 4-153 provides 
the peak incremental concentrations for selected pollutants and averaging periods under the three 
combinations of alternatives. 

Under each combination, the peaks for each pollutant and component could potentially occur during 
different time periods. For the purposes of analysis, the incremental concentrations during the peak year 
for each component and averaging period were totaled together. The resulting conservative total 
estimates represent the upper limit of the concentrations that could be realized. 

Under Combination 1, the projected air pollutant concentrations would be dominated by the Tank Closure 
alternative. Under Combination 2, the Tank Closure alternative dominates for carbon monoxide, and the 
Tank Closure and Waste Management alternatives have similar contributions for the other pollutants. 
Under Combination 3, the Waste Management alternative dominates for all pollutants. 
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Table 4-153. Combined Criteria Air Pollutant Concentrations 
Maximum Average Concentration 

(micro2rams per cubic meter 
Particulate 

Carbon Nitrogen Matter, Sulfur 
Combination and Monoxide Dioxide PM10 Dioxide 

Component Alternative (8 hours) (annual) (24 hours) (1 hour) 
Combination 1 
Tank Closure No Action 3,410 8.56 546 24.0 
FFTF Decommissioning No Action 4.35 0.000644 0.00272 0.0419 
Waste Management No Action 70.6 1.24 507 0.705 
Total 3,480 9.8 1,050 24.7 
Combination 2 
Tank Closure 2B 5,840 20.4 4,510 99.4 
FFTF Decommissioning 2, Idaho Option, 780 2.84 53.8 37.6 

Hanford Reuse Option 
Waste Management 2, DG 1 10,100 22.7 4,080 84.9 
Total 16,700 45.9 8,650 222 
Combination 3 
Tank Closure 6B, Base Case 5,290 14.2 5110 65.4 
FFTF Decommissioning 3, Idaho Option, 772 2.04 94.5 50.4 

Hanford Reuse Option 
Waste Management 2, DO2 43,400 95 .5 18,000 370 
Total 49,500 112 23,200 486 
Most Stringent Standard or Guideline 10,000 100 150 660 

Note: Exceedances are shown in bold text. Totals may not equal the sum of the contributions due to rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; PM io=particulate matter with an aerodynamic diameter less than or 
equal to IO micrometers. 
Source: Compiled from Tables 4-3, 4-100, and 4-129. 

When added this way, the total incremental concentrations do not exceed the ambient standards, except 
for PM, which exceeds ambient standards under all three combinations; carbon monoxide, which exceeds 
ambient standards under Combinations 2 and 3; and nitrogen dioxide, which exceeds ambient standards 
under Combination 3. As discussed previously, the PM emissions for all activities are conservatively 
estimated and no controls are assumed in the estimates, but the methodology is consistently applied so 
that alternatives can be compared. Actual concentrations from tank closure, FFTF decommissioning, and 
waste management activities would be appropriately controlled such that the ambient standards would not 
be exceeded. 

4.4.4 Geology and Soils 

The geologic and soil resource requirements for implementing the various Tank Closure, FFTF 
Decommissioning, and Waste Management alternatives are presented in Sections 4.1.5, 4.2.5 , and 4.3 .5. 
This section summarizes the overall demands for and projected consumption of geologic and soil 
resources of the three alternative combinations. Table 4-154 provides the volumes of selected geologic 
and soil materials and total material requirements under the three combinations of alternatives. 
Representative geologic resources were selected from certain categories (e.g., construction, 
borrow/backfill, and closure) to facilitate meaningful comparison of demands for alternative components 
within each combination. As previously described in Section 4.1.5 and elsewhere, it is expected that 
these materials would be excavated from Borrow Area C and so conservatively reflect the combined 
impact of obtaining required materials from onsite reserves. 
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Table 4-154. Combined Geologic and Soil Resource Requirements 
Representative Resource Demands 

1 cubic meters) 
Closure- Total 

Combination and Construction Borrow- Barrier Requirementsa 
Component Alternative Gravel Soil Materials (cubic meters) 

Combination 1 
Tank Closure No Action 21 , I 00 55,100 0 92,800 
FFTF Decommissioning No Action 0 0 0 0 
Waste Management No Action 3,510 0 0 6,230 
Total 24,600 55,100 0 99,000 
Combination 2 

Tank Closure 2B 255,000 782,000 2,300,000b 4,330,000 
FFTF Decommissioning 2, Idaho Option, 1,900 80,400 19,300 127,000 

Hanford Reuse 
Ootion 

Waste Management 2, DG 1 11 ,500 0 1,760,000C 1,990,000 
Total 268,000 863,000 4,080,000 6,450,000 
Combination 3 

Tank Closure 6B, Base Case 880,000 8,550,000 689,000d 10,900,000 
FFTF Decommissioning 3, Idaho Option, 1,900 121 ,000 0 148,000 

Hanford Reuse 
Option 

Waste Management 2, DG2 11 ,500 0 6,800,000C 7,630,000 
Total 893,000 8,670,000 7,490,000 18,700,000 

a Reflects total requirements for all resources for all component activ ities in addition to and including the representative 
resources included in the table. 

b Volume includes soil, sand, gravel , rock, and asphalt for construction of modified Resource Conservation and Recovery Act 
Subtitle C barriers for landfill closure of all tank farms and six sets of cribs and trenches (ditches). 

c Volume includes soil , sand, gravel , rock, and asphalt for construction of modified Resource Conservation and Recovery Act 
Subtitle C barriers for landfill closure ofIDF-East and the RPPDF. 

d Volume includes soil , sand, gravel , rock, and asphalt for construction of modified Resource Conservation and Recovery Act 
Subtitle C barriers for landfill closure of the six sets of cribs and trenches (ditches) in the Band T Areas. 

Note: To convert cubic meters to cubic yards, multiply by 1.308. Totals may not equal the sum of the contributions due to 
rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site; IDF-East=200-East Area Integrated Disposal 
Facility; RPPDF=River Protection Project Disposal Facility. 
Source: Compiled from Tables 4--7, 4--106, and 4--133. 

Total geologic resource requirements could range from approximately 99,000 cubic meters 
(129,000 cubic yards) of material under Combination 1 to as much as 18,700,000 cubic meters 
(24,600,000 cubic yards) under Combination 3 (see Table 4-154). While the tank closure component 
generally has the highest geologic resource demands and associated potential for indirect impacts on 
geology and soils, the waste management component has roughly comparable total demands, driven by 
the requirements for disposal facility construction, operations, and closure. In contrast to tank closure and 
waste management activities, FFTF decommissioning activities have relatively insignificant geologic 
resource requirements under any of the alternative combinations. 

As discussed above, it is expected that required materials would be excavated from Borrow Area C at 
Hanford. Further, it is estimated that Borrow Area C could yield 42.6 million cubic meters (55 .7 million 
cubic yards) of borrow material. In addition, gravel pit No. 30, located between the 200-East and 
200-West Areas, is an approximately 54-hectare ( 134-acre) borrow site that is currently in operation. 
Aggregate reserves at pit No. 30 are estimated at 15.3 million cubic meters (20 million cubic yards) of 
material (see Section 4.1.5). 
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Based on the estimates above, the geologic resources demands associated with all of the alternative 
combinations considered could be supplied via Hanford ' s onsite resource reserves; gravel pit No. 30 
alone would be able to supply the demands of Combinations 1 and 2 without the need to develop Borrow 
Area C to a significant degree. 

However, a more conservative case combination that would include Tank Closure Alternative 6A, Option 
Case, instead of Alternative 6B, Base Case, along with FFTF Decommissioning Alternative 3 (with all 
facilities to be built at Hanford) and Waste Management Alternative 2 or 3 (with waste Disposal 
Group 3), would have the greatest combined geologic resource requirements. In this case, the combined 
geologic resource requirements could be as high as 33.8 million cubic meters (44.2 million cubic yards). 
Assuming that this material would be exclusively obtained from Borrow Area C, the demand to support 
such a combination would require excavation of approximately 79 percent, on a volumetric basis, of 
Borrow Area C. 

4.4.5 Water Resources 

The water resource impacts of implementing the various Tank Closure, FFTF Decommissioning, and 
Waste Management alternatives are presented in Sections 4.1.6, 4.2.6, and 4.3.6. The analysis of water 
resources in the aforementioned sections focuses on direct, short-term impacts on surface water, the 
vadose zone, and groundwater from activities such as new facility construction and closure, which could 
impact stormwater runoff, surface water, or groundwater hydrology or quality. This section summarizes 
the combined impacts on water resources of the three alternative combinations. In general, potential 
impacts are expected to vary proportionally to the total amount of land that would be disturbed and, more 
importantly, in relation to the land that would be disturbed in the same general timeframe. 

Overall, component activities under the three combinations are not expected to have any direct impact on 
major surface-water features, including the Columbia River, as there are no natural, perennial surface
water drainages on the Central Plateau of Hanford. All construction- and closure-related land 
disturbance, especially for new facility construction, would expose soils and sediments to possible erosion 
by infrequent, heavy rainfall or by wind. While unlikely to reach surface-water features as discussed 
above, which would be controlled via application of best management practices and other measures, 
stormwater runoff from exposed areas could convey soil, sediments, and other pollutants 
(e.g. , construction waste materials and spilled materials, such as petroleum, oils, and lubricants from 
construction equipment) from construction footprint and laydown areas. As described in Section 4.4.1.1 , 
Combination 2 has a total land requirement of about 307 hectares (758 acres). The total land area needed 
under Combination 3 would be about 793 hectares (1 ,960 acres). Under Combinations 2 and 3, about 
two-thirds of the undeveloped land would be within Borrow Area C. Further, the only component 
activity with the potential to directly impact surface-water hydrology is excavation work in Borrow 
Area C, which could impact the areas surrounding Cold Creek but which would be conducted so as to 
minimize any direct impacts. Excavation activities and thus, potential impacts on this surface-water 
feature , would be greatest under Combination 3 as indicated above, with the relative intensity of the 
excavation impacts to meet geologic resources demands further described in Section 4.4.4. 

Any component activity that would contribute to the disturbance of a larger land area would have a 
greater potential for short-term impacts on water resources than the three combinations discussed herein. 

4.4.6 

4.4.6.1 

Ecological Resources 

Terrestrial Resources 

The ecological resource impacts of implementing the various Tank Closure, FFTF Decommissioning, and 
Waste Management alternatives are presented in Sections 4.1.7, 4.2.7, and 4.3.7. The analysis of 
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terrestrial resources focused on those projects and activities that would result in the loss of habitat within 
undeveloped areas of Hanford, with special attention to the loss of sagebrush habitat. To detennine the 
area of terrestrial habitat that would be affected under each alternative combination, the total area of 
undeveloped land for each component was added together. Similarly, the area of sagebrush habitat 
affected was also summed. The results are presented in Table 4-155. Since no new facilities would be 
built at INL under Combination 1 and only minimal disturbance (0.1 hectares [0.3 acres]) would take 
place within the MFC under Combinations 2 and 3, terrestrial habitat would not be impacted at the site. 

Table 4-155. Combined Hanford Ecological Resource Disturbance 
Combination and Land Area (hectares) 

Component Alternative Terrestrial Habitat Sagebrush Habitat 
Combination 1 
Tank Closure No Action 2.0 0 
FFTF Decommissioning No Action 0 0 
Waste Management No Action 0 0 
Total 2.0 0 
Combination 2 
Tank Closure 2B 97.9 1.2 
FFTF Decommissioning 2, Idaho Option, Hanford 0 

Reuse Option 2.8 
Waste Management 2,DG 1 106 64.3 
Total 207 65.6 
Combination 3 
Tank Closure 6B, Base Case 340 98 .3 
FFTF Decommissioning 3, Idaho Option, Hanford 

Reuse Option 3.2 0 
Waste Management 2,DG2 406 248 
Total 749 346 

Note: To convert hectares to acres, multiply by 2.47 1. Totals may not equal the sum of the contributions due to rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site. 
Source: Compiled from Sections 4.1.7.3.1, 4.1.7.10.1 , 4.2.7. 1, 4.2.7.2.1, 4.2.7.3.1, 4.3.7.1, 4.3.7.2.1, and 4.3.7.3.1. 

Under Combination 1, a total of2 hectares (5 acres) of terrestrial habitat would be disturbed. All of this 
habitat is classified as grassland and is found within Borrow Area C; no sagebrush habitat would be 
affected under this combination. Combination 2 would involve disturbance of 207 hectares (511 acres), 
32 percent of which is sagebrush habitat. In the case of Combination 3, a total of 749 hectares 
(1 ,850 acres) of terrestrial habitat would be impacted by project facilities and activities. Of this total, 
46 percent would be sagebrush habitat. Mitigation measures relative to the disturbance of sagebrush 
habitat are addressed earlier in this chapter under each alternative. 

Although not addressed in Table 4-155, the greatest impact on terrestrial habitat would occur under an 
alternative combination that included Tank Closure Alternative 6A, Base Case; FFTF Decommissioning 
Alternative 3 (with all facilities to be built at Hanford); and Waste Management Alternative 3 (with waste 
Disposal Group 2 or 3). Such a combination would disturb a total ofup to 1,090 hectares (2,700 acres) of 
terrestrial habitat, 40 percent of which would be sagebrush. 

4.4.6.2 Wetlands and Aquatic Resources 

Since there are no wetlands or aquatic resources within any of the areas potentially disturbed by 
alternatives proposed under any of the three TC & WM EIS components, there would be no impact on 
these resources from any of the alternative combinations. 
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Threatened and Endangered Species 

Impacts of individual components of this EIS on threatened and endangered species, including other 
Federally or state-listed special status species, have been evaluated earlier in this chapter under 
"Ecological Resources" (see Sections 4.1.7, 4.2.7, and 4.3.7). That analysis focused on listed species that 
would be potentially affected by proposed projects and actions and was based on their observed presence, 
as well as the amount of undeveloped land, especially sagebrush habitat, that potentially would be 
disturbed. 

For the combined impacts analysis, the number of special status species observed or potentially present 
within areas affected by the three TC & WM EIS alternative combinations was determined. While none of 
the combinations would impact Federally or state-listed threatened or endangered species, a number of 
state-listed species with other special status designations could be affected. Under Combination 1, three 
state-listed species (all of which occur within Borrow Area C) could be impacted. These include Piper' s 
daisy (state sensitive), stalked-pod milkvetch (state watch), and long-billed curlew (state monitor). In 
addition to the three special status species, black-tailed jackrabbit (state candidate) could also be affected 
under Combination 2. Under Combination 3, as many as seven special status species could be impacted. 
These include the loggerhead shrike (Federal species of concern and state candidate), sage sparrow (state 
candidate), black-tailed jackrabbit, long-billed curlew, Piper' s daisy, stalked-pod milkvetch, and 
crouching milkvetch (state watch). Since the potential to cause disturbance to these species would be 
greater as habitat disturbance increases, especially sagebrush habitat, the overall potential to impact 
special status species increases from Combination 1 to Combination 3. 

Although not one of the identified alternative combinations, a combination that would include Tank 
Closure Alternative 6A, Option Case, FFTF Decommissioning Alternative 3 (with all facilities to be built 
at Hanford), and Waste Management Alternative 2 or 3 (with waste Disposal Group 2 or 3), has the 
greatest potential to impact special status species. This combination could affect the same seven species 
affected under Combination 3. However, the overall potential to impact these species would be greater 
under this combination due to the greater area of terrestrial habitat, including sagebrush habitat that would 
be impacted (see Section 4.4.6.1). 

4.4.7 

4.4.7.1 

Cultural and Paleontological Resources 

Prehistoric Resources 

The cultural and paleontological resource impacts of implementing the various Tank Closure, FFTF 
Decommissioning, and Waste Management alternatives are presented in Sections 4.1.8, 4.2.8, and 4.3.8. 
This section summarizes the overall impacts on cultural and paleontological resources of the three 
alternative combinations. Potential impacts on cultural and paleontological resources are directly related 
to the acreage and location of land disturbed (see Table 4-149) and the visual impacts expected from 
these combinations. 

Combination 1 would require the least acreage of undeveloped land and would involve the least 
disturbance of this land. Geologic material would be excavated from Borrow Area C to support 
construction, operations, deactivation, decommissioning, and closure activities for tank closure, FFTF 
decommissioning, and waste management components. Combination 1 would disturb about 2 hectares 
(5 acres) of Borrow Area C. Cultural deposits have no to low potential of being present in Borrow 
Area C. Prehistoric resources located in the 200-East and 200-West Areas would not be disturbed under 
this combination. 
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Combination 2 would require 207 hectares ( 511 acres), and Combination 3 would require 793 hectares 
(1 ,960 acres) of previously undisturbed land. Although a larger area of land would be disturbed 
compared with Combination 1, cultural deposits have no to low potential of being present in the areas that 
would be impacted under these combinations. Known prehistoric resources located in the 200-East and · 
200-W est Areas would not be disturbed. 

4.4.7.2 Historic Resources 

The acreage of undeveloped land required under Combination 1 would have no impact on historic 
resources including buildings associated with the Manhattan Project and Cold War era, located within the 
200-East and 200-West Areas. 

Combinations 2 and 3, which would disturb more land than Combination 1, also would not affect historic 
resources in the area. Historic resources located in the northwest portion of the 200-West Area would not 
be affected by construction or excavation. 

4.4.7.3 American Indian Interests 

Impacts of individual components of this EIS on American Indian areas of interest have been evaluated 
earlier in this chapter under "Cultural and Paleontological Resources" (see Sections 4.1 .8, 4.2.8, and 
4.3.8). 

Construction of new facilities and disturbance of previously undeveloped land are actions that would have 
the greatest impact. The size of the area to be disturbed and the location of new facilities need to be 
considered in evaluating the impacts. The view from State Route 240 and Rattlesnake Mountain, an area 
of noted cultural and religious significance to the American Indians, would be impacted. Under 
Combination 1, the industrial appearance of the 200-East and 200-West Areas would remain largely 
unchanged. Combination 2 would entail expansion of IDF-East and construction of the RPPDF. 
Disposal facility expansion/construction, along with mining activities in Borrow Area C, would require 
over 20 hectares (50 acres) of land. Expansion of IDF-East and construction of the RPPDF would be 
minimally visible. The disturbance to Borrow Area C would be readily visible from Rattlesnake 
Mountain. Combination 3 would require construction of the ILA W Interim Storage Facilities and HL W 
Debris Storage Facilities in addition to other facilities in relation to Combination 2. The land requirement 
within Borrow Area C would increase to 401 hectares (991 acres), nearly triple the land requirement for 
Combination 2 (139 hectares [344 acres]), causing the greatest visual impact on Rattlesnake Mountain. 

4.4.8 Paleontological Resources 

Impacts of individual components of this EIS on paleontological resources have been evaluated earlier in 
this chapter under "Cultural and Paleontological Resources" (see Sections 4.1.8, 4.2.8, and 4.3.8). Since 
no paleontological resources have been discovered within any of the areas that would potentially be 
disturbed by the alternatives proposed under any of the combinations, there would be no impact on these 
resources from any of the alternative combinations. 

4.4.9 Socioeconomics 

The socioeconomic impacts of implementing the various Tank Closure, FFTF Decommissioning, and 
Waste Management alternatives are presented in Sections 4.1.9, 4.2.9, and 4.3.9. This section 
summarizes the overall socioeconomic effects of the three alternative combinations. Table 4-156 
provides the projected peak workforce, commuter traffic, and truck activity under the three combinations. 
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Table 4-156. Combined Socioeconomic Impact Measures 
Peak Annual Peak Daily 

Combination and Workforcea Commuter 
Component Alternative (Peak Year) Traffic 

Combination 1 
Tank Closure No Action 1,730 

(2008) 
FFTF No Action 1 
Decommissioning (2008- 2107) 
Waste Management No Action 109 

(2009) 
Total 1,840 1,470 
Combination 2 
Tank Closure 28 6,860 

(2040) 
FFTF 2, Idaho 151 
Decommissioning Option, (2017) 

Hanford 
Reuse Option 

Waste Management 2, DG 1 1,180 
(2051- 2052) 

Total 8,190 6,550 
Combination 3 
Tank Closure 68, Base Case 7,870 

(2021 - 2022) 
FFTF 3, Idaho 139 
Decommissioning Option, (201 7) 

Hanford 
Reuse Option 

Waste Management 2, DG2 4,540 
(2101- 2102) 

Total 12,500 10,000 
a The workforce is rounded into full-time equivalent quantities. 
Note: Totals may not equal the sum of the contributions due to rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility. 
Source: Compiled from Sections 4. l.9.1-4.1.9.11 , 4.2.9.1-4.2.9.3, and 4.3 .9.1-4.3.9.3. 

Peak Daily Truck Loads 
(Peak Year) 

Off Site On Site 

4 23 
(2008) (2006-2008) 

Less than 1 0 
(2008- 2107) 
Less than 1 6 

(2009) (2009) 
4 29 

48 217 
(2040) (2039- 2043) 

3 52 
(2017) (2021) 

28 428 
(2051- 2052) (2051- 2052) 

79 697 

66 188 
(2040) (2100) 

2 63 
(2013- 2014) (2021) 

34 1,500 
(2101- 2102) (2101- 2102) 

102 1,750 

Under each combination, the peaks for each component could potentially occur during different 
timespans. To determine the potential impact of each alternative combination, the peak amounts of each 
component were totaled together. The resulting conservative total estimates represent the upper limit of 
workforce requirements. As shown in Table 4-156, the projected total workforce in all three 
combinations would be dominated by the requirements of the tank closure component. The total 
workforce requirements would range from 1,840 to 12,500 FTEs over the entire duration of activities. 
The lower end of the range would represent approximately 1.5 percent of the projected labor force 
(123 ,317 in 2008) in the ROI. The higher workforce ranges from approximately 8.4 percent (149,947 in 
2021) to 4 percent (313 ,824 in 2101) of the projected labor force in the ROI. For comparison, in 2006, 
the employment of approximately 10,000 people at Hanford was about 10 percent of those employed in 
the ROI. 

The number of daily commuter vehicles would correlate with the number of employees. Assuming that 
employees would commute to work at a rate averaging 1.25 people per vehicle (Malley 2007), up to 
10,000 vehicles per day could impact the commuter traffic under Combination 3. In addition to the 
commuter traffic, trucks moving equipment and resources off site would peak around 26,500 trips per 
year (102 trips per day) under Combination 2. Combination 3 would require the larger number of trucks 
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(approximately 457,000 trips per year) moving material on site. Based on this predicted truck activity and 
commuter traffic, the LOS on offsite roads in the Hanford area is expected to be impacted. 

4.4.10 Public and Occupational Health and Safety-Normal Operations 

Public and worker health impacts of implementing the various Tank Closure, FFTF Decommissioning, 
and Waste Management alternatives are presented in Sections 4.1.10, 4.2.10, and 4.3.10. This section 
summarizes the health impacts of selected combinations of alternatives on the public and workers. 
Table 4-157 presents the projected peak annual and total impacts on the general population and an MEI 
under each component (alternative) and combination. Combined impacts on the general population are 
estimated by adding the impacts on the population living within 80 kilometers (50 miles) of the site 
(Hanford or INL) under each alternative. Under each combination, the peaks for each component could 
potentially occur during different tiine periods and not overlap. To determine the potential maximum 
impact of each alternative combination, the peaks of each component were totaled even when peak 
impacts are projected to occur in different timeframes. Similarly, impacts on an MEI are added although 
the MEI may be in different locations along the perimeter of Hanford or INL. This approach provides a 
conservative estimate of potential impacts. 

Table 4-158 presents the combined impacts of normal operations on the worker population. The total 
impact on the worker population is calculated as the sum of the impacts of each alternative regardless of 
the duration or the time of occurrence. In some cases the periods in which doses occur would overlap, but 
because of the varying durations of activities, there would be times when only one or two of the activities 
would be under way. Average annual impacts on an FTE are not additive. The average dose across all 
three alternatives would be lower than the highest dose of any single alternative. 

Under each of the three combinations, the selected Tank Closure alternative dominates the impacts on the 
public and workers. The Tank Closure alternative accounts for an especially high proportion of impacts 
on the public to more than 99 percent of the dose to the general population and the MEI. The dose from 
the operational life of the project under Combination 1, about 600 person-rem, would result from a 
comparatively low annual offsite impact occurring at a fairly constant rate for approximately 100 years. 
Although the dose from the life of the project in the general population would be of the same order of 
magnitude under Combinations 2 and 3 (460 person-rem and 600 person-rem, respectively), the peak 
annual dose under the Tank Closure Alternative 6B is substantially higher. This means that most of the 
public dose occurs over a shorter period of time--during waste treatment, tank and soil excavation 
activities, or both. 

Table 4-158 shows that the cumulative worker dose increases as the level of activity increases among the 
combinations. Combination 1, comprising the No Action Alternatives, would have worker doses from 
continued operations and maintenance activities under each alternative. Combination 2 would have 
higher cumulative worker doses: the Tank Closure alternative worker dose would increase as a result of 
retrieving and processing tank waste; the FFTF Decommissioning alternative dose would increase due to 
processing sodium and RH-SCs and entombing the buildings; and the Waste Management alternative 
dose would increase due to a longer period of disposal operations and an increase in waste processing 
activities. Combination 3 would have the largest cumulative worker doses: the Tank Closure alternative 
worker dose would increase as a result of tank and soil removal and processing; the FFTF 
Decommissioning alternative dose would increase as a result of the removal of the RCB vessels, piping, 
and components for disposal at IDF-East; and the Waste Management alternative dose would increase due 
to the receipt of offsite waste and a longer period of disposal operations. 
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Table 4-157. Combined Public Health Impacts-Normal Operations 
Maximally Exposed 

General Populationa lndividuatb 
Combination and Dose Risk Dose Risk 

Component Alternative Time Period (person-rem) (LCFs) (millirem) (LCFs) 
Combination 1 

Tank Closure No Action 
Peak annual 6.3 0 (4x l 0"3

) 0.13 8x 10·8 

Project total 600 0 (4 x lQ"I
) 12 7x l0·6 

FFTF Decommissioning No Action 
Peak annual 0 0 0 0 

Project total 0 0 0 0 

Waste Management No Action 
Peak annual 0 0 0 0 

Project total 0 0 0 0 

Combined Impacts 
Peak annual 6.3 0 (4x 10·3) 0.13 8x l0"8 

Project total 600 0 (4x ]0"1
) 12 7x 10·6 

Combination 2 

Tank Closure 2B 
Peak annual 76 0 (5 x l 0·2) 1.7 I x 10·6 

Project total 460 0 (3 x l0"1
) 9.2 5x 10·6 

2, Idaho Option, Peak annual 0.0033 0 (2 x l0"6
) 0.00012 7x l0"1I 

FFTF Decommissioning Hanford Reuse Project total 0.0072 0 (4 x I o·6) 0.00026 2x l0•IO 
Option 

Waste Management 2,DG I 
Peak annual 0.000018 0 (l X 10·8) 0.00000021 I x 10·13 

Project total 0.00067 0(4x l0·7) 0.0000082 5x 10.12 

Combined Impacts 
Peak annual 76 0 (5 x I 0·2) 1.7 I x 10·6 

Project total 460 0 (3 x ]0"1) 9.2 s x 10·6 

Combination 3 

Tank Closure 6B, Base Case 
Peak annual 76 0 (5 x I 0·2) 1.7 I x 10·6 

Project total 600 0 (4 x 10·1
) 12 7x 10"6 

3, Idaho Option, Peak annual 0.0033 0 (2 x I o·6
) 0.00012 7x JO•II 

FFTF Decommissioning Hanford Reuse 
Option 

Project tota l 0.0072 0 (4 x J0·6
) 0.00026 2x lo•IO 

Waste Management 2, DG2 
Peak annual 0.000018 o o x I o·8

) 0.00000021 I x 10·13 

Project total 0.00067 0 ( 4x 10"7) 0.0000082 Sx J0· 12 

Combined Impacts 
Peak annual 76 0 (5 x l0·2

) 1.7 I X 10"6 

Project total 600 0 (4x l0. 1) 12 7x 10·6 

a The reported value is the projected number of LCFs in the population and is therefore presented as a whole number. When the 
reported whole value is zero, the result calculated by multiplying the collective dose to the population by the risk factor (0.0006 per 
person-rem) is shown in parentheses (see Appendix K, Section K.1.1.3). 

b Probability of an LCF in the maximally exposed individual is calculated by converting the dose in millirem to rem (divide by 1,000), 
then multiplying the dose by the risk factor of 0.0006 LCFs per rem. 

Key: OG=Oisposal Group; FFTF=Fast Flux Test Faci li ty; LCFs=latent cancer fata lities. 
Note: Sums and products presented in the table may differ from those calculated from table entries due to rounding. 
Source: Compi led from Tables 4-19, 4-23, 4-39, 4-109, 4-111, and 4-136. 

4-440 



Chapter 4 • Short-Term Environmental Consequences 

Table 4-158. Combined Worker Health Impacts-Normal Operations 
Average Annual Impact-

Project Total Impact- Full-Time Equivalent 
Worker Population Duration of Workerb 

Radiological Dose 
Combination and Dose Risk Work (millirem/ Risk 

Component Alternative (person-rem) (LCFs)3 (years) year) (LCFs)3 

Combination 1 
Tank Closure No Action 280 0(2x l0"1) 102 140 9x 10·5 

FFTF Decommissioning No Action I 0 (6x I 04
) 100 50 3x )0·5 

Waste Management No Action 37 0 (2 x I 0·2) 29 200 Jx J04 

Combined Impacts 320 0 (2 x I 0"1) <200 < Jx J04 

Combination 2 
Tank Closure 2B 11 ,000 7 6 1 160 l x )0·4 

FFTF Decommissioning 2, Idaho 5.2 0 (3 x I o·3
) 3 33 2x 10·5 

Option, 
Hanford 
Reuse Option 

Waste Management 2, DG I 3,400 2 45 200 Jx J04 

Combined Impacts 14,000 9 <200 < Jx J04 

Combination 3 
Tank Closure 6B, Base 82,000 49 96 870 5x )04 

Case 

FFTF Decommissioning 3, Idaho II 0 (7 x )0"3) 3 5 1 3x )0·5 

Option, 
Hanford 
Reuse Option 

Waste Management 2, DG2 6,600 4 94 200 )x )0·4 

Combined Impacts 89,000 50 <870 <5x J04 

a For an md1v1dual, the hfeume nsk of developing a latent cancer fata lity (LCF) 1s based on the risk factor of 0.0006 LCFs per rem. 
For the worker population, the reported value is the projected number of LCFs and is therefore presented as a whole number. When 
the reported value is zero, the result calculated by multiplying the collective dose to the population by the risk factor (0.0006 LCFs 
per person-rem) is shown in parentheses (see Appendix K, Section K.1.1.3). The LCF risk in the worker population should be 
viewed in light of the number of years in which the worker dose occurs (spanning multiple generations of workers) and the controls 
implemented by the Department of Energy and its contractors to limit individual worker dose. 

b Average annual dose and risk are not additive. On average, the dose or risk would be lower than the highest dose or risk of any 
single alternative. 

Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; LCFs=latent cancer fata lities. 
Note: Sums and products presented in the table may differ from those calculated from table entries due to rounding. 
Source: Compiled from Tables 4-20, 4-24, 4-41, 4-108, 4-110, 4-1 12, 4-135, 4-137, 4-138, and 4-139. 

Worker risks shown in Table 4-158 should be viewed in the context of the duration of the alternatives and 
the DOE administrative controls employed that limit worker dose, as discussed in Section 4.1.10. Some 
of the alternatives would occur over multiple generations of workers (e.g., Combinations 2 and 3, Tank 
Closure and Waste Management alternatives), so a large number of workers would be exposed. 
Individual worker exposure would be controlled in accordance with DOE requirements and contractor 
procedures. Individual annual doses must be less than 2 rem (2,000 millirem) per year unless a higher 
dose is explicitly approved. An Administrative Control Level of 500 millirem per year is applied to 
projects to ensure that the dose limit is not exceeded (DOE 2006a:2, Fluor Hanford 2006:2-1 ). The 
number of LCFs is calculated by multiplying individual FTE doses that are less than the regulatory limit 
by a large number of FTEs. For example, Combination 3 would require about 112,000 FTE radiation 
worker years; however, the actual number of worker years could be greater than 112,000 to comply with 
the administrative control level. 

Note that the FTE worker average annual dose, shown in Table 4-158, would not occur in practice. Work 
would be divided among a larger number of workers so that the dose received by each individual was 
maintained within the Administrative Control Level of 500 millirem per year. 
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Public and Occupational Health and Safety-Transportation 

The risks from the transportation ofradioactive and nonradioactive materials resulting from implementing 
the various Tank Closure, FFTF Decommissioning, and Waste Management alternatives are presented in 
Sections 4.1.12, 4.2. 12, and 4.3. 12. This section summarizes the overall transportation risks of the three 
alternative combinations. Table 4-159 provides the impacts on transportation workers and on the general 
population from transportation activities under the three selected alternative combinations. 

Table 4-159. Combined Transportation Risks 
Worker General Population 

Collective Risk Collective 
Dose (Latent Dose Risk (Latent 

Combination and (person- Cancer (person- Cancer 
Component Alternative rem) Fatalities) rem) Fatalities) 

Combination 1 

Tank Closure No Action 0 0 0 0 

FFTF Decommissioning No Action 0 0 0 0 

Waste Management No Actionb 2.62 0.00 0.08 0.00 

Total 2.62 0 (0.0) 0.08 0 (0.0) 

Combination 2 

Tank Closure 2B 262 J.6x J0-1 73 4.4 x J0-2 

2, Idaho 0.95 0.00 0.34 0.00 

FFTF Decommissioning 
Option, 
Hanford Reuse 
Optionc 

Waste Management 2, DG Jd 2,620 1.57 352 2.I x J0-1 

Total 2,880 2 (1.7) 425 0 (2.5 x I0- 1
) 

Combination 3 

Tank Closure 6B, Base Case 560 3.4x J0-I 89 5.3 x I 0-2 

3, Idaho 0.99 0.00 0.34 0.00 

FFTF Decommissioning 
Option, 
Hanford Reuse 
Optionb 

Waste Management 2, DG 2e 2,620 1.57 352 2.1 x 10-1 

Total 3,180 2 (1.9) 441 0 (2.6 x J0-1
) 

• Traffic fatalities include those associated with the transport of both radioactive and nonradioactive materials. 
b The values provided are for onsite transport of waste to a disposal site in the 200-East Area. 

Nonradiological 
Traffic 

Fatalitiesa 

0 

0 

0.00 

0 (0.0) 

0.57 

0.021 

1.20 

2 (1.8) 

1.3 

0.024 

1.4 

3 (2.7) 

c This includes disposition of remote-handled special components at Idaho National Laboratory and disposition of bulk sodium at 
Hanford. 

d The values presented are for truck transport of radioactive materia ls as well as construction and operational materials under 
Disposal Group I. Note that Disposal Group I material transport needs are based on the disposal area that meets the needs of Tank 
Closure Alternative 4; no attempt was made to adjust the burial size for Alternative 28. Also, traffic fatalities using rail would be 
higher by a factor of 3 than the value presented here (see Section 4.3.12). 

e The values presented are for truck transport of radioactive materials as well as construction and operational materials under 
Disposal Group 2. Note that Disposal Group 2 material transport needs are based on the disposal area that meets the needs of Tank 
Closure Alternative 68 , Option Case; no attempt was made to adjust the burial size for Alternative 68, Base Case. Also, traffic 
fata lities using rail would be higher by a factor of3 than the value presented here (see Section 4.3.12). 

Note: Totals may not equal the sum of the contributions due to rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site. 
Source: Compiled from Tables 4---{;9, 4-70, 4-124, 4-125, 4-146, and 4-147. 
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As indicated in Table 4-159, no combination of transports would be expected to result in an LCF among 
the exposed population. There could be two additional fatalities among the exposed workers under 
Combinations 2 and 3. The maximum annual dose to a transportation crew would be limited to 
100 millirem per year, unless the individual is a trained radiation worker, which would administratively 
limit the annual dose to 2 rem (DOE Standard 1098-99). The potential for a trained radiation worker to 
develop a latent fatal cancer from the maximum annual exposure of2 rem is 0.0012 per year. Therefore, 
an individual transportation worker is not expected to develop a latent fatal cancer from exposures during 
these activities during his or her lifetime. 

The expected traffic fatalities range from O to 3 over the entire duration of activities. Considering that the 
duration of activities ranges from 30 to over 100 years and the average traffic fatalities in the U.S. is 
about 40,000 per year, the expected risk of traffic fatalities is small. 

4.4.12 Environmental Justice 

The potential for high and adverse impacts on minority and low-income populations that would result 
from implementing the Tank Closure, FFTF Decommissioning, and Waste Management alternatives is 
discussed in Sections 4.1.13, 4.2.13, and 4.3 .13. This section presents the impacts that would result under 
selected combinations of alternatives. Resource areas that could impact the general population, and 
therefore could potentially impact minority and low-income populations, include public and occupational 
health and safety due to normal operations, accidents, and transportation; and air quality. 

Section 4.4.9 discusses the short-term radiological impacts on the public resulting from normal 
operations. As shown in Table 4-158, the majority of the dose received by the public and the MEI under 
all combinations is dominated by the Tank Closure alternatives. As presented in Appendix J and 
Section 4.1.13, there is no appreciable difference between the average total dose to an individual of the 
minority, American Indian, Hispanic or Latino, or low-income populations, and an individual of the 
remainder of the population in both the peak year of exposure and across the lifetime of the project for all 
Tank Closure alternatives. Similarly, the dose to the Yakama Reservation MEI is approximately one 
order of magnitude lower than the dose to the offsite MEI for both the peak year of exposure and across 
the lifetime of the project for all Tank Closure alternatives. Therefore, none of the selected combinations 
of alternatives would pose disproportionately high and adverse impacts on minority or low-income 
populations. 

Radiological and chemical impacts of facility accidents under the selected alternative combinations would 
be the same as those identified in Sections 4.1.11 , 4.2.11 , and 4.3.11. Potential impacts on minority and 
low-income populations due to facility accidents would be the same as those described in Sections 4.1.13, 
4.2.13, and 4.3.13. Since no disproportionately high and adverse impacts were identified under the 
individual alternatives, none of the combined alternatives would pose disproportionately high and adverse 
impacts on minority or low-income populations due to facility accidents. 

Air quality impacts under the combination alternatives are discussed in Section 4.4.3. Air quality impacts 
were not analyzed separately for each minority population because the results would be similar to those 
for radiological impacts; because there would be no disproportionately high or adverse health or 
environmental impacts on minority, American Indian, Hispanic or Latino, or low-income populations due 
to normal operations, the same would be true for nonradioactive air emissions. 

Section 4.4.10 discusses the risks to the general population of transporting radioactive and nonradioactive 
materials to implement the three selected combination alternatives. None of the selected combinations 
would be expected to result in an LCF to the exposed population, which includes minority, American 
Indian, Hispanic or Latino, and low-income populations. Therefore, none of the alternative combinations 
would pose disproportionately high and adverse impacts on minority or low-income populations residing 
along transportation routes. 
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Waste Management 

Waste management generation and facility utilization impacts of implementing the various tank closure, 
FFTF decommissioning, and waste management component activities are presented in Sections 4. l.14, 
4.2.14, and 4.3 .14. The various alternatives would generate several types of waste: HLW, mixed TRU 
waste, LLW, MLLW, hazardous waste, and nonhazardous waste. In all cases, the waste management 
capacity is either sufficient or the new infrastructure will be constructed as part of the alternative. This 
section describes the combined impacts of managing these wastes. Projected waste generation rates for 
the proposed activities were compared with Hanford 's capacity to manage the waste, including the 
additional waste disposal capacity that is proposed to be constructed-specifically, projected waste 
generation rates were compared with site processing rates and capacities of treatment, storage, and 
disposal facilities likely to be involved in managing the additional waste. Potential impacts of waste 
generated as a result of site environmental restoration activities unrelated to tank closure, FFTF 
decommissioning, or waste management are not within the scope of this analysis. 

Table 4-160 presents the projected waste generation for the three alternative combinations considered. 
The three combinations include onsite, non-CERCLA waste. Combinations 2 and 3 also include the 
projected receipt of offsite waste shipments. Under Combination I, no offsite waste would be received. 
The estimated volume of the onsite, non-CERCLA waste that would be generated at Hanford would not 
be regulated as CERCLA waste and would be generated in facilities and during operations that are not 
related to tank waste. Examples of facilities and operations that are expected to generate such 
non-CERCLA waste include the Plutonium Finishing Plant, T Plant complex, WESF, WRAP, Waste 
Sampling and Characterization Facility, groundwater sampling activities, Pacific Northwest National 
Laboratory, Cold Vacuum Drying Facility, Canister Storage Building, and the Liquid Waste Processing 
Facilities, which include the LERF, ETF, SALDS, and TEDF. Estimates of these volumes were 
developed from the Hanford Site Solid Waste Integrated Forecast Technical (SWIFT) database 
(Barcot 2005) for LLW, MLLW, and TRU waste and from the SWIFT 2007.0 database (Barcot 2006) for 
hazardous waste. From this source, the volume of LL W and MLL W for the period from 2006 through 
2035 is estimated to be approximately 5,300 cubic meters (187,200 cubic yards). For TRU waste, the 
estimated volume is 22,526 cubic meters (29,500 cubic yards) and for hazardous waste, the estimated 
volume is 870 cubic meters (1 ,140 cubic yards). However, since hazardous waste is often shipped 
directly off site for disposal , estimates are often not provided. Therefore, it is expected that this is only a 
subset of the total hazardous waste that will be generated at Hanford. Likewise, because nonhazardous 
waste is also shipped directly off site for disposal, no estimates are provided other than those projected 
from the tank closure activities. 
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Table 4- 160. Combined Waste Generation Volumes 
Waste Type 

Mixed TRU 
Component Alternative HLW3 Waste LLW MLLW 

Combination 1 
Tank Closure No Action NIA NIA 35 21 
FFTF Decommissioning No Action NIA NIA 1,699 57 
Waste Management No Action NIA NIA 38 NIA 
Onsite, non-CERCLA wastec NIA 22,526 3,735 1,516 
Offsite wasted NIA NIA NIA NIA 
Total NIA 22,526 5,507 1,594 
Combination 2 
Tank Closure 2B 15,968 206 38,374 725,81 l 
FFTF Decommissioning 2, Idaho Option, NIA NIA 153 690 

Hanford Reuse 
Option 

Waste Management 2, Disposal NIA NIA 
Group l 1,5 15 98 

Onsite, non-CERCLA wastec NIA 22,526 3,735 1,516 
Offs ite waste NIA NIA 62,000 20,000 
Total 15,968 22,732 105,777 748, 115 
Combination 3 
Tank Closure 6B, Base Case 790,459 4 12 103,852 2,5 18,334 

FFTF Decommissioning 3, Idaho Option, NIA NIA 828 708 
Hanford Reuse 
Option 

Waste Management 2, Disposal NIA NIA 
Group 2 1,515 98 

Onsite, non-CERCLA wastec NIA 22,526 3,735 1,516 
Offsite waste NIA NIA 62,000 20,000 
Total 790,459 22,938 171,930 2,540,619 

a Includes cesmm and strontium camsters, HLW melters, and other HLW. Includes ILAW under Alternative 68, Base Case. 
b Hazardous and nonhazardous waste is directly shipped off site; therefore, it is generally not forecasted . 

Nonradioactive/ 
Hazardous Nonhazardous Liquid LLW 

Wasteb Wasteb (liters) 

12 307 NIA 
396 NR 622,925 

38 NR NIA 
870 NR NIA 

NIA NIA NIA 
1,316 307 622,295 

79,262 2,273 9,691 
NR 462 181,699 

NIA 
58 NR 

870 NR NIA 
NIA NIA NIA 

80, 190 2,735 191 ,390 

80,880 2,480,402 9,69 1 

73 10, 180 323 ,788 

NIA 
58 NR 

870 NR NIA 
NIA NIA NIA 

8 1,881 2,490,582 333,479 

c Data for LLW, MLLW, and TRU waste are from the Hanford Site Solid Waste Integrated Forecast Technical database fi scal year (FY) 2006- 2035 report, while data for hazardous waste are from the 
FY 2007- 2035 report. The FY 2007 report was used for hazardous waste because the forecast, shows a 630-cubic-meter increase over the FY 2006 forecas t due to changes in the site infrastructure 
forecast, based on historical generation rates and process knowledge regarding infrastructure support/operations. 

d No offsite waste would be received under the Waste Management No Action Alternative. 
Note: All values are in cubic meters except as noted. To convert cubic meters to cubic yards, multiply by 1.308 ; to liters to gallons, by 0.26417. 
Key: CERCLA=Comprehensive Environmental Response, Compensation, and Liabil ity Act; FFTF=Fast Flux Test Facility; HLW=high-level radioactive waste; ILA W=immobi lized low-activity waste; 
LA W=low-activity waste; LLW=low-level radioactive waste; MLLW=mixed low-level radioactive waste; N/ A=not applicable; NR=not reported; TRU=transuranic. 
Source: Compi led from Tables 4- 84, 4--86, 4- 94, 4- 126, and 4--149. 
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The estimates for the disposal of offsite-received LL W and MLL W from other DOE sites are provided 
and are consistent with the January 6, 2006, Settlement Agreement among DOE, Ecology, and the 
Washington State Attorney General's Office (State of Washington v. Bodman, Civi l No. 2.03-cv-05018-
AAM). The volumes of such offsite waste are limited to 62,000 cubic meters (81,000 cubic yards) of 
LLW and 20,000 cubic meters (26,000 cubic yards) of MLLW; these volumes were established in 
existing stipulations that were agreed upon with the State of Washington and entered as orders of the 
court, and as recorded in the ROD for the solid waste program (69 FR 39449). Thus, this TC & WM EIS 
evaluated the upper limits of offsite wastes that may be disposed of at Hanford. These upper limit 
volumes were used for analysis purposes only. 

Disposal and Capacity 

For waste disposal, the range of actions includes onsite and offsite disposal. Waste disposed of on site is 
influenced by the volume of waste produced and the ability of the waste to meet onsite disposal criteria. 
The Waste Management alternatives analyze the use of current disposal facilities (e.g., lined trenches) and 
construction of new facilities (IDF and RPPDF). All three Waste Management alternatives include 
continued disposal of LL W and MLL W in lined trenches, with the timeframe of disposal completion 
varying from 2035 to 2050. Waste Management Alternatives 2 and 3 both include construction of the 
RPPDF for disposal of equipment and soils that are not highly contaminated but result from clean closure 
activities, and one or two IDFs for tank waste, onsite-generated non-CERCLA waste, FFTF waste, waste 
management waste streams, and, as applicable, LLW and MLLW received from offsite locations. The 
difference between the action alternatives is that Waste Management Alternative 2 includes one IDF, 
while Waste Management Alternative 3 includes two facilities, one in the 200-East Area (for tank waste 
only), IDF-East, and one in the 200-West Area, IDF-West. The Waste Management No Action 
Alternative discontinues the construction ofIDF-East. 

Both Waste Management action alternatives analyze three disposal group options. These options were 
developed based on the amount and types of waste generated under the various alternatives (within each 
of the three sets of alternatives that this TC & WM EIS analyzes, i.e. , tank closure, FFTF 
decommissioning, and waste management). Facility operational timeframes also vary among the disposal 
group options. Disposal details for each of the Waste Management alternatives and disposal groupings 
are discussed in Chapter 2. 

For HLW, combined generation rates range from 15,968 cubic meters (20,886 cubic yards) under 
Combination 2 to 790,459 cubic meters (1 ,034,000 cubic yards) under Combination 3 (see Table 4-160). 
All HL W would be treated, packaged, and stored on site. Under Tank Closure Alternative 1, the cesium 
and strontium capsules would be stored indefinitely in the WESF, in a manner similar to the present. 

For mixed TRU waste, combined generation rates range from 22,526 cubic meters (29,500 cubic yards) 
under Combination 1 to 22,938 cubic meters (30,000 cubic yards) under Combination 3. It is anticipated 
that TRU waste would be disposed of at WIPP. 

For LLW, combined generation rates range from 5,507 cubic meters (7,200 cubic yards) under 
Combination 1 to 171 ,930 cubic meters (225 ,000 cubic yards) under Combination 3. All LLW would be 
sent directly to disposal on site. 

For MLLW, combined generation rates range from 1,594 cubic meters (2,080 cubic yards) under 
Combination 1 to 2,540,619 cubic meters (3 ,323,130 cubic yards) under Combination 3. Using a 
combination of on- and offsite capabilities, MLL W would be treated to meet an RCRA land disposal 
restriction treatment standards and then disposed of on site. 

Hazardous waste volumes are often not forecasted, but for what has been forecasted, combined generation 
rates range from 1,316 cubic meters (1 ,720 cubic yards) under Combination 1 to 81,881 cubic meters 

4-446 



Chapter 4 • Short-Term Environmental Consequences 

(107,000 cubic yards) under Combination 3. All hazardous waste generated at Hanford is shipped off site 
for disposal or recycling. 

Nonhazardous waste volumes are also often not forecasted, but for what has been forecasted, combined 
generation rates range from 307 cubic meters (402 cubic yards) under Combination 1 to 2,480,402 cubic 
meters (3,240,000 cubic yards) under Combination 3. All nonhazardous waste generated at Hanford is 
shipped off site for disposal or recycling. 

As discussed above, none of the three combinations of alternatives would exceed the capacity of the 
current or planned Hanford waste management infrastructure. While Combination 3 reflects the upper 
end of the three combinations, it does not bound waste management infrastructure demands. A 
combination that would include Tank Closure Alternative 6A (Base or Option Case) in substitution for 
Alternative 6B, Base Case, along with FFTF Decommissioning Alternative 2 (with all facilities to be built 
at Hanford), and Waste Management Alternative 2 or 3 (with Disposal Group 3) would have the greatest 
combined impact on the waste management infrastructure for HLW, MLLW, hazardous waste, and liquid 
LLW. 

A combination that would include Tank Closure Alternative 6B (Option Case) in substitution for 
Alternative 6B, Base Case, along with FFTF Decommissioning Alternative 2 (with all facilities to be built 
at Hanford), and Waste Management Alternative 2 or 3 (with Disposal Group 3) would have the greatest 
combined impact on the waste management infrastructure for LL W. 

A combination that would include Tank Closure Alternative 4 in substitution for Alternative 6B, Base 
Case, along with FFTF Decommissioning Alternative 2 (with all facilities to be built at Hanford), and 
Waste Management Alternative 2 or 3 (with Disposal Group 3) would have the greatest combined impact 
on the waste management infrastructure for mixed TRU waste. 

However, the generation of these wastes would unlikely have major impacts on the waste management 
infrastructure at Hanford because sufficient capacity exists or would be constructed under the 
corresponding Waste Management alternatives. 

4.4.14 Industrial Safety 

The industrial safety risks and impacts of implementing the various Tank Closure, FFTF 
Decommissioning, and Waste Management alternatives are presented in Sections 4.1.15, 4.2.15, and 
4.3.15 . This section summarizes the overall industrial safety impacts of the three alternative 
combinations. For each alternative combination, the number of TRCs and fatalities is projected over the 
duration of the alternatives under each combination (see Table 4-161). The resulting total number of 
TRCs and fatalities represents the potential impacts on worker safety. 

As indicated in the table, the number of projected TRCs and fatalities is greatly influenced by the 
requirements of the Tank Closure alternatives. The number of TRCs ranges from 173 under 
Combination 1 to 6,870 under Combination 3. The greater number of TRCs is directly related to the 
amount of work required and the length of time that work is performed. 
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Table 4-161. Industrial Safety Impacts for Selected Combinations of Alternatives 
Combination and Number of Total 

Component Alternative Recordable Cases 
Combination 1 
Tank Closure No Action 163 
FFTF Decommissioning No Action 0.42 
Waste Management No Action 10.0 
Total 173 
Combination 2 
Tank Closure 2B 3,940 
FFTF Decommissioning 2, Idaho Option, 17.1 

Hanford Reuse 
Option 

Waste Management 2, DG 1 578 
Total 4,540 
Combination 3 
Tank Closure 6B, Base Case 5,190 
FFTF Decommissioning 3, Idaho Option, 18.5 

Hanford Reuse 
Option 

Waste Management 2, DG2 1,660 
Total 6,870 

Note: Totals may not equal the sum of the contributions due to rounding. 
Key: DG=Disposal Group; FFTF=Fast Flux Test Facility; Hanford=Hanford Site. 
Source: Compiled from Tables 4--98, 4--127, and 4--150. 
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CHAPTERS 
LONG-TERM ENVIRONMENTAL CONSEQUENCES 

Chapter 5 presents the potential long-term impacts on the existing natural and human environment and on human 
health of implementation of reasonable alternatives for each of the following: (1) tank waste retrieval and treatment 
and single-shell tank system closure at the Hanford Site (Hanford); (2) decommissioning of the Fast Flux Test 
Facility and auxiliary facilities and disposition of Hanford's inventory of radioactively contaminated bulk sodium; 
and (3) management of waste resulting from the above and other Hanford activities and limited volumes from other 
U.S. Department of Energy sites. Impact analyses for the alternatives and options considered for each of the three 
sets of proposed actions are presented separately in Sections 5.1, 5.2, and 5.3, respectively. Impact analyses are 
grouped first by resource area or discipline (i.e., groundwater, human health, and ecological risks) and then by 
alternative so that impacts of releases to air and groundwater can be meaningfully compared across alternatives. 
All disciplines are analyzed in a manner commensurate with their importance and the expected level of impact on 
them under a specific alternative-the sliding-scale assessment approach. The combined impacts of 
implementing selected alternatives from each of the three sets of proposed actions are presented in Section 5.4. 
Cumulative impacts associated with the alternative combinations are presented in Chapter 6. Mitigation measures 
to reduce the potential for environmental impacts are summarized in Chapter 7, Section 7 .1. Analyses of 
comparative impacts across the alternatives are presented in Chapter 7, Sections 7.2 through 7.4. A detailed 
discussion of each alternative is provided in Chapter 2, Section 2.5. 

The long-term impact analysis results for groundwater, human health, and ecological risk through the 
10,000-year period of analysis presented in this Tank Closure and Waste Management Environmental 
Impact Statement for the Hanford Site, Richland, Washington (TC & WM EIS) are derived from modeling 
releases to air and groundwater, as appropriate. The air modeling process used for this TC & WM EIS is 
described in Appendix F and Appendix G. Figure 5-1 describes the groundwater modeling process used 
for this TC & WM EIS. The process begins with development of inventories of constituents of potential 
concern (COPCs) for the alternative and cumulative impact analyses described in Appendices D and S, 
respectively. 

Development of Contaminant Transport 

Alternative 
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Figure 5- 1. Groundwater Modeling Process 
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The Release to Vadose Zone code uses site-specific parameters to estimate release rates to the vadose 
zone for each source location analyzed in the alternative and cumulative impact analyses. Parameter 
examples include contaminant inventories, aqueous recharge, and subsurface geology. Appendix M 
includes further description of the Release to Vadose Zone code. The output of the Release to Vadose 
Zone code is an input file to the vadose zone model STOMP [Subsurface Transport Over Multiple 
Phases] computer code (White and Oostrom 2000, 2006). Appendix M also presents the releases from a 
number of assumed source forms, some of which are intact and leaching during the entire 10,000-year 
period of analysis . 

The STOMP model uses an integrated-volume finite-difference approach to solve nonlinear water and 
solute transport balances for the vadose zone. The development and implementation of the vadose zone 
modeling are presented in Appendix N. The vadose zone modeling provides contaminant and aqueous 
releases to the aquifer over time, which are incorporated into the groundwater contaminant transport. 

A groundwater flow field was developed to determine the direction and rate of water movement in the 
aquifer, that is, where contaminants entering the groundwater will go and how long it will take to move a 
given contaminant from the point where it enters the groundwater to any given point along its trajectory 
toward a location of interest. Groundwater flow through the unconfined aquifer is simulated using the 
U.S. Geological Survey MODFLOW [modular three-dimensional finite-difference groundwater flow 
model] 2000 Engine, Version 1.15.00 (USGS 2004). The commercial version used in this TC & WM EIS 
is Visual MODFLOW, Version 4.2 (WHI 2006). A description of the development of the groundwater 
flow field is provided in Appendix L. 

The input for the groundwater contaminant transport runs was based on the output from the vadose zone 
flow and transport runs that were calculated using the STOMP code. The particle-tracking code 
(see Appendix 0, Section 0.2), in combination with the MODFLOW Base Case flow field (see 
Appendix L), was used to calculate a fully three-dimensional transient analysis of groundwater transport 
over a period of I 0,000 years for each site. The particle-tracking model provides contaminant 
concentrations in the groundwater over time. A description of the particle-tracking model, along with the 
listing of benchmarks used to compare COPC concentrations, is provided in Appendix 0 . These 
concentrations were used to analyze ecological and human health risk. Detailed descriptions of these risk 
analyses are provided in Appendices P and Q, respectively. Appendix Q also provides the process to 
identify the COPCs used for long-term analysis. A map of the Core Zone and barrier boundaries used for 
the analysis is also provided in Chapter 2, Figure 2-80, and Appendix 0, Figure 0-1. 

5.1 TANK CLOSURE ALTERNATIVES 

This section describes the potential long-term environmental impacts associated with implementation of 
each of the 11 Tank Closure alternatives considered in this TC & WM EIS for retrieving and treating the 
tank waste inventory generated during the defense production years at the Hanford Site (Hanford). The 
impact analysis also considers different closure scenarios associated with the single-shell tank (SST) 
system. 

Tank Closure Alternative 1, No Action, reflects the environmental baseline against which the impacts of 
the other action alternatives can be compared. Under Alternative 1, the U.S. Department of Energy 
(DOE) has assumed for purposes of analysis that construction of the River Protection Project Waste 
Treatment Plant (WTP) would be terminated in 2008. The tank waste in the SST and double-shell tank 
(DST) systems would remain in the tank farm indefinitely. DOE would maintain security and 
management of the site for a 100-year administrative control period ( ending in calendar year [CY] 2107), 
after which the tank waste would be available for release to the environment. 
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In contrast, Tank Closure Alternatives 2 through 6 involve the construction, subsequent operations, and 
eventual deactivation of new facilities over varying timeframes (ranging from 34 to 161 years) in the 
200-East and 200-West Areas. of Hanford to support tank waste retrieval, treatment, and disposal. The 
waste in the SST and DST systems would be retrieved, treated, and disposed of. With the exception of 
Alternative 2A, each alternative also analyzes closure of the SST system by either landfill closure 
(i.e., construction of a surface barrier) or selective or full clean closure (i.e., removal) of the SST system 
and associated waste and contaminated soils. Each of the 11 Tank Closure alternatives (Alternatives 1 
through 6C) are described in detail in Chapter 2, Section 2.5, of this environmental impact 
statement (EIS). 

5.1.1 

5.1.l.1 

Groundwater 

Tank Closure Alternative 1: No Action 

This section describes the groundwater analysis results for Tank Closure Alternative I , including 
long-term groundwater impacts of contaminant sources within the tank fann barriers. Impacts of sources 
removed from within the tank farm barriers and disposed of in an Integrated Disposal Facility (IDF) and 
the River Protection Project Disposal Facility (RPPDF) are presented in Section 5.3, which discusses 
waste management impacts. 

5.1.l.l.1 Actions and Timeframes Influencing Groundwater Impacts 

Under Tank Closure Alternative 1, no sources would be removed from within the tank farm barriers. 
Summaries of the proposed actions and timelines for this alternative are provided in Chapter 2, 
Section 2.5. For the long-term groundwater impact analysis, three major periods were identified for Tank 
Closure Alternative 1, as follows : 

• The past-practice period was assumed to start with the onset of tank farm operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the 
vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms. The groundwater impacts during the past-practice period under Tank Closure 
Alternative I that are presented in this section would be common to all of the Tank Closure 
alternatives. 

• The administrative control period was assumed to start in 2008 and end in CY 2107 (100-year 
duration). It was assumed that during this administrative control period, corrective action or 
emergency response measures would preclude further releases from the SST and DST systems, 
but that releases that occurred during the past-practice period would continue to migrate through 
the vadose zone and groundwater system. 

• The post-administrative control period was assumed to start in CY 2108 and continue through the 
10,000-year period of analysis until CY 11 ,940. During this post-administrative control period, 
releases that occurred during the past-practice period would continue to migrate through the 
vadose zone and groundwater system. In addition, all stored waste at the SST and DST fanns 
(referred to as "other tank farm sources" in this chapter) would be released to the vadose zone at 
the start of the post-administrative control period. 
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COPC Drivers 

A total of 19 COPCs were analyzed for Tank Closure Alternative 1. Complete results for all 19 COPCs 
are tabulated in Appendices M, N, and 0 . The discussion in this section of long-term impacts associated 
with Tank Closure Alternative 1 is focused on the following COPC drivers: 

• Radiological risk drivers: hydrogen-3 (tritium), iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers: chromium, nitrate, and total uranium 

The COPC drivers for Tank Closure Alternative 1 were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the 10,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become 
major contributors toward the end of the period of analysis. Tritium was added to the list of COPC 
drivers because of its contribution to risk during the early part of the period of analysis. The radiological 
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk 
is from 2,4,6-trichlorophenol, calculated as 1 x 10-11

, which is negligible for purposes of this discussion. 
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure 
Alternative 1. 

The COPC drivers that are discussed in detail in this section fall into three categories. Iodine-129, 
technetium-99, chromium, and nitrate are all mobile (i .e., move with groundwater) and long-lived 
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. 
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium 
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and 
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as 
mobile as the other COPC drivers. These constituents move about seven times more slowly than 
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC 
drivers are presented, the distinct behavior of these three groups will become apparent. 

The other COPCs that were analyzed are the radionuclides carbon-14, cesium-137, neptunium-237, 
plutonium-239, and strontium-90 and the chemicals acetonitrile, benzene, 1-butanol, lead, mercury, 
polychlorinated biphenyls, and 2,4,6-trichlorophenol. These constituents do not significantly contribute 
to drinking water risk at the Core Zone Boundary during the period of analysis because of limited 
inventories, high retardation factors (i .e. , retention in the vadose zone), short half-lives (i .e., rapid 
radioactive decay), or a combination of these factors . 

5.1.1.1.3 Analysis of Release and Mass Balance 1 

This section presents the impacts of Tank Closure Alternative 1 in terms of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 

1 A "mass balance" (also called a material balance) is an application of conservation of mass to the analysis of a physical 
system, i.e., the mass of a chemical or radionuclide that enters a system must, by conservation of mass, either leave the 
system, accumulate within the system, or decay/react to a different chemical or radionuclide (input = output + accumulation + 
decay/reaction). By accounting for material entering and leaving a system, mass flows can be identified that might have been 
unknown, or difficult to measure without this technique. 

Applied to this EIS, mass balance refers to accounting for the total amount of COPCs released from key sources to the vadose 
zone, groundwater, and Columbia River during the I 0,000-year period of analysis at various locations and points in time, 
taking into consideration retardation factors (retention in the vadose zone and aquifer) and radioactive decay. This accounting 
allows tracking of the mass flows, accumulations, and decays at each stage through transit from source to arrival at the 
Columbia Ri ver. 
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analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-2 through 
5-7). Three subtotals are plotted representing releases from cribs and trenches (ditches), past leaks, and 
other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to facilitate 
visual comparison of releases that vary over four orders of magnitude. 

Figure 5-2 shows the estimated release to the vadose zone for the radiological risk drivers and 
Figure 5-3, the chemical hazard drivers. For all three types of sources, the release to the vadose zone is 
controlled by the inventory (i .e., 100 percent of the inventory was released during the period of analysis) . 
The predominant sources for tritium are the cribs and trenches (ditches) associated with the B, BX, BY, 
T, TX, and TY tank farms . For all other COPC drivers the predominant sources are other tank farm 
sources. This suggests that other tank farm sources, which are released in the analysis during the 
post-administrative control period, are an important impact driver under Tank Closure Alternative 1. 
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Figure 5-2. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern 
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-3. Tank Closure Alternative 1 Releases of Chemical Constituent of Potential Concern 
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 

Figure 5-4 shows the estimated release to groundwater for the radiological risk drivers and Figure 5-5, 
the chemical hazard drivers. In addition to the inventory considerations discussed in the previous 
paragraph, release to groundwater is controlled by the transpo11 properties of the COPC drivers and by the 
rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129, 
technetiurn-99, chromium, and nitrate) , the amount released to groundwater is essentially equal to the 
amount released to the vadose zone. 
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Figure 5-4. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern 
Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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Figure 5- 5. Tank Closure Alternative I Releases of Chemical Constituent of Potential Concern 
Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For tritium, the amount released to groundwater is attenuated by radioactive decay in the vadose zone. 
For cribs and trenches (ditches), about 70 percent of the total inventory of tritium reached groundwater in 
the analysis; for past leaks, only 2 percent; and for other tank fann sources, less than I percent reached 
the water table. These results suggest that tritium impacts on groundwater are dominated by releases 
from cribs and trenches (ditches), and that radioactive decay of tritium is an important attenuation 
process. 

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture addition and movement through the 
vadose zone. For cribs and trenches (ditches), where moisture movement through the vadose zone is 
relatively rapid (because of the volume of water associated with the source), about 14 percent of 
uranium-238 and 8 percent of total uranium inventory reached groundwater during the period of analysis. 
For past leaks, about 18 percent of uranium-238 and 14 percent of total uranium of the total inventory 
reached groundwater during the period of analysis. For other tank fann sources, about 4 percent of 
uranium-238 and 7 percent of total uranium of the total inventory reached groundwater during the period 
of analysis. These results also suggest that uranium-238 and total uranium impacts would occur later in 
the post-administrative control period because of the long travel times for these COPCs in the vadose 
zone. 

Figure 5-6 shows the estimated release to the Columbia River for the radio logical risk drivers and 
Figure 5-7, the chemical hazard drivers. Release to the Columbia River is controlled by the transport 
properties of the COPC drivers. For the conservative tracers (iodine-129, technetiurn-99, chromium, and 
nitrate), the amount released to the Columbia River is essentially equal to the amount released to 
groundwater. 
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Figure 5-6. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern 
Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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Figure 5-7. Tank Closure Alternative 1 Releases of Chemical Constituent of Potential Concern 
Drivers to Columbia River for Entire 10,000-Year Analysis Period 

For uranium-238 and total uranium, the amount released to the Columbia River is less than that of the 
release to groundwater because of retardation. Overall, about 25 percent of the amount released to 
groundwater during the period of analysis reached the Columbia River. 

For tritium, the amount released to the Columbia River is attenuated by radioactive decay. Overall, only 
about 3 percent of the tritium released to groundwater reached the Columbia River during the period of 
analysis. These results suggest that tritium impacts on the Columbia River are strongly attenuated by 
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River 
would occur later in the post-administrative control period because of the long travel times in the vadose 
zone and through the groundwater system for these COPCs. 
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5.1.1.1.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 1 impacts in terms of groundwater 
concentration versus time at the tank farm barriers, Core Zone Boundary, and the Columbia River. 
Concentrations of radionuclides are in picocuries per liter, chemicals in micrograms per liter 
(see Table 5- 1 and Figures 5-8 through 5-14). The benchmark concentration for each radionuclide and 
chemical is also shown. Because of the discrete nature of the concentration carried across a barrier or the 
river, a line denoting the 95th percentile upper confidence limit of the concentration is included on several 
of these graphs. This confidence interval was calculated to show when the actual concentration over a 
certain time interval is likely (95 percent of the time) to be at or below this value. The confidence interval 
is basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). 
The confidence interval was calculated when the concentration had a reasonable degree of noise, the 
concentration's trend was level, and the concentrations were near the benchmark. Note that the 
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that 
vary over five orders of magnitude. Although the concentration-versus-time plots presented in this 
section (as well as in the following sections and throughout this TC & WM EIS) appear similar in 
structure to the classic advection-dispersion breakthrough curves, the reader is cautioned that the curves 
presented in these sections are not amenable to the classic analysis. The classic presentation is a 
time-series plot of concentration from a single source at a fixed location. In this TC & WM EIS, each 
concentration-versus-time plot is from a multiple number of sources (typically on the order of 30) at a 
variable location (the location of the highest peak concentration along the line of analysis). Therefore, 
attempts to apply classic transport theory to these results can, in general, result in misleading conclusions. 
Table 5-1 lists the maximum concentrations of the COPCs in the peak year after CY 2050 at the tank 
farm barriers, Core Zone Boundary, and Columbia River nearshore. 
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Table 5-1. Tank Closure Alternative 1 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers, 
Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 4,190 2,690 2,460 5,570 12 3,790 180 

(2 112) (2052) (2 11 7) (2052) (205 1) (2 102) (2054) 
Technetium-99 70,100 175,000 38,700 15,000 14,800 350,000 5,230 

(2 114) (3837) (3238) (205 1) (3536) (3837) (4032) 

lodine-129 71 398 67 71 29 682 13 
(2114) (3801) (33 12) (3756) (3536) (3801) (4411) 

Uranium isotopes (includes 23 490 259 102 40 1,070 6 
uranium-233 , -234, -235, -23 8) (I I ,789) (11,749) (11,730) (11 ,820) (11 ,758) ( 11 ,683) (11,918) 
Chemical in micrograms per liter 

Chromium 284 5,050 1,650 911 308 12,200 165 
(2 114) (3628) (3 172) (2050) (3587) (3524) (4019) 

Nitrate 69,600 1,740,000 107,000 201,000 34,900 1,130,000 23,500 
(2 119) (2087) (3 138) (2088) (3654) (2059) (39 11 ) 

Total uranium 5 695 281 96 51 1,220 8 
(11,769) (11 ,762) ( 11 ,762) (11,836) (11 ,739) ( 11 ,648) (1 1,59 1) 

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text. 
Key: COPC=constituent of potential concern. 
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Figure 5-8 shows concentration versus time for tritium. Note that for visual clarity, the time period 
shown in this figure is from CYs 1940 through 2440 (500 years), rather than the full 10,000-year period 
of analysis. Releases from cribs and trenches (ditches) cause groundwater concentrations to exceed 
benchmark concentrations by about three orders of magnitude for a short period of time during the early 
part of the period of analysis. During this time, groundwater concentrations at the Columbia River 
nearshore approach the benchmark concentration. Because the half-life of tritium is less than 13 years, 
radioactive decay rapidly attenuates groundwater concentration, and tritium is essentially not a factor at 
times later than CY 2100. 
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Figure 5-8. Tank Closure Alternative 1 Hydrogen-3 (Tritium) Concentration Versus Time 

Figures 5-9 through 5-12 show concentration versus time for iodine-129, technetium-99, chromium, and 
nitrate (the conservative tracers) . Releases from cribs and trenches (ditches) cause groundwater 
concentrations of iodine-129 to exceed benchmark concentrations by about two to three orders of 
magnitude during the early part of the period of analysis. During this time, groundwater concentrations at 
the Columbia River nearshore approach or exceed the benchmark concentration. Releases from other 
tank farm sources cause groundwater concentrations to exceed benchmark concentrations by about three 
orders of magnitude during the middle and latter parts of the period of analysis. During this time, 
groundwater concentrations at the Columbia River nearshore exceed the benchmark concentration by 
about an order of magnitude, tapering off to near the benchmark concentration at the end of the period of 
analysis. Technetium-99, chromium, and nitrate concentrations show a similar curve, with chromium and 
nitrate concentrations at the Columbia R-iver nearshore dropping below the benchmark concentrations. 
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Figure 5-9. Tank Closure Alternative l lodine-129 Concentration Versus Time 
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Figure 5- 10. Tank Closure Alternative 1 Technetium-99 Concentration Versus Time 
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Figure 5-11. Tank Closure Alternative 1 Chromium Concentration Versus Time 
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Figure 5-12. Tank Closure Alternative 1 Nitrate Concentration Versus Time 
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Figures 5-13 and 5-14 show concentration versus time for uranium-238 and total uranium. Early releases 
from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders of 
magnitude lower than benchmark concentrations. Releases from other tank fann sources cause 
groundwater concentrations to rise, nearing benchmark concentrations by CY 6000. Concentrations 
continue to rise throughout the duration of the period of analysis , exceeding benchmark concentrations by 
about two orders of magnitude at the end of the period of analysis. Groundwater concentrations at the 
Columbia River nearshore rise throughout the period of analysis, nearing the benchmark concentration by 
CY 11 ,940. 
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Figure 5- 13. Tank Closure Alternative 1 Uranium-238 Concentration Versus Time 
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Figure 5-14. Tank Closure Alternative 1 Total Uranium Concentration Versus Time 

5.1.1.1.5 Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tank Closure Alternative 1 in terms of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter (see Figures 5-15 through 5-36). Concentrations for each radionuclide 
and chemical are indicated by a color scale that is relative to the benchmark concentration. Note that, in 
this section and in subsequent sections, the benchmark concentration is identified as "maximum 
contaminant level" in the legend of the spatial distribution figures . Concentrations greater than the 
benchmark concentration are indicated by the fully saturated colors green, yellow, orange, and red in 
order of increasing concentration. Concentrations less than the benchmark concentration are indicated by 
the faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the 
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary 
over three orders of magnitude. 

Figure 5- 15 shows the spatial distribution of groundwater concentration for tritium during CY 2005 . 
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX, 
and TY tank farms, result in a groundwater concentration plume ( exceeding the benchmark concentration) 
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and 
extending toward the Gable Mountain-Gable Butte Gap (Gable Gap). Peak concentrations in this plume 
are about 10 to 20 times greater than the benchmark, and mostly contained within the Core Zone 
Boundary. Tritium concentrations are attenuated by radioactive decay to levels less than one-twentieth of 
the benchmark concentration by CY 2135, as shown in Figure 5- 8. 
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Figure 5-15. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005 

Figure 5-16 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005. 
Analysis releases from cribs and trenches (ditches) and past leaks result in groundwater concentration 
plumes that exceed the benchmark concentration associated with the T Barrier, B Barrier, and A Barrier. 
Peak concentrations in this plume are about 10 to 50 times greater than the benchmark, and mostly 
contained within the Core Zone Boundary. Around CY 3890, releases from other tank farm sources 
create a large plume exceeding the benchmark, extending from the A Barrier to the Columbia River 
(see Figure 5-17). By CY 7140, most of the mass in the plume has reached the Columbia River, with 
only isolated pockets of high-concentration areas where the groundwater flow velocities are extremely 
small (see Figure 5-18). Figure 5-19 shows the total area in which groundwater concentrations of 
iodine-129 exceed the benchmark concentration in the analysis as a function of time. The area of 
exceedance peaks between CY 3240 and CY 4540 as a result of releases from other tank farm sources. 
Figures 5-20 through 5-23 show the spatial distribution at the same three times and the total area of 
exceedance versus time for technetium-99. The spatial distribution of technetium-99 is similar to that of 
iodine-129. The other conservative tracers, chromium (see Figures 5-24 through 5-26) and nitrate (see 
Figures 5-27 through 5-29), show similar spatial distributions at selected times. 
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Figure 5-16. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Iodine-129 Concentration During Calendar Year 2005 
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Figure 5- 17. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Iodine-129 Concentration During Calendar Year 3890 
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Figure 5-18. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Iodine-129 Concentration During Calendar Year 7140 
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Figure 5-19. Tank Closure Alternative 1 Total Area of Groundwater Iodine-129 Concentration 
Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5- 20. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Technetium-99 Concentration During Calendar Year 2005 
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Figure 5-21. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Technetium-99 Concentration During Calendar Year 3890 
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Figure 5- 22. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 7140 
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Figure 5-23. Tank Closure Alternative 1 Total Area of Groundwater Technetium-99 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5- 24. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 2005 
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Figure 5- 25. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 3890 

5- 24 



Chapter 5 • Long-Term Environmental Consequences 

Chromium 
(micrograms per ltter) 

Maximum contaminant leve.l = 100 

• <5 

• 6-10 

10-50 

• 50-100 

• 100-500 

• 500-1.000 

• 1.000-5.000 

• >5,000 

D Co<e Zone Bounda,y 

5.000 

Note: To convert meters '° 
feel mulbply by 3.281 

10,000 15,000 -~ 
Figure 5-26. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Chromium Concentration During Calendar Year 7140 
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Figure 5- 27. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 2005 
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Figure 5-28. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 3890 
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Figure 5- 29. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 7140 
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These 
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water 
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed, 
and travel times through the aquifer to the Columbia River are longer. Figure 5- 30 shows the distribution 
ofuranium-238 during CY 2135. There is a small plume associated with cribs and trenches (ditches) and 
past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration that is 
predominantly contained within the Core Zone Boundary. By CY 3890 (see Figure 5- 31), the area of the 
plume has grown, but there are no significant increases in peak concentration. At CY 11 ,885 
(see Figure 5-32), the greatest development of the plume during the analysis period is seen, resulting 
primarily from the release of other tank farm sources at the A and B Barriers. Figure 5- 33 shows the total 
area in which groundwater concentrations of uranium-238 exceed the benchmark concentration as a 
function of time. The area of exceedance is largest near the end of the period of analysis. Figures 5-34 
through 5-36 show the corresponding spatial distribution for total uranium. 
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Figure 5-30. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2135 
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Figure 5- 31. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 3890 
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Figure 5-32. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 11,885 
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Figure 5-33. Tank Closure Alternative 1 Total Area of Groundwater Uranium-238 Concentration 
Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-34. Tank Closure Alternative 1 Spatial Distribution of 

Groundwater Total Uranium Concentration During Calendar Year 2005 
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Figure 5-35. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 3890 
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Figure 5-36. Tank Closure Alternative 1 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 11,885 

Summary of Impacts 

In general, the inventory remaining in the tank farms, available for release to the environment at the start 
of the post-administrative control period, is the predominant contributor in the analysis. Discharges to 
cribs and trenches (ditches) and past leaks during the past-practice period are a secondary contributor. 

For the conservative tracers , concentrations at the Core Zone Boundary exceed benchmark standards by 
two to three orders of magnitude during most of the period of analysis. Concentrations at the Columbia 
River are about two orders of magnitude smaller. The intensities and areas of these groundwater plumes 
peak between CY 3200 and CY 4000. 

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of 
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River 
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism 
that limits the intensity and duration of groundwater impacts of tritium. After CY 2100, tritium impacts 
are essentially negligible. 
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For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and 
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark at the 
Core Zone Boundary beyond CY 6000, and approach the benchmark at the Columbia River after 
CY 10,000. The peak intensity and area of the contamination plume are largest near the end of the period 
of analysis. 

5.1.1.2 Tank Closure Alternative 2A: Existing WTP Vitrification; No Closure 

This section describes the groundwater analysis results for Tank Closure Alternative 2A, including 
long-term groundwater impacts of contaminant sources within the tank farm barriers. Impacts of sources 
removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are presented in 
Section 5.3, which discusses waste management impacts. 

5.1.1.2.1 Actions and Timeframes Influencing Groundwater Impacts 

Summaries of the proposed actions and timelines for Tank Closure Alternative 2A are provided in 
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were 
identified for Tank Closure Alternative 2A, as follows: 

• The past-practice period was assumed to start with the onset of tank farm operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the 
vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms. The groundwater impacts during the past-practice period under Tank Closure 
Alternative 2A that are presented in this section would be common to all of the Tank Closure 
alternatives. 

• The retrieval period was assumed to start in 2008 and end in CY 2193 . Waste treatment 
operations were assumed to be complete for immobilized high-level radioactive waste (IHL W) 
and immobilized low-activity waste (ILA W) in 2093; starting in 2094, tanks and facilities would 
be maintained in operational standby condition for 100 years. It was assumed that 99 percent of 
waste volume would be retrieved from the tanks. The leakage rate for SSTs was assumed to be 
15,140 liters (4,000 gallons) per SST. Releases that occurred during the past-practice period 
would continue to migrate through the vadose zone and groundwater system. 

• The post-administrative control period was assumed to start in CY 2194 and continue through the 
l 0,000-year period of analysis until CY 11 ,940. Releases that occurred during the past-practice 
period would continue to migrate through the vadose zone and groundwater system during the 
post-administrative control period. In addition, all remaining waste at the SST and DST farms 
( other tank farm sources) would be released to the vadose zone at the start of the 
post- administrative control period. 

5.1.1.2.2 COPC Drivers 

A total of 19 COPCs were analyzed for Tank Closure Alternative 2A. Complete results for all 19 COPCs 
are tabulated in Appendices M, N, and 0. The discussion in this section of long-term impacts associated 
with Tank Closure Alternative 2A is focused on the following COPC drivers: 

• Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers: chromium, nitrate, and total uranium 
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The COPC drivers for Tank Closure Alternative 2A were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the 10,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become 
major contributors toward the end of the period of analysis. 

The radiological risk drivers account for essentially 100 percent of the radiological risk. The only 
predicted chemical risk is from 2,4,6-trichlorophenol, calculated as I x 10-14

, which is negligible for 
purposes of this discussion. The chemical hazard drivers account for I 00 percent of the chemical hazard 
associated with Tank Closure Alternative 2A. 

The COPC drivers that are discussed in detail in this section fall into three categories. Iodine-129, 
technetium-99, chromium, and nitrate are all mobile (i .e. move with groundwater) and long-lived (relative 
to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. Tritium is also 
mobile, but short-lived. The half-life of tritium is about 13 years, and tritium concentrations are strongly 
attenuated by radioactive decay during travel through the vadose zone and groundwater systems. Finally, 
uranium-238 and total uranium are long-lived, or stable, but are not as mobile as the other COPC drivers. 
These constituents move about seven times more slowly than groundwater. As the analyses of release, 
concentration versus time, and spatial distribution of the COPC drivers are presented, the distinct 
behavior of these three groups will become apparent. 

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core 
Zone Boundary during the period of analysis because of limited inventories, high retardation factors 
(i .e., retention in the vadose zone), short half-lives (i .e., rapid radioactive decay), or a combination of 
these factors. 

5.1.1.2.3 Analysis of Release and Mass Balance 

This section presents the impacts of Tank Closure Alternative 2A in terms of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 
analysis . Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-37 
through 5-42). Three subtotals are plotted representing releases from cribs and trenches (ditches), past 
leaks, and other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to 
facilitate visual comparison of releases that vary over four orders of magnitude. 

Figure 5-37 shows the estimated release to the vadose zone for the radiological risk drivers and 
Figure 5-38, the chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are 
the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other 
COPC drivers the predominant sources are both past leaks and other tank farm sources. 

Figure 5-39 shows the estimated release to groundwater for the radiological risk drivers and 
Figure 5-40, the chemical hazard drivers. In addition to the inventory considerations discussed in the 
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers 
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129, 
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the 
amount released to the vadose zone from cribs and trenches (ditches) and past leaks. 
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Figure 5-37. Tank Closure Alternative 2A Releases of Radiological Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-38. Tank Closure Alternative 2A Releases of Chemical Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-39. Tank Closure Alternative 2A Releases of Radiological Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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Figure 5--40. Tank Closure Alternative 2A Releases of Chemical Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For tritium, the amount released to groundwater is attenuated by radioactive decay in the vadose zone. 
For cribs and trenches (ditches), about 74 percent ofthe total inventory of tritium reached groundwater in 
the analysis; for past leaks, only 2 percent; and for other tank fann sources, only one-third of 1 percent of 
the inventory reached the water table. These results suggest that tritium impacts on groundwater are 
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an 
important attenuation process. 
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For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For 
cribs and trenches (ditches), where moisture movement through the vadose zone is relatively rapid 
(because of the volume of water associated with the source), about 14 percent of uranium-238 and 
8 percent of total uranium inventory reached groundwater during the period of analysis. For past leaks, 
about 18 percent of uranium-238 and 14 percent of total uranium of the total inventory reached 
groundwater during the period of analysis. For other tank farm sources, about 4 percent of uranium-238 
and 7 percent of total uranium of the total inventory reached groundwater during the period of analysis. 
These results also suggest that uranium-238 and total uranium impacts would occur later in the 
post-administrative control period because of the long travel times in the vadose zone for these CO PCs. 

Figure 5-41 shows the estimated release to the Columbia River for the radiological risk drivers and 
Figure 5-42, the chemical hazard drivers. Release to the Columbia River is controlled by the transport 
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and 
nitrate), the amount released to the Columbia River is essentially equal to the amount released to 
groundwater. For tritium, the amount released to the Columbia River is attenuated by radioactive decay. 
Overall, only about 3 percent of the tritium released to groundwater reached the Columbia River during 
the period of analysis. These results suggest that tritium impacts on the Columbia River are strongly 
attenuated by radioactive decay. For uranium-238 and total uranium, the amount released to the 
Columbia River is less than that of the release to groundwater because of retardation. Overall, about 
38 percent of the amount of uranium-238 and about 40 percent of total uranium released to groundwater 
reached the Columbia River during the period of analysis. These results also suggest that uranium-238 
and total uranium impacts on the Columbia River would occur later in the post-administrative control 
period because of the long travel times in the vadose zone and through the groundwater system for these 
COPCs. 
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Figure 5-41. Tank Closure Alternative 2A Releases of Radiological Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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Figure ~2. Tank Closure Alternative 2A Releases of Chemical Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 

5.1.1.2.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 2A impacts in terms of groundwater 
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of 
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-2 and 
Figures 5-43 through 5-49). The benchmark concentration for each radionuclide and chemical is also 
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line 
denoting the 95th percentile upper confidence limit of the concentration is included on several of these 
graphs. This confidence interval was calculated to show when the actual concentration over a certain 
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is 
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The 
confidence interval was calculated when the concentration had a reasonable degree of noise, the 
concentration ' s trend was level, and the concentrations were near the benchmark. Note that the 
concentrations are plotted on a logarithmic scale to fac ilitate visual comparison of concentrations that 
vary over five orders of magnitude. Table 5-2 lists the maximum concentrations of the COPCs in the 
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore. 
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Table 5-2. Tank Closure Alternative 2A Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers, 
Core Zone Boundary, and Columbia River Nearshore 

Core Zone 
Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary 

Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 35 5,030 51 5,220 13 5,630 

(2052) (205 1) (2050) (2061) (2050) (205 1) 
Technetium-99 1,590 31,700 2,820 15,000 546 27,800 

(2055) (2076) (2050) (205 1) (2096) (2076) 

Iodine-1 29 3 50 5 30 1 43 
(2057) (2072) (2050) (205 1) (2089) (2072) 

Uranium isotopes (includes 3 142 7 42 11 148 
uranium-233, -234, -235, -238) ( 11 ,707) (11 ,8 14) (11 ,714) (11 ,799) (11 ,763) (11 ,828) 
Chemical in micrograms per liter 

Acetonitrile 1 0 0 0 0 1 
(334 1) (1940) (3417) ( 1940) (1940) (3551) 

Chromium 12 4,260 290 800 17 1,960 
(2070) (2085) (2050) (2050) (2086) (2066) 

Nitrate 11 ,600 1,640,000 10,000 168,000 5,800 1,100,000 
(2068) (2081) (2073) (2086) (2083) (2059) 

Total uranium 1 190 8 20 15 196 
(11 ,805) ( 11 ,839) (9863) ( 11 ,709) (10,978) (1 1,624) 

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text. 
Key: COPC=constituent of potential concern. 

Columbia 
River Benchmark 

Nearshore Concentration 

135 20,000 
(2050) 

204 900 

(3464) 

0.4 1 
(3355) 

1 15 
(11,783) 

0 100 
(36 17) 

32 100 
(2603) 
9, 100 45,000 
(2400) 

1 30 
(11 ,809) 
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Figure 5--43 shows concentration versus time for tritium. Releases from cribs and trenches (ditches) 
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude 
for a short period of time during the early part of the period of analysis. During this time, groundwater 
concentrations at the Columbia River nearshore are over an order of magnitude below the benchmark 
concentration. Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates 
groundwater concentration, and tritium is essentially not a factor at times later than. CY 2040. 

1.0><107 

1.0><106 

.:- 1.0><105 

Cl) 
1.0><104 ~ ... 
1.0><103 Cl) 

Q, 

Ill 1.0"102 
Cl) 
·.:: 1.0><101 
:::i 
() 
0 1.0 
() 

'a. 1.0><10-1 -C 
0 1.0"10·2 .. 
IQ 1.0x1Q-3 ... -C 

1.0><10 .. Cl) 
() 
C: 1.ox10·5 
0 

- Core Zone Boundary 
-------1 - Columbia River nearshore 1--------------~:c!-i.t.:::--Hl+-iHH 

u 
1.0><10'° -------1 - Benchmark concentration 

(20,000 picocuries per liter) 

1.0><10·7 

1.0x1Q-8 
1940 2040 2140 2240 2340 2440 

Calendar Year 

Figure 5-43. Tank Closure Alternative 2A Hydrogen-3 (Tritium) Concentration Versus Time 

Figures 5--44 through 5--47 show concentration versus time for iodine-129, technetium-99, chromium, 
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater 
concentrations at the Core Zone Boundary to exceed benchmark concentrations by about two to three 
orders of magnitude during the early part of the period of analysis, but return to levels below the 
benchmark by CY 5000. During this time, groundwater concentrations at the Columbia River nearshore 
are about an order of magnitude less than the benchmark concentration and gradually decrease to around 
one to two orders of magnitude less than the benchmark concentration. 
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Figure 5-44. Tank Closure Alternative 2A lodine-129 Concentration Versus Time 
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Figure 5-45. Tank Closure Alternative 2A Technetium-99 Concentration Versus Time 
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Figure 5-46. Tank Closure Alternative 2A Chromium Concentration Versus Time 
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Figure 5-47. Tank Closure Alternative 2A Nitrate Concentration Versus Time 
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Figures 5-48 and 5-49 show concentration versus time for uranium-238 and total uranium. Early releases 
from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders of 
magnitude lower than benchmark concentrations. Concentrations continue to rise throughout the duration 
of the period of analysis, first surpassing the benchmark concentration at the Core Zone Boundary near 
CY 5900 for uranium-238 and near CY 6900 for total uranium. Groundwater concentrations at the 
Columbia River nearshore rise throughout the period of analysis , but stay below an order of magnitude 
less than the benchmark concentration. 
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Figure 5-48. Tank Closure Alternative 2A Uranium-238 Concentration Versus Time 
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Figure 5-49. Tank Closure Alternative 2A Total Uranium Concentration Versus Time 

5.1.1.2.5 Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tank Closure Alternative 2A in terms of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter. Concentrations for each radionuclide and chemical are indicated by a 
color scale that is relative to the benchmark concentration. Concentrations greater than the benchmark 
concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of 
increasing concentration. Concentrations less than the benchmark concentration are indicated by the 
faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the 
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary 
over three orders of magnitude. 

Figure 5-50 shows the spatial distribution of groundwater concentration for tritium during CY 2005. 
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX, 
and TY tank farms, result in a groundwater concentration plume ( exceeding the benchmark concentration) 
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and 
extending toward Gable Gap. Peak concentrations in this plume are about 5 to 19 times greater than the 
benchmark, and mostly contained within the Core Zone Boundary. Tritium concentrations are attenuated 
by radioactive decay to levels less than one-twentieth of the benchmark concentration by CY 2135 
(see Figure 5-51). 
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Figure 5-52 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005. 
Analysis releases from cribs and trenches (ditches) and past leaks result in a low-concentration plume that 
extends over most of the site but exceeds the benchmark concentration in only a few patches in and 
around the Core Zone Boundary. In CY 2135, the iodine-129 concentration continues to exceed the 
benchmark concentration in a few areas, just north of the Core Zone Boundary in Gable Gap 
(see Figure 5-53). At CY 3890, the majority of the plume has concentrations below the benchmark 
concentration, although there is a high-concentration patch north of the Core Zone Boundary and east of 
the 200-East Area that remains above the benchmark (see Figure 5-54). By CY 7140, most of the mass 
in the plume has reached the Columbia River, with only isolated pockets of high-concentration areas 
where the groundwater flow velocities are extremely small (see Figure 5-55). Technetium-99 
(see Figures 5-56 through 5-58), chromium (see Figures 5-59 through 5-61), and nitrate 
(see Figures 5-62 and 5-63) show similar spatial distributions at similarly selected times. Iodine-129, 
technetium-99, chromium, and nitrate are all conservative tracers (i.e. , move at the rate of the pore water 
velocity). 
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Figure 5-52. Tank Closure Alternative 2A Spatial Distribution of 
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Figure 5-61. Tank Closure Alternative 2A Spatial Distribution of 
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Figure 5--62. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 2005 
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Uranium-238 and total uranium show a different spatial distribution over time. These COPCs are not as 
mobile as those discussed above, moving about seven times slower than the pore water velocity. As a 
result, travel times through the vadose zone are longer, release to the aquifer is delayed, and travel times 
through the aquifer to the Columbia River are longer. Figure 5-64 shows the distribution of uranium-238 
during CY 2005. There is a small plume associated with cribs and trenches (ditches) and past leaks at the 
T Barrier that is less than one-twentieth of the benchmark concentration and is contained within the Core · 
Zone Boundary. By CY 3890 (see Figure 5-65), the area of the plume has grown significantly, but there 
are no significant increases in peak concentration. By CY 7140, an area of high concentration has fonned 
north of the Core Zone Boundary. At CY 11,885 (see Figure 5-66), the greatest development of the 
plume during the analysis period is seen, with areas north and east of the Core Zone Boundary reaching 
concentrations above the benchmark concentration. Figures 5-67 through 5-69 show the corresponding 
results for total uranium, which shows similar spatial distributions at similarly selected times. 
Concentrations east of the Core Zone Boundary do not exceed the benchmark concentration for total 
uranium, although the area north of the Core Zone Boundary does have concentrations above the 
benchmark concentration from CY 7140 to the end of the period of analysis. 
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Figure 5-64. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2005 
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Figure 5-65. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 3890 
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Figure 5-66. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 11 ,885 
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Figure 5-67. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 2135 
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Figure 5-68. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 3890 
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Figure 5-69. Tank Closure Alternative 2A Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 7140 

Figures 5-70 through 5-72 show the area covered by concentrations above the benchmark concentration 
for iodine-129, technetiwn-99, and uraniwn-238. lodine-129 spikes early in the simulation, covering a 
peak area of just over 9 square kilometers (3.5 square miles) around CY 2070. This area decreases 
rapidly until CY 2590, when it begins to rise again, peaking at 2.5 square kilometers (0.96 square miles) 
around CY 3240. The total area covered by the iodine-129 plume that is above the benchmark 
concentration drops below 1 square kilometer (0.38 square miles) around CY 5840, continuing its decline 
to approximately 0.8 square kilometers (0.3 square miles) by CY 9740 and remaining near that level for 
the remainder of the simulation. Technetium-99 shows a similar trend, peaking at approximately 5 square 
kilometers (1.9 square miles) in CY 2135 and reaching 0.5 square kilometers (0.19 square miles) in 
CY 9740. Uranium-238 shows a distinctly different pattern, without any area above the benchmark 
concentration until CY 4540. From CY 4540 until the end of the simulation, areas of uranium-238 
concentrations above the benchmark slowly increase, never exceeding 2 square kilometers 
(0.77 square miles) during the simulation. 
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Figure 5- 70. Tank Closure Alternative 2A Total Area of Groundwater Iodine-129 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-71. Tank Closure Alternative 2A Total Area of Groundwater Technetium-99 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-72. Tank Closure Alternative 2A Total Area of Groundwater Uranium-238 
Concentration Exceeding the Benchmark Concentration as a Function of Time 

5.1.1.2.6 Summary of Impacts 

Under Tank Closure Alternative 2A, releases from cribs and trenches (ditches), past leaks, and other tank 
farm sources available after the retrieval period are all major contributors in the analysis. The retrieval of 
waste from the SSTs lowers the contribution of other tank farm sources relative to Tank Closure 
Alternative 1. 

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by 
one to two orders of magnitude early in the analysis, between CY 2100 and 2200. These concentrations 
fall below the benchmark between 3,000 and 4,000 years into the analysis. Concentrations at the 
Columbia River remain below the benchmark concentration throughout the period of analysis. 

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about two orders of 
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River 
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism 
that limits the intensity and duration of groundwater impacts of tritium. After CY 2040, tritium impacts 
are essentially negligible. 

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and 
scale of groundwater impacts. Concentrations at the Core Zone Boundary exceed the benchmark 
concentration in CY 5900 for uranium-238 and in CY 6900 for total uranium. Groundwater 
concentrations at the Columbia River nearshore rise throughout the period of analysis, but stay below an 
order of magnitude less than the benchmark concentration. 

5.1.1.3 Tank Closure Alternative 2B: Expanded WTP Vitrification; Landfill Closure 

This section describes the groundwater analysis results for Tank Closure Alternative 2B, including 
long-term groundwater impacts of contaminant sources from within the tank farm barriers. Impacts of 
sources removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are 
presented in Section 5.3, which discusses waste management impacts. 
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Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing. 
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in 
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches) 
would be covered with an engineered modified Resource Conservation and Recovery Act (RCRA) 
Subtitle C barrier. From the long-term groundwater impact perspective, the results from the analyses of 
these alternatives are identical. 

5.1.1.3.1 Actions and Timeframes Influencing Groundwater Impacts 

Summaries of the proposed actions and timelines for Tank Closure Alternative 2B are provided in 
Chapter 2, Section 2.5 . For the long-term groundwater impact analysis, three major periods were 
identified for Tank Closure Alternative 2B, as follows : 

• The past-practice period was assumed to start with the onset of tank fann operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the 
vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms. The groundwater impacts during the past-practice period under Tank Closure 
Alternative 2B that are presented in this section would be common to all of the Tank Closure 
alternatives. 

• The retrieval period was assumed to start in 2008 and continue through CY 2145. This period 
includes retrieval, WTP pretreatment and treatment, landfill closure of the SST farm system, and 
100 years of postclosure care. It was assumed that during the retrieval period, 99 percent of 
waste volume would be retrieved from the tanks. The SST farm system would be landfill-closed 
with a modified RCRA Subtitle C barrier. A retrieval leakage rate of 15,140 liters (4,000 gallons) 
per SST (other tank farm sources) was assumed to be released to the vadose zone during the first 
part of this period. Releases that occurred during the past-practice period would continue to 
migrate through the vadose zone and groundwater system. 

• The post-administrative control period was assumed to start in CY 2146 and continue through the 
10,000-year period of analysis until CY 11 ,940. Releases that occurred during the past-practice 
and retrieval periods would continue to migrate through the vadose zone and groundwater system 
during the post-administrative control period. In addition, the remaining other tank farm sources 
waste (e.g., residual waste, ancillary equipment) would be released to the vadose zone at the start 
of the post-administrative control period. 

5.1.1.3.2 COPC Drivers 

A total of 19 COPCs were analyzed for Tank Closure Alternative 2B. Complete results for all 19 COPCs 
are tabulated in Appendices M, N, and 0. The discussion in this section of long-term impacts associated 
with Tank Closure Alternative 2B is focused on the following COPC drivers: 

• Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers: chromium, nitrate, and total uranium 

The COPC drivers for Tank Closure Alternative 2B were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the 10,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become 
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major contributors toward the end of the period of analysis. Tritium was added to the list of COPC 
drivers because of its contribution to risk during the early part of the period of analysis. The radiological 
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk 
is from 2,4,6-trichlorophenol, calculated as 1 x 10-14

, which is negligible for purposes of this discussion. 
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure 
Alternative 2B. 

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129, 
technetium-99, chromium, and nitrate are all mobile (i.e. , move with groundwater) and long-lived 
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. 
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium 
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and 
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as 
mobile as the other COPC drivers. These constituents move about seven times more slowly than 
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC 
drivers are presented, the distinct behavior of these three groups will become apparent. 

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core 
Zone Boundary during the period of analysis because of limited inventories, high retardation factors 
(i .e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of 
these factors. 

5.1.1.3.3 Analysis of Release and Mass Balance 

This section presents the impacts of Tank Closure Alternative 2B in terms of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5- 73 
through 5- 78). Three subtotals are plotted representing releases from cribs and trenches (ditches), past 
leaks, and other tank farm sources. For all three types of sources, the release to the vadose zone is 
controlled by the inventory (i .e. , 100 percent of the inventory was released during the period of analysis). 
Note that the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases 
that vary over four orders of magnitude. 

Figure 5- 73 shows the estimated release to the vadose zone for the radiological risk drivers and 
Figure 5-74, the chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are 
the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. The 
predominant contributing sources for the remaining COPC drivers are a combination of past leaks and 
other tank farm sources. This suggests that all three sources are important impact drivers under Tank 
Closure Alternative 2B. 
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Figure 5-73. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-74. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 

Figure 5-75 shows the estimated release to groundwater for the radiological risk drivers and Figure 5-76, 
the chemical hazard drivers. In addition to the inventory considerations discussed in the previous 
paragraph, release to groundwater is controlled by the transport properties of the COPC drivers and by the 
rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129, 
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the 
amount released to the vadose zone. 
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Figure 5-75. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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Figure 5-76. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For 
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is 
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total 
inventory of uranium-238 and total uranium reached groundwater during the period of analysis; for other 
tank farm sources, only about 3 percent of the total inventory reached groundwater during the period of 
analysis. 
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For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and 
trenches (ditches), about 70 percent of the total inventory reaches groundwater, for past leaks only about 
3 percent, and for other tank farm sources, only about one-tenth of 1 percent of the inventory reached the 
water table. These results suggest that tritium impacts on groundwater are dominated by releases from 
cribs and trenches (ditches), and that radioactive decay of tritium is an important attenuation process. 
They also suggest that uranium-238 and total uranium impacts would occur later in the 
post-administrative control period because of the long travel times in the vadose zone for these CO PCs. 

Figure 5-77 shows the estimated release to the Columbia River for the radiological risk drivers and 
Figure 5-78, the chemical hazard drivers. Release to the Columbia River is controlled by the transport 
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and 
nitrate), the amount released to the Columbia River is essentially equal to the amount released to 
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than 
that of the release to groundwater because of retardation. Overall, about 25 percent of the uranium-238 
and total uranium released to groundwater during the period of analysis reached the Columbia River. For 
tritium, the amount released to the Columbia River is attenuated by radioactive decay. Overall, only 
about 2 percent of the tritium released to groundwater reached the Columbia River during the period of 
analysis. These results suggest that tritium impacts on the Columbia River are strongly attenuated by 
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River 
would occur later in the post-administrative control period because of the long travel times in the vadose 
zone and through the groundwater system for these COPCs. 
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Figure 5-77. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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Figure 5-78. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 

5.1.1.3.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 2B impacts in terms of groundwater 
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of 
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-3 and 
Figures 5- 79 through 5-85). The benchmark concentration for each radionuclide and chemical is also 
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line 
denoting the 95th percentile upper confidence limit of the concentration is included on several of these 
graphs. This confidence interval was calculated to show when the actual concentration over a certain 
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is 
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The 
confidence interval was calculated when the concentration had a reasonable degree of noise, the 
concentration ' s trend was level, and the concentrations were near the benchmark. Note that the 
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that 
vary over five orders of magnitude. Table 5-3 lists the maximum concentrations of the COPCs in the 
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore. 

Figure 5-79 shows concentration versus time for tritium. Releases from cribs and trenches (ditches) 
cause groundwater concentrations within the Core Zone Boundary to exceed benchmark concentrations 
by about two orders of magnitude for a short period of time during the early part of the period of analysis. 
During this time, groundwater concentrations at the Columbia River nearshore approach the benchmark 
concentration but stay about one order of magnitude below it. Because the half-life of tritium is less than 
13 years, radioactive decay rapidly attenuates groundwater concentration, and tritium concentrations fall 
(and stay) below the benchmark concentration at the Core Zone Boundary after CY 2030. 
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Table 5-3. Tank Closure Alternative 2B Maximum COPC Concentrations in the Peak Year at the Tank Farm Barrier!!, 
Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 28 5,080 52 7,270 13 6,080 178 

(2051) (2054) (2050) (2055) (2050) (2054) (2050) 
Technetium-99 1,450 30,000 2,660 15,200 284 25,900 205 

(2058) (2050) (2050) (2050) (3499) (2050) (2480) 
Iodine-129 3 40 5 30 0.4 34 0.4 

(2053) (2057) (2050) (2050) (3708) (2057) (2876) 
Uranium isotopes (includes 1 55 6 27 8 73 1 
uranium-233, -234, -235, -238) (11,755) (11 ,739) (11,765) (11 ,780) (11,441) (11 ,691) (11,871) 
Chemical in micrograms per liter 

Acetonitrile 1 0 0 0 0 1 0 
(3701) (1940) (3566) (1940) (1940) (3829) (4021) 

Chromium 9 3,230 271 768 10 1,670 34 
(2057) (2055) (2050) (2050) (2050) (2050) (2695) 

Nitrate 5,650 1,540,000 8,950 . 133,000 1,380 1,010,000 8,580 
(2057) (2050) (2050) (2054) (2068) (2050) (2450) 

Total uranium 0 46 8 11 12 103 1 
(11,795) (11 ,792) (11,602) ( 11 ,840) (11,599) (11 ,683) (11,146) 

Note: Corresponding calendar years shown in parentheses. Concentrations that woµld exceed the benchmark value are indicated in bold text. 
Key: COPC=constituent of potential concern. 
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Figure 5-79. Tank Closure Alternative 2B Hydrogen-3 (Tritium) Concentration Versus Time 

Figures 5-80 through 5- 83 show concentration versus time for iodine-129, technetium-99, chromium, 
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater 
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the 
early part of the period of analysis. During this time, groundwater concentrations at the Columbia River 
nearshore approach the benchmark concentration but remain about one order of magnitude below the 
benchmark at peak-year conditions. Releases from past leaks and other tank farm sources cause 
groundwater concentrations to continue to exceed benchmark concentrations in the Core Zone Boundary 
by about one order of magnitude through about CY 8000 for iodine-129 and CY 5000 . for the other 
conservative tracers. During this time, groundwater concentrations at the Columbia River nearshore are 
below the benchmark concentration and continue to decline through the end of the period of analysis. 

Figures 5-84 and 5-85 show concentration versus time for uranium-238 and total uranium. Early releases 
from cribs and trenches (ditches) result in groundwater concentrations that are two to three orders of 
magnitude lower than benchmark concentrations. Releases from past leaks and other tank farm sources 
cause groundwater concentrations to rise in the Core Zone Boundary, nearing benchmark concentrations 
by about CY 8000. Concentrations continue to rise throughout the duration of the period of analysis, 
exceeding benchmark concentrations by approximately one-half of an order of magnitude at the end of 
the period of analysis (CY 11 ,940). Groundwater concentrations at the Columbia River nearshore rise 
throughout the period of analysis but remain below the benchmark concentration by over one order of 
magnitude at the end of the period of analysis (CY .11 ,940). 
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Figure 5-80. Tank Closure Alternative 2B Iodine-1 29 Concentration Versus Time 
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Figure 5-81. Tank Closure Alternative 2B Technetium-99 Concentration Versus Time 
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Figure 5-82. Tank Closure Alternative 2B Chromium Concentration Versus Time 
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Figure 5- 83. Tank Closure Alternative 2B Nitrate Concentration Versus Time 
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Figure 5-85. Tank Closure Alternative 2B Total Uranium Concentration Versus Time 
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Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tank Closure Alternative 2B in terms of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter. Concentrations for each radionuclide and chemical are indicated by a 
color scale that is relative to the benchmark concentration. Concentrations greater than the benchmark 
concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of 
increasing concentration. Concentrations less than the benchmark concentration are indicated by the 
faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the 
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary 
over three orders of magnitude. 

Figure 5-86 shows the spatial distribution of groundwater concentration for tritium during CY 2005. 
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX, 
and TY tank fanns, result in a groundwater concentration plume (exceeding the benchmark concentration) 
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and 
extending toward Gable Gap. Peak concentrations in this plume are about 5 to IO times greater than the 
benchmark, and mostly contained within the Core Zone Boundary. By CY 2135, the tritium plume has 
diminished to levels less than one-twentieth of the benchmark concentration (see Figure 5-87). 
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Figure 5-86. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005 
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Figure 5- 87. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2135 
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The conservative tracers (iodine-129, technetium-99, chromium, and nitrate) move at the rate of the pore 
water velocity and are discussed as a group, as they show similar spatial distributions. Figure 5- 88 shows 
the spatial distribution of groundwater concentration of iodine-129 during CY 2005. Analysis releases 
from cribs and trenches (ditches) and past leaks result in groundwater concentration plumes that exceed 
the benchmark concentration associated with the T Barrier, B Barrier, and A Barrier. Peak concentrations 
in this plume are about 10 to 50 times greater than the benchmark, and mostly contained within the Core 
Zone Boundary. During CY 2135, releases from other tank farm sources create another, less-intense 
plume (up to 5 to 10 times greater than the benchmark) that extends from the A Barrier toward the 
Columbia River (see Figure 5-89). By CY 7140, most of the mass in the plumes has reached the 
Columbia River, with only isolated pockets of high concentrations in Gable Gap (see Figure 5-90). 
Technetium-99, chromium, and nitrate show a similar spatial distribution at selected times (see 
Figures 5- 91 through 5-99). 
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Figure 5-88. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Iodine-129 Concentration During Calendar Year 2005 
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Figure 5- 89. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Iodine-129 Concentration During Calendar Year 2135 
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Figure 5-90. Tank Closure Alternative 2B Spatial Distribution of 

Groundwater lodine-129 Concentration During Calendar Year 7140 
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Figure 5-91. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 2005 
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Figure 5-92. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 2135 
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Figure 5-93. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 7140 
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Figure 5-94. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 2005 
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Figure 5-95. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 2135 
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Figure 5-96. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 7140 
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Figure 5- 97. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater. Nitrate Concentration During Calendar Year 2005 
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Figure 5-98. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 2135 
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Figure 5-99. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 7140 
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Figure 5-100 shows the area in square ki lometers in which groundwater concentrations of technetium-99 
exceed the benchmark concentration in the analysis as a function of time. A peak area of about 4 square 
kilometers (1.5 square miles) occurs around CY 2135, fo llowed by a fairly sharp decrease. Another peak 
area of about 2 square kilometers (0.77 square miles) occurs around CY 3890, followed by another 
decrease. By about CY 6000, the area with a concentration above the benchmark concentration begins to 
level out to around 0.5 square kilometers (0.2 square miles). Iodine-1 29 shows a pattern similar to that of 
technetium-99, as both constituents are conservative tracers (see Figure 5-101 ). 
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Figure 5-100. Tank Closure Alternative 2B Total Area of Groundwater Technetium-99 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-101. Tank Closure Alternative 2B Total Area of Groundwater Iodine-129 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These 
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water 
velocity. As a result, travel times through the vadose zone are longer, release to the aqui fer is delayed, 
and travel times through the aquifer to the Columbia River are longer. Figure 5- 102 shows the 
distribution of uranium-238 during CY 2005. There is a small plume associated with cribs and trenches 
(ditches) and past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration and 
is contained within the Core Zone Boundary. By CY 7140, the area of the plume has grown and extended 
to the Columbia River (see Figure 5-103). There is only a small area in Gable Gap that is 5 to 10 times 
greater in uranium-238 concentration than the benchmark concentration. By CY 11 ,885, the greatest 
development of the plume during the analysis period is seen, resulting primarily from past leaks and the 
release of other tank farm sources at the A Barrier and B Barrier (see Figure 5- 104). 
Figures 5- 105 through 5- 107 show the corresponding results for total uranium. 
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Figure 5-102. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2005 
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Figure 5-103. Tank Closure Alternative 2B Spatial Distribution of 

Groundwater Uranium-238 Concentration During Calendar Year 7140 
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Figure 5-104. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 11,885 
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Figure 5- 105. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 2005 
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Figure 5-106. Tank Closure Alternative 2B Spatial Distribution of 

Groundwater Total Uranium Concentration During Calendar Year 7140 

5- 100 



Chapter 5 • Long-Term Environmental Consequences 

Total Uranium 
(micrograms per hter) 

Maximum contaminant level • 30 

• <1 5 

• 15-3 

~15 

• 1S-30 

• 30-150 

• 150-300 

• 300-1 ,500 

• > 1,500 

c:J Core Zone Boundary 

s.oco 

Note: To convert meters to 
feel mul1lply by 3 281 

10.000 15000 ........ 

Figure 5-107. Tank Closure Alternative 2B Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 11,885 

Uranium-238 does not exceed the benchmark concentration in any area until after CY 5190 (see 
Figure 5- 108). A sharp increase in area with concentrations above the maximum contaminant level is 
seen after this time and continues to rise to over 1.25 square kilometers (0.48 square miles) through the 
end of the period of analysis (CY 11 ,940). It is expected that the majority of the uranium-238 would 
continue to migrate through the vadose zone after the period of analysis is over. 
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Figure 5-108. Tank Closure Alternative 2B Total Area of Groundwater Uranium-238 
Concentration Exceeding the Benchmark Concentration as a Function of Time 

5.1.1.3.6 Summary of Impacts 

Under Tank Closure Alternative 2B, concentrations of tritium at the Core Zone Boundary exceed the 
benchmark concentration by about two orders of magnitude during the first 100 years of the period of 
analysis. Concentrations at the Columbia River nearshore approach but do not exceed the benchmark 
during this time. Attenuation by radioactive decay is a predominant mechanism that limits the intensity 
and duration of groundwater impacts of tritium. 

For the conservative tracers (iodine-129, technetium-99, chromium, and nitrate), concentrations at the 
Core Zone Boundary exceed benchmark standards by two to three orders of magnitude during the early 
part of the period of analysis and then gradually decline to around one order of magnitude below the 
benchmark, where they remain throughout the period of analysis. Concentrations at the Columbia River 
nearshore remain below the benchmark throughout the period of analysis. 

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and 
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark at the 
Core Zone Boundary beyond about CY 8000. Concentrations at the Columbia River nearshore rise 
throughout the period of analysis but remain below the benchmark by around one order of magnitude. 
The peak intensity and area of the contamination plume is at the end of the period of analysis. 

5.1.1.4 Tank Closure Alternative 3A: Existing WTP Vitrification with Thermal Supplemental 
Treatment (Bulk Vitrification); Landfill Closure 

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing. 
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in 
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches) 
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term 
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to 
Section 5.1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B, 
which are identical to those for Tank Closure Alternative 3A. 
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5.1.1.4.1 Actions and Timeframes Influencing Groundwater Impacts 

Refer to Section 5.1.1.3.1 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.4.2 COPC Drivers 

Refer to Section 5.1.1.3.2 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.4.3 Analysis of Release and Mass Balance 

Refer to Section 5.1. 1.3 .3 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.4.4 Analysis of Concentration Versus Time 

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.4.5 Analysis of Spatial Distribution of Concentration 

Refer to Section 5.1.1.3.5 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.4.6 Summary of Impacts 

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3A. 

5.1.1.5 Tank Closure Alternative 3B: Existing WTP Vitrification with Nonthermal 
Supplemental Treatment (Cast Stone); Landfill Closure 

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing. 
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in 
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches) 
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term 
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to 
Section 5 .1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B, 
which are identical to those for Tank Closure Alternative 3B. 

5.1.1.5.1 Actions and Timeframes Influencing Groundwater Impacts 

Refer to Section 5.1.1.3.1 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 

5.1.1.5.2 COPC Drivers 

Refer to Section 5 .1.1.3 .2 for detai led, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 
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Analysis of Release and Mass Balance 

Refer to Section 5.1.1.3.3 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 

5.1.1.5.4 Analysis of Concentration Versus Time 

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 

5.1.1.5.5 Analysis of Spatial Distribution of Concentration 

Refer to Section 5.1.1.3.5 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 

5.1.1.5.6 Summary of Impacts 

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3B. 

5.1.1.6 Tank Closure Alternative 3C: Existing WTP Vitrification with Thermal Supplemental 
Treatment (Steam Reforming); Landfill Closure 

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing. 
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval , and residual material in 
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches) 
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term 
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to 
Section 5.1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B, 
which are identical to those for Tank Closure Alternative 3C. 

5.1.1.6.1 Actions and Timeframes Influencing Groundwater Impacts 

Refer to Section 5.1.1.3.l for detailed, long-tenn groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 

5.1.1.6.2 COPC Drivers 

Refer to Section 5.1.1.3.2 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 

5.1.1.6.3 Analysis of Release and Mass Balance 

Refer to Section 5.1.1.3.3 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 

5.1.1.6.4 Analysis of Concentration Versus Time 

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 
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5.1.1.6.5 Analysis of Spatial Distribution of Concentration 

Refer to Section 5.1.1.3 .5 for detailed, long-tenn groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 

5.1.1.6.6 Summary of Impacts 

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure 
Alternative 2B, which are identical to those for Tank Closure Alternative 3C. 

5.1.1.7 Tank Closure Alternative 4: Existing WTP Vitrification with Supplemental Treatment 
Technologies; Selective Clean Closure/Landfill Closure 

This section describes the groundwater analysis results for Tank Closure Alternative 4, including 
long-term groundwater impacts of contaminant sources from within the tank farm barriers. Impacts of 
sources removed from within the tank fann barriers and disposed of in an IDF and the RPPDF are 
presented in Section 5.3, which discusses waste management impacts. 

5.1.1.7.1 Actions and Timeframes Influencing Groundwater Impacts 

Summaries of the proposed actions and timelines for Tank Closure Alternative 4 are provided in 
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were 
identified for Tank Closure Alternative 4, as follows : 

• The past-practice period was assumed to start with the onset of tank farm operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the 
vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms . The groundwater impacts during the past-practice period under Tank Closure 
Alternative 4 presented in this section would be common to all the Tank Closure alternatives. 

• The retrieval period was assumed to start in 2008 and end in CY 2144. During this period, 
99.9 percent of the waste would be retrieved from the tanks. A retrieval loss of 15,140 liters 
(4,000 gallons) per tank was assumed for all SSTs. Most tank fanns would be landfill-closed 
with a modified RCRA Subtitle C barrier. The exceptions are the BX and SX tank farms, which 
would undergo clean closure. 

• The post- administrative control period was assumed to start in CY 2145 and continue through the 
10,000-year period of analysis until CY 11 ,940. Releases that occurred during the past-practice 
period would continue to migrate through the vadose zone and groundwater system during the 
post-administrative control period. All remaining waste would be avai lable for release into the 
vadose zone at the start of the post-administrative control period. 

5.1.1.7.2 COPC Drivers 

A total of 19 COPCs were analyzed for Tank Closure Alternative 4. Complete results for all 19 COPCs 
are tabulated in Appendices M, N, and 0. The discussion in this section of long-term impacts associated 
with Tank Closure Alternative 4 is focused on the following COPC drivers: 

• Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers: chromium, nitrate, and total uranium 
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The COPC drivers for Tank Closure Alternative 4 were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the 10,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become 
major contributors toward the end of the period of analysis. The radiological risk drivers account for 
essentially 100 percent of the radiological ri sk. There would be no chemical risk. The chemical hazard 
drivers account for 100 percent of the chemical hazard associated with Tank Closure Alternative 4. 

The COPC drivers that are discussed in detail in this section fall into three categories. Iodine-129, 
technetium-99, chromium, and nitrate are all mobile (i.e. , move with groundwater) and long-lived 
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. 
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium 
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and 
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as 
mobile as the other COPC drivers. These constituents move about seven times more slowly than 
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC 
drivers are presented, the distinct behavior of these three groups will become apparent. 

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core 
Zone Boundary during the period of analysis because of limited inventories, high retardation factors 
(i .e., retention in the vadose zone), short half-lives (i .e. , rapid radioactive decay), or a combination of 
these factors. 

5.1.1.7.3 Analysis of Release and Mass Balance 

This section presents the impacts of Tank Closure Alternative 4 in terms of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5- 109 
through 5-114). Three subtotals are plotted representing releases from cribs and trenches (ditches), past 
leaks, and other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to 
facilitate visual comparison of releases that vary over four orders of magnitude. 

Figure 5-109 shows the estimated release to the vadose zone for the radiological risk drivers and 
Figure 5-110, the chemical hazard drivers. For all three types of sources, the release to the vadose zone is 
controlled by the inventory (i .e. , 100 percent of the inventory was released during the period of analysis). 
The predominant sources for tritium, chromium, and nitrate are the cribs and trenches (ditches) associated 
with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers the predominant sources are 
past leaks. This suggests that activities during the past-practice period are an important impact driver 
under Tank Closure Alternative 4. 

Figure 5- 111 shows the estimated release to groundwater for the radiological risk drivers and 
Figure 5-112, the chemical hazard drivers. In addition to the inventory considerations discussed in the 
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers 
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129, 
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the 
amount released to the vadose zone. 
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Figure 5-109. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5- 110. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-111. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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Figure 5-112. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For 
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is 
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total 
inventory reached groundwater during the period of analysis; for other tank farm sources, only about 
2 percent of the total inventory reached groundwater during the period of analysis. 
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For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and 
trenches (ditches), about 70 percent of the total inventory reached groundwater in the analysis; for past 
leaks, only 2 percent; and for other tank farm sources, only one-third of 1 percent reached the water table. 
These results suggest that tritium impacts on groundwater are dominated by releases from cribs and 
trenches (ditches), and that radioactive decay of tritium is an important attenuation process. They also 
suggest that uranium-238 and total uranium impacts would occur later in the post-remediation period 
because of the long travel times in the vadose zone for these COPCs. 

Figure 5-113 shows the estimated release to the Columbia River for the radiological risk drivers and 
Figure 5-114, the chemical hazard drivers. Release to the Columbia River is controlled by the transport 
properties of the COPC drivers. For the conservative tracers (iodine-1 29, technetium-99, chromium, and 
nitrate), the amount released to the Columbia River is essentially equal to the amount released to 
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than 
that of the release to groundwater because of retardation. Overall, about 25 percent of the amount 
released to groundwater during the period of analysis reached the Columbia River. For tritium, the 
amount released to the Columbia River is attenuated by radioactive decay. Overall, only about 3 percent 
of the tritium released to groundwater reached the Columbia River during the period of analysis. These 
results suggest that tritium impacts on the Columbia River are strongly attenuated by radioactive decay. 
They also suggest that uranium-238 and total uranium impacts on the Columbia River would occur later 
in the post-remediation period because of the long travel times in the vadose zone and through the 
groundwater system for these COPCs. 
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Figure 5-113. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential 
Concern Drivers to Columbia ruver for Entire 10,000-Year Analysis Period 
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Figure 5-114. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 

5.1.1.7.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 4 impacts in terms of groundwater 
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of 
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-4 and 
Figures 5-115 through 5- 121). The benchmark concentration for each radionuclide and chemical is also 
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line 
denoting the 95th percentile upper confidence limit of the concentration is included on several of these 
graphs. This confidence interval was calculated to show when the actual concentration over a certain 
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is 
basically a statistical aid to interpreting data with a significant amount ofrandom fluctuation (noise). The 
confidence interval was calculated when the concentration bad a reasonable degree of noise, the 
concentration's trend was level, and the concentrations were near the benchmark. Note that the 
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that 
vary over five orders of magnitude. Table 5-4 lists the maximum concentrations of the COPCs in the 
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore. 

Figure 5-115 shows concentration versus time for tritium. Releases from cribs and trenches (ditches) 
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude 
for a short period of time during the early part of the period of analysis. During this time, groundwater 
concentrations at the Columbia River nearshore remain over an order of magnitude below the benchmark 
concentration. Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates 
groundwater concentration, and tritium is essentially not a factor at times later than CY 2050. 
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Table ~- Tank Closure Alternative 4 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers, 
Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 28 5,060 4 7,270 13 6,060 178 

(2051) (2054) (2062) (2055) (2050) (2054) (2050) 
Technetium-99 1,460 28,200 214 15,200 180 24,100 191 

(2058) (2050) (2060) (2050) (2060) (2050) (2480) 

lodine-129 3 38 0.4 30 0.3 31 0.3 

(2053) (2057) (2052) (2050) (2052) (2057) (2 181) 

Uranium isotopes (includes 0 36 1 26 8 48 1 
uranium-233, -234, -235, -238) (11 ,8 14) (11 ,742) (11 ,795) (11 ,780) ( 11,441 ) (11 ,529) ( 11 ,891 ) 

Chemical in micrograms per liter 
Chromium 9 3,220 36 768 10 1,650 34 

(2057) (2055) (2057) (2050) (2050) (2050) (2695) 

Nitrate 5,530 1,540,000 1,400 133,000 1,230 1,010,000 8,490 
(2056) (2050) (2059) (2054) (2067) (2050) (2450) 

Total uranium 0 14 1 11 12 63 1 

(11 ,8 19) (11 ,678) (11 ,828) (11 ,840) (1 1,599) (11 ,690) (1 1,577) 
Note: Corresponding calendar years shown m parentheses. Concentrat10ns that would exceed the benchmark value are md1cated m bold text. 
Key: COPC=constituent of potential concern. 
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Figure 5-115. Tank Closure Alternative 4 Hydrogen-3 (Tritium) Concentration Versus Time 

Figures 5-116 through 5- 119 show concentration versus time for iodine-129, technetium-99, chromium, 
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater 
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the 
early part of the period of analysis at the Core Zone Boundary. During this time, groundwater 
concentrations at the Columbia River nearshore approach but do not exceed the benchmark concentration. 
Technetium-99 and nitrate concentrations fall below the benchmark concentration at the Core Zone 
Boundary around CY 4000, while iodine-129 and chromium fall below the benchmark around CY 5000. 
Concentrations for all four conservative tracers decline over the remainder of the period of analysis. 

Figures 5-120 and 5- 121 show concentration versus time for uranium-238 and total uranium. Early 
releases from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders 
of magnitude lower than benchmark concentrations. These concentrations continue to rise throughout the 
duration of the period of analysis. Uranium-238 concentrations exceed the benchmark concentration 
around CY 8000, while total uranium concentrations exceed the benchmark around CY 9500. 
Groundwater concentrations at the Columbia River nearshore rise throughout the period of analysis but 
remain over an order of magnitude below the benchmark concentration for the duration of the simulation. 
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Figure 5-116. Tank Closure Alternative 4 lodine-129 Concentration Versus Time 
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Figure 5- 117. Tank Closure Alternative 4 Technetium-99 Concentration Versus Time 
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Figure 5-118. Tank Closure Alternative 4 Chromium Concentration Versus Time 
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Figure 5-119. Tank Closure Alternative 4 Nitrate Concentration Versus Time 
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Figure 5-120. Tank Closure Alternative 4 Uranium-238 Concentration Versus Time 
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Figure 5-121. Tank Closure Alternative 4 Total Uranium Concentration Versus Time 
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Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tank Closure Alternative 4 in terms of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter (see Figures 5-122 through 5-146). Concentrations for each 
radionuclide and chemical are indicated by a color scale that is relative to the benchmark concentration. 
Concentrations greater than the benchmark concentration are indicated by the fully saturated colors green, 
yellow, orange, and red in order of increasing concentration. Concentrations less than the benchmark 
concentration are indicated by the faded colors green, blue, indigo, and violet in order of decreasing 
concentration. Note that the concentration ranges are on a logarithmic scale to facilitate visual 
comparison of concentrations that vary over three orders of magnitude. 

Figure 5-122 shows the spatial distribution of groundwater concentration for tritium during CY 2005. 
Tritium concentrations are attenuated by radioactive decay to levels less than one-twentieth of the 
benchmark concentration by CY 2135 (see Figure 5-123). 
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Figure 5-122. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005 
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Figure 5-123. Tank Closure Alternative 4 Spatial Distribution of 
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Plume distribution for iodine-129 during CY 2005 is shown in Figure 5-124. By CY 2135 (see 
Figure 5-125), areas of concentrations above the benchmark concentration exist east of the Core Zone 
Boundary, north of the 200-East Area, and in three separate areas north of Gable Gap. By CY 7140, most 
of the mass in the plume has reached the Columbia River, with only isolated pockets of 
high-concentration areas where the groundwater flow velocities are extremely small (see Figure 5-126). 
Technetium-99 (see Figures 5-127 through 5- 129), chromium (see Figures 5-130 through 5- 132), and 
nitrate (see Figures 5-133 through 5-135) show similar spatial distributions at selected times. 
Iodine-129, technetium-99, chromium, and nitrate are all conservative tracers (i.e., move at the rate of the 
pore water velocity). 
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Figure 5-124. Tank Closure Alternative 4 Spatial Distribution of 

Groundwater lodine-129 Concentration During Calendar Year 2005 
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Figure 5- 125. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater lodine-129 Concentration During Calendar Year 2135 
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Figure 5- 126. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater lodine-129 Concentration During Calendar Year 7140 
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Figure 5-127. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 2005 
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Figure 5-128. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Technetium-99 Concentration During Calendar Year 2135 
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Figure 5-129. Tank Closure Alternative 4 Spatial Distribution of 

Groundwater Technetium-99 Concentration During Calendar Year 7140 
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Figure 5-130. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 2005 

5- 124 



Chapter 5 • Long-Term Environmental Consequences 

Chromium 
(mlCfograms per iter) 

Ma.xlmum contaminant level 1;: 100 

• <5 

• !>-10 

11!!1 10-50 

• ro-100 

• 100-600 

500-1 ,000 

• 1,000-liOOO 

• >5,000 

c:J Core Zone Boundary 

S.000 

Note: To convert meters to 
feet, multiply by 3 281 

10000 1'000 -
Figure 5-131. Tank Closure Alternative 4 Spatial Distribution of 

Groundwater Chromium Concentration During Calendar Year 2135 
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Figure 5- 132. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Chromium Concentration During Calendar Year 7140 
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Figure 5- 133. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 2005 
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Figure 5- 134. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 2135 
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Figure 5- 135. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 7140 
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These 
COPCs are not as mobi le as those discussed above, moving about seven times slower than the pore water 
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed, 
and travel times through the aqui fer to the Columbia River are longer. The distribution of uranium-238 
during CY 2005 is shown in Figure 5-136. By CY 2135 (see Figure 5- 137), the area of the plume bas 
grown, but there are no significant increases in peak concentration. By CY 7140 (see Figure 5-138), 
some areas of higher concentration begin to appear in the western part of the Core Zone Boundary and in 
the area north of the Core Zone Boundary. At CY 11 ,885 (see Figure 5-139), the greatest development of 
the plume during the analysis period is seen, resulting primarily from releases during the past-practice 
period. At this point, a small area of high concentra~ions has developed just north of the 200-East Area. 
Figures 5-140 through 5- 143 show the corresponding results for total uranium, which has a similar 
distribution. 
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Figure 5-136. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2005 
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Figure 5-137. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2135 
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Figure 5-138. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 7140 
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Figure 5- 139. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 11,885 
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Figure 5-140. Tank Closure Alternative 4 Spatial Distribution of 

Groundwater Total Uranium Concentration During Calendar Year 2005 
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Figure 5- 141. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 3890 
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Figure 5-142. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 7140 
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Figure 5- 143. Tank Closure Alternative 4 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 11,885 
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Figures 5-144 through 5- 146 show the area covered by concentrations above the benchmark 
concentration for iodine-129, technetium-99, and uranium-238. Iodine-1 29 spikes early in the simulation, 
covering a peak area of just over 4 square ,kilometers (1.5 square miles) around CY 2135 . The total area 
covered by the iodine-129 plume that is above the benchmark concentration drops below 1.1 square 
kilometers (0.4 square miles) around CY 3890, continuing its decline to 0.5 square kilometers 
(0.2 square miles) by CY 9740 and remaining near that level for the remainder of the simulation. 
Technetium-99 shows a similar trend, peaking at just over 8 square kilometers (3 square miles) in 
CY 2070 and reaching 0.5 square kilometers (0.2 square miles) in CY 7790. Uranium-238 shows a 
distinctly different pattern, without any area above the benchmark concentration until CY 5840. From 
CY 5840 until the end of the simulation, areas of uranium-238 concentrations above the benchmark 
concentration slowly increase, never exceeding 1.1 square kilometers (0.4 square miles). 
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Figure 5-144. Tank Closure Alternative 4 Total Area of Groundwater lodine-129 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-145. Tank Closure Alternative 4 Total Area of Groundwater Technetium-99 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5-146. Tank Closure Alternative 4 Total Area of Groundwater Uranium-238 
Concentration Exceeding the Benchmark Concentration as a Function of Time 

5.1.1.7.6 Summary of Impacts 

Under Tank Closure Alternative 4, discharges to cribs and trenches (ditches) and past leaks are the 
predominant contributors. Other tank farm sources, available after the remediation period, are a 
secondary contributor. 

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by 
about one order of magnitude during most of the period of analysis . Concentrations at the Columbia 
River are about two to three orders of magnitude smaller. The intensities and areas of these groundwater 
plumes peak around CY 2070. 

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of 
magnitude during the first 100 years of the period of analysis . Concentrations at the Columbia River 
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism 
that limits the intensity and duration of groundwater impacts of tritium. After CY 2050, tritium impacts 
are essentially negligible. 

For uranium-238 and total w-anium, limited mobility is an important factor governing the timeframes and 
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark 
concentration at the Core Zone Boundary beyond CY 8000, and remain below the benchmark 
concentration at the Columbia River nearshore. The intensity and area of the contamination plume 
continue to increase until the end of the analysis period. 

5.1.1.8 Tank Closure Alternative 5: Expanded WTP Vitrification with Supplemental 
Treatment Technologies; Landfill Closure 

This section describes the groundwater analysis results for Tank Closure Alternative 5, including 
long-term groundwater impacts of sources from within the tank fann barriers. Impacts of sources 
removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are presented in 
Section 5.3 , which discusses waste management impacts. 
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Actions and Timeframes Influencing Groundwater Impacts 

Summaries of the proposed actions and timelines for Tank Closure Alternative 5 are provided in 
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were 
identified for Tank Closure Alternative 5, as follows: 

• The past-practice period was assumed to sta11 with the onset of tank farm operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades would be complete. Releases to 
the vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms. Refer to Tank Closure Alternative 1 (see Section 5.1.1) for groundwater impacts during 
the past-practice period. 

• The retrieval period was assumed to start in 2008 and end in CY 2139. During this period, 
90 percent of the waste would be retrieved from the tanks. A retrieval loss of 15,140 liters 
(4,000 gallons) per tank was assumed for all SSTs, with no leakage from DSTs or miscellaneous 
underground storage tanks. The SST farm system would be landfill-closed with a Hanford 
barrier. Releases that occurred during the past-practice period would continue to migrate through 
the vadose zone and groundwater system. 

• The post-administrative control period was assumed to start in CY 2140 and continue through the 
10,000-year period of analysis until CY 11 ,940. During this post- administrative control period, 
releases that occurred during the past-practice period would continue to migrate through the 
vadose zone and groundwater system. In addition, all remaining waste at the SST farms ( other 
tank farm sources) would be released to the vadose zone at the start of the post-administrative 
control period. 

5.1.1.8.2 COPC Drivers 

A total of 19 CO PCs were analyzed for Tank Closure Alternative 5. Complete results for all 19 CO PCs 
are tabulated in Appendices M, N, and 0. The discussion in this section of long-tenn impacts associated 
with Tank Closure Alternative 5 is focused on the following COPC drivers: 

• Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers: chromium, nitrate, and total uranium 

The COPC drivers for Tank Closure Alternative 5 were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the I 0,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become 
major contributors toward the end of the period of analysis. Tritium was added to the list of COPC 
drivers because of its contribution to risk during the early part of the period of analysis. The radiological 
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk 
is from 2,4,6-tricblorophenol, calculated as I x 10-13

, which is negligible for purposes of this discussion. 
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure 
Alternative 5. 

The COPC drivers that are discussed in detail in this section fall into three categories. Iodine-129, 
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived 
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. 
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Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tnhum 
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and 
groundwater systems. }:inally, uranium-238 and total uranium are long-lived, or stable, but are not as 
mobile as the other COPC drivers. These constituents move about seven times more slowly than 
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC 
drivers are presented, the distinct behavior of these three groups will become apparent. 

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core 
Zone Boundary during the period of analysis because of limited inventories, high retardation factors 
(i.e. , retention in the vadose zone), short half-lives (i .e., rapid radioactive decay), or a combination of 
these factors. 

5.1.1.8.3 Analysis of Release and Mass Balance 

This section presents the impacts of Tank Closure Alternative 5 in tenns of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-147 
through 5-152). Three subtotals are plotted representing releases from cribs and trenches (ditches), past 
leaks, and other tank fann sources. Note that the release amounts are plotted on a logarithmic scale to 
facilitate visual comparison of releases that vary over four orders of magnitude. 

Figure 5-147 shows the estimated release to the vadose zone for the radiological risk drivers and 
Figure 5- 148, the chemical hazard drivers . For all three types of sources, the release to the vadose zone is 
controlled by the inventory (i.e. , 90 percent of the inventory was removed during the period of analysis by 
supplemental treatment technologies). The predominant sources for tritium are the cribs and trenches 
(ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers the 
predominant sources are other tank farm sources. This suggests that other tank farm sources, which are 
released in the analysis during the post-administrative control period, are an important impact driver 
under Tank Closure Alternative 5. 

1.0><105 

1.0><104 

-;;;- 1.0><103 

Q) 
·.:::: 1.0><102 

:::s 
~ 

1.0><101 
Q) 
CII 
ra 1.0 Q) 

'ii 
a:: 1.0><10"1 

1.0>< 10·2 

1.0><10-3 
Tritium lodine-129 Technetium-99 Uranium-238 

• Cribs and trenches • Past leaks Other sources 

Figure 5---147. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential 
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-148. Tank Closure Alternative 5 Releases of Chemical Constituent of Potential Concern 
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 

Figure 5-149 shows the estimated release to groundwater for the radiological risk drivers and 
Figure 5-150, the chemical hazard drivers . In addition to the inventory considerations discussed in the 
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers 
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129, 
tecbnetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the 
amount released to the vadose zone. 
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Figure 5-149. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential 
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

5- 142 



Chapter 5 • Long-Term Environmental Consequences 

1.0x1Q8 

1.0x107 

Ill 1.0x1Q6 
E 
"' ,_ 

1.0x105 Cl 
-2 
:i 1.0x104 -a, 

1.0x 103 Ill 

"' a, 
ai 1.0x1Q2 

0:: 
1.0x101 

1.0 
Chromium Nitrate Total Uranium 

• Cribs and trenches • Past leaks Other sources 

Figure 5-150. Tank Closure Alternative 5 Releases of Chemical Constituent of Potential Concern 
Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For 
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is 
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total 
inventory reached groundwater during the period of analysis; for other tank farm sources, only about 
2 percent reached groundwater. 

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and 
trenches (ditches), about 70 percent of the total inventory reached groundwater in the analysis; for past 
leaks, only 2 percent; and for other tank farm sources, only one-third of 1 percent reached the water table. 
These results suggest that tritium impacts on groundwater are dominated by releases from cribs and 
trenches (ditches), and that radioactive decay of tritium is an important attenuation process. They also 
suggest that uraniwn-238 and total uranium impacts would occur later in the post-administrative control 
period because of the long travel times in the vadose zone for these CO PCs. 

Figure 5-151 shows the estimated release to the Columbia River for the radiological risk drivers and 
Figure 5-152, the chemical hazard drivers. Release to the Columbia River is controlled by the transport 
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and 
nitrate), the amount released to the Columbia River is essentially equal to the amount released to 
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than 
that of the release to groundwater because of retardation. Overall, about 25 percent of the amount 
released to groundwater during the period of analysis reached the Columbia River. For tritium, the 
amount released to the Columbia River is attenuated by radioactive decay. Overall, only about 3 percent 
of the tritium released to groundwater reached the Columbia River during the period of analysis. These 
results suggest that tritium impacts on the Columbia River are strongly attenuated by radioactive decay. 
They also suggest that uranium-238 and total uranium impacts on the Columbia River would occur later 
in the post-administrative control period because of the long travel times in the vadose zone and through 
the groundwater system for these COPCs. 
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Figure 5- 151. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential 
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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5.1.1.8.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 5 impacts in terms of groundwater 
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of 
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-5 and 
Figures 5-153 through 5-159). The benchmark concentration for each radionuclide and chemical is also 
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line 
denoting the 95th percentile upper confidence limit of the concentration is included on several of these 
graphs. This confidence interval was calculated to show when the actual concentration over a certain 
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is 
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The 
confidence interval was calculated when the concentration had a reasonable degree of noise, the 
concentration's trend was level, and the concentrations were near the benchmark. Note that the 
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that 
vary over five orders of magnitude. Table 5- 5 lists the maximum concentrations of the COPCs in the 
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore. 

Figure 5- 153 shows concentration versus time for tritium. Releases from cribs and trenches (ditches) 
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude 
for a short period of time during the early part of the period of analysis. During this time, groundwater 
concentrations at the Columbia River nearshore approach the benchmark concentration. Because the 
half-life of tritium is less than 13 years, radioactive decay rapidly attenuates groundwater concentration, 
and tritium is essentially not a factor at times later than CY 2100. 

Figures 5-154 through 5- 157 show concentration versus time for iodine-129, technetium-99, chromium, 
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater 
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the 
early part of the period of analysis. During this time, groundwater concentrations at the Columbia River 
nearshore approach but do not exceed the benchmark concentration. Releases from other tank farm 
sources cause groundwater concentrations at the Core Zone Boundary to exceed benchmark 
concentrations by about one order of magnitude during the middle and latter parts of the period of 
analysis (around CY 3000 to 5000). During this time, groundwater concentrations at the Columbia River 
nearshore do not approach the benchmark concentration. 
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Table 5-5. Tank Closure Alternative 5 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers, 
Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 28 5,070 52 7,270 13 6,070 178 

(2051) (2054) (2050) (2055) (2050) (2054) (2050) 

Technetium-99 3,040 22,500 3,340 15,300 1,780 35,700 724 

(4338) (2050) (3931) (2050) (4022) (4326) (50 17) 

Iodine-129 3 42 5 19 0.8 34 0.5 

(2059) (2057) (2050) (2051) (4694) (2057) (7030) 

Uranium isotopes (includes 1 67 15 25 9 102 1 
uranium-233 , -234, -235, -238) (I 1,845) (11 ,739) (11,727) (11 ,780) (11 ,750) ( 11 ,735) (11 ,594) 

Chemical in micrograms per liter 

Acetonitrile 8 0 2 0 0 12 1 

(4221) (1940) (4208) (1940) (1940) (4510) (4297) 

Chromium 29 3,210 289 782 36 1,730 35 

(4094) (2055) (2050) (2050) (3847) (389 1) (2695) 

Nitrate 6,510 1,540,000 13,200 133,000 4,510 1,010,000 8,750 

(4099) (2050) (3586) (2054) (3794) (2050) (2450) 

Total uranium 0 83 33 15 15 204 1 

(11,795) (11,798) (11,473) ( 11 ,8 15) (11 ,82 1) (11,805) (11,935) 

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text. 
Key: COPC=constituent of potential concern. 
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Figure 5- 157. Tank Closure Alternative 5 Nitrate Concentration Versus Time 

Figures 5-158 and 5-159 show concentration versus time for uranium-238 and total uranium. Early 
releases from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders 
of magnitude lower than benchmark concentrations. Releases from other tank farm sources cause 
groundwater concentrations to rise, nearing benchmark concentrations by CY 8200 for uranium-238 and 
by CY 8400 for total uranium. Concentrations continue to rise throughout the duration of the period of 
analysis, exceeding benchmark concentrations by about one order of magnitude at the end of the period of 
analysis. Groundwater concentrations at the Columbia River nearshore rise throughout the period of 
analysis, nearing an order of magnitude less than the benchmark concentration by CY 11,940. 
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5.1.1.8.5 Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tank Closure Alternative 5 in tenns of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter (see Figures 5-160 through 5- 182). Concentrations for each 
radionuclide and chemical are indicated by a color scale that is relative to the benchmark concentration. 
Concentrations greater than the benchmark concentration are indicated by the fully saturated colors green, 
yellow, orange, and red in order of increasing concentration. Concentrations less than the benchmark 
concentration are indicated by the faded colors green, blue, indigo, and violet in order of decreasing 
concentration. Note that the concentration ranges are on a logarithmic scale to facilitate visual 
comparison of concentrations that vary over three orders of magnitude. 

Figure 5- 160 shows the spatial distribution of groundwater concentration for tritium during CY 2005 . 
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX, 
and TY tank farms, result in a groundwater concentration plume (exceeding the benchmark concentration) 
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and 
extending toward Gable Gap. Peak concentrations in this plume are about 10 to 20 times greater than the 
benchmark, and mostly contained within the Core Zone Boundary. Tritium concentrations are attenuated 
by radioactive decay to levels less than one-twentieth of the benchmark concentration by CY 2135 (see 
Figure 5-161). 
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Figure 5-162 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005. 
Analysis releases from cribs and trenches (ditches) and past leaks result in groundwater concentration 
plumes that exceed the benchmark concentration associated with the T Barrier, B Barrier, S Barrier, and 
A Barrier. Peak concentrations in this plume are about 10 to 30 times greater than the benchmark, and 
mostly contained within the Core Zone Boundary. During CY 2135, releases from other tank farm 
sources create a large plume exceeding the benchmark concentration, extending from the A Barrier to the 
Columbia River (see Figure 5-163). By CY 7140, most of the mass in the plume has reached the 
Columbia River, with only isolated pockets of high-concentration areas where the groundwater flow 
velocities are extremely small (see Figure 5- 164). Technetium-99 (see Figures 5-165 through 5-167), 
chromium (see Figures 5-168 through 5-170), and nitrate (see Figure 5- 171 through 5- 173) show similar 
spatial distributions at selected times. Iodine-129, technetium-99, chromium, and nitrate are all 
conservative tracers (i .e. , move at the rate of the pore water velocity). 
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Figure 5-162. Tank Closure Alternative 5 Spatial Distribution of 

Groundwater lodine-129 Concentration During Calendar Year 2005 
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Figure 5- 163. Tank Closure Alternative 5 Spatial Distribution of 
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Figure 5-166. Tank Closure Alternative 5 Spatial Distribution of 
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Figure 5- 173. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Nitrate Concentration During Calendar Year 7140 
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Uranium-238 and total uraniwn show a different spatial distribution in the analysis over time. These 
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water 
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed, 
and travel times through the aquifer to the Columbia River are longer. Figure 5- 174 shows the 
distribution of uraniwn-238 during CY 2005 . There is a small plwne associated with cribs and trenches 
(ditches) and past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration and 
is contained within the Core Zone Boundary. By CY 7140 (see Figure 5-175), the area of the plume has 
grown, but there are no significant increases in peak concentration. At CY 11 ,885 (see Figure 5-176), the 
greatest development of the plume during the analysis period is seen, resulting primarily from the release 
of other tank farm sources at the A and B Barriers. Figures 5-177 through 5-179 show the corresponding 
results for total uranium. 
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Figure 5- 174. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 2005 
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Figure 5- 175. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 7140 
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Figure 5- 176. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Uranium-238 Concentration During Calendar Year 11,885 
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Figure 5-177. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 2005 
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Figure 5- 178. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 7140 
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Figure 5-179. Tank Closure Alternative 5 Spatial Distribution of 
Groundwater Total Uranium Concentration During Calendar Year 11,885 

Figures 5-180 through 5-182 show the area covered by concentrations above the benchmark 
concentration for iodine-129, technetium-99, and uranium-238. Iodine-129 spikes early in the simulation, 
covering a peak area of just over 8 square kilometers (3 square miles) around CY 2070. The total area 
covered by the iodine-129 plume that is above the benchmark concentration drops below 2 square 
kilometers (0.77 square miles) by CY 3240. The plume then rises to almost 3 square kilometers 
(1.2 square miles) in CY 5190, after which it declines to less than 2 square kilometers (0.77 square miles) 
by CY 11 ,885. Technetium-99 shows a similar, more-gradual trend, peaking at over 4 square kilometers 
(1.5 square miles) in CY 2135, and decreasing to less than 2 square kilometers (0.77 square miles) in 
CY 3240. The plume then increases to greater than 10 square kilometers (3.8 square miles) in CY 4540, 
then declines rapidly to around 2 square kilometers (0.77 square miles), and then it levels off around 
1 square kilometer (0.38 square miles) by CY 11 ,885 . Uranium-238 shows a distinctly different pattern, 
without any area above the benchmark concentration until CY 5840. From CY 5840 until the end of the 
simulation, areas of uranium-238 concentrations above the benchmark concentration slowly mcrease, 
exceeding 1.4 square kilometers (0.54 square miles) at the end of the simulation. 
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Figure 5-180. Tank Closure Alternative 5 Total Area of Groundwater Iodine-129 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5- 181. Tank Closure Alternative 5 Total Area of Groundwater Technetium-99 
Concentration Exceeding the Benchmark Concentration as a Function of Time 
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Figure 5- 182. Tank Closure Alternative 5 Total Area of Groundwater Uranium-238 
Concentration Exceeding the Benchmark Concentration as a Function of Time 

5.1.1.8.6 Summary of Impacts 

Under Tank Closure Alternative 5, in general, the inventory remaining in the tank farms, available for 
release to the environment at the start of the post-administrative control period, is the predominant 
contributor in the analysis. Discharges to cribs and trenches (ditches) and past leaks are a secondary 
contributor. 

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by 
two to three orders of magnitude during most of the period of analysis. Concentrations at the Columbia 
River are about two orders of magnitude smaller. The intensities and areas of these groundwater plumes 
peak around CY 4540. 

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of 
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River 
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism 
that limits the intensity and duration of groundwater impacts of tritium. After CY 2100, tritium impacts 
are essentially negligible. 

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and 
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark 
concentration at the Core Zone Boundary beyond CY 8200, and approach the benchmark concentration at 
the Columbia River after CY 11 ,885. The peak intensity and area of the contamination plume are largest 
near the end of the period of analysis. 

5.1.1.9 Tank Closure Alternative 6A: All Vitrification/No Separations; Clean Closure, Base 
and Option Cases 

This section describes the groundwater analysis results for Tank Closure Alternative 6A, including 
long-term groundwater impacts of sources within the tank farm barriers. Impacts of sources removed 
from within the tank farm barriers and disposed in an IDF and the RPPDF are presented in Section 5.3 , 
which discusses waste management impacts. 
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Under Tank Closure Alternative 6A, Base Case, tank waste would be retrieved to a volume corresponding 
to 99.9 percent retrieval; all tank farms would be clean-closed by removing the tanks, ancillary 
equipment, and soils to a depth of 3 meters (10 feet) below the tank base. Where necessary, deep soil 
excavation would also be conducted to remove contamination plumes within the soil column. The 
adjacent cribs and trenches (ditches) would be covered with an engineered modified RCRA 
Subtitle C barrier. 

Under Tank Closure Alternative 6A, Option Case, tank waste would be retrieved to a volume 
corresponding to 99.9 percent retrieval; all tank farms would be clean-closed by removing the tanks, 
ancillary equipment, and soils to a depth of 3 meters (10 feet) below the tank base. Where necessary, 
deep soil excavation would also be conducted to remove contamination plumes within the soil column. In 
addition, the adjacent cribs and trenches (ditches) would be clean-closed. 

5.1.1.9.1 Actions and Timeframes Influencing Groundwater Impacts 

Summaries of the proposed actions and timelines for Tank Closure Alternative 6A are provided in 
Chapter 2, Section 2.5. For the long-tenn groundwater impact analysis, three major periods were 
identified for Tank Closure Alternative 6A, as follows: 

• The past-practice period was assumed to start with the onset of tank farm operations in 1944 and 
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the 
vadose zone occurred during the past-practice period from past leaks at the SST farms and 
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank 
farms. The groundwater impacts during the past-practice period under Tank Closure 
Alternative 6A that are presented in this section would be common to all of the Tank Closure 
alternatives. 

• The retrieval period was assumed to start in 2008 and end in CY 2250. During this period, 
99.9 percent of the waste would be retrieved from the tanks and all tank farms would be 
clean-closed. 

• The post- administrative control period was assumed to start in CY 2251 and continue through the 
10,000-year period of analysis until CY 11 ,940. 

5.1.1.9.2 COPC Drivers 

A total of 19 COPCs were analyzed for Tank Closure Alternative 6A. Complete results for all 19 CO PCs 
are tabulated in Appendices M, N, and 0. The discussion in this section of long-term impacts associated 
with Tank Closure Alternative 6A is focused on the following COPC drivers: 

• Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238 
• Chemical risk drivers: none 
• Chemical hazard drivers : chromium, nitrate, and total uranium 

The COPC drivers for Tank Closure Alternative 6A were selected by evaluating the risk or hazard 
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during 
the 10,000-year period of analysis and selecting the major contributors. This process is described in 
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers, although their 
contribution to risk and hazard are not dominant during the year of peak risk or hazard. Tritium was 
added to the list of COPC drivers because of its contribution to risk during the early part of the period of 
analysis. The radiological risk drivers account for essentially 100 percent of the radiological risk. The 
only predicted chemical risk is from 2,4,6-trichlorophenol, calculated as 1 x 10-11

, which is negligible for 
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purposes of this discussion. The chemical hazard drivers account for 100 percent of the chemical hazard 
associated with Tank Closure Alternative 6A. 

The COPC drivers that are discussed in detail in this section fall into three categories. Iodine-129, 
technetium-99, chromium, and nitrate are all mobile (i .e. , move with groundwater) and long-lived 
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. 
Tritiwn is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium 
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and 
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as 
mobile as the other COPC drivers . These constituents move about seven times more slowly than 
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC 
drivers are presented, the distinct behavior of these three groups will become apparent. 

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core 
Zone Boundary during the period of analysis because of limited inventories, high retardation factors 
(i.e. , retention in the vadose zone), short half-lives (i.e. , rapid radioactive decay), or a combination of 
these factors. 

5.1.1.9.3 Analysis of Release and Mass Balance 

This section presents the impacts of Tank Closure Alternative 6A in terms of total amount of COPCs 
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of 
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5- 183 
through 5-194). Two subtotals are plotted representing releases from cribs and trenches (ditches) and 
past leaks. Amounts released from other tank fann sources are negligible for the purposes of this 
discussion. Note that the release amounts are plotted on a logarithmic scale to facilitate visual 
comparison of releases that vary over four orders of magnitude. 

Figure 5- 183 shows the estimated release to the vadose zone for the radiological risk drivers under the 
Base Case, which would include use of a modified RCRA Subtitle C barrier, and Figure 5-184, the 
chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are the cribs and 
trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers 
the predominant sources are from past leaks. This suggests that past leaks, which were released during 
the past-practice period, as well as the cribs and trenches (ditches), are both important impact drivers 
under Tank Closure Alternative 6A, Base Case. 
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Figure 5-183. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5- 184. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-185 shows the estimated release to the vadose zone for the radiological risk drivers under the 
Option Case, which would include clean closure of cribs and trenches (ditches), and Figure 5-186, the 
chemical hazard drivers. The predominant sources for tritium, the conservative tracers (iodine-1 29, 
technetium-99, chromium, and nitrate), uranium-238, and total uranium are similar to those in the vadose 
zone under the Base Case. 
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Figure 5-185. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5-186. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period 
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Figure 5- 187 shows the estimated release to groundwater for the radiological risk drivers under the Base 
Case and Figure 5- 188, the chemical hazard drivers. In addition to the total inventory released, release to 
groundwater is controlled by the transport properties of the COPC drivers and by the rate of moisture 
movement through the vadose zone. For the conservative tracers (iodine-129, technetium-99, chromium, 
l;lnd nitrate), the amount released to groundwater is essentially equal to the amount released to the vadose 
zone. 
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Figure 5-187. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

1.0x1QB 

1.0x1Q7 

VI 1.0x1Q6 E 
"' .. 1.0x105 C) 

.2 
;g_ 1.0x104 

Q) 

1.0x103 Ill 
ca 
Cl) 

ai 1.0x102 
a: 

1.0x101 

1.0 
Chromium Nitrate Total Uranium 

• Cribs and trenches • Past leaks 

Figure 5-188. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of retardation. The amount of attenuation depends on the rate of moisture 
movement through the vadose zone. For cribs and trenches (ditches), where moisture movement through 
the vadose zone is relatively rapid (because of the volume of water associated with the source), about 
10 percent of the total inventory reached groundwater during the period of analysis; for past leaks, 
essentially none of the total inventory reached groundwater during the period of analysis. 

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and 
trenches (ditches), about 74 percent of the total inventory reached groundwater in the analysis; for past 
leaks, only 2 percent reached groundwater. These results suggest that tritium impacts on groundwater are 
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an 
important attenuation process. They also suggest that uranium-238 and total uranium impacts would 
occur later in the post-administrative control period because of the long travel times in the vadose zone 
for these CO PCs. 

Figure 5-189 shows the estimated release to groundwater for the radiological risk drivers under the 
Option Case and Figure 5-190, the chemical hazard drivers . In addition to the total inventory released, 
release to groundwater is controlled by the transport properties of the COPC drivers and by the rate of 
moisture movement through the vadose zone. For the conservative tracers (iodine-129, technetium-99, 
chromium, and nitrate), the amount released to groundwater is about 7 percent less than the amount 
released to the vadose zone. 
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Figure 5-189. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 
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Figure 5-190. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period 

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to 
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of 
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For 
cribs and trenches (ditches), where moisture movement through the vadose zone is relatively rapid 
(because of the volume of water associated with the source), essentially none of the total inventory 
reached groundwater during the period of analysis. For past leaks, essentially none of the total inventory 
reached groundwater during the period of analysis. 

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and 
trenches (ditches), about 85 percent of the total inventory reached groundwater in the analysis; for past 
leaks, only 2 percent reached groundwater. These results suggest that tritium impacts on groundwater are 
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an 
important attenuation process. They also suggest that uranium-238 and total uranium impacts would 
decrease over time because the long travel times in the vadose zone for these CO PCs allow much of what 
was released to be collected and treated when the cribs and trenches (ditches) are removed and their deep 
plumes remediated. 

Figure 5-191 shows the estimated release to the Columbia River for the radiological risk drivers under the 
Base Case and Figure 5-192, the chemical hazard drivers. Release to the Columbia River is controlled by 
the transport properties of the COPC drivers. For the conservative tracers (iodine-129, tecbnetium-99, 
chromium, and nitrate), the amount released to the Columbia River is essentially equal to the amount 
released to groundwater. 
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Figure 5-191. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 

1.0x108 

1.0x107 

-U) 
1.ox106 

E 
Ill ... 1.0x105 C) 

..2 
~ 1.0x104 

Cl) 
1.0x103 U) 

Ill 
Cl) 

cii 1.ox102 

D:: 
1.0x101 

1.0 
Chromium Nitrate Total Uranium 

• Cribs and trenches • Past leaks 

Figure 5-192. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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For uraniwn-238 and total uranium, the amount released to the Colwnbia River is less than that of the 
release to groundwater because of retardation. For cribs and trenches (ditches), about 40 percent of the 
amount released to groundwater during the period of analysis reached the Colwnbia River. 

For tritium, the amount released to the Colwnbia River is attenuated by radioactive decay. For cribs and 
trenches (ditches), only about 3 percent of the tritium released to groundwater reached the Colwnbia 
River. For past leaks, only about 1 percent of the tritium released to groundwater reached the Columbia 
River. These results suggest that tritium impacts on the Columbia River are strongly attenuated by 
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River 
would occur later in the post-administrative control period because of the long travel times in the vadose 
zone and through the groundwater system for these COPCs. 

Figure 5- 193 shows the estimated release to the Columbia River for the radiological risk drivers under the 
Option Case and Figure 5-194, the chemical hazard drivers. Release to the Colwnbia River is controlled 
by the transport properties of the COPC drivers. For the conservative tracers (iodine-129, technetiwn-99, 
chromium, and nitrate), the amount released to the Columbia River is essentially equal to the amount 
released to groundwater. For uranium-238 and total uraniwn, the amount released to the Columbia River 
from the groundwater is effectively zero, as essentially no uraniwn reached the groundwater from the 
vadose zone in the analysis . For tritium, the amount released to the Columbia River is attenuated by 
radioactive decay. For cribs and trenches (ditches), only about 3 percent of the tritiwn released to 
groundwater reached the Columbia River in the analysis . For past leaks, only about 1 percent of the 
tritiwn released to groundwater reached the Colwnbia River in the analysis. These results suggest that 
tritium impacts on the Colwnbia River are strongly attenuated by radioactive decay. They also suggest 
that uraniwn-238 and total uranium would not impact the Columbia River, as much of what was released 
would be collected when the cribs and trenches (ditches) are removed and their deep plwnes remediated. 
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Figure 5-193. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of 
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 
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Figure 5-194. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of 
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period 

5.1.1.9.4 Analysis of Concentration Versus Time 

This section presents the analysis of Tank Closure Alternative 6A impacts in terms of groundwater 
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of 
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Tables 5-6 and 5-7 and 
Figures 5-195 through 5-208). The benchmark concentration for each radionuclide and chemical is also 
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line 
denoting the 95th percentile upper confidence limit of the concentration is included on a few graphs. This 
confidence interval was calculated to show when the actual concentration over a certain time interval is 
likely (95 percent of the time) to be at or below this value. The confidence interval is basically a 
statistical aid to interpreting data with a significant amount of random fluctuation (noise). The confidence 
interval was calculated when the concentration had a reasonable degree of noise, the concentration's trend 
was level, and the concentrations were near the benchmark. Note that the concentrations are plotted on a 
logarithmic scale to facilitate visual comparison of concentrations that vary over five orders of magnitude. 
Tables 5-6 and 5- 7 list the maximum concentrations under the Base and Option Cases for the CO PCs in 
the peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River 
nearshore. 

Figure 5-195 shows the concentration versus time for tritium under the Base Case. Releases from cribs 
and trenches (ditches) causes the groundwater concentrations at the Core Zone Boundary to exceed the 
benchmark concentrations by about two orders of magnitude for a short period of time during the early 
part of the period of analysis, around CY 1956. During the same period of time, the Columbia River 
nearshore concentrations peaked at about one order of magnitude below the benchmark concentration. 
Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates groundwater 
concentration. 
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Table 5-6. Tank Closure Alternative 6A, Base Case, Maximum COPC Concentrations in the Peak Year at the 
Tank Farm Barriers, Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 26 5,000 51 7,3 10 13 6,000 178 

(2052) (2054) (2050) (2055) (2052) (2054) (2050) 
Technetium-99 1,350 29,100 2,680 15,200 150 24,700 169 

(2056) (2050) (2050) (2051) (2064) (2050) (2515) 

Iodine-1 29 3 41 5 31 0.3 31 0.3 
(2053) (2057) (2050) (2050) (2070) (2057) (2579) 

Uranium isotopes (includes 0 34 0 13 0 10 0 
uranium-233, -234, -235, -238) (1940) (1 1,742) (2166) (11 ,780) (1940) (11 ,758) (11 ,844) 

Chemical in micrograms per liter 

Chromium 8 3,180 289 761 10 1,660 33 
(2050) (2050) (2050) (2050) (2050) (2050) (2695) 

Nitrate 475 1,540,000 8,550 133,000 667 1,010,000 8,410 

(2051 ) (2050) (2050) (2054) (2054) (2050) (2450) 

Total uranium 0 10 0 4 0 7 0 
(2 160) (11 ,678) (2 166) (1 1,755) (2 167) (11 ,678) (11 ,508) 

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are md1cated 111 bold text. 
Key: COPC=constituent of potential concern. 
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Table 5-7. Tank Closure Alternative 6A, Option Case, Maximum COPC Concentrations in the Peak Year at the 
Tank Farm Barriers, Core Zone Boundary, and Columbia River Nearshore 

Columbia 
Core Zone River 

Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary Nearshore 
Radionuclide in picocuries per liter 
Hydrogen-3 (tritium) 26 5,140 51 5,190 13 6,990 170 

(2052) (2050) (2050) (2050) (2052) (2050) (2057) 
Technetium-99 1,350 25,000 2,680 15,200 150 21,000 181 

(2056) (2055) (2050) (2051) (2064) (2056) (2502) 
Iodine-129 3 45 5 31 0.3 35 0.3 

(2053) (2057) (2050) (2050) (2070) (2057) (2308) 
Chemical in micrograms per liter 
Chromium 8 3,790 289 772 10 1,660 29 

(2050) (2088) (2050) (2051) (2050) (2051) (2256) 
Nitrate 475 1,670,000 8,550 154,000 667 1,180,000 7,930 

(2051) (2056) (2050) (2102) (2054) (2056) (2460) 
Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text. 
Key: COPC=constituent of potential concern. 
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- Core Zone Boundary 
+-------1 - Columbia River nearshore 

+--------1 - Benchmark concentration 
(20,000 micrograms per liter) 

1940 2040 2140 2240 

Calendar Year 

2340 

Figure 5- 195. Tank Closure Alternative 6A, Base Case, Hydrogen-3 (Tritium) 
Concentration Versus Time 

2440 

The concentration versus time for tritium under the Option Case is essentially identical to that of the Base 
Case (see Figure 5-196). 
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Figure 5-196. Tank Closure Alternative 6A, Option Case, Hydrogen-3 (Tritium) 
Concentration Versus Time 

2440 

Figures 5-197 through 5- 200 show concentration versus time for iodine-129, tecbnetium-99, chromium, 
and nitrate (the conservative tracers) under the Base Case. All of the conservative tracers show similar 
patterns. Releases from cribs and trenches (ditches) cause groundwater concentrations in the Core Zone 
Boundary to exceed benchmark concentrations by about two orders of magnitude during the early part of 
the period of analysis in CY 1956. The concentrations in the Columbia River nearshore never met or 
exceeded the benchmark but came to within about one-half to one order of magnitude. 
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Figure 5-197. Tank Closure Alternative 6A, Base Case, lodine-129 
Concentration Versus Time 
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Figure 5- 198. Tank Closure Alternative 6A, Base Case, Technetium-99 
Concentration Versus Time 
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Figure 5- 199. Tank Closure Alternative 6A, Base Case, Chromium 
Concentration Versus Time 
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Figure 5- 200. Tank Closure Alternative 6A, Base Case, Nitrate 
Concentration Versus Time 
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The concentrations of iodine-129, tecbnetium-99, chromium, and nitrate (the conservative tracers) versus 
time under the Option Case are essentially identical to those under the Base Case (see Figures 5- 201 
through 5-204) . 
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Figure 5-201. Tank Closure Alternative 6A, Option Case, Iodine-129 
Concentration Versus Time 
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Figure 5-202. Tank Closure Alternative 6A, Option Case, Technetium-99 
Concentration Versus Time 
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Figure 5-203. Tank Closure Alternative 6A, Option Case, Chromium 
Concentration Versus Time 
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Figure 5-204. Tank Closure Alternative 6A, Option Case, Nitrate 
Concentration Versus Time 

Figures 5-205 and 5-206 show concentration versus time for uranium-238 and total uraniwn under the 
Base Case. Although uranium-238 concentrations in the Core Zone Boundary began to approach the 
benchmark concentration toward the latter part of the period of analysis, they never reached it. Total 
uranium concentrations at the Core Zone Boundary also began to increase toward the end of the period of 
analysis but never came to within one order of magnitude of the benchmark. The concentration levels of 
uranium-238 and total uranium at the Columbia River nearshore never came to within about two orders of 
magnitude below the benchmark. 

Under the Option Case, uranium-238 concentrations in the Core Zone Boundary generally stayed about 
three to four orders of magnitude below the benchmark concentration, except for a short spike to about 
one order of magnitude below the benchmark at the beginning of the period of analysis (see 
Figure 5- 207). At around CY 7500, the uranium-238 Core Zone Boundary concentrations fell to about 
four orders of magnitude below the benchmark. The Columbia River nearshore concentrations of 
uranium-238 stayed fairly constant at about four orders of magnitude below the benchmark. Total 
uranium concentrations at the Core Zone Boundary generally stayed about three to four orders of 
magnitude below the benchmark (see Figure 5-208). The Columbia River nearshore concentrations of 
total uranium remained fairly constant at around four and a half orders of magnitude below the 
benchmark. 
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Figure 5-205. Tank Closure Alternative 6A, Base Case, Uranium-238 
Concentration Versus Time 
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Figure 5-206. Tank Closure Alternative 6A, Base Case, Total Uranium 
Concentration Versus Time 
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Figure 5-207. Tank Closure Alternative 6A, Option Case, Uranium-238 
Concentration Versus Time 
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Figure 5-208. Tank Closure Alternative 6A, Option Case, Total Uranium 
Concentration Versus Time 
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Analysis of Spatial Distribution of Concentration 

This section presents the impacts of Tanlc Closure Alternative 6A in terms of the spatial distribution of 
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter, 
chemicals in micrograms per liter (see Figures 5- 209 through 5- 253). Concentrations for each 
radionuclide and chemical are indicated by a color scale that is relative to the benchmark concentration. 
Concentrations greater than the benchmark concentration are indicated by the fully saturated colors green, 
yellow, orange, and red in order of increasing concentration. Concentrations les than the benchmark 
concentration are indicated by the faded colors green, blue, indigo, and violet in order of decreasing 
concentration. Note that the concentration ranges are on a logarithmic scale to facilitate visual 
comparison of concentrations that vary over three orders of magnitude. 

Figure 5-209 shows the spatial distribution of groundwater concentration for tritium during CY 2005 
under the Base Case, which would include use of a modified RCRA Subtitle C barrier. Analysis releases 
from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX, and TY tanlc farms, 
result in a groundwater concentration plume (exceeding the benchmark concentration) that extends from 
the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and extending toward 
Gable Gap. Peak concentrations in this plwne are about 10 to 20 times greater than the benchmark 
concentration, and mostly contained within the Core Zone Boundary. The overall tritium concentrations 
are attenuated by radioactive decay to levels less than one-twentieth of the benchmark concentration by 
CY 2135, although a few minor traces, from about one-twentieth to one-tenth below the benchmark, can 
be found in Gable Gap (see Figure 5- 210). 

The spatial distribution of groundwater concentrations for tritium under the Option Case, which would 
include removal of the six sets of cribs and trenches (ditches) and remediation of their plumes within the 
vadose zone, is essentially identical to that under the Base Case (see Figures 5-211 and 5- 212). 

Figure 5-213 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005 
under the Base Case. Analysis releases from cribs and trenches (ditches) and past leaks result in 
groundwater concentration plumes that exceed the benchmark concentration associated with the 
T Barrier, B Barrier, and A Barrier. Peak concentrations in this plume are about 10 to 30 times greater 
than the benchmark, and mostly contained within the Core Zone Boundary. By CY 2135, the 
contaminant plumes have spread further north through Gable Gap and further east toward the Columbia 
River (see Figure 5-214). In the plume north of Gable Gap, contaminant levels have begun to meet the 
benchmark concentration. In the east, just outside of the Core Zone Boundary, levels have risen to 5 to 
10 times above the benchmark. By CY 7140, most of the mass in the plume has reached the Columbia 
River, with only a small pocket with high concentrations in the southern region of Gable Gap extending 
north from the B Barrier (see Figure 5- 215). Technetium-99 (see Figures 5- 216 through 5-218), 
chromium (see Figures 5- 219 through 5-221), and nitrate (see Figures 5-222 through 5- 224) show 
similar spatial distributions at selected times. Iodine-129, technetium-99, chromium, and nitrate are all 
essentially conservative tracers (i.e., move at the rate of the pore water velocity) during the period of 
analysis. 

The spatial distribution of groundwater concentrations of the conservative tracers under the Option Case 
is essentially identical to that under the Base Case (see Figures 5- 225 through 5- 236). 
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Figure 5-209. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Hydrogen-3 (Tritium) 

Concentration During Calendar Year 2005 
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Figure 5-210. Tank Closure Alternative 6A, Base Case, 
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Concentration During Calendar Year 2135 
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Figure 5-211. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Hydrogen-3 (Tritium) 

Concentration During Calendar Year 2005 
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Figure 5-212. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Hydrogen-3 (Tritium) 

Concentration During Calendar Year 2135 
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Figure 5-213. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater lodine-129 

Concentration During Calendar Year 2005 
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Figure 5- 214. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Iodine-129 

Concentration During Calendar Year 2135 
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Figure 5- 215. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Iodine-129 

Concentration During Calendar Year 7140 
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Figure 5-216. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Technetium-99 

Concentration During Calendar Year 2005 
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Figure 5- 217. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Technetium-99 

Concentration During Calendar Year 2135 

5- 203 



Draft Tank Closure and Waste Management Environmental impact Statement for the 
Hanford Site, Richland, Washington 

Technetium-99 
(picocuries per l<e,) 

Maximum contaminant level= 900 

<45 

45-90 

90-450 

450--900 

900-4,500 

4,500--9,000 

• 9,000-45.000 

• 5,000 

c:J CO<e Zone Boundary 

.. 000 

Note: To convert meters to 
feet. multiply by 3.281 

10000 

Figure 5-218. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Technetium-99 

Concentration During Calendar Year 7140 
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Figure 5-219. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Chromium 

Concentration During Calendar Year 2005 
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Maximum contaminant level = 100 

• <5 

• 5-10 

10-50 

• 50-100 

• 100-M0 

5()()..1 ,000 

• 1,000-5 000 

• >5.000 

c:J C0<e Zone Boundary 

,.ooo 

Note: To convert meters to 
feet, multiply by 3 281 

10000 JS,000 ....... 

Figure 5- 220. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Chromium 

Concentration During Calendar Year 2135 
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Chromium 
(micrograms per iter) 

Maximum contaminant level = 100 

• <5 

• S-10 

1<h50 

• -100 

• 1-

• ~1.000 

• 1,000-5000 

• >5.000 

c:J Core Zone Boundary 

Note: To conven meters to 
feet. iroltlply by 3 281 

10000 15000 ........ 

Figure 5-221. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Chromium 

Concentration During Calendar Year 7140 
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Nitrate 
(micrograms per ite<) 

Maximum contaminant level • •5,000 

• <2,250 

• 2. 250--1, 500 

4,500-22.500 

• 22,500-45 000 

• 45,000-225 000 

225,000-,,50,000 

• 450,000-2,250,000 

• >2.250,000 

c:J C0<e Zooe Boundary 

S,000 

Note: To convert meters to 
leet, muttrply b'f 3 281 

10000 15000 ........ 

Figure 5-222. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Nitrate 
Concentration During Calendar Year 2005 
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Nitrate 
(micrograms per it•) 

Maximum contaminant level • 4.S ,000 

<Z,250 

• 2,250-4,500 

4,500-22,500 

• 22,500-45 000 

• 45,000-225,000 

225,ll00--450 000 

• 450,000-2250,000 

• >2,250,000 

D Core Zone Boundary 

5.000 

Note: To conven meters to 
feet. muKlply by 3 281 

!0000 15000 -
Figure 5-223. Tank Closure Alternative 6A, Base Case, 

Spatial Distribution of Groundwater Nitrate 
Concentration During Calendar Year 2135 
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(micrograms per klet) 
Maximum contaminant level = 45,000 

• <2,250 

• 2,250-4,500 

4,500-22.500 

• 22.500-45 000 

• 45,000-225 000 

225 000-450 000 

• 450,000-2.250 000 

• >2,250,000 

c:J Core Zone Boundary 

5,000 

Note: To convert meters ro 
leet. mul!Jply by 3 281 

I0.000 15.000 

"'"" 

Figure 5- 224. Tank Closure Alternative 6A, Base Case, 
Spatial Distribution of Groundwater Nitrate 
Concentration During Calendar Year 7140 
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lodine-129 
(plcocurles per lile<) 

Maximum contaminant level • 1 

• <005 

• O.OS--O 1 

Ill 0.1~5 

• 0S-1 

• 1-S 

S-10 

• 10--50 

• >50 

c:::J Core Zone Bounda,y 

5.000 

Note: To convert meters lo 
feet, multiply by 3 281 

10000 15,000 ........ 

Figure 5-225. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater lodine-129 

Concentration During Calendar Year 2005 
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lodine-129 
(picocuries per liter) 

Maximum contaminant level = 1 

• <005 

• 0.05-01 

01--05 

05-1 

1-5 

5-10 

• 10-50 

• >50 

CJ Core Zone Boundary 

5.000 

Note: To convert meters lo 
feet muklpy by 3 281 

10000 IS,000 -
Figure 5-226. Tank Closure Alternative 6A, Option Case, 

Spatial Distribution of Groundwater lodine-129 
Concentration During Calendar Year 2135 
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lodine-1 29 
(plc:oo.,rles per lter) 

Maximum contaminant level • 1 

• <00!5 

• 0 0S-0 1 

• 01-05 

• OS-1 

• 1-6 

• S-10 

• 10-50 

• >50 

c:J Core Zone Boundary 

5.000 

Note: To convert meters lo 
feet mu!Uply by 3 281 

10000 15000 ....,_ 

Figure 5- 227. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Iodine-129 

Concentration During Calendar Year 7140 
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(plcocurles pe, liter) 

Maximum contaminant fevel = 900 

<45 

45-90 

9(),..,150 

• 450-900 

• 900-4 500 

• 500-1I 000 

• 9 000-45. 000 

• >45.000 

CJ Core Zone Boundary 

0.000 

Note: To convert meters IO 
fee~ multiply by 3 281 

10.000 15.000 -.. 

Figure 5- 228. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Tcchnetium-99 

Concentration During Calendar Y car 2005 
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Technetium-99 
(_pk:ocurtes pet hter} 

Maximum contaminant level z: 900 

• <45 

• •5-90 

90-•50 

•50-900 

900-•,500 

•.~ .000 

• 9,000-45.000 

• ""5000 

c:J Core Zone Boundary 

• 5,000 10000 15000 -Note: To convert meters to 
fee ,oo ply 11( 3 281 

Figure 5-229. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Technetium-99 

Concentration During Calendar Year 2135 
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<-45 

Technetium-99 
(picocunes per liter) 

45-90 

90-450 

450-900 

900-4 500 

4500-6000 

9 000-45 000 

>45.000 

LJ Co<e Zone Bound..-y 

Note: To convert meters to 
ree~ n-..li11ply by 3.281 

10000 15000 -
Figure 5- 230. Tank Closure Alternative 6A, Option Case, 

Spatial Distribution of Groundwater Technetium-99 
Concentration During Calendar Year 7140 

5- 216 



Chapter 5 • Long-Term Environmental Consequences 

Chromium 
(micrograms per ltor) 

Maximum contaminant ~vel • 100 

• <5 

• 5-10 

10-50 

• 50-100 

• 100-500 

~1.000 

• 1.0CJ0...5000 

• >5.000 

c:J Core Zone Boundary 

,000 

Note: To convert meters co 
feel, mulbply by3281 

10000 15000 ....... 

Figure 5- 231. Tank Closure Alternative 6A, Option Case, 
Spatial Distribution of Groundwater Chromium 

Concentration During Calendar Year 2005 
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