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Responsible Agencies: Lead Federal Agency: U.S. Depanment of Energy 

Title: Preliminary Draft Hanford Remedial Action Environmental Impact Statement 

Contacts: For funher information on this Environmental Impact Statement call or contact: 
I . . , • 

Mr. Thomas W. Fems -
U.S. Department of Energy, 
Richland Operations· Office 
P.O. Box 550, MSIN H4-83 
Richland, Washington 99352 
(509) 372-0649 

For general inform~~Jor Pi \h§;ll ',~.,J::}e_a~wr~t~~g~-t~\;,fpJi~)za/ Environmemal Policy 
Act of 1969 (NEP At PI9,~PS~'caU1 tt-f8d0,,'.;47f24/2.t7'56•,,t~..,f eav~ a''.me"ssage or contact: 

"' to i ·"' -. . {I f~1· i;\;t'.,'"'"'b,~ ~, ~ 

Carol Borgstrom, Director lU vi t\ J b I ., '~"> ,,J 
Office of NEPA Policy and Assistance (EH-42) , 

· U.S. Department of Energy 
1000 Independence A venue, SW 
Washington, :b.C. 20585 
(202) 586-4600 

Abstract: This document analyzes the potential environmental impacts associated with establishing 
future land-use objectives for the U.S. Department of Energy's Hanford Site. Impact analysis is 
performed by examining the consequences (primarily from remediation activities) of the actions 
necessary to achieve ·a desired future land-use objective. It should be noted that site-specific decisions 
regarding remediation technologies and remediation activities would not be made by this document, 
but rather by processes specified in the Comprehensive Environmental Response, Compensation and 
Liability Act of 1980 (CERCLA) and the Resource Conservation and Recovery Act of 1976 (RCRA). 

To facilitate the establishment of future land-use objectives, the Hanford Site was divided into four 
geographic areas: (1) the Columbia River, (2) Reactors on the River, (3) the Central Plateau, and 
(4) All other Areas. The alternatives considered for each of the geographic areas are as follows: 

• Columbia River--Unrestricted and Restricted 
• Reactors on the River--Unrestricted and Restricted 
• Central Plateau--Exclusive 
• All Other Areas--Restricted. 

A No-Action Alternative also is included to provide a baseline against which the potential impacts of 
the proposed action can be assessed. 

Public Comments: Public meetings on the Draft Environmental Impact Statement will be announced 
in February of 1996. Written and oral comments on the Draft Environmental Impact Statement will 
be accepted until April 3, 1996, at the Washington State address and telephone number provided 

. above. The U.S. Department of Energy will consider these public comments in preparing the Final 
Environmental Impact Statement. 



THIS PAGE INTENTIONALLY 
LEFT BLANK-





THJS: PAGE INTENTIO_NALLY 
LEFT BLANK-



1 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Su_m,nary 

The U.S. Department of Energy (DOE) proposes to develop future land-use objectives for the 
Hanford Site, bas_ed primarily on the consideration ,of potential environmental impacts associated with 
remediation activities. This effort would facilitate the development of a coordinated strategy for 
remediation of Hanford Site hazardous and radioactive waste sites, by integrating the consideration of 
potential future Hanford Site uses into remediation decisions. Adoption of this coordinated strategy 
would ensure that remediation goals for the Hanford Site are coordinated b~th with DOE 
requirements for land and other resources needed for the remediation project and with other. DOE . 
missions. Developing future land-use objectives would help to ensure that the DOE makes the most · 
effective use of Hanford Site· resources while prov"iding for protection of human health and the · 
environment during remediation. A decision regarding future land-use objectives would also identify 
limitations or constraints on potential Hanford Site land uses that may ~e necessary or desirable as a 
result of residual contamination. · 

Pursuant to the requirements of the National Environmental Policy Act of 1969 (NEPA), the 
DOE has determined that the proposed action to develop future land-use objectives for the Hanford 
Site is a major federal action that requires the preparation of an Environmental Impact Statement 
(EIS). This EIS has be~n prepared in response to those requirements, consistent with both the 
Council on Environmental Quality Regulations for Implementing the Procedural Provisions of the 
National Environmental Policy Act and the National Environmental Policy Act Implementing 
Procedures, which p:rovide DOE-specific procedures for NEPA compliance. This EIS addresses those 
requirements by evaluating the environmental impacts of remedial activities necessary to achieve a 
range of alternative future land-use objectives for the Hanford Site. Potential impacts resulting from 
both physical disturbance and human and wildlife exposures to radiological and chemical contaminants 
during remediation are evaluated for each alternative, including the No-Action Alternative. The 
No-Action Alternative assumes that no remedial actior1s take place, but that continued monitoring, 
maintenance, and Hanford Site security activities would occur. 

During the public scoping process, in an attempt to foster participation by interested 
stakeholders, the Hanford Future Site Uses Working Group (Working Group) was established to 
develop a vision for the future of the Hanford Site. For the purposes of analysis, the Working Group 
members divided the Hanford Site into six distinct geographic areas and considered three cleanup 
scenarios for each geographic area. The Hanford Remedial Ac(ion Environmental Impact Statement 
(HRA-EIS) has adopted the geographic area and cl~anup scenario concept cieveloped by the Working 
Group. The alternatives for future- land-use objectives are described .with respect to four specific 
geographic areas of the Hanford Site: 

• Columbia River (Hanford Reach) 

• Reactors on the River (100 Areas) 

• Central Plateau (200 Areas), and . 

•. All Other Areas (300, 400, 600, and 1100 Area_s). 
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The other two geographic areas (?f the Hanford Site: the North Slope and the Fitzner/Eberhardt 
2 Arid Lands Ecology (ALE) Reserve, have already been remediaied under the Comprehensive 
3 Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) statute. Therefore, 
4 evaluation of potential environmental consequences of remediation of these geographic areas is 
5 unnecessary. 
6 
7 

8 Purpose and Need for Action 
9 

10 As stated above, future land-use objectives need to be established, through the NEPA process, to · -
11 assist the DOE in developing a cost-effective, technically-sound remediation strategy for the Hanford · 
12 Site. In making decisions on future land-use objectives, the DOE must holistically consider the 
13 environmental and human health impacts of remediation, as. well as other ongoing or planned future 
14 actions at the Hanford Site. Future land-use objectives are the basis for. establishing remed_ial action 
15 objectives under CERCLA and for identifying the corresponding preliminary remediation goals, using 
16 existing standards, readily available risk informatiqn, and <;>ther site-specific, risk-related factors. 
17 Establishment of land-use objectives is expected to make the remedial action decision-making process 
18 more streamlined and cost-effective. In the absence of future land-use objectives, remedial activities 
19 at the Hanford Site would continue under CERCLA and the Resource Conservation and Recovery Act 
20 of f976 (RCRA) on a case-by-case basis. · 
21 
22 
23 Description of Alternatives 
24 
25 The proposed action for the HRA-EIS is to establish future land-use objectives for the main 
26 : portion of the Hanford Site. Establishing future land-use objectives would result in a more simplified 
27 process of determining appropriate cleanup levels for a given area and minimize the likelihood of 
28 making inconsistent remediation decisions at the operable unit level. Establishing land-use objectives 
29 would ensure that remediation of the Hanford Site reduces human health risks to acceptable levels, 
30 while making the most efficient use of available\appropriate resources. The EIS will not select or 
31 recommend specific remediation technologies~ because decisions to deploy specific technologies would 
32 be made through the CERCLA/RCRA regulatory processes. 
33 
34 The Working Group developed a range of three possible cleanup scenarios: unrestricted use, 
35 restricted use, and exclusive use. For the purposes of this analysis, the Working Group cleanup 
36 scenarios were modified to reflect the needs o{the DOE's continuing mission at the Hanford Site. 
37 The cleanup scenarios used ·in this evaluation are defined as follows: 
38 
39 • Unrestricted Land Use,--Contamination does not preclude any human uses. However, access 
40 or certain uses may be prohibited for other reasons (e.g. physical hazards, cultural resource 
41 protection, habitat protection). 
42 
43 . • Restricted Land Use--Residual contamination precludes some human uses. Restrictions 
44 could apply to the surface soils, subsµrface soils, surface water, or groundwater. 
45 
46 • Exclusive Land Use--Potential health risks limit use·s and require strict controls on access. 
4 7 Use of the area would be limited to the management and/or disposal of radioactive and 
48 hazardous materials and similar, compatible uses, Control of the area would be maintained 
49 by the DOE. Exclusive use areas could include buffer zones around active facilities. 
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These categories establish broad,remediation goals representing the aggregate conditi_on of each 

2 geographic area. Although poitioris. o{,t~e ·r1.:~Pf?it_,,~},;~ ar,~;"~p~.99i~'0i.11a~ed,_ future uses of each 
3 geographic area would be bounded by· the _atr.lount' of re_medilitiori' that can be achieved at waste sites 
4 rather than by the condition of unco~uairiinated areas. .. --~, 
5 ...... ,: .. , 

6 After screening each potential future land-use alternative against five criteria developed in 
7 _ accordance with Council on Environmental Quality guidance (identified in Chapter 3), the following 
8 table depicts alternatives that were retained for detailed evaluation for each geographic area. The 
9 shaded areas of the table indicate future land-use alternatives determined to be unreasonable based on 

10 failure to meet one or more screening criteria. 
11 
12 

13 The Affected Environme,zt 
14 
15 This section describes the Hanford Site and the existing environment. The Hanford Site lies 
16 within the semiarid Pasco Basin of the Columbia Plateau in southeastern Washington-and occupies an 
17 area of about 1,450 km2 (560 mi2), northwest of the confluence of the.Yakima River with the . 

· 13 Columbia River. The Hanford Site is about 50 km (31 mi) north to south and 39 km (24 mi) east to 
19 west. ·This land, witq restricted public access, provides a buffer for the smaller areas formerly used 
20 for p:mduction of nuclear materials, and currently used for waste storage and disposal. The Columbia 
21 River flows through the northern part of the Hanford Site, and turning south, forms part of the 
22 eastern boundary of the site. · The Yakima River runs along· part of the southern boundary and joins 
23 the Columbia River below the City of Richland, which bounds the Hanford Site on the southeast. 
24 The cities of Richland, Kennewick, and Pasco, known as the Tri-Cities, constitute the nearest 
25 population centers and are located southeast of the Hanford Site. 
26 
27 The Hanford. Site is a relatively large, predominantly undisturbed, area of shrub-steppe habitat 
28 containing numerous plant and animal species. ad~pted J.9. the semiarid environment of the region. The 
29 Site consists of mostly undeveloped land with widely spaced clusters of industrial buildings located 
30 along the western shoreline of the Columbia River and at several locations in the interior of the 
31 Hanford Site. The industrial buildings are interconnected by roads, railroads, and electrical 
32 transmission lines. The major facilities and activities occupy about 6% of the total available land 
33 area. The proposed actions would occur on the main portion of the Hanford Site, bounded to the · 
34 south and east by State Route 240 and bounded to the north and east by the Columbia River. The 
35 scope of the EIS excludes the ALE and North Slope; · 
36 

37 Table 3-2. Screening of Potential 
38 Future La,id;.Use Alternatives. 

39 

40 

41 

42 

43 

44 
45 
46 
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Dominant plants on the Hanford Sit{are big sagebrush, rabbitbrush, cheatgrass, and Sandberg's 
2 bluegrass, with cheatgrass providing haif of the total plant cover over a portion of the Site. 
3 Specialized plant communities include upland shrub-steppe habitat, characterized by 
4 sagebrush-dominated communities with grasses composing the understory; trees, which were planted 
5 by homesteaders in association with agricultural areas; riparian areas, including sloughs, backwaters, 
6 shorelines, and islands associated with the Columbia River; and relatively specialized plant 
7 communities associated with unique topographic features such as basalt outcrops, cliffs, and sand 
8 dunes. 
9 

10 The Hanford Site supports a variety of terrestrial and aquatic wildlife species; including federal 
11 and state listed endangered, threatened, candidate,' and sensitive species. Species of concern include 
12 the fall chinook salmon, considered by tribal governments to be one of the most significant natural · 
13 resources on the Hanford Site; bald eagle, American white pelican, loggerhead shrike, long-billed 
14 curlew, and sage sparrow. As unfragmented habitat disappears elsewhere in the Columbia Basin, the 
15 relatively undisturbed plant and animal communities at Hanford become increasingly valuable from a 
16 regional perspective. 
17 
18 Due to construction of dams elsewhere in the Columbia River system, the Hanford Reach is one 
19 of the few remaining archaeologically rich areas in the western Columbia Plateau. The Hanford 
20 Reach contains numerous well-preserved· archaeological sites representing prehistoric, historic, and 
21 contact periods and is still thought of as a homeland by many Native American people. Historic 
22 period resources include sites, buildings, and structures from the pre-Hanford Site, Manhattan 
23 Project, and Cold War eras. 
24 
7-_.) 

26 
27 
28 
29 
30 
31 .,.., 
.)_ 

33 
34 
35 
36" 
37 
38 

Benton and Franklin counties experience most of the economic and social consequences of 
activities at the Hanford Site. The counties, which contain the Tri-Cities, are very dependent upon 
Hanford Site operations for employment and revenue. Population growth in the counties is strongly 
influenced by actions at the Hanford Site'. The two main economic sectors in these counties are 
Hanford Site activities and agriculture. 

Land near the Hanford Site is generally flat with little relief. Rattlesnake Mountain, rising to 
1,060 m (3,477 ft) above mean sea level, forms the western boundary of the Hanford Site. Gable 
Mountain and Gable Butte are the highest land forms within 'the Hanford Site .. The Columbia River, 

· flowing across the northern part of the Hanford Site and forming the eastern boundary, is generally 
considered scenic, contrasting blue against a background of brown basaltic rocks and desert 
sagebrush. The White Bluffs, st~ep whitish-brown bluffs adjacent to the Columbia_River and above 
the northern boundary of the river, are a strong feature of the landscape. 

39 Movement of contaminants through groundwater, soils, and other environmental media is 
40 routinely monitored to determine .impacts to the public, workers, and the environment. The Hanford 
41 Site Environmental.Report for Calendar Year 1994 summarizes recent data on effluent monitoring and 
42 environmental surveillance. Wastewaters discharged on the Hanford Site have reached groundwater 
43 and surface waters. Constituents detected in groundwater include tritium, iodine-129, technetium-99, 
44 uranium, nitrate, carbon tetrachloride, and chrnmium. Columbia River water quality monitoring 
45 shows higher concentrations of tritium, iodine-129, and uranium downstream of the Hanford Site than 
46 concentrations found at upstream mon_itoring locations. 
47 
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Environmental Consequences. 
·.~ .. ,:.: ... ,:'.' ·' 

Chapter 5 of the EIS analyzes poteritiaL consequenc~s .of e~ch. altern~tive ori resource areas such 
as air, water, ecology, noise, socioeconomi~_s, and cul.rural resourc.es. The following sections 
summarize the corfipari~ori ·of primary impads. and provide ge·neral observati~ns -regarding tradeoffs of 
beneficial and adverse impacts likely to be encountered during remediation necessary to accommodate 
future land-use objectives at the Hanford Site. 

Human Health Risks 

Potential risks to a human receptor under the No-Action Alternative were estimated for four 
exposure scenarios: agricultural, residential, industrial, and recreational. Assumptions were made for 
each of these scenarios concerning the type and magnitude of contact with potentially contaminated 
media (soil, water, air, food). Incremental lifetime cancer risks were estimated for cancer-causing 
radionuclides and chemicals. The resulting values were compared to the 10-1 to 10·6 (one in ten 
thousand to one in 1 million) range suggested by the Environmental Protection Agency in 40 CFR 
300 as a target risk level following remediation of hazardous waste sites. Noncancer risks were 
estimated as the hazard index, the ratio of the estimated exposure to a threshold value below which 
toxic effects would not be expected. 

Under the No-Action Al~ernative, the estimated cancer risk for all scenarios is geographically 
concentrated in the Central Plateau and the Reactors on the River geographic areas, with only limited 
areas in All Other Areas geographic area· above the acceptable range. The greatest estimated risks are 
posed by the agricultural and residential scenarios, with lower risks posed by the industrial scenario 
and the lowest risks p'osed by the recreational scenario. A similar pattern holds for noncancer effects. 
These differences are a direct function of the '"importance of various exposure pathways contributing to 
health risks at the Hanford Site. The primary source of potential risk is consumption of contaminated 
groundwater. For purposes of comparison, the hy.pothe~ical farmer and resident consume the greatest 
amounts of groundwater, followed by the industrial \\;o~ker and recreational user. As described in 
Chapter 5, estimated risks remain above the target range for at least some areas of the Hanford Site 
for a minimum of 10,000 years for all four scenarios, primarily as a result of the contribution to risk 
of groundwater consumption. · 

These observations suggest .that, to ensure protection of human health, continued control of 
access and use of the Hanford ~ite must be maintained, particularly access to groundwater. 
Otherwise, contamination at the Hanford Site must.be completely removed or isolated. However, the 
remedial activities necessary to remove and/or isolate contamination are themselves not without risk, 
due to the potential for worker exposure to contaminants and accidents during remediation. This 
issue was addressed by estimating the potential consequences of several types of accidents that could 
occur during remediation (i.e., a shoreline excavation accident, a range fire, a soil dispersion 
accident, and a fire in a groundwater filtration unit). A shoreline excavation accident could occur 
d1,1ring remediation of the Columbia River and would release contaminants to the river. A range fire, 
which could occur under _any alternative for the other three geographic areas, would release 
contaminants taken up by plants.· A soil dispersion accident, caused by the ignition of reactive 
material in a container encountered during the excavation of a waste site, would disperse-contaminants 
through the air. A fire in a filtration unit used for treating groundwater would similarly release 
contaminants to the air. Only the shoreline excavation accident was considered applicable to the 
Columbia River geographic area; the other three accidents were evaluated for the other three 
geographic areas. 
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· Accident analyses indicate that estimated cancer risks to the maximally ·exposed individual due ro 
2 a shoreline excavation accident or a range fire would be within or below the target risk range of 
3 10-4 to 10·6 in areas for which these accidents were evaluated. Estimated risk due to a soil dispersion 
4 accident exceeds the t~rget range for the Central Plateau, and the groundwater treatment accident 
5 exceeds the target for the three geographic areas for which this accident was evaluated. 
6 
7 Consideration of tradeoffs involved in remediation to the degree required to support various 
8 alternative land-use objectives should include comparisons between the estimated risk of the 
9 No-Action Alternative, risks associated with remediation accidents, and the target risk range follo\\'ing 

10 remediation. This EIS assumes the target risk range (104 to 10"6
) would be met regardless of selected 

11 combinations of remedial technologie~ and use goals. in addition, potential impacts of the alternatives 
12 that are not directly related to health risk must be considered. Some of these impacts ate highlighted 
13 in the following sections. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 .,,, .,_ 
33 
34 
35 

Ecological Impacts 

Potential impacts on ecological resources at the Hanford Site present tradeoffs similar in nature 
to those for human health. Monitoring data indicate that current Hanford Site activities have only a 
minimal impact on ecological receptors. - Potential radiological and chemical effects on ecological 
receptors were estimated using a methodo!ogy analogous to the methodology used for estimation of 
human health risk. Results were expressed as estimated radiation doses and as hazard indices for 
nonradioactive chemicals. The calculated radiation doses and hazard indices suggest potential future 
radiological and chemical hazards for ecological receptors in the Reactors on the River, Central 
Plateau, and All Other Areas geographic areas, bµt not in the Columbia River geographic area. 

Conversely, potential ecological impacts of remedial activities are substantial. Major potential 
impacts of remediation to allow future land-use objectives include physical destruction of habitat by 
waste removal and construction activities, soil excavation, noise, disturbance of wildlife due to 
increased human presence, and potential contaminant releases during remediation. Restoration 
planned for remediated waste sites would reduce impacts, but would be unlikely to return disturbed 
habitats to their original condition in the short-term because the original habitats developed over long 
periods of time. Further, release of currently controlled areas of the Hanford Site for agricultural or 
industrial development would lead to additional habitat destruction. Impacts to biodiversity at the 
Ha~ford Site could occur as a result of habitat ·destruction and fragmentation. · 

36 Cultural Resources 
37 
38 Abundant cultural resources occur on the Hanford Site. These resources include prehistoric sites 
39 . and associated artifacts representing Native American cultures, historic properties representing early 
40 settlements, and more recent structures associated· with the Manhattan Project and Cold War eras. 
41 Remedial activities to facilitate the various alternative land-use objectives could have both adverse and 
42 beneficial impacts on cultural r.esources. Ground disturbance has the potential to destroy a wide 
43 variety of known and presently undiscovered cultural artifacts. Removal or isolation of contamination 
44 could permit tribal members safe access to traditional use areas not currently avaUable, but might also 
45 increase the likelihood of vandalism at these sites due to general increased public access. Similarly, 
46 decommissioning of structures would effectively remove the associated radiological and chemical 
4 7 hazards from the Hanford Site, but certain structures have historical significance in the context of 
48 World War II and the Cold War. Mitigation measures, such as data recovery, could reduce but not 
49 completely eliminate adverse impacts to cultural resources resulting from remediation activities. 
50 
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· I Impacts to Soils and Geologic .f?.esqi!:r:ces 
2 .. :.. _:··:: .~.ii:• 1 /~\~-'~-~}~~·:,1·· .;<t\,_':{~-.:<~/{ .. \;t· ·.;::1:~'f1 .>~ "}·_'½.;,,/, .. {. 

3 Some impacts to soHs would. occur regardless:of t~,~ la.I1f,!:!se 'alternative selected, Soil 
4 disturbance under th~ No-Action Alternative w,ou.ld be associated with stabi!i~~tion of waste sites, 
5 Soil disturbance·,would alsci'occur as a result cifcompacticin by heavy equipment. Disturbed soils 
6 would have an increased potential for erosion. Soil disturbance also could result in adverse impacts 

. 7 to ecological resources, Invasive nonnative plant species, such as cheatgrass, could gain a foothold in 
8 an area by colonizing disturbed areas. Furthermore, soil compaction and erosion could have an 
9 adverse effect OQ efforts. to revegetate disturbed areas after implementation of a rem~dial action ~r 

JO stabilization of a waste site. Nevertheless, some soil disturbance will be necessary to achieve.the goal 
11 of protecting human health and the environment. Soil disturbance could be mitigated by restdcting 
12 heavy equipment to trample zones, using established transportation routes to minimize damage to· 
13 undisturbed soil and vegetation, using silt fences and dust control measures to reduce soil· erosion, and 
14 · reseeding disturbed areas with native vegetation to reduce. long-term soil loss from wind and water 
15 erosion. These mitigating measures would minimize, but not completely_eliminate, impacts to soils. 
16 
17 Impacts to geologic resources potentially include destruction of some unique geologic features 
18 during remediation, restrictions on access to unique geologic features, depletion or exhaustion of 
19 geologic resources at existing or proposed borrow areas and quarry sites, and restrictions on future 
20 pubJic access to sand and gravel resources~. Implementation of the reference cap, .at many or all waste 
21 sites, .would reqi.Iire,·substantial volumes of geologic materials (soil, sand, gravel, and basalt). The 
22 greatest volume of a, particular. material used in construction of the reference cap would be basalt. 
23 Potential quarry sites include.near surface. basalt benches and basalt outcrops. Obtaining the basalt 
24 · either would leave a. large open pit that may be.difficult to reclaim and would not conform to the 
25 surrounding terrain, or, depending on volume, would impact or remove a basalt outcrop that may be 
26 . of religious significance to Native Americans: Caps would'also alter viewscapes at the Hanford Site. 
27 Impacts to geologic resources could be mitigated, but not eliminated, through the use of alternate cap 
28 designs. For example, the requirem~ntfor basaJt _w9uld :be substantially reduced if a modified RCRA 
29 cap were implemented for waste sites on the Central Pfateau and other waste sites. 
30 
31 Impacts to Air Resources 
32 / 
33 Impacts to air resources that would result from implementation of remedial activities at the 
34 Hanford Site would primarily consist of generation of fugitive dust and pollutant emissions from fuel 
35 consumption by heavy equipment. Small amounts of fugitive dust would be generated under the 
36 No-Action alternative in ass~ciation with stabilization of waste sites. Dust would also be generated if 
37 waste sites were excavated. Under these scenarios, the _dust generated c:ould potentially be 
38 contaminated with ra_dionuclides or hazardous materials. Use of protective caps to prevent 
39 contaminant migration would-also lead to dust generation froin excavation, hauling, and placement of 
40 cap materials. Machinery used to implement ·a remedial action at a waste site, either excavation or 
41 · cap construction, would consume large quantities of fuel, resulting in release of atmospheric 
42 pollutants. Ambient air quality standards are not likely to be exceeded in the long term and emissions 
43 would be temporary, subsiding upon completion of the action. Various mitigation measures would be 
44 implemented to minimize emissions of fugitive dust, including use of water or surfactants to minimize 
45 releases from .storage piles, gravel roads, and· disturbed areas; tarping or otherwise covering all loads 
46 during hauling; or construction of temporary enclosures over excavation sites. 
47 
48 
49 
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Water Resources 

Potential impacts to surface water, specifically the Columbia River, could occur as a result of 
either the No-Action Alternative or a result of remediation to either restricted future land-use or 

. unrestricted future land use in this geographic ·area. Under the No-Action Alternative, contaminant 
releases could occur as a result of natural scouring and erosion. · These natural processes would 
continue to expose and detach river discharge pipelines and to mobilize contaminated shoreline 

. sediments. Conducting remedial activities within the river would also have the potential to release 
radiological and chemical contaminants and would involve disturbance of the floodplain. Use of 
cofferdams within the river could increase the -river ~tage and velocity, potentially leading to increa~ed 
erosion and contaminant releases. Contaminants in unremediated soils and waste sites could be 
transported to groundwater which would ultimately transport these contaminants to the river. In the 
long-term, remedial activities would have a beneficial impact on the Columbia River either through 
removal of contaminants from the river and groundwater or by preventing contaminant migration. 

Potential impacts to groundwater include transport of contaminants from waste sites into the 
groundwater; continued expansion of contaminant plumes under the No-Action Alternative; and 
temporary localized changes in groundwater levels and flow direction associated with pump-and-treat 
remedial activities. Capping of wastes sites or removal of contaminants from the vadose zone would 
prevent migration of those contaminants to the groundwater. Groundwater treatment strategies could 
be used to prevent migration of contaminated groundwater from one geographic area to another and . . . 

could be protective of the Columbia River. Long-term impacts to groundwater that would occur as a 
result of remedial activities would be beneficial. 

26 Potential, Mitigation Measures 
27 
28 Several mitigation measures have been identified in Chapter 5. Most of these measures represent 
29 good engineering practices. Certain sensitive resource areas require additional measures that are. 
30 summarized here. · 
31 
... , ..,_ 
33 
34 
35 
36 
37 
38 
39 
40 
41 
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45 
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47 

An area of particular concern for the Hanford Site is protection of cultural resources . 
Disturbance of these resources would be avoided whenever possible. Mitigating measures to reduce 
adverse impacts to historic, cultural, or archaeological sites include educational programs for 
personnel involved in remediation activities and consultations with the U.S. Department of Energy, 
Richland Operations Office Historic Preservation Officer, the Washington State Historic Preservation 
Office, and concerned Native American Tribes prior to conducting remedial actions. A full survey of 
potentially affected areas would be conducted, including mapping and data recovery, before 
disturbance of the area. An archaeological monitor would be. on-site during ground disturbing 
activities. In addition, the National Park Service (NPS) or the U.S. Fish and Wildlife Service 
(USFWS) would be consulted before beginning actions within the Hanford Reach Study Area. 

Species of concern would be protected by prohibiting habitat disturbances during critical times of 
the year and by conducting surveys to verify the presence or absence of particular species .at sites 
proposed for remediation. Disturbances within an 800-m (0.5-mi) buffer around winter roosts for 
bald eagles from November 15 to March 15 would be prohibited. Habitat alteration within 400 m 
(0.25 mi) of bald eagle roosts would be avoided to the extent_ practicable. A systematic survey for 
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candidate species such as Columbia yellowcress, the short-faced_lanx,· and the Columbia pebble snail 
2 would be conducted prior to,jmpl~rp~nting aQ:y, rerne8:\~J,,acqyjiir~: ~!cm& ,t;~e Hanford Reach. In 
3 addition, the NPS or the USFWS would be consulted b,efore.begiruiing any actions in the Hanford 
4 Reach. To the extent practicable, loggerhead shrike and sage sparrow habitat wduld_not be disturbed 
5 from March 1 to Sept'emb'er 30. · ·' ' ·· ,. · 

6 
7 Wetlands disturbance woufd be avoided whenever possible. A review of ground disturbing 
8 activities would be requested from the U.S. Army Corps of Engineers and other interested agencies in 
9 cases where potential disturbance of wetlands niay occur. Potential mitigating measures would 

10 normally be part of the agency review process and could vary from completely avoiding the werlands 
11 to restoring disturbed wetlands by replanting witli native species such as cattails, rushes, sedges, and_ 
12 willows. The NPS would be consulted before beginning any intrusive actions in the Hanford Reach, 
13 and the DOE would comply with regulations found in Compliance with Floodplain/Wetlands 
14 Environmental Review Requirements. · · · 
15 
16 
17 Cumulati.ve Impacts 
18 
19 - A number of present and reasonably foreseeable future actions at the Hanford Site could 
20 conti:.ibute to potential cumulative impacts of the remedial actions necessary to achieve various 
21 land-use· objectives. These include the following: 
22 
23 • Designation of the Hanford Reach of the Columbia River and adjacent lands as a Wild and 
24 Scenic River and National Wildlife Refuge, 
25 
26 • Decommissioning of the eight surplus reactors in the Reactors on the River. geographic area, 
27 
28 • Construction and operation of the Environmental Restoration Disposal Facility (ERDF) for 
29 safe disposal of waste generated during environmental restoration activities at Hanford, 
30 
31 • Potential continued and/or increased storage of spent nuclear fuel at Hanford, and 
32 
33 • Remediation of wastes currently stored in single-shell and double-shell tanks in the Central 
34 . Plateau. 
35 
36 These and other actions potentially contributing to cumulative impacts are described in 
37 Chapter 5, Environmental Consequences. Potential cumulative impacts discussed in this EIS include 
38 the following: 
39 
40 • The need for quarry and borrow materials for a number of other Hanford Site actions could 
41 result in significant onsite depletion of these materials. 
42 
43 • The large number of ground disturbing activities in the Central Plateau and other areas 
44 could result in extensive soil compaction ai:id erosion, destruction of near pristine 
45 shrub-steppe habitat, and impacts on species of concern such as sage sparrow, loggerhead 
46 shrike, and sage thrasher. 
47 
48 • Recreational use of the Columbia River geographic area due to the proposed Wild and 
49 Scenic River designation, combined with unrestricted use of the Columbia River, could 
50 significantly disturb native vegetation and wildlife (particularly bald eagles). 
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23 
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26 
27 
28 
29 
30 
31 
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• Cumulative impacts on historic;- cultural, and archaeological resources are potentially 
significant for all geographic areas. These impacts could be mitigated to the extent that 
surveys, and data recovery constitute mitigation, but excavation of sites would unavoidably 
alter their character and potential value to Native Americans. 

• Cumulative impacts on visual resources would be directly proportional to the extent of 
Hanford Site remedial activity iri the short-terin and to the extent of viewscape alteration iri 
the long-term: Potential cumulative visual impacts would be concentrated in the Central 
Plateau and the Reactors on the River geographic areas, as a result of ERDF construction, 
reactor decommissioning, and reference c~p construction, if alternatives involving the la:tter 
were selected. · · · · 

• The potential for cumulative socioeconomic impacts is uncertain and depends on the 
timespan for remedial actions. Short timespans and large numbers of concurrent actions 
followed by rapid shutdown and decommissioning of waste treatment facilities, could have 
significant adverse cumulative impacts on the Tri-Cities economy. The potential for such 
impacts would need to be reevaluated as project schedules are developed. 

Unavoidable Adverse Impacts 

The proposed remedial activities could result in the compaction of soils and increased soil 
erosion. Excavation in and near the Columbia River could result in increases in downstream siltation 
and sedimentation and destruction of salmon spawning areas. The proposed excavation of waste sites 
could result in the disturbance of human remains and traditional Native American cultural use sites, as 
well as the loss of significant prehistoric or historic resources. Permanent loss of habitat could occur 
for some species of concern, resulting in potential population decline and possible listing of these or 
additional species as endangered or threatened under the Endangered Species Act of 1973. 
Application of the reference cap would permanently alter the visual landscape. 

Irreversible and Irretrievable Commitments of Resources 

If a capping alternative using a reference cap is_ implemented, irreversible and irretrievable 
resource commitments include significant depletion of the total available reserves at the 
McGee Ranch, Pit 30, and basalt quarry sites. All borrow and quarry sites are considered to be of 
cultural value to Native Americans. · 

. ' 

Excavation of waste sites has the potentia~ to destroy cultural resources and could result in some 
permanent destruction of sensitive habitat or loss of sensitive species. The upper limit of habitat loss, 
if the alternative with the greatest disturbance were chosen for each geographic area, would be 480 ha 
(1,186 ac) of shrub-steppe, 28 ha (69 ac) of wetlands, and 20 ha (50 ac) of aquatic habitat. 

Expenditures of public funds would be required, on the order of $5 to $10 billion, for 
remediation of all four geographic areas, depending on the alternatives that are selected. Significant 
expenditures also would be required under the No-Action Alternative (over $2 billion over a 100-year 
period, assuming continuation of current Hanford Site management practices). 
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The remedial action alt~m;1tives .. <V{OUld require the co~sumptjonof large quantities of fuel for. 
operation of construction !!quip~e1:ijt~~-.~faQ~P~~t (){.1_cappi~g.,!Jl~!e.rfal~ ~~d waste. This quantity 
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could be as high as 600 million L.(160 IJ1illion gal); i(,!h~ fno~t_Juel-interisive alternative is selected 

5 

6 

for each geographic are~. · · -· · · · 
' \•· ·~,.-: ··.·. 

7 Conflict with Land Use Plans of Other Federal and 
8 State Agencies and T'ribal Govenzments 
9 

IO Potential future uses under the Restricted and Unrestricted Future Land-Use Alternatives for the 
11 Columbia River and Reactors on the River geographic areas could be considered inconsistent with the 
12 proposed Wild and Scenic River designation for the Hanford Reach, because these designations would 
13 limit some activities and forbid others along the Hanford Reach. The Unrestricted Future Land-Use 
14 Alternative could allow intensive recreational or other uses, which could encroach on traditional tribal 
15 fishing- areas. 
16 
17 Some alternative uses for the geographic areas, for e_xample exclusive use of the Central Plateau, 
18 are not consistent with Native American wishes to exercise treaty-reserved rights on the Hanford Site. 
19 
20 '"Coordination with local planning agencies (i.e., Benton, Franklin, Grant, and Adams counties, 
21 and the cities of Richland, West Richland, Pasco, and Kennewick) would be maintained, especially 
22 during the updating of the comprehensive plans for each community. 
23 
24 

25 Environmental Justice 
26 
27 Executive Order 12898, Federal ActiollS to /J_ddress Environmelltal Justice in Minority 
28 Populations and Low-Income Populatioris, requires each federal agency to "make achieving 
29 environmental justice part of its- mission by identifying and addressing as appropriate, 
30 disproportionately high and adverse human health or environmental effects of its programs, policies, 
31 and activities on minority populations and low-income populations." Low income and minority 
32 populations could be disproportionately affected by actions with adverse impacts on fish and wildlife, 
33 to the degree that they are more dependent on these resources for food than are other populations. 
34 Native Americans would be disproportionately affected by any impacts on areas of traditional cultural 
35 uses, including hunting, fishing, ga~hering, and religious uses. The marginal socioeconomic impacts 
36 of some alternatives could have a small disproportionate impact on the cost of low-income housing 
37 and the availability of social services. Other potential impacts identified in this EIS are not expected 
38 to resul_t in disproportionate impacts on minority groups or low income populations. 
39 
40 
41 R_.elationship Between Near-term [!se and Long-term Productivity 
42 
43 The near-term uses of the Hanford Site under the No-Action and future land-use alternatives 
44 would be consistent with current industrial and waste management· uses. The net effect of remediation 
45 would be to enhance the overall long-term productivity of the Hanford Site by increasing the range of 
46 potential permissible uses. All four of the geographic areas currently have at least partial restrictions 
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1 on some uses. With one exception, all of the remediation alternatives would permit some of these 
2 restrictions to be relaxed, if not eliminated. The exception is the Exclusive Use Alternative for the 
3 Central Plateau. This alternative would dedicate the Central Plateau to waste management and other 
4 similar, compatible uses and thus preclude its long-term use for other purposes. 
5 
6 In addition, some long-terll! uses of the Hanford Site may be determined by other actions and 
7 decisions outside the scope of this EIS and by future needs and the outcome of the alternatives 
8 selected. The optimal alternatives would be those that effectively protect human health and the 
9 environment while using public resources effectively and minimizing environmental consequence~. 
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~ Acronyms and· lnitialis,ij,s. 
3 .' -~. 

1,2~DCE 
ACGIH 

ACHP 

AEA 

AEC 
AHPA 
AIRFA 
ALE 

AML 

ARPA 

BCM 

BCY 

·- 'BLS 

-- · BWIP 

CAMU 

CBC 

.CEDE 

CEQ 

CERCLA 

CFEST 
CFEST-SC 

CFR 

CWA 

D&D 

dB 

dBA 
DCG 

DOE 

DOE/RL 

DSTs 
DWS 

EA 

Ecology 

EDE 

EDNA 

EIS 

EM 

EPA 

Preliminary Draft 

1,2-dichloroethylerie 
American Conference of Government Industrial Hygienists 

Advisory Council on Historical Preservation 

Atomic Energy Act 

Atomic Energy Commission . 
Archaeological and Historical Data Preservation Act 

American Indian Religious Freedom Act 

Arid Lands Ecology 

Arc/Info Macro_ Language 
Archaeological Resources Protection Act 

. bank cubic meter 
bank cubic yard 

Bureau of Labor Statistics 
Basalt Waste Isolation Project · 

corrective action management unit 
Columbia Basin College 

· q:>Jnmitted effective dose equivalent 

Council on Environmental Quality 

Comprehensive Environmental Response, Compensation; and 

Liability Act 

Coupled Fluid~ Energy, and Solute Transport 
Coupled Fluid, Energy, and Solute Transport Supercomputer 

Code of Federal Regulations 

Clean Water Act 

deco~ssioning and _dismantlement 

decibels 

A-weighted noise ~ale 
· · derived concentration guide 

U.S. Department of Energy 
. US. Department of Energy, Richland Operations Office 

double-shell tanks 
drinking water standards ·· 

environmental assessment 
Washington State Department of Ecology 

effective dose equivalent 
Environmental Designation-for Noise Abatement 

environmental impact statement 

Office of Environmental Management 

U.S. Environmenta~ Protection Agency 
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ER 

ERDA 

ERDF 

ETM 
FEMA 

FFCA 

FFfF 
Fl 

FfE 

FWS 
FY 

GAC 

GIS 
HCRL 
HEHF 
HI 

·- . HMS 

HSBRAM 

HSPP 
HSWA 

HT 
HTO 

HWVP 

Hz 
IAEA 
ID 

ILCR 
IRM 
ISV 

IX 
LCM 
LCY 
LFI 

LIGO 

LLW 
MCAS 
MEI 

MEPAS 

MRA 

MSA 

MSL 

MTCA 

NAAQS. 

Pre I iminary Draft 

environmental restoration 

Energy_ Research & Development Administration 

Environmental Restoration Disposal Facility 
engineering test model 

Federal Emergency Management Agency 
Federal Facility Compliance Act 

Fast Flux Test Facility 
fraction ingested .. 

full~time equival~nt 
U.S. Fish and Wildlife Service 
fiscalyear 
granular activated carbon 

geographic information system 
Hanford Cultural Resources Laboratory 
Hanford Environmental Health Foundation 
Hazard lnµex 

Hanfprd Meteorological Station 
Hanford Site Baseline Risk Assessment Methodology 
Hanford Site Development Plan 
Hazardous and Solid Waste Amendments 

tritium gas 
tritiated water vapor 

Hanford Waste Vitrification Plant 
hertz 
Inte:inational Atomic Energy Agency 
identification number 

incremental lifetime cancer rate 

Interim Response Measure 
in situ vitrification 

ion exchange. 
loose cubic meter 
loose cubic yard 

limited field investigation 
Laser Interferometer Gravitational Wave Observatory 

low-level waste 
Mid-Columbia Archaeological Society 
maximally exposed individual. 

Multimedia Environmental Pollu~nt Assessment System 

Mcx:lular Risk· __ Analysis 

Metropolitan Statistical Area 

mean sea level 

Model Toxics Control Act 

National Ambient Air Quality Standards 
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NAGPRA 
NCP 
NCRP 
NEPA 

NESHAPS 
NHPA 
NOAEL 
NOI 
NPAL 
NPDES 

NPL 
. NPS 

NPSB 
NRC. 

NRHP 
NSSFC 

. .NWR 
·-o&M 

OSHA 

PCB 

PCE 
PEL 
PFP 
PMF 
PMOA 
PNL 
PUREX 

PSZ 

QA/QC 
R&D 

RAPS 
RARA 

RCRA 
RCW 
REDOX 
RI/FS 
RL 

RO 
- ROD 

5-Plant 

scs 
SHPO 

SIC 

Preliminary Draft 

Native-:~merican Graves -Prot~ti~l);~nd Repatriation Act 
Natio~i,Cil.a~d l;fazan:;lpus:S,ubstances Pollution Contingency Plan 

National'Couricil on Raciiati~~,-~i9tection and Measurements 
• Na_tional Environmental Policy A_ct 
'Natio~al Emissions Sta~dards''ro/Hazardous Air Pollutants 

National Historic Preservation Act 
no observed adverse effect level 
Notice of Intent 

nearest public acc_1:ss location _ 
National Pollutant Discharge Elimination System 
National Priorities List 
National Park Service 

National Park Service Bulletin 
. . 

Nuclear Regulatory Commission 
National Register of Historic Places -
National Severe Storms Forecast Center 

National Wildlife Refuge 

operations & maintenance 

Occupational Safety and Health Administration 
· -polychlorinated _ biphenyls 

perchloroethylene 
permissible exposure limit 
Plutoni1:1m Finishing Plant (Z~Plant) 
probable maximum flood 
Programmatic Memorindum of Agreement 
Pacific Northwest Laboratory 

Plutonium-Uranium Extraction (Plant) 

partially saturated zone 

quality assurance/quality control 

research and development 

Remedial Action Priority System 
radiation area remedial actions 
Resource Conservation and Recovery Act 

. Revised Code of Washington 
Reduction Oxidation Plant CS-Plant) 
remedial investigation/feasibility study 
Richland Operations Office 
reverse osmosis 

Record of Decision 
Reouction Oxidation· Plant (REDOX) 

Soil Conservation Service 

State Historic Preservation Officer 

Standard Industrial Oassification 
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.SIF 
SMES 

SPF 

SSE 
SST 
SWITS 

TCE 
TEDF 

TLD 
Tri-Party Agreement 

TRU 

TSO 

TWRS 

UPR 

URF 
USACE 

USGS 
UST 

UTA 
UTF 

voe 
WDFW 
WESF 
WHC 

WIDS 
Working Group 
WPPSS 

WRAP 
WSU-TC 
Z-Plant 

Preliminary Draft 

'• I l ~ >, 

summary intake fac:to'r 

Superco~ducting Magnetic Energy Storage 

standard project flood 
safe-shutdown earthquake 
single-shell tank 
Solid Waste Information Tracking System 

trichloroethylene 
Treated Effluent-Disposal Facility 

thermoluminescence dosimeters 
Hanford Federal Facility Agreement and Consent Order 
transuranic 
treatment, storage, and disposal 

Tank Waste Remediation System 
unplanned release 

unit risk factor 

U.S. Army Corps of Enginee~ 
U.S. Geological Survey 
underground storage tanks 

unit transport analysis 
unit transport factor 

volatile organic compound 
Washington Department of Fish and Wildlife 
Waste Encapsulation and Storage Facility 
Westinghouse Hanford Company 
Waste Information Data System 
Hanford Future Site Uses Working Group 
Washington Public Power Supply System 

Waste Receiving and Processing Facility 
Tri-Cities branch campus of Washington State University 

. Plutonium Finishing Plant (PFP) 
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Helpful lnfonnation: · ... · ·. -

The following information is provided to assist the reader in understanding the Hanford 
Remedial Action Environmental Impact Statement (EIS). 

Scientific Notation 

Scientific notation is used in this report to 
express very large or very small numbers. For 
example, the number l billion c:ould be written 
as 1,000,000,000 or using scientific notation as 
1 x 109

• Translating from scientific notation to a. 
more traditional number requires moving the 
decin:t_al point either left or right from the 
number. If the value given is 2.0 x 103, the 
decimal point should be moved three numbers 
(insert zeros if no numbers are given) to the 
RIGHT of its present location The 11umber 
would then read 2,000 .. If the value given is 2.0 
x 10-s, the decimal point should be moved fiye " 
numbers to the LEFT of its present location. 
The result would become 0.00002. An alternate 
form of scientific notation is used in some· .. , 
tables in this EIS. In this fo~, 2.0 x 103 (2,000) 
is written 2.0E+03. To translate to the tradi­
tional form, the decimal point is again moved 
three numbers to the right, adding zeros as 
necessary. Similarly, 2.0 x 10-5 (0.00002) would 
be written as 2.0E--05, and the decimal point 
would be moved five places to the left to · 
express the number in traditional form. 

Metric Units 

The primary units .used in this EIS are metric, 
with English equivalents in parentheses in 
most locations. Table 1 summarizes.and· 
defines the terms and corres-ponding symbois 
(metric and nonmetric) found throughout this 
EIS. 
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Radioactivity Units 

Mµch of this EIS deals with lev~ls of radio­
activity in various environmental media. 
Radioactivity in this report is usually discussed 
in units of curies (Ci) (Table 2): The curie is the 
basic unit used to describe the amount of 
radioactivity present, and concentrations are 
generally expressed in terms of fractions of 
curies per unit mass or volume. One curie is 
equivalent to ·37 billion disintegrations per 
second or is a quantity of any radionuclide that 

. decays at the rate of 37 billion disintegrations 
per second. Disintegrations generally produce 
spontaneous emissions of alpha or beta par­
ticles, gamma radiation, or combinations of 
these. In some reports, radiation values are 
·expressed in units which belong to the Interna­
tional System of Units (SI). SI units are the 
internationally accepted units and will even­
tually be the standard for.reporting radioactiv­
ity and radiation dose in the United States. The 
basic unit for discussing radioactivity, the 
curie, can be converted to the equivale11t SI 
unit, the becquerel (Bq), by multiplying the 
number of curies by 3.7 x 1010

• One becquerel 
is ~quivalent to one nuclear disintegration per 

. second.'·· 

Radiation Dose Units. 

The amount of radiation received by a living 
organism is expressed in terms of radiation 
dose. Radiation dose is the amount of energy 
deposited per unit mass of the organism and is 
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expressed in rads (grays in SI units). Doses to 
ecological receptors are expressed in rads in 
this EIS. Radiation dose to humans in this EIS 
is usually written in terms of effective dose 
equivalent and reported numerically in units of 
rem (fable 3). Rem (sievert in SI units) is a · 
term that relates ionizing radiation dose and 
biological effect in humans. A dose of 1 milli­
rem (one-thousandth of a rem) has a biological 
effect similar to the dose received from about a 
1-day's exposure to natural background radia- · 
tion. For a specific radionuclide depositing a 
radiation·dose in a specific tissue (e.g., muscle, 
bone, etc.), a rad is approximately equal to a 
rem. 

To convert the rad to the SI equivalent, the 
gray, multiply rads by 0.01. To convert the 
·millirem to its SI equivalent, the millisievert, 
multiply millirem by 0.01. A list of the 
radionuclides discussed in this EIS and their 
half-lives is included in Table 4. 

General information on radiation and radiation 
dose (as well as Hanford's Environmental 
Monitoring Program, Hanford's Cultural 
Resource Program, and Hanford's wildlife) has 
been compiled in informational pamphlets that 
can be obtained, free, by writing to Richard E. 
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· .. 

Jaquish, Manager, Public Safety and Resource 
Protection Program, P.O. Box 999, Richland,· 
Washington 99352 More comprehensive 
readings on radiation and radiation dose can 
be found in most public libraries and in many . 
local book stores. 

Greater Than(>) or Less Than_(<) 
Symbols 

Greater than(>) or less than(<) symbols are 
used in some tables to indicate that the actual 
value may either be larger than the number 
given or smaller than the number given. For 
example, >0.09 would indicate that the actual 
value is greater than 0.09. An inequality 
symbol pointed in the opposite direction 
( <0.09) would indicate that the number is less 
than the value presented. If an inequality 

· symbol is used in association with an under­
score (~ or ~), this indicates that the actual 
value is less-than-or-equal-to or greater-than­
or-equal-to the number given, respectively. 
Some single values in this EIS have less than 
symbols in front of them, for example, <0.4 ha 
( <1 ac). This means that the actual value is less 
than the stated one, but the analysis does not 
allow the real value to be stated with precision. 
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'f a~if ;i:.~~N~e_s and symbol~Jor_J*its of measure. 
• • '· 1 • • • • <,,._ ' . ,· ,, . ,:--t < .,'"; ~-::· :.,, ·;. - ' ' ' 

Length Time 

cm centimeter (1 X 10·2 m) d day, 

ft foot h hour 
in. . inch min minute 

km kilometer (1 x 103 m) s second 

m meter yr year. 
mi mile 

.. mm millimeter (1 x 10·3 m) 

µm . micrometer (1 x 10-6 m) Temperature 

oc degrees Centigrade 
OF degrees Fahrenheit 

:.: . Area 
•••.::•• r 

·j 

::! ha hectare (1 x 104 m2) 
•• ! 

·-1an2 square kilometer ; Rate 
mi2 I 

_square mile 
cubic meters per second ans 

ft2 square foot 
cfs cubic feet per second 

gpm gallons per minute 

Volume 
kph kilometers per hour 

mph miles per hour 
BCM bank cubic meters 

BCY bank cubic yards 
crn3 cubic centimeter Mass 

ft3 cubic foot g gram 

gal ·gallon kg kilogram (1 x la3 g) 

L liter mg milligram (1 X 10·3 g) 

LCM loose cubic meters µg · . microgram (1 x 10-6 g) 

LCY loose cubic yards ng nanogram (1 x 10·9 g) · 
m3 cubic meter lb pound 

mL milliliter (1 x 10·3 L) wt% weight percent 

ppb parts per billion 

ppm parts per million 
yd3 cubic yard 
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Table 2. Names and symbols for units Table 3. Names and sumbols for units 
of radioactivity. · of radiation dose. 

Ci curie mrad millirad (1 x 10-3 rad) 

·cpm counts per minute mrem millirem (1 x 10-3 rem) 

mCi millicurie (1 x 10-3 Ci) Sv sievert 

µCi microcurie (1 x 10-6 Ci) mSv millisievert (1 x 10-3 Sv) 

nCi nanocurie (1 x 10-9 Ci) µSv microsievert (1 x 10-6 Sv) 

pCi picocurie (1 x 10-12 Ci) R roentgen 
. 

aCi attocurie (1 x 10-18 Ci) mR milliroentgen (1 x 10-3 R) 

Bq becquerel µR microroentgen (1 x lQ-6 R) 

Gy gray 

Table 4. Radionuclide nomenclature. 

Symbol Radionuclide Half-Life Symbol Radionuclide Half-Life 

JH tritium 12.3yr 1'4Ce cerium-144 284d 
7Be beryllium-7 53.4d i.apm promethium-147 2.6yr 
l"C carbon-14 5730yr lSlEu europi um-152 13.3 yr 
22Na sodium-22 2'.6yr tS4Eµ europium-154 8.8 yr 
'°K potassium-4O 1.3 X 1Q5yr issEu europi um-155 Syr 
"1Ar argon-41 1.8 h 2oq-1 thallium-2O8 3.1 min 
s1cr chromium-51 27.7d 212Bj bismuth-212 61min 
s.Mn manganese-54 312d 212Pb lead-212 10.6h 
57Co cobalt-57 270.9 d 212p0 polonium-212 0.3 X 10's 
60Co cobalt-60 5.3yr 216Po - polonium-216 0.15 s 
63Ni nickel-63 96yr ll"Rn radon-22O 56s 
65Zn zinc-65 243.9 d 222Rn radon-222 3_8 d 
85Kr krypton-BS 1O.7yr 2l6Ra radium-226 1600yr 
~r strontium-89 50.5 d 229Ra radium-228 5.8yr 
905r strontium-9O 21.1 yr 232'Jh thorium-232 1.4 x l010 yr 
9sNb niobium-95 . 35d U ot uranium<•> uranium total 
gszr zirconium-95 64d 234U uranium-234 2.4 X 105yr 
99Mo molybdenuin-99 66h mu uranium-235 7x 1Q5yr 
9'.fc techneti um-99 2.1 X 105yr 2l6U uranium-236 2.3 X 107yr 
ioJRu ruthenium-103 39.3 d 238U uranium-238 45 X 109yr 
106Ru ru thenium-106 368d 238Fu plutonium-238 87.7 yr 
ll5Sb antimony-125 2.8yr 239Np neptunium-239 2.4d 
1291 iodine-129 1.6 x lO'yr 239Pu plutonium-239 - 2.4 X 104yr 
1311 iodine-131 8d l'°Pu plutonium-24O 65 X 103yr 
133Ba barium-133 10.7yr 241pu plutonium-241 14.4 yr 
l3"C5 cesium-134 2.1 yr 241Am americium-241 432yr 
137Cs cesium-137 ~Oyr 

(a) Total uranium may also be indicated by U-natural (U-nat) or U-mass. 
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. CONVERSION TABLE. 
-~?~:: 

,, 
''.' ~L ~,~ .,_•; -:,'-t. 

Multiply By To Obtai~ ·· Multiply By To Obtain 

in. 2.54 cm cm ·. 0.394 in. 

ft 0.305 m m 3.28 ft 

mi 1.61 km km 0.621 mi 

lb 0.454 · kg kg 2.205 lb 

gal 3.785 L L .0264 gal 
ft2 0.093 m2 m2 10.76 ft2 

acres 0.405 ha ha 2.47 acres 

mi2 2.59 · Jcm2 km2 0.386 mi2 

ft3 0.028 m3 m3 35.7 ft3 
nCi 0.001 pCi pti 1,000 nCi 

pCi/L- 10-9 µCi/ml µCi/mL 109 pCi/L 

pCi/m3 10-12 Ci/m3 Ci/m3 1012 pCi/m3 

pCi/m3 10-15 mCi/cm3 mCi/cm3 101s pCi/m3 

mCi/km2 1.0 nCi/m2 · nCi/m2 1.0 mCi/km2 

becquerel 2.7x 10-11 curie curie 3.7x 1010 becquerel 

gray 100 rad rad 0.01 gray 
sievert 100 rem rem 0.01 sievert 

ppb 0.001 ppm ppm 1,000 ppb 
op (°F - 32) + 9 / 5 oc oc (°C X 9/5) + 32 op 

oz 28.349 g g .035 oz 

yd3 0.765 m3 m3 1.308 yd3 

LCY 0.765 LCM LCM 1.308 LCY 

BCY 0.765 BCM BCM 1.308 BCY 
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Elemental and Chemical CoristitLient Nomenclature 

Symbol Constituent Symbol. Constituent 

. Ag silver K potassium 

Al alu,minum LiF lithium fluoride 

As arsenic Mg magnesium 

B boron Mn manganese 

Ba barium Mo molybdenum 

Be beryllium NH3 ammonia 
· Br bromine NH+ 4 ammonium 

C carbon N nitrogen 

Ca calcium Na sodium 

CaF2 calcium fluoride Ni nickel 

CC14 carbon tetrachloride NO· . 2 nitrate 

Cd cadmium NO· 3 nitrate 

CHC13 trichloromethane Pb lead 
c1- chloride po-3 

4 phosphate 

CN· cyanide p phosphorus 

Cr VI chromium (species) Sb antimony 

Cr chromium (total) Se selenium 

co-2 
3 carbonate Si silicon 

Co cobalt Sr strontium 

Cu copper so-2 
4 sulfate 

p- fluoride Ti titanium 

Fe iron TI thallium 

HCO · 3 bicarbonate V vanadium 

Hg _mercury Zn zinc 
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.\ 1. 0 _ Introduction -
- 3 

4 The Hanford Remedial Action Environmental Impact Statement (HRA-EIS) .considers alternatives 
5 for the develqpmeht of future· land~use objectives at. the Hanford Site. The HRA-EIS considers 
6 several broad classifications of potential future land uses to assist the U.S. Department of Energy 
7 (DOE) in establishing a coordinated, cost-effective, and technically sound remediation strategy for the 
8 Hanford Site. Future land-use objectives are the bases for establishing remedial action objectives 

_9 under the Comprehensive Envifonmental Response, Compensation and Liability_ Act_ of 1980 
10 (CERCLA) and identifying the corresponding preliminary remediation-goals _(using existing stand_ards, _ 
11 readily available risk information, and other site.,;spe_cific,_ risk-related factors). This allows the future 
12 - remediation decisionmaking process, a:s established by the Hanford Federal Facility Agreement and 
13 Consent Order (Tri-Party Agreement) (Ecology et al. 1989), to facilitate the evaluation of remedial _ 
14 actions that.can meet remediation goals needed to achieve a desired future land:-use objective. 
15 Overall; the HRA-EIS presents information that will assist decisionmakers in determining potential 
16 future larid uses for the Hanford: Site. It also provides an assessment.of the impacts (primarily from 
17 -. remediation activities) associa:t'ed_ with achieving a desired future land_ use. Site-specific .decisions _ 
18 regarding remediation ·technologies and remediation activjties will not be made by this Environmental 
19 Impact.Statement (EIS), butby processes specified by the CERCLA and the Resource Conservation 
20 and Recovery Act of 1976. (RCRA). · This EIS uses -general bounding assumptions regarding future 
21 remediation activities to assess the potential associated environmental impacts, _because future 
22 remediation decisions will be made through CERCLA-artd RCRA processes. These conservative 
23 assumptions ensure that the range of environmental impacts, considered necessary to facilitate 
24 land-use objectives, adequately encompass probable fµture impacts. 
25 
26 
27 1.1 Background on the HanfordRemedialAction_ 
28 Environmental Impact Statement __ -
29 
30 On August 21, 1992, the DOE published a Notice of Intent (NOI) in the Federal Register (FR) 
31 to prepare an EIS (57 FR 37959). The NOI invited members_ of the public and Tribal, state, and 
32 local governments to comment on the preliminary scope, content, and alternatives to be addressed in 
33 the HRA-EIS'. The NOI schedule_d the HRA-EIS scoping period for August 21, 1992, to 
34 November 25, 1992. At the public's request, the scoping period was extended to January_ 25, 1993._ 
35 
36 As directed by the NOi, l~e DOE held a series of scoping meetings to facilitate public 
37 involvement in finalizing the scope of the HRA-EIS. Public scoping meetings were held at four 
38 locations in the Northwest: Spokane, Washington on September 29, 1992; Pasco, Washington on 
39 October 1, 1992; Seattle, Washington on October 5, 1992; and Portland, Oregon on October 8, 1992. 
40 Following the scoping period, the DOE prepared the ImpleTJ1entation Plan for the Hanford Remedial 
41 Action Environmental Impact Statement (IP), which provided guidance for the preparation of the 
42 HRA-EIS and recorded the results of the scoping process. - In July 1995, the IP was approved, 
43 published, and distributed (DOE/RL 1995). 
44 
45 

46 1.2 Hanford Future Site Uses Working Group -
47 
48 In April 1992, the U.S. Environmental Protection Agency (EPA), the Washington State 
49 Department of Ecology (Ecology), and the DOE initiated a process to involve interested stakeholders . 
50 in the development of-a vision for the future of the HaQford Site. A group of individuals comprised 
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of representatives from labor, enyironn1ental, governmental, Tribal. agricultural, economic 
development, and citizen-interest groups was established, and became known as the Hanford Future 
Site Uses Working Group (Working Group). The Working Group was charged with the following 
three tasks: · 

• Examine the Hanford Site and identify a range of potential future uses. 

• Select appropriate cleanup scenarios necessary to make these future uses possible in light of 
potential exposure to contaminants, if any, after cleanup. · 

i ·.-

• Probe for convergences among the Worjcing Group's cleanup scenarios for any priorities or 
criteria that could prove useful in. focusing or conducting the cleanup of the Hanford Site. 

The Working Group members divided the Hanford Site into six distinct geographic areas to · 
facilitate their tasks. The Working Group developed future-use options, cleanup scenarios, and other 
recommendations for each of the six geographic areas. The Working Group's efforts were based on 
the assumption that cleanup activities at the Hanford Site would greatly benefit from having a better 
understanding of the range of potential future uses of the Hanford Site lands. An understanding of 
the possible future uses of the Hanford Site could focus the efforts of both the DOE, and the state and 
federal regulators, as well a:s Congress and the public, on what manner of cleanup is needed and what 
is most important to accomplish over time. The DOE, Ecology, and the EPA have committed to 
using the Working Group's findings to inform and guide the agencies in all relevant aspects of their 
cleanup decisions (HFSUWG 1992). 

25 The HRA-EIS incorporates three cleanup scenarios (i.e., restricted use, unrestricteiuse, and 
26 exclusive use) and the geographic areas concept developed by the Working Group into the 
27 development of future land-use alternatives for four geographic areas of the Hanford Site: Columbia 
28 River, Reactors on the River, Central Plateau, and All Other Areas. 
29 
30 

31 1.3 Scope 

33 The scope of the HRA-EIS includes the evaluation of environmental impacts from remediai 
34 activities qr from past-practice waste units, which are the responsibility of the DOE under CERCLA; 
35_ and RCRA-regulated, past-practice waste sites, which are subject to provisions of the Hazardous and 
36 Solid Waste Amendments of 1984. In addition, decommissioning of selected surplus facilities is 
37 included. Some miscellaneous RCRA waste treatment, storage, and/or disposal (TSD) units located in 
38 or near past-practice waste sites also are within.the scope of this EIS. A detailed listing and 
39 discussion of the lands and facilities within the scope. of this EIS are provided in Appendix A. All 
40 . chemical and radiological contaminants associated with these past-practice waste units, TSD units, and 
41 surplµs facilities also are within the scope o(this EIS .. Contaminants of concern include, but are not 
42 limited to: 
43 
44 • carbon tetrachloride 
45 • chloroform 
46 • chromium 
47 • cyanide 
48 • fluoride 
49 • nitrate 
50 • trichloroethylene 
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23 
24 
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26 
27 
28 
29 
30 
31 
32 
33 
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• cesium-13 7 
• cobalt-60 .··:·, 

• iodine-129 
• - plutoni'!,lJTl-23,9~240. _ .. 
• strontiuin-90 
• technicium-99 
• uranium. 

The following geographic areas are not included in the scope of this EIS. 

• The North Slope. Remediation of the North Slope was completed in October 1994 in -
accordance with the Tri-Party Agreement (Ecology et al. 1989). The single operable unit 
on the North Slope included 16 abandoned wells and 32 past-practice waste sites. The 
major contaminants associated with the North Slope were dichlorodiphenyl trichloroethane 
and petroleum-contaminated soils; · · 

• The Fitmer/Eberhardt Arid Lands Ecology (ALE) Reserve. Remediation of the ALE 
. Reserve, which included the 1100-IU-1 operable unit, was completed in October 1994, in 
accordance with the Tri-Party Agreement (Ecology et al. 1989). The 1100-IU-1 operable 
unit includM 14 abandoped wells and 32 past-practice waste sites. The major contaminant 
associated with the 1100-IU-1 operable unit was dichlorodiphenyl trichloroethane. 

The following wastes are excluded from impact analysis under this EIS; however, the geographic 
areas where these wastes are located are withi_n the scope of this EIS. . 

. ,-

• -Wastes and the associated environmental impacts that result from a future land use 
implemented after remediation is complete. . 

• The 149 single-shell tanks (SST), 28 double-shell tanks (DST), associated piping and 
structures, and the associated contaminated soils. The management and TSD of tank waste 
is the subject of an EIS that is under preparation for the Tank Waste Remediation System 
(59 FR 4052). . 

' ' ,· ', . ' . . 

• The waste sites included in the Hanford Site's 1100 Area CERCLA National Priorities List 
operable units. CERCLA removal actions for these sites have been categorically excluded 
from documentation -requirements under the proyisions of the National Environmental Policy 

· Act of 1969 (NEPA). The selected remedies include (1) leaving the materials in place and 
landfill capping, and (2) natural attenuation and monitoring of groundwater plumes for 
compliance._· 

• The Environmental Restoration Disposal Facility (ERDF), which has a separate regulatory 
package that consists of a CERCLA,. Remedial Investigation/Feasibility Study. 
(DOE/RL 1994a) including a NEPA roadmap (DOE/RL 1994b), and a CERCLA Record of 
Decision (ROD) (EPA 1995). 

• • The major facilities, including associated wastes, s_cheduled- for decommissioning as part of 
the Richland Environmental Restora.tion Project. These facilities include B Plant, T Plant, 
U Plant, Reduction Oxidation Plant, Plutonium-Uranium Extraction Plant, Plutonium 
Finishing Plant (PFP), Waste Encapsulation and Storage Facility, 105-N Reactor 

· (N Reactor), and the Fast· Flux Test Facility (FFTF). 
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• Current or planned actions covered in the Disposal of Hanford Defense High-Level, 
2 Transuranic and Tank Wastes Environmental Impact Statement (DOE 1987) (e.g., the 
3 Hanford Waste Vitrification Plant, the Waste Receiving and Processing Facility, pre-1970 
4 suspect transuranic [TRU] waste,_ and retrievably-stored and newly-generated TRU waste). 
5 
6 • Current or planned actions covered in the Decommissioning of Eight Surplus Production 
7 Reactors at the Hanford Site, Richland, Washingtoll, Environmelltal Impact Statement 
8 (DOE 1992) (i.e., B, C, D, DR, F, H, 105-KE, and 105-KW Reactors). 
9 

10 
11 1.4 Site Description 
12 
13 
14 The DOE's Hanford Site is situated in southeastern Washington State; occupies an area of 
15 1,450 km2 (560 mi2

); is owned by the U.S. Government; and is administered by the U.S. Department 
16 of Energy, Richland Operations Office (RL). The Hanford'Site lies _in the Pasco Basin of the 
17 Columbia Plateau (Figure 1-1), directly northwest of the confluence of the Columbia River with the 
18 Snake,_Walla Walla, and Yakima rivers. The Columbia River flows through the northern part of the 
19 Hanford Site and, turning south, forms part of the Hanford Site's eastern boundary. The Yakima 
20 River runs along part of the southern boundary and joins the Columbia River below the City of 
21 Richland, which adjoins the Hanford Site on the southeast. Adjacent lands to the west, north, and 
22 east are principally range and agricultural land. The cities of Richland, Kennewick, and Pasco 
23 (known as the Tri-Cities), located southeast of the Hanford Site, constitute the nearest population 
24 centers (Cushing 1995). ,.,-_:, 

26 The production of defense nuclear materials at the Hanford Site since the 1940s necessitates 
27 exclusion of the public and most nongovernment-related development on the Hanford Site. The 
28 · Hanford Site, as a result of its past defense-related mission, also has provided defacto protection of 
29 the natural environment and cultural resources unparalleled in the northwest or along the Columbia 
30 River (NPS 1994). However, the defense nuclear materials production mission has left the 
31 Hanford Site with an extensive waste legacy. Nuclear weapons materials production and associated 
32 activities at the Hanford Site during the past five decades have generated a variety of radioactive, 
33 hazardous, and other wastes that have been disposed of or discharged to the air, soil, and water at the 
34 Hanford Site . 
.35 
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1.4.1 Waste Types Presellt at the Ha,iford Site 
2 
J Radioactive wastes present on the Hanford Site include high-level waste (HL W), TRU, and 
4 low-level waste (LL~). The category that a particular radioactive waste is placed into depends on the 
5 origin and concentration of the waste, as well as the particular radioisotopes involved. 
6 
7 HLW is the highly radioactive waste material that results from reprocessing spent nuclear fuel 
8 (SNF); and includes liquid waste produced directly in reprocessing and solid waste derived from the 
9 liquid. · HLW contains a combination of TRU waste (defined below) and fission products in 

10 concentrations high enough to require permanent isol~tion: 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
') -_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

TRU waste refers to waste, without regard to source or form, that is contaminated with 
alpha-emitting TRU radionuclides with half-lives greater than 20 years and concentrations greater than 
100 nCi/g. 

· LLW is radioactive waste not classified as HLW, TRU waste, SNF, or byproduct material, as 
defined by DOE Order 5820.2A, Radioactive Waste Management, (DOE 1988). These definitions are. 
not radionuclide specific (e.g., waste contaminated with plutoilium-239 could be considered either 
TRU waste or LLW, depending on its plutonium concentration). Principle radionuclides found on the 
Hanford Site include, but are not limited to: 

• tritium 
• cobalt-60 
• strontium-90 
• cesium-137 
• technetium-99 
• isotopes of uranium, plutonium, and europium .. 

Hazardous chemical waste found on the Hanford Site include: 

• chromium 
• mercury 
• .. various . inorganic acids 
• polychlorinated biphenyls (PCB) 
• nitrates 
• carbon tetrachloride 
• ferrocyanide 
• • trichloroethylene 
••uranium. 
• petroleum compounds. 

42 Many sites contain waste contaminated with a combination of radioactive materials and hazardous 
43 chemicals. Wastes containing both are termed mixed waste and pose complex exposure and 
44 regulatory problems. 
45 
46 

. . 
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27 
28-
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J.4.2 Waste Sites and Geographic· Ai-f!as at the Hanford Site 
. : : :., .': ·,. ~ ; -: 

Radioactive, hazardous, and mixed w'astes are -founq .in various individual waste sites, refe~red .to 
as waste management units, located throughout the Hanford Site. These indiv1dual waste managem~m 
units include past-practice sites, surplus· facilities,' TSO units; arid/or a combination thereof. 
Past-practice sites and TSO units may take the form of spills, cribs, ditches, ponds, tanks, trenches, · 
landfills, burial grounds, pits, french drains, and other means of intentional or unintentional waste 

. disposal. Surplus facilities -include contaminated buHdings, exhaust stacks, and underground transfer 
lines. These individual waste management units are organized into operable units, under the 
Tri-Party Agreement (Ecology et al. 1989), base~ on geographic proximity or similarity of waste 
disposal history. · · · 

The operable units are iocated primarily in·the operating areas of the Hanford ·site. These areas 
· are referred to customarily as the 100, 200, 300,.400, 600, and 1100 Areas; however, for purposes 
of this EIS, the areas are discussed within the geographic area concept established by the Working 
Group (Figure 1-2). 

1.4.3 Columbia River 

An 82 km-}(51,.mi) -long stretch of the Columbia River, lcnown as the Hanford Reach of the 
Columbia Rivet.(Hanford Reach), borders or flows through the Hanford Site. This stretch of the 
river offers a unique example of the riverine and riparian (riverside) ecologies characteristic of the · 
Columbia Basin ecosystem before construction of hydroelectric dams on the river. The Hanford 
Reach comprises the last unimpounded stretch_ of the nontidal portion of the Columbia River. Nearly 
60% of the Columbia River's native wild stock of fall chinook salmon spawn in the Hanford-Reach 
(NPS 1994). River water is used downstream from the Hanford Site bf both Washington and Oregon 
residents for drinking water, agriculture; industry, transportation; and recreation. The riverbanks and 
islands provide habitat for several ~pecies of_ state-threatened or endangered plants (e.g., Columbia 
milk-vetch and Hoover's dese~-parsley) and animals (e.g., bald eagles) (NPS 1994). 

Future public access to the.Columbia Riv.er raises c~ncems, because groundwater contamination 
from the Hanford Site reaches the river. Contamination enters the river at several locatio~ ,through· 
springs and seeps, and contamination sources also include reactor effluentlines that protrude into the 
river. These structures were used to discharge reactor cooling water to the river, but have been . 
inactive since the reactors were shut down .. Sediment in the river contaminated by past practices 
(i.e., reactor cooling water-discharge) is another source pfcomamination. The DOE and other 
agencies monitor contamination in the river, both upstream and downstream from the Hanford Site. 

. Although Hanford Site operations contribµte radionuclides to the Columpia River, at this time the 
radiological contaminants in the ,river water have been found to be-well below State of Washington 
:and EPA drinking Water standards (PNL 1995). · 

1.4.4 Reactors on the River 
. - . . 

This geographic area is located along the southern shoreline of the Cohimbia River toward the 
north end of the Hanford Site, and contains all the facilities in the 100 Areas (including the nine 
reactors_, associated facilities, and structures). The.Reactors on the River geographic area occupies 

. about 68 km2 (2q,mi2). · 
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Figure 1-2. Six Geograplizc Areas .of the.Hanford Site Established 
~ by the Hanford Future Site Uses Working Group. 
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. . .i . .; ;-.. . I . . .,. . . 
Extensive contamination exists,iif'-_some pf the 100. Area_s':surface, subsurface, and groundwater. 

This contamination resulted from theoperaiiotl'of the piuiciii'idfu pr'bdiiclion reactors, which are 
located in this area, Groundwater coritaminatibn concenirafiorts ·exceed EPA drinking water' standards 
for some contaminants (DOE-RL. 1994,1), Coqt~mination has _reached the Columbia River from the 
100 Areas through groundwater seepage. The' major radiological contaminants present in the 
100 Areas' soil and groundwater include: 

• tritium 
• cobalt-60 
• strontium-90 
• cesium-137 

I 

• isotopes of uranium and plutonium. i 
I 

! . 
Chemical contaminants disposed of into tpe 100 Areas' soils, as part of the liquid waste streams, 

include, but are not limited to: .· i 

. . f .. 
• • chromium from sodium dichromate added to reactor cooling water 
• decontamination fluids containing chromic, citric, oxalic, nitric, and sulfuric 'acids 
• mercury from manometers and thermometers 
• PCBs from electrical equipment. ! · 

. . .t 

1 .4. 5 Central Piateau I 
. ·' 

I 
I 

I 

The Central Plateau geographic area occupies approximately 115 km2 (44 mi2) in the central 
. . .1 

region of the Hanford Site. Facilities in the cr_entral Plateau, which are situated in the 200 East arid 
200 West- Areas, were built to process irradiated fuel from the production reactors in the 100 Area. 
The subsequent operation of these facilities result,ed in the storage, disposal, and unplanned release of 
radioactive and nonradioactive waste. · Extens1ve contamination exists in the surface; subsurface, and 
groundwater of the Central Plateau. The Cen~ral Plateau is the most heavily contaminated area of the 
Hanford Site. Contaminated groundwater has1 moved out of the Central Plateau into adjoining areas · 
of the Hanford Site (DOE-RL 1994a apd DOE-RL J994b). Contaminants identified in this area 
include, but are not limited to: i 

• . tritium 
• cobalt-60 
• strontium-90 
• technicium-99 
• iodine-129 
• cesium-137 
• uranium 
• plutonium 
• arsenic 
• carbon tetrachloride 
• · trichloroethylene 

· • tetrachloroethylene. 
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1. 4. 6 All Other Areas 
2 
3 The All Other Areas geographic area comprises approximately 624 kml (241 mil) in the 300, 
4 400, 600, and 1100 Areas. A description of these areas follows. 
5 
6 1.4. 6.1 300 Area. The 300 Area is located just north of the City of Richland and covers 1.5 km2 

7 (0.6 mil). This is where the former reactor fuel fabrication facilities were sited. The 300 Area also 
8 is the principal location of nuclear research and development (R&D) facilities serving the 
9 Hanford Site. Wastes in the 300 Area have resulted_from the fuel fabrication process and various 

10 R&D projects. · · 
11 
12 1.4. 6. 2 400 Area. The 400 Area, located southeast of the 200 East Area, is the site of the FFTF. 
13 The DOE has announced plans to close the FFTF and its support facilities. 
14 
15 1.4.6.3 600 Area. The 600 Area is defined to include all of the lands within the Hanford Site not 
16 occupied by the 100, 200, 300, 400, and 1100 Areas. Lands within the ALE Reserve and North 
17 Slope are part of the 600 Area; however, these two areas of the Hanford Site are recognized as 
18 distinctly separate geographic entities by the Working Group, and are not treated as part of the All 
19 Other Areas geographic area in this EI~. 
20 
21 Land uses in the 600 Area include a: 41-ha (100-ac) tract privately subleased from the State of 
22 Washington for the disposal of commercial LLW operated by US Ecology, Inc., and a Reference 
23 Repository Site once used as the principal borehole and exploratory shaft for a candidate Basalt Waste 
24 Isolation Program terminated in 1987. · 
25 
26 1.4. 6.4 1100 Area. The 1100 Area, loc~ted just north of the City of Richland, serves as the central 
27 warehousing, vehicle maintenance, and transportation operations center for the Hanford Site. Any 
28 existing hazardous waste is mostly the result of disposal of batteries, paints, solvents, and antifreeze. 
29 Remediation of the 1100 Area is not within the scope of this ?IS (Section 1.3). · 
30 
31 ~.., 
:J-

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

1.4. 7 Fitvier/Eberhardt Arid Lands Ecology Reserve 

The ALE Reserve, which is located in the southwest portion of the Hanford Site, is an area of 
approximately 315 kml (120 mil) that is managed as a habitat/wildlife reserve and nature research 
'center under the DOE's National Environmental Research Park Program. This area contained small, 
nonradioactively contaminated sites, which have been remediated. The.ALE Reserve is not included 
within the scope of this EIS (S~ct~on 1.3). 

1.4. 8 North of the Ri.ver , 

43 This geographic area north of the Columbia River encompasses approximately 365 Icml (140 mi2
) 

44 of relatively undisturbed or recovering shrub-steppe habitat. Known as the North Slope, the area is 
45 managed in part by the WashingtcmState Department of Fish and Wildlife, as the Wahluke Slope 
46 Wildlife Area, and in part by the U.S. Fish and Wildlife Service (USFWS), as the Saddle Mountain 
47 National Wildlife Refuge. This area contained small, nonradioactively contaminated sites, which have 
48 been remediated. The North Slope is not included within the scope of this EIS (Section 1.3). 
49 
50 
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1.5 Brief History of the Ha,zJoPti,'Sitf],, 
' . :~~~--- ' .. < .. _.,. 

Nuclear fuel production oper.itibns b~gan at ·the Hanford s'i(e i~ 1944 as part of the 
War Department's secret Manhattan Engineering Project. In the following 50::xears, emphasis at the · 
Hanford Site changed from secretive, ·defense-oriented nuclear fuel production programs, to energy 
research, and then to the current mission of environmental restoration. Past site administrators have 
included the U.S. Army Corps of Engineers (USACE), the U.S. Atomic Energy Commission (AEC). 
and the U.S. Energy Research and Development Administration (ERDA). The DOE is the current 
administrator, having controlled operations at the Hanford Site since 1977. 

In January 1943, the USACE, Manhattan District, selected the Columbia Basin as the location 
for the nation's first full-sized plutonium production reactors. This semi-arid, isolated area in 
southeast Washington was chosen in part for its remoteness, favorable climate, and the availability of 
water from the Columbia River for use by the production reactors. Immediately following acquisition 
of the Hanford Site by the Federal Government, construction work began on three·reactors, three 
chemical processing plants (for recovering plutonium from.irradiated fuel), and 64. underground 
storage tanks (UST). A laboratory was built to support f\lel fabrication and other production 
activities. During World War II, the Hanford Site was. designated as the Hanford Engineering 
Works. The plutonium produced at the Hanford Site was used in the creation of the world's first 
nuclear weapons (Gerber 1992).. · 

. ! 
. . 

The first reactor, ·B Reactor, began operating in September 1944, followed within a· few months 
· by the D and F reactors. A major expansion program was initiated at the Hanford Site in the late 
1940s in response to a: need by the AEC to increase plutonium production. From 194 7 to 1955, some 
15,000 workers built five additional plutonium-production reactors, two chemical processing plants, 
a plutonium finishing plant, and 81 additional USTs (DOE-RL 1990). 

A ninth reactor, N Reactor, was built between 1959 and 1963. Unlike the preceding eight 
reactors, whose sole mission was producing plutonium, the N Reactor also produced steam to 
generate electricity. In its early years, the N Reactor was the largest electric power producer in the 
nation, producing over 65 billion kW in 24 years (Gerber 1992). 

In 1964, activities at the Hanford Site underwent a series of dramatic changes. Plutonium 
production was sharply curtailed in response to the nation's changing defense needs. By 1971, eight 
of the nine production reactors had _been shut down. The ninth reactor, N Reactor, was placed in 
stand-down status for an extensive maintenance and safety enhancements program in January 1987. 
In February 1988, the N Reactor was ordered to be placed in cold standby, which was achieved by. 
October 1990. In July 1991, the DOE decided to cease preservation of the N Reactor, and proceed 
with activities leading to the ultimate decommissioning of the facility. 

The shutdown of fuel production activities refocused the resources and capabilities of the 
Hanford Site toward development of nonmilitary applications of nuclear energy. New laboratory 
facilities were constructed to support this research, with programs in areas such as nuclear waste 
management, biological sciences, and environmental sciences (DOE-RL 1990). Jn the.1970s, under 
the ERDA, emphasis on energy research continued to grow. Major programs included: 

• solar, geothermal, and advanced nuclear systems 
• fossil energy 
• . national security 
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• conservation 
2 • energy policy analysis 
3 • resource assessment. 
4 
5 The 1970s also featured an upgrade of the radioactive waste management program at the Hanford 
6 Site (DOE-RL 1990). A primary_objective of the upgrade was to transfer liquids from SSTs to more 
7 secure DSTs. These tanks continue to provide interim waste storage today. 
8 

. 9 The DOE has phased out defense production at-the Hanford Site. Its present primary mission is 
10 to remediate the Hanford Site and minimize potential risks to the public, work force, and the · 
11 environment (DOE-RL 1993). · 
12 
13 
14 1.6 Biodiversity in the National Environmental Policy Act Process 
15 
16- In January 1993, the Council on Environmental Quality (CEQ) issued a report titled 
17 Incorporating Biodiversity Considerations into Environmental Impact Analysis Under the National 
18 Environmental Policy Act (CEQ 1993). · This report was designed to: 
19 
20 • provide an overview of the major issues related to biodiversity 
21 • outline some general concepts regarding biodiversity analysis and management 
22 • describe how biodiversity currently is addressed in NEPA analyses 
23 • provide options for agencies undertaking NEPA analyses that consider biodiversity. 
24 
25 The CEQ report indicates that physical alterations resulting from land-use changes are one of the 
26 most profound causes of biodiversity loss. When natural, undisturbed lands (like much of the land at 
27 the Hanford Site) are converted to industrial, residential, or recreational use, ecosystems are disrupted 
28 and biodiversity diminished. However, it is not the intent of this EIS to assess the biodiversity 
29 impacts of future land uses. Rather, this EIS will assess the biodiversity impacts that could result 
30 from implementing the remedial actions necessary to allow for a specific future land use. For · 
31 example, if a desired future land use required the removal of contaminated soil, only the biodiversity 
32 impacts resulting from the removal operations :would be assessed. 
33 
34 

35 1. 7 Environmental Justice in the National Environmental Policy Act Process 
36 
37 On February 11, 1994·, the President of the United States issued Executive Order 12898, Federal 
38 Actions to Address Environmental Justice in Minority Populations and Low-Income Populations. This 
39 Executive Order mandates that all federal agencies make achieving environmental justice part of their 
40 missions. Federal agencies must identify and address disproportionately high and adverse human 
41 health or environmental effects of their programs, policies·, and activities on minority populations and 
42 low-income populations. 
43 
44 As stated in the President's memorandum, dated February 11, 1994, "Each federal agency shall 
45 analyze the environmental effects, including human health, economic and social effects, of federal 
46 actions, including effects on minority communities and ·low-income communities, when such analysis 
47 is required by the National Environmental Policy Act of 1969 (NEPA), 42 U.S.C. Section 4321 
48 et seq. Mitigation measures outlined or analyzed in an environmental assessment, environmental 
49 impact statement, or record of decision, whenever feasible, should address significant and adverse 
50 environmental effects of proposed federal actions on minority communities and low-income 
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communities." The memorandlim :i:nd Exec:utiye Order ensure _tliat minority and low~incomc;! 
2 communities will have a voice in;,thi''development ana· 1mpleII1entation o.f any federal action that may 
3 adversely affect their lives:, , ' '1

" .·· • . 
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In addition; tne memorandum and Executive Order imply that· all federal agencies are to be 
pr:oactive with respect to identifying and, to the extent practicable, mitigating any potential adverse 
impact on minority and low-income communities that could. n;:sult from a proposed federal action. In 
order. to implement the provisions of Executive Order 128~8, the DOE has drafted the 
U.S. Departmellt of Energy Public Participation Guidance for Environmental Justice Activities 
(DOE 1994a) and a· Predecisional Draft: U.S.j)epartrµent of Energy Proposed Environmental .Justice . -
Strategy (DOE 1994b). Guidance and strategies provided in these publications will be used, to the 
extent practicable, in this EIS. · · 

·J. 8 . Preparati.on of the Comprehensive Land~Use Plan for the Hanford Site 

· Preparation of the Comprehensive Land-Use Plan for the Hanford Site (Plan), whicp, would 
further define the HRA-EIS's evaluation. of the future land-use alternatives; is being coordinated with 
the development of the HRA-EIS. The Plan .will provide th~ basis for making land-use decisions for 
the orderly development and management of resources and activities on the. Hanford Site. The.Plan 
will integrate, and be consistent with, existing DOE program decisions. The DOE will maintain 
federal authority for planning and managing land use on all Hanford Site lands under DOE control, 
including implementation and maintenance of the Plan. The DOE will coordinate with the Bureau of 
Land Management (BLM), the Bureau of Reclamation (BOR), Tribal governments, the City of . . . 

· Richland, and Benton County to try and capture the shared)ong-term goals and_ objectivf!s of the 
Hanford Site and stakeholders. 

·.· The Plan has the role of translating. the values associated with the Hanford Site into objectives 
that enable implementation of future land uses. To make this translation, federal, Tribal, state, and 
local governments, along with stakeholder values .associated with the Hanford Site; will be identified 
(these values have implications for future land· uses of various are;lS at the Hanford Site). These 
values can be combined to formulate a vision for future land uses at the Hanford Site. This shared 
vision_ should accommodate as many of the values as possible, and include protection of public health 
and the environment, along with preservation of resources that are considered valuable. The.vision 
for future land use at the Hanfor~. Site will guide remediation planning, economic transition, and 
establishment of land-use management practices·that are consistent with established values and 
regional interests. . · 

· 1. 9 Other Ongoing Major National Envir01imental Policy Act Documents 

Some ~ctions are excluded.from the scope of this EIS, because they are covered under other 
proposed, prepared; or final EISs. The folfowing summary of Hanford-related EISs are intended to 
delineate the boundaries between the EISs apd show now they are interrelated. . · 

• Hanford Reach of the Columbia River, Comprehensive River Conservation Study and 
Environmentallmpact Statement (NPS 1994). The final EIS was prepared by the National 
Park Service and the U.S. Depar:tment oflnterior, in consultation with the DOE. The 
purpose of that EIS is to identify and evaluate the outstanding features of the Hanford 
Reach, including fish and wildlife, and examine alternatives for their preservation including 
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potential addition of the Hanford Reach to the National Wild and Scenic Rivers System. 
1 · The proposed action recommends that Congress design~te federally owned lands, within 
3 0.4 km (0.25 mi) of the Columbia River on both banks of the river from River Mile 396 
4 to 346.5, and the portion of the Hanford Site that lies north and east of the Columbia River, 
5 as a National Wildlife Refuge to ·be managed by the USFWS. Also, this stretch of the 
6 Columbia River would be designated as a.Recreational River under the National Wild and 
7 Scenic Rivers System. Responsibility for remediation of lands that were contaminated by · 
8 DOE operations would remain with the DOE. 
9 

10 • Superconducting Magnetic Energy Storage-- Engineering Test Model (SMES-ETM) 
11 Environmental Impact Statement (USACE 1992). The U.S: Department of Defense, 
12 Defense Nuclear Agency, is the. !~ad agency on the draft EIS. The U.S. Anny and the 
13 DOE are cooperating agencies in the preparation of the EIS. The. EIS analyzes the impacts 
14 of siting a SMES-ETM at either the Hanford Site or four other candidate sites in the 
15 United States. The final EIS is in preparation. 
16 
17 • Department of Energy Programmatic Spent Nuclear· Fuel Management and Idaho National 
18 Engineering Laboratory Environmental Restoration and Waste Management Programs Final 

· 19 Environmental Impact Statement (DOE 1995a). The EIS analyzes the environmental 
20 impacts of remediation and waste management activities at the Idaho National Engineering 
21 Laboratory, as well as management of DOE SNF across the DOE complex, including the 
22 Hanford Site. · · · · 

23 
24 • Tank Waste Remediation System Environmental Impact Statement (TWRS-EIS) 
25 (DOE and Ecology 1995). The EIS will evaluate the environmental impacts of retrieving 
26 and treating the wastes in the Hanford Site's DSTs and SSTs, as well as associated 
27 structures and contaminated soils. The EIS will include discussion of the waste forms and 
28 processes to be used, and it is a follow-on and update to the tanks portions of the Disposal 
29 of Hanford Defense High-Level, Transuranic and Tank Wastes Environmental Impact 
30 · Statement (DOE 1987). The EIS is being prepared by the DOE and Ecology to satisfy 
31 requirements of both the NEPA and the State Environmental Policy Act of 1971 (SEPA). 
~7 .,_ 
33 • Final Environmental Impact Statement: Safe Interim Storage of Hanford Tank Wastes; 
34 Hanford Site, Richland, Washington (Ecology and DOE-RL 1995), previously referred·to as 
35 the Multifunction Waste Tank Facility Environmentai Impact Statement. This was an 
36 interim-action EIS prepared to resolve near-term tank safety issues for certain Hanford Site 
37 waste tanks while the larger TWRS-EIS is in preparation (DOE and Ecology 1995). This . 
38 interim action EIS is consistent with the CEQ's NEPA regulations. 40 CFR 1506.1, 
39 "Limitation of Actions During the NEPA Process." 
40 
41 • Disposal of Decommissioned, Defueled Cruiser, Los Angeles Class and Ohio Class, Naval 
42 Reactor Plants.Environmental Impact Statement (Navy 1995). The U.S. Navy's EIS will 
43 evaluate the environmental impacts of disposal of defueled reactor plants from 
44 decommissioned naval vessels. Continued land disposal anhe lianford Site is one of the 
45 alternatives being considered .. The DOE is. a cooperating agency in the preparation of 
46 the EIS. 
47 
48 • Waste Management Programmatic Environmental Impact Statement. This EIS will evaluate 
49 the environmental impacts of environmental restoration and waste management across the 
50 DOE complex (DOE 1995b). 
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26 
27 
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32 
33 
34 
35 
36 
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38 
39 
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42 
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44 
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46 
47 
48 
49 

. • Colu,;zbia River System:·Ope}~iion Re~iew Draft Enviro,~_me~ta/ Impact Staiemem . 
(DOE et ar. 1994), ,The ;ElS;is 'ajoin(.pi::ojetLofi,the!BOR,;the lJSACE, and the Bonnev11le 
Power Administration.: :,This draft EIS assesses,,Jhe rri1HtipUqJOSe management of the 
Columbia River System, including theHanford,Reach .. Four actions are being considered 
with respecno the multipurpose manag'ement of the Columbia River :system, and are as 
follows: 

1, · Developing and impleme~ting a c~ordinated system operati~g strategy for managing the 
multiple uses of the Columbia Riv~r system i~to the 21st Century. 

2. Providing interested parties with a continuing long-term role in system planning and 
operations throu~h a Columbia River Regional Forum. 

' . . ' . 
. ' . . . . 

3. Renegotiating· and .renewing the Pacific Northwest Coordination Agreement. 

' ' 

4. Renewing current agreement~ or developing new Canadian Entitlement Allocation 
Agreements. · · 

• Prop·osed: Eastside Draft Enviroiunenta[Jmpact Statement. This EIS is being developed . 
through a joint effort of the U.S. Department of Agriculture (Forest Service) arid the BLM. 
The Draft EIS proposes to develop and implement a scientifically sound and ecosystem- · 
. based management strategy for the lands administered by the BLM and the Forest Service in 
the interior Columbia River Basin, upper Klamath Basin, and northern Great Basin, 

• Plutonium Finishing Plant Environmental impact Statement (PFP-EIS). On 
October 27, 1994,. the DOE'issued·a-:NOI to prep.,i.fe the PFP-EIS (59 FR 53969). The 
proposed would response to comments received .during the 1993. publie meetings on the PFP 
cleanout. · The document would evaluate the e~qvironmenta·l impacts of deactivating the PFP 
and continuing ope~ations of the laboratories. and storage vaults within the PFP. 

• Management of Spent Nuclear Fuel from the K Basins ai the Hanford Site, Richland, 
Washington (DOE 1995c). This EIS follows the· issuance of the '.ROD (60 FR 28680) for 
the Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho . 
National EngineeringLaboratory ~nvironmentai Restoration and Waste Management · 
Programs Environmental Impact Statement (DOE 1994a), and analyzes the environmental 
impacts associated· with SNF manage~erit at the Hanford Site .. 

• N Reactor Deconimissioning Environmental Impact Statement. A proposed EIS analyzing 
the environmental impacts of decommissioning the N Reactor is being considered by the 
DOE, the EPA Region X, and Ecology. Specific details, such as schedul.e and scope, are 
still .to be determined. · · · · · 

The geographic boundaries between theBanford Reach of the Columbia River, Comprehensive 
River Conservation Study and Environmental Impact Statement (NPS 1994) and the HRA-EIS in the 
100 Areas overlap in tpe ~trip of land within 0.4 km (0.25 _mi) of the Columbia RiveL If Congress 
does not take the action recommended by NPS (1994), the DOE must comply with the requirements 
of the Comprehensive Conservation Study of the Hanford Reach of the Columbia River . 
(Public Law 100-605) regarding the Department of Interior's review of actions proposed within the 
0.4-km (0;25-mi) -deep study.area along the Columbia River .until November 1996. If Congress 

· . Preliminary Draft 1.-15 November 10, 1995 



•'",';; 
'~,,.,. ' 

establishes the National Wildlife Refuge and the Recreational River, the DOE would continue to be 
2 obligated to complete the remediation of the areas tinder. designation (NPS 1994). 

4 The Decommissioning of Eight Surplus Production Reactors at the Hanford Site, Richland, 
5 Washington Environmental Impact Statement (DOE 1992) included in its scope the decommissioning 
6 of eight surplus production reactors (B, C, D, DR, F, H, KE and KW), their associated nuclear fuel 
7 storage basins, and the buildings that house them. Only H Reactor is within 0.4 km (0.25 mi) of the 
8 Columbia River. If Congress recommends to designate a National Wildlife Refuge and Recreational 
9 River in the Hanford Reach, the DOE would decommission the reactors and fuel storage basins in 

IO compliance with the_ regulations and management plans applying to the designated areas. 
11 
12 
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2. 0 Purpose and Need,i 
~ 
4 Future land-use objectives need tobe established; thfo~gh the National Environmental Policy Act 
5 of 1969 (NEPA) .process, to assist the U.S. Department of Energy (DOE) in developing a 

· 6 . cost-effective, technically sound remediation strategy for the Hanford Site. In making decisions on 
7 · future land-use objectives for the Hanford Site, the: DOE must consider the environmental and human. 
8 health impacts of,remediation, as well as other ongoing or planned future actions, at the Hanford Site. 
9 Future land-use objectives are the basis for establishirig remedial action objectives under the 

Comprehensive Environmental Response, Compensation; arid Liability Act of 1980 (CERCLA) and 
identifying the corresponding preliminary cleanup goals using existing standards; readily available risk 
information, and other site:-specific, risk-related factors. · This allows the future remediation 
decisionmaking process, as established.by the Hanford Federal Facility Agreement and Consent Order 
(Tri-Party Agreement) (Ecology et al. 1994), to advance in the development of general response · 
actions and ultimately remedial alternatives, such that the remedial actions evaluated are those that can 
meet the goals needed to achieve the selected future land-use objectives. In doing so, the 
decisionmaking process is streamlined and can be more cost-:effective. . . 

IO 
11 
12 
13 
14 · 
,15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

The DOE wiH use the established future land-use objectives to: 

• Predict project impacts, including costs. 

• Enable selection of a.remedy under the Tri-Party Agreement to consider the desired future · 
land-use. objectives and more effectively weigh the cost-benefits of specific remediation 
decisions. 

- . ' . 

• · Commit,natural resources to the DOE's Richland Environmental Restoration Project through 
the NEPA process. 
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3. q Description of Pr:<Jpose9: .Acti<?,.n a~zd Alternatives . 
' . . . . 

4 This chapter presents a dis~ussion of the proposed action and the alternative methods by which 
5 the proposed action could be accomplished. A comparative summary of the potential environmental · 
6 · impacts and mitigation measures associated with the alternative methods for achieving the proposed 
7 
8, 
9 

10 
11 
12 
13 
14 . 

15 
16 
17 
18 
19 

· action also is presented. This-summary should provide decisionmakers with a clear basis fot choice 
among the alternative methods. , 

The proposed action is to establish future land-use objectives for the main portion of the 
Hanford Site. Establishing future land-use objectives. would result in a simplified process for 
determining appropriate remediation levels for a given area, and would- minimize the likelihood of 
making inconsistent remediation decisions at the operable unit level. Future land-use objectives are 
the basis for establishing remedial-action objectives and identifying corresponding preliminary 
remedial goals under_µie Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCLA). Implementation of the proposed action would ensure that remediation of the · 
Hanford Site reduces human health risks to acceptable leveis, while making the most efficient use of 
available and appropriate resources. · · · 

20 To facilitate the establishment of future land-use objectives, the geographic area concept 
21 developed by the Hanford Future Site Uses Working Group (Working Group) was utilized. The 
22 following four geographic areas are addressed within the scope of this Environmental Impact 
23 Statement (EIS): · · 
24 , -_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

• Columbia River (Hanford Reach) 

• Reactors on the River ( 100 Areas) 

• Central Plateau (200 Areas) 

• All Other Areas (300, 400, 600, and 1100 Areas). 

The establishment of a future land-use objective for each geographic area on the Hanford Site 
requires the DOE to evaluate a range of potential future uses for each area. These potential future 
uses (land use alternatives) are described and an;tlyzed in the following sections: 

38 3.1 _Development ofAltemarives , · 
39 
40 Alternatives for establishing future land-use objectives at the Hanford Site were developed using . 
41 · input from the scoping process, including the report produced by the Working Group 
42 (HFSUWG 1992), and comments received from members of the public, interested groups, and 
43 federal, state, local, and Tribal governments (DOE-RL 1994a). The Future For Hanford: Uses And 
44 Cleanup, A FinalRepon of the Hanford Future Site Uses Wo;king Group (HFSUWG 1992) formed a 
45 basis for developing a range of alternatives by defining the geographic areas of the Hanford Site and 
46 identifying three potential cleanup scenarios, For purposes of this EIS, the Working. Groµp' s cleanup 
47 scenarios were adopted and modified to reflect the needs of the DOE's continuing mission at the 
48 Hanford Site. T.he cleanup scenario definitions used in this EIS are described as follows: 
49 
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Unrestricted Land Use--Contamination cio~s not preclude any human uses; however, access 
2 or certain uses may be controlled for other reasoris (i.t~ physical hazards, cultural resource 
3 protection, habitat protection). 
4 
5 Re~tricted Land Use--Residual contamination precludes some human uses; restrictions 
6 could apply to the surface soils, subsurface soils, surface water, or groundwater. 
7. 
8 Exclusive Land Use--Potential health risk limits use and requires strict controls on access. 
9 Use of the area would be limited. to the management and/or disposal of radioactive and 

10 hazardous materials (or similar, compatible uses). Control of the area would be maintained 
11 · by the DOK Exclusive use areas.could include buffer zones around active facilities. 
12 
13 Under each of the cleanup scenarios, remediation would result in risk reductions to levels 
14 protective of human health and the environment. However, the means by which risks would be 
15 reduced differ among the cleanup scenarios. In developing the alternatives, risk was assumed to be 
16 lowered to acceptable levels for unrestricted use (primarily through the removal of waste). For the 
17 restricted and exclusive use scenarios, the analyses assumed that risk would be lowered using a 
18 combination of engineering and institutional controls (in-place. stabilization or immobilization of 
19 wastes, and removal of wastes). 
20 
21 
22 3.1.1 Potential Future LaJZd-Use Alternatives 
23 
24 The three cleanup scenarios described above were applied to each of the four geographic areas of 
25 the Hanford Site to develop a range of potential future land-use alternatives (Table 3-1). All cleanup 
26 scenarios are included in the range of potential future land-use alternatives for each geographic area, 
27 with the exception of exclusive use o(the Columbia River. Exclusive use of the Columbia River is 
28 not considered a viable alternative because the DOE does not anticipate using the river for waste 
29 management activities. 
30 
31 The future land-use designation for each of the potential alternatives would determine the level of 
32 remediation required for each geographic area. Much of the land within the geographic areas is 
33 relatively uncontaminated (i.e., the undeveloped lands loc~ted between the operations areas) and 
34 would require little or no remediation to allow the designated land use. However, levels of 
35 contamination in some past-practice waste sites, and treatment, storage, and/or disposal or surplus 
36 facilities, could result in unacceptable risk to human heath-and. the environment under a given future 
37 land-use alternative. Therefore, the DOE would focus on removal of contaminants to levels that 
38 allow the designated future land-use ob)ective across the entire geographic area. 
39 
40 
41 3.1.2 Screening for Reasonable Alternatives · 
42 
43. Table3-1 identifies the l1 potential future land-use alternatives (e.g., Restricted Land Use for 
44 · the Reactors on the River geographic area) that could be evaluated. Although all of these alternatives 
45 are possible, analyzing this range of alternatives would involve analyzing alternatives that are 
46 unreasonable or impractical to implement. As discussed in Recommendations for the Preparation of 
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Environmental Assessments and Envi,;_onmental Impact Statemenrs.JDOE 1993), the Council on 
2 Envitonmental Quality (CEQ) c~~sict~f; reafonable altetnatf{:es t~,-be those that are practical or 
3 feasible from a common sense, technical; and eco)J.omic, stanppoint. Using the CEQ guidance, five 
4 criteria were developed and applied to screen the alternatives and eliminate from further consideration 
5 those alternatives ·determined to be unreasonable. The criteria are listed as follows. 

6 
7 1. The alternative should be technically feasible. 

8 
9 2. The alternative should be consistent with decisions made in other National Environmenral 

10 Policy Act of 1969 (NEPA) and CERC_LA Records of Decision (ROD)._ 

11 
12 3. The alternative should be consistent with the Hanford Federal Facility Agreement and 
13 Consent Order (Tri-Party Agreement) (Ecology et al. 1989). 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
r _:, 

26 
27 

28 

29 

30 

31 

32 

33 

34 
35 
36 
37 

38 

_ 4. Implementation of the alternative should not have major or readily-apparent, undesirable 
impacts. 

5. Public acceptance of the alternative should be probable, as opposed to highly unlikely, 
based on the results of the scoping process. 

Using these screening criteria, the list of potential future land-use alternatives was reduced from 
I I to 6, as shown in Table 3-2. The shaded areas p.resented in the table identify the alternatives 
determined to be unreasonable based on failure to meet one or more of the screening criteria. These 
alternatives were eliminated from further consideration. A discussion as to why these alternatives 
were eliminated is presented in Section 3.4. 

Table 3-1. Potential Future Land-Use Altematives (DOE-RL 1994a). 

Geographic Area 

Columbia River 

Reactors on the River 

Central Plateau 

All Other Areas 

E 
NA 
R 
u 

= 
= 

= 
= 

Exclusive Land Use 
Not Applicable 
Restricted Land Use 
Unrestricted Land Use. 

3-3 

Potential Future Land-Use 
Alternatives 

u R NA 
u R E 

u R E 

u R E 



2 
Table 3-2. Screening of Potential 

Future Land-Use Altenzatives. 

3 

4 

5 

6 

7 

Geographic Area 

Columbia River 

Reactors on the River 

Central .Plateau 

All Other Areas 

8 E = Exclusive 
9 R = Restricted 

10 U = Unrestricted. 

11 

Future Land-Use Alternatives 

u R 

12 3.1.3 Future Land-Use Altenzati.ves Selected for Detailed A.J:ialysis 
13 
14 As a result of the screening process, a list of future land-use alternatives deemed suitable for 
15 detailed analysis was compiled (represented by the unshaded areas in Table 3-2). The list of 
16 alternatives includes the following: 
17 
18 • Columbia River 
19 - Unrestricted Future Land Use 
20 - Restricted Future Land Use 
21 
22 · • Reactors on the River 
23 - Unrestricted Future Land Use 
24 - Restricted Future Land Use ,-_:, 

26 • Central Plateau 
17 - . Exclusive Future Land Use 
28 
29. • All Other Areas 
30 - . Restricted Future Land Use. 
31 
:32 These alternatives would allow land uses simi~ar to those envisioned by the Working Group 
33 (HFSUWG 1992), while allowing the DOE to fulfill its mission. Table 3-3 identifies the relationships 
34 between the future land-use alternatives and the future u.se options identified by the Working Group · 
35 for each geographic area. 
36 
37 · Each future land-use alternative would have an associated exposure scenario. The exposure 
38 scenarios presented in the Hanford Site Risk Assessment Methodology (HSRAM) (DOE-RL 1995), 
39 define the conditions under which humans could be exposed to residual contamination, and are 
40 directly related to land use. The DOE, the U.S. Environmental Protection Agency (EPA), and the 
41 Washington State Department of Ecology (Ecology) have agreed to use these exposure scenarios in 
42 the CERCLA process when establishing remediation levels for waste sites within each geographic 
43 area. Tables 3-4 through 3-6 show the exposure factors associated with each of the exposure 
44 scenarios used in this EIS. 
45 
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I 
2 
3 
4 
5 
6 
7 
8 

'9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

.··The.Working Gr9up's op~ions were the basis for identifying the appropriate exposure scenariL~(s) 
associated with a desired future land use'(Table 3-3):> :An:,agricultural exposure scenario for the . 
·Columbia River and Reactors on the River Unrestricted Future Land-Use Alternatives would be used· 
because it takes into consideration potential livestock grazing use by ·Native Americans, as well as 
full-time human occupancy in farm houses. The agricultural exposure scena;io is the most. 
conservative exposure scenario used in these analyses because, as illustrated in Table 3-4, the 
agricultural scenario· involves exposures along the largest number of pathways, for the longest period 

. of time. The recreational exposure scenario would be used for the Restricted Future Land-use 
Alternatives to reflect the public's desire for continued recreational use of the Columbia River, and 
potential future recreational use of the Reactors_ on the River and poitions•.of the All Other A~eas. 
geographic areas. 

Both recreational arid industrial exposure scenarios w.ould be used in the All Other Area~ 
geographic area to reflect potential industrial.use of the 300 Area, the Fast Flux Test Facility (FFTF), 
and the Washington Public Power Supply System (WPPSS), and nonindustrial uses of other 
undeveloped areas. The agricultural exposure scenario ~ould not b_e used in the All Other Areas 
geographic area because restrictions on·~roundwater use would preclude most agricultural activities: 

Only the industrial expo~ure scenario would be used for the Exclusive Future Land-Use . 
Alternative, because this alternative assumes that cmly DOE waste management activities would occur, 
and that the buffer zone would not be available for recreational use .. 

· The DOE land-use options presented in Table 3~3 are take~from the Hanford Site De~elopment 
Plan (DOE-RL 1993a). The DOEis currently developing the Comprehensive Land Use Plan for the 
Hanford Site, which will rec~mmend more specific land-use designations. · 
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Table 3-3. Relationship Between Future-Land Use Alternatives, Hanford Future Site Uses Working Group Options, Exposure Scenarios, 
and Potential U.S. Department of Energy Land-Use Option~· · 

FUTURE LAND-USE EXPOSURE WORKING GROUP. LAND-USE OPTIONS POTENTIAL DOE 
AL TE.RNATIV-ES SCENARIOS LAND-USE OPTIONS 

COLUMBIA RIVER 

. Unrestricted Agricultural 1. Wildlilc and Recreation 1. Sensitive Areas 
2. Recreational and Related Commercial, Scenic and Economic Uses 

Restricted Recreational 
3. Native American Uses 

. .. ::· \\ ... ·-:- .. -:,: ·.• 

REACTORS ON THE RIVER -:• . . ::·?: •.•. 

-··. 

Unrestricted Agricultural 1. Native American Uses 1. Sensitive Areas 
2. Wildlife and Recreation 2. Undeveloped Areas 
3. Limited Recreation, Commercial Uses, .and Wildlife 

· , Restricted > Recreational 4. · B·Rcactor as a· Museum/Visitor's Center ' 

_,;J: 
· .. • .. " 

CENTRAL PLATEAU 
·,•.• :-,; 
::· 

,•:. .. /!;. .. : 

l 

Exclusive l Industrial 1. .Onsite Waste and Existing Obligations for Disposal 1. Waste Operations 
2. Option I plus OITsite DOE Waste for Treatment 2. R&D/Engineering 
3. Option 2 plus Off site Commercial Waste for Treatment Development 
4. Option 3 plus Offsite DOE Waste: long-term storage of TRU and HLW and 

Disposal of LLW 
5. Option 4 plus Commercial SNF for Longterm MRS 
6: Option 5 plus Compatible Commercial or Industrial Activity 

,, 

ALL OTHER AREAS 
.. -.. 

" ·-':..:-. 
::· 

Restricted Recreational I. Focus on Economic Development I. . Operations Support 
and Industrial 2. Focus on Wildlife 2. . R&D/Engineering 

3. Native American Uses Development 
4. Agricultural Use > 3. Undeveloped Areas 

4. Sensitivi; Areas 
5. Administrative Support 



2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

· 13 
14 

15 

Table 3-4. · lA.gricuih1ral Scenario Ex;dii,i-e Fa~tors. 
'. , /: .. ' ~-: !\-,,,···-=! '' -~ ,.:,.~ 1.-,r;, ~.i,',\}::&-~~!./;~;._..j,'.'; ','. •, ; ... t:-.'.t:,;<~ .... -- __ : .~; .. :· .'· .. 

Pathway 

Media· ·1 · 

Soil 

.Exposure 
Route 

Ingestiona . 

Dermalb 

Externalc 

Air Inhalation• 

Groundwater Ingestion• 

Inhalation• 

Dermalb 

Surface Water Ingestion• 

lnhalationa 

Dermalb 

Sediment Ingestion• 

Dermalb 

Biota Dairy" 

Beef' 

Game• 

Fish" 

Fruit' 

Vegetable" 

. . ,, · : . _ E~posure Parameters 

.,, · Intake'Rate ., 

200 mg/d (C) 
100 mg/d (A) 

0.2 mg/cm2/d 

24 hr/d 

20 m3/d 

i Lid 

15 m3/d 

0.17 hr/d (shower) 

2 Lid 

15 m3/d 

0.17 hr/d (shower) 
2.6 hr/d.(swimming) 

· · 200 mg/d (C) 
100 mg/~ (A) 

0.2 mg/cm2/d. 

300 g/d 

75 g/d 

. 1 g/d 

54 g/d 

42 g/d 

80 g/d 

, Exposure · :' 
Frequency (d/yr) 

365 

180 

365 

365 

365 

365 

365 

365 

365 

365 
7 

7. 

7 

365 

365 

365 

365 

365 

365 

"Exposure Factors for Radioactive and Nonradioactive Carcinogens. 
bExposure Factors for Nonradioactive Carcinogens .. 
cExposure Factors for Radioactive Carcinogens. 
(A) = Adult. 
(C) = Child. 

3-7 

Exposure 
Duration (yr) 

6 (C) 
24 (A) 

6 (C) 
24 (A) 

30 

·30 

· 30 

30 

30 

30 

30 

30 

. 6 (C) 
24 (A) 

6 (C) 
24 (A) 

30 

30 

30 

30 

30 

30 



2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

, "1,·- ... , ~.,. ;: :, .· 
-,, 

Table 3-5. Industrial Scenario Exposure Factors. 

Pathway Exposure Parameters 

Media 
Exposure 

Intake Rate 
. Exposure 

Route Frequency (d/yr) 

Soil Ingestion• 50 mg/d 146 

Dermalb 0.2 mg/cm2/d 146 

Externalc 8 hr/d 146 

Air Inhalation• 20 m3/d 250 

Groundwater Ingestion• 1 Lid 250 

Inhalationa 20 m~/d 250 

Dermalb 0.17 hr/d 250 

Surface Water lngestiona l Lid 250 

Inhalationa 20 m3/d 250 

Dermalb. 0.17 hr/d 250 

aExposure Factors for Radioactive and Nonradioactive Carcinogens. 
bExpostire Factors for Nonradioactive Carcinogens. 
0Exposure Factors for Radfoactive Carcinogens. 
(A) = Adult. . 
(C) = Child. 
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Exposure 
Duration (yr) 

20 

20 

20 

- 20 

20 

20 

20 

20 

20 

20 



2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 

15 

Table 3-6. RecredtjqizpJ.§renariq,: ~xposure Factors. 
\•-;•.~~-t ,·, .. ~..-.... ,I-" .J;g;•;~:,.,~•,(_;'tl•<'--•·•• ._,•.,,,:.,•.,,,.•L·•·•,·· · ·•• . • .;·,,., • '.f· ·~ ,.,.- "· ,..._,,,~.:._.~- .. _.,, • ',";'~ •• f..'••,!, ... ·" . ·';_,,J.· 

Pathway . ·,• .- ,, ' .Exposure Parameters . 

'\ Exposure tmake Rare · '· Exposure 
Media·' 

Route Frequency (d/yr) 

Soil lngestiona 200 mg/d (C) 7 
.100 ing/d (A) 

Dermalb 0.2.mg/cm2/d 7 
.. -

'' 

Externalc .8 hr/d 7 .. 

Air lnhalationa - 20 m3/d 7 

Groundwater Ingestion~ 1 Ud 7 

Dermaib · 0.17 hr/d 7 

Surface Water lngestiona _ 2 Lid 7 

Dermalb ._- 2.6 hr/d 7 

Sediment lngestiona . 200 mg/d (C) 7 
'' 

100 mg/d (A) 

Dermalb 9.2 mg/cm2/d_ ~. · 7 

' 

Biota Waterfowla - -- ' --
Gamea 1 g/d 365 

Fisha 54 g/d 365 

Plant' -- --
"Exposure Factors for Radioactive and Nonradioactive Carcinogens. 
bExposure Factors for Nonradioa.cdve Carcinogens. 
cExposure Factors for Radioa.ctive Carcinogens;_ 

. (A) = Adult. - . 
(C) = Child. 
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Exposure 
Duration (yr) 

6 (C) 
24 (A) 

6 (C) 
24 (A) 

30 

30 

30 

30 

30 

30 

6 (C) 
24 (A) 

6 (C) 
- 24 (A) 

--
30 

30 

--



3.2 Preferred Sitewide Future Land-Use Alternative· 
2 
3 Based on programmatic needs and stakeholder input during scoping, the DOE identified a 
4 Preferred Future Land-Use Alternative for each of the four geographic areas of the Hanford Site. 
5 The Preferred Sitewide Future Land-Use Alternative, which was developed by combining the 
6 Preferred Future Land-Use Alternatives for each geographic area, is briefly summarized below. 
7 
8 
9 3.2.1 Columbia River, Restricted Future Land-Use Altemative 

10 
11 . This alternative·would rely on removal of physical hazards and contaminants, through the use of 
12 engineering· and/or institutional controls, and would result in residual contaminant levels requiring 
13 some restrictions on human·use. Under the Restricted Future Land-Use Alternative, current 
14 unrestricted access to the Columbia River for recreational use would be maintained. · Restrictions 
15 would continue to apply to shoreline and island access, and disturbance of riverbank and river bottom 
16 sediments. Use and access restrictions would be enforced by institutional controls (i.e., fencing, 
17 signs, and deed restrictions). Engineering controls (e.g., caps) might be used to stabilize and/or 
18 isolate areas of contamination, and could be used with institutional controls to protect human health 
19 and the environment. This alternative would enable future land uses consistent with those envisioned 
20 by the Working Group (Table 3-3). _The CERCLA_exposure scenario associated with this alternative 
21 is recreational (Table 3-7). · 
22 
23 
24 3.2.2 Reactors on the River, Restricted Future Land-Use Altemative (RI) 
' -_:, 

26 This alternative would be_ achieved through excavation of contaminated soil and remediation of 
27 past-practice waste units, in conjunction with closure of treatment, storage and/or storage (TSD) 
28 facilities and decommissioning of surplus contaminated _and uncontaminated facilities associated with 
29 the reactors. Under this alternative, the Reactors on the River geographic area would be remediated 
30 to levels that require restrictions on use because of residual contamination, physical hazards, and/or 
31 protection of cultural resources and sensitive wildlife-habitat. Soil disturbing activities, and 
32 withdrawal and use of groundwater within this geographic area, would be controlled for an indefinite 
33 period. This alternative would enable future land uses consistent with those envisioned by the_ 
34 Working Group (Table 3-3). The CERCLA exposure scenario associated with this alternative is 
35 recreational (Table 3-7). 
36 
3i 
38 3.2.3 Central Plateau, Exclusiv'! Future-Land Use Altemative 

· 39 
40 This alternative would achieve exclusive use primarily through the use of engineering and 
4 I institutional controls, and capping of past-practice waste units and TSD facilities. The DOE would 
42 maintain institutional control, and would continue to use the area for waste management activities. 
43 Public access, withdrawal and use of groundwater, and soil disturbing activities would be controlled 
44 for an indefinite period. A temporary surface and subsurface buffer zone would surround the Central 
45 Plateau geographic area. In an effort to respond to comments made during the scoping process, the 
46 DOE would ensure that this alternative allowed certain restricted Native American uses. This 
47 alternative would enable future land uses consistent with those envisioned by the Working Group 
48 (Table 3-3). The CERCLA exposure scenario associated with this alternative is industrial 
49 (Table X.X). 
50 
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3.2.4 All Other Areas, Restricted FulureLmzd~Use Altenzative (R1) .. 
. 2 -. r. ~~· '-·s· .. t .',~(·•,."v_::~• ,~.: \~f \~~·_:.:~t/\~~~t-.~f-t~~~~\~~\i;t)~:r{:d:1~:'.:·_~:\::i. 
3 This alternative would achieve restricted use through the use of engineering and institutional 
4 controls, and removal and treatment of contaminants. The DOE would maintain institutional control. 
5 and would contimfo' t~ us~ the area for activities:,similar to those allowable unde·r current Site 
6 management. Restrictions would apply to activities that could disturb soil .in or around revegetated 
7 excavation sites. In addition, withdrawal and use of groundwater would· be restricted for an indefinite 
8 period. Monitoring and institutional controls (i.e., signs, fencing and deed restrictions) would be 

. 9 · used, as necessary, to restrict use and access; This alternative would enable future land uses 
IO consistent with those envisioned by the Working Group (Table 3-3). The CERCLA exposure scenario 
11 associated with this alternative is industrial for the 300 Area, and recreational for the rest of the 
12 geographic area (Table 3-7). 
13 
14 
15 3.3 Description of the Alternatives 
16 
17 In order to achieve the remediation goals associated with a future land~use alternative, a series of 
18 remediation activities would need to occur. · These remediation activities are discussed in a generic · 
19 manner throughout this EIS. This generic discussion emphasizes that specific remediatio·n activities, 
20 technologies, and strategies would be assessed and refined through the CERCLA and/or Resource 
21 . Conservation and Reccivery Act of 1976 (RCRA) processes on a case..:by-case basis. This approach 
22 would not prejudice the DOE towards a specific course of action, and would allow for the 
23 development and use of ·innovative technologies. 
24 
r _:, 

26 3.3.1 Description of the No-:-Action Alternative 
27 
28 The term "no action" does not mean that the DOE wpuld take no further action of any kind at 
29 the Hanford Site; it is defined to mean that the DOE would conduct a long-term monitoring and 
30 maintenance program instead of continuing with the current program of TSD facility unit closures, · 
31 past-practice site remedial actions, and surplus facility decommissioning actions. This approach 
32 provides a definitive baseline for comparing the alternatives. 
33 
34 Consideration of the No-Action Alternative is required by the CEQ regulations implementing 
35 NEPA, 40 Code of Federal Regulations 1500-1508. Although the activities to be conducted under the 
36 No-ActionAlternativ:e provide a measure of.containment and control for contaminants, they do not 
37 constitute permanent remedial ·actions or complete decommissioning actions. It is recognized that 
38 actual implementation of the No-Action Alternative for the Hanford Site as a whole would be contrary 
39 to the provisions of the Tri-Party Agreement (Ecology et al. 1989). A decision to implement the 
40 No-Action: Alternative at any particular area of the Hanford Site would be made in_ accordance with 
41 the site-specific decisionmaking process specified by the. Tri-Party Agreement. 
42 
43 The No-Action Alternative is common to all of the geographic areas, but the specific monitoring 
44 and maintenance activhies conducted would vary depending on the types of waste sites _and facilities .· 
45 found in each area .. This alternative is used to establish a baseline against which the impacts of the 
46 other alternatives are compared. The potential risk to human health and the environment is 
47 considered minimal under current control and management of the Hanford Site, but future changes to. 
48 the control and management of the Hanford Site could result in greater risk if the No-Action 
49 Alternative is implemented.· For purp·oses of the analysis, the monitoring and maintenance activities 
50 conducted under the No-Action Alternative are assumed to continue for 100 years: After 100 years, · 
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it is assumed that the DOE would relinquish institutional controJ of the Hanford Site. After that time, 
for purposes of the analysis, it assumes that safeguards associated 'With monitoring and maintenance 
activities would no longer control the release of radiological and chemical contaminants from the 
Hanford Si.te. The 100 years is assumed to represent the period of active institutional control is an 
arbitrary assumption with no legal significance. If the DOE should arrive at the determination that 
the lands are no longer needed to fulfill the DOE's current mission, a desired future land use would 
be identified. Following identification of a desired future lar1d use, remediation of contaminants to. 
risk levels allowing for that desired land use would be_ conducted. 

Activities included in the definition of the No.:Action Alternative fall into two major activity' 
categodes: (1) monitoring, and (2) maintenance. · These categories are similar to activities currently 
conducted at the Hanford Site in accordance with the requirements of established DOE, federal, and 
state environmental protection programs: The types of activities conducted within each category are 
discussed in more detail in the following sections. 

3.3.1.1 Monitoring Under the No-Action Altemative. The DOE would conduct a program of 
environmental monitoring similar to the program currently conducted and reported annually in the 
Hanford Site Environmental Report for Calendar Year 1994 (PNL 1995). This program would 
continue through the period of institutional control; aQd would consist of monitoring environmental 
media (i.e., air, water, wildlife, soil, and vegetation) and external radiation levels on the 
Hanford Site. 

3.3.1.2 Maintenance Under the No-Action Alternative. The DOE would conduct a continuing 
program of maintenance activities similar to those. activities presently conducted under the established 
Site maintenance programs. These activities would consist of surveillance and maintenance of surplus · 
facilities, stabilization of waste sites, and safeguards and security. 

3.3.1.2.1 Surveillance and Maintenance of Surplus Facilities". A program of surveillance and 
maintenance of surplus facilities _would continue throughout the period of institutional control. 
Activities similar to those currently conducted on surplus facilities awaiting decommissioning 
(WHC and USACE 1994a) would continue to ensure containment and control of radiological, 
environmental, and safety hazards, and to protect onsite workers and the public. No effort would be 
made to decommission surplus facilities under the No-Action Alternative. 

Both routine and corrective activities would be conducted. Routine activities would consist of 
performing periodic inspections, audits; and minor repairs. Corrective activities would include · 
performing structural repairs and/or replacements, electrical upgrades, and other physical upgrades to 
protect against injuries. · · · · 

. 3.3.1.2.2 Stabilization of Waste Sites. A program of waste site stabilization activities similar to 
those currently performed under the Radiation Area Remedial Actions Program (WHC and 
USACE 1994b) would continue for the period of institutional control. This program would be 
con:ducted to minimize the spread of surface soil contamination, which could lead to worker or public 
exposure . .The program would consist of surface decontamination and stabilization, surv~illance and 
maintenance, and vegetation management. No effort would be made to conduct permanent remedial 
actions at waste sites. 
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Decontamination and ~tabilization would include consolid~ti6n of contaminated soil inside 
original waste site boundaries; This:\volild:ii,nc,l1.ui~/:Strapi)1gisQr.;~oying surface soils with heavy 
equipment (e.g.' scrapers, bulldozers, tractors: 'iind'duinp trUcks)°.'' Contamination would be 
consolidated within the original siie ~oundaries and stabllized by covering with clean soil. The areas 
would be revegetatel:l to reduce. or prevent soil erosion'.· Surveillance and maintenance would _include 
routine surveying for contamination spread and weed growth, responding to reports of problem areas, 
and upgrading of posted signs and barricades. Vegetation management would involve using 
herbicides during spring and fall to prevent aggressive, deep-rooted weed species from becoming . 
established. (This would prevent uptake of contaminants through the plant root systems and spreading 
of contaminants when the plants die.) Special care would be taken to avoid, or minimize any adverse 
impact on desired plant communities (i.e., vegetation needed for erosion control}. 

3.3.1.2.3 Safeguards and Security. A program of safeguards and security would continue 
during the period of institutional control. Activities similar to those performed under the current 
safeguards and security program (WHC 1994)·would be conducted to maintain security of materials 
and facilities, prevent unauthorized access, and enforce a _control on uncontrolled public access to the 
Site. These activities would consist of patrol force operarions, security systems testing, security _ 
education, security systems maintenance and engineering~ security projects, and the locksmith 
program. 

3.3.2 Columbia River Alternatives 

The Columbia River geographic area encompasses.66 km (41 mi) of the Columbia River, which 
flows through or borders the Hanford Site, and includes theriver_islands and island sediments, river 
bottom and riverbank sediments, and the area 0.4 km (1/4 mi) inland on both shores of the river. 
(The delineation of this geographic area is consistent with the scope of the Hanford Reach of the 
Columbia River, Comprehensive River Conservation Study arid Final Environmental Impact Statement 
(NPS 1994). This stretch of the river offers a unique example of riverine and riparian ecologies that 
characterize the Columbia Basin· prior to construction of hydroelectric dams on the river. · 
Contamination has occurred at several locations along the Columbia River. This contamination is a · 
result of contaminated groundwater entering the Columbia River geographic area through a series of 
springs and seeps .. The major radiological and chemical contaminants from the springs and seeps 
include tritium, strontium-90, technicium-99, and uranium.·· Additional contamination and physical 
hazards result from each production reactor's river dischar~e pipeline, which is buried beneath the 
riverbank and riverbottom sediment. · .These pipelines extend from the outfall structures into the river, 
and are contaminated pri!llarily with cobalt-'60, europium-1-52, -154 and -155 (UNI ·1986); (Specific 
locations and concentrations of radiological and chemical contaminants will be determined by 

_ characterization activities conducted under the CERCLA process). 

· Table 3-7 depicts the Columbia River_ future land-use alternatives selected for detailed analysis, 
with associated actions to be implemente/:l, exposure scenarios, and land use restrictions. -
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6 
7 

Alternatives 

No-Action 

Unrestricted 
Future Land Use 

Restricted Future 
Land Use 

Table 3-7. Futur~-- L~izd-Use Altematives forth~ Columbia River. 

Actions to be Implemented 
Exposure 

Land Use Restrictions Scenarioa 

• Environm~ntal monitoring Not Applicable • Restrictions on public 
• Stabilizing waste sites .. access to shorelines and 
• Institutional controls islands 

• Restrictions on sediment 
disturbance 

. -

• Excavating contaminated Agricultural • Possible restrictions on 
riverbank, riverbottom and public access due to 
island sediment physical hazards or 

• Decommissioning of river 
discharge pipelines 

environmental sensitivity 

• Transporting contaminated 
materials to an onsite 
disposal facility 
Site reclamation ' • 

• Environmental monitoring 

• Institutional controls 

• Stabilization of intact river Recreational • Restrictions on public 
discharge pipelines· - access to shorelines and 

• Removal of detached river islands 
discharge pipeline segments; • Restrictions on sediment 
demolish and leave in place disturbance 
associated tie down 
structures 

• Transport of contaminated 
materials to onsite disposal 
facility 

• Raconteur riyerbottom 
where needed 

• Environmental monitoring · 

• Institutional controls 
--

8 3These exposure scenarios would be used under the CERCLA process to establish cleanup goals. 

9 
10 3.3:2.1 Columbia River, No-Action Altemati.ve. The No-Action Alternative for the Columbia River 
11 geograph~c area would consist of continuing environment~! monitoring, surveillance and maintenance, 
12 stabilization of waste sites, and the safeguards and securities program. The No-Action Alternative is 
13 described in more detail in Section 3 .3 .1. The DOE would maintain institutional control over the 
14. - Columbia River geographic area, and would continue to allow use of the area for wildlife habitat and 
15 controlled recreation. Public access to the riverbank and islands would continue to be restricted. 
i 6 Restrictions on· activities that disturb sediments on the riverbank, river bottom, and islands also would 
17 be maintained. These uses and restrictions would remain in place until it is determined that the lands 
I 8 are no longer needed to fulfill the DOE's current mission, or the DOE relinquishes institutional 
19 control of the Hanford Site (assumed to be 100 years for analyses purposes). If the DOE should 

· 20 arrive at the determination that the lands are no longer needed to fulfill the DOE's current mission, a 
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desired future land use would be identified. Following identificati~h '.of a desired future land use. 
remediation of contaminants to.riskdevels allo\Ving,Jo,t;:tha~ictesit,ed)apg 1,1se would be conducted. 

. . •.'. -··. '·. •;! •. . •. ''\ \ . '• 
<;' ,.,,,·;1 •'4·. -:..' 

. ; ·' ~ . . . 

3.3.2.2 Columbia River, Unrestricted Future·Land-U~e Altenzativt;. _ For .this alternative, 
unrestricted use of'the Columbia·River geographic· area would he'ach1eved through excavation of 
contaminated riverbank, riverbottom; and island sediments, -in conjunction with decommissioning. of 
the river discharge pipelines. Appendix A contains a complete list of past-practice waste units and 
surplus facilities within the scope of the Columbia River geographic area. Under this alternative, the 
Columbia River geographic area would be remediated to risk levels such that -no human use would tie 

. precluded. However, access or certain uses coul~ be controlled for other reasons (Le., physical · 
hazards or protection of cultural resources and sensitive wildlife habitat). The full nature and.extent 
of contamination in the Columbia River geographic area has not been completely charactertzed. This 
characterization is the subject of ·ongoing investigations under the Tri-Party Agreement.. Under this 
alternative, contamination detected in future characterization studies would be removed to levels that 
woulcj. not preclude any human use. This. alternative would enable future land u~es· consistent with 
those envisioned by the Working Group (Table 3:-3). The CERCLA exposure scenario associated 

· with this alternative is agricultural. · · 

. This alternative would include excavation of ~ontaminated sediments. on riverbank areas where 
groundwater plumes meet the shoreline, along with excavation of contaminated island sediment to 
reduce contaminaIJ.t exposure through .the dermal, · ingestion, and inhalation pathways under the . 
agricultural exposure scenario .. All excavated sedim~nts would be segregated and classified according 
to waste type. Uncontaminated _sediment would be stockpiled for .backfill and reclamation use. · 
Excavated contaminated sediment would be loaded into waste containers at a s~aging area, co:vered, 
and transported by truck or rail to the_ Central plateau geographic area for storage and/or disposal. If 
necessary, additional backfill materials ·would be obtained from an onsite location. For site . 
restoration, excavation sites wouJd ·be recontoured to blend in with surrounding topography and, if 
needed, revegetated. Riverbank sediments are assumed to have been contaminated by groundwater 
during and subsequent to reactor operations. Upgradientcontrol of groundwater plumes would be 
required to prevent sediment recontamination. The methodology for accomplishing remediation of the 
portion of the river bordering the 100 Areas.is presented in the JOO Area Feasibility Study, Phases I 
and 2 (DOE-RL 1994b). To fully ~valuate the need to implement _this alternative for other shoreline 
areas outside the Reactors on: the River geographic area, a detailed study would be required, and 
more detailed information about the nature and extent of contamination would. be.'needed. -

The Unrestricted Fu~re Land-Use Alternative for the Colu~bia,River geographic area also 
would require removal (a phase of the· decommissioning process) of the river discharge pipelines. 
Removal of the river discharge pipelines may require use of a cofferdam and, a sediment dewatering 
system in the river. Tie down structures for anchoring the river discharge pipelines would be 
demolished and -left in place. As necessary, sediments overiying the river discharge pipelines also 
would be excavated1 loaded into large waste containers at a staging area, and covered and transported 
by' truck or rail to the Central Plateau geographic area for. siorag~ and/or disposal. Pipelines would 
be cut into manageable pieces, the ends sealed, and sections wrapped or placed in containers for" . 
disposal as low-level waste (LLW) or low-level mixed waste (LLMW) (DOE-RL 1994b). This waste 
then would be hauled by truck or rail to the Central Plateau for disposal. Uncontaminated structures 
would be recycled and used within the DOE complex, o.r· eompacted for disposal as solid waste in an 
onsite facility. · · · · 
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On May 22, 1995, the DOE issued-the Policy on Decommissiontng of Department of Energy 
Facih"ties Under the Comprehensive Environmental Response, Conzpeiz~·ation, and Liability Act 
(CERCLA). This policy established the approach agreed upon by the DOE and the EPA to conduct 
decommissioning projects1 consistent with CERCLA requirements. Therefore. any decision made 
regarding the potential fate of the river discharge pipelines in this EIS will be revisited and modified, 
if needed, through the CERCLA process. Prior to issuance of this policy, the DOE conducted 
decommissioning activities as separate and discrete projects, subject to neither CERCLA nor RCRA 
requirements. 

Excavation and demolition would be achieved t}lrough the use of heavy earth moving and 
demolition equipment. As demolition and excavation activities proceed, a program of monitoring and 
sampling would be implemented to minimize worker exposure and determine the effectiveness of 
contaminant removal. 

3.3.2.3 Columbia River, Restricted Future Land-Use Alternative. For this alternative, restricted use 
would be achieved through the removal of physical hazards and contaminants combined with 
engineering and/or institutional controls. This alternative would result in residual contaminant levels 
requiring some restrictions on human use of the Columbia River geographic area. Under a Restricted 
Future Land-Use Alternative, current unrestricted access to the Columbia River for recreational use 
would be maintained. Restrictions would apply to shoreline and island access, and to disturbance of . 
riverbank and river bottom sediments. Use and access restrictions would be enforced by institutional 
controls (i.e., use permits, fencing, signs, and deed restrictions). Engineering controls (e.g., rip-rap 
over river discharge pipelines) might be used to stabilize areas of contamination and could be used in 
combination with institutional controls to protect human health and the environment. This alternative 
would enable future land uses consistent with those envisioned by the Working Group (Table 3-3). 
As described in Section 3 .1.4, the CERCLA exposure scenario associated with these land uses is 
recreational. 

The Restricted Future Land-Use Alternative for the Columbia River geographic area would 
include in-situ stabilization of intact river pipelines. · Intact pipelines would be· anchored to the 
riverbottom and covered with riprap. The terminating structures of the intact pipelines would be 
sealed using a grout backfill. In addition to preventing the release of contaminants from the interiors 
of the pipelinesp this also would stabilize the pipelines and aid in preventing further shifting caused by 
river currents. Where necessary, the riverbed would be recontoured to reduce river turbulence and 
reduce scouring around_ discharge lines._ 

Some sections of pipeline have deteriorated and detached, potentially posing physical hazards or . · 
serving as a source of contamination. Tie down structures for anchoring these· river discharge 
pipelines would be demolished ·and left in place. Detached pipeline segments would be cut into 
m~nageable pieces, the ends sealed, and sections wrapped or placed in containers for disposal as LLW 

1 As defined in the Policy on Decommissioning of Department of Energy Facilities Under the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA): " ... decommissioning 
includes those activities that take place after a facility has been deactivated and placed in an ongoing surveillance 
and maintenance program. Decommissioning can include decontamination and dismantlement. Decontamination 
encompasses the removal or reduction of radioactive or hazardous contamination from facilities. Dismantlement 
involves the disassembly or demolition, and removal, of any structure, system, or component and the interim or 
long-term disposal of waste materials in compliance with applicable requirements. 
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or LLMW (DOE-RL 19946); a~d theri haule.d by -truck or rail tlJJhe Central Plateau for disposal. 
Uncontaminated structures wo~.ld .bfi;:~cycl~:{~~d,\~s~fWithif t~e,_Q(?J:: ~omplex or disposed of as 
solid waste in an onsite facility. · ·· · .,, : . -- . · ,,-- _ : -\_: •. - . _ · , - · 

This alternative assuin~s thahiver. sedi~ent sampling and monittiring would continue. If 
· necessary, sediments associated. with detached pipeline segments would be excavated to acceptable 

human health and/or environmental risk levels. All excavated sediments would be de,vatered, 
segregated and classified according w waste type .. Uncontaminated sediment would be stockpiled for 
backfill and reclamation use. Excavated contaminated sediment would be loaded into waste containers 
at a staging area, covered and transported by truck or rail to the Central P~ateau geographic area for 
storage or disposal. · · - - · · 

3.3.3 Reactors on the River Alienzqtives 

The Reactors o,n the River geographic area encompasses approximately 68 km2
- (26 mi2) ~nd 

includes past-practice waste unhs, TSD facilities and surplus facilities in the 100 Area listed in 
Appendix A. The effluent lines· running from the reactor facilities to the outfall structures are 
included in this geographic area. The boundaries of the Reactors on the River geographic area 
correspond to the area which includes all ofthe 100 Area Operable Units (HFSUWG 1992). 
Extensive contamination exists in :soine areas of surface soils, subsurface soils and groundwater within 
the boundary of the Reactors on 111:e .River geographic area. This contamination js a result of past 
operations of the nine plutonium production reactors. The major radiological' contaminants present in 
the Reactors on the River geographic area include tritium, cobalt-60, strontium-90, cesium-137, and 
isotopes of uranium and plutonium. · Chemical contaminants include chromium,. oxaHc acid, nitric· 
acid, sulfuric acid, mercury and PCB's. Spec,ific locations and concentrations of radiological and 
chemical contaminants will be determined by characterization activities conducted under CERCLA .. 

Table 3-8 depicts the Reactors on the River future land-use alternatives selected for detailed 
analysis, with associated actions to be implemented, exposure scenarios and land-use restrictions .. 

3.3.3.1 Reactors on the River, No-Action Altenzative. The No-Action Alternati:ve for the Reactors 
on the River geographic area would consist of continuing environmental monitoring, surveillance and _ 
maintenance, stabilization of waste sites and the safeguards and security program. No remedial 
activities would be conducted. The No-Action Alternative: is described in more detail in . . 

Section 3.3.1. The DOE would maintain institutional control" of the Reactors on the River geographic 
area and continue to allow use of the area. for waste. management actiyities and wildlife habitat. 
Public access would remain restricted: . These ~ses and restrictions would. remain in place until it is 
determined that the lands are no longer needed to fulfill DOE's current mission, or DOE relinquishes 
institutional control of the Hanford Site (assumed to be 100 years .. from now·for analys'es purposes). · 
If DOE should arrive at the det_ermination that the lands are no :longer needed to fulfill the DOE's 
current mission, a desired future land use· would be identified. Following identification of a desired 

· future land _use, remediation, of con_taminarits to risk levels allowing for that d·esired land use would be 
conducted. - · · · - · - - -

3-17 



-... , - '.~. ' 

Table 3-8. Future La,zd.;,Use Altematives for the Reactors ·on the River. 

2 

3 

4 
5 

6 
7 

8 
9 

Alternatives 

No-Action 

Unrestricted 
Future Land-Use 

Restricted Future 
Land Use (Rl) 

Restricted Future 
Land Use (R2) 

• 
• 
• 

• 

• 

• 
• 
• 
• 

• 

• 
• .. 
• 
• 

• 
• 
• 
• 

Actions to be Implemented 

Environmental monitoring · 
Stabilizing waste sites 
Institutional controls 

" -

Excavating contaminated 
soils and materials 
Transporting contaminated 
materials to onsite disposal 
facility 
Groundwater remediation 
Site reclamation . 
Environmental monitoring 

Excavating contaminated 
soils and materials 
Transport of contaminated 
materials to onsite disposal 
facility 
Groundwater remediation 
Site reclamation 
Environmental monitoring 
Institutional controls 

Capping waste units and 
TSDs 
Groundwater remediation 
Site reclamation 
Environmental monitoring 
Institutional controls 

Exposure 
Land-Use Restrictions Scenarioa 

Not Applicable • Restrictions on public 
access 

• Restrictions on use of 
groundwater 

• · Restrictions on soil 
disturbance 

Agricultural • Possible restrictions on 
public access due to 
physical hazards or for 
protection of cultural 
resources arid/or sensitive 
wildlife habitat 

Recreational • Restrictions on public 
. access 

• Restrictions on use of 
groundwater 

• Restrictions on subsurface 
disturbances 

Recreational • Restrictions on public 
access 

• Restrictions on use of 
groundwater 

• Restrictions on subsurface 
disturbances 

' -
10 3These exposure scenarios would be used under 'the CERCLA process to establish cleanup goals. 

11 
' ' 

12 3.3.3.2 Reactors on the River, Unrestricted Future.Land-Use Alternative. For this alternative, 
13 unrestricted use of the Reactors on the River geographic area would be achieved through excavation 
14 of contaminated soil and remediation of past-practice waste units, in conjunction with closure of 
15 TSD- facilities and decommissioning of surplus contaminated and uncontaminated facilities associat~d 
16 with the react01:s. Under this alternative, the Reactors on the River geographic area would be 
1 7 remediated to levels such that no human use would be precluded. However, access or certain uses 
18 may be controlled for other reasons (i.e., physical hazards or_protection of cultural resources and/or 
19 sensitive wildlife habitat). This alternative would enable future land uses consistent with those 
20 envisioned by the Working Group (Table 3-3). The CERCLA exposure scenario associated with 
2 1 these land uses is agricultural. 
11 
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Hanford's nine surplus producJi6h reactors, thei.r a~sociated 6.uclear fuel storage basins and the 
2 structures that house these systems··are not \vithih tlie,scop'.e,·o{sifiis EIS (see Chapter 1.0 for Scope 
3 Definition). However, decommissioning of these structures would be required to achieve unrestricwd 
4 use of the Reactors,on the River geographic area. This EIS assumes that the surplus production 
5 reactors, except B Reactor, wouid be dismantled and transported to the Central Plateau geographic 
6 area for disposal in accordance with the ROD for the Decommissioning of Eight Surptu·s Producrion 
7 Reactors at the Hanford Site, Richland, Washington, Environmenial Impact Statement published on 
8 September 16, 1993, in the Federal Register (58 FR 48509). This EIS assumes that B Reactor is 
9 decontaminated but not dismantled and is open to public viewing with safeguards to prevent 

10 unauthorized access. This EIS further assumes t_hat N Reactor is dismantled and removed for qisp·osal 
11 on the Central Plateau geographic area in a method similar to the other surplus reactors. Both this 
12 EIS and the Surplus Production Reactors ROD would include statements on the potential fate of 
13 facilities scheduled for decommissioning within the Reactors on the River geographic area, Following 
14 issuance of the Surplus Production Reactors ROD and development of this Draft EIS, DOE issued 
15 Policy on Decommissioning of Depanment of Energy Facilities Under the Comprehensive · 
16 Environmental Response, Compensation, and Liabilities Act (CERCLA) (May 22, 1995). This policy 
17 establishes the approach agreed upon by the Department of Energy (DOE) and the Environmental 
18 Protection Agency (EPA) for the conduct of decommissioning projects consistent with CERCLA 
19 requirements. Therefore, decisions made regarding the fate of surplus facilities in this Draft EIS, as 
20 well as those made in the Surplus Production Reactors ROD, will be revisited and modified, if 
21 necessary, through the CERCLA process. Prior to issuance of this policy, DOE conducted 
22 decommissioning activities as separate and discrete projec~, subject to neither CERCLA nor RCRA 
23 . requirements. 
24 
25 This alternative would include extensive excavation of surface/subsurface past-practice waste 
26 sites and TSO facilities to reduce contaminarifexposure via the dermal, ingestion and inhalation 
27 pathways under the agricultural exposure scenario. If TRU contaminated waste is identified, it would 
28 be processed and placed into interim storage until permanent disposal is available. Buried LLW and 
29 LLMW in burial grounds would beretrieved, treated (if needed), and shipped by truck or rail to the 
30 Central Plateau geographic area for storage and/or disposal. Contaminated land-based reactor effluent 
31 lines, outfall structures, and contaminated and uncontaminated surplus facilities would be· 
32 demolished, treated (if needed) and also shipped to the Central Plateau geographic area for storage 
33 and/or disposal. Excavation and demolition would be achieved through the use of heavy 
34 earth-moving and demolition equipment. As demolition and excavation activities proceed, a program · 
35 of monitoring and sampling would be implemented to minimize worker exposure and determine the 
36 effectiveness of contaminant removal. . 
37 . . . . 
38 All excavated waste would be segregated and classified according to waste type. -Materials 
39 would be recycled or compact.ed (e.g., drums, piping, construction waste, rubble, and other 
40 containers). Uncontaminated materials would be reused or disposed of as solid waste. Excavated 
41 contaminated soils and materials would be loaded into large waste containers at a staging area, 
42 c_overed, and transported by truck or rail to the 'Central Plateau geographic area for disposal. 
43 Uncontaminated soils would be segregated and stockpiled for backfill and reclamation use. Volume 
44 reduction and waste minimization technologies would be applied as part of the remedia:tion. 
45 
46 If necessary, additional backfill materials would be obtained from an onsite location. For site 
47 restoration, excavation sites would be recontoured to blend in with the surrounding topography, and· 
48 revegetated or covered With a suitable cover material. ·· · 
49 



This alternative also would include groundwater remediation to address contaminant plumes in 
2 (and· potentially entering into) the Reactors on the River geographic area. This groundwater 
3 remediation strategy would include three· primary goals. 
4 
5 • Protect currently uncontaminated groundwater. 
6 
7 • Remediate currently contaminated groundwater to levels acceptable under the agricultural 
8 scenario. 
9 

IO • Protect the· Columbia River and associated ecosystem. 
11 
12 These goals would be accomplished through a combination of active and passive measures 
13 designed to reduce sources of contamination, control the migration of highly contaminated 
14 groundwater towards the Columbia River and reduce contamjnant concentration levels. This would 
15 include: 
16 
17 • Extensive excavation of past-practice waste units and TSD facilities, as described above, to 
18 reduce sources of contamination. 
19 
20 • Pumping and treating groundwater plumes to levels protective of the Columbia River. 
21 
22 • · Monitoring natural attenuation of contaminated groundwater plumes. 
23 
24 
r _) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
-+ 1 
42 
-+3 
-+4 

• Maintaining institutional controls prohibiting groundwater use until such a time that 
groundwater sampling results indicate contaminant levels would not preclude any human 
use. 

This strategy would be refined through the CERCLA process. 

3.3.3.3 Reactors on the River, Restricted Future Land-Use Alternative (RI). As with the 
Unrestricted Future Land-use Alternative discussed in Section 3.3.3.2, this restricted (RI) future 
land-use alternative would be achieved through excavation of contaminated soil and remediation of 
past-practice waste units,_ in conjunction with closure of TSD facilities and decommissioning of 
surplus contaminated and uncontaminated facilities associated with the reactors. Under this 
alternative, the Reactors on the ~iver geographic area would be remediated to levels such that 
restrictions on use-of the area may be required due to residual contamination, physical hazards, 
and/or protection of cultural resources and sensitive wildlife habitat. Restrict_ions on activities that 
disturb soH would apply in and around revegetated excavation sites. In addition, withdrawal and use 
of groundwater would be restricted for an indefinite period. Monitoring and institutional controls 
(e.g., signs, fencing and deed restrictions) would be used as necessary to restrict use and access. 
This alternative would enable·future· land uses consistent with those envisioned by the Working Group 
(Tql:lle 3-3). As described in. Section 3.1.4, the CERCLA exposure scenario associated with these 
land ·uses is .recreational. 

45 Restricted use of the Reactors on the River geographic -area (Rl) would not necessarily be 
-l6 applied to the entire geographic area; the restrictions would apply primarily to the areas requiring 
-+ 7 remediation. Restrictions on use of the Reactors on the River geographic area are intended to apply 
-l8 only to risks from residual contamination, although there may be other reasons to restrict access to 
49 portions of the Reactors on the River geographic area (e.g., physical hazards and/or protection of 
:=i0 cultural resources and sensitive wildlife habitat). 
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10 
11 
12 
13 
14 

The ~estricted use alternativefcf the Reactors on. the Rivet\~~ogr~phic area (Rl) would include 
excavation of surface/subsurface pas~~pfactice_\vait~ µnits 'and ;T.Sh,facilities, in conjunction with 
decommissioning of surplus cont.,iminated and uncontaminatedfacilities. Contaminant exposure would 
be reduced to levels_ acceptable under: the recreational exposure scenario. If TR U contaminated waste 
was identified, it ~ould be processed and placed- into interim storage until permanent disposal is 
available. Buried LLW and LLMW in burial grounds would be retrieved, treated (if needed), and . - -

shipped to the Central Plateau geographic area for storage and/or disposal. Contaminated reactor 
effluent lines, outfall structures and contaminated and uncontaminated surplus facilities would be 
demolished, treated (if needed) and shipped to the Central Plateau geographic area for storage and/or 
disposal. Excavation and demolition would be_·performed using heavy earth-moving and dem0lition 
equipment. .As demolition and excavation activities proceed, a program of monitoring and sampling 

- would be implemented to minimize worker exposure anci determine the effectiveness of contaminant 
removal. 

15 · All excavated waste would be segregated and classified according to waste type. Materials 
16 would be recycled or compacted (e.g., drums, piping, construction waste, rubble, and other 
17 containers). Uncontaminated materials would be disposed. of as .solid waste. Excavated contaminated 
18 soils and materials would be loaded into waste containers at a staging area, covered, and transported 
19 by truck or rail to the Central Plateau geographic area for disposal.· Uncontaminated soil would be 

• 20 segregated and stockpiled for backfill and reclamation use. - Volume reduction and waste minimization 
21 technologies would be applied as part of the remediation. · 
22 
23 If necessary, additional backfill material~ would be obtained from an onsite location. For site 
24 restoration, excavation sites would be recontoured to blend with surrounding topography, and 
25 revegetated or covered with a suitable cover. 
26 
27 This alternative also would include groundwater remediation to address contaminant plumes in, 
28 and potentially entering the Reactors· on the River geographic area. This groundwater remediation 
29 strategy would include two primary· goals: · 
30 
31 • Protecting currently uncontaminated groundwater. 
32 
33 •. Protecting the Columbia River and associated ecosystem. 
34 
35 These goals would be accomplished through a combination of active and passive measures designed to 
36 reduce souri:_es of contamination and to control the migration of highly contaminated groundwater · 
37 towards the Columbia River. This would include: 
38 
39 • Extensive excavation of past-practice ~aste units and TSO facilities, as described above, 'to 
40 reduce sources of contamination. 
41 
42 • Pumping and treating groundwa.ter plumes to levels protective of the Columbia River. 
43 
44 • Monitoring natural attenuation of contaminated groundwater plumes. 
45 
46 • Maintaining institutional controls prohibiting groundwater use until such a time that 
47 groundwater sampling results indicate contaminant levels would not preclude any human 
48 use, 
49 
50 This strategy would be refined through the CERCLA process. 
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3.3.3.4 Reactors on the River, Restricted Future Land-Use Altenzative (R2). For this alternative, 
-, restricted use of the Reactors on the River geographic area would be achieved through the use of 
3 engineering and institutional controls. Past-practice waste units and TSD facilities would be stabilized 
4 using protective caps. Surplus facilities would be demolished and removed .. Under this alternative, 
5 _. the Reactors on the River geographic area would be remediated to levels such that restrictions on use 
6 of the area would be required due to residual contamination, physical hazards, and/or protection of 
7 cultural resources and sensitive wildlife habitat. Restrictions oq activities that disturb soil would apply 
8 in and around capped waste sites. In addition, withdrawal and use of groundwater would be restricted 
9 for an indefinite period. Monitoring and institutional controls (e.g., signs, fencing and deed 

IO restrictions) would be used as necessary to restrict use and access and to determine cap effectiveness. 
11 This. alternative would enable future land·uses consistent with those envisioned by .the Working Group 
12 (Table 3-3). As described in Section 3.1.4, the CERCLA exposure scenario associated with these 
13 land uses .is recreational. 
14 
15 The Restricted Future Land-Use· Alternative (R2) for the Reactors on the· River geographic area 
16 would fovolve leaving, in place, contaminated soils, buried LLW, and LLMW contained within 
17 past-practice waste units and TSD facilities. Human exposure to contamination would be limited 
18 through the use of protective caps. Several alternative cap designs are being considered. For 
19 purposes of this EIS, a reference cap design was used (Appendix E) to provide a bounding estimate of 
20 materials required and associated impacts and a modified RCRA cap was used in the analysis of 
21 environmental consequences in Chapter 5. Measures such as dynamic compaction and/or injection 
22 grouting would be used to minimize subsidence at burial grounds and cribs, and would enhance 
23 long-term integrity of caps. Leachate detection would be useq to monitor cap performance. 
24 
7-_) 

26 
27 
28 
29 
30 
31 .,, .,_ 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

The groundwater strategy for the restricted use alternative would be the same as described in the 
restricted (Rl) land-use alternative, but would not include excavation activities. Caps would be used 
to prevent migration of source contaminants to the groundwater. 

3.3.4 Central Plateau Altematives 

The Central Plateau geographic area is located near the center of the Hanford Site and 
encompasses approximately 115 km2 (44 mi2) of land. This area has been used for fuel reprocessing, 
waste management, and disposal activities and is the most extensively contaminated area of the 
Hanford Site. Appendix A lists the past-practice waste units and TSD facilities within the Central 
Plateau geographic area. Contaminants within the Central Plateau geographic area include, but are 
not limited to tritium, cobalt-60, strontium-90, technicium-99, iodine-129, cesium-137, uranium, 
plutonium, arsenic, carbon tetrachloride, trichloroethylene and tetrachloroethylene (DOE-RL 1994b, 
DOE-RL 1994c). 

Table 3-9 depicts the Central Plateau future land-use alternatives selected for detailed analysis, 
with associated actions to be implemented, exposure scenarios and land-use restrictions. 
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4 
5· 

Alternatives 

No-Action 

Exclusive Future 
Land Use 

Table 3-9. Futu:;_(Lmzd:-'1seAltenzativesfo_r}J~e Celltral Plateau. 
'~- .. , -··,.-.: '/.' • > -· 1 . . ', .; ,(.:' . .• ,,,.<..._· \:.:,, 1,, • •• - ---

•' .. :• .... ',' . '' 

Actions to be Impiemented 
Exposure 

Land-Use Restrictions Scenarioa 
•' 

'"•· 
,. 

• Environmental monitoring Not. Applicable • · Restrictions on public 

• Stabilizing waste sites access 
• . Institutional controls • Restrictions on use of 

groundwater 
' • · Restrictions on soil 

.. - disturbance 

• Limited excavation of Industrial • Restrictions on public 
contaminated soils and access (buffer zone would 
materials 

•· 
be available for limited use) 

• · Transportation of • Restrictions on use of 
contaminated soils and ' groundwater 
materials to common area • Restrictions on soil 
for consolidation disturbance , 

• Groundwater remediation 
• · Capping waste units and 

TSDs 

• Site reclamation 

• Environmental monitoring 

• Institutional controls 

6 3These exposure scenarios would be used under the CERCLA process to establi~h cleanup goals. 

7 
8 3.3.4.1 Central Plateau, No-Action Altemative. The No-Action Alternative for the Central Plateau 
9 geographic area would consist of continuing environmental-monitoring, sur,veillance and maintenance, 

1 O stabilization of waste sites and the safeguards and security program. No remedial activities would be 
11 conducted. The No-Action Alternative is described in more detail in Section 3.3.1. DOE would 
12 maintain institutional control of the Central Plateau geographic area, and would continue to use the 
13 area for waste management activities. Public access, witµdrawal and use of groundwater, and soil 
14 disturbing activities would remain restricted. These uses and restrictions would remain in place until 
15 it is determined that the lands are no longer needed to fulfill the DOE's current mission, or DOE 
16 relinquishes institutional control of the Hanford Site (assumed to be 100 years for analysis purposes). 
17 If DOE should arrive at the c;letermination that the lands are no longer needed to fulfill the DOE's 
18 current mission, a desired future land use would be identified.· Following identification of a desired 
19 future land use, remediation of contaminants to ,risk levels allowing. for that desired land use would be 
20 conducted. 
2.1 
22 
23 
24 ,­_.) 

26 
27 
28 
29 
30 
31 

3.3.4.2 Central Plateau, Exclusive Future Land-Use Alternative. For this alternative, exclusive 
future land use of the Central Plateau geographic area would be achieved primarily through 
engineering and institutional controls and capping of past-practice waste units and TSD facilities. 
This alternative would enable future land uses consis.tent with those envisioned by the Working Group 
(Table 3-3). As described in Section 3.1.4, the CERCLA exposure scenario associated with these 
land uses is industrial. The DOE would ensure that this Exclusive Future Land-Use Alternative 
would allow certain restricted Native American uses, in an effort to respond to comments made 
during the EIS scoping process for the Hanford Remedial Action Environmental Impact Statement 
(HRA-EIS). It is anticipated that DOE would maintain institutional control of the Central Plateau 
geographic area and continue to use_ the area for waste management activities. Public access, 
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withdrawal and use of groundwater;_ -~rid soil disturbing activities in the Central Plateau geographic 
area·would be controlled for an indefinite period. The Central Plateau geographic area would include 
a surface and subsurface buffer zone. The purpose of this buffer zone would be to further isolate and 
reduce the risks associated with contamination present in the Central Plateau geographic area. 
Although the buffer zone would be classified as an exclusive use area, waste management activities 
would not be allowed to occur within its boundaries. The boundaries of this buffer zone would be 
determined through conventional risk management practices and would be periodically reassessed to 
reflect current risk (HFSUWG 1992). It is assumed that remediation of the Central Plateau 
geographic area would reduce risks to levels sufficient to minimize the size of the buffer zone. As 
the size of the buffer zone shrinks, the excess lands would n·o longer be classified as exclusive use 
lands and could be used for other nonwaste management purposes. 

An Exclusive Future Land-Use Alternative for the Central Plateau geographic area would involve 
leaving in place contaminated soils, buried LLW, and LLMW contained within past-practice waste 
units and TSO facilities, and pre-1970 TRU waste. Human exposure to contamination would be 
limited through the use of protective caps. Several alternative cap designs are being considered. For 

. purposes of the HRA-EIS, a reference cap design.was used (Appendix E) to provide a bounding 
estimate of materials required and associated impacts and a modified RCRA cap was used in the 
analysis of environmental consequences in Chapter 5. Measures such as dynamic compaction and/or 
injection grouting would be used to minimize subsidence at burial grounds and cribs, and would 
enhance long-term integrity of the caps. Leachate detection would be used to monitor cap 
performance. 

Where deemed cost effective, limited excavation of past-practice waste units and TSO facilities 
would be conducted in order to consolidate contaminated soils and materials. For example, it may be 
more cost effective to excavate, consolidate and construct a single cap over the contaminated soils and 
materials from four past-practice waste units than it would be to construct four separate caps. 

During excavation, uncontaminated soil would be segregated and stockpiled for backfill and 
reclamation use. As the excavation proceeds, a program of monitoring and sampling would be 
conducted to minimize worker exposure and determine removal effectiveness. 

After remediation, excavation sites would_ be recontoured to blend in with the surrounding 
topography and revegetated or covered. 

This alternative also would include groundwater remediation to address contaminant plumes in 
the Central Plateau as well as those plumes within the Central Plateau migrating to other geographic 
areas. This groundwater remediation strategy would include two primary goals: 

• Protecting currently uncontaminated groundwater to the extent possible. 

• Protecting the Columbia River and associated ecosystem. 
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These goals would be accomplishelhfrough a combination of actiy'e ~d passive measures designed to 
1 reduce sources of contamination ·and-tb"corifrolthe migfatiofrof'highly contaminated groundwater. 
3 This would include: 
4 
5 • Pumping and treating localized groundwater plumes. 
6 
7 • Pumping and treating high concentration core areas of existing plumes which have migrated 
8 outside the Central Plateau. · 
9 

10 • Monitoring natural attenuation of cont~inated groundwater plumes. 
11 
12 • Mai~taining institutional controls prohibiting groundwater use ·for a period of at least 
13 100 years following completion of remediation. 
14 
15 This strategy would be refined through the CERCLA process based on· land use decisions made for 
16 the Reactors on the River and the Columbia River ·geographic areas. For the Restricted Future 
17 Land-use Alternative, the groundwater plumes originating from the Central Plateau would be 
18 remediated to levels protective of the C_olumbia River. I-or the unrestricted alternative, the 
19 . groundwater plumes entering the Reactors on the River or the Columbia River geographic areas 
20 would have to be reme~iated to levels corresponding to acceptable risks under the agricultural 
21 exposure scenario. 
22 
23 
24 3.3.5 All Other Areas Alternatives. The All Other Areas geographic area comprises an area of 
25 approximately 624 km2 (241 mi2) and includes. the 300, 400, 600 (exclusive of the North Slope and 
26 the Fitzner/Eberhardt Arid Lands Ecology Reserve), and 1100 Areas. It is the largest of the 
27 geographic areas and portions of it have been used for research and development, fuel fabrication, 
28 physical plants, and commercial power facilities. This area contains large tracts of undeveloped land 
29 between developed sections: Interspersed among the large tracts of undeveloped land are many 
30 contaminated sites, as well as contamination in the 300 and 1100 Areas. Appendix A lists the 
31 past-practice waste units and TSD facilities within the All Other Areas. 
32 
33 Table 3-10 depicts the All Other Areas Future Land-Use Alternatives selected for detailed 
34 analysis, with associated actions to b,e implemented, exposure scenarios, and land use restricttons. 
35 
36 3.3._5.I All Other Areas, No-Action Alternative. The No-Action Alternative for the All Other Areas 
3 7 geographic area would co_nsist of continuing environmental monitoring, surveillance and maintenance, 
38 stabilization of waste sites and the safeguards and security program. No remedial activities would 'be 
39 conducted. The No-Action Alternative is described in more.detail in Section 3.3.1. DOE would 
40 _maintain institutional control of the All Other Areas geographic area and would continue to manage 
41 the area for industrial uses, waste management, and Native American uses. Public access would 
42 remain restricted. These uses and restrictions would remain in place until it is determined that the 
43 lands are no longer needed to fulfill the DOE's current mission, or DOE relinquishes institutional 
44 control of the Hanford Site (assumed to be 100 years for analyse~ purposes). If DOE should arrive at 
45 the determination that the lands are no longer needed to fulfill the DOE's current missfon, a desired 
46 future land use would be identified. Following identification of a desired future land use, remediation 
47 of contaminants to risk levels allowing for that desired land use would be conducted. The 300 Area 
48 would be processed and placed into interim storage until permanent disposal is available. Appendix A 

. 49 contains a list of all past-practice waste units and TSD facilities within the scope of the All Other 
50 Areas geographic area. 
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Table 3-10. Futur~ Land-Use Alternatives for the All Other Areas. 

Alternatives Actions to be Implemented 
Exposure 

Land-Use Restrictions 
Scenarioa 

No-Action • Environmental monitoring Not Applicable • Restrictions on public 
• Stabilizing waste sites access 
• Institutional controls • Restrictions on use of 

groundwater 

• Restrictions on soil 
. ·-

disturbance 

Restricted Future • Excavating contaminated Recreational • Restrictions on public 
Land-Use (Rl) soils and material and Industrial access 

• Transport of contaminated . • Restrictions on use of 
materials to onsite disposal groundwater 
facility • Restrictions on subsurface 

• Active groundwater disturbance 
remediation 

• Site reclamation 
• Environmental monitoring 
• Institutional controls 

Restricted Future • Capping waste units and Recreational • Restrictions on public 
Land-Use (R2) TSDs and Industrial access 

Passive groundwater ' Restrictions on use of • • 
remediation groundwater 

• Site reclamation • Restrictions on subsurface 
• Environmental monitoring disturbances 
• Institutional controls 

8 3These exposure scenarios would be used under the CERCLA process to establish cleanup goals. 

9 
10 3.3.5.2 All Other Areas, Restricted Future Land-Use Alternative (RI). For this alternative, 
11 restricted use of the All Other Areas geographic area would be achieved through a combination of 
12 engineering and institutional controls, and removal and treatment of contaminants. DOE would 
13 maintain institutional control of the All Other Areas geographic area and would continue to use the 
14 area for activities similar to those allowable under current site management. Restrictions on activities 
15 that disturb soil would apply in and around revegetated excavation sites. In addition, withdrawal and 
16 use of groundwater would be restricted for an indefinite period. Engineering and institutional controls 
17 (e.g., signs, fencing, and deed restrictions) would be used as necessary to restrict use and access. 
18 This alt~rnative would enable future land uses consistent_ with those envisioned by the Working Group 
19 (Table 3-3). As described in Section 3.1.4, the CERCLA exposure scenarios associated with these 
20 land uses are industrial and recreational. 
2.l 
22 
23 
24 
,­_:, 

26 
27 

This alternative includes limited excavation of surface/subsurface past-practice waste sites and 
TSD facilities to reduce contaminant exposure via the ingestion, dermal or inhalation pathways under 
the industrial and recreational exposure scenarios. Further excavation would be required where 
residual contamination remains in sufficient quantities to be a threat to groundwater. However, it is 
expected that some contamination would be left in place where exposures do not pose unacceptable 
risks. Retrieved pre-1970 TRU contaminated waste from the 618-11 burial ground (located north of 
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Contaminated soil wo~ld b~:e:<.~~t~ted ~sing heavy earth-~&~ing equipment. Uhcontaminatec.l 
2 soil ·would be segregated and stcickpil'M fol badkfill arid retiamtltion use; Contaminated soils and 
3 other materials would be placed iif cbntainers or ·covered and transported by truck or rail to an onsite 
4 disposal facility. As the· excavation proceeds, monitoring and sampling would be conducted to 
5. minimize worker· exposure ·and determine removaf ·effectiveness: · .. 
6 
7 Additional backfill materials, if needed, would be obtained from an onsite location as described . 
8 in Appendix E. For site restoration, excavation sites would be recontoured to blend in with the 
9 surrounding topography and revegetated or covered with a sufrable cover. Monitoring and 

IO institutional controls (i.e., signs and fencing) would be used, as necessary, to restrict use and access.· 
11 
12 This alternative also would include groundwater remediation to address contaminant plumes in 
13 the All Other Areas geographic area as well as those plumes within the All Other Areas migrating to 
14 other geographic areas.· This groundwater remediation strategy would include two primary goals: 
15 
16 • Protecting currently uncontaminated groundwater, to the extent possible. 
17 
18 • Protecting the Columbia River and associated ecosystem. 
19 
20 These goals would be accomplished through a combination of active and passive measures 
21 designed to reduce sources of contamination, control the migration of highly contaminated 
22 groundwater, and reduce contamincl;Ilt concentration levels. This would include: 
23 
24 • Limited excavation of past-practice waste units and TSO facilities, _as described above, to· 
25 reduce sources of contamination. 
26 
27 • Pumping and treating localized groundwater plumes. 
28 
29 • Pumping and treating high concentration core areas of existing plumes which have migrated 
30 outside the Central Plateau. 
31 
32 • Monitoring natural attenuation of contaminated groundwater plumes. 
33 
34 • Maintaining institutional controls prohibiting groundwater use for a period of at least' 
35 100 years following ~ompletion of remediation. 

'36 
37 This strategy would be refined through the CERCLA process based on land use decisions made 
38 in the Reactors on the River and the Columbia River geographic areas. For the Restricted Future 
39 Land-Use Alternative, the groundwater plumes originating from the All Other Areas would be 
40 remediated to levels protective of the Columbia River. For the unrestricted alternative, the 
41 groundwater plumes entering the Reactors on the River geographic area would have to be remediated 
42 to ·1evels corresponding to acceptable risks under the agricultural exposure scenario. 
43 
44 3.3.5.3 All Other Areas, Restricted Future Land-Use Altemative·(R2). For this alternative, 
45 restricted use of the All Other· Areas geographic area would be achieved through engineering and 
46 institutional controls. Public access_, withdrawal ·and use of groundwater, and soil disturbing activities 
47 would be controlled for an indefinite period. This alternative would enable future land uses consistent 
48 with those envisioned by the Working Group (Table 3-3). As described in Section 3.1.4, the 
49 CERCLA exposure scenarios associated with these land uses are industrial and recreational. . . -
50 
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· I A Restricted Future Land-Use Alternative (R2) for the All Other Areas geographic area involves 
2 leaving in place contaminated soils, bi.fried LLW, and LLMW contained within past-practice waste 
3 units and TSO facilities. Human exposure to contamination would be limited through the use of 
4 protective caps. Several alternative cap designs are being considered. For purposes of this, a 
5 reference cap design was. used (Appendix E) to provide a bounding estimate of materials required and 
6 associated impacts. Measures such as dynamic compaction and/or injection grouting would be used to 
7 minimize subsidence at burial grounds and cribs, and would enhance the long-term integrity of caps. 
8 Leachate detection would be used to monitor cap performance. 
9 

10 Under this Restricted (R2) Alternative, TRlLwaste would be retrieved from the 618-11 burial 
11 ground and would then be processed· and placed into interim storage until permanent disposal is 
12 available. Groundwater strategy for the restricted use alternative would be the same as described in 
13 the restricted (Rl) use alternative, but would not include excavation activities. Instead, caps would be 
14 used to prevent migration of source contaminants tq the groundwater. 
15 
16 
17 3.4 Future Land-Use Alternatives Considered bu·t not Analyzed in Detail 
18 
19 The following paragraphs discuss the future land-use alternatives that were determined not to 
20 meet the screening criteria: These are the alternatives shaded in Table 3-2. 
21 
22 
23 3.4.1 Reactors on the River, Exclusive Future Land-Use Alternative. The Exclusive Future 
24 Land-Use Alternative emphasizes leaving contamination in place. This alternative also would involve 
25 continuing waste management activities and restricting use of the area to properly-trained DOE and 
26 contractor personnel. · 
27 
28 An Exclusive Future Land-Use Alternative for this geographic area conflicts with other RODs 
29 under NEPA. Removing the reactors as called for in the ROD for the Decommissioning of Eight 
30 Surplus Production Reactors at the Hanford Site, Richland, Washington, Environmental Impact 
31 Statement published on September 16, 1993 (58 FR 48509), is not likely to produce benefits 
32 commensurate with costs if the surrounding surface and subsurface contamination sites are remediated 
33 only to exclusive use levels. An exclusive use area within 0.4 km (0.25 mi) of the Columbia River 
34 might be inconsistent with the recommendation stated in the Hanford Reach of the Columbia River, 
35 Comprehensive River Conservation Study and Final Environmental Impact Statement (NPS 1994), 
36 which designates the Hanford Reach ·of the Columbia River geographic ar.ea as a National Wildlife 
37 Refuge (NWR) and a Recreational River under the Wild and.Scenic River.System (NPS 1994). Such· 
38 a designation would restrict activities associated whh an Exclusive Future Land-use Alternative, 
39 including long-term or new waste management activities adjacent to the river. 
40 
41 In addition, the Hanfqrd Site Development Plan (DOE-RL 1993a) acknowledges areas along the 
42 Hanford Reach of the Columbia River geographic area as sensitive areas because of their ecological 
43 and cultural significance. The Reactors on the River geographic area is not projected to be needed 
44 for future DOE missions involving the management and/or disposal of radioactive and hazardous 
45 materials. The B Reactor in the 100-B/C Area has been placed on the National Register of Historic 
46 · Places (National Register), and has been proposed for preservation as a museum. An Exclusive 
47 Future Land-Use Alternative in the 100-B/C Area could preclude direct public access to the 
48 . B Reactor. · 
49 
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An Exclusive Future Land-Use,:,-Alternative for the surface a_nd subsurface contamination sires in 
2 these areas could be contrary to Tri-Party Agreemenrretjuir,ements, and is incompatible with 
3 preferences voiced by members of the public during scoping (DOE-RL 1994a) and with cleanup 
4 scenarios identified by the Working Group (HFSUWG 1992). Exclusive use of the groundwater 
5 beneath the Reactors on the River geographic area may conflict with provisions of the renegotiated 
6 Tri-Party Agreement, which puts greater emphasis on protection of the Columbia River through 
7 acceleration of groundwater treatment programs and/or subsurface caps (Ecology et al. 1994). 
8 
9 For these reasons, analyzing the Exclusive Future Land-Use Alternative for this geographic area 

IO is not considered reasonable at this time. · · · 
11 
12 
13 3.4.2 Central Plateau, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
14 Land-Use Alternative would involve remediating contaminated surface and subsurface sites, surface 
15 water; and groundwater, in the 200 East and 200 West Areas of the Hanford Site, to a level of 
16 residual contamination that would not preclude any human use. 
17 

. 18 Detailed analysis of an Unrestricted Future Land-Use Alternative was rejected because without 
19 operation of a large portion of the Central Plateau geographic area as a dedicated waste management 
20 area, the Hanford Site Environmental Restoration Project might not be feasible. As envisioned in 
21 current DOE planning documents, the success of the remediation program hinges on the ability to 
22 dedicate the Central Plateau ·geographic area for waste operations and disposal (DOE-RL 1993a, 
23 DOE-RL 1994c). No other area of the Hanford Site is considered viable for use in disposing of 
24 waste generated during remediation (WHC 1992). During scoping, most members of the public and 
25 the Working Group expressed a preference to have waste management activities, including disposal, 
26 consolidated on the Central Plateau geographic area. Key facilities planned or completed for the 
27 Central Plateau geographic area include the Tank Waste Remediation System Vitrification Plant and 
28 the Environmental Restoration Disposal Facility (ERDF), which would be used for permanent 
29 disposal of Hanford Site remediation waste (WHC 1992); and two treated effluent disposal facilities 
30 (TEDF), which would be used for soil-column disposal of tritiated water generated during remediation 
31 (DOE-RL 1992, 1993b, and 1993c). Unrestricted use of the Central Plateau geographic area would 
32 conflict with the function of the existing waste management facilities, and could preclude the siting of 
33 other planned facilities. · 
34 
35 In the absence of the ERDF, the TEDFs, and other key facilities on the Hanford Site, waste 
36 generated during Hanford Site remediation would require packaging and offsite transportation for . 
37 disposal. Suitable offsite disposal capacity currently does not exist, and there is no basis for assuming 
38 that it would become available within the time-frame of the Tri-Party Agreement. Based on public 
39 scoping comments, offsite disposal of Hanford Site remediation waste is likely to encounter strong 
40 public, regulator, and Tribal opposition (DOE-RL 1994a). 
41 
42 An Unrestricted Future Land-Use Alternative is considered impractical because it conflicts with 
43 ·the RODs of previous NEPA documents. These previous decisions have, in effect, already 
44 established a place for permanent waste disposal within the Central Plateau geographic_ area. 
45 Examples include the decisions on restart of the Plutonium-Uranium Extraction Plant (DOE 1983); 
46 near surface disposal of defueled submarine reactor compartments (Navy 1984); in-situ 
47 decommissioning and entombment of the Strontium Semiworks Facility (DOE 1985); and 
48 dismantlement and disposal of the co_res from eight surplus production reactors (DOE 1992). For 
49 these reasons, analyzing the Unrestricted Future Land-Use Alternative for this geographic area is not 
50 considered reasonable. 
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3.4.3 Central Plateau, Restricted Future Land-Use Altemative. A Restricted Future Land-Use 
2 Alternative for the Central Plateau geographic area would emphasize remediating contaminated 

. · 3 surface soils, subsurface soils and groundwater to levels that would allow certain human uses. For 
4 example~ this altern~tive would allow limited recreation, as well as ongoing and planned waste 
5 management activities. 
6 
7 A Restricted Future Land-Use Alternative would allow uses other than waste management 
8 activities within the boundaries of the Central Plateau geographic area. Uses other than waste 
9 management activities for this geographic area would be contradictory to current DOE planning . 

10 documents. The success of the Hanford Site's remediation program hinges on the ability to dedicate 
11 the Cc::ntral Plateau geographic area for waste management and disposal operations (DOE-RL 1993.b 
12 and 1994c). It has been determined that no other area of the Hanford Site is considered viable for use 
13 in disposing of waste generated during Hanford Site remediation (WHC 1992). During scoping, most 
14 members of the public and the Working Group expressed a preference to have waste management 
15 activities, including disposal, consolidated on the Central Plateau geographic area. For these reasons, 
16 analyzing the Restricted Future Land-Use Alternative for this geographic area is not -considered 
17 reasonable. 
18 
19 3.4.4 All Other Areas, Unrestricted Future Land-Use Altemati.ve. This alternative would involve 
20 remediating contaminated surface and subsurface sites, surface water, and groundwater in the 300, 
21 400, and 600 Areas, to levels of residual contamination suitable for any potential human use. 
22 Although this alternative is considered achievable for certain parts of the All Other Areas geographic 
23 area, it is impractical for other parts. 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

.so 

The All Other Areas geographic area contains large tracts of uncontaminated and minimally 
disturbed land. Unrestricted surface use probably would dominate in the All Other Areas geographic 
area; however, m~st areas would remain restricted with respect to groundwater use. Site-specific 
determinations would be made in CERCLA/RCRA documents as outlined in the Tri-Party Agreement 
(Ecology et al. 1989). . 

Under current DOE plans, the northern and western portions of the 300 Area would be used for 
siting waste operations and support facilities s_uch as the 300 Area's TEDF, which recently became 
operational. Such facilities would constitute restricted or exclusive use, which would require controls 
on public access. Because public use of these areas then would be excluded indefinitely, it should be 
possible to reach protective-end states without remediating the surrounding contamin;ition sites to 
unrestricted levels. Detailed analysis of an Unrestr:icted Future Land-Use Alternative in these areas 
was not considered practical because remediation to an unrestricted level probably would not achieve 
additional protection of human health over remediation to restricted or exclusive levels. Also, a 
decommissioning program for the 300 Area's surplus facilities is in the early stages of addressing the 
numerous contaminated facilities that eventually would undergo decommissioning (Winship and 
Hughes 1992). Although decisions on the fate of existing contaminated facilities would be 
forthcoming as remediation progresses, it was assumed that contaminated surplus facilities probably . 
would remain in place for an indefinite period. Therefore, remediating the surface and subsurface 
soils in the 300 Area to unrestricted use as a whole, was not considered reasonable. 

The existence of reactors, with or without operating missions, is anticipated in the 400 Area at 
the Fast Flux Test Facility (FFTF), and in the 600 Area ori the Washington Public Power Supply 
System (WPPSS) leasehold (DOE-RL 1993a) for an unspecified period of time. Although a shutdown 
order for the FFfF has been issued by the Secretary of Energy, decommissioning plans for the 
facility have not been prepared as of this ti~e1 Furthermore, future waste operations could take place 
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in the 1 mi2 section of land in the 600.Area, which is owned bv the State.of Washington. The land is 
2 presently uncontaminated and no action- has been taken to dt!yeiop -~aste disposal facilities 
3 (Ecology 1993). These facilities and operadons would consdtute restricted or exclusive uses requiring 
4 controls on access consistent with the Safety Analysis Report for each facility. Analyzing remediation 
5 of the immediate surrounding areas to unrestricted levels is not considered practical because such 
6 remediation probably would not achieve additional protection of human health over remediation to 
7 restricted or exclusive levels. 
8 
9 For the reasons stated above, it is not considered reasonable to analyze an Unrestricted Future 

10 Land-Use Alternative for the All Other Areas ge9graphic area. 
11 
12 3.4.5 All Other Areas, Exclusive Lalld-Use Alternative. This alternative would involve reserving all 
13 of the 300, 400, and 600 Areas for use in managing or disposing of radioactive and hazardous wastes. 
14 An exclusive land use for the All Other Areas geographic area also would emphasize controlling the 
15 surface, subsurface, surface water, and groundwater contamination in these areas while relying on 
16 engineering and institutional controls to minimize risk and protect human health and the environment. 
17 
1 S In the 300 Area, because only a portion of the land is projected to be needed for the waste 
19 treatment and disposal mission (DOE-RL 1991), analyzing an Exclusive Future Land-Use Alternative 
20 of the entire area was not considered reasonable. Exclusive use of the .entire 300 Area also would be 
21 contrary to requirements of the Tri-Party Agreement (Ecology et al. 1989) and incompatible with · 
22 preferences voiced by members of the Working Group and the public during scoping 
23 (DOE-RL 1994a). 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

No projected DOE waste management and disposal missions (DOE-RL 1993a) are projected for 
the 400 and 600 Areas of the Hanford Site. Therefore, analyzing retention of these areas exclusively 
for such missions was not considered reasonable. Advanced scientific research and engineering 
facilities (e.g., Laser Interferometer Gravitational Wave Observatory) are planned for siting in the 
600 Area (DOE-RL 1993a); exclusive use throughout the 600 Area might interfere with these plans. 
Land within 0.4 km (0.25 mi) of the Columbia River in the 600 Area could be used as a buffer zone 
for an exclusive use area, however, actual use of such land for waste management purposes is 
incompatible with the preferred alternative in the Hanford Reach of the Columbia River, 
Comprehensive River Conservation Study and Final Environmental Impact Statement. Exclusive use 
of the entire 400 and 600 Areas would be contrary to Tri-Party Agreement requfrements and contrary 
to preferences expressed by members of the public during scoping. For these reasons, analyzing the . 
Exclusive Future Land-Use Alternative for this geographic area is not considered reasonable. 

3.5 Summary of Environmental Impacts 

Chapter 5 .0 presents detailed discussions of the analyses of environmental impacts for each of 
the future land-use alternatives. This section summarizes the environmental impacts and mitigation 
measures that would be a part of the future land-use decisions at the Hanford Site. 

45 The primary impacts associated with the future land-use alternatives can be grouped· into three 
46 general categories: (1) natural and cultural resources, (2) human health, and (3) projected costs. 
47 Many of the potentially significant adverse impacts would occur as a result of disturbances of natural 
48 areas on the Hanford Site. Natural plant and wildlife communities have flourished, sensitive species 
49 have been preserved, and Native American archaeological and cultural resources have been protected 
50 because large areas of the Hanford Site have been relatively undisturbed in the past and served as 
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buffer zones for nuclear-related activities c·oncentrated in the northern and ce·ntral portions of the 
Hanford Site. Many of these naturai' and cultural features may be impacted directly by remedial 
activities associated with achieving desired future land-use objectives. Also, lifting restrictions on 
public access to some areas of (he Hanford Site may result in additional adverse impacts to some 
resources. 

Concerns for public health and worker safety, and protection of the natural environment from 
exposure to radionuclides and hazardous chemicals require remediation of the Hanford Site. 
Exposures have been minimal under current control and management of the Hanford Site. However, 
exposures may become significant with changes to control of the Hanford Site· or under different . · 
future land uses. Protection of huma°' health and ecological resources from_ exposures w9uld be 
achieved either by continued control of the Hanford Site and restrictions on uses, or by removal or 
isolation of contaminated areas. 

Costs associated with remediation may be quite large, depending on the alternatives selected for 
each geographic area. Safety precautions, environmental documentation, site characterization and 
sampling, widespread groundwater contamination, and the number and volume of contaminated areas 
contribute to the costs of conducting remediation. In general, remediation costs are lowest for 
continued monitoring and maintenance of the Hanford Site as a whole under the No-Action 
Alternative. Estimated expenditures are highest for unrestricted use of the Columbia River 
geographic area, unrestricted use <;>f the Reactor~ on the River geographic area, exclusive use for the 
Central Plateau geographic area, and restricted use for the All Other Areas geographic area. 

Tables 3-11 through 3-14 summarize the impacts and mitigation measures discussed in 
Chapter 5.0 for the 11 resources that may be impacted by the proposed action. 

3. 6 Mitigation Measures 

The DOE intends to prepare a Mitigation Action Plan (MAP) following the issuance of a ROD 
for this EIS. This MAP will address mitigation commitments made in the ROD. Chapter 5.0 
contains discussions of the potential mitigation measures associated with the individual future land-use 
alternatives. 
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Table 3-11. Summary;_of.Environmelltal Impacts and Mitigation Measures 

. for the ·.Col~fllbia Rive~•Geogi~j,J~ic/~re~:;,. (~ _S/zeets) . 

3 Resource Areas ~o-Action Alternative 
Remediation to Unrestricted Future Remediation to Restricted Future 

Land-Use Alternative Land-Use Alteruath'c 

4 Geology Impacts ' Impacts Impacts . 
No significant long- or Elimination of exposure risks by Reduction in exposure risk·s by 
short-term adverse impacts· arc removal of river discharge pipelines, stabilization of river discharge . 
expected contaminated riverbank sedimems, pipelines, and removing detached 

riverbottom sedimcnlS and island pipeline segments, resulting in 
Continued restrictions on access scdimenlS, resulting iri lhe eventual decreased restrictions on use of 
to geologic resources unlimited access to geologic resources geologic resources 

Mitigation Measures Mitigation Measures Mitigation Measures 
None identified None identified None identified 

5 Soils Impacts Impacts Impacts 
_Minimal impaclS caused ·by Disturbance of 148 ha (370 ac) of Disturbance of 4 ha (10 ac) of soils; 
stabilization of waste sites soils·; soil compaction resulting from soil compaction resulting from use of 

use of carlh-moving equipment; earth-moving equipment; increased 
Mitigation Measures increased potential for erosion potential for erosion; impaCIS would 
None identified be less extensive lhan lhe unrestricted 

Mitigation Measures future land-use alternative 
Restrict earlh-moving equipment to 

C 
trample zones; use existing Mitigation Measures 
transportation routes; employ soil, Same as described for the unrestricted 

,· water and wind erosion measures future land-use alternative 

6 Water Resources Impacts Impacts Impacts 
lncrcasl?'l contaminant releases Potential temporary increases in river Potential for release of small amounts 
could occur due to continued stage and velocity from construction of radiological and chemical 
natural scouring which has and use of cofferdams, resulting in constituents, affecting downstream 
begun to expose and detach resuspension of contaminanlS water supply intakes, during 
buried river .discharge pipelines; stabilization and removal of pipelines 
natural shoreline erosion could Potential for release of radiological 
also mobilize contaminated and chemica_l constituents, affecting Disturbance of 7 ha (17 ac) of the 
sediments downstream water supply intakes, Columbia River floodplain 

during remediation of nverbank, river 
Insignificant disturbance of lhe botlom and island sedimenlS Mitigation Measures 
Columbia River floodplain For water quality impaclS, mitigation 

Disturbance of 140 ha (346 ac) of the measures would be lhe same as those 
Mitigation Measures Columbia River floodplain described for the unrestricted future 
Periodic inspection of pipelines, land-use alternative 
and stabilization of pipelines Mitigation Measures 
when needed None identified for increases in river None identified for disturbance or' the 

- stage and velocity Columbia River floodplain . 

For water quality impacts, mitigation 
measures would include installing 
runoff barriers, limiting areas 
disturbed below the high water mark, 
stabilization of disturbed areas, supply 
alternate water supply if downriver 
water quality is degraded 

None identified for disturbance of 
Columbia River floodplain 
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Table 3-11. Summary of E,ivironmental Impacts, and Mitigation Measures 
for the Columbia River G~ogtaphic Area; (5 Sheets) 

Resource Areas No-Action Alternative 
Remediation to Unrestricted Future Remediation to Restricted Future 

Land-Use Alternati,·e Land-Use Alternative 

Ecological Resources Impacts Impacts Impacts 
Minimal impacts are expected Disturbance of 23 ha (57 ac) of Disturbance of less than 0.4 ha (I ac) 
from continued exposure to wetlands, 20 ha (SO ac) of aquatic each of aquatic habitat and wetlands 

radiological and chemical habitat, and 36 ha (90 ac) of 
contaminants and during waste shrub-steppe habitat Loss of aquatic plant communities and 

site stabilization destruction of benthic community 
Potential disturbance of perching or would be limited to areas adjacen! to 

l\liti2ation Measures roosting sites for bald eagles; direct the river discharge pipelines 
None identified mortality; loss of sensitive habitats for 

several species Potential increase in sediment loading 
with impacts on fish, including 

Potential loss of aquatic plant and anadromous species, during 
benthic communities decommissioning of river discharge 

pipelines 
Potential increase in sediment loading 
with,impacts on fish, including Potential for uptake in food chain 
anadromous species caused by resuspension and transport 

of contaminated sediments 
Potential for uptake in food chain 
caused by resuspension and transport PQtential impacts on biodiversity 
of contaminated sediments 

'.\fiti2ation Measures 
Potential impacts on biodiversity For wetlands and aquatic habitats, 

mitigation measures would be the 
Miti2ation Measures same as described in the unrestricted 
Mitigation measures would include future land-use alternative 
avoiding uncontaminated wetland 
areas, employing activities that would Mitigation measures for the 
minimize disturbance of disturbance of species of concern and 
uncontaminated wetland soils, their habitats would be the same as 
employing protocols designed to described in the unrestricted future 
prevent the spread or establishment of land-use alternative 
undesirable species in wetlands, 
employing a no net-loss protocol when 
disturbing wetlands 

For Aquatic habitat disturbance, 
mitigation measures would include 
limiting activities below the high water 
mark during times of anadromous fish 
spawning or migration, avoidance of 
uncontaminated spawning areas, 
limiting total area disturbed, 
stabilization of disturbed areas, 
employing a protocol designed to 
prevent the establishment, of 
undesirable species and reestablishing 
desirable aquatic vegetation 

None identified for shrub-steppe 
habitat disturbance 

Mitigation measures for disturbance of 
roosting/nesting sites would include 
limiting activities in the vicinity of the 
roost/nest sites during breeding 
seasons 

None identified for biodiversity 
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Table 3-11. Sumr~z~ry;:b]./Jnvironmeutal Impacts a)zd Mitigation Measures 
for the Colur,fbia:River Geogrlphtc Area. (5 Sheets) 

,,-,., .. ~ 

Resource Areas No-Action Alternative 
Remediation to Unrestricted Future Remediation to Restricted Future 

C 

. Laud-Use .Alternati,·e Laud-Use AlteruatiYe 

Air Quality Impacts Impacts Impacts 
Generation of small amounts of Generation of potentially contaminated Generation of dust fro·m hauling 
potentially contaminated fugitive fugitive dust from excavation activities pipeline capping materials from 
dust during environmental borrow sites 
monitoring and maintenance Generation of dust from transportation 
activity not expected to exceed of waste to waste disposal or treatment Airborne pollutants would be 
current site levels facilities generated in the exhaust from 

equipment used in capping activities 
Miti2ation Measures ·Airborne pollutants would be 
None identified generated in exhaust from equipment Miti2ation Measures 

used for excavation, loading and Mitigation measures would be the 
hauling· same as described unde_r the 

unrestricted future land-use alternative 
Miti2ation Measures 
:Mitigation measures would include 
rewctting storage piles and haul roads, 
liini~ng size of disturbed areas, and 
temporarily enclosing areas being 
exc;avated 

Noise Impacts Impacts Impacts 
Noise levels remain the same as Teml?orary ·increases in noise levels Temporary increase in noise levels 
current levels from excavation and waste from capping activities 

tra~portation 
Miti2ation Measures Exposures occasionally may exceed 
None identified Exposures occasionally may exceed applicable occupational standards for 

applicable occupational standards for remediation workers 
remediation workers 

No violations of State of Washington 
No violations of Staie of Washington noise standards 
noise standards 

Mitigation Measures 
MitiKation Measures Same as those described under the 
Mitigation measures would include unrestricted future land-use alternative 
issuance of hearing protection devices 
for remediation workers, monitoring 
noise· levels throughout the 
remediation process, limiting activities 
near roost/nest sites during nesting 
season 

-
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Table 3-11. Summary of Environmental Impacts and Mitigation Measures 
for ihe Columbia River Geographic Area. (5 Slieets) 

Resource Areas No-Action Alteruath·e 
Remediation to Unrestricted Future Remediation to Restricted Future 

Land-Use Alteruati\'e Land-Use Altcrnatil'e 

Cultural Resources Impacts Impacts Impacts 
Controlled access would protect Potential impacts ·on several Impacts could be similar to those 
resources prehistoric sites and historic sites described under the unrestricted future 

land-use alternative, but are 
Mitigation Measures Potential impacts on areas of cultural anticipated to be less extensive 
None identified or spiritual significance to Native 

Americans - !\litigation Measures 
'.'. 

Same as those described under the 
Mitigation Measures unrestricted future land-use alternative 
Consultations with the SHPO and 
concerned Native American tribal 
groups and governments prior to 
ground disturbing activities; when 
practicable, an archcological monitor 
would be onsitc when ground 
disturbing activities arc taking place; 
avoidance, where possible, of 
identified cultural resource areas; 
surface mapping to identify resources 

Visual and Aesthetic Impacts Impacts Impacts 
Resources No significant impacts on visual Temporary impacts on river users Temporary impacts on river users 

and aesthetic resources are from construction activities, generation from construction activities, generation 
expected of dust plumes, and reduced visual of dust plumes, and reduced visual 

clarity clarity 
Mitigation Measures 
None identified :\litii:ation Measures Mitigation Measures 

Minimization of overall area Same as described for the unrestricted 
disturbed;· fugitive dust control future land-use alternative 
measures; rccontouring remediated -
areas to original conditions and 
rcvcgctating with native species as 
soon as possible following remediation 

Human Health Risk Impacts Impacts Impacts 
Potential for a 1.0 mrcm dose to the Likelihood of remediation accident 

(analyzed for Although no current hazards arc an inC,ividual and 3.0 person-rem dose less than that of the unrestricted future 
accident scenarios known to exist, long-term to tltc public from a shoreline land-use alternative, but the resulting 
and the removal of . impacts arc considered excavation accident impacts to workers and the public 
institutional controls. · significant due to lack of would be the same 
Impacts resulting characterization data Long-term risk expected to decrease 
from routine upon completion of remediation Longaterm risk expected to decrease 
exposure arc not Mitigation Measures upon completion of remediation 
assessed.) Continue existing institutional Mitii:ation Measures 

controls, and environmental Use of appropriate engineering and Mitigation Measures 
monitoring activities administrative controls to reduce Same as described under the 

exposures to remediation workers and unrestricted future land-use alternative 
the general public 

Occupational impacts Impacts Impacts Impacts 
No labor hour estimates are Potential for 354 occupational loss Potential for 8 occupational loss cases 
available for the No-Action cases and 2,374 estimated lost and SO estimated lost workdays 
Alternative, therefore no workdays (DOE statistics) (DOE statistics) 
occupational losses were 
calculated :\litigation Measures Mitigation Measures 

Continued emphasis on safety Same as described under the 
:\fitigation Measures awareness and worker training unrestricted future land-use alternative 
None identified 
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Table 3-11. Summary lJJ~n~i-~onmental fmp:a,cts. a1d Mitigation Measures 

for the Columbia River Geograpluc Area. (5 Sheets) -~-~. . . . I 

Resource Areas 

Volumes and Costs 

BCM 
BCY 
LCM 
LCY 

No-Action Alternati,·e .. 

Impacts -
No disturbed areas 

Es1imated total cost is 
S2.4 billion' 

Mitii:ation Measures 
Use of less expensive methods 
of institutional controls 

'Costs for 100 years of 
institutional control for the . 

Hanford Sile - not broken down 
by geographic area 

bank cubic meter. 
bank cubic yard. 
loose cubic meter. 
loose cubic yard. 

Remediation to Unrestricted 1F\Jture Remediation to Restricted Fu1ure 
Land-Use Alternative[ Land-Use Alternati,·e 

Impacts I Impacts ' ' 
Excavated volume of contaminated soil Volume of capping ma1erials required 

I 
is 1.1 x 107 BCM (1.4 x 107 BfY) is 3.4 x 10' LCM (4.4 x 10' LCY) 

I 
Arca of dislurbance is 177 ha (437 ac) Area of dislurbance is 4.1 ha (IO ac) 

I 
-

Es1imated total cost is S4.7 billion Estimaled total cost is S93 million 
with tnick haul or S2. 7 billion ~ith with truck haul or $46 million wi1h 
rail haul rail haul 

Mitii:ation Measures Mitii:ation Measures 
Soil washing to reduce the am9unt of . Use of alternate cap design 
waste to be lransponcd I 

I 

I 
I 

I 
I 

I 

I 
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Table 3-12. Sw1imary of Environme~ztal Impacts ,md Mitigatio,z Measures 
for the Reactors on the River Geographic Area. (6 sheets) 

Remediation to Remediation to Restricted Remediation_ to Restricted 
Resource Areas No~Action Alternative Unrestricted Future Future Land-Use Future Land-Use 

Land-Use Alternative Alternative (Rl) Alternative (R2) 

Geology Impacts Impacts .. Impact~ Imparts 
No significant long- or Features relevant lo the Features relevant lo the Features relevant to the 
short-term adverse study of regional glacial study of the regions glacial study of the regions glacial 
impacts arc expected flood events (i.e., flood events (i.e., flood events (i.e., 

berg mounds and giant ripple bergmounds and giant bergmounds and giant 
Continued restrictions marks) could be destroyed ripple marks) could be ripple marks) could be 
on access to geologic destroyed destroyed 
resources Continued restrictions on 

access to geologic resources Continued restrictions on Continued restrictions on 
!\litigation Measures during remediation access to geologic access lo geologic resources 
None identified resources 

Mitigation Measures Mitigation Measures 
None identified Mitigation Measures None identified 

None identified 

Soils. Impacts Impacts Impacts Impacts 
Disturbance of 85 ha Disturbance of 410 ha Disturbance of 365 ha Disturbance of 371 ha 
(213 ac) of soil; soil (1,026 ac) of soil; soil (912 ac) of soil; soil (915 ac) of soil; soil 
compaction resulting compaction resulting from compaction resulting from compaction resulting from 
from use of use of earth-moving use of earth-moving use of earth-moving 
earth-moving equipment equipment; increased equipment; increased equipment; increased 
during stabilization potential for erosion potential for erosion potential for erosion 
activities; increased 
potential for erosion Mitigation Measures Mitigation ;\leasures Mitigation Measures 

Restrict earth-moving Same as described for the Same as described for the 
:\litigation Measures equipinent to trample zones; unrestricted future land-use unrestricted future land-use 
employ soil, water and where available, use allemativc alternative 
wind erosion reduction existing transportation 
measures routes; employ soil, water 

and wind erosion reduction 
measures 

Water Resources Impacts Impacts Impacts Impacts 
Groundwater would Temporary restrictions on Restrictions on withdrawal Restrictions on withdrawal 
remain contaminated withdrawal and use of and use of groundwater due and use of groundwater due 

groundwater due lo residual to residual contamination; to residual contamination; 
Disturbance of 4 ha contamination; changes in changes in groundwater changes in groundwater 
(10 ac) of Columbia groundwater flow flow characteristics by flow characteristics by 
River floodplain characteristics by operation operation of pump-and-treat operation of pump-and-treat 

of pump-and-treat system systems systems 
Mitigation Measures 
None identified Beneficial long-term Disturbance of 15 ha Disturbance of 9 ha (21 ac} 

impacts on the Columbia (36 ac} of Columbia River of Columbia River 
River due to elimination of floodplain floodplain 
conta_minated groundwater 
reaching the River Mitigation Measures Mitigation Measures 

None identified None_ identified 
Disturbance of 14 ha 
(35 ac) of Columbia River 
floodplain 

Mitigation Measures 
None identified 
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Tabie 3".,]2. SU!ll!l/ary ~J.1:t1iviron,me11ta, h?c!Pifc{s, lma Mitigation lvleasures 
'. . .... , ... ,, .,,.,,... . .. . ·., ., , ,,,,,.,. ,.-.- " ·,-1 , , . 

Resource Areas 

Ecological 
Resources· . 

for tlie'Relictors'ilil the River Geograjilzic'.Jtrea.• (6 sheets) . . 
,f,"..;.'\. ,,: ,. '• . 

No-Action ·Alternative 
'·.-' . 

Impacts 
Disturbance < 0.4 ha (l 
ac) of wetlands and 3 h~ 
(7 ac) of shrub-steppe 
habitat 

Potential impa~ts on 
biodiversity from · 
continued exposure to 
contaminants, and waste 
site stabilization 
activities 

Potential exposure of 
plants and wildlife to 
radionil~lidcs and 
hazardous chemicals 

Mitigation· Measures 
None identified for 
impacts to wetlands and 
shrub-step habitat 

Mitigation measures for 
impacts to species of 
concern include limiting 
or avoiding activiti~ in 
the vicinity of the 
s'pccies ha bital · 

None identified for·. 
impacts on biodiversity 

. , , Rewcdiati~il to . 
Unrestricted Future 

~d-Use Alternative 

Impacts 
Disturbance of 5 ha (12 ac) 
of, wetlands anct' 40 ha 
(101 ac) of shr:ub-st~ppe 
habjtat 

·Poteniial impacts on 
biodiversity resulting from 
excavation activities 

Reduction in potential for 
exposure of plan~ and 
wildlife to ·radionuclides and 
hazardous chemicals 

Mitigation Measures 
Mitigation measures for 
~eilands would include 
avoiding u_ncontaminated . 
areas, employing activities 
that would 'minimize 
disturbance of : 
uncontaminated wetland 
soils, prevent the spread or 
e_stablishment of undesirable 
species' in wetla_nds, · 
employing a _no net-loss 
protocol when disturbing 
wetlands · · .. · 

For shrub-steppe h~bitat, 
mitigation measures would 
include restricting 
earthmoving equipment to 
trample zones; where 
available, use cxisti',lg 
transportation routes;· 
rcvegetation with native 
species 

Mitigation me~sures for 
impacts to species of 
conccm in_cl.udc limi_ting. or 
avoiding activities in the 
yicinity of ihe species 
habitat 

None identified for impacts 
ori biodiversity 
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Remediation to Restricted 
Future Land-Use 
Alternative (RI) 

Impacts 
J?isturbance of 4 ha (11 ac) 
of wetlands and 39, ha 
, (98 ac) of shrub-steppe 
habitat 

Potential impacts on 
biodiversity resultingJrom 
excavation activities 

Reduction in potential for 
exposure of plants and ,. 
wildlife to radionuclides 

'and hazardous chemicals 

Mitigation Measures 

Remediation to Rcstrictrd 
Future Laud-Cse 
Alternath'e (R2) 

Disturbance of 3 ha (7 ac) 
of wetlands 

Disturbance of 38 ha 
(94 ac)'of shrub-steppe 
Habitat 

Potential impacts on 
biodiversity resulting from 
excavation activities 

Reduction in potential for 
cxposu~e of plants and 
wildlife to radionuclides 
and hazardous chemicals 

Same as described for the Mitigation Measures 
unrestricted future land-use Same as. described for the 
alternative unrestricted future land-use 

alternative 
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Table 3-12. Summary of Environriumtal Impact~ and Mitigation Measures 
for the Reactors oi/the River Geographit Area.· (6 sheets) .. 

. Remediation to Remediation to Restricted Rewediatiou to Restricted 
Resource Areas No:Action Alternative Unrestricted Future Future Laud-Use Future Laud-Use 

Land-Use Alternati,·e Alternative (RI) Alternative (R2) 

Air Quality Imparts - Impacts Impacts Impacts 
Generation of small Generation of potentially Generation of potentially Generation of dust from 
amounts of potentially contaminated fugitive dust contaminated fugitive dust waste _capping activities 
contaminated fugitive from remediation activities from remediation activities 
dust from surface Generation of pollution by 
decontamination and Generation of pollu1ion by Generation of pollution by fuel combustion-in 
~aste site stabilization fuel combustion in fuel combustion in equipment used for capping 
activities equipment used for equipment used for activities 

remediation activities excavation, loading and 
Mitigation Measures hauling Mitigation Measures 
None _identified Mitigation Measures Same as those described for 

Dust suppression measures; Mitigation Measures the-unrestricted, future 
temporary enclosure of the Sa.me as described for the land-use alternative 
area being rcmediated unrestricted future land-use 

a!icmative 

Noise Impacts Impacts Impacts Impacts 
Noise levels remain the Temporary increase in noise Temporary increase in Temporary increase in 
same as current levels levels from excavation and noise levels from noise levels from cap 

waste transportation could excavation and waste construction could impact 
Mitigation Measures impact wildlife (i.e., .stanle transportation could impact wildlife (i.e., stanle 
None identified behavior resulting in wildlife (i.e., stanlc behavior resulting in 

abandonment of nest or den behavior resulting in abandonment of nest or den 
sites) abandonment of nest or den sites) 

sites) 
Exposures occasionally may Exposures occasionally may 
exceed applicable Exposures occasionally exceed applicable 
occupational standards for may exceed applicable occupational standards for 
remediation workel")i occupational standards for remediation workers 

remediation workers 
No violations of State of No violations of St.ate of 
Washington noise standards No violations of State of Washington noise standards 

Washington noise standards 
Mitigation Measures Mitigation Measures 
Mitigation measures would Mitigation Measures Same as those described 
include issuance of hearing Same as those described under the unrestrictc<! 
protection devices for under the unrestricted future land~use alternative 
remediation workers, future land-use alternative 
monitoring noise lev_els, 
limiting activities near 
roost/nest sites during 
nesting season 
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Table 3-12. Sw1111t~ry :bt Envirollmelllat lmpacis aizd Mitigation lt,feasures 
: for the Reactors ~;/ th~ :River Ge~/rapliif Are~'. · (6 sheets). 

,. 

'Remediation to Remediation to Restricted Remediation lo Ri:strictt:d 
Resource Areas No-Action Alterna_tive Unrestricted Future Future Land-Use Future Land-use 

Land-Use 'Alternative Alternative (RI) · Altcruathc (R2) 

Cultural Resources Impacts Impacts Impacts Impacts 
Potential impact_s on Potential impacts on.several Potential impacts on several Potential impacts on several 
several prehistoric and prehistoric and: historic sites prehistoric and historic prehistoric and historic sites 
historic sites. sites 

.Potential impacts on areas . Potential impacts-on areas 
Continued restrictions of cultural or spiritual , . Potential impacts on areas of cultu~al or spiritual 
·on Tribal access . significance to Nati~e · of cultural or spiritual significance to Native 

Americans significance lo Naiive Americans 
Mitii:ation Measures Americans 
Consultations with the Mitii:ation Measures Continued restrictions on 
SHPO and Native Same as described under the Continued restrictions on Tribal access 
American tribal groups No-Aciion future land0use Tribal access ' 
and_governments prior alternative Mitigation Measures 
to any ground disturbing· Mitii:ation Measures Same as described under 
activities; avoidance, . Same as described under the No-Action future 
where possible, of the No-Action future land0 use alternative 
resource areas; When land-use ·alternative 
possible, a full resource 
surve~ would be · 
conducted; surface' 
mapping and material 
and data recovery 
activities would be 
employed·; where 
practicable, resource · 
awareness programs 
would be developed and ', ,,.-

presented to remediation 
personnel 

Mitigation measures for 
the buildings and 
facilities would include 
building construction 
surveys; documentation 
of all structures deemed 
historic; restriction of · 

·, 

access to historic 
buildings/facilities 

-
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Table 3-12. Summary of E1zvironmen,tal Impacts .and Mitigation Measures 
. for the Reactors Oil 'the Rtvef G~ographicAtea. (6 sheets) 

Remediation to Remediation to Restricted Remediation to Restricted 
Resource Areas No0Actiou Alternative Uni-estrictt'!I Future Future Land-Use Future Land-Use 

Land-Use Alternati,·e Alternative (RI) Alternative (R:Z) 

Visual and Impacts Impacts Impacts Impacts 
Aesthetic No significant impacts to Temporary impacts on river Temporary impacts on Permanent alteration of 
Resources visual and aesthetic users from excavation river users from excavation landsca pc from capped 

resources in vicinity of activities. generation of dust activities, generation of waste sites 
decontamination and/or plumes, and reduced visual dust plumes, and reduced 
stabilization of waste clarity. ·-. - visual clarity Temporary impacts on river 
sites users from construction 

Miti2ation :\leasures Miti2ation Measures activities, generation of dust 
l\litieatiou Measures Minimize the overall area of Same as described under plumes, and reduced visual 
None identified disturbance to the extent the unrestricted future clarity 

practicable; employ dust land-use alternative 
suppression activities; Miti2ation Measures 
raconteur rcmediated areas Same l!S described under 
as close to original the unrestricted future 
conditions as possible, and land-use alternative, as well 
rcvcgctatc with native as using surface waste 
species as soon as possible markers that would blend in 
following remediation with the natural 

surrounding, and using 
natural materials for cap 
construction 

Human Health Impacts Impacts Impacts Impacts 
Risk Potential high risk Greatest impact from Impacts from accidents arc Impacts from accidents arc 

resulting from exposure accidents that could occur the same as described the same as described under 
(analyzed for to contaminants in the during remedial activities. under the unrestricted the unrestricted alternative. 
accident scenarios absence of institutional Pump-and-treat accident alternative. Likelihood of Likelihood of accidents 
and the removal of controls could result in radiation accidents occurring during occurring during 
institutional doses up to 6:Z0 mrem for remediation arc less than or remediation are less than or 
controls. Impacts Much of the area workers and SIO mrem for equal to that for equal to that for the 
resulting from exceeds target risk range offsite individuals unrestricted alternative unrestricted alternative 
routine exposure for agricultural, 
are not assessed.) residential, industrial or Long-term risk expected to Long-term risk expected to Long-term risk expected to 

recreational exposures decrease upon completion of decrease upon completion decrease upon completion 
without restrictions and remediation of remediation of remediation 
controls 

Miti2ation '.\leasures Miti2ation '.\leasures Miti2ation Measures 
Range fire could result Use of appropriate Same as described under Same as described under 
in radiation doses up to engineering and the unrestricted future the unrestricted future 
3 rrirem for workers and administrative controls-to land-use alternative land-use alternative 
2.6 mrem for offsitc reduce exposures lo 
individuals remediation workers and the 

general public 
Miti2ation Measures 
Continue existing 
institutional controls, 
and environmental 
monitoring activities 
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Table 3-12. Summary 'of-E~;vironmental lmpqpts and Mitigation Measures 
, '· . .•' ' _, .. ; ,.,:, ., ' . . ~:: ':',.,. ! , . 

for the React,ofs·tni the River' Geographic A.rea. · ,(6-sheets) 

Remediation 10 Remediation 10 Restricted Rcwcdiation to Restricted 
Resource Areas No-Action Alleruati,·e Unrestricted· Future Future Land-L'sc Future Land-l'sc · 

Occupational Impacts 

Impacts No labor hour estimates 
are available for the 
No-Action Alternative, 
therefore no 
occupational losses were 
calculated 

Mitigation :\feasures 
None identified 

Volumes and Cost Impacts 

BCM 
BCY 
LCM 
LCY 

Area of disturbance is 
87 ha (215 ac) 

Estimated total cost for 
No Ac~on is S2.4 
billion~ 

"Mitigation '.\feasures 
Alternate means of 
institutional control that 
would result in cost 
·reduction · 

. 'Costs for I 00 years of 
institutional control for 
the Hanford Site - not 
brokeri down by 
geographic area 

bank cubic meter. 
bank cubic yard. 
loose cubic meter. 
loose cubic yard: 

Land-Use Alterna1h'e 

Impacts --

Potential for 
233 occupational loss cases 
and 1,560 lost ',1/orkdays 
(DOE staiistics) 

.. -
Mitigation Measures 
Continued .emphasis on 
worker safety and training 

Impacts 
Excavated volume of 
noncontaminated soil is 
7.0 x l06 BCM 
(9.2 x 106 ~CY) 

Excavation volume of 
contaminated soil is 
6.7 x 10• BCM 
(8.8 x 106 BCY) 

Cost for groundwater 
remediation is S205 million 

Area of disturbance is 
420 ha (1,0~8 ac) 

Estimaied total cost is 
S3. 9 billion with truck haul 
or S2.8 billion with rail 
haul 

!\fitieation Measures 
Continued emphasis on 
development arid 
implementation of 
technologies that would 
reduce volumes, levels of 
disturbance and costs 
associated with remediation 
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Alternath'e (R 1) - Alternali\'C (R2) 

Impacts Impacts 
Potential for Potential for 
167 _occupational loss cases 421 occupational loss cases 
and 1,122 lost workdays and 2,824 lost workdays 
(DOE statistics) (DOE statistics) 

Mitigation Measures Mitigation Measures 
Same as described under S_ame as described under 
the unrestricted future lhe unrestricted future 
land-use alternative land-use alternative 

Impacts. Impacts 
Excavated volume of Volume of capping 
noncontaminatcd soil is materials required is 
5.7 x 10• BCM 19 x 10• LCM 
(7.5 x 106 BCY) (25 x 10• LCY) 

Excavated volume of Groundwater remediation 
contaminated soil is cost is S205 million 
4.6 x l06"BCM·· 
(6.0 x 106 BCY) Area of di~turbance is 

373 ha (921 ac) 
Groundwater remediation 
cost is S205 million Estimated total cost is 

S4.6 billion with truck haul 
Area of disturbance is or S2.0 billion with rail 
390 ha (964 ac) haul 

Estimated total cost is Mitii:ation Me.asures 
S2.8 billion with truck haul Same as described under 
or S2.1 billion with rail the unrestricted future 
haul land-use alternative, as well 

as: in~reased site 
Mitigation Measures characterization (potentially 
Same as described under reduce the number and size 
.the unrestricted future _of waste sites needed to be 
land-use alternative remediated); and use of 

alternate cap designs 
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Table 3-13. Summary of Environmental Impacts and Mitigation Measures 
for the Central Plateau Geographic Area. (4 sheets) 

Resource Areas No-Action Alternative Remediation to Exclush·e Future 
Land-Use Alternative 

Geology Impacts 
No significant long- or short-term adverse impacts-are 
expected 

Impacts 
Potential destruction of unique geologic features as a 
result of remediation 

Continued restrictions on access to geologic resources Continued restrictions on access to geologic resources 

Soils 

Water Resources 

Mitfoation Measures 
None identified 

Impacts 
Minimal impacts caused by stabilization of waste sites; 
increased potential for erosion 

Mitigation Measures 
Mitigation measures could include spraying areas to 
reduce amount of fugitive airborne dust, construction 
of fences to control wind erosion, and rcvcgetating 
disturbed areas with native species 

Impacts 
Groundwater would remain contaminated 

Continued groundwater migration down gradient of the 
Central Plateau geographic area would result in a 
gradual decrease in contaminant concentration within 
the Central Plateau 

Mitigation Measures 
Maintain restrictions on groundwater use 

Ecological Resources Impacts 
Disturbance of 0. 7 % of shrub-steppe habitat in the · 
Central Plateau geographic area 

~inimal impact on biodiversity 

Potential exposure of plants and wildlife to 
radionuclides and hazardous chemicals 

Mitigation Measures 
Mitigation measures would include: Limit areas 
disturbed to the immediate waste site; revcgctate 
disturbed areas with native plant species; and continue 
ecological moniioring 
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:\litigation Measures 
None identified 

Impacts 
Disturbance of 475 ha (1,174 ac) of soil; soil 
compaction resulting from use of earthmoving 
equipment; increased potential for erosion · 

Mitigation Measures 
Same as described in the no-action alternative, as well 
as restricting earthmoving equipment to trample zones 
and using existing transportation routes where possible 

Impacts 
Withdrawal and use of groundwater would be restricted • 
due to residual contamination 

Movement of contaminants from the Central Plateau 
geographic area to down gradient areas would be 
minimized 

Capping would prevent contaminants in the vadose zone 
from migrating into the groundwater 

Changes in the groundwater levels and now direction 
from operation of pump-and-treat system 

Mitigation Measures 
None identified 

Impacts 
Disturbance of 6.0% of shrub-·s1eppe habitat in the 
Central Plateau geographic area 

Potential impacts on biodiversity due to loss of 
shrub-steppe habitat 

Permanent loss or alteration of shrub-steppe habitat 
could result in long-tenn population declines and habitat 
degradation. Potential fragmenting of existing habitats 
could result disruption of connectivity among different 
habitats. 

Reduction in potential for exposure to radionuclides and 
hazardous chemicals 

Mitigation Measures 
Mitigation measures would include: Limit areas 
disturbed to the immediate waste site; use existing 
transportation routes where possible; employ erosion 
control measure; revcgctate disturbed areas with native 
plant species; and avo_id disturbance of known 
nesting/roosting sites for species of concern 
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, Table, 3~ 13. Summ,ary of E1zviro11me11tal fmpacts and Mitigation Measures. 
· for the Ce,itral Plateau Geographic Area. (4 sheets) 

Resource. Areas 

Air quality 

Noise 

Cultural Resources 

No-Action Alternati,'e 

Impacts 
. Generation· of small amounts of potentially .. 
co·ntaminated fugitive dust from surface 
decontamination and waste site stabilization 

Mitigation· l\·leasures 
None identified 

Impacts 
Noise levels remain the same as current levels 

Mitigation Measures 
None identified 

Impacts 
Controlled access would protect resources 

Potential impacts on known prehistoric sites, historic 
.. 

sites, and numerous isolated occurrences of historic and 
prehistoric materials 

Potential impacts on areas of cultural or spiritual 
significance to Native Americans due to continued 
restriction on Tribal access 

Mitigation Measures 
Prior to. any ground disturbing activities, there would 
be consultations with the SHPO and Native American 
tribal groups and governments; avoidance, _where 
possible, of resource areas; When possible, a full 
resource survey would be co·nducted; surface mapping 
and material and data recovery activities would be 
employed where practicable resource awareness 
programs would be developed and presented to 
remediation personnel 
Mitigation measures for historic buildings would 
include building construction surveys; documentation; 
and access restrictions 
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Impacts 

Remediation to Exdushc Future 
Land-Use Alteruati,,e 

Generation of dust from ~pping activities 

Generation of pollution by fuel combustion in 
equipment used for capping activ)tics 

Mitigation Measures 
Dust suppression n:ieasures, covering haul trucks, and 
temporary enclosures for areas being remcdiatcd 

Impacts 
Temporary increase in noise levels from cap 
construction could impact wildlife (i.e., stanle behavior 
resulting in abandonment of nest or den sites) 

Exposures occasionally may exceed applicable 
occupational standards for remediation workers 

No violations of State of Washington noise standards 
arc anticipated 

Mitigation Measures 
Mitigation measures would include issuance of hearing 
protection devices for remediation workers, monitoring 
noise levels throughout th~ remediation process, 
limiting. activities near roost/nest sites during nesting 
season 

Impacts 
Potential impacts on several prehistoric sites, historic 
sites, and numerous isolated occurrences of historic and 
prchistoric materials -~- . 

Potential impacts on areas of cultural or spiritual 
significance to Native Americans 

Mitigation Measures 
Same as described under the no-action alternative 
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Table 3-13; Summary of Ellvironmelltal Impacts and Mitigation Measures 
for the Cemral Plateau Geographic Area. (4 sheets) 

Resource Areas 

\iisual and Aesthetic 
Resources 

Human Health Risk 

No-Action Alternative 

Impacts 
No significant impact to visual and aesthetic resources 
in vicinity of waste sites and facilities 

Mitigation Measures 
None identified 

Impacts 
Potential high risk in the absence of institutional 

. (analyzed for accident controls 
scenarios and the 
removal of 
institutional controls. 
Impacts resulting 
from routine exposure 
are not assessed.) 

Much of the area exceeds target risk range for allowing 
agricultural, residential, industrial, and recreational 
exposures without restrictions and controls 

Range fire could result in radiation doses up to· 1.4 
mrem for workers and 3 x 10·> mrem for offsite 
individuals 

Mitigation Measures 
Continue existing institutional controls and 
environmental monitoring activities 

Occupational Impacts Impacts 

Volumes and Costs 

Labor hour estimates were not available, no 
• occupational losses were estimated 

Mitigation Measures 
None identified 

Impacts 
Area of disturbance is 280 ha (692 ac) 

Estimated total cost is $2.4 billion' 

Mitigation Measures 
.Alternate means of institutional control that would 
result in cost reduction 

1Costs for I 00 years of institutional control for the 
Hanford Site - not broken down by _geographic area 
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Impacts 

Remediation to Exclusive Future 
Land-Use Alteroath-e 

· Permanent alteration of landscape from caps 

Construction activities visible to nearby viewers. Most 
not visible from site boundaries 

Temporary impacts from fugitive dusi plumes reducing 
visual clarity · 

Mitigation Measures 
Minimize the overall area of disturbance to the extent 
practicable employ dust suppression activities; raconteur 
rcmediated areas as close to original conditions as 
possible, use surface waste markers that would blend in 
with the natural surrounding, use natural materials for 
cap construction, and reseed with native species 

Impacts 
Potential impacts from pump-and-treat accidents include 
radiation doses up to 280 mrem to workers and up to 
0.6 mrem for offsite individuals 

Mitigation Measures 
Use of appropriate engineering and administrative 
controls to reduce exposures to remediation workers and 
the general public 

Impacts 
Potential for 144 occupational loss cases and 966 
estimated lost workdays (DOE statistics) 

Mitieation Measures 
Continued emphasis on safety awareness and worker 
training 

Impacts 
Volume of capping materials required is 17.5 x 10• 
LCM (22.93 x 10' LCY) 

Arca of disturbance is 475 ha (1,173 ac) 

Groundwater remediation cost is $411 million 

Estimated total cost is S 1.5 billion 

Mitigation Measures 
Continued emphasis on development and 
implementation of technologies that would reduce 
volumes, levels of di,sturbancc and costs associated with 
remediation. Increased site characterization (potentially 
reduce the number and size of waste sites needed to be 
remediated); and use_of alternate cap designs 
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Table 3-i3. Swmrz~; ~f Erzvironme,zta_l Impacts a;,d Mitigation ,Heasures. 
for the CllltNii Ptaie~'tit;ebgrapliic'.'Area. ·. (4 sheets) · 

.. ,-; -

Resourre Areas No-Artioo' Alternative. 
Remediation to Excl11She Future 

Land-Use Altemathc 

BCM 
BCY 
LCM 
LCY 

bank cubic meter. 
bank cubic yard. 

= loose cubic meter. 
loose cubic yard. 

';Jc,-.,.,, 
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Table 3-14. Summary of Environmental Impacts mid Mitigation Measures 
for the All Other Areas Geographic Area. (5 sheets) 

Resource Areas No-Action Alternative 
Remediation to Restricted Future Remediation to Restricted Future 

Land-L'se Alternati,·c (RI) Land-Use Alteruath-e (R2) 

Geulogy Impacts Impacts Impacts 
No significant long- or Continued .restrictions on access to Continued restrictions on access to 
short-term adverse impacts are geologic resources geologic resources 
expected 

Some destru~tion of unique geologic Some destruction of unique geologic 
Continued restrictions on access features durrng remediation features during remediation 
to geologic resources -

~litigation Measures Depletion of geologic resources for 
Mitigation Measures None identified cap construction 
None identified 

Mitii:ation Measures 
None identified 

Soils Impacts Impacts Impacts 
Minimal impacts caused by Disturbance of 301 ha (753 ac) of soil; Disturbance of 380 ha (939 ac) of soil; 
stabilization of waste sites; soil compaction resulting from use of soil compaction resulting from use of 
increased potential for erosion earthmoving equipment; increased earthmoving equipment; increased 

potential for erosion potential for wind erosion 
Mitigation Measures 
Employ soil, wind and water ;\litii:ation Measures Mitii:ation Measures 
erosion reduction measures Restrict earthmoving equipment to Same as those described under the 

trample zones; use existing restricted future land-use (RI) 
transportation routes; employ soil, altemative 
wind and water erosion reduction 
methods 

Water Resources Impacts Impacts Impacts 
Groundwater would remain Restrictions on withdrawal and use of Groundwater impacts would be similar 
contaminated groundwater due to residual to those described under the RI 

contamination; changes in groundwater restricted alternative 
Contaminants in vadose zone levels and flow direction by operation 
are a potential source of of pump-and-treat system; mounding Caps over waste sites would prevent 
groundwater contamination of water table in vicinity of reinjection contaminants in the vadose zone from 

facilities; reduction of contaminant entering the groundwater 
Disturbance of > I ha (2.5 ac) flow to the Columbia River 
of the Columbia River Disturbance of 7 ha (17 ac) of the 
floodplain Distu_rbance of 10 ha (25 ac) of the Columbia River floodplain and 3 ha (7 

Columbia River floodplain and ac) of the Cold Creek floodplain 
!\litigation Measures approximately I ha (2.5 ac) of the 
Maintain existing restrictions -on Cold Creek floodplain Mitii:ation Measures 
withdrawal and use of Same as described under the restricted 
groundwater Mitigation Measures future land-use (RI) alternative 

Employ engineering measures designed 
l\ ,:,ne identified for disturbance to prevent further contamination of the 
of Columbia River floodplain groundwater and/or the Columbia 

River 

None identified for disturbance of 
Columbia River floodplain 
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Resource Areas 

Ecological Resources Impacts _ 

Air Quality 

Disturbance of 5 ha (12 ac) of 
shrub-steppe habitat 

Potential exposure of plants and 
wildlife to radionuclides and 
hazardous chemicals 

Mitigation Measures . 
Mitigation measures would 
include: Limit areas· disturbed 
to the immediate waste site; 
reveget.ate disturbed areas with 
native plant species; and 
continue ecological monitoring 

Impacts 
Generation of small amounts of 
potentially contaminated 
fugitive dust from surface 
decontamination and waste site 
stabilization activities 

Mitigation MeasurPS 
Use of engineering controls to 
re~uce dust generation 

Rcoiediation to Restricted Future 
; - -->Land-Use Alternative (RI) 

Impacts 
Disturbance.of llS ha (287 ac) of 
shrub;-steppe habitat 

Possible nest abandonmenl'by the 
Swainson's hawk; possible nest 
destruction, nesting habit.at destruction, 
and loss of prey base for the 
loggerhead shrike; possible .destruction 
of Columbia milk-vetch and northern 
wormw!)O(I habitat · . 

.Reduction in potential for exposure to 
radionuclidcs and hazardous chemicals 

Potential impacts on biodiversity due 
to additional loss of shrub-steppe·· 
habitat. 

Mitigation MeasurPS 
Limiting disturbance to not exceed 
trample zone around each waste site; 
rcvegctation of disturbed areas with • 
native plant speci~s; limit unnecessary 
off-road travel and use existing 
transportation routes; use engineering 
conirols to reduce potential for erosion 
a~d ~void disturbance of known 
nesting/roosting sites, for species of 
concern 

Impacts 
Generation of potentially contami!'lated 
fugitive dust exceeding standards and 
guidelines 

Generation of pollution by fuel 
combustion in equipment used for 
excavation, loading and hauling 

:\litigation Measures 
Use of engineering controls to reduce 
dust generation; use of temporary 
enclosures over excavation sites; 
mc;mjtoring of air quality 
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Remediation to Restricted Future 
· Land-Use Alternative (R::?) 

Impacts 
Disturbance of 134 ha (329 ac) of 
shrub-steppe habitat 

Possible nest destruction, nesting 
habitat destruction. and loss of prey 
base for the loggerhead shrike; 
possible destruction of Columbia 
milk-vetch and northern wormwood 
habit.at 

Reduction in potential for exposure to 
radionuclides and hazardous chemicals 

Potential impacts on biodiversity due 
to additional loss of shrub-steppe 
habit.at 

Mitigation Measures 
Same as described in the Restricted 
Future Land-Use (RI) Alternative 

Impacts 
· Generation of potentially contaminated 
fugitive dust from capping activities 

Generation of pollution by fuel 
combustion' in equipment used for 
·capping activities 

Mitigation Measures 
Same as. described for the Restricted 
Future Land-Use (RI) Alternative 
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Table 3-14. Summary oJEnviro11mental Impacts and Mitigation Measures 
.., for the All Other Areas Geographi~ Area. (5 sheets) 

3 Resource Areas No-Action Alternative 
Remediation to Restricted Future Remediation to Restricted Future 

Land-Use Altcruath·e (RI) Land-Use Alternative (R2) 

Noise Impacts - Impacts Impacts 
Noise levels would remain the Temporary increases in noise levels Temporary increase in noise levels 
same as current levels from excavation and waste from waste site capping activities 

transportation 
Mitigation Measures No violations of State of Washington 
None identified No violations of State of Washington noise standards 

noise sta"i1cfards 
-,: -· Mitigation Measures 

Mitigation Measures Same as described for the Restricted 
Mitigation measures would include Future Land-Use (RI) Alternative 
issuance of hearing protection devices 
for remediation workers, monitoring 
noise levels throughout the remediation 
process; limiting activities near 
roost/nest,sites during nesting season 

2 Cultur.al Resources Impacts Impacts Impacts 
Controlled ac;cess would protect Potential impacts on known prehistoric Potential impacts on known prehistoric 
resources and historic sites due lo excavation and historic sites .from waste site 

activities capping activities 
Potential impacts on known 
prehistoric and historic sites Potential impacts on areas of cultural Potential impacts on areas of cultural 
from surface decontamination or spiritual significance to Native or spiritual significance to Native 
and stabilization activities Americans from encroachment on Americans from encroachment on 

traditional tribal areas traditional tribal areas 
Potential impacts on areas of 
cultural or spiritual significance Mitil!ation Measures Mitigation Measures 
to Native Americans due to Same as described for the No-Action Same as described in the No-Action 
continued restriction on Tribal Alternative Alternative 
access 

Mitigation Measures 
Prior 10 any ground disturbing 
activities, there would be 
consultations with the SHPO 
and Native American tribal 
groups and governments; 
avoidance, where possible, of 
resource areas; When possible, 
a full resource survey would be 
conducted; surface mapping and 
material and _data recovery 
activities would be employed 
where practicable resource 
awareness programs would be 
developed and presented lo 
remediation personnel 

Mitigation measures for historic 
buildings and facilities would 
include building construction 
surveys; documentation of all 
structures deemed historic; 
restriction of access to historic 
buildings/facilities 
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Resource Areas 

Visual and Aesthetic 
Resources 

·Human Health Risk 

(analyzed for 
accident scenario~ 
and the removal of 
institutional controls. 
Impacts· resu,lting 
from routine 
exposure are not 
assessed.)' 

No-Action Alternati,·e 
(1 'J 

Impacts 
No.significant impacts to visual 
and aesthetic resources in 
vicinity of waste site 
stabilizati'on ·and surface 
decontamination ,activities , 

Mitigation Measures 
·· None identified 

Impacts· 
Potential high risk in some 
portions of area in absence of 
institutional controls 

Portions of area. within or 
below target risk range for 
agricultural, residential, or 
industrial exposures without 
restrictions or controls. Most of 

· area meets target risk range for 
recreational exposures 

Range fire could result in 
radiation dose u·p to I. 7 mrem 
for workers and 0.95 mrem for 
offsite individuals 

Mitigation Measures 
· Continue existing institutional 
controls 

Occupational Impacts Impacts 
Labor hour estimates were not 
available, no occupational 
losses were estimated 

:\litigation Measures . 
None identifi.ed 

R~ediation to Restricted Future 
· ·,Land~Use Alternati,·e (RI) 

Impacts . 
Construc:iion and excavation activities 
visibi'e' to nearby viewers · · 

Pump-and-treat systems would·l:Je 
visible lo nearby viewers 

Potential for fugitive dust plumes to 
reduce visual clarity 

Mitigation Measures 
Minimize the o\'erall area of 
disturbance to the extent practicable; 
employ dust suppression activities; 
recontouring remediat~d areas as close 
to· origi~I conditions as po~sible, and 
revegetating with native species as 
soon as possible.following rem~iation 

Impacts 
Impacts of routine remedial activities 
minimal, as l9ng as appropriate. 
engineering and administrative· 
measures applied 

Potential accidents occurring during 
remediation could result in radiation 
doses of up to 350 mrem for workers. 
and up 10 I 90 mrem for offsite 
individuals . 

Long~1e'rm ri
0

sk expected 10 decrease 

upon ~mpletion of remediation 

Mitigatlon Measures 
Use·of appropriate engineering and 
administrative controls to reduce 

Reniediation ro Restricted Future 
,,Lanil-Use Alternath'e (R2) 

Impacts 
Permanent alteration of landscape 
from capped. waste sites 

Construction activities and 
pump-and-treat systems visible .to 
nearby viewers , 

Potential for fugitive dust plumes ·10 

reduce visual clarity 

Mitigation Mea.~ures 
Same as described under the restricted 
future land-use (RI) alternative, as 
well as using surface waste markers 
that would blend in with the natural 
surrounding, and using natural 
materials for cap construction 

Impacts 
Impacts of routine remedial· activities: 
minimai, as long as appropriate 
engineering and administrative 
measures applied 

Impacts resillling from accidents 
during 'remediation arc similar to those 
described under. the RI restricted 
alternative. However, there is a lower 
likelihood of accidents occurring 
during remediation under the R2 
restricted use alternative · 

Long-term risk expected to decrease 
upqn completion of remediation 

Mitigation Measures 
exposures lo remediation workers and Same as described for the restricted 
the general public future land-use (RI) alternative 

Impacts 
Potential for 72 occupational injury 
loss cas~s and 482 estimated .lost­
worki:lays (DOE statistics) 

Mitigation :\leasures 
Continued emphasis on safety 
awareness and wo·rker iraining 
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Impacts 
Potential for 335 occupational loss 
cases and 2,244 estimated lost 
workdays (DOE statistics) 

Mitigation Measures 
Same as described for the restricted 
future land-use (RI) alternative 



2 

3 

2 
3 
4 
5 
6 
7 

' ' 

Table 3-14. Summary of Environmental Impacts and Mitigation Measures 
for the All Other Areas.Geographic Area. (5 sheets) 

Resource Areas No-Action Alte~tive 
Remediation 10 Restricted Future Remediation lo Restricted Future 

Land-Use Altemath-e (RI) Land-Use Alternative (R2) 

Volumes and Costs Impacts 
Arca of disturbance is 43 ha 
(106 ac) 

Estimated total cost is 
S2.4 billion1 _, 

Mitigation :'.\feasures 
cffons to reduce cost of 
institutional control 

.,, 
1Costs for 100 years of 
institutional control for the 
l{anford Site - not broken down 

BCM 
BCY · 
LCM 
LCY 

by geographic area 

bank cubic meter. 
bank cubic yard. 
loose cubic meter. 

= loose cubic yard. 

Imparts Impacts 
Excavated volume of noncontaminatcd Volume of capping materials required 
soil is 1.6 x 10' BCM (2.1 x 10' BCY) is 8,700 x 10' LCM 

(11,300 x Io> LCY) 
Excavation volume of contaminated 
soil is 1.6 x 10' BCM (2.0 x 10' BCY) Arca of disturbance is 384 ha (948 ac) 

-

Area of disturbance is 309 ha (765 ac) Groundwater remediation cost is $31 
million 

Groundwater remediation cost is 
S31 million Estimated total cost is $3.2 liillion 

with truck haul or $790 million with 
Estimated total ·cost is S 1 billion with rail haul 
truck haul or $670 mil_lion with rail 
haul Mitii:ation Measures 

Same as described under the restricted 
Mitii:ation Measures future land-use (RI) alternative, as 

. Monitor excavated soils to prevent well as: increased site charaClcrization 
excavatio_n of non-contaminated soil; (potentially reduce the number and 
continued emphasis on development size of waste sites needed to be 
and implementation of technologies rcmcdiatcd); and use of alternate cap 
that woµld reduce volumes, levels of designs 
disturbance and costs associated with 
remediation 
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1 4. 0 Affected Environme,nt_, 
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4 The U.S. Department of Erierg)'.' s (DOE) Hanford Site lies within the semiarid Pasco Basin of 
5 the Columbia Plateau in southeastern Washington State (Figure 4-1) ... The Hanford Site occupies an 
6 area of about 1,450 km2 ( - 560 mi2

) n9rth of the confluence of the Yakima River with the Columbia 
7 River. The Hanford Site is about 50 km (30 mi) north to south and 40 km (24 mi) east to west. This 
8 land, with restricted public access, provides a buffer for the smaller areas currently used for storage 
9 of nuclear materials, waste' storage, and waste disposal; only about 6% of the land area has been. 

· 10 disturbed and is actively used. The Columbia River flows through the northern part of the 
11 Hanford Site and, turning south, forms part of.the Hanford Site's eastern boundary. The Yakima· 
12 River runs near the southern boundary andjoins the Columbia River below the City. of Richland, 
13 which bounds the Hanford Site on the southeast. Rattlesnake Mountain, Yakima Ridge, and 
14 Umtanum Ridge form the southwestern.and western boundaries. The Saddle Mountains form the 
15 northern boundary of the. Hanford Site. Two small east-west ridges, Gable Butte and Gable 
16 Mountain, rise above the plateau of the central part of the Hanford Site. Adjoining lands to the west, 
17 north, and east ar·e principally range and agricultural land. The cities of Richland; Kennewick, and 
18 Pasco (Tri-Cities) constitute the nearest population center and are located southeast of the · 
19 Hanford Site. 
20 
21 The production of defense nuclear materials at the I-Ianford Site since the 1940s has necessitated 
22 the exclusion of public access and most nongovernment-related development on the Hanford Site. 
23 The Hanford Site, as a result of its defense-related mission, also has provided de.facto protection of 
24 the natural environment and cultural resources (NPS 1994); ho'wever, the defense nuclear production 
25 1pission has left the Hanford Site with an extensive. waste legacy. Nuclear weapons materials 
26 production and associated activities at Hanfo.rd during the past five decades have generated a variety 
27 of radioacdve, hazardous, and other wastes that have been disposed or discharged to the air, soil, and 
28 water at the Hanford Site. The DOE Environmental Restoration. Project focUS!!S on remediation of 
29 contaminated soils and water resources. · 
30 
31 · This chapter describes the envirorunental setting and the existing conditions associated with 
32 current operations on the Hanford Site for each.of the four geographic areas within the scope of the 
33 HRA-EIS. Available _information was used to establish a set of baseline conditions against which 
34 · potential environmental impacts associated with the proposed action and the alternatives were 
35 analyzed. 
36 
37 
38 4.1 Geology 
39 
40 Geologic considerations for the Hanford Site include physiography, stratigraphy, structural 
41 geology, seismic and volcanic hazards, and soil characteristics. 
42 
43 Depositional processes associated with lakes and rivers in the ancestral Columbia River system, 
44 ·including the ancestral Snake and Yakima r1vers, have been active since the late Miocene. Deposits 
45 of these rivers and lakes are represented by the Ringold Formation, and indicate that -deposition was 
.46 almost continuous from about 10.5 million years before present until about 3.9 million years before 
47 presenr(DOE 1988). At some time before 900,000 years ago, a major change in regional base level 
48 resulted in fluvial incision (down cutting) of as much as 150 m (500 ft). The post-Ringold erosional 
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Figure 4-1. Geographic Setting and General Structural Geology 
') of the Pasco Basin and Hq,nford Site (WHC 1992a). 
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1 surface was partially filled with lotaBy derived alluvium and fluvial sediment before and possibly 
2 between periods of Pleistocene flooding .. :_However,)n.m.Q~t,,areas_oftp.e Columbia Basin subpro\'ince. 
3 the. record of Pleistocene fluvial activity was destroyed by cataclysmic flooding. Loess (buff-colored 
4 silt) occurs in sheets that mantle much of the upland areas of the Columbi.a Basin subprovince . 

. 5 
6 Quaternary 1 volcanism has been limited to the extreme western margin of the Columbia Basin 
7 subprovince and is associated with the Cascade Range Province. Airfall tephra~ from at least three 
8 Cascade volcanoes has blanketed the central Columbia Plateau since the late Pleistocene. This tephra 
9 includes material from several eruptions of Mount St. Helens before the May 1980 e~uption. Oth~r 

1 O volcanoes have erupted less frequently: Glacier· Peak had two closely spaced eruptions about .. 
11 11,200 years ago, and Mount Mazama erupted about 6,600 years ago. Generally tephra layers have 
12 · not exceeded more than a few centimeters in thickness, with the exception of the Mount Mazama 
13 eruption when as much as 10 cm (3.9 in.) of tephra fell over eastern Washington (DOE 1988). 
14 
15 
16 
17 
18 
19 
20 
21 
22 
'J.., _:, 

24 
'J - . _) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

4.1.1 Physiography 

The Hanford Site, located within the Pasco Basin of the Columbia Plateau, is defined generally 
by a thick accumulation of basaltic lava flows that extend laterally from central Washington, eastward 
into Idaho, and southward into Oregon (DOE 1995). 

The Hanford Site overlies the structural low point of the Pasco Basin near the confluence of the 
Yakima and Columbia rivers. The boundaries of the Pasco Basin are defined by anticlinal structures 
of basaltic rock. These structures are the Saddle Mountains to the north; the Umtanum Ridge, 
Yakima Ridge, and Rattlesnake Hills to the west; and the Rattlesnake Hills and a series of doubly 
plunging anticlines merging with the Horse Heaven Hills to the south. The terrain within the Pasco 
Basin is relatively flat (Figure 4-2). Its surface features were formed by catastrophic floods and have 
undergone little modification since, with the exception of more recently formed sand dunes 
(DOE 1995). 

The elevation of the alluvial plain that covers much of the Hanford Site varies from 105 m 
(345 ft) above mean sea level in the southeast corner to 245 m (803 ft) in the northwest. The Central 
Plateau varies in elevation from 190 to 245 m (623 to 803 ft). 

4.1.2 Stratigraphy 

The stratigraphy of the Hanford Site consists of Miocene-age and younger rocks. Older 
Cenozoic sedimentary and volcaniclastic rock underlie the Miocene and younger rocks but are not 
exposed at the surface. The Hanford Site stratigraphy is summarized in Figure 4-3 and described in 

· the following paragraphs. 

1Quaternary--A geologic period beginning approximately 2 million years ago and extending to 
the present. 

2Tephra--A. collective term for all elastic materials ejected from a volcano and transported through the air. 
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1 Knowledge of the subbasalt rocks is limited to studies of exposures along the margin of the 
2 Columbia Plateau and to a few deep boreholes drilled in the interior of the plateau (DOE 1988). No 
3 subbasalt rocks are exposed within the central interior of the Columbia Plateau, including the Pasco 
4 Basin. Interpretation of data from wells drilled by Shell Oil Company in the 1980s (in the 
5 northwestern Columbia Plateau) indicates that, in the central part of the Columbia Plateau, the 
6 Columbia River Basalt Group is underlain predominantly by Tertiary continental sediments 
7 (DOE 1995). 
8 
9 The Hanford formation lies on the eroded surface of the P!io-Pleistocene unit, on the Ringol_d 

10 Formation, or locally on the basalt bedrock. The .Hanford formation consists of catastrophic flood 
11 sediments that were deposited when ice dams in western Montana and northern Idaho were breached 
12 and massive volumes of water spilled abruptly across eastern and central Washington. The floods 
13 scoured the land surface, locally eroding the Ringold Formation, the basalts, and sedimentary 
14 interbeds, leaving a network of buried channels crossing the Pasco Basin (DOE 1995). Thick 
15 sequences of sediments were deposited by several episodes of flooding, with the last major flood 
16 sequence dated at about 13,000 years before the present, and during the Pleistocene Epoch. 
17 Anastomosing flood channels, giant current ripples, bergmounds, and giant flood bars are among the 
18 landfonns created by the floods. The 200 East and 200 West Area's waste management activities are 
19 located on one prominent flood bar, the Cold Creek bar (Cushing 1995). 
20 
21 Since the end of the Pleistocene, winds have reworked the flood sediments, depositing dune 
22 sands in the lower elevations and foess (windblown silt) around the margins of the Pasco Basin. 
23 Many sand dunes have been stabilized by anchoring vegetation, except where they have been 
24 reactivated by disturbing the vegetation (Cushing 1995). 
25 
26 
27 4.1.3 Structure 
28 
29 The Hanford Site is located near the junction of the Yakima Fold Belt and the Palouse structural 
30 subprovinces (DOE 1988). These structural subprovinces are defined on the basis of their structural 
31 fabric, unlike the physiographic provinces that are defined on the basis of landforms. The Palouse 
32 subprovince primarily is a regional paleoslope that dips gently toward the central Columbia Plateau 
33 and exhibits only relatively mild structural d~fonnation. The Palouse Slope is underlain by a wedge 
34 of Columbia River basalt that thins gradually· toward the east and north and laps onto the adjacent 
35 highlands. 
36 
3 7 The principal characteristics of the Yakima Fold Belt are a series of segmented, narrow, 
38 asymmetric anticlines that have wavelengths between 5 and 31 km (3 and 19 mi) and amplitudes 
39. commonly less than 1 km (0.6 mi) (Cushing 1995). These anticlinal ridges are separated by broad 
40 synclines or basins that, in many cases, contain thick accumulations of Neogene- to Quaternary-age 
41 sediments. The defonnation of the Yakima Folds occurred under north-south compression. The fold 
42 belt was growing during the eruption of the Columbia River Basalt Group and continued to grow into 
43 the Pleistocene and probably into the present (Cushing 1995). 
44 
45. Thrust or high-angle reverse faults with fault planes that strike parallel or subparallel to the axial 
46 trends are found principally along the limbs of the anticlines (Figure 4-4) (Cushing 1995). The 
47 amount of vertical stratigraphic offset associated with these faults varies, but commonly exceeds 
48 hundreds of meters. 
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The Saddle Mountains uplift is a segmented anticlinal ridge extending from riear Ellensburg to 
the Western edge of the Palouse Slope. This ridge forms the northern boundary of the Pasco Basin 
and the Wahluke syncline (Figure 4-5). · It is generally steepest on the north, with a gently dipping 
southern limb. A major thrust or high-angle reverse fat1lt occurs on the north side (Cushing 1995). 

The Umtanum Ridge-Gable Mountain uplift is a segmented, asymmetrical anticlinal ridge 
extending 137 km (85 mi) in an east-west direction forming the northern boundary of the Cold Creek 
syncline and the southern boundary of t~e Wahluke syndine. Three segments of this structure are 
located on or adjacent to the Hanford Site. From the west, Umtanum Ridge plunges eastward toward 
the basin, and merges with the Gable Mountain-Gable Butte segment. The latter segment then merges_ 
with the Southeast Anticline, which trends southeast before dying out nea~ the Columbia River eastem 
boundary of the Gable Mountain-Gable Butte se~ment. 

There is a major thrust to high-angle reverse fault on the north side that dies out as it plunges 
eastward past the Gable Mountain-Gable Butte segment. Gable Mountain and Gable Butte are two 
topographically isolated, anticlinal ridges composed of a series of northwest-trending, doubly 
plunging, echelon anticlines, synclines, and associated faults. The potential for present-day faulting 
has been identified on Gable Mountain (Cushing 1995). 

-The Yakima Ridge uplift extends from west of Yakima to the center of the Pasco Basin, where it 
forms the southern boundary of the Cold Creek syncline (DOE 1988) (see Figure 4-5). The Yakima 
Ridge anticline plunges eastward into the Pasco Basin, where it continues on a southeastern trend 
mostly buried beneath sediments. A thrust to high-angle reverse fault is thought to be present on the 
north side of the anticline, dying out as the fold extends to the east. 

Rattlesnake Mountain is an asymmetrical anticline with a steeply dipping and faulted northern 
unit that forms the southern boundary of the Pasco Basin (see Figure 4-4). It extends from the 
structurally complex Snively Basin area southeast to the Yakima River, where the uplift continues as a 
series of doubly plunging anticlines. At Snively Basin, the Rattlesnake Mountain structure intersects . . ' 

the Rattlesnake Hills anticline, which extends beyond Yakima and has an east-west trend. 

The Cold Creek syncline (see Figure 4-5) Jies between the Umtanum Ridge-Gable Mountain 
uplift and the Yakima Ridge uplift. The Cold Creek syncline is an asymmetric and relatively 
flat-bottomed structure (DOE 1988). The Wahluke syncline lies between Saddle Mountains and the 
Umtanum Ridge-Gable Mountain uplifts. It, too, .is asymmetric and relatively flat-bottomed, and is 
broader than the Cold Creek syncline. _ 

The Cold Creek Fault (previously called the Yakima Barricade geophysical anomaly) (see 
Figure 4-5) occurs on the west end of the Cold Creek syncline and coincides with a west-to-east 
change in hydraulic gradient. The data suggest that this feature is a high-angle fault that has faulted _ 
the basalts and, at least, the older Ringold units. This fault apparently has not affected younger 
Ringold units or the Hanford formation (Cushing 1995). 

Another fault, informally called the May Junction fault, is located nearly 4.5 km (3- mi) east of 
·the 200 East Area. Like the Cold Creek fault, this fault is· thought to be a high-angle fault that has 
offset the basalts and the older Ringold units. It does not appear to have affected the younger 
Ringold units or the Hanford formation. 
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I 4.1.4 Geologic Summaries of the G~~graphic fireas 
2 
3 The following sections summarize the geologic characteristics of the Reactors on the River, 
4 Central Plateau, and All Other Areas. A geologic summary is not considered pertinent for the 
5 Columbia River geographic area. 
6 
7 4.1.4.1 Reactors on the River. All of the areas included within the Reactors on the River 
8 geographic area, except the.100-B/C Area, are situated on the north limb of the Wahluke syncline. 
9 The 100-B/C Area lies over the axis of the syncline. The top of basalt in the 100 Areas ranges in 

10 elevation from 46 m (150 ft) near the 100-H Area to 64 m (210 ft) below mean sea level near the 
11 100-B/C Area. The Ringold and Hanford formations occur throughout this area; pre-Missoula 
12 gravels may be present near the 100-B/C and 100-K Areas, but are not readily distinguished from 
13 Ringold and Hanford sediments. The Plio-Pleistocene unit and early Palouse soils have not been 
14 recognized in the 100 Areas. 
15 
16 The sedimentary section above basalt in the Reactors on:the River geographic area consists of (in 
17 ascending order) the Ringold Formation, the Hanford formation, and the Holocene surficial deposits. 
18 The Ringold Formation is variable throughout this area. Ringold strata are approximately 180 m 
19 (590 ft) thick near the 100-B/C Area. The strata become thinner (80 m, 260 ft) near 100-H and 
20 thicker (100 m [330 ft]) near 100-F. Near the 100-B/C, 100-K, and 100-F Areas, the Ringold 
21 Formation consists of interbedded, fluvial gravel-dominated intervals, and paleosol- and 
22 lacustrine-dominated intervals. The gravel-dominated intervals become finer and thinner to the north, 
23 towards the 100-N, 100-D, and 100-H Areas. In these areas, Ringold strata are dominated by 
24 lacustrine deposits of the lower mud sequence at the base, and paleosols above. No significant 
25 gravel-dominated intervals are found in the Ringold Formation in the vicinity of 100-H Area 
26 (WHC 1992a). Post-Ringold/pre-Hanford units are not encountered in this area. 
27 
28 The Hanford formation ranges in thickness from 10 to 35 m (32 to 115 ft), and is dominated by 
29 an open framework consisting of granule-to-cobble gravel (WHC 1992a). Boulder-rich strata are 
30 most abundant in the 100-B/C and 100-K Areas. In these areas, the entire Hanford formation may 
31 consist of boulder-dominated deposits with boulders up to 2 m (6 ft) across. Horizons consisting of 
32 the sand-dominated facies are locally present. The slack water or graded rhythmite facies have not 
33 been identified in this area. 
34 
35 Holocene deposits are dominated_by Columbia River and eolian (wind-borne) deposits. Eolian 
36 deposits consist of thin, silty sands that blanket mueh of the area and form small dunes locally. The 
37 river deposits consist of gravels and coarse-grained sands deposited in channels, overbank silts, and 
38 fine sands. · 
39 
40 4 . .J.4.2 Central Plateau. The Central Plateau is situated on the generally southward-dipping north 
41 limb pf the Cold Creek syncline, where a su~cession of basalts and suprabasalt sediments dip gently 
42 to th·e south and southwest (WHC 1991a, 1992b). 
43 
44 4.1.4.2.1 200 West Area. In the 200 West Area, the uppermost basalt unit is the Elephant. 
45 Mountain Member of the Saddle Mountains Basalt (WHC 1991a). The Elephant Mountain Member is 
46 continuous beneath the area and shows no indication of erosional "windows" through the basalt into 
4 7 the underlying Rattlesnake Ridge interbed .. The Elephant Mountain Member is overlain by the 
48 Ringold Formation. In this area, the formation ranges in thickness from 75 to 180 m (250 to 600 ft) 
49 and consists of gravel unit A, the lower mud sequence, gravel unit E, and the upper unit. 
50 
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Beneath most of the 200:\Yes(A_rea, the B,ingold Fo~mat:ibnj~- overlain by the. Plio-Pleistocene 
unit and Early Palouse soil.->Bciil{ut{its. display .variable. thicknesses. The Hanford formation is the 

· . -~;·~."---!-E·. ~;,;,-,;·\, . · - ::.,, .. ,:,:( .... >, 1,,~w·. ~-.""•-"•,, ..i , •.. • 

uppermost significant stratigrapQj_c,µni,t-in,the 200 We~(Area; a_nd consists of 15 to 61 m (50 to 
200 ft) of interstratified gravel, s"and,. and. silt. - Holocene""eolian deposits overlie the Hanford 
formation and foi:m a thin, discontinuous. ven~er. of sand and silt'. . ' 

4.1.4.2.2 200 East Area .. In most of the 200 East Area "and the area between the 200 East and 
200 West Areas, the uppermost basalt unit is the Elephant Mountain Member. In the area northwest 
of the 200 East Area, the Elephant Mountain Member has been removed by erosion caused by 
cataclysmic flooding. The silts, sands, and tuffaceous deposits of the Rattlesnake.Ridge interbed of · 
the Ellensburg Formation are in direct contacfwith over_lying suprabasalt sediments (WHC 1992b). 

. -,, . ' .. 

. The Ringold Formation in the vicinity of the 200 East Area ranges in thickness from O to 105 m 
(0 to 350 ft) and consists primarily of gravel unit A, the lower mud sequence, and gravel unit E. · 
Ringold strata are found throughout.the southern two-thirds of the 200 East Area where they overlie. 
basalt. Ringold strata are absent from the north-central part of the area where sediments of the 
overlying Hanford formation directly overlie basalt or sedimentary interbeds in the basalt. The 
Plio-:Pleistocene unit and the Early Palous_e soil do not occur beneath the 200 East Area, and are 
encountered.only near the eastern boundary of the 200 West Area (WHC 1992b). 

. The Hanford formation is the uppermost significant stratigra:phic·unit ·in the vicinity of the 
200 East Area and consists,of approximately 15 to 64 m (50 to 210 ft) of interstratified gravel, sand, 
and silt. Strata typical of the gravel facies dominate the Hanford formation in the northern part of the 
area, but pinch out to the .south where sand...:<;tominated and slack water facies predominate. Holocene 
.eolian deposits overlie the Hanford formation and form a thin, discontinuous veneer of sand and silt 
(WHC1992bf . . . . . 

4.1. 4. 3 All Oth~r Areas. The port1ot1s of AIL Other_ Areas adj.ac~nt to the Central Plateau and 
Reactors on the River.geographic areas'contain suctes§ions of basalt and suprabasalt sediments similar 
to those found within these two areas. Basalt flows of the Saddle Mountains Basalt are exposed on. 
Gable Mountain and Gable Butte_. Toward the southeast part of this area, in the vicinity of the 
300 Area, the Ice Harbor Member of the Saddle Mounta~ns Basalt is the uppermost basalt unit 
(Cushing 1995). 

In the vicinity of the 300 Area, the Ice Harbor Member is overlain by the Ringold Formation. 
In this area the formation is· 29 to 44 m (95 to 145 ft) thick, and consists of the lower mud sequence 
and an upper gravelly sequence containing gravel units (WHC 1992c). Two mud-dominated inte.rvals 
are found locally within the .upper gravel sequence. The Ringold Formation is overlain by the 
Hanford formation. The Hanford formation _is 24 to 35 m (80 to 115 ft) thick, and is dominated. by 
the gravel and sand facies. Post-Ringold pre-Hanford deposits are absent from the 300 Area. 
Holocene surficial deposits c·onsisting of eolian silts and sands are found as thin sheets and thicker 
dunes (up to 4.5 m [15 ft]) in the southea_stern portions of this geographic area. 

4.1.5 Seismic and Volcanic Hazards . 
. . - ' . ' . . 

The foilowing discussion· briefly summarizes the seismic and volcanic hazards on the 
Hanford Site. 
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I 
l 4.1.5.1 Seismic Hazards. The historic record of earthquakes in the Pacific Northwest dates from 
2 about 1~40. The early part of this reco.rd js based on newspaper reports of structural damage and 
J human perception of the shaking, as classified by the Modified Mercalli Intensity (MMI) scale, and is 
4 . probably incomplete _because the region was sparsely populated. Seismograph networks did not start 
5 providing earthquake locations and magnitudes of earthquakes in the Pacific Northwest until about 
6 1960. A comprehensive network of seismic stations that provides accurate locating information for 
7 most earthquakes larger than a magnitude of 2.5 was installed in eastern Washington in 1969. 
8 
9 Large earthquakes (Richter magnitude > 7) in the Pacific Northwest have occurred near Puget 

10 Sound, Washington, and near the Rocky Mountains in eastern Idaho and western Mqntana. One of 
11 these events occurred near Vancouver Island in 1946,: and produced a maximum MMI of VIII, and a 
12 Richter magnitude of 7.3. Another large event occurred near Olympia, Washington, in 1949 at a · 
13 maximum MMI of VIII, and a Richter magnitude of 1:L The two largest events near the Rocky 
14 Mountains were the 1959 Hebgen Lake earthquake in western Montana, which had a magnitude of 
15 7.5 Richter and an MMI X; and the 1983 Borah Peak earthquake in eastern Idaho, which had a 
16. MMI IX Richter magnitude 'of 7.3.-.. •. · 
17 
18 A large earthquake of uncertain location occurred in north-central Washington in 1872. This 
19 event had an estimated maximum MMI ranging from VIII to IX, and an estimated Richter magnitude 
20 of approximately 7. The distribution of intensities suggests a location within a broad region between 
21 Lake Chelan, Washington, and the British Columbia border. · 
22 
23 Seismicity of the Columbia Plateau, as determined by the rate of earthquakes per area and the 
24 historical magnitude of these events, is relatively low ·when compared to other regions of the Pacific 
25 Northwest, the Puget Sound area and western Montana/eastern Idaho. Figure 4-6 shows the locations 
26 of all earthquakes that occurred in the Columbia Plateau between 1850 and 1969, with an MMI of IV 
27 or larger, and a Richter magnitude of 3 or larger. Figure 4-7 shows the locations of all earthquakes 
28 that occurred from 1969 to 1989 with Richter magnitudes of 3 or greater. The largest known . 
29 earthquake had a magnitude of 5.75 and an MMI of VII, and was followed by a number of after 
30 shocks that indicate a northeast-trending fault plane. Other earthquakes with Richter magnitudes of 
31 5 or larger and/or MMis of VI are located along the boundaries of the Columbia Plateau iri a cluster 
32 near Lake Chelan extending into the northern Cascade Range; in northern Idaho and Washington, and 
33 along the boundary between the western Columbia Plateau a,id the Cascade Range. 
34 
35 In the central portion of the Columbia Plateau, the largest earthquakes near the Hanford Site 
36. occurred in 1918 and 1973. These two earthquakes had Richter magnitudes of 4A and a MMI of V. 
37 Earthquakes often occur in spatial and temporal clusters in the central Columbia Plateau, and are 
38 termed earthquake swarms. The region north and east of the Hanford Site is a region of concentrated 
39 earthquake swarm activity; however, earthquake swarms also have _occurred in several locations 
40 within the Hanford Site. · ·· 
41 
42 Earthquakes i~ a swarm tend to gradually increase and decay in frequency of events, and usually 
43 no one outstanding large event is present within the sequence. These earthquake swarms occur at 
44 shallow depths, with 75% of the events located at depths less than 4 km (2.5 mi). Each.earthquake 
45 swarm typically lasts several weeks to months, consi~ts of se:veral to greater than 100 earthquakes, 
46 and is clustered in an area 5 to 10 km (3 to 6 mi) in lateral dhnension. Often, the longest dimension 
47 of the swarm area is elongated in an east-west direction. However, detailed locations of swarm 
48 earthquakes indicate that the events occur on fault planes of variable orientation, and not on a single 
49 fault plane. 
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Figure 4-6. Historica{-Seismic}ty of the_ ·Col~nzbia Plateau and 
Surrounding Areas '(i;ililtilig i995j'.t:tJ:\•,r.::,,;:_:•· /.:- . 
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Figure 4-7. Recent Seismzcity of the Columbia Plateau and 
Surrounding Areas as Measured by Seismographs (Cushing 1995). 
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Earthquakes in the central Coiumbia P_lateau also oc_cur t~ depths of about 30 km (18 mi). These 
deeper earthquakes are less clustb:ed'.aritl occur more 6ften:,~s siiigl'e>isolated events. Based on 
seismic refraction surveys in the region, the shallow earthquake swarms are occurring in the 
Columbia River Basalts, and the'deeper earthquakes are occurring in crustal layers below the basalts. 
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4.1.5.2 Volca11ic Hazards. Several major volcanoes are located in the Cascade Range, west of the, 
· Hanford Site. The nearest volcano; Mount Adams, is about 165 km (102 mi) from the Hanford Site, 
and the most active is Mount St. Helens, approxiIQately 220 km (136 mi) west-southwest from the 
Hanford Site .. 

Because of their closeproximity, the volcanic mountains of the Cascades are the principle 
volcanic hazard at the Hanford Site. The majqr concern is that ash fall might affect the Hanford 
Site's communications equipment and electronic devices, as well as the movement of truck and 
automobile traffic in and out of the ai:ea. -

4.1.6 Soils 

Hajek (1966) describes 15 different soil types on the Hanford Site, varying from sand to silty 
and sandy loam (Figure 4-8). Various classifications, including land use, also are given in Hajek 
(1966). The soil classifications given in Hajek (1966) have npt been upd!lted to reflect curre_nt 
reinterpretations of soil classifications. Until soils on the Hanford Site are resurveyed, the 
descriptions presented in Haje~ (1966) will continue to be used (Table 4-1). . 

· The parent material for predominant soil types at the_ Hanford Site consists of the Hanford 
formation and Holocene surficial deposits (Cushing 1992). Soils with well-developed profiles occur 
only where fine and poorly-drained sediments have been deposited, and. typically are low in organic 
matter (PNL 1991a). Wind erosion has been~: key factor in modifying developed soil profiles on the 
Hanford Site, resulting in the loss of soil down to parent material in some areas, and the creation of 
large active sand dunes in other areas of the Hanford Site. 

4.1.6;1 Columbia River. The land areas along the Hanford Reach of the Columbia River (Hanford 
Reach) included in this geographic area are the numerous islands between the City of Richland and 
the Vernita Bridge, and shoreline areas along the ·river. The predominant soil types in this area are 
the Quincy s~nds (29%), Epprata stony loam (18%), and river wash (41 %). Other soil types 
occurring in this area include Burbank loamy sand, Ephrata sandy loam, Pasco silt loam, and dune 
sand. 

39 . 4.1.6.2 Reactors o,i the River. The predominant soil types in this geographic area are Burbank 
40 ,loamy sand (34%), Ephrata sandy loam (23%), Ephrata stony loam (23%), and Quincy sand (17%). 
41 Other soil types include Pasco sHt loam, Kiona silt loam, and river wash. 
42 
43 4.1.6.3 Central Platequ. The predominant soil types in this geographic area are Quincy sand (40%), 
44 Burbank loamy sand (39%), and Ephrata sandy loam (14%). Other soil types found qn the Central 
45 Plateau are Kiona silt loam, Koehler sand,Hezel sand, and Esquatzel silt loam. Hajek (1966) 
46 reported that Quincy sand is one of the most widely distributed soil types on the Hanford Site. Active 
47 sand dunes on the Hanford Site are mapped as Quincy sand: 
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Figure 4-8. Soil Map of i!~e Hanford Sfte fc;ushing 1995) . 
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_-Table 4-1 .. S~i~ Types on the Hanford Sit't(Cushi,zg 1995). 
--1 -· 'o,__•; ~:•~f ~ ,, ,,,._.: "t·'• 

Name (symbol) 
.-.--. ..::,., _',,: 

f bescripiiori· C' 

.. 

~';:'~~-' :.'-. - ' ·" 

Ritzville Silt Loam (Ri) Dark-colored silt loam soils midway up the slopes of the Ralllesn_ake Hills. Developed ~nder 
bunch grass from silty wind-laid deposits mixed with small amoupts of volcanic ash. 
Characteristically greater than 150 cm (59 in.) deep, but bedrock· may occur at less than 150 cm 
(5~ in.) but greater than 75 cm (30 in.). 

Rupert Sand (Rp) One of the most extensive soils on the Hanford Site. Brown to grayish-brown coarse sand 
grading to dark grayish-brown at approximately 90 cm (35 in.). Developed under grass, 
sagebrush, and hopsage _in ~oarse, sandy, alluvial deposits that were mantled by wind-blown· 
sand. Hummocky terraces and dune-like ridges. · 

. -
Hezel Sand (He) Similar to Rupert sands: however, a laminated grayish-brown strongly calcareous silt loam . 

subsoil usually is encountered within 100 cm (39 in.) of the surface. Surface soil is very dark 
brown and .was formed in wind-blown sands that mantled lake-laid sediments. 

Koehler Sand (Kf) Similar to other sandy soils on the Hanford Site. Developed in a wind:blown sand mantle. 
Differs from other sands in that the sand mantles a lime-silica-cemented layer "hardpan.· Very 
dark grayish-brown surface layer is somewhat darker than Rupert Sand. .Calcareous subsoil 
usually is dark grayish-brown at approximately 45 cm (18 in.). 

Burbank Loamy Sand (Ba) Dark, coarse-textured soil underlain by gravel. Surface soil ·usually is 40 cm (16 in.) thick but 
can.be 75 cm (30 in.) thick. Gravel conterit of subsoil ranges from 20.to 80%. . 

Kio_na Silt Loam (Ki) Located on steep slopes and ridges, Surface soil is very dark grayish-brown _and approximately 
10 cm (4 in.) thick. Dark brown subsoil contains basalt fragments 30 cm (12 in.) and larger in 
diameter. Many basalt fragments found in surface layer. Basalt rocic outcrops present. 
A shallow· stony soil normally occurring in association with Ritzville and Warden soils. 

I ' • ' 

Warden Silt Loam (Wa) Dark grayish-brown soil with a surface layer usually 23 cm (9 in.) thick. Silt loam _subsoil 
becomes strongly calca,reous at approximately 50 cm (20 in.) and becomes lighter in color. 
Granitic _boulders are found in many areas. Usually greater than 150 cm (59 in.) deep. 

. ·- ··,r .• 

Ephrata Sandy Loam (El) Surface is dark colored .and subsoil is dark grayish-brown medium-textured soil underlain by 
gravelly material, which ~ay CO~tinue for many meters (feet). Level topography .. 

.. 

Ephrata Stony Loam (Eb) Similar to Ephrat;i sandy loam .. Differs in that many large hummocky ridges presently are made 
up ofdebris released from_ m_elting glaciers, Areas between hummocks contain many boulders . 
several meters (feet) if! diameter. 

Scootney Stony Silt Loam (Sc) Developed along the north slope of Raulesnake Hills: usually confined to floors of narrow draws 
or small fan_ashaped areas where draws open onto plains. Severely eroded with numerous basaltit 
boulders an_d fragments exposed. ·surface soil usually is dark grayish-brown grading to 
grayish-brown in the subsoil, 

Pasco Silt Loam (P) Poorly drained, very da,rk grayish-brown soil formed in recent alluvial material. Subsoil is 
variable, consisting of stratifie_d layers._• Only small areas found on Hanford Site. located in low 
areas adjacent to the Columbia River. 

Esquatzel Silt Loam (Qu) Deep dark-brown soil f<?rmed in recent alluvium derived from loess and lake sediments. Subsoil 
grades. to dark graxish-brown in many areas, but color and texture of the subsoil vary because of 
the stratified .nature of the alluvial depo~its. 

Riverwash (Rv) Wet, periodically flooded areas of sand, gravel, and boulder deposits that make up overflowed 
islands in the Columbia River and ·adjacent land. 

Dune Sand _(D) Miscellaneous land type that consists of hills or ridges of sand-sized particles drifted and piled UJ 
by wind and are either actively shifted or so recently fixed or stabilized that no soil horizons hav 
developed. 

'. -

Lickskillet Silt Loam (Ls) Located on ridge slop~s of Ra11lesnake Hills and slopes greater than 765 m (2,509 ft) elevation. 
Similar to Kiana series except surface soils are darker. Shallowover basalt bedrock, with 
numerous basalt fragments throughout the.profile, suggests a location within a broad region 
between Lake Chelan, Washington, and the British Columbia border. 

Preliminary Draft 4-17 November 10, 1995 



,,- ,-----------------

1 4.1. 6.4 All Other Areas. The predominant soil types in this area ire. Quincy sand (50 % ) and 
2 Butbank loamy sand (24%). Other soil 'types· occurring in this area include Ritzville silt loam, dune 
3 sand, Kiana silt loam, river wash, Pasco silt loam, Warden silt loam, Esquatzel silt loam, Ephrata 
4 sandy loam, Hezel sand, Koehler sand, and Ephrata stony loam. 

·5 
6 
7 4.2 Water Resources 
8 
9 This section provides an overview of the Hanford Site's hydrologic setting, which includes , 

10 surface water and groundwater resources. . 
11 
12 
13 4.2.1 .Surface Water 
14 
15 The Pasco Basin occupies about 4;900 km2 (1,900 mi2), and is located centrally within the 
16 Columbia Basin. Elevations within the Pasco Basin generally are lower than other parts of the 
17 Columbia Plateau, and surface drainage enters the Pasco Basin from other basins. Within the Pasco 
18 Basin, the Columbia

0

River is joined by three major tributaries: the Yakima River, the Snake River, 
19 and the Walla Walla River. 
20 
21 A network of dams and multipurpose water resources projects is located along the course of the 
22 Columbia Rivet. The principal dams are shown in Figure 4-9. ·Water storage behind Grand Coulee 
23 Dam, combined with storage upstream in Canada; totals 3.1 x 1010 m3 (1. 1 x 1012 ft3) of usable 
24 storage to regulate the Columbia River for power, flood control, and irrigation. 
25 
26 The Hanford Site occupies approximately one-third of the land area within the Pasco Basin. 
27 Primary surface-water features associated with the 1-Ianford Site are the Columbia and Yakima rivers. 
28 Several surface ponds and ditches are present, which are generally associated with fuel- and 
29 waste-:processing activities. Several small spring-fed streams occur on the Fitzner/Eberhart Arid 
30 Lands Ecology (ALE) Reserve on the western side of the Hanford Site. 
31 
32 The flow of the Columbia River has been inventoried and described in detail by the U.S. Army 
33 Corps of Engineers (USACE) (DOE 1995). Flow along the Hanford Reach is controlled by the Priest 
34 Rapids Dam. Several drains and intakes are present along the Hanford Reach. These include 
35 irrigation outfalls from the Columbia Basin Irrigation Project and Hanford Site intakes for the onsite 
36 water export system. 
37 
38 . Recorded flow rates of the Columbia River have ranged from 4,500 to 18,000 m3 

( -158,900 to 
39 635,600 ft3)_ per _second during the runoff in spring and early summer, to 1,000 to 4,500 m3 (35,300 
40 to ·158,900 ft3) per second during the low flow period of late summer and winter. -The average annual 
41 Columbia River flow in the Hanford Reach, based on records from 65 years, is about 3,400 m3 

42 (120,100 ft3) per second. Normal river elevations range from 120 m (394 ft) above mean sea level 
43 where the 'river enters the Hanford Site near Vernita, to 104 m (341 ft) where it leaves the site near 
44 the 300 Area. Vertical fluctuations of approximately 1.5 m (greater than 5 vertical ft) are not 
45 uncommon along the Hanford Reach (Cushing 1995). The width of the river varies from 
46 approx_imately 300 m to 1000 m (984 to 3281 ft) w,ithin the Hanford Site. 
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Figure 4-9. Location.:o:fi.Principal Dams ·lf_ithin the Colu11zbia 
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l The Yakima River, bordering the southern port.ion of the Hanford Site, has a low annual flow 
2 compared to the Columbia River. For 57 years ofrecord, th~ average annual flow of the Yakima 
3 River is about 104 ml (3,673 ftl) per second with monthly maximum and minimum flows of 490 ml 
4 and 4.6 ml (162 ftl and 17,305 ftl) per second, respectively. 
5 
6 Cold Creek and its tributary,- Dry Creek, are ephemeral streams within the Yakima River 
7 drainage system along the southern boundary of the Hanford Site. Both streams drain areas to the 
8 wes.t of Hanford Site. · · 
9 

10 Surface flow, when it occurs, infiltrates and disappears into the surface sediments in the western 
11 part of the Hanford Site. Rattlesnake Springs, located on the western part.of the site, forms a small 
12 surface stream that flows for about 3 km (1.8 m) before disapp;aring intci the ground. 
13 
14 West Lake is located north of the 200 East Area and is recharged from groundwater 
15 (Cushing 1995). West Lake has not received direct effluent discharges from Hanford Site facilities; 
16 rather, its existence is caused by the intersection of the elevated water table with the land surface in 
17 the topographically low area south of Gable Mountain (and north of the 200 East Area). The 
18 artificially elevated water table occurs under much of the Hanford Site and reflects the artificial 
19 recharge from Hanford Site operations. 
20 
21 The seepage of groundwater, or springs, into the Columbia River has been known. to occur for 
22 many years. Riverbank spring discharges were documented along the Hanford Reach long before . 
23 Hanford operations began during the Second World War (Cushing 1995). These relatively small 
24 springs flow intermittently, apparently influenced primarily by changes in river level. Hanford-origin 
25 contaminants have been documented in these groundwater discharges along the Hanford Reach 
26 (Cushing 1995). 
27 
28 In the 200 West Area, the West Powerhouse Pond, the 216-T-1 Ditch, the 216-T-4-2 Ditch, and 
29 the 216-Z-21 Basin are active. In the 200 East Area, only the East Powerhouse Ditch and the 
30 216-B-3C Pond are active. The 216-B-3C Pond originally was excavated in the mid-1950s for 
31 disposal of process cooling water and other liquid wastes occasionally containing low levels of 
32 radionuclides. The Fast Flux Test Facility (FFTF) Pond is located near the 400 Area, and was 
33 excavated in 1978 for the disposal of cooling and sariitary water from various facilities in the 
34 400 Area (Cushing 1995). 
35 
36 -The ponds are not accessible to the public, and did not constitute a direct offsite environmental 
37 impact during 1993 (Cushing 1995). However, the ponds are accessible to migratory waterfowl, 
38 creating a potential pathway for the dispersion of contaminants. Periodic sampling provides an 
39 ind_ependent check on effluent :control arid monitoring systems (Cushing 1995). 
40 
41 Other' than rivers and springs, no naturally occurring bodies of surface water are present on the 
42 Hanford Site. However, artificial wetlands, caused by irrigation, exist on the North Slope, which lies 
43 north of the Columbia River. Hatcheries and canals associated with the Columbia Basin Irrigation 
44· Project constitute the only other artificial _surface water expressions in the area. The Ringold 
45 Hatchery is the only local hatchery and is located just south of the Hanford Site boundary on the east 
46 side of the Columbia River (just northeast of the 300 Area). 
47 
48 Total estimated precipitation over the Pasco Basin is about 9 x 108 m3 annually, averaging less 
49 than 20 cm/yr (approximately 8 in./yr). · Mean annual runoff from the Pasco Basin is estimated at 
50 less than 3.1 x 107 ml/yr, or approximately 3% of the total precipitation. The basin-wide runoff 
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coefficient is zero for all pra~ti9,al p,y,rposes. Th_e remaining prec;ip}tation is assumed to be lost 
through evaporation, with less :tha.n'I%;;{e~harging the,-gro:uJ1<lwate'r sistem. However, studies 

•••• ·• .,. ,_ ... ,_.~1- 0 ·,.~,.'.~•-.;,;-.,,,,.,J,,- :,.,. 1 • .-.;, .. ·c,.-,.;~_,_,, .. ··...:i-.··'\\'l",_;,>_,f,.·_ ~-., .. 

suggest. that prec1p1tat1on may con,trib_utf i:echl!rge to the groundwater iri areas where soils are 
coarse-textured and bare of vegetation (Cushing 1995). . . . . . 

4.2.1.1 Flooding. Large Columbia. River'floods have occurred in the past, but the likelihood of 
recurrence of large-scale flooding has been reduced by the construction of several flood control/water 
storage dams upstream of the Hanforp Site. Major floods on the_Colurnbia River typically _result . 
from rapid melting of the winter snowpack over a wide.area augmented by ab.ave-normal 
precipitation. The maximum historical flood on, record occurred June 7, 1894, with a peak discharg~ 
at the Hanford Site of 21,000 m3 (742,000 ft3

) per_ second. The floodplain associated with the 
1894 flood is shown in Figure ·4-10. The largest recent flood took place in 1948 with an observed 
peak discharge of 20,000 rn3 (706,280 ft3) per second at the Hanford Site (Cushing 1995). · 

. . .. 

The Federal Emergency 'Management Agency 'has not prep~red flo~dplain maps for the Hanford 
Reach because that. Agency prepares maps orily for develoI?ing areas (a criteria that_ specifically 

· excludes the Hanford Reach). . · · · 

-Evaluation of flood potential is conducted, in part, through the concept of the probable maximum 
flood, determined from the upper limit of precipitation falling on a drainage area and other hydrologic • 
factors, such as antecedent moisture conditions, snowmelt, and tributary· conditions, that could result_ 
in maximum runoff. The probable ·maximum flood for the Columbia River below Priest Rapids Darn 
has been calculated to be 40,000. m3 (1.4 million ft3

)" per s~cond (Figure 4-11) and is greater than the 
500-year flood. This flood would inundate parts of the· 100 Areas located adjacent to the Columbia 
River, but the central portion of the Hanford Site would remain unaffected (Cushing 1995). 
Floodplains issues are further discussed in Appendix J; Floodplain/Wetlands Assessment, in 
accordance with 10 Code of Federal Regulations (CFR) 1022. · 

. . ' ·;::~:. - . ~- :·'·. ,' . :: _,:-, 7•,:/-· .. 
The USACE has derived the Standarcf'Pfojec(Flood with both dam-regulated and -unregulated 

peak discharges given for the Columbia River below Priest Rapids Dam (Cushing 1995). The 
regulated Standard Project Flood fo_r this part of the river is given as 15,200 rn3 (54,000 ft3) per · 
second and the 100-year regulated flood as 12-,400 m3 (440,000 ft3

) per second.· . . 

Potential dam failures on the C~l~rnbia River have been evaluated (Cushing 1995). Upstream· 
failures could arise from a number of causes, with the magnitude of the resulting flood depending on 
the degree of breaching at the dam.' The USACE evaluated a number of scenarios on the effects of 
failures of Grand Coulee Darn, assuming flow conditions of 11,000· m3 (400,000 ft3) per second. Fpr 
purposes of emergency planning, they hypothesized that 25 % and 50% breaches (the instantaneous 
disappearance of 25 % or 50 % of the center section of the dam) would result from the detonation of 
nuclear explosives in sabotage or war .. The discharge or floodwave resulting from such an 
instantaneous 50% breach at the outfall ofthe Grand Coulee Dam was determined to be 600,000 m3 

(21 million ft3) per second. In addition to the areas inundated by the probable maximum flood 
(Figure 4-11), the remainder of the_lOO Area~. the 300 Area, and nearly all of Richland, Washington, 
would be flooded (Cushing 1995). Determinations were not made-for failures of dams upstream, for 
associated failures downstream of Grand. CotJlee, or for breaches greater than 50 % of."Grand Coulee. 
This is because the 50% scenario was believed to .represe-nt the largest realistically conceivable flow 
resulting from either a natural or human-induced breach (DOE ·1995); that is, it was not considered 
credible that a structure as large as the Grand Coulee Dam would be 100 % destroyed instantaneously. 
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Figure 4-10. Flood Area During the 1894 Flood (Cushing 1995). 
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Figµre 4-11. Flood Area for the Probable Maximunz Flood 
j (Cushing 1995). 
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l It also was assumed that such a scenario as· the 50 % breach would occux: only as the result of direct 
2 explosive detonation, not because of a natural event such as fo e~rthquake. Even a 50% breach under 

. 3 these conditions would indicate an emergency situation where other overriding major concerns might 
4 be present. · · 

5 
6 The possibility of a landslide resulting in river blockage and flooding along the Columbia River 
7 also has been examined for an area bordering the east side of the river upstream fron1 the City of 
8 · Richland (Cushing 1995). The possible landslide area considered was the 75-m (250-ft) -high bluff 
9 (generally known as White Bluffs). Calculations were made for an 8 x 105 m3 (1 x 106 yd3) landslide 

10 volume with a concurrent flood flow of 17,000 m3 _(600,000 ft3
) per second (a 200-year flood). · 

11 resulting in a flood wave crest elevation of 122 m (400 ft) above mean sea level. Areas inundated . 
12 upstream from su~h a landslide event would be si~1ilar to those shown in Figure 4-11. 
13 
14 A flood risk analysis of Cold Creek was conducted in 1980 as part of the characterization of. a 
15 geologi~> repository for high-level radioactive waste. Such design work is usually done to the criteria 
16 Standard Project Flood or Probable Maximum Hood rather than the worst case or JOO-year flood 
17 scenario. Therefore, in lieu of 100- and 500-year floodplain studies, a· probable maximum flood 
18 evaluation was made for a reference repository location directly west of the 200 East Area and 
19 encompassing the 200 West Area (Cushing 1995). Figure 4-12 shows the extent of this probable 
20 maximum flood. 
21 
22 4.2.1.2 Surface Water Quality. The Washington State Department of Ecology (Ecology) classifies 
23 the Columbia River as Class A (excellent) between Grand Coulee Dam and the mouth of the river 
24 near Astoria, Oregon (Cushing 1995). Class A waters are to be suitable for essentially all uses, 
25 including drinking water, recreation, and wildlife habitat. State and federal drinking water standards 
26 apply to the Columbia River, and are currently being met. · 
27 
28 Pacific Northwest National Laboratory conducts routine monitoring of the Columbia River for 
29 both radiological and nonradiological water quality parameters. A yearly summary of results has 
30 been published since 1973 (PNL 1995a). Numerous other water quality studies have been conducted 
31 on the Columbia River relative to the impact of the Hanford Site during the past 37 years. Three 
32 outfalls currently are covered by National Pollutant Discharge Elimination System (NPDES) permits 
33 at the Hanford Site: at the 100-K and 100-N Areas, and at the 300 Area. These discharge locations 
34 are monitored for various measures of water quality, including nonradioactive and radioactive 
35 pollutants. The estimated dose from radionuclide releases is presented in the Hanford Site 
36 Environmental Report for Calendar Year 1994 (PNL 1995a). In 1994, monitored liquid discharges 

. 37 resulted in a dose of 0.011 mrem to the downstream maximally exposed individuals (PNL 1995a). 
38 
39 Radiological monitoring shows low levels of radionuclides in samples of Columbia River water. 
40 Although radionuclides associated with Hanford operations continued to be identified in Columbia 
41 River water in 1994, concentrations remained low at all monitoring locations and were well below 
42 applicable standards (PNL 1995a). Tritium, iodine-129, and uranium concentrations downstream of 
43 the Hanford Site are found to be slightly higher than upstream, but were well below concentration 
44 guidelines established by DOE and U.S. Environmental Protection Agency (EPA) drinking water 
45 standards (Table 4-2). In 1994, the average annual strontium.:90 concentrations were essentially the 
46 same at Priest Rapids Dam (upstream of the Hanford Site) and at the Richland Pumphouse 
47 . (PNL 1995a). 
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Figure 4-12. Extent o:f'tlze Probable Maxilnuin Flood in the 
} Cold Creek Area (Cusl/iiigl995) . ... ' ' 
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Table 4-2. Annual Average Co1zce1Ztratio1Zs of Radioriuclides in ·columbia River 
<PNL 199saJ. · 

Water concentrations (pCi/L) 

Radionuclides Upstream Concentration Downstream Concentration EPA Drinking Water 
(Priest Rapids Dam) (Richland Pumphouse) Standard 

H-3 38 87 20,000 

Sr-90 0.09 0.09 8.0 

u 0.42 .. - 0.49 20.0* 

Tc-99 0.02 0.05 900· 

1-129 4.3 X 10·5 7.7 X 10·5 0.48 

9 *Proposed. 

10 
11 
12 For nonradiological water quality parameters measured in Columbia River water during 1994, 
13 metals and anions were generally similar upstream and downstream and in compliance with applicable 
14 primary drinking water standards. Volatile organic compounds (VOC) were generally less than 
15 regufi1tor.y standards (PNL 1995a). 
16 
17 
18 4.2.2 Groundwater 
19 
20 The following sections describe the groundwater and hydrology of the Hanford Site. 
21 A generalized cross-section of the Hanford Site groundwater is presented in Figure 4-13. Water table 
22 elevations for the unconfined aquifer are presented in Figure 4-14. 
23 
24 
7-_ _:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

4.2.2.1 · Groundwater Hydrology. The multi-aquifer system within the Pasco Basin has been 
conceptualized as consisting of four geohydrologic units: (1) the Grande Ronde Basalt; (2) Wanapum 
Basalt; (3) Saddle Mountain Basalt; and (4) suprabasalt Hanford and Ringold formation sediments. 
Geohydrologic units older than the Grande Ronde Basalt probably are of minor importance to the 
regional hydrologic dynamics and system. Together, the Grande Ronde, Wanapum; and Saddle 
Mountain Basalts compose the·C~lumbia River Basalt group. 

The Grande Ronde Basalt is the most voluminous and widely spread formation within the 
Columbia River Basalt group, and has a thickness of at least 2,745 m (9,000 ft). The Grande Ronde 
Basalt geohydrologic unit is composed of the Grande Ronde Basalt and minor intercalated sediments 
equivalent to or part of the Ellensburg Formation (DOE 1988). More than 50 flows of Grande Ronde 
Basalt underlie the Pasco Bas.in, but little is known of the lower 2,200 to 2,500 m (7,216 to 8,200 ft) 
of this geohydrologic unit. This unit is a confined-to-semiconfined flow system that is recharged 
along. the margins of the Columbia Plateau where the unit is at or close to the land surface, and by 
surface-water and groundwater inflow from lands adjoining the plateau. Vertical movement into and 
out of the unit is known to occur. Groundwater within the unit in the eastern Pasco Basin is believed 
to be derived from groundwater inflow from the east and northeast. 
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Figl}re 4-13. 
(PNL 1995b ). 
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Figµre 4-14. Water-Table Elevations for the Unconfined Aquifer 

1 at Hanford (Cushing 1995). 
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The Wanapum Basalt geohydrolqgic unit c'onsists of basalt flows intercalated with minor and 
discontinuous sedimentary interb~ds. of 'the: Ellensburg Formatipn 'cir equivalent sediments. In the 
Pasco Basin, the Wanapum Basalt consists of three members; each consisting of multiple flows. The 
geohydrologic unit underlies the entire Pasco Bas'in and has a maximum thickness of 370 m 
{1,215 ft). Groundwater within the Wanapum Basalt geohydrologic unit is confined to semiconfined. 
Recharge is believed to occur from precipitation where the Wanapum Basalt is not overlain by great 
thicknesses of younger basalt, leakage from adjoining formations, and surface-water and groundwater 
inflow from lands adjoining the plateau. Local recharge is derived from irrigation. Within the Pasco 
Basin, recharge occurs along the anticlinal ridges _to the north and west,- with recharge in the eastern 
basin being from groundwater inflow from the east and northeast (DOE 1988). Interbasin transfer 
and vertical leakage are also believed to contribute to the recharge. 

The Saddle Mountain Basalt geohydrologic unit is composed of the youngest formation of the 
Columbia River Basalt group and s~veral thick sedimentary beds of the Ellensburg Formation or 
equivalent sediments that comprise up to 25 % of the unit. Within the Pasco Basin, the Saddle 
Mountain Basalt contains seven members, each with one or more flows. This geohydrologic unit 
underlies most of the Pasco Basin, attaining a th_ickness of about 290 m (950 ft), but is absent along 
the northwest part of the basin and along some anticlirial ridges. ·Groµndwater in the Saddle 
Mountain geohydrologic unit is confined to semiconfined, with recharge and discharge believed to be 
locaL(DOE 1988). 

The rock materials that overlie the basalts in the structural and topographic basins within the 
Columbia Plateau generally consist of Miocene-Pliocene sediments, volcanics, Pleistocene sediments 
(including those from catastrophic flooding), and Holocene sediments consisting mainly of alluvium 
and eolian deposits. The suprabasalt geohydrologic unit (referred to as the Hanford/Ringold unit) 
consists principally of the Miocene~Pliocene Ringold Formation stream, lake, and alluvial materials, 
and the Pleistocene catastrophic flood deposits informally called the Hanford formation. G.roundwater 
within the suprabasalt geohydrologic unit is generally _'!nconfined, with recharge and discharge usually 
coincident with topographic highs and lows (DOE 1988). The Hanford/Ringold unit is essentially 
restricted to the Pasco Basin with principal recharge occurring along the periphery of the basin from 
precipitation and ephemeral streams. · 

Little if any natural recharge occurs within the Hanford Site, but artificial recharge occurs from 
liquid waste disposal activities (PNL 1995a): Recharge from irrigation occurs east and north of the 
Columbia River and in the synclinal valleys west of the Hanford Site. Upward leakage from lower 
aquifers into the ~nconfined aquifer is believed to occur in the northern and eastern sections of the 
Hanford Site._ Groundwater discharge is primarily to the Columbia River. 

Groundwater under the Hanford Site occurs under unconfined and confined conditions. The 
' - ' . 

_unconfined aquifer is contained within the glaciofluvial sands and gravels of the Hanford formation 
and within the Ringold Formation. It is dominated by t_he middle member of the Ringold Formation, 
consisting of sands and gravels with varying amounts of cementation. The bottom of the unconfined 
aquifer is the basalt surface or, in some areas, the clay zones of the Lower Ringold. A semiconfined 
aquifer occurs in areas where the coarse-grained Basal Ringold lies between the basalt and the 
fine-grained Lower Ringold. The confined aquifers consist of sedimentary interbeds arid/or interflow 
zones that occur between dense basalt flows in the Columbia River Basalt group. The main 
water-bearing portions of the interflow zones occur within a network of interconnecting vesicles and 
fractures of the flow tops or flow bottoms. · 
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4.2.2.2 Groundwater Recharge. Sources of natural recharge to the unconfined aquifer are rainfall 
and runoff from the higher bordering elevations, water infiltrating from small ephemeral streams, and 
river water along influent reaches of the Yakima and Columbia rivers. In order to define the 
movement of water in the vadose zone, the movement of precipitation through the unsaturated 
(vadose) zone has been studied at several locations on the Hanford Site. Conclusions from these 
studies are varied depending on the location studied. Some investigators conclude that no downward 
percolation of precipitation occurs on the Central Plateau where soil texture is varied and is layered 
with depth, and that all moisture penetrating the soil is removed by evaporation. Others have 
observed downward water movement below the root_ -zone in tests conducted near the 300 Area, wl)ere 
soils are coarse textured and pr~cipitation was above normal (DOE 1987)°. 

I 

From the recharge areas to the west, the groundwater flows downgradient to the discharge areas, 
primarily along the Columbia River. This general west-to-east flow pattern is interrupted locally by 
the groundwater mounds in the 200 East and 200 West Areas. From the 200 East and 200 West 
Areas, a component of groundwater also flows to the north, between Gable Mountain and Gable 
Butte. These flow directions represent current conditions; the aquifer is dynamic, and responds to 
changes in natural and artificial recharge. 

Local recharge to the shallow basalts is believed to result from infiltration of precipitation and 
runoff along the margins of the Pasco Basin. Regional recharge of the deep basalts is thought to 
result from interbasin groundwater movement originating northeast and northwest of the Pasco Basin 
in areas where the Wanapum and Grande Ronde Basalts crop out extensively (DOE 1995). 
Groundwater discharge from the shallow basalt is probably to the overlying unconfined aquifer and 
the Columbia River. Presently, the discharge area(s) for the deep groundwaters is uncertain, but flow 
is believed to be generally southeastward with discharge speculated to be south of the Hanford Site 
(DOE 1995). 

4.2.3 Groundwater of Hanford Site Geographic Areas 

The .following sections describe the groundwater in each of the four geographic areas of the 
Hanford Site. 

4.2.3.1 Reactors on the River. A generalized hydrogeologic column for the Reactors on the River 
geographic area -is shown on Figure 4-15. This representation was developed for the 100-N Area, but 
the basic units generally are found in the other areas as well. The major hydrostratigraphic units are 
the Rattlesnake Ridge interbed, · Elephant Mountain Basalt Member, Ringold Formation, and Hanford 
formation (WHC 1991b). Two semiconfined water-bearing intervals are found in the generally 
unconfined Hanford and Ringold-dominated uppermost aquifer system. The aquifer in the basalts is a 
confined system. 

42 The Rattlesnake Ridge interbed is the uppermost confined aquifer; it consists of tuffaceous 
43 siltstone and sandstone. Aquifers below the Rattlesnake Ridge interbed are considered less significant 
44 to environmental remediation issues because their generally upward hydraulic gradients prevent 
45 downward migration of contaminants. Potentiometric data are not available for the interbed in this 
46 area, but there is an upward hydraulic gradient between the Rattlesnake Ridge interbed and the 
4 7 uppermost aquifer system at other locations at the Hanford Site. The Elephant Mountain Basalt 
48 Member forms the confining layer above the Rattlesnake Ridge interbed. Both the Rattlesnake Ridge 
49 interbed aquifer and the Elephant Mountain Member confining layer are found throughout this area. 
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Figure 4-15. Generalized Stratigraphic and Hydrologic Column 
, for.the Reactors on the Riyifr' Geographic Area (WHC 1991b). 
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The uppermost aquifer system consists of five hydrostratigraphic units (see Figure 4-15). The 
2 lowest unit in the uppermost aquifer system consists of Ringold fluvial gravel unit A, which lies 
3 unconformably on the Elephant Mountain Member. Unit A consists of interbedded sand and cobbles 
4 with some caliche layers. Unit A is not found at the 100-F, 100-H, or 100-D Areas. The confining 
5 layer above unit A consists of interbedded clay and silt assigned to the lower mud sequence of the 
6 Ringold Formation. These fine-grained sediments are continuous across this geographic area. 
7 
8 Layers of silty sand to sandy silt, equivalent to Ringold gravel units B and C, form the third 
9 hydrostratigraphic unit, a confined aquifer. This unit contains alternating lithologies that suggest the 

10 possibility of alternating producing and confining Jayers. The unit becomes coarser toward the 
11 southwest near the 100-K and 100-B/C Areas and finer toward the south~ast in the vicinity of the 
12 100-H and 100-F Areas. The fourth hydrostratigraphic unit is a confining interval that consists of 
13 interbedded overbank clay and silt with. occasio11al sand layers. 
14 
15 The uppermost hydrostratigraphic unit is unconfined, and occurs in the fluvial gravels ofRingold 
16 unit E and locally in the bottom few feet of the Hanford formation. In the vicinity of the 100-H and 
17 100-F Areas, Ringold unit E is absent; the upper hydrostratigraphic unit consists entirely of Hanford 
18 gravels. Channels and other erosional features are cut into the top of the Ringold Formation. These 
19 channels are filled by higher-permeability Hanford deposits, and may act as preferred pathways for 
20 groundwater movement. 
21 
22 Flow direction within this area generally is toward the Columbia River. Groundwater gradients 
23 and flow directions were influenced in the past by groundwater mounds (resulting from discharge of 
24 reactor effluent to the subsurface). With the shutdown of the reactors, all groundwater mounds have 
25 now dissipated. During elevated river stages, however, the flow is away from the river. 
26 
27 4.2.3.2 Central Plateau. A generalized representation of the stratigraphic and hydrogeologic setting 
28 of the Central Plateau is shown on Figure 4-16·. The major hydrostratigraphic units in the Central 
29 Plateau are the Rattlesnake Ridge interbed, Elephant Mountain Basalt Member, Ringold Formation, 
30 Plio-Pleistocene unit and Early Palouse soil, and_ the Hanford Formation (WHC 1991b). Aquifers 
31 below the Rattlesnake Ridge interbed are considered less significant to environmental remediation 
32 issues than those closer to ground surface. · · · · • · 
33 
34 The uppermost confined aquifer beneath most of the Central Plateau consists of the Rattlesnake 
35 Ridge interbed, the overlying flow bottom of the Elephant Mountain Member, and the underlying 
36 flow top of the Pomona Member. North of the _200 East Area; the Elephant Mountain Member has 
37 been removed locally by erosion, allowing hydraulic communication between the underlying 
38 Rattlesnake Ridge interbed· aquifer and the overlying uppermost aquifer system (RHO 1984). Where 
39 . such erosional windows occur, the Rattlesnake Ridge interbed is no longer confined and the 
40 uppermost confined aquifer is the Selah· interbed. Several basalt flows have been removed by erosion 
41 in the Gable Gap area (north of the Central Plateau), allowing hydraulic communication between 
42 . highly conductive sediments of the uppermost aquifer system and the sedimentary interbeds. below the 
43 Selah interbed. · 
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Figure 4-16. Generalized Stratigraphic, and Hydrologic Colu11111 
') for the Central Platea~ 'Y~itC{,YJ.l991b j:?\>:~:-;:;: '' 
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1 The uppermost aquifer system in'ihe Central Plateau occurs primarily within the sediments of the 
2 Ringold Formation and Hanford formatiqn. In the 200 West Area·, the upper aquifer is contained 
3 within the Ringold Formation and-displays unconfined to locally confined or semiconfined conditions. 
4 In the 200 East Area, the upper aquifer occurs in the Ringold Formation and Hanford formation. 

1 

5 Depth to groundwater in the upper aquifer ranges from approximately 57.9 m (190 ft) beneath the 
6 former U Pond in the 200 West Area to 103.6 m (340 ft) west_ of the 200 East Area. The saturated 
7 thickness of the unconfined aquifer ranges from approximately 67.2 to 112.2 m (220 to 368 ft) in the 
8 200 West Area and approximately 61 m (200 ft) in the southern 200 East Area to near 0 m (0 ft) in 
9 the northeastern 200 East Area where the aquifer thins out and terminates against the basalt located 

10 above the water table. · 
11 
12 Ringold sediments in the uppermost aquifer system in the 200 East Area are dominated by fluvial 
13 gravels of unit E that overlie the basalts of the Elephant Mountain Member. Significant silt- and 
14 clay-dominated intervals are absent except in the southwestern part of the 200 East Area and east of · 
15 B Pond where the lower mud sequence is found. Sandy gravels dominate the Hanford formation in 
16 the uppermost aquifer system in the 200 East Area. 
17 
18 - The uppermost aquifer system in the 200 West Area occurs primarily within the Ringold 
19 Formation. The lower part of the upper aquifer system consists of unit A and generally is confined 
20 by fine-grained sediments ·of the lower mud sequence. The lower mud sequence is absent in the 
21 northern portion of the 200 West Area, and a single, undifferentiated gravel sequence consisting of 
22 unit A and the overlying deposits of unit E is found. In this area, it is not possible to hydraulically 
23 differentiate unit A from unit E. The confining zone overlying unit A thins and pinches out in the 
24 eastern section of the 200 West Area. The upper part of the uppermost aquifer system in the 
25 200 West Area is contained mostly within the fluvial gravel of unit E. 
26 
27 Only the Hanford formation is continuous throughout the vadose zone in the Central Plateau. 
28 The upper unit of the Ringold Formation, the Piio-Pleistocene unit, and the Early Palouse soil only 
29 occur in the 200 West Area. As much as 42.7 m (140 ft) of Ringold strata belonging to unit E occur 
30 above the water table in the 200 West Area. However, in the northern half of the 200 East Area, 
31 post-Ringold erosion has removed unit E as well as the entire Ringold Formation. Where this occurs, 
32 as well as where groundwater mounds caused by sustained discharge of wastewater are found. the 
33 vadose zone occurs entirely within the Hanford formation. 
34 
35 The uppermost aquifer system beneath the Central Plateau receives artificial recharge from liquid 

·36 disposal areas. The major sources of artificial recharge in the Central Plateau have been three waste 
37 ponds designated U Pond in the 200 West Area, B Pond (east of the 200 East Area), and Gable 
38 Mountain Pond (north of the 200 East Area). Wastewater disposed to these ponds has formed 
39 groundwater mounds and increased the water table elevation by approximately 20 m (65 ft). U Pond 
40 was deactivated in 1984, and Gable Mountain Pond was decommissioned and backfilled in 1987. 
41 With no ·further recharge, the groundwater mounds associated with these two ponds have begun to 
42 dee.line and will continue to do so over the ·coming years. The volume of liquid discharged to B Pond 
43 temporarily increased after the elimination of Gable Mountain Pond, but has now been reduced. As a 
44 result, the groundwater mound associat~d with B Pond is slowly receding. 
45 
46 4.2.3.3 All Other Areas. Because available hydrogeologic information for the All Other Areas 
47 geographic area is concentrated in the 1100 and 300 Areas, hydrologic system descriptions are 
48 provided for these two areas.. Hydrologic systems within this area, which are adjacent to the Central 
49 Plateau and Reactors on the River geographic areas, are similar or transitional to the systems 
50 described previously for those two areas. 
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4.2.3.3.1 1100 Area. Hydrostratigraphic units in the 1100 Area consist of the Ice Harbor 
Member of the Saddle· Mounta.ir,i§ B,,i~~.1t 1 _ \q~~(S,99.0ned _ ZQD.~_s)fr; ~he Ringold Formation, and upper 

•' ,. , 'I,·:-:-, •y" • "•,:,,,.M,,;1J)'~,!,!,-~~;,~-~'.•"-·-~.1c;,-_· ·' ~-hA"'•"'t:~.i,:<t••· l'.,1.:'.'·-'1'•• .• ,•. , 

unconfined zones in the Rmgold Fori1iation·anff'thl'Hanfcfro fdimatioh'(WHC 1991b) (see .. · . 
Figure 4-16). . tJ•.·',i i' "; ,;, s:" · 

The uppe;most aquifer ~ystem. occurs within both the Hanford and Ringold formations'. The 
upper aquifer is divided into. a semiconfined lower part and an unconfined upper part by. a 
discontinuous site aquitard (Figure 4-17) consisting of overbank deposits of the Ringold Formation, . 
One or more confined to semiconfined zones likely occur below this aquitard_. The upper confined 
aquifer consists of fluvial gravels of Ringold units C and B. The silt aquitard is common throughout 
the 1100 Area, but it is unclear how laterally extensive the aquitard is outside the area. 

The unconfined aquifer below the I 100 Area occurs predominantly within fluvial gravels of the 
Ringold Formation and coarse-grained deposits of the Hanford formation, and is considered to have 
continµity with the unconfined aquifer occurring ·elsewhere below the Hanford Site and east of the 
1100 Area. The vadose zone consists predominantly of ihterbedded sands and gravels of the Hanford 

. formation. The depth to the water table varies from 6.1 m (20 ft) West of the Horn Rapids Landfill 
to 15.~ m (50 ft) at the ·south end of the 1100 Area: · · 

. . . . . . 

. The Yakima River discharges di~ectly to the unconfined aquifer along _the Horn Rapids reach 
below Horn Rapids Dam (WHC 1991b). Groundwater recharge to the unconfined aquifer below tl).e 
'I 100 Area and vicinity results from groundwater inflow from the Yakima River. East of the 
1100 Area, the City of Richland infiltration basin artificially recharges the unconfined aquifer. 

This major sourc~ of recharge to the aquifer causes groundwater mounding that extends west of 
_ the infiltration basin .. However, because the infiltration basin is recharged intermittently, the mound 
. may dissipate between periods of recharge. Groundwater flow in the vicinity of the 1100 Area is east 

to southeast. Groundwater discharge frq,m, try~ unconp~~d aquifer is primarily into the Columbia 
River and to wells in the City of Richlaricl's·weil field;·,~:-: ··. . · · 

4.2.3.3.2 300 Area. The hydrostratigraphic units in the 300 Area, in ascending order, are the 
Levey interbed and Ice Harbor Member of the. Saddle Mountains Basalt; the l9wer mud sequence and 
fluvial gravels of the Ringold units E, C, and B; coarse-grained deposits of the Hanford formation; 
and eolian sand (Figure 4-18). Unconfined and confined aquifers are present beneath the 300 Area. 
The uppermost aquifer is unconfined; the. first underlying confined aquifer is contained in the flow top 
of the uppermost basalt and,. loi;:ally in some parts of the 300 Area, the lowermost portion of the _ 
Ringold Formation. 

The Levey interbed is the uppermost confined· aquifer in the 300 Area. This aquifer consists of. 
the flow bottom of the ~ce Harbor Basalt, the 'flow top of the Elephant Mountain Basalt,· and tl1e 
Levey interbed. The overlying Ice Harbor Member acts as.a confining unit to the Levey interbed 
aquifer, separating it from the overlying upper or suprabasalt aquifer. 
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Figure 4-17. Generalized' Stratigraphic an4 Hydrologic Column 
~ for the 1100 Area (WHC 1991b). 
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Figure 4-1& G~,~;~~lized St;Jtigraplzic and Hydrologic Colunzn 
~ for the 300 Area'(WHC1_9?1fJJff? · :i ,. · 
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The uppermost aquifer system in the '300 Area, as throughout-most of the Hanford Site, is 
2 located in the Ringold Formation and the Hanford formation. the lower mud sequence of the 
3 Ringold Formation forms the base of the.upper aquifer and acts as a local confining unit to 
4 discontinuous sand lenses located on top of the Ice Harbor Member. The lower mud sequence 
5 pinches out to the north of the 300 Area. · 
6 
7 The main body of the upper aquifer occurs in the fli.Ivial gravels of Ringold units E and possibly 
8 units C and B. These gravelly deposits are inferred to be laterally continuous in the area. The lower 
9 part of the unconfined aquifer in the fluvial gravel facies may be isolated hydraulically by 

10 discontinuous thin interbeds of silt and clay. 
11 
12 . The water table in the 300 Area 1s at a depth of approximately 9.1 to 19 m (30 to 62 ft) below 
13 land surface, and is located near the contact between the Hanford formation and the Ringold 
14 Formation~ but generally is found in the Ringold Formation (Cushing 1995). Depending on the 
15 location, the water table is present in both formations. The Hanford formation in the 300 Area 
16 consists of gravel with cobbles and boulders and oµly· a small part of the_ lower half of the unit is 
17 usually saturated with water. The vadose zone in t~is area lies almost entirely within the gravels of 
18 the Hanford formation. · 
19 
20 . .Groundwater flow across the 300 Area is generally to the southeast. However, in the southern 
21 part of the area there is a compon~nt of groundwater flow from the Yakima River southwest of the 
22 300 Area. As a result; groundwater enters the 300 Area from the northwest, west, and southwest 
23 (WHC 1991b). In the past, the primary man-made influence on groundwater level and flow direction 
24 in the 300 Area was from process trenches. The large volumes of water formerly discharged to these 
25 trenches would percolate quickly to the groundwater and create small groundwater mounds. · 
26 Discharge to the process trenches has been greatly reduced and the groundwater mounding beneath . 
27 the trenches has now dissipated. 
28 
29 
30 4.2.4. Groundwater Quality 
31 
32 Groundwater quality on the has been affected by activities related to the production of nuclear 
33 materials. Due to the arid climate, natural recharge of the groundwater on the Hanford Site is 
34 normally low. Artificial recharge has occurred in the past from the disposal of liquid waste 
35 associated with processing operations in the 100, 200, and 300 Areas (Reactors on the River, Central 
36 Plateau, and All Other Areas), which created mounds of _water underlying discharge points. Large 
37 areas underlying the Hanford Site have elevated levels of both radiological and nonradiological 
38 constituents. The liquid effluents discharged into the ground have carried with them certain 
39 radionuclides and chemicals that move through the soil column at varying rates, eventually entering 
40 the groundwater and forming plumes of contamin;ition. 
41 
42 4.2.~1 Unconfined Aquifer .. As part of the continuing environmental monitoring program atthe 
43 Hanford Site, groundwater monitoring reports are published in the Hanford Site Environmental 
44 Report (PNL 1995a), which is issued each calendar year. The shallow, unconfined aquifer in the 
45 Pasco Basin and on the Hanford Site contains waters of a dilute (less than or approximately · 
46 350 milligrams per liter total dissolved solids) calcium bicarbonate chemical type. Other principal 
47 constituents include sulfate, silica, magnesium, and nitrate. Variability in chemical composition exists 
48 within the unconfined aquifer because of natural variation in ·the composition of the aquifer material; 
49 because of agricultural and irrigation practices nprth, east, and west of the Hanford Site; and, on the . 
50 Hanford Site, becaus_e of liquid waste disposa:1. 
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Analyses of unconfinedaquif~Mvater sainples taken by_th~~U.S. Geological Survey in the Pasco 

Basin, but. off the Hanford' ?ite;:c~he co~ww.t::,?;.~,Hn samPlr~)~k~,n,J>y the Pacific Northwest National 
Laboratory and the U.S. Geologica.1.Surv,ey·on\the 1-Ji;i,nford Site.for the years 1974 through 1979 
(DOE 1995). In general, Hanford Site groundwater analyses showed higher level~ of che1~1ical . 
constituents aml-·temperatl.ires than were reflected;in the'analyses of offsiie ian1ples. 

Elevated levels of some constituents in Hanford Site grqundwater result from releases of various_ 
liquid wastes from disposal facilities, primarily in the Reactors on the River (formerly the site of 
production reactor operations) and the Central Plateau (formerly the spent fuel reprocessing and 
defense materials production site) geographic areas. Mobile contaminants, such as tritium, .. 
iodine-129, and:nitrate from the Central Plateau, are present in a groundwater plume that extends 
across the southeastern quadrant of the Hanford Site and enters the. Columbia River. along a broad -
front north of the 300 Area. Contaminants having lower mobility ,are confined generally to smaller 

. localized plumes in the vicinity of the disposal fadlitfos, and migrate more slowly toward the 
Columbia River (Cushing 1995). Some longer,-l~ved radionuclioes, such as strontium-90 and· 
cesium-137 have reached the groundwater, primarily through liquid waste disposal cribs. Minor 
quantities of longer-lived radionuclides also have reached· the water table through a failed groundwater 
monitoring well casing and through injection wells, a disposafpractice that was discontinued at the 
Hanford Site in 1947 (DOE 1995). ·· . 

. Several radionuclides and nonradioactive contaminants were present in the groundwater at 
. concentrations that exceeded the EPA's drinking water standards (PNL 1995a). These standards exist 

to protect public drinking water supplies. These standards are used for purposes· of comparison, 
although it should be noted that, with one exception, groundwater beneath the site is not used for 
human consumption or food production. Groundwater utilized for drinking at the FFTF Visitor 
Center contains above-background concentrations of tritium and icidine-129 from ~he 200 East and 

· 200 West Area plume; however, these levels.ate well below EPA drinking water standards, There is 
little opportunity for contaminated ground\l{~~er to migrate to locations where members of the public 
might utilize it directly for domestic purposes or irrigation. Groundwater in the unconfined aquifer is 
relatively isolated, and generally flows toward the north and east where it discharges to the Columbia 
River. Normal hydraulic gradients within the unconfined aquifer prevent southward migration of 
groundwater toward populated areas near the City of Richland. Recharge to the Columbia River from 
aquifers in Franklin County to the north and east prevents radionuclides in the Columbia River from 
migrating to gro:undwater across the river from the Hanford Site. 

Groundwater monitoring_ at the Reactors on the River geographic area detected concentrations of 
chromium, nitrate, trichloroethylene, cobalt-60, strontium-90, tritium, and uranium that were above 
the existing or proposed EPA drinking water standards. Tritium concentrations exceeded both the 
EPA's drinking water standard and the DOE's Derived Concentration Guides at one sample well in 
each of the 100-N and IOO~K Areas .. In the 200 East and 200 West Area wells, chromium, nitrate, 
fluoride, carbon tetrachloride, chloroform, trichloroethylene, cesium-137, tritium, iodine-129, 
technetium-99, uranium, and plutonium were found in concentrations that exceeded EPA drinking 
water standards; tritium and strontium-90 exceeded both the EPA's drinking water standard and the 
DOE's Derived· Concentration Guides in some: locations .. Only uranium exceeded the proposed EPA 
drinking water standards in the 300 Area wells, a result ofliquid waste di~posal at former fuel. 
fabrication facilities (PN:L 1 Q95a). · 

The occurrence and consequences of leaks from waste storage tanks and of radioactive materials 
in soils have been described elsewhere (ERDA 1975). These occurrences have not resulted, and are 
not expected to result, in radiation exposure to the public (ERDA 1975; DOE 1987). Leakage from 
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the 105-KE fuel storage basin results in, groundwater contamination \\'.ith several radionuclides, as 
2 noted previously. The more mobile radionuclides reach the Columbia River through springs near the 
3 100-K Area; concentrations of radionuclides in the springs were below EPA drinking water standards 
4 in 1993 (DOE 1995). 
5 
6 Radioactive and nonradioactive liquid effluents are discharged to the environment from facilities 
7 in· the Central Plateau (DOE 1995). These effluents, in-general, are discharged to the soil column. 
8 RL has committed to implement the Best Available Technology, and all known and reasonable 
9 methods of prevention, control, and treatment for several of the effluent streams, to permit the 

10 streams under the "State Waste Water Discharge Permit Program", Washington Administrative 
l l Code 173-216, by October of 1997. Under the provisions of the Comprehensive Environmental 
12 Response, Compensation, and Liability Act of 1980; remedial investigations/feasibility studies will be 
13 conducted to evaluate and implement remedial actions for groundwater operable units at the 
14 Hanford Site. . 
15 

· 16 4.2.4.2 Confined-Aquifer. The uppermost confined aquifer (Rattlesnake Ridge) was monitored to 
l 7 dete~ine the extent of groundwater contamination resulting from interaction between the confined 
18 and unconfined aquifers. Groundwater samples from selected confined aquifer wells have been 
19 analyzed for a variety of radionuclides and hazardous chemicals. In most cases, no indication of 
20 contamination was observed. Detection of radionuGiides in well 299-E33-12 (in the Central Plateau 
21 geographic area) is attributed to contamination by high-salt waste that migrated by density flow into 
22 the borehole when it was open to both the unconfined and the_ confined aquifer during drilling 
23 (PNL 1995a). The 1994 samples from well 299-E33-12 contained up to 770 pCi/L of tritium, similar 
24 to levels detected since 1991. The 1994 samples from this well also contain cobalt-60 at levels up to 
25 36.4 pCi/L, nitrate at levels up to 46 mg/L, technetium-99 at levels up to 1,530 pCi/L, and cyanide 
26 at levels up to 39.5 µg/L. Although all of these are indicators of contamination, only nitrate and 
27 technetium-99 were detected at levels greater than the drinking water standards. 
28 
29 Elevated levels of tritium have been measured in groundwater from the Rattlesnake Ridge 
30 interbed in well 699-42-40C located adjacent to B Pond. This well contained a maximum of 
31 7,050 pCi/L of tritium in 1994 samples, which were slightly lower levels than in 1993, and well 
32 below the drinking water standards. 1 · 

33 
34 Samples collected in 1994 from well 199-B3-2P in the 100-B Area, contained up to 20.9 pCi/L 
35 of strontium-90 and 504 pCi/L of tritium. This well is currently completed in the confined aquifer 
36 but was open to both the unconfined and confined aquifer bety.,een 1953 and 1970 so it is possible 
3 7 that the well provided a conduit downward for contamination in the unconfined aquifer. The current 
38 extent of contamination in the confined aquifer is unknown.· 
39 
40 
41 4.2.5 Water Use 
42 
43 Water use in the Pasco Basin is primarily from surface diversion, with groundwater diversions 
44 accounting for less than 10% of the use (DOE 1988). Industrial and agricultural usage represent 
4 5 about 32 % and 50 % , respectively, and municipal use about 9 % . Until recently, the Hanford Site 
46 used about 81 % of the water withdrawn for industrial purposes. However, because of the N Reactor 
47 shutdown, and considering other data (DOE 1988), these percentages now approximate 13% for 
48 industrial, 75% for agricultural, and 12 % for municipal use, with the Hanford Site accounting for-
49 about 41 % of the water withdrawn for industrial use. 
50 
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Approximately 50 % o?tii~- ~eilsj~--the Pasco Basin are useqJor domestic purposes. and <ire 
generally shallow (less than 150 m :[5,ClQJt]).; A-gricuJJ~raL~~ll~. used for irrigation and stock supply. 

, ,· :4· · , . •'»•,.-;,,', ·-,,-: •'•· \, ,~·.,;:,:~~ ' •~•,-Ct,-,, Pc,,~•',:,_-,'' , .· i • 

constitute the second-largest categQry_qf weU use (about 24%'· for 'the Pascq Basin). Industrial users 
account for only about, 3% of the wells (DOE 1995). . 

' ' 
, .. ,, __ ,, 

Most of th~ water used by the Hanford Site ·is withdrawn from ihe Columbia River. In the past, 
the principal users of groundwater within the Hanford Site were the FFTF. with a 1988 use of 
142,000 1113 (5.0 x 106 ft3

) from _two wells in the unconfined aquifer, and the Pacific Northwest 
National Laboratory Observatory, with a water supply from a spring on the side of Rattlesnake 
Mountain. ·· · 

Regional effects of water-use activities are apparent in some areas .where the local water tables or 
potential levels have declined because of withdrawals from wells. In other areas, water levels in the 
shallow aquifers have risen because of artificial recharge mechanisms, such as excessive application of · 
imported irrigation water or impoundment of streams. Wastewater ponds on the Hanford Site have 
artificially recharged-the unconfined aquifer below the 200 East and 200 West Areas. The increase in 
water table elevations was most rapid from 1950 to 1960, and apparently nearly reached equilibrium 
between the unconfined aquifer and the recharge during 1970 to 1980, when only small increases in 
water table elevations occurred.,· Wastewater discharges from the 200 West Area were significantly 
redu_c;ed in 1984 (DOE 1988), with an accompanying decline iri water table elevations. 

4. 3 Air Resources 

This section .addresses the general air resources at the Hanford Site and the surrounding region. 
Included in this section are discussions on· climate and meteorology, ambient air quality, and 
atmospheric dispersion. · 

4.3.1 Climate and Meteorology 

The Hanford Site is classified as mid-latitude semiarid or mid-latitude desert, dependirig on the 
climatological classification scheme used. Summers are warm and dry, with abundant sunshine .. 
Large diurnal temperature variations result from intense solar heating during the day and radiational 
cooling at night. Daytime high temperatures in June, July, and August periodically exceed 3.8 °c 
(100 °F). Winters are cool with occasional precipitation._ Outbreaks of cold air associated with 
modified Arctic air masses can reach the area and cause temperatures to drop below -18 °C (0 °F). 
Overcast skies and fog occur periodicc1lly (DOE 1995). . · 

' ' - . ' . 

Topographic features have a significant impact on the climate of the Hanford Site. All air 
masses that reach the region undergo some modificatioi;i during their passage over the complex 
topogr~phy of the Pacific Northwest. The climate of the region is strongly influenced by the Pacific 
Ocean and the Cascade Range to the west. The relatively low annual average rainfall of 16.1 cm 

· (6.3 in.) at the Hanford Meteorological Station (HMS) is caused largely by the rain shadow created 
by the Cascade Range. These mountains limit much of the maritime influence of the Pacific Ocean, 
resulting in a rrioi-e continental:-type climate than would_ exist if the mountains were not present. 
Maritime. influences are experienced in the region during the passage of frontal systems, and as a 
result of movement through gaps iri the Cascade Range (such as t_he Columbia River Gorge). 
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The Rocky Mountains-to the 'east and the north also influence the climate of the region. These 
mountains play a key role in protecting the region from the niore severe winter storms, and the 
extremely low temperatures associated with the modified Arctic air masses that move southward 
through Canada. Local and regional topographical features, such as the Yakima Ridge and the 
Rattlesnake Hills; also impact meteorological conditions across the Hanford Site (DOE 1995). In 
particular, these features have a significant impact on wind directions, wind speeds, and precipitation 
levels. 

Climatological data are available for the HMS, which is located between the 200 East and 
200 West Areas. Data has been collected at thi_s location since 1945 '(Hoitink and Burk 1994): Data 
from the HMS. are representative of the general climatic conditions for the region and describe the 
specific climate of the Central Plateau. Local variations in the topography of the Hanford Site may 
cause some aspects of the climate at portions of the Hanford Site to differ significantly from those of 
the HMS. For example, winds near the Columbia River are different than those at the HMS. 
Similarly, precipitation along the slopes of the Rattlesnake Hills differs from that at the HMS. 

4.3.1.1 Wind. Prevailing wind directions on the Central Plateau are from the northwest during all 
months of the year. Secondary maxima occur for southwesterly winds. Summaries of wind direction 
indicate that winds from the northwest quadrant occur mos·t often during the winter and summer. 
During the spring and fall, the frequency of southwesterly winds increases with a corresponding 
decrease in northwest flow. Winds blowing from other directions (for instance, the northeast) display 
minimal variation from month to month. Monthly average wind speeds are lowest during the winter 
months, averaging 10 to 11 km/hr (6 to 7 mi/hr), and highest during the summer, averaging 14 to 
16 km/h (8 to 10 mi/hr). Summertime drainage winds generally are northwesterly, and can 
frequently gust to 50 km/hr (30 mi/hr) (Cushing 1995). A ·wind rose map for the Hanford Site is 
shown in Figure 4-19. The point of each rose represents the direction from which the winds come. 

4.3.1.2 Temperature and Humidity. Nine separate temperature measurements are made at the 
122-m (400-ft) tower at the HMS. Temperatures also are measured at the 2-m (6.5-ft) level on the 
twenty-four 9.1-m (30-ft) towers located on and around the Hanford Site. The three 61-m 
(200-ft) towers have temperature-measuring instrumentation at the 2-, 9.8-, and 60-m (6.5-, 33-, and 
200~ft) levels. The temperature data from the 9.1- and 60-m (30- and 200-ft) towers are telemetered 
to the Hanford Meteorological Station. 

· Ranges_of daily maximum and minimum temperatures vary from normal maxima of 2 °C 
(35 °F) in late December to 35 °C (95 °F) in late July (Hoitink and Burk 1994). On the average, 
51 days during the summer. months have maximum temperatures greater than or equal to 32 °C 
(90 °F), and 12 days have maxima greater than or equal to 38 °C (100 °F). Frain mid-November 

. · through early-March, minimum temperatures average less than or equal to O °C (32 °F), with the 
.minima in late December and early January averaging -6 °C (-21 °F). During the winter, on 
average, four oays have minimum temperature~ less than or-equal to -18 °C (0 °F); however, only 
about one winter in two experiences such temperatures. The record maximum temperature is 45 °C 
(113 °F), and the record minimum temperature is -31 °c (-23 °F). For the period 1946 through 
1993, the average monthly temperatures ranged from a low of -0.9 °C (30 °F) in January to a high of 
24.6 °C (76 °F) in July. During the winter, the highest monthly average temperature at the HMS 
was 6.9 °C (44 °F), and the record lowest was -11.1 °C (12 °F), both occurring during February. 
During the summer, the record highest monthly average temperature was 27.9 °C (82 °F) in July, 
and the record lowest was 17.2 °C (63 °F) ir1 June. 
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Figure 4-19. Wind Roses (at 10 1n) for tlze Hanford 

3 Meteorological Monitg/iJzg_Netwbrk, _ '1979:to 1994. 
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1 Relative humidity/dew point temperature measurements are made ·at the HMS and at the three 
2 60-m (200-ft) tower locations. The animal average relative huinidity at the HMS is 54 % . It is 
3 highest during the winter months, averaging about 75%, and lowest during the summer, averaging 
4 about 35 % . Wet bulb temperatures greater than 24 °C (75 °F) had ,not been observed at the HMS 
5 before 1975; however, on July 8, 9, and 10 of that year, seven hourly observations indicated wet bulb 
6 temperatures greater than or equal_-to 24 °C (75 °F). Fog reduces the visibility to 9.6 kni (6 mi) 
7 during an average of 42 days each year and to less than ·0.4 km (0.25 mi) during an average of 
8 25 days per year (DOE 1995). 
9 

10 4.3.1.3 Precipitation. The average annual precipitation at the HMS is 16.1 cm (6.3 in). Most of the 
11 precipitation occurs during the winter with nearly half of the annual amount occurring in the months 
12 of November through February. Days with greater then 1.3 cm (0.5 in) precipitation. Rainfall 
13 intensities of at least 1.3 cm (0.5 in) per hour persisting for 1 hour has only a 10% probability of 
14 occurring in any given year. A rainfall intensity of at least 2.5 cm (l in) per hour has only a 
15 0.2 % probability of occurring in any given year. Winter monthly average snowfall ranges from 
16 0.8 cm (0.3 in) in March to 14.5 cm (6 in) in January. The seasonal record snowfall of 142 cm 
17 (56 in) occurred in the winter of 1993. During the months of December, January, and February, 
18 snowfall accounts for about 38% of all precipitation (Cushing 1995). 
19 
20 4.3.1 .. 4 Severe Weather. A discussion of severe weather may include a variety of meteorological 
21 events, including, but not limited to, severe winds, dust and blowing dust, hail, fog, glaze, ash falls, 
22 extreme temperatures, temperature inversions, and blowing and drifting snow. The HMS's 
23 climatological summary and the National Severe Storms Forecast Center's database list only 24 
24 separate tornado occurrences within 160 km (100 mi) of the Hanford Site from 1916 to 1994 
25 (Cushing 1995). Only one of these tornadoes was observed within the boundaries of the Hanford Site 
26 (on its extreme western edge), and no damage resulted. The estimated probability of a- tornado 
27 striking a point at Hanford is 9.6 x 10·6 per year (Cushing 1995). Because tornadoes are infrequent 
28 and generally small in the Pacific Northwest (and hurricanes do not reach this area), risks from severe 
29 winds are generally associated with thunderstorms or the passage of strong cold fronts. The greatest 
30 peak wind gust recorded at 15 m (50 ft) above ground level at the HMS was 36 mis (80 mi/hr). 
31 Extrapolations based on 35 years of observations indicate a return period of about 200 years for a 
32 peak gust in excess of 40 mis (90 mi/hr) at 15 m (50 ft) above ground level. 
33 
34 4.3.1.5 Atmospheric Stability. Atmospheric dispersion is a. function of wind speed, duration and 
35 direction of wind, atmospheric stability, and mixing depth. Dispersion conditions are generally good 
36 if winds are moderate to strong, if the atmosphere is· of neutral or unstable stratification, and if there 
37 is a deep mixing layer. Good dispersion conditions associated with neutral and unstable stratification 
38 exist about 57% of the time· during the summer. Less favorable dispersion conditions may occur 
39 . when the wind speed is light and the mixing layer is shallow. These conditions are most common 
40 during the winter when moderately to extremely stable stratification exists about 66% of the time. 
41 Less favorable conditions also occur periodically for surface and low-level releases in all seasons from 
42 · about sunset to about an hour after sunrise as a result of ground-based temperature inversions and 
43 shallow mixing layers. Mixing-layer thicknesses have been estimated at the HMS using remote 
44 sensors (Cushing 1995). 
45 
46 Occasionally there are extended periods of poor dispersion conditions associated with stagnant air 
4 7 in stationary high-pressure systems that occur primarily during the winter months. The probability of 
48 an inversion period extending more than 12 hours varies from a low of about 10% in May and June 
49 to a high of about 64% in September and October (Cushing 1995). These probabilities decrease 
50 rapidly for durations of greater than 12 hours. 
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4.3.2 Air Quality 

4.3.2.1 Nonradiological Air Quality·, Nation~l··~~bi~~t ii/~~Gality standards (NAAQS) have been set 
by the EPA as mandated in the Clean Air Act of)970. Ambient air is that portion of the atmosphere, 
external to buildings, to which the general public has access. For DOE facilities, this is interpreted to 
mean the site boundary or other publicly accessible locations (e.g., highways on the site). The 
standards define levels of air quality that are necessary, with an adequate margin of safety, to protect 
the public health and welfare. Standards exist for sulfur oxides (measured as sulfur dioxide), nitrogen 
dioxide, carbon monoxide total suspended particles (TSP), particles with an aerodynamic diameter 
less than or equal to 10 micrometers (PM 10), lead, and ozone. The standards specify the maximum 
pollutant concentrations and frequencies of occuir~nce that are allowed for specific averaging periods 
(that is, the concentration of carbon monoxide when averaged over 1 hour is allowed to exceed 
40 milligrams per cubic meter only once per year). The averaging periods vary from 1 hour to 
1 year, depending on the pollutant. 

in addition to ambient air quality standards, the EPA has established standards for the Prevention 
of Significant Deterioration (PSD) of air quality. The PSD standards differ from the NAAQS in that 
the NAAQS provide maximum allowable concentrations of pollutants, while PSDs provide maximum 
allowable increases in concentrations of pollutants for areas already in compliance with NAAQS. 
PSD..standards are expressed as allowable increments in atmospheric concentrations of specific 
pollutants (nitrogen dioxide, sulfur dioxide, and PM10) (40 CFR 52). Different PSD standards exist 
for Class I areas (where degradation of ambient air quality is to be severely restricted), and Class II 

. I 
areas (where moderate degradation of air quality is allowed). The PSD standards are presented in 
Table 4-3. The Hanf9rd Site operates under a PSD permit issued by the EPA in 1980. This permit 

. provides specific limits for emissions of nitrogen oxide from the PUREX and the UO3 Plants. 

State and local governments have the authority to impose standards for ambient air quality that 
are more stringent than the national standards. Washi,ngton State has established more stringent 
standards for sulfur dioxide and TSP. In addition, Washington has established standards for VOCs, 
arsenic, fluoride, total suspended particulates, and other pollutants that are not covered by national 
standards. The state standards for carbon monoxide, nitrogen dioxide, ozone, PM10

, and lead are 
identical to .the national standards. Table 4-4 summarizes the relevant air quality standards (federal 
and supplemental state standards). 

4.3.2.1.1 Background Air Quality. The closest Class I areas to the Hanford Site are Mount 
Rainier National Park, located approximately 160 km (100 mi) west of the Hanford Site; Goat Rocks 
Wilderness Area, located approximately 145 km (90 mi) west of the Hanford Site; Mount Adams . 
Wilderness Area, located approximately 150 km (95 mi) southwest of the Hanford Site; and Alpine 
Lakes Wilderness Area, located approximately 175 km (110 mi) northwest of the Hanford Site. 

Air quality in the Hanford region is well within the state and federal standards for criteria 
pollutants, except that short-term particulate concentrations occasionally exceed the 24-hour PMIO 
standard. Concentrations of toxic chemicals, as listed in 40 CFR 60.1, are not available for the 
Hanford Site. Because the highest concentrations of airborne particulate material are generally a 
result of natural events, the area has not been designated nonattainrnent3 with respect to the PM10 

3An attainment area is an area where measured concentrations of a pollutant are below the 
primary and secondary NAAQS. 
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Table 4-3. Maximum Allowable bzcreases for Prevention of Significant 
Deterioration of Air Quality (40 CFR 52). 

3 

4 

5 

Pollutant 

Particulate mailer* (PMio) 

Sulfur dioxide 

Nitrogen dioxide 

Averaging Time 

Annual 

24 hours 

Annual 

24 hours 

3 hours 

Annual 

Class I Class II 

4 17 

8 30 

2 20 

5 91 

25 512 

2.5 25 6 

7 
8 

*Particulate mailer is defined as suspended particulates with an aerodynamic diameter 
less than IO micrometers. 

9 
10 

11 

12 

13 

14 
15 

Table 4-4. National and Washitigton State Ambient Air Quality Standards." 

16 

17 
18 

19 

20 
21 
22 
23 

24 

25 
26 

27 

28 

29 

30 

31 
... , 
,j_ 

Pollutant 

To~_al Suspended Particul~es 

Annual geometric mean 
24-hour average 

P.M-10 (fine particulates) 

Annual arithmetic mean 
24-hour average 

Sulfur Dioxide 

Annual average 
24-hour average 
3-hour average 
I-hour average 

Carbon Monoxide 

8-hour average 
I -hour average 

Ozone 

1-hour average 

Nitrogen Dioxide 

f.nnual average 

Lead 

Quarterly average 

National Primary 

NS 
NS 

50 µglm3 

150 µglm3 

0.03 ppm 
0.14 ppm 

NS 
NS 

9 ppm 
35 ppm 

0.12 ppm 

0.05 ppm 

}.5 µg/m3 

National Secondary Washington State 

NS 60 µg/m3 

NS 150 µg/m3 

50 µg/m3 50 µg/m3 

150 µgfm3 150 µg/m3 

NS 0.02 ppm 
NS 0.10 ppm 

0.50 ppm NS 
NS 0.40 ppmb 

9 ppm 9 ppm 
35 ppm 35 ppm 

0.12 ppm 0.12 ppm 

0.05 ppm 0.05 ppm 

1.5 µg/m3 1.5 µg/m3 

33 •Annual standards are never to be exceeded; short-term standards are _not to be exceeded more than once 
34 _ per year unless otherwise noted (Ecology 1994). 
35 b0.25 ppm not to be exceeded more than twice in any 7 consecutive days; not to be exceeded more than l 
36 day per calendar year. 
37 NS = No standard. 
38 ppm = Parts per million. 
39 µglm3 = Micrograms per cubic meter. 

40 
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standard .. However, the local Bento11,County Clean Ai~ Authoii~y-is currently·completing discussions 
with the EPA and Ecology rega_r'ding plans, to: _cqn,4u..c,t additJoi;ial e\_;~l~atio'ns of potential sources and 
mitigation measures, if any, that,,.,01ig~t ~e implimenied to }gdµ_ce '.~he short-:terrri parci7ul~te loading .. 

4.3.2.1.2 .Source Emissions .. Emission)n~entories, for permitted pollution sources in Benton 
County are routinely compiled by the Benton County Clean Air Authority. The_ annu;i.l emission rates 
for stationary sources within the Hanford Site bourid_aries were reported to Ecology by the DOE 
(Table 4-5). 

4.3.2.1.3 Onsite Nontadiological Air Quality Monitori,ig. Monitoring of nitrogen oxides was -
discontinued after 1990, mostly because of the end of operations at the PUREX Plant. Monitoring of 
TSP was_ discontinued in early 1988 when the Basalt Waste Isolation ProJect, for WQich those · · 
measurements were required, ended. -

.Seventeen air samples for polychlorinated biphenyls (PCB) analysis were collected during· 1993'. 
Nine samples of PCBs were above the detection limit, with results ranging from 0.25 to 3.9 ng/m3 • 

The other eight results were below the detection limit of 50 ng/samp!e component, which yieids air 
concentrations of < =0.03_to 0.1 ng/m3, The EPA specifies a general detection limit of 1 ng/m3•·· 

' > ' '. • 

Table 4-5. Emission Rates for Stationary Emission Sources Within 
· the Hanford Site for _1993 (Cushillg 19~5). 

Source 
Operation TSP- PM10 . SO2 - NO. 

(h/yr) . (t/yr) · (t/yr) (t/yr) - (t/yr) 

300 Area Res. Dis. #2 Boiler . 4,368. ·, ,,,5•. 4 65 13 

300 Area Boiler #3 0 0 0 0 0 

300 Area Boiler #4 0 0 0 0 0 

300 Area Boiler #5 .. ~ 

0, 0 0 o. 0 

300 Area Boiler #6 4,368 3 3 48. 10 

200 E Boiler 8,760 8 2 232. 174 
' 

200 W Boiler 8,760.,, 2 0 213 160 
'• 

200 E, 200 W Fugitive Co"at 8,760 -107 - 54 0 0 

200 E Fugitive Emissions 8,760 1 0 0 0 

Fugitive Coal Pile 300 Area _ 8,760. 4 2 0 0 

Temp. Boiler Res. Dis., 300 8,760 .15 13 215 43 ,, 
Area ', 

' . 

co = carbon monoxide. · 
NO' = oxides of riitrogen: . 

'PMIO = fine particulates. 
so2 = sulfur dioxide. 
t/yr = tons per year. · . 
TSP = total suspended particulates, 
voe = volatile organic compounds. 

voe 
(t/yr) . 

0-

0 

0 

0 

0 

1 

1 

0 

0 
,, 

0 

0 

co 
(t/yr)· 

1 

0 

0 

0 

1 

64 

58 

0 

0 

0 

4 
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However, some of the results below the general detection limit (1 ngiin3) exceeded the required · 
sensitivity, and thus were included as though they were above· the detection limit. This is why the 
range on ·the nine detectable samples was 0.25 to 3.9 ng/m3 (Cushing 1995). PCBs were well below 
the National Institute of O<;:cupational Safety and Health (Cushing 1995) occupational limit of 
1,000 ng/m3 (10-hour.-time-weighted .average). No regulatory limits for PCBs in ambient air have 
been established ( Cushing 1995). · 

Fourteen air samples were collected for VOC analysis in 1993. These samples were analyzed 
for benzene, alkylbenzenes, halogenated alkanes, and alkenes. All of the VOC concentrations 
measured were well within the maximum allowabl~ .concentrations of air contaminants as established 
in 29 CFR 1910 (Cushing 1995). 

4.3.2.1.4 Offsite Nonradiological Air Quality Monitoring. During the past 10 years, carbon 
monoxide, sulfur dioxide, and nitrogen dioxide have been monitored periodically in communities and 
commercial areas southeast of Hanford. These urban measurements are typically used to estimate the 
maximum background pollutant concentrations for the Hanford Site because of a lack of Specific 
onsite. monitoring. Because these measurements were made in the vicinity of local sources of 
pollution,_ they will overestimate maximum background concentrations for· the Hanford Site or .at the 

· ·. Hanford Site boundaries. 

The only offsite monitoring near the Hanford Site in 1993, for PM10, was conducted by Ecology 
(Cushing 1995). PM10 was monitored at one location in Benton County, at Columbia Center in · 
Kennewick. During 1993, the 24-hour PM10 standard established by the State of Washington, 
150 µg/m3; was exceeded twice at the Columbia Center monitoring location; the maximum 24-hour 
concentration at Columbia Center was 1166 µg/m3 (the suspected cause was windblown dust); the 

. other occurrence > 150 µg/m3 was 155 µg/m3
• The site did not exceed the annual primary standard, 

50 µg/m3
, during 1993. The arithmetic mean for· 1993 was 32 µg/m3 at Columbia Center. 

Particulate concentrations can reach relatively high levels in eastern Washington State because of 
exceptional natural events (i.e., dust storms, volcanic eruptions, and large brushfires) that occur in the 
region. Washington State ambient air quality standards have not considered "rural fugitive dust" from 
exceptional natural events when estimating the maximum background concentrations of particulates in 
the area east of the Cascade Mountain crest. In the past, the EPA has exempted the rural fugitive 
dust component of background concentrations when considering permit applications and enforcement 
of air quality standards. However, the EPA is now investigating the prospect of designating parts of 
Benton, Franklin, and Walla Walla countie~ as a nonattainment area for. PM10 • Windblown dust has 
been identified as a particularly large problem in this area. Ecology has been working with the EPA 
and the Benton County Clean Air Authoi:;ity under a Memorandum of Agreement (MOA) to 
characterize and document the ·sources of PM10 emissions and develop appropriate control techniques 
ii:t the absence of formally designating the area nonattainment. At this time, the parties are 
characterizing the sources of PM10 emissions and working through other items in the MOA. · A final 
decision Or} this issue will be made by th~ EPA, when the final results of the PM10 characterization . 
analysis are_ received. 

4.3.3 Radiological Air Quality 

Radionuclide emissions to the atmosphere from the Hanford Site have been steadily decreasing 
over the last few years as Hanford Site operations have changed emphasis from the historical mission 
of nuclear materials productio.n and processing to en~rgy and waste management research. During 
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1994, all operations at the Hanforq ,Site released approximately: 1 }. Ci of i-adionuclides to the 
2 atmosphere, most of which consisteq,rqf,,tritiu.m ?nd nol:>le,::R~~~-~JP~L) 995a) .. These releases resulted 
3 in a dose to the maximally exposed-offsite resident of less t.han 0.012 mrem (PNL.1995a), which is 
4 substantially less than the current EPA standard of 10 mrem per year for DOE facilities. 
5 . ' .. ,,''''. ', '': '' .,_. 
6 Ambient air monitoring for radionuclides consisted of sampling at 39 onsite and offsite locations 
7 during 1994. Total concentrations of beta-emitting radionuclides at the Hanford Site perimeter were 
8 indistinguishable from those at distant locations that ai-e unaffected by Hanford emissions. Air 
·9 concentrations of total alpha are slightly elevated at the Hanford Site perimeter; concentrations in 

10 nearby communities were within the range of historical values (PNL 1995a).. Concentrations· of two 
11 specific radionuclides (tritium and iodine-129) were elevated relative to background; however, their 
12 contribution to the total airborne activity. was small. 
13 
14 

15 · 4.4 Ecological Resources 
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The Hanford Site is a. relatively large, undisturbed area of shrub-steppe habitat that contains -
numerous plant and animal species adapted to the region's semiarid environment. The site consists. of 
mostly undeveloped land, -with widely spaced clusters of industrial buildings located along the western 
shoreline of the Columbia River,_ and at several locations in the interior of the Hanford Site. The · · 
industrial buildings ar_e interconnected .by roads,' railroads; and electrical transmission lines. The 
major facilities and activities ·occupy about 6% of the total available land area, and t~eir impact on the· 
surrounding ecosystems is minimal. Most of the Hanford Site has not experienced tillage or livestock 
grazing since the early 1940s. The Columbia River flows through the Hanford ~ite, and although the 
river flow is not directly impeded by dams. wit~in the Hanford Site, the historical daily and ~easonal 
water fluctuations have been changed by dams·upstream and downstream of the Hanford Site _ _ 
(DOE 1995). The Columbia River and other water bodies on the Hanford Site provide habitat for -
aquatic organisms. The Columbia River, is accessible for public recreational use and commercial 

' . ·: :J·.,·· _· '·-, . 

navigation. 

4.4.1 Vegetation 

The Hanford Site has been botanically characterized as a shrub-steppe. The region is 
. ' . 

characterized by bunchgrasses and sagebrushes, often referred to as high desert, northern desert 
shrub, or desen scrub (Frankiin and Dyrness 1973). Because of the Hanford Site's arid climate, the. 
productivity of both plants and animals is relatively low compared with other natural communities. In 
the early 1800s, the dominant plant in the area was big _sagebrush with an understory of perennial 
bunchgrasses, especially Sandberg's bluegrass_ and bluebunch wheatgrass. With the ·advent of 

· settlement that brought livestock grazing and crop raising, the natural vegetation mosaic was opened'· 
to a persistent invasion by alien annuals, especially cheatgrass. Today cheatgrass is the dominant · 
pJant on fields that were cultivated 50 years ago. Cheatgrass also is well established on rangelands at 
elevations less than 244 m (800 ft) (DOE 1995). Wildfires in the area are common; the most recent 
extensive fire in 1984 significantly altered the shrub compo~ent of the vegetation. Th~ dryland areas 

· of the Hanford Site were treeless in the years_ before land .settlement; however, for several decades 
- before 1943, trees were planted and irrigated on most of the farms to provide windbreaks and shade. 

When the farms were abandoned in' 1943, so~e of the trees died but others have persisted, 
presumably because their roots are deep enough to contact groundwater. Today these trees serve as 
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nesting platforms for several species of'birds, (i.e., hawks, owls, ravens, magpies, and great blue 
herons), and as night roosts for wintering bald eagles (DOE 1995): The vegetation mosaic of the 
Hanford Site currently consists of twelve major kinds of plant communities (Figure 4-20). 

The State of Washington has designated large and small blocks of shrub-steppe as priority 
habitat, because it possesses unique or significant value to many species. The state makes· this 
classification determination based on the quality of the following attributes: 'comparatively high fish 
and wildlife density; comparatively high fish and wildlife species diversity; important fish and wildlife 
breeding habitat; important fish and wildlife seasonal ranges; important fish and wildlife movement 
corridors; limited availability; high vulnerability t() _habitat alteration; and imiqµe or dependent 
species. 

Almost 600 species of plants have been identified on the Hanford Site (Cushing 1995). The 
dominant plants are big sagebrush, rabbitbrush, cheatgrass, and Sandberg's bluegrass, with cheatgrass 
providing half of the total plant cover. Cheatgrass and Russian thistle, annuals introduced to the , · 
United States from Eurasia in the late 1800s, invade areas where the ground surface has been 
disturbed. Mosses and lichens appear abundantly on the soil surface; lichens commonly grow on the 
shrub stems. The important.desert shrubs, big sagebrush and bitterbrush, are widely spaced and 
usually provide less than 20% canopy cover. The important understory plants are grasses, especially 
cheatgrass, Sandberg's bluegrass, Indian ricegrass, June grass, and needle-and-thread grass. 

As compared to other semiarid regions in North America, primary productivity is relatively low, 
and the number of vascular plant species also is low. This situation is attributed to the low annual 
precipitation (16 cm [approximately 6 in.]), the low water-holding capacity of the rooting substrate 
(sand), and the draughty summers and occasionally very cold winters. 

Sagebrush, and bitterbrush are easily killed by summer wildfires, but the grasses and other herbs 
are relatively resistant and usually recover in the first growing season after burning. Fire usually 
opens the community to wind erosion. The severity of erosion depends on the severity and areal 
extent of the fire. Hot fires incinerate entire shrubs and damage grass crowns. Less intensive fires 
leave dead stems standing, and recovery of herbs is prompt. The most recent and extensive wildfire 
occurred in the summer of 1984. 

Bitterbrush shrubs provide browse for a resident herd of mule deer. Bitterbrush shrubs ate slow 
to recolonize burned areas becaus~ invasion is by seeds. Bitterbrush does not sprout even when fire 
damage is relatively light. 

Certain passerine birds (i.e., sage sparrow, sage thrasher, and loggerhead shrike) rely on 
sagebrush or bitterbrush for nesting. These birds are not expected to nest in places devoid of shrubs. 
Jackrabbits also appear to avoid burned areas without shrubs. Birds that nest on the ground in areas 
without shrubs include longbilled curlews, homed larks, Western meadowlarks, and burrowing owls. 

. . 

·:rhe following sections briefly discuss the vegetation that occurs in the Columbia River, Reactors 
on the River, Central Plateau, and All Other Areas geographic areas. 
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1 4.4.1.1 Columbia River Vegetatio,i ... The two major vegetation types occurring along the Hanford 
2 Reach of the Columbia River are .riparian and upland (NPS 1994).· Riparian habitats are found along 
3 the shoreline, slack water and slough areas, and islands in the river. Riparian vegetation at these 
4 locations includes both woody and herbaceous species maintained by the high water table immediately 
5 adjacent to the river. Common plant species occurring in the riparian zone include black cottonwood, 
6 nwlberry, willow, dogbane, and a variety of grasses and forbs (Cushing 1992). Sensitive habitats 
7 within the riparian zone include cobbled shoreline ·occurring as a narrow band along the Hanford 
8 Reach. Plant species occurring in these areas include perennial summer-blooming forbs adapted to 
9 seasonal changes in river water levels (NPs· 1994). Upland habitats along the Hanford Reach are 

10 composed of shrub-steppe vegetation similar to th.it found in the Reactors on t,he River and the 
· 11 Central Plateau geographic areas. 
12 
13 4.4.1.2 Reactors on the River Vegetation.· The dominant vegetation type in this geographic area of 
14 the Hanford 'Site is cheatgrass associated with tumble mustard. Some of the cheatgrass-tumble 
15 mustard vegetation in the 100 Areas occurs on former agricultural lands abandoned since 1943. 
16 Other vegetation occurring in the 100 Areas includes riparian plant conununities along the Columbia 
17 River and scattered groves of nonnativ~ trees. Ecological investigations within the 100-B/C-5 and 
18 100-HR-3 operable units identified the following tree species in the vicinity of the Columbia River: 
19 white mulberry, black locust, Siberian elm, apricot, juniper, and willow (WHC 1992d). 
20 . . . 
21 4.4.1.3 Central Plateau Vegetation. More than 100 species of plants have been identified on the 
22 Central Plateau (Cushing 1992): Common species include sagebrush, rabbitbrush, cheatgrass, and 
23 Sandberg's bluegrass. The dominant vegetation type consists of big sagebrush with an understory of 
24 cheatgrass and Sandberg's bluegrass (Cushing 1995). Cheatgrass provides approximately 50% of 
25 total plant cover. · Cheatgrass also is common where native plant communities have been disturbed by 
26 · wildfire or past construction activities. 
27 
28 Three vegetation subtypes occurring in the vicinity of the 200 West Area of the Central Plateau · 
29 are sagebrush/Sandberg's bluegrass, sagebrush/needle-and-thread grass, and spiny hopsage/Sandberg's 
30 bluegrass. Past wildfires in the Central Plateau have opened up some areas, creating a mosaic of 
31 shrub and grass-dominated areas. Grass species include both native and introduced species. 
32 Sandberg's bluegrass and cheatgrass are the mc;,st common grass species. 
33 
34 Other vegetation includes wetland species associated w~th man-made ditches and ponds on the 
35 Central Plateau and introduced perennial grass planted to revegetate disturbed areas. Wetland species,_ 
36 such as cattail and,.reeds, and trees, such as willow, cottonwood, and Russian olive, are established 
37 around some of these ponds (Cushing 1995). However, several of the ponds have been 
38 decommissioned, resulting in the elimination of wetland habitat as the supply of industrial water 
39 feeding the ponds was terminated.' · 
40 
41 Introduced perennial grass (i.e., Siberian wheatgrass) has been used extensively in the Central 
42 Plateau to revegetate and stab.ilize waste burial grounds against wind and water erosion. Siberian 
43 wheatgrass has proven to be drought tolerant and better adapted to sandy soils than other cultivars 
44 used in the Central Plateau revegetation (WHC 199~). 
45 
46 4.4.1.4 All Other Areas Vegetation. The All Other Areas geographic areas contains developed 
47 sections pf the Hanford Site, including the 300, 400, and 1100 Areas, and large tracts of undeveloped 
48 land. Special topographic features include Gable Butte and Gable Mountain north of the Central 
49 Plateau and sand dunes in the southeast portion of the are~. The dominant plant communities are 
50 cheatgrass, sagebrush-bitterbrush/Sandberg's bluegrass, sagebrush/cheatgrass-Sandberg's bluegrass, 
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and riparian plant communities (W,lj:Q 1992e). Depending on loca~1on, .~any of the terrestrial plants 
occurring in this area are the sarn~ aril!o,se:_:f,ounp !n ti}e,~dj~~eniJ:olumbia River; Reactors_ on the 
River, and Central Plateau geogr~p,~1.c''~r~aS:''-' ;.·,:•· -. \_ .. '/:''}:::i':'\;<:-r · 

Big sagebr4sh,. bitterbrush,, rabbitbrush, ch_eatgrass, and Sandberg'_s bluegrass are common 
species in the 300 'Area and the 400 Area_ (Cushing 1995) .. Common plants growing in riparian areas 
along the Columbia River include reed canarygrass, common witchgrass. large barnyard grass, 
summer-blooming.forbs, sandbarwillow, poplar, white mulberry, and Russian olive (NPS 1994). 
Vegetation occurring on scree slopes, outcrops, and scarps on Gable Butte and Gable Mountain is 
limited to scattered individuals or groups of plants. Plant species include squaw currant, bluebunch 
wheatgrass, rock buckwheat, and thyme buckwheat. Rigid sagebrush occurs at the Hanford Site ·only 
on Gable Mountain and Umtanum' Ridge (PNL _1993b). 

4.4.2 Wildlife 

Major habitat types occurring on the Hanford Site include basalt o~tcrops, scarps and screes, 
riparian and riverine areas, shrub-~teppe, sand dunes and blowouts, and abandoned fields 
(PNL 1993b). - . . . , 

4.4.2.1 Mammals. Approximately 40 species of mammals have been identified on the Hanford Si_te 
(Cushing 1995). The largest vertebrate predator inhabiting the Hanford Site is the coyote, which 
ranges all across the Hanford Site.' Coyotes have been _a major cause of destruction of Canada goose­
nests on Columbia River islands, especially islands upstream from the abandoned Hanford townsite. 
Bobcats and badgers also inhabit th_e Hanford S_ite in low numbers. 

Black-tailed jackrabbits are common on the Hanford Site, mostly associated with mature stands 
of sagebrush. Cottontail rabbits also ar~,.cc:nnmon but ~ppear to be more closely associated with the 

29 buildings, debris piles,. and equipment laydown'areas'associated with the onsite laboratory and 
30 - industrial facilities. , . · .- · · · 
31 
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Townsend's ground squirrels occur in colonies of various sizes scattered across the Hanford Site 
_but marmots are scarce. The most abundant mammal inhabiting the site is the Great Basin pocket 
mouse. It occurs all across the Columbia River plain and on the slopes of the _surrounding ridges. 
Other small I!larnrnals include the deer mouse, harvest mouse, grasshopper mouse, montane vole, 
vagrant shrew, and Merriam's _shrew. 

The Hanford Site has seven species of bats that are known to be or are potential inhabitants, 
. most of which may be present year-round. T~e pallid bat frequents deserted buildings and is thought 

~o be the most abundant of the various species. Other specii;s include the hoary bat, silver-haired bat, 
California brown bat, little brown bat, Yuma b_rown bat, and Pacific western big-eared bat. 

A herd of Rocky Mountain elk is present on the ALE Reserve. It is believed these animals 
·migrated to the reserve from the Cascade Mountains in the early 1970s. This herd g_rew from 
approximately 8 animals in 1975 to approximately 300 animals in 1994 (Cushing 1995). Elk 
frequently move off the ALE Reserve to pdvate lands located to the north and west, particularly 
during late spring, summer; and early fall. However, while the elk are ori the Hanford Site,· they 
restrict their activities_ to the ALE Reserve. Lack of water and the high level of human activity 
presumably inhibit the elk from using otlier areas of the Hanford Site. Despite the arid climate and 
their unusual habitat, these elk appear to be very. healthy; antler and body size for given age classes 
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l are among the highest recorded for this _species (DOE 1995). - In addition, reproductive output also is 
2 among the highest recorded for this species. Elk remai11 on.the ALE Reserve because of the 
3 protection it provides from human dis_turbance. · · · 
4 
5 Mule deer are found throughout the Hanford Site, although areas of highest concentrations are on 
6 the ALE Reserve and along the Columbia River. Deer populations on the Hanford Site appear to be 
7 relatively stable. Islands in the Hanford Reach are used extensively as fawning sites by the deer 
8 (DOE 1995) and thus are a very important habitat for this species. Hanford Site deer frequently 
9 move offsite, and are killed by hunters on adjacent_public and private lands (DOE 1995). 

10 
11 4.4.2.2 Birds. In general, bird species on the Hanford Site include a variety of raptors, songbirds, 
12 and species associated with riparian, r_iverine, and upland habitats. Approximately 238 species of 
13 birds, including migrants and accidental species, have been observed at or near Hanford 
14 (WHC 1992f).- Of these; 36 are common species and 40 occur as accidental species. 
15 
16 Twenty-six species of raptors have been sighted on the Hanford Site, 11 of which are known to 

• 17 nest on the Hanford Site (PNL 1981). These include the great homed owl, long-eared owl, 
18 short-eared owl, barn owl, burrowing owl, northern harrier, ferruginous hawk, Swainson's hawk, 
19 red-tailed hawk, prairie falcon, and American kestrel. In 1994, 41 nests of Swainson's and 
20 ferruginous hawks were located across the Hanford Site. 
21 
22 Raptors that may occur onsite year-round on the Hanford Site are the northern harrier, red-tailed 
23 hawk, golden eagle, prairie falcon, American kestrel, barn owl, great homed owl, long-eared owl, 
24 and burrowing owl (Fitzner and Gray 1991). Raptors use a variety of habitats for nesting and 
25 foraging at the Hanford Site. Depending on raptor size and species, prey may include small 
26 mammals, birds, reptiles such as snakes, and insects. · 
27 
28 A variety of passerine species is known to occur in the shrub-steppe vegetation type on the 
29 Hanford Site. These include the loggerhead shrike, sage sparrow, western meadowlark, grasshopper 
30 sparrow, homed lark, and sage thrasher. The west~rn meadowlark, sage sparrow, and horned lark 
31 are the most abundant shrub-steppe pas,serine bird species that breed on the Hanford Site (Rickard and 

. 32 Poole 1989). The western meadowlark and homed lark nest on the ground in the open, while 
33 shrub-steppe species like the sage sparrow, sage thrasher, and loggerhead shrike require sagebrush or 
34 bitterbrush for nesting habitat. · · · 
35 
36 Common upland game bird species include the chukar, California quail, and ring-necked 
37 pheasant. Sage grouse and gray partridge are less common and rarely seen. Sage grouse populations 
38 have declined since the early .1800's because of the conversion of shrub-steppe habitat. Surveys 
39 conducted by the Washington Fish and Wildlife Service and the Pacific Northwest National 
40 Laboratory during 1993 did not reveal the presence of sage grouse on the ALE Reserve 

41 (Cushing 1995). . · · · 
42 
43 4.4.2.3 Reptiles and Amphibians. Twelve species of reptiles and amphibians are known to occur on 
44 the Hanford Site (Cushing 1995). The occurrence of these _species is infrequent when compared with 
45 similar fauna of the southwestern United States. The side-blotched lizard is the mos( abundant reptile 
46 and can be found throughout the Hanford Site. Short-homed and sagebrush lizards are also common 
47 in selected habitats. The most common snakes are the gopher snake, the yellow-bellied racer, and the 
48 Pacific rattlesnake, all found throughout the Hanford Site. Striped whipsnakes and desert night 
49 snakes are rarely found, but some sightings.have been recorded for the site. Toads and frogs are 
50 found near the permanent water bodie_~ and along the Columbia River. 

Preliminary Draft 4-54 November 10, 1995 



:1;: 

4.4.2.4 Insects. Approxi~ately, 60Q;~pecies of terrestrial ~nd aq4aiic ins~cts have been found on the 
2 Hanford Site (Cushing 1995} .. ,, Gp1ssb.9pi?er~ ,.and,_dar~!irg}?~,~(l~s,'#~,e, a111ong the. more conspicuous 
3 groups and, together. with other species;'.ar~ importanCiri thffood web of the local birds and . 
4 mammals. Most species of darkling-beetles occur throughout the spring to fall period, although some 
5 - ,species are present only during two or three months in the fall (PNL 1977).· Orasshoppers are evident 

· 6 during the late spring to fall. ~oth beetles and grasshoppers are subject to wide annual variations in 
7 abundance. 
8 
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4.4.3 Wildlife Use by Geographic Area 

. 4.4.3.1 Columbia River. Terrestrial wildlife species use both s)Joreline riparian and shrub-steppe 
habitats occurring along the Columbia River and on the islands occurring in the Hanford Reach. 
Wildlife reported to use the Hanford Reach include 184 species of birds, 36 species of mammals, 
9 species of reptiles, and 4 species of amphibians (NPS i994). The Canada goose uses islands along 
the Hanford Reach extensively for nesting._ Studies on the nesting habits of geese that use the 
Hanford Site have been ongoing since 1953. These studies indicate a general decline over the years 

. in numbers of nests on islands in the Hanford Reach because of heavy predation by coyotes 
(Cushing 1995). Mule deer use the islands and other riparian areas for fawning habitat. Wildlife 
occurring on shoreline habitat includes 46 species that use willow communities and 49 that use grass 
areas (NPS 1994). Wildlife species using riparian habitats along the Columbia River include a variety 
of waterfowl, shorebirds, passerine birds, and mammals. · 

4.4.3.2 Reactors on the River'. Terrestrial wildlife species found in the Reactors on the River 
geographic area (100 Areas) generally are the same ones found across the Hanford Site 
(Cushing 1992). The largest vertebrate predator is the coyote, which can be found anywhere on the 
Hanford Site. Coyotes occurring along the Columbia River reportedly fe~d on carp and small 
mammals such as the Great Basin pockermouse, north~rn.pocket gopher, Nuttall's cottontail, and 
black,-tailed jack rabbit (Fitzner and-Gray 1991'). · Mtiie'1'deer may occur almost anywhere on the 
Hanford- Site but prefer habitats along the Cohm1bia River where riparian areas provide abundant food 
and cover. Mule deer forage on mulberry, Russian olive, cottonwood trees, and shrubs such as 
willow (WHC 1992g). · · 

Wildlife likely to occur in riparian habitat in the 100 Areas adjacent to the Columbia River 
include a variety of birds, mammals, reptiles, and amphibians (Fitzner and Gray 1991). The three 
known species of amphibians at the Hanford Site use riparian habitat along permanent water bodies 
and the Columbia River. Medium~size mammals using riparian habitat are the muskrat, raccoon, 
beaver, weasel, skunk, otter, and porcupine; sinall mammals include the vagrant shrew and montane 
meadow mouse. Upland birds likely to occur· in habitats in the 100 Areas along the Columbia River 
are the California quail and ring-necked pheasant (Cushing 1992). Trees along the river, including 
those found in th.e 100 Areas, provide habitat for several species of birds. These include the great 
blue heron, which has colonial nest sites (rookeries) near the White Bluffs ferry landing, and the bald 
eagle, which uses,selected trees for perching and night roosts during the winter (Cushing 1995). 

4.4.3.3 Central Plateau. Terrestrial wildlife species common to the Hanford Site also can be found· 
in the Central Plateau (Cushing 1992). A characterization study of small mammals occurring in the 
200 East and 200 West Areas near the B-C Cribs resulted in five species being trapped: Great Basin 
pocket mouse, deer mouse, northern grasshopper mouse, sagebrush vole, and western harvest mouse 
(PNL 1977). Data from these studies indicate that. the Great Basin pocket mouse represents more 
than 90 % of the mammals caught. Medium and large-size mammals that may occur in the Central 
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1 Plateau include rabbits, coyotes, badgers, and mule deer (PNL 1977-). Mammals potentially using 
2 riparian areas ass·ociated with ponds and ditches in the 200 East and 200 West Areas include 
3 muskrats, porcupines, and raccoons. 
4 
5 Of the 238 species· of birds observed on the Hanford Site, many common species such as the 
6 western meadowlark and sage sparrow are likely to occur on the Central Plateau where suitable 
7 habitats exist. Thirty-seven species of terrestrial birds were recorded during surveys conducted in the 
8 200 East and 200 West Areas of the Hanford Site in 1986 (Schuller et al. 1993). Bird studies 
9 associated with wastewater ponds in the Central Plateau reveal that' a large number of species, 

10 particularly waterfowl, use these ponds during n~i~ation (PNL 1977). 
11 
12 4.4.3.4 All Other Areas. Wildlife species occurring in this geographic area are similar to those 
13 found elsewhere on the Hanford Site. The 300 Area, for example, closely resembles the 100 Areas in 
14 · terms of terrestrial ecology because of its proximity to the Columbia River. Unique habitats can be 
15 found on Gable Butte and Gable Mountain situated north of the Central Plateau. These unique 
16 habitats include basalt outcrops, scarps, and scree-slopes. Birds likely to occur in these habitats are 
17 the prairie falcon, rock wren, poorwill, and chukar; small mammals include the yellow-bellied 
18 marmot and wood rat; reptiles include rattlesnakes, gopher snakes, and horned lizards (PNL 1993b). 
19 
20 
21 4.4.4 Aquatic Species and Habitat 

. 22 

23 There are two types of natural aquatic habitats on the Hanford Site: one is the Columbia River, 
24 which flows along the northern and eastern edges of the Hanford Site, and the other is provided by 
25 the small spring,-streams and seeps located mainly in the Rattlesnake Hills. Several artificial water 
26 bodies, both ponds and ditches, have been formed as a result of wastewater disposal practices 
27 associated with the operation of the reactors and separation facilities. These bodies of water are 
28 temporary and will vanish with cessation of activities, but while present, the ponds form established 
29 aquatic ecosystems (except West Pond) complete with representative flora and fauna (DOE 1995). 
30 West Pond is created by a rise in the water table in the 200 East and 200 West Areas and is not fed 
31 by surface flow; thus, it is alkaline and has low species diversity. 
32 
33 Forty-four species of fish representing 13 families are known to occur. in the Hanford Reach. 
34 Since 1977, one additional fish, the brown bullhead (/ctalurus nebulosus), has been collected from the 
35 Hanford Reach (Cushing 1995). Of these species; chinook salmon, sockeye salmon, coho salmon, 
36 and_ steelhead trout use the river as a migration route to upstream spawning areas. Other fish of 
37 importance to sport fishem:ien_ are whitefish, sturgeon, smallmouth bass, catfish, walleye, and perch. 
38 Large populations of rough fish also are present,' i!lcluding carp, shiners, suckers, and squawfish 
39 . (Cushing 1995). · · 
40 
41 The Hanford Reach represents the only remaining significant mainstream Columbia River 
42 spawning habitat for stocks of upriver bright fall chinook salmon (PNL 1990a). Fall chinook salmon 
43 are known to spawn throughout the Hanford Reach. Since 1948, an annual census of salmon 
44 · spawning. on the Hanford_Reach indicates that over 60% of fall chinook spawning occu~s at Vernita 
45 Bar and the Locke Island area near White Bluffs (PNL 1993b). The numbers of fall chinook 
46 spawning sites (redds) in the Hanford Rear;h increased between the late 1940s and the 1980s. In 
47 1988, the Hanford Reach served as the spawning area for 50 to 60% of the total fall chinook salmon 
48 runs in the Columbia River (Cushing 1995). 
49 
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. Aquatic plants in the Hanford Rs:ach include· water mi°ifoil, w~~erweed, pondweed, Columbia 
2 yellowcress, watercress; and du1;;~w,~e.~j~,\l~.hing· 1995h,,;;,\JlH~,t,i~:ita91s, generally are more prevalent 
3 where·currents are less swift (Le.,i,in.slack water areas like sloughs)(WHC 1992g). Aquatic plants 
4 are important to resident fish because they provide food, cover, and spawning areas for a variety of 
5 . species. Water milfoil, an aggressive introduced aquatic plant, is becoming a nuisance in the 
6 Columbia River because' of its rapid growth and lack of natural control. 
7 
8 Other aquatic species found in the Hanford Reach include a variety of microflora, zooplankton, 
9 and benthic invertebrates. Microflora include both sessile types (periphyton) and free-floating types 

10 (phytoplankton). Microflora species include diatoms, golden or yellow-brown algae, green alg;ie, 
11 blue-green algae, red algae, and dinoflagellates. -Dominant zooplankton taxa include Bosmina, 
12 Diaptomus, and Cyclops. Benthfc invertebrate taxa occurring in the Hanford Reach include insect 
13 larvae such as caddisflies, midge flies, and"black.flies; snails;· freshwater sponges; limpets; and 
14 crayfish (Cushing 199~). · 
15 
l(> The small spring streams, such as Rattlesnake and Snively springs, contain diverse 
17 biotic communities and are extremely productive (DOE 1995). Dense blooms of watercress occur and 
18 are not lost until one of the major flash floods occurs. The aquatic insect production is fairly high as 
19 compared to that in mountain streams (DOE 1995). The· macrooenthic biota varies from site to site, 
20 and .is related to the proximity of colonizing insects and other factors. · 
21 
22 
23 4.4.5 Wetland Habitat 
24 
25 . Wetlands include those transitional lands occurring between terrestrial and aquatic ecosystems 
26 (Figure 4-21) where the water table usually· is close to the surface or where shallow water covers the 
27 surface (Cowardin et al. 1979). The primary jurisdictional wetlands found on the Hanford Site occur 
28 along the Hanford Reach, and include the ripari,an and riverine habitats located along the river 
29 shoreline. Riparian habitat includes the ~plarids ·i~e.diiiely adjacent to the Hanford Reach or its 
30 backwater sloughs and supports vegetation typical of a high water table (NPS 1994). Common 
31 riparian species found along the Hanford Reach include a variety of woody and herbaceous plant 
32 species. 
33 
34 Other wetland habitats found on .the Hanford Site are associated with man-made ponds and 
35 ditches occurring on the Hanford Site. Included ,are the B Pond Complex located near the 200 East. 

· 36 Area, and a small cooling and wastewater pond at the FFTF in_ the 400 Area. The B Pond complex 
37 was constructed in 1945 to receive cooling water from facilities in that area. Since that time, effluent 
38 flow to the B Pond has largely halted. Only one lobe of the pond is currently receiving cooling . 
39 water; the rest of the B Pond Complex is slowly reverting to a shrub-steppe ecosystem. 
40 
41 West Lake, a shallow, highly saline and alkaline pond located.southwest of Gable Mountain, 
42 fluctuates in size with changes in the water table (PNL 1991b) and is currently less than 5 acres 
43 (conversion) in size. Unlike other ponds on the Hanford Site, West Lake does not receive direct 
44 effluent discharges from Hanford Site facilities (PNL 1993a). Wetland vegetation found at West Lake 
45 is limited to scattered patches of emergent ina~rophytes such as cattails and bulrushes. · 
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1 Figure 4-21. Wetlands on the Hanford_§ite (Cushing 1995). 
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1 .; North of the River 
2 - Columbia River 
3 - Reactors on the River 
4 - Central Plateau 
5 - All other areas 
6 - Fitzner/Eberhardt ALE Reserve 
• -Wetland areas 
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4.4.6 Species of Co11cem 011 the ila,iford Site · 

~pecies of concern on the ·H~~fo1dth~'Tncl~de f~d~rali;::lis't~ci'ihreatened and endangered 
species, federal candidate species, state· threatened. or endangered species, state candidate species, and 
state monitor species. No plants or mammals on the Federal List of Endangered and Threatened 
Wildlife and Plants (50 CFR 17) are known to occur on the Hanford Site. There are, however, three 
species of birds that are federally listed, and several species of plants and animals that are under . 
consideration for formal listing by the Federal Government and Washington State. Candidate species 
occurring on the Hanford Site are currently treated as though they are threatei;ied and endangered, 
based on guidance provided by the USFWS. Species of concern occurring on the Hanford Site are 
listed in Tables 4-6 and 4-7; the tables also include definitions of each category of species of concern 
found on the Hanford Site. · 

4.4.6.1 Columbia River Species of Concem. No federally listed threatened or endangered plant 
species occur on the Hanford Reach. State endangered plant species occurring along the Hanford 
Reach include the. Columbia yellowcress (also federal candidate Category 2). Preferred habitat for 
Columbia yellowcress is shoreline areas with gently sloping, cobbly, or sandy substrate (PNL 1993b). 
Wetland species that have been found along .the shoreline and on islands of the Hanford Reach 
betwee·n the Vernita Bridge and the 300 Area include the southern mudwort, dense sedge, and shining 
flatsedge (WHC 1992h), all of which are state-~ensitive species. 

Wildlife species of concern that may occur along the Hanford Reach include several species of 
birds associated with riparian and aquatic habitat (PNL 1993b). Federally listed threatened and 
endangered birds include the Aleutian Canada goose, peregrine falcon, and bald eagle. The Aleutian 
Canada goose and ihe peregrine falcon are rare r1igrants or accidental species on the Hanford Site 
(PNL 1993b). Federal candidate Category 2 _species include the black tern and trumpeter swan. Both 
of these species have been reported, but seldom observed, on the Hanford Site (Cushing 1995). ' 
Other bird species of concern (see Table 4-7) occurring along the Hanford Reach include the Arctic. 
Tern, black-crowned night he~on, black-necked stilt, Caspian tern, Clark's grebe, common loon,· 
Forster's tern, great blue heron, great egret, homed grebe, osprey, red-necked grebe, western grebe, 
and sandhill crane (PNL 1993b). Bird species of concern occurring along the Hanford Reach that are 
considered relatively common include the American white pelican, bald eagle, Caspian tern, common 
loon, Forster's tern, great blue heron, and sandhill crane, while other species discussed are rare 
migrants or accidental species on the Hanford Site (Fitzner and Gray 1991). · 

4.4. 6.2 Reactors on the River Species of eollcem. A state-endangered and federal candidate plant 
species, the northern wormwood may occur in the 100 Areas but has not yet been found. State 
sensitive plant species that are known to occur in the 100 Areas are Piper's daisy, southern mudwort, 
false pimpernel, dense sedge, and shining flatsedge (WHC 1992h). Columbja yellowcress, southern 
mudwort, false pimpernel, dense sedge, and shining flatsedge occur in wetland areas, while northern · 
wormwood ·and Piper's daisy are upland species. · 
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Table 4-6. Plant Species of Concem Occurring 011 the Hanford Site (Cushing 1995). 
I ·," ~ • ' , 

Common Name Scientific Name Federal State 
Status Status 

Columbia milk-vetch Astragalus columbia11us Cl T 
Columbia yellowcress Rorippa columbiae C2 E 
Hoover's desert parsley - Lomatium tuberosum C2 T 
Northern wormwood Artemisia campestris borealis var. wormskioldii Cl E 
Bristly cryptantha Cryptantha i11terrupta M2 
Columbia River mugwort Arte11iisia lindleyana M3 
Crouching milkvetch Astragalus succu111!Jens M3 
Dense sedge Carex densa s 
Desert evening primrose Oenothera cespitosa s 
False pimpernel Li11dernia a11agallidea s 
Fuzzy-beard tongue penstemon Penstemon eriantherus M3 
Gray cryptantha Cryptantha /eucophaea s 
Medic milkvetch Astragalus speirocarpus M3 
Palouse thistle Cirsium brevifolium M3 
Piper's daisy Erigeron piperianus s 
Robinson's onion Allium robinsonii M3 
Rosy balsamroot Balsamorhiza rosea M3 
Shining flatsedge Cyperus rivularis s 
~ooth cliftbrake Pe/laea glabella M3 
Southern mudwort Limosella acau/is s 
Squill onion Allium sci/lioides M3 
Stalked-pod milkvetch Astragalus sclerocarpus M3 
Thompson's sandwort Arenaria franklinii V. thompsonii M2 
Tooth-sepal dodder Cuscuta denticulata Ml 

The following species may inhabit the Hanford Site, but have not been recently collected, and the known 
collections are questionable in terms of location and/or identification. 

Coyote tobacco Nicotiana attenuata s 
Few-flowered blue-eyed Mary Collinsia sparsiflora s 
Palouse milkvetch Astragalus arrectus s 

Cl = Taxa for which the U.S. Fish and Wildlife Service has enough substantial information on biological. 
vulnerability to support proposals to list them as endangered or threatened species. Listing is 
anticipated but has temporarily been precluded by other listing activity. 

C2 Taxa for which current information indicates that proposing to list as endangered or threatened is 
possibly appropriate, but for which conclu~ive data on biological vulnerability are not available to· 
support listing. The U.S. fish and Wildlife Service will not propose listing unless additional 

E = 

Ml = 

M2 = 
M3 = 
s = 

T = 

supporting information· becomes available. · · 
Endangered. A species native to Washington State that is seriously threatened with extinction 
throughout all or a significant portion of its range within the state. · Endangered specie are designated 
legally in WAC 232-12-014. 
Monitor group 1. Taxa for which there are insufficient data to support listing as threatened, 
endangered, or sensitive. 
Monitor group 2, i.e., taxa with unresolved taxonomic questions. 
Monitor group 3, i.e., taxa that ar'e more abundant and/or less threatened than previously assumed. 
Sensitive, i.e., taxa vulnerable or declining, a_nd could become endangered or threatened without 
active management or removal of threats. 
Threatened. A species native_ to Washington State likely to become endangered within th·e 
foreseeable future throughout significant portions of its fange within the state without cooperative 
management or the removal of threats. Threatened species are designated legally in 
WAC 232-12-011. 
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Table 4-7. Wildlife Species of Gpllcem Occurrillg o,z the fla11ford Site (Cushing 1995) . 
. , . ·-•_,.;t\'.:" .(2.sheetsY:1~;7:,tt,:.;,,,::r':, 

., ,. ->· -~ . -· 
•, ,, -~-, .,_y.., ~·~ ··: ~•:;,•~ ~ 

Common Name Scientific Name 
Federal State 
Status Status 

Molluscs 

Columbia pebble snail Fluminicola (= Lithoglyphus) columbiana C2 C 
Shortfaced lanx Fisherola ( ~ .Lanx) nuttalli C3 C 

Birds 

Aleutian Canada gooseb · Branta canadensis leucopareia T E 
American white pelican Pelecanus erythtorhychos E 
Bald eagle Haliaeetus · teucocephalus T T 
Ferruginous hawk Buteo regalis T 
Peregrine falconb Falco peregrinus E E 
Sandhill craneb Grus canadensis E 
Black ternh Chlidonius niger C2 
Burrowing owl Athene cunicularia C 
Common l_oon Gavia immer C 
FerruginoU$ hawk Buteo tegalis C2 
Flammulated owlb Otus jlammeolus C 
Golden eagle Aquila chrysaetos C 
Lewis' woodpecker' Melanerpes lewis C 
Loggerhead shrike Lanius ludovicianus C2 C 
Long-billed curlew Numenius americanus · C3 
Northern goshawkb Accipter' gentilis C2 C 

. Sage sparrow Amphispiza belli · · C 
Sage thrash.er Oreoscoptes montanus C 
Swainson·s hawk Buteo twainsoni C 
Trumpeter swanb Cygnus columbianus C2 
Western bluebirdb Si~lia m,exicana •. C 
Western sage grouseb Centrocercui uropiz11ianus phaios C2 C 

Insects 

Columbia River tiger beetle< Ciciridela colubica C 
Oregon silverspot butterfly• Speyerna zerone _ T T 

Reptiles : 

Striped whipsnake Masticophis taeniatus C 

-
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Table 4-7. Wildlife Species of Co11cem Occurri11g Oil the Hd11ford Site (Cushing 1995). 

3 

2 
3 
4 

Common Name 

Mammals 

Merriam's shrew 
Pacific western big-eared bat" 
Pygmy rabbit• 

. ' (:Z sJ,e~is) ' . 

Sciemific Name . 

Sorex merriami 
Plecotus tow11sendii townsendii 
Brachy/agus idahoensis 

Federal State 
Status Status 

C 
Cl C 
Cl· E 

5 C = Candidate. A wildlife species native to Washington State that the Department of Wildlife will 
6 review for possible listing as endangered, threatened, or sensitive. 
7 Cl = Taxa for which the U.S. Fish and Wildlife Service has enough substantial information on 
8 · biological vulnerability to support proposals 10 list them as endangered or threatened species. 
9 Listing is anticipated but has temporarily been precluded by other listing activity. 

10 Cl = Taxa for which current information indicates !hat proposing 10 list as endangered or threatened is 
11 possibly appropriate, but for which conclusive data on biological vulnerability are not available 10 

12 · suppon listing. The U.S. Fish and Wildlife Service will not propose listing unless additional. 
13 supporting information becomes available. . 
14 C3 = Taxa that were once considered for listing as endangered or threatened (i.e., in categories 1 or 2) 
15 but are no longer current candidates for listing. Such taxa are funher subdivided into three 
16 categories that indicate why they were removed from consideration. 
17 E = Endangered. A species that is seriously threatened with extinction throughout all or a significant 
18. portion of its range. Endangered specie are designated legally in WAC 232-12-014. 
19 T = Threatened. A species that is likely to become endangered within the fo·reseeable future 
20 throughout significant ponions of its range without cooperative management or the removal of 
21 threats. Threatened species are designated legally in WAC 232-12-011. 
22 "Likely not currently occurring on the Hanford Site. · 
23 ~Reported, but seldom observed, on the Hanford Site. 
24 "Probable, but not observed, on the Hanford Site. 

25 
26 
27 The bald eagle, a federal and Washington State threatened species, is the only federally listed 
28 wildlife species known to regularly use the 100 Areas. Bald eagles use groves of trees including 
29 black locust, white poplar, and Siberian elm near the White Bluffs peninsula along the Hanford Reach 
30 for perching and night roosts (PNL 1993b). Daytime perching areas used by bald eagles are trees 
31 along the Hanford Reach from the Hanford townsite upstream to Vernita Bridge (PNL 1991a). Other 
32 sensitive bird species occurring in the 100 Areas include the great blue heron and long-billed curlew. 
33 Great blue herons (a state monitor species) nest in trees along the Hanford Reach. During 1993, 
34 three great blue heron rookeries were located on the Hanford ~ite within the Hanford Reach -
35 (Cushing 1995). Long-billed curlews (a state monitor species) also nest in the. 100 Areas near the 
36 100-D, 100-F, and 100-H Areas (WHC 1992i). 
37 
38 Sensitive mammals using the 100 Areas include. the pallid bat (a Washington state monitor 
39 spec_ies). Coionial nesting by .this species occurs in old buildings near the .100-F Area (WHC 1992i). 
40 The Pacific western big-eared bat, a federal candidate Category 2 species, could potentially use 
41 reactor buildings in the 100 Areas for roosting, but its presence has not been confirmed (PNL 1991a). 

42 
43 4.4. 6. 3 Ce11tral Plateau Species of Co,zcem. No federal or state listed threatened or endangered 
44 plant or animal species occur in the Central Plateau. Piper's daisy (a state sensitive species) has been 
45 found at B Pond near the 200 East Area; and may occur in sagebrush-steppe habitat elsewhere on the 
46 Hanford Site (WHC 1992e). Dwarf evening primrose (a state sensitive species) has been found on 
47 mechanically disturbed areas near the Wye Barricade (Cushing 1995). 
48 
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l Wildlife species ofconcern'.0~9prring _in 
1

ihe 200 East a,nd 2.99:West Areas include the loggerhead 
2 shrike (a federal and state candiclate,;speci~s,).and. sage; .. spa!l~qw:.(a ~tat~ candidate species). Both 
3 species nest in undisturbed sageqrush haqitat .in the Central Piateau (PNL 1993b). Other bird species 
4 of concern that may occur in shrub-steppe habitat in the Central Plateau are the burrowing .owl 
5 (a state candidat~ species); ferruginous hawk·(a state threatened and federal·candidate Category 2 
6 species), golden eagle (a state candidate species), long-billed curlew (a state monitor species), and 
7 Swainson's hawk (a state candidate species). · Reptile species of concern using the Central Plateau 
8 include the striped whipsnake (state candidate. species), and the desert night snake (state monitor 
9 species) (PNL 1977). 

10 
11 4.4. 6.4 All Other Areas Species of Co11cem; Plant species of concern include three federal · 
12 · candidate Category 2 species: the Columbia milk-vetch, Columbia yellowcress, and Hoover's · 
13 desert-parsley. Columbia yellowcress also.is a state endangered species while Columbia milk-vetch 
14 and Hoover's desert-parsley also are listed as state threatened plants. State sensitive plants in this 
15 area include dense sedge, gray cryptantha, Piper's daisy, and d~arf evening-primrose. Columbia 
16 yelfowcress and dense sedge are known to pccur in wetland habitats along the Columbia River while 
17 the other specie,s of concern are found on upland· habitats (WHC 1992h). 
18 
19 . Wildlife species of concern occurring in this area inc!ude the ferruginous hawk, Swainson's 
20 hawk, and loggerhead shrike (PNL 1993b). Sensitive wildlife species include the long-billed curlew, 
21 burrowing owl, sage sparrow, sage thrasher, grasshopper sparrow, and golden eagle. All of these 
22 species except the golden eagle nest on the Hanford Site (Fitzner and Gray 1991). 
23 
24 
25 4.4. 7 Biodiversity 
26 
27 Biodiversity has been defined as the diversity of ecosystems, species, and genes, and the variety 
28 and variability of life (CEQ 1993). Majpr._q)I11ponents ,of bioc;iiversity are plant and animal species, 
29 microorganisms, ecosystems and ecologicaiph)cesses; and the interrelationships between and among 
30 these components. Biodiversity also is a qualitative measure of the richness and abundance of 
31 ecosystems and species in a given area (NPS '1994 ). · 
32 
33 Factors contributing to biodiversity on the.Hanford Site include one of the largest undisturbed 
34 tracts of native shrub-steppe habitat left in Washington State and the Hanford Reach, which is the last · 
35 free-flowing nontidal stretch of the Columbia River in the United States (Cushing 1995). Other 
36 factors include topographic features such as Rattlesnake Mountain, Gable Butte, and Gable Mountain; 
37 a variety of soil textures ranging from sand to silty and s~ndy loam; and the lack of human use and 
38 development over much of the Hanford Site .. · Specialized terrestrial habitats contributing to the 
39 biodiversity of the Hanford Site include areas of sagebrush-steppe, basalt outcrops, scarps (cliffs), 
40 scree slopes, and sand dunes: Aquatic components of biodiversity are mainly associated with the 
41 Columbia River and include aquatic habitat, wetland and riparian areas, and riverine habitat along 
42 Hanford Reach shoreline and islands in the co·lumbia River. Ecologically important plant and animal 
43 species on Hanford include species of concer:n; commercial and recreational wildlife species such as 
44 anadromous fish, mule deer, and upland game birds; and plant species used as a source of food, 

· 45 medicine, fiber, and dye by native peoples of the Columbia Basin (WHC 1992d). 
46 
47 In 1992, the DOE and The Nature Conservancy entered into a memorandum of understanding 
48 that called for a cooperative and coordinated. inventory of plants, animals, and ecologically significant 
49 areas at the Hanford Site .. In 1994, the DOE awarded The Nattue Conservancy a grant to conduct a 
50 partial inventory of the Hanford Site on the ALE Reserve and the North Slope, which occurred from 
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March 1994 to March 1995. Findings from the 1994 biodiversity inventory show that the 
2 Hanford Site supports a rich mosaic,of rel_atively unaJtered and increasingly uncommon native 
3 habitats, the quality and extent of which are unequaled_within''the Coiumbia Basin (TNC 1995). 
4 Significant numbers of plant, bird, and insect species, many of which are rare or in decline in 
5 . Washington, were found to be associated with or dependent on these habitats. The Hanford Site 
6 serves as a genetic· bank for both the common and unusual plants and animals that comprise the 
7 shrub-steppe ecosystem. This initial in"'.entory can· provide only a rough indication of the quality of 
8 biodiversity that is to be found on the main part of the Hanford Site, which is more extensively 
9 disturbed than the ALE Reserve or the North Slope. Further inventories of plant communities, rare 

10 plants, birds, and ins(!cts would broaden the scope of the first inventory effort. It is hoped that 
11 additional inventories can be performed of the main-part of the Hanford Site.and include studies of · 
12 small mammals, reptiles and amphibians, and nonvascular plants. 
13 
14 The Hanford Site has not been farmed or grazed by livestock for over 50 years, allowing the 
15 Hanford Site to serve as a refuge for various plant and animal species (Cushing 1995). However, 
16 the invasion and spread of nonnative plant species into previously disturbed areas such as abandoned 
17 farmland represent a potential threat to biodiversity through displacement of native species,. 
18 simplification of plant communities, and fragmentation of habitat. Introduced plant species account 
19 for approximately 21 % of the vascular plants found on the Hanford Site and include species such as 
20 chec!,tgrass, Russian thistle, and most of the tree species found on the Hanford Site (WHC 1992e). 
21 Most of the disturbed areas on Hanford, including abandoned farmland and areas burned by wildfire, . 
22 are dominated by pure stands of cheatgrass where the native shrub component has been modified 
23 severely or replaced altogether (Cushing 1992). 
24 
25 Human activities may have profound effects on the biodiversity of an ecosystem or community . 

. 26 Among other factors, these human activities include habitat modification or destruction and habitat 
27 fragmentation. Destruction or modification of a habitat can occur when undisturbed areas are ' 
28 harvested or converted to other uses, such as agriculture or industrial facilities. Habitat fragmentation 
29 occurs when disturbed areas break up a large community into smaller isolated undisturbed areas. 
30 When fragmentation occurs, biodiversity is impacted because the smaller undisturbed areas may not 
31 be capable of supporting the same number of species. The edges of the undisturbed area also may be 
32 strongly affected by proximity to the disturbed area, further reducing the size of the area that is truly 
33 undisturbed. Furthermore, the disturbed areas may serve as migration barriers for some species, 
34 effectively blocking recolonization of areas where small localized extinctions have occurred. Areas 
35 such as the Hanford Site serve to preserve regional biodiversity by providing refuges for species that 
36 have been eliminat~d by human ·activities in the surrounding countryside. 
37 
38 
39 4. 5 Cultural Resources 
40 
41 The Hanford Site is known to be rich in cultural resources. It contains numerous, 
42 well-preserved archaeological sites representing both the prehistoric and historical periods and is still 
43 tho1,1ght of as a homeland by many Native American people. Management of Hanford's cultural 
44 resources follows the Hanford Cultural Resources Management Plan (PNL 1989) and is c_onducted by 
45 the Hanford Cultural Resources Laboratory of Pacific Northwest National Laboratory. The Plan 
46 contains contingency guidelines for handling the discovery of previously unknown cultural resources 
47 encountered during construction activities. 
48 
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Cultural resour¢es are d~-9,re(t~~~ any prehi~toric or hi~to~ic;,,51,istiict., site, building, structure, or 
2 object considered to be i_mporta);it, iq,:.~~-:c.µ,lt1,1i~e ... subcuJi,l:lre..,.,.§(cp~llJ~.~n.itY, for scientific, traditional_, 
3 religious or any other reason. 'fh!!s.~ ;ire',ustia!Jy divided into.three major categories: prehistoric and 
4 historic archaeological resources, architectural resources, and traditional cultural resources. 
5 Significant cultural resources are t_hose that are eJigible or pote11tially eligible co the National Register · 
6 of Historic Places (National Register). · , 
7 
8 Consultation is required to identify the traditional cultural properties that are important to 
9 maintaining the cultural heritage of Native American Tribes. Under the Treaties of 1855, lands 

10 ultimately occupied by the Hanford Site were ce'ded to the United States by the Confederated Tribes 
11 and Bands of the Yakama Indian Nation, and,Confederated Tribes of the Umatilla Indian Reservation. 
12 Under the treaties, the Native American Tribes retained the rights to perform certain activities on 
13 ceded lands, including the rights to hunt, fish, gather foods and medicines, and pasture livestock on 
14 open and unclaimed lands. The Nez Perce Trib,e's treaty 'with the U.S. Government retained their 
15 rights to fish at all usual and accustomed.places_, including the Hanford Reach. The Wanapum, 
16 although they never signed a treaty, claim sirI?ilar rights on the Hanford Site. · · 
17 
18 The methodology fa~ identifying, evaluati~g. and mitigating impacts to cultural resources is 
19 _ defined by federal laws and regulations including the National Historic Preservation Act of 1966, the 
20 Archaeological Resources Protection Act of 1p79·, the Native American Graves Protection and 
21 Repatriation Act of 1990 and the American Indian Religious Freedom Act of 1978. A project affects a 
22 significant resource when it alters the property's characteristics, including relevant features of its 
23 environment or use,

1 

that qualify_ it as significant according to the National Register criteria. These 
24 effects may include those listed in 36 CFR 800.·9. Impacts to traditional Native American properties 
25 can be determined 0

1

nly through cons'ultado~ with the affected Native American groups. · 
26 · _;i 

27 Currently, 645 cultural resource sites and isolated finds are recorded in the files of the Hanford 
28 Cultural Resources Laboratory (Cushing)9_95),. Forty-:-_e.ight archaeological sites and one building are 
29 included on the National Register. National Register 'n8minations have been prepared for several . 
30 archaeological districts and sites considered to be eligible for listing on the National Register. 
31 
32 
33 4.5.1 Prehistoric A,rchaeologi.cal Resources 
34 
35 People have inhabited the Middle Columbia River region since the end of the glacial period. 
36 More than 10,000 years of prehistori!; human activity in this largely arid environment have left 
37 extensive archaeological deposits· along. th~ ·river shores (Cushing 1995). Well-watered areas inland 
38 · from the river show evidence of concentrated human activity, and recent surveys indicate extensive, 
39 although disperseq., use of arid lowlands for hunting. Graves are common in various settings, and 
40 . spirit quest monuments can still be found on high, rocky summits of the mountains and buttes 
41 (Cushing 1995). Throughout .most of the region, hydroelectric development, agricultural activities, 
42 and domestic and industrial construction have destroyed ·or covered the majority of these deposits. 
43 Amateur artifact collectors have had an immeasurable impact on what remains. Within the 
44. · Hanford Site, from which the public is restricted, archaeological deposits found in the Hanford Reach 
45 and on adjacent plateaus and mountains have'been spared some of the disturbances that have befallen 
46 othe~ sites. The Hanford Site is thus a de facto reserve of archaeological information of the kind and 
4 7 quality that has been lost elsewhere in the. regidn. . · · · 
48 
49 Currently 283 prehistoric archaeological ~ites have been found on the Hanford Site, 17 of which 
50 contain historic components.· Of 48 sites included on the National Register, two are single sites, 
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Hanford Island Site (45BN121) and Paris Site (45GR317), and the·remainder are located in seven 
2 archaeological districts (Table 4-8). Jn ·addition; fout .. Qther histo.ric properties have been nominated, 
3 or are planned to be nominated to the National Register (Table 4-9). Archaeological sites include 
4 remains of numerous pithouse villages, various types of open campsites, and graves along the river 

· 5 banks, spirit quest monuments (rock cairns), hunting camps, game drive complexes, and q·uarries in 
6 · mountains and rocky bluffs, hunting/kill sites in lowland stabilized dunes, and small temporary camps .. 
7 near perennial sources of water located away from the river (Cushing 1995). 
8 
9 Many recorded sites were found during· four archaeological reconnaissance projects conducted 

i O between 1926 and 1968. Systematic archaeological· surveys conducted from the middle 1980s through 
11 1993 are responsible for the remainder. Little excavation has been conducted at any of the sites; ·and 
12 the Mid-Columbia Archaeological Society has done most of that work. They have conducted minor 
13 test excavations at several sites on the river banks and islands and a larger scale test at site 45BN 157 
14 (Cushing 1995). The University of Idaho also excavated a portion of site 45BN179 (Rice 1980) and 
15 collaborated with the Mid-Columbia Archaeological Society on its other work. Test excavations have 
16 been conducted by the Hanford Cultural Resources Laboratory at several sites, results support 
17 assessments of significance for those sites. · Most of the archaeological survey and reconnaissance 
18 activity has concentrated on islands and on a strip of land less than 400 m (1,310 ft) wide on either 
19 side of the river, but this is changing because of a Hanford Cultural Resources Laboratory effort to 
20 inveotory a 10% sample of the site. The 100 Areas were surveyed in 1991 through 1993, revealing a 
21 large number of new archaeological sites (DOE 1995). To date only about 6% of the Hanford Site 
22 has been surveyed. Cultural resource reviews are conducted when projects are proposed in areas that 
23 have not been previously reviewed. About 100 to 120 reviews were conducted annually through 
24 1991; this figure rose to more than 500 reviews during 1994 (Cushing 1995). 
25 
26 
27 4.5.2 Native American Cultural Resources 
28 
29 In prehistoric and early historic times, .the Hanford Reach was heavily populated by Native 
30 Americans· of various tribal affiliations. The Wanapum people and the Chamnapum band of the 
31 Yakama tribe dwelt along the Columbia River from south of Richland upstream to Vantage 
32 (DOE 1995). Some of their descendants still live nearby at Priest Rapids, and others have been. 
33 incorporated into the Yakama and Umatilla reservations. Palus people, who lived on the lower Snake 
34 River, joined the Wanapum and Chamnapum to fish the Hanford Reach, and some inhabited the 
35 river's east barik (DOE 1995). Walla Walla and Umatilla people also made periodic visits to fish in 
36 the area. These people retain traditional secular and religious 'ties to t~e region, and many, young 
3 7 and old alike, have ~ow ledge of the ceremonies and lifeways of their aboriginal culture. The · 
38 Washani, or Seven Drums religion, which has ancient roots ·and had its start on what is now the 
39 Hanford Site, is still practiced by many people mi' the Yakama, Umatilla, Warm Springs, and 
40 Nez Perce reservations. Native plant and animal foods, some of which can be found on the 
41 Hanford Site, are _used in the ceremonies performed by sect members (Cushing 1995). 
42 
43 . Dudng public scoping of this EIS, tribal members emphatically expressed their interest in 
44 renewing their use of these resources in accordance with the Treaties of 1855. The DOE; is assisting 
45 them in this effort. Certain landmarks, such as Rattlesnake Mountain, Gable Mountain, Gable Butte, 
46 and various sites along the Columbia River, are sacred to them.' Native American people also 
47 consider numerous burial sites along the Columbia River to be sacred (Cushing 1992). Given the 
48 secular and nonsecular ties and beliefs that Native Americans ascribe to this portion of the Columbia 
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l Table 4-8. Arclzaeologicalp~stricts (with (heir archaeo,(qgical sites) and Historic Properties 
2 on the Hanford Sitit:L'istl!d ·o,1Lthe Natioizal,,R~gister.ofJjistoric Places. · 

3 

4 

5 

6 

7 

8 

9 

10 

11 . 

12 

13 

14 
15 

16 
17 

. District/Property Name ..t· ~- J ';;,,'.·::·,' . 
, . 

". 
, . 

Site(s) Included 

Wooded Island A.O. 45BN107 through 45BN112, 45BN168 ,, 

Savage Island A.O. 45BN116 through 45BN119, 45FR257 through 45FR262 

Hanford Island Site 45BN121 

Hanford North A.O. 45BN124 through 45BN134, 45BN178 
~ - . -

Locke Island A.D. 45BN137 through 45BN140, 45BN176, 45GR302 through 45GR305 

Ryegrass A.D. 45BN149 through 45BN157 

Paris Site 45GR317 

Rattlesnake Springs A.O. 45BN170; 45BN171-

Snively Canyon A.O. 45BN172, 45BN1_73 

100-B Reactor NA.·· ,·· 

A.O. 
NA 

= archaeological district (this table)_: 
= not applicable-. ·. · 

18 Table 4-9. Historic Properties on the Hanford Site Nominated, or Preparedfor Nomination, 
19 to the National Register of Historic Places . . 

20 

21 

22 

23 

24 

Propert)'. Name• · 
,-. ,., . ', -.. : 

Coyote Rapids A.D_b.c ,, 

Gable Mountain/Gable Butte Archaeological Site•.b,c 

Hanford South A.o.c.d 

'' 

·Wahluke A.D.b.c 

1\-··., Site(s) Included 

45BN152, 45GR312 through 45GR314 

45BN348 through 45BN363, 45BN402 
through 45BN410 

45BN026 through 45BN036; 45BN040 
through 45BN045; 45BN101 through 
45BNN112; 45BN162 through 45BN168; 
45BN191, 45BN192; 45FR019 through 
4.5FR025; 45FR251 through 45FR253, and 
45FR308 

45BN141 through 45BN148; 45GR306A, 
45GR306B, 45GR307C 

25 "Nomination forms have been prepared, . : · 
26. bNominated; rejected because of lack of do~umentation;.renomination is pending. 
27 cArchaeological District is listed on the Washington State Register of Historic Places. 
28 dNominated; rejected because of technical issues and unresolved questions involving ownership 
29 of lands included in the nomination:·· · 
30 A.O. = archaeological district (this table).' 

31 
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River Basin, the entire Hanford Site could be considered to be of traditional_ cultural significance 
2 under National Park Service Guidelines for Evaluating aiid Documenting Traditional Cultural 
3 Properties (Parker and King 1990). This designation would make the property potentially eligible for 
4 listing on the National Register. 
5 
6 rhe Hanford Site possesses attributes of traditional cultural significance for Native Americans. 
7 These attributes relate to locations on the Hanford Site in the following ways. 
8 
9 • A Native American group associates the location(s) with traditional beliefs about its origin, 

10 its cultural history, or the nature of the wqrld. · 
11 
12 • Native American religious practitioners historically have gone, and are known or believed to 
13 continue to go, to the location(s) to perform ceremonial activities in accordance with 
14 traditional cultural rules. 
15 
16 • A community traditionally has carried out economic, artistic, or other cultural practices 
17 important in maintaining its historical identity (Parker and King 1990). 
18 
19 The Hanford Site holds particular spiritual significance in traditional Native American history 
20 . because the Washani Religion had its origins here. 
21 
22 
23 4.5.3 Historic Resources 
24 
25 
26 
27 
28 
29 
30 
31 
"'') ~-
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

The first Euro-Americans who came to this region were Lewis and Clark, who traveled along the 
Columbia and Snake rivers during their 1803-1806 exploration of the Louisiana Territory. They were 
followed by fur trappers, military units, and miners who also passed through on their way to more 
productive lands upriver and downstream and across the Columbia Basin. It was not until the 1860s 
that merchants set up stores, a freight depot, and the White Bluffs Ferry on the Hanford Reach. 
Chinese miners began to work the gravel bars for gold. Cattle ranches opened in the 1880s and 
farmers soon followed. Several small, thriving towns, including Hanford, White Bluffs, and Ringold, 
grew up along the riverbanks in the early 20th Century. Other ferries were established at Wahluke 
and Richmond. The towns and nearly all other structures were razed after the U.S. Government 
acquired the land for the Hanford·Nuclear Reservation in the early 1940s (DOE i995; Cushing 1995). 

A total of 201 historic archaeological sites have been recorded by the Hanford Cultural 
Resources Laboratory on the }ianford Site (Figure 4-22). Properties from the pre-Hanford Site era 
include semi-subterranean structures near McGee Ranch; the Hanford Irrigation and Power 
Company's pumping plant at Coyote Rapids; the Hanford Irrigation Ditch; the old Hanford Townsite, 
pui:nping plant, and high school; Wahluke Ferry; the White Bluffs Townsite and bank; the Richmond 
Ferry; Arrowsmith Townsite; a cabin at East White Bluffs ferry landing; the White Bluffs road; the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad (Priest Rapids-Hanford Line) and associated 
whistle stops; and Bruggeman's fruit warehouse (Cushing 1995). Archaeological sites, including the 
East White Bluffs townsite and associated ferry landings and an assortment of trash scatt~rs, 
homesteads, corrals, and dumps, have been recorded by the Hanford Cultural Resources Laboratory 
since 1987. Ertec Northwest, Inc. was responsible for minor test excavations at some of the historic 
sites, including the Hanford townsite locality. In addition to the recorded sites, numerous unrecorded 
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site areas of gold mine tailings along the river bank and the remains of homesteads, farm fields, 
2 ranches, and abandoned Army installations are scattered over the entire Hanford Site. Of these 

· 3 historic sites, one is_ included in the National Register as an historic site, and 56 are listed as 
4 archeologicai sites. 
5 
6 More recent historic locations are the defense reactors and associated materials processing 
7 facilities that now dominate the Hanford Site. The first reactors (B, D, and F) were constructed in 
8 1943 as part of the Manhattan Project. Plutonium for the first atomic explosion and the bomb that 
9 destroyed Nagasaki to end World War II was produced in the B Reactor. Additional reactors and 

10 processing facilities were constructed after World War II during the Cold War. All reactor 
1 i containment buildings still stand, although many ancillary structures have been removed. The 
12 B Reactor has been listed on the National Register. About 45 buildings have been evaluated for 
13 National Register eligibility by the State Historic Preservation Office. As individual buildings are 
14 scheduled for major remodeling or demolition, they are evaluated on an as-needed basis. Long-range 
15 plans for sitewide building evaluations include the use of prep~red· historic contexts for the Manhattan 
16 Project and Cold War eras to assist with National Register eligibility d_eterminations (Cushing 1995). 
17 
18 . The following section briefly discusses cultural resources for each of the geographical areas of 
19 the Hanford Site. 
20 
21 
22 4.5.4 Columbia River and Reactors on the River Cultural Resources 
23 
24 For the purpose of this discussion, the cultural resources present in the Reactors on the River 
25 and the Columbia River geographic areas are considered together. This allows a discussion of 
26 sensitive cultural resources, but does not provide information sufficient to allow the discovery and/or 
27 adverse impact of these resources by unauthorized personnel. Much of the following information has 
28 been obtained from Cushing (1995). 
29 
30 Intensive field surveys were completed in the 100 Areas from 1991 to 1993. Much of the 
31 surface area within and near the 100 Area fencelines has been disturbed by the industrial activities 
32 that have taken place during the past 50 years. Numerous prehistoric and historic archaeological sites 
33 have been encountered, and many are potentially eligible for the National Register. A complete 
34 inventory of historic period 100 Area buildings and structures will be completed during fiscal 
35 years 1995 and 1996, and a National Register evaluat_ion for each will be finalized during 1996. To 
36 date, approximately 23 buildings and structures have been inventoried in the 100 Areas. 
37 
38 100-B/C Area. Three sites can be identified from area literature (Cushing 1995); all lie partially 
39 within the 100-B/C Area. The remains of Haven Station, a small stop on the old Priest · 
40 Rapids-Hanford railroad, is located to the west·of the reactor compound. A fourth archaeological site 
41 and the remains of the small community of Haven lie on .the opposite bank of the Columbia River. 
42 Many sites related to hunting and religious activities are located at the west end of Gable Butte, due 
43 south of the 100 B/C Area. These sites are part of the proposed Gable Mountain/Gable Butte 
44 • Cultural District nomination. 
45 
46 Two sites' located in the general area near 100 B/C have been investigated. Test excavations 
4 7 conducted in 1991 at one hunting site revealed large quantities of deer and mountain sheep bone and 

-48 projectile points dating from 500 to 1,500 years old. A second archaeological site is considered to be 
49 eligible for listing on the National Register, in part, because it may contain new information about the 
50 Frenchman Springs and Cayuse Phases of prehistory. 
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B Reactor was the first full-scale pluto1iiu1T1 production reactor and is designated as a National 
Historic Mechanical Engineering Lanqmar~;,- It is als~,liste,(pn the National Register, was recently 
named as a National Civil Engineering Landmark, and was given the Nuclear Historic Landmark 
Award. Several buildings from the Manhatt_an Project and early Cold War eras remain standing 
within the reactor compound, including 183-C and 190-C, which have been detem1ined to be 
ineligible for the National Register. The other buildings will be inventoried in 1995 and evaluated for 
National Register eligibility in-1996. 

100-D Area. Sixty-six known archaeological sites lie within 2 km (1.2 J!li) of the 100-D/DR 
Reactor Compound, three on the northern bank and sixty-three on the southern bank. Two sites· 

. located north of the reactor compound are within-the Wahluke Archaeological District. Ten sites 
located south of the reactor compound may be potentially eligible for th,e l'.-lational Register because of 

· their association with a traditional cu,ltural property. Most of the remaining sites represent early 
Euroamerican settlement activities. The former community of Wahluke, which was at the landing of 
a ferry of the same name, is also situated on the river's north bank. · , 

All .of the buildings and structures in this at~a were built during the Manhattan Project and Cold 
War eras. The 185/189 buildings and adjoinin·g facilities, all part of the 190-D complex, have been 
determined eligible for the National Register and have been the subject of documentation to mitigate 
thei~_proposed demolition. The complex has since been demolished. The other buildings/structures 
in this area will be inventoried in 1995 and evaluated for National Register eligibility in 1996 ... 

100-F Area. The 100-F Area is situated on a segment of the Columbia River that contains many 
cultural sites. Camps and villages of the Wanapum people extended from the old Hanford Townsite 
upstream to the former White Bluffs Townsite. Among those were the villages of Wakwaltkh, 
Tohoke, and Tacht and the sites of ~one and· Y'yownow, which were fishing and fish processing 
locations, respectively. Tac/u (the name for White Bluffs) was one of the village sites used by the 
Wanapum, and was occupied until 1943 y.rhen the Band relocated to Priest Rapids. 

' . . ; . ·. . ; .. ; :'.·:~ 

Four prehistoric archaeological sites, including one dating to 4,000 to 9,000 years old, were 
found in the 100-F Area during 1991 surveys. Two of these sites are considered to be ineligible for 
the National Register; two have not been evaluated. During 1991 surveys, four historic sites 
consisting of household debris were found inside the 100-F Area. 

There are six other prehistoric archaeological sites within 2 km (1.2 mi) of this area. They are 
all identified as open camps, e~cept for one, which contains housepits. Sites of particular importance 
include a cemetery, a site included in the Hanford North Archaeological District and listed on the 
National Register, and another site which appears to contain artifact deposits dating to at least 
6,000 years before present. 

The principal historic site in the vicinity is the East White Bluffs ferry landing and former 
townsite, which has been considered for nomination to the National Register. It is located on the east 
bank of the Columbia Rive.r. The site was the_ upriver terminus of shipping during the early- and 

·· mid-19th Century. It was at this point that supplies for trappers, traders, and miners were off-loaded, 
and commodities from the interior were transferred from pack trains and wagons to river boats. The 
first store and ferry o,f the mid-Columbia region were located there. A log cabin, thought by some to 
have been a blacksmith shop in the mid-19th Century, still stands there. The structure has been · 
recorded according to standards· of the Historic American Buildings Survey. The only remaining 
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1 structure associated with the Wh,ite Bluffs Townsite (near the railroad) is the White Bluffs Bank. 
2 A revised historic property inventory form for the bank will be completed in 1995. Two Manhattan 
3 Project buildings, 108-F and 105-F, remain in the 100-F Area. Both will be inventoried and 
4 evaluated during 1995 and 1996. 
5 
6 100-H Area. There are 10 recorded archaeological sites within 2 km (1.2 mi) of the area. 
7 These include two historic Wanapum cemeteries, six camps (one with an associated cemetery), and 
8 three housepit villages. The largest vi!lage contains niore than 100 housepits and numerous storage 
9 caches. It appears to have been occupied from 2,500 year~ ago to historic times. · All these sites are 

IO included in the Locke Island Archaeological Di~t~ict. Locke Island itself was known to the Wanapum · _ 
11 Indians an K'watch. The historic village of Tacht was located 1 km (0.6 mi)° south of the reactor. 
12 facility. Several Hving members of the Wanapl,lm, Palus, and Yakama tribes recall residing there. 
13 Surveys conducted in 1992 by the Hanford Cultural Resources Library showed that this site had been 
14 destroyed by soil borrowing, probably in the 19,40s or 1950s. 
15 · 

16 Fourteen historic sites in the vicinity· were recorded during 1992 and 1993 and include 
17 · 20th Century farmsteads, household dumps, and military encampments. None have yet been 
18 evaluat_ed for eligibility to the National Register. . 
19 
20 -- Only three buildings associated with the Cold War era remain in this area. These buildings will 
21 be inventoried in 1995 and evaluated in 1996. 
22 
23 100-K Area. Events took piace at this locality that were of great significance to Native 
24 American people in the interior Northwest. It was here, in the mid-19th Century, that Smohalla, 
25 Prophet of the Wanapum people, held the first Washat, the dance ceremony that has become central 
26 to the Washani or Seven Drums religion. As· a result of Smohalla's personal abilities, the religion 
27 spread to many neighboring tribes ·and is now pr~cticed in some form by members of the Colville, 
28 Nez Perce, Umatilla, Wanapum, Warm Springs,. and Yakama tribes. The site of this historic event 
29 was the south bank of the Columbia River near'. Moon, or Water Swirl Place, which also is known as 
30 Coyote Rapids. · 
31 
32 An archaeological survey of the 100-K Area in 1991 revealed five previously unrecorded 
33 archaeological sites. Two sites date to the Casc~de Phase (9,000 to 4,000 years ago). A large fish 
34 processing camp, represented by fire-:broken rock mingled with river gravel, extends downstream 
35 from Coyote Rapids. These areas have yet to be evaluated. More importantly, a recent (one or two 
36 centuries. old) group_ of pithouses with. associated·. long house and sweat lodge were identified and· may 
37 have been the site of Smohalla's first Washat danc;e. Three other sites, which compose the Coyote_ 
38 Rapids Archaeological District, are on the opposite bank of the river. This district was nominated to 
39 the National Register, but the nomination was rejected in 1976 because of insufficient information. 
40 The Ryegrass Archaeological District extends north and east of the 100-K Reactor Compound. Three 
41 archaeological sites are included; all are listed on the National Register. Two other sites have been 
42 determined by the SHPO to be eligible for li_sting ori the Nation~! Register.. · 
43 
44 Historic sites containing the remains of farms litter the nearby area; four historic sites and three 
45 isolated finds have been recorded as of 1994 .- Twq importapt linear lea tu res, the Hanford Irrigation 
46 Ditch and the former Priest Rapids-Hanford railroad, also are present in the 100-K Area. Remnants 
4 7 of the Allard community and the Allard Pump house at Coyote Rapids are located west of the 
48 K Reactor compound. Site forms for these histori_c resources will be completed in 1995. 
49 
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100-N Area. Within 2 lu~ (1.2 n-ii) of the Y6o-N Area perimeter' are fourteen archaeologi~al 
sites. Four of these sites are e_Hp~,r,.,U~tedf,Pi,c,g,~§Jg~red-~Jigi~fe ,fc?r listing, on the National Register. 
Three sites, which include -two. phh~Jse_.viffag~~\'fia:,,one::t:~n'iet~fy ;'°ccirtiprise the Rye grass 
Archaeological District. · · ,•·y · •.·•::< · 

Mr. D.G. Rice conducted test excavations at one site in 1973 (Cushing 1995). During that 
excavation, which consisted of excavating two trenches and two smaller pits, Rice found evidence of 
habitation during four periods of prehistory. The earliest undated occupation of the site occurred 
during the Vantage Phase of the local chronology, which dates to before 4,500 years before present 
(BP). Small amounts of material, also undated, were attributable to the Frepchman Springs Ph~se. 
(4,500 to 2,500 BP). Above that were dense artifact deposits and remains of pithouses dating after 
1,862 BP, which Rice attributed to the Cayuse Phase (2,Q00 BP.to historic times). Capping the 
sequence of <;leposits was debris left by Wanapum people during their historic occupation of the sites. 
No excavations have be.en conducted in other sites within the Ryegrass Archaeological District. 

,; ' 

Extant knowledge about the archaeology of the 100-N Area is based largely·on 
reconnaissance-level archaeological surveys conducted during the late 1960s to late 1970s 
(Cushing 1995), which do not purport to produce complete inventories of tlle areas covered. 
Intensive surveys of surrounding areas were conducted during 1991. · The Hanford Generating Plant· 
vidrjity also has been surveyed intensively for archaeological resources. 

Three areas near the 106-N Area are known to be of importance to tribal members. The knobs 
and kettles surrounding the area may have been called Moolimooli, which means Little Stacked Hills. 
Coyote Rapids, which is a short d:istance upstream; was called· Moon, or Water Swirl Place. Gable 
Mountain (called Nookshai or Otter) and Gable Butte, which lie to the south pf the river, are sacred 
mountains where youths would go on ·overnight vigils seeking guardian spirits. No sites of religious . 
importance are known to exist within the 100-N compound but may exist nearby. 

• ;' f • - .:. ·• t", 
The most common evidence of historic activities riow found near the 100-N Area consists of gold 

mine· tailings on riverbanks and historic archaeological sites. where farmsteads once stood; The 
significance of most 100-N buildings and structures, their role in the Cold War, and their potential 
eligibility for listing on the National Register have not yet been determined. All of the buildings will 
be inventoried and evaluated in 1995. 

36 4.5.5 Central Plateau Cultural Resources 
37 
38 An archaeological survey conducted of all undeveloped portions of the 200 East Area and a 50% 
39 random sample conducted of undeveloped portions of the 200 West Area have indicated no findings 
40 of archaeological sites (PNL 1990b). However, three small sites are known to exist within 2 km 
41 · (1.2 mi) of the 200 East Area and 200 West Area boundaries (DOE 1995). The only evaluated 
42 _historic site is the old White Bluffs freight road that. crosses diagonally through the 200 West Area. 
43 J:he road, which was originally a Nativ·e American trail, has been in continuous use as a 
44 transportation route since prehistory. It has played a role in Euro-American immigration, regional 
45 development, agriculture, ano the recent Hanford Site operations .. As such, the property has been · 
46 determined to be eligible for the National Register, although the segment that passes through the 
47 200 West Area is considered to be a noncontributing element. A 100-m (328-ft) easement has been 
48 created to protect the road from uncqntrolled · disturbance. Approximately 20· buildings have been 
49 · evaluated for National Register eligibility. The remaining buildings associated with the Manhattan 
50 Project and Cold War eras have not been inventoried (Cllshing 1995). 
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1 4.5.6 All Other Areas Cultural Resources 
2 
3 This area represents the largest portion of land on the Hanford Site, comprising 627 km2 

4 (242 mi2
) (Cushing 1995). It includes developed operations in the 300, 400, and 1100 Areas, and the 

5 predominantly undeveloped tracts of land in the 600 Area. 
6 
7 4.5. 6.1 300 Area. Most of the 300 Area has been highly disturbed by industrial activities. 
8 Archaeological surveys of the 300 Area have included inspection of a narrow strip along the 
9 riverbanks, the right-of-way for a proposed toll bridge just south of the area boundary, and several 

10 DOE project-driven surveys.' Five archaeological sites are located partially within the 300 Area. , 
11 There are 21 sites within 2 km (1.2 mi) of the 300-Area perimeter. Although the areas have been 
12 only minimally surveyed, historic site have been documented and additional historic site may be 
13 expected to be found in this area. Orie site has been tested for subsurface deposits and is recognized 
14 as eligible for listing on the National Register. Several sites in this area are in the Hanford South 
15 Archaeo~ogical District, which is listed on the State Register. 
16 
17. All of the buildings in the 300 Area were constructed in the Manhattan Project and Cold War 
18 eras. These facilities will be evaluated for eligibility for listing on the National Register in the next 
19 few years. · · 
20 
21 A traditional food resource gathering area important to the historic.Wanapum people is situated 
22 near the 300 Area. Sekema, a favorite place for taking salmon that had already spawned, was located 
23 10 km (6 mi) north of Richland (Cushing 1995}, placing it 2 to 3 km (1.2 to L8 mi) north of the . 
24 300 Area perimeter. However, because the geographic descriptions are only approximate, it is 
25 possible that Sekema corresponds to any or all of the previously recorded archaeological sites in or 
26 around the 300 Area. ·· · 
27 
28 4.5.6.2 400 Area. ·Most of the 400 Area has been subjected to intensive development-related 
29 construction activities. Archaeologists surveying the site in 1978 were able to find only 12 ha (30 ac) 
30 that were undisturbed. No cultural resources were found in that small area and no sites have been 
31 recorded or are known to exist within 2 km (Li mi) of the 400 Area (Cushing 1995). 
32 
33 4.5. 6.3 600 Area. The 600 Area contains diverse cultural resource sites and traditional cultural 
34 properties; representing a full range of human activity across the Hanford Site. Project-driven 
35 surveys have been conducted thr~>Ughout the area, but much of the 600 Area remains unsurveyed. 
36 
37 Five anti-aircraft artillery sites have been determined eligible for the National Register. Because 
38 of the proposed remediation of these sites, mitigation to reduce the adverse effects will be carried out 
39 in 1995 and 1996 .. The Central Shops Complex, in the 600 Area, was determined ineligible for the 
40 National Register in 1995 (Cushing 1995). 
41 
42 4.5._6.4 UOO Area. Historic.cultural resources _have been identified in or near the 1100 Area. These_ 
43 include remnants of homesteads and agricultural structures predating the establishment of the · 
44 Hanford Site. These historic sites will be evaluated fpr National Register eligibility befo_re the start of · 
45 any project that might adversely effect them.· 
46 
47 
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4. 6 Socioeconomic Enviromneiit , 
2 . . .·. .. ; ; : 1 :'. . , .••. :~.;,:,_;;;J,i{t1ii/J . i(}::~::'.,<:.:,;,, ' .-., : . ' . 
3 Activity on the Hanford Site' plays a· d~riiY-~~~t\'bfe in °th~''ibcio~cc,~omics of the Tri-Cities 
4 (Richland, Pasco, and Kennewick) and other pa·rts pf Benton and· Franklin counties. The Tri-Cities 
5. serves as a markeCcenter· fora much b;oa'der area of eastern Washington, including Adams, 
6 Columbia, Grant, Walla Walla, and Yakima counties. The Tri-Cities also serves parts of northeastern 
7 Oregon, including Morrow, Umatilla, and Wallowa counties. Socioeconomic impacts of chan·ges at 
8 Hanford are mostly confined to the immediate Tri-Cities community and Benton and Franklin counties 
9 (Yakima County to a lesser extent) (PNL 1984 and PNL 1987). However, because of the significance 

10 of the wider agricultural region and surrounding communities in the Tri-Cities' economic base, this 
11 section briefly discusses the wider region as well~ Additionally, the impact of the ·proposed actions 
12 might be altered by changes in socioeconomic resources in the surrounding counties of Adams, 
13 Columbia, Grant, Walla Walla, and Yakima in Washington state; and Morrow, Umatilla, and 
14 Wallowa counties in Oregon (Figure 4-23). This section describes _the population, economic activity, 
15 housing, and public services and public finance of each county and the Tri-Cities. Because Benton 
16 -and Franklin counties are expected to be most impacted from changes in Hanford Site activities, the 
17 information presented in this section concentrates on those· counties,. with less attendon paid to the 
18 other areas. 
19 
20 -.:fable 4-10 summarizes the regional (Benton and Franklin counties) nonagricultural jobs from 
21 1993 to 1994. Hanford Site employment projections were provided by the DOE; an average 
22 workforce of 15,600 employees-will be required for the foreseeable future. A down-turn in 
23 Hanford Site employment is anticipated, the extent of this down-tum is unknown at this time. 
24 
25 
26 4. 6.1 Demographics 
27 
28 Estimates for 1994 placed population totals for B~rgpn and Franklin counties at 127,000 and 
29 42,899, respectively (Cushing 1995). When compared to the 1990 census data in which Benton 
30 County had 112,560 residents and Franklin County's population totaled 37,473, the current 
31 population totals reflect the continued growth occurring in these two counties. 
32 
33 Within each county, the 1994 estimates distributed the Tri-Cities population as follows: Richland 
34 35,430; Pasco 22,170; and Kennewick 46,960: The combined populations of Benton City, Prosser, 
35 and West Richland totaled 11,985 in 1994. The unincorporated population·of Benton County was 
36 32,610. · In Franklin County, incorporated areas other than Pasco have a total population of 3,155. 
37 The unincorporated population of Franklin County was 17,575 (Cushing 1995). 
38 
39 The 1994 estimates of racia!categories by the Office_ of Financial Management (Cushing 1995) 
40 indicate that in Benton and Franklin counties, Asians represent a lower proportion and individuals of 
41 Hispanic origin represent a higher proportion of the racial distribution than those in the State of 
42 Washington. Countywide, Benton and Franklin counties exhibit varying racial distributions 
43 (Cushing 1995). 
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1 Fig1:1,re 4-23. Areas oj Washington and Oregon Where 
~ Socioeconomic Resources May Be Affected (DOE 1995). 
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· Table 4-10. Nollagricultural Workers ill Be1tlo1t alld Fra11klin Coumies, 
.. · · ·:1993 :a,fd.'.i,994,:'.'f,,,,- .. }, . :;. :. :;:1 .·. 

,. 

Industry .1994 Annual . i 993 Annual % Change 
,, ,, 

'' Average i Average · 1993-1994 . 
Nonagricultural· wage laborers ·72,300 69,500 4 

Manufacturing 5,500 . 5,000 3 

· Construction• -4,000 4,400 -9 

Public utilities - 2,200 2,100 5 

Wholesale and retail trade 15,000 14,100 6 

Finance, insurance, and real estate ,2,200 . l,900 16 

Services and mining• 30,300 2$,800 5 

Government 13,300 12-,900 3 

"During 1994; employees of one Hanford contractor were reclassified from 
construction to services, making actua.l changes in employment in these sectors 

-difficult to determine. 

17 Benton and Franklin counties accounted for 3.2 % of Washington State's population 
18 (Cushing 1995). In 1994, the population demographics of Benton and Franklin counties ·are quite 
19 similar to those found .within the State of Washington. · 55 % of the population of Benton and Franklin 
20 · counties is under the age of 35, compared to 52 % for the State o(Washington. Within the State of 
21 Washington, 30- to 39-year olds constitute the largest ag~ group (17.6%) compared to 16.8% found 
22 within Benton and Franklin counties. In general, the population of Benton and Franklin counties is 
23 somewhat younger than that of Washington State. The 0- to 14-year old age group accounts for 
24 
25 
26 
27 
28 

· 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

27 .1 % of the total bicounty population as compared to 22. 7 % for Washington State. In 1994, the 
65-year old and older age group constituted 9.8% of the.population of Benton and Franklin counties 
compared to 11.6% for the State of Washington. · 

4. 6.2 Economics 

This subsection summarizes pertinent economic activity within the region of interest, including 
information on the general economy, employment, income, and impact of the Hanford Site. 
Historically, the primary industries within the region have been related to agriculture; a multitude of 
crops encompassing many fruits, vegetables, and grains, are grown each year. · 

' . - . 

4:6.2.1 Employme1tt in the Tri-Cities. Three major sectors have been the principal driving forces of 
the economy in the Tri-Cities since the early_ 1970s: (1) the DOE and its Hanford Site contractors, 
(2) Washington Public Power Supply System (WPPSS) in its co_nstruction and operation of nuclear 
power plants; and (3) agriculture, including a substantial food-processing industry. With the 
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1 exception of a minor amount of agricultural commodities sold to_ local area consumers, the goods and 
2 services .produced by these sectors are exported from the Tri-CiHes.' In-addition to direct employment 
.3 and payrolls, these major sectors also supporta sizable number of jobs in the local economy through 
4 their procurement of equipment, supplies, and business services. 
5 
6 1. The DOE and its Hanford Contractors. Hanford continued to dominate the local 
7 employment picture with almost one-quarter of the total nonagricultural jobs in Benton and 
8 Franklin counties in 1994 (18,388 of 72,300) (Cushing 1995). Hanford's payroll has a 
9 widespread impact on the Tri-Cities e.conqmy and state economy in addition to providing 

10 direct employment. 
11 
12 2. WP PSS. '. Although activity related to nuclear power plant construction ceased with the 
13 completion of the WNP-2 reactor in 1983, the·WPPSS continues to be a major employer in 
14 the Tri-Cities area. Headquarters personnel based in Richland oversee the operation of one 
15 generating facility and perform a variety of functions related to two mothballed nuclear 
16 plants and one standby generating facility. In 1994, the WPPSS employment was more than 
17 1,700 workers. WPPSS activities generated a payroll of approximately $83.6 million in the 
18 Tri-Cities during the year. Decommissioning of the two mothballed power plants (WNP-I 
19 and WNP-4) is expected to begin in 1995. This decommissioning is expected to reduce the 
20 number of employees necessary_to maintain these facilities (Cushing 1995) 
21 
22 3. Agriculture. In 1993, agricultural actiyities in Benton and Franklin counties were 
23 responsible for apprmdmately 9,482 jobs, ·or 12% of the area's total employment. 
24 According to the U.S. Department of Commerce's Regional Economic Information System, 
25 about 2,330 people were classified as farm proprietors in 1992. Farm proprietors' income 
26 from this same source was estimated at $82.9 million in the same year (Cushing 1995). 
27 
28 In 1994, seasonal farm workers in Benton, Franklin, and Walla Walla counties averaged 6,307, 
29 ranging from 1,600 workers during the winter· pruning season to 17,260 workers at the peak of 
30 harvest. An ·estimated average 4,640 seasonal workers were classified as local (ranging from 1,250 to 
31 9,220); an average of 423 were classified as intrastate (ra~ging from Oto 2,211); and an average of 
32 1,245 were classified as interstate (ranging from O to 5,830). Most intrastate workers resided 
33 elsewhere in Benton, Franklin, Walla Walla, and Yakima counties, although the peak harvest season 
34 saw an influx of workers from around Eastern· and Central Washington. The weighted seasonal wage 
35 for 1994 ranged .from $5.18 per hour to $5.80 per hour, with an average of $5.44 per hour 
36 (Cushing 1995). · · 
37 
38 The area's farms and ranches generate a sizable number of jobs in supporting activities, such as 
39 agricultural services (for example, application of pesticides and fertilizers or irrigation system 
40 development) and sales of farm supplies ·and equipment. Although formally classified as a 
41 manufacturing acti_vity, food processing is a natural extension of the farm sector. More than 20 food 
42 processors in Benton and Franklin counties produce such items as potato products, canned fruits and 
43 vegetables, wine, and animal feed. 
44 
45 . In addition to those three major employment sectors, three other components are readily 
46 identified as contributors to the economic base of the Tri-Cities economy. The first component, 
47 categorized as other major employers, includes five employers: (1) Siemens Nuclear Power 
48 Corporation in north Richland, (2) Sandyik Spei;:ial Metals in Kennewick, (3) Boise-Cascade in 
49 Wallula, (4) Burlington Northern Railroad in Pasco, and (5) Iowa Beef Processors in Wallula. These 
50 employers employed approximately 3,500 in Benton and Franklin Counties in 1994 (Cushing 1995). 
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l 4.6.2.1.1 Tourism. The Tri\C:ities Visitors and Convention Bureau reported approximately 320 
2 conventions were held in the Tri,-CiHtrr inil~~-1~i~!!~Af ,1J§it~e~dipg,\ visitors who spent an estimated 
3 $17.3 million. The number of conventions and'visifors .is'up40% from levels reported iri 1993, 
4 while the dollar volume generated 'i,y visitors- is up n~arl/4"7'%.. . , . 
5 . ,_, :/:/, ,.,· ·, .·: ' ' - ... - :,: ·. :·: ·.-., -' ,·_ ,._ '. ·'. : -' .. ,·. •' ·_.,_._::, :· ; -,,, ·,---' 

· 6 A study by the Washington State Tourism Development Division estimated that overall tourism 
7 expenditures in the Tri-Cities were roughly $143:5 million in 1993 and that travel-generated 
8 employment in Benton and Franklin.counties was about 2300 with _an estimated $25.2 million in · 
9 payroll. 

10 
11 4.6.2.1.2 Retirees. Although the Bentmfand Franklin counties have a relatively young.· 
12 population (approximately 55% under the age of 35), 16,406 people over the age of 65 resided in 
13 · Benton and Franklin counties in 1994. The portion of the total population 65 years and older in 
14 Benton and Franklin counties accounts for 9. 8 % of the total population, slightly below that of the 
15 State of Washington (11.6%). This segment ofthe population supports the local economy on the 
16 basis of income received from government_ transfer payments and pensions, private pension benefits, 
17 • and prior individual savings. · · 
18 
19 Although information on private pensio~ and savings is not available, data are available 
20 regarding the magnitude of government transfer payments. The U.S. Department of Commerce's 
21 Regional Economic ,Information System has ~stimated transfer payments by various programs at the 
22 county level. A sui:pmary of estimated major government pension benefits received by the residents 
23 of Benton and. Franklin counties in 1991 is shown in Table 4-11. About two-thirds of the Social 
24 Security payments go to retired workers; the remainder are for disability and other payments. The 
25 historical importanc:e of government activity _in the Tri-Cities area is reflected in the relative 
26 magnitude of the government employee pension benefits as 'compared to total payments 
27 (Cushing 1995). 
28 
29 4. 6.2.2 Income Sources. Total persori;l inc~me is comprised of all forms of income received by the 
30 populace, including wages, dividends, and other revenues. Per capita income is roughly equivalent to 
31 total personal income divided by the number- of people residing in the area. Median household 
32 income is the point at which half of the households have an income greater than the median and half 
33 have less. The source for total personal income and per capita income was the U.S. I>epartment of 
34 Commerce's Regional Economic Information System, while median income figures for Washington 
35 State were provided by the Office of Finandal Management (Cushing 1995). 
36 
37 

38 Table 4-11. Government Retirement Payments in Benton and 
39 Franklin Counties in 1991 ($ million) . 

40 

41 

42 

43 

44 

45 

46 

47 

. 

Source 

Social Security (including survivors and disability) 

Railroad retirement , . 

Federal civilian retirement 

Veterans pension and military retirement 

State and loc.i.l employee retirement 

Total 

. Benton County 

129.5 

3.2 

11.5 

17.1. 

24.3 

185.6 

Franklin County 

34.8 

4.1 

2.8 

3.6 

4.8 

50.1 

Total 

164.3 

7.3 

14.3 

20.7 

29.1 

235.7 
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In 1992, the total personal income fof Benton County was $2,422 million, Franklin County was 
2 $633 _million, and the State of Washington was $109.5 billion. Per capita income in 1992 for Benton 
3 County was $20,122, Franklin County was $15,620, and Washington State was $21,289. Median 
4 income in 1992 for Benton County was estimated to be $40,288, Franklin County was estimated 
5 $28,317, and the State of Washington was estimated at $36,648 (Cushing 1995). 
6 
7 4.6.2.3 Hanford Employment. In 1994, Hanford employment accounted directly for 25% of total 
8 nonagricultural employment in Benton and Franklin counties and slightly more than 0.8% of all 
9 statewide nonagricultural jobs. In 1994, the Hanford Site total wage payroll was $740 million, and 

10 accounted for an est!mated 45 % of the payroll dollars earned in the area (Cushing 1995). 
11 
12 Previous studies have revealed that each Hanford job supports about 1.2 additional jobs in the 
13 local service sector of Benton and Franklin counties (about 2.2 total jobs) and about 1.5 additional 
14 jobs in the state's service sector (about 2.5 total jobs). Similarly, each dollar of Hanford income 
15 supports about 2.1 dollars of total local incomes and about 2.4 dollars of total statewide incomes. 
16 Based on these multipliers, Hanford directly or indirectly accounts for more than 40% of all jobs in 
17 Benton and Franklin counties (Cushing 1995). · · 
18 
19 Based on employee residence records as of December 1993, 93% of the direct employment of 
20 Hanford is comprised of residents of Benton and Franklin counti~s. Approximately 81 % of the 
21 employment is comprised of residents who reside in one of the Tri-Cities. More than 42% of the 
22 employment is comprised of Richland residents, 30% of Kennewick residents, and 9% of Pasco 
23 residents. West Richland, Benton City, Prosser, and other areas in Benton and Franklin counties 
24 account for.12 % of total employment. Table 4-12 contains the estimated percent of Hanford 
25 employees residing in each of the counties within the region of influence. The information available 
26 did not include the residences of DOE employ~es nor those of ICF Kaiser Hanford Company. It was 
.27 assumed that the distribution of these employees would be similar to the distribution of the other 

· 28 Hanford contractors. 
29 
30 

31 Table 4-12. Hanford Employee Residences by County. 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Preliminary Praft 

County 

Adams 

Benton 

Columbia 

Franklin 

Grant 

Walla Walla 

Yakima 

Morrow 

Umatilla 

Percent of Employees in 
Residence(%) 

0.18 

84.16 

0.01 

9.07 

.0.25 

0.21 

5.08 

0.01 

0.01 
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The DOE and. Hanford Site co11tractors spent nearly $298 million, or 45.6 % of total 

procmrements ·of $653 rri_illi?~· }n,it(~py J,lJrnu?h./n'~!btn~!Bc~v:fi~~:s)p_}_9~3. About 18 % of Hanford 
orders were filled by Tn-Cmes firm~. . · · · ·.· · · ·· _" . . •· ·, ·· · · . . · 

_._ ;, .,, ,:·:, 

The Do'E and Hanford Site·contractors paid a total ·of Sl0.9 million in state taxes on operations 
and purchases in fiscal year.1988 (the most recent year available). · Estimates show that Hanford 
employees paid $27 .0 million in state sales tax, use taxes, and other taxes and fees in fiscal 
year 1988. In addition, Hanford paid $0.9 million to local government in Benton, Franklin, and 
Yakima counties in local taxes and fees (DOE 1995). 

4. 6. 3 Emergency. Services 

Police protection _in Benton and Franklin counties is provided by ~enton and Franklin counties' 
sheriff departments, local municipal police departments, and the Washington Stat~ Patr.ol Division 
headquartered in Kennewick. Table 4-.13 shows the number of commissioned officers and patrol cars 
in each department in February 1995. The Kennewick, Richland, and Pasco municipal departments 
maintain the largest staffs of commissioned officers with 66, 44, and 43, respectively. 

__ Table 4-14 indicates the number of firefighting personnel, _both paid and unpaid, on the staffs of 
fire districts in the area. . 

Table 4-13~ .Police Personnel in the Tri-Cities for 1995 (Cushing 1995). 

Area·· Commissioned Officers Reserve Officers Patrol Cars 

Kennewick Municipal 66 22 18 

Pasco Municipal \ · 43 .. , 26 13 

Riehl.and Municipal 44 · 23 18 · 

West Richland Municipal 9 8 9 

Benton County Sheriff 43 20 50 

Franklin County Sheriff 21 15 21. 

Table 4-14. Fire Protection ill the Tri-'Cities for 1995 (Cushing 1995). 

Station Fire Fighting Personnel Volunteers Total Service Area 

Kennewick 57 0 57 City of Kennewick 

Pasco 30 0 30 City of Pasco 

Richland 56 0 56 City of Richland . 

BCRFD 1 5 100 105 Kennewick Area 

BCRFD 2 0 30 30 Benton City 

BCRFD 4 ·4 30 34 West Richland 

BCRFD = Benton County Rural Fire Department 
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l The Hanford Fire Department, with' 155 firefighters, is trained fo dispose of hazardous waste and 
2 to fight chemical fires. During the 24.:hcfor duty period, the l foci Area has 5 firefighters; 300 Area 
3 has 7; 200 East and 200 West Areas have 7; the 100 Areas have 6; and the 400 Area, which includes 
4 the Supply System, has 6. To perform their responsibilities, each station has access to a Hazardous 
5 Material Response Vehicle that is equipped with chemical fire-extinguishing equipment, an attack 
6 truck that carries foam and Purp!e-Kdry chemical, a mobile air truck that provides air for gas masks, 
7 and a transport tanker that supplies water to six brushfire tmc.ks. The Hanford Fire Department owns . 
8 • five ambulances and maintains contact with local hospitals. The Hanford Fire Department is currently 
9 involved in discussions with DOE, the City of Richland, and Westinghouse Hanford Company 

10 regarding the possibility of contracting with the City of Richland for Hanford's fire protection 
11 services (Cushing 1995). · 
12 
13 
14 4. 6.4 Health Care 
15 
16 The Tri-Cities have three major hospitals and five minor emergency centers. All three hospitals 
17 . offer general medical services and include a 24-hour emergency room, basic surgical services, 
18 intensive care, and neonatal care. · · 
19 
20 --Kadlec Medical Center, located in Richland, has 144 beds and functioned at 45.3 % capacity in 
21 1994. Their 5,628 annual admissions represent more than 38% of the Tri-Cities market. 
22 Non-Medicare/Medicaid patients accounted for 55%, or 3,101 of their annual admissions in 1994. 
23 An average stay of 3.92 days per admission was reported for 1994. 
24 
25 Kennewick General Hospital maintains a 45.7% occupancy rate of its 70 beds with 4,731 annual 
26 admissions in 1994. Non-Medicare/Medicaid patients in 1994 represented 35 % of its total 
27 admissions. An average sti1y of 3.2 days per admission was rep?rted in 1994. 
28 
29 Our Lady of Lourdes Hospital operates a 132-bed Health Center, located in Pasco, providing 
30 acute, subacute, skilled nursing and rehabilitation, and alcohol and chemical dependency services. 
31 Our Lady of Lourdes also operates the Carondolet Psychiatric Care Center, a 32-bed psychiatric 
32 hospitarlocated in Richland. They also provide a significanr am.ount of outpatient and home health 
33 services. For their fiscal year ending June 30, 1994, Our Lady of Lourdes had a total of 4,449 
34 admissions of which 32.8 % were non-Medicare/Medicaid admissions. Lourdes had an average acute 
35 care length of stay of 3 .1 days (Cushing 1995). 
36 
37 
38 4. 6. 5 Housing 
39 
40 • · In 1994, 95 % of all housing (of 4t',562 total units) in the Tri-Cities was occupied. Single-unit 
41 housing, which represents nearly 59% of the total units, has a 98% occupancy rate throughout the 
42 Tri-Cities. Multiple-unit housing, defined as housing wiJh two or more units, has an occupancy rate 
43 of 95%, a 4% increase since 1990. Pasco has the lowest occupancy rate, 93%, in all categories of 
44· housing; followed by Kennewick with 96%, and Richland with 97%: Representing 11 %. of the 
45 housing unit types, mobile homes have the lowest occupancy rate, 90%. Table 4-15 shows a detailed 
46 listing of total units and occupancy rate by type in the Tri-Cities. 
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Table 4-15. Total U11its an'ci Occup~ncy Rates, Estimates 1994 (Cushing 1995). 
~ .... ' . - . 

'Ts\,, .. •• 

City 
All Rate s'fog1e. Rate 'Miimp1e Rate Manufactured Rate 

.Units (%) Units (%)'' ·. Units (%) Homes (%) 

Richland 
., •' .. 

14,828 97 10,355 98 3,827' 96 ' 646 . 88 

Pasco 8,035 93 3,802 .97 2,933 93 1,300 86 

Kennewick 18,699 96 10,179 98 5,961, 97 2,559 97 

Total for Tri,;Cities 41,562 95 24,336 98 12,721 95 4,505 90· 
. -

4. 6. 6 Human Services 

The Tri-Cities offers a broad range of social services. State human service offices in the 
Tri-Cit'ie·s include the Job Services office of the Employment Security Department; Food Stamp 
offices; the Division of Developmental Disabilities; Financial and Medical Assistance; the Child 
Protect.ive Service; emergency medical service; a senior companion program; and vocational 
rehabilitation. · 

. The Tri-Cities also are served by a large number of private agencies and voluntary human 
services organizations. The United Way, an umbrell~ fund-raising organization, incorporates 24 
participating agencies offering more than 48 programs. These member agencies had a cumulative 
budget total of $21.1 million in 1994. In addition, there were 407 organizations that received funds 
as part of the United Way-Franklin County donor designation program (Cushing 1995). 

' . ~ . . 

4. 6. 7 Educational Services 

Primary and secondary education are served by the Richland, Pasco, Kennewick, and 
Kiana-Benton School Districts. The combined 1994 spring enrollment for all districts was 
approximately 31,970 students, an increase of 7.4% from the 1993 total of29,777 students. The 
1994 total includes approximately 8,665 from the Richland School District, 8,739 students from the 
Pasco School District, about 13,012 students from the Kennewick School District, and 1,550 from 
Kiana-Benton. In 1994, RicMand was operating near capacity, Pasco was at capacity for primary 
education but had room for approximately 200 .to 250 more students at the secondary level; 
Kennewick was at capacity at the primary level and over capacity at the secondary level; and 
Kiana-Benton was operating above capacity at all levels. The Kennewick School District is working 
on alleviating some of the overcrowded conditions by constructing a new high school, one new 
.middle school, and two.new elementary schools· (Cushing 1995). 

Post-secondary education in the Tri-Cities area is provided by a junior college, Columbia Basin 
College (CBC), and the Tri-Cities branch campus of Washington State University (WSU-TC). 
WSU-TC offers a variety of upper-division, undergraduate, and graduate degree programs. The 1994 
fall enrollment was approximately 6,839 at CBC and 1300 ~t WSU-TC. Many of the programs 
offered by these two institutions are geared towards the vocational and technical needs of the area. 
Currently, 23 associate degree programs are available at CBC, and WSU-TC offers 10 undergraduate 
and 15 graduate programs (Cushing 1995). . 
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I 4. 6. 8 Transportation 
2 

3 The Tri-Cities serve as a regional tr:ansportation and distribution center with major air, land, and 
4 river connections. The Tri-Cities have direct rail service, provided by Burlington Northern and 
5 Union Pacific, that connects the area to more than 35 states .. The Washington Central Railroad serves 
6 Eastern Washington as well. Union Pacific operates the largest fleet of refrigerated rail cars in the 
7 United States and is essential to food processors, which ship frozen food from this area. Passenger 
8 rail service is provided by Amtrak, which has a station in Pasco. 
9 

10 Docking facilities at the Ports of Benton, Kennewick, and Pasco are important aspects of this · 
11 region's infrastructure. These facilities are located-on-the 525-km- (325.5-mi-) long commercial 
12 waterway, which includes the Snake and_ Columbia rivers, that extends from the Ports of 
13 Lewiston-Clarkstori in Idaho to the deep-water ports of Portland, Oregon, and Vancouver, 
14 Washington. The average shipping time from the Tri-Cities to these deep-water ports by barge is 
15 36 hours. (Cushing 1995). 
16 

· 17 Daily air passenger and freight services connect the area with most major cities through the 
18 Tri-Cities Airport, located in Pasco. The airport is currently served by one national and two · 
19 commuter-regional airlines. There are two runways: a main and minor crosswind. The main 
20 run~ay is equipped for precision instrumentation landings and takeoffs. Each runway can 
21 accommodate landings and takeoffs by medium-range commercial aircraft, such as the 
22 Boeing 727-200 and Douglas DC-9. The Tri-Cities Airport handled about 188,000 passengers 
23 (enplanements) in 1994. Projections indicate that the terminal can serve almost 300,000 passengers 
24 annually. Two additional airports, located· in Richland a~d Kennewick, are limited to serving private 
25 aircraft. · 
26 
27 The regional transportation network in the Hanford vicinity includes the areas in Benton and 
28 Franklin counties from which most of the commuter traffic associated with the Hanford Site 
29 originates. Interstate highways that serve the area are 1-82, 1-182; and 1-90. Interstate-82 is 8 km 
30 (5 mi) south-southwest of the Hanford Site: Interstate-182, a 24-_km- (15-mi-) long urban connector 
31 route, located 8 km (5 mi) south-southeast of the Hanford Site, provides an east-west corridor linking 
32 1-82 to the Tri-Cities area. 1-90, located north of the Hanford Site, is the major link to Seattle and 
33 Spokane and extends to the East Coast; 1-82 serves as a primary link between Hanford and 1-90. 
34 State Route 224, south of the Hanford Site, serves as a 16.,.km (10-mi) link between 1-82 and SR 240. 
35 State Route 24 enters the Hanford Site from the west, continues eastward across the northernmost 
36 portion of the Hanford Site, and intersects SR 17 approximately 24 km (15 mi) east of the Hanford 
37 Site boundary. State Route 17 is a north-south route that links 1-90 to the Tri-Cities and joins . 
38 U.S. Route 395, which continues south through the Tri-Cities. State Route 14 connects with 1-90 at·· 
39 Vantage, Washington, and provides ready access to 1-84 at several locations along the Oregon and 
40 Wl;lshington border. State Routes 240 and 24 traverse the Hanford Site and are maintained by 
41 Washington State. Other roads within the Hanford Site are maintained by the DOE (Cushing 1995). 
42 
43 
44 4. 6. 9 Utilities 
45 
46 The principal source of water in the Tri-Cities and the 1-ianford Site is the Columbia River. The 
4 7 water systems of Richland, Pasco, and Kennewick draw a large portion of the 49 billion L 
48 (12.94 billion gal) used in 1994 from the Columbia River. Each ci~ operates its own supply and 
49 treatment system. The Richland water supply system derives about two-thirds of its water from the 
50 Columbia River, while the remainder is split betwee_n a well field in North Richland and groundwater 
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wells. The City of Richland's totaFusage .in 1994 was 26 biHion.L (6.90 billion gal). This usage 
represents approximately 63 % of the"maxi!!J~:m supP,ly ca1l~fjjy; :Jh;e city of Pasco system also draws 
from the Columbia River for its water needs. In 1994, ~~sco ~onsumed 8.6 billion L (2.27 billion 
gal). The Kennewick system uses two weHs and the Columbia River for its supply. These wells 
serve as the sole source of water between November and March and can provide approximately 62 % 
of the total maximum supply of 27 .6 billion L (7 .3 billion gal). Total 1994 usage in Kennewick was · 
14.6 billion L (3.86 billion gal). 

The major incorporated areas of Benton and Franklin counties are served by municipal 
wastewater treatment systems, whereas the unincorporated areas are served .by onsite septic systems. 
Richland's wastewaterlreatment system is designed to treat a total capacity of 113.5 niillion Lid 
(30 million gal/d) and processed an average flow of 71.4 million Lid (18.87 million gal/d) in 1994. 
In 1993, the system processed an average 65.9 million Lid (17.4 million gal/d). The Kennewick 
system similarly has significant excess capacity; with a treatment capability 83.2 million Lid 
(22 million gal/d), 1994 usage was 40 million Lid (10.56 million gal/d). Pasco's waste treatment 
system processed an average 23.5 million L/d (6.22 million gal/d) wi;lile the system is capable of 
treating 94.6 million Lid (25 million gal/d). 

In the Tri-Cities, electricity is provided by the Benton County Public Utility District, Benton 
Rural Electrical Association, Franklin County Public Utility District, and City of Richland Energy 
Services Department. -All the power that these utilities provide in the local area is purchased from the 
Bonneville Power Administration (BPA), a federal power marketing agency. The average rate for 
residential customers served by the three local utilities is approximately $0.052/kWh. Electrical 
power for the Hanford Site is purchased wholesale from the BPA. Energy requirements for the 
Hanford Site during fiscal year 1994 exceeded 338 million kWh for a total cost of nearly $9 million. 

Natural gas, provided by the Cascade Natural Gas Corporation, serves a small portion of 
residents, with 6,000 residential custOJl!ers in December 1994. 

In the Pacific Northwest, hydropower, and to a lesser extent, coal and nuclear power, constitute 
the region's electrical generation system. The system is capable of delivering approximately 20,300 
average megawatts of guaranteed energy. Of that, approximately 62% is derived from hydropower, 
16% from coal, and less than 7% from nuclear plants. One commercial nuclear power plant remains 
in service in the Pacific Northwest, with an average generating capability of 833 megawatts: The 
Trojan nuclear power plant, in Oregon, was permanently shut dow11 on January 4, 1993. 

-
The region's electrical power system, more than any other system in the nation, is dominated by 

hydropower. In a given peak demand hour, the hydropower system is capabie of providing nearly 
30,000 megawatts ·of capacity. Variable precipitation and limited storage capabilities alter the 
system's output from 12,300 average megawatt under critical water conditions to 20;000 average 

· megawatt in record high--water years. The Pacific Northwest system's reliance on hydroelectric 
. power means that it is more constrained by the seasonal variations in peak demand than in meeting 
·momentary peak demand. · · 

Additional constraints on hydroelectric production are meas·ures designed to protect and enhance 
the production of salmon, as many salm.on runs have dwindled to the point of being threatened or 
endangered: These measures, outlined by the Northwest Power Planning Council's (NPPC) Columbia 
River Basin Fish and WildHfe Program, include minimum flow levels and a "water budget," which 
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1 refers to water in the Columbia and Snake rivers that is released· to:speed the migration of young fish 
2 to the sea. Generation capacity of the hydroelectric system is decreased with these measures, as less 
3 water is available to pass through the turbines. 
4 
5 Throughout the 1980s, the Pacific Northwest had more electric power than it required and was 
6 operating with a surplus. This surplus has been exhausted, however, and there is only enough power 
7 supplied by the system to meet regional electricity needs. In the 1991 Northwest Power Plan, the 
8 NPPC set a goal of purchasing more than 1,500 megawatts of energy savings by the year 2000 to 
9 help the existing system meet with rising electricity demand. NPPC estimates that the Pacific 

10 Northwest will need an additional 2,000 megawatt_s over 1991 consumption by the turn of the century .. 
11 
12 
13 4. 6.10 Site Infrastructure 
14 
15 The Hanford Site infrastructure is a significant resource for funhering industrial development of 
16 the region. Key elements of this infrastructure include facilities, road .and rail systems, utilities, and 
1 i support services (DOE-RL 1994). · 
18 
19 4.6.10.1 Facilities. Onsite programmatic (60%) and general purpose facilities (40%) total 
20 600,000 m2 (6.5 million ft2

) of space. General purpose facilities include offices, laboratories, shops, 
21 warehouses, and other facilities. The programmatic space suppons an evaporator, filter, waste 
22 recovery, waste treatment, waste storage, and research and development laboratories. Many of these 
23 _facilities are over 30 years old; however, upgrades and expansion of these facilities could occur as 
24 cleanup progresses. 
25 
26 4.6.10.2 Road and Rail Systems. The transportation network is well developed on the Hanford Site 
27 with 460 km (288 mi) of roads onsite (Figure 4-24). State Route 24 crosses the Hanford Site 
28 primarily in the North geographic area. State Route 240 crosses the Hanford Site on the southwest 
29 and serves as the dividing line between the ALE Reserve and the All Other Areas geographic area. 
30 A new site access road from State Route 240 to the 200 West Area was completed in December 1994. 
31 A four-lane highway is planned for the 200 East Area. Upgrades are planned for road capacities 
32 north of the Wye Barricade and the road network in the 300 Area. The 1100 Area roads are 
33 currently being upgraded to improve traffic circulation and access to the area. 
34 
35 There are about 204 km (127 mi) of rail system on the Hanford Site (see Figure 4-24). The 
36 DOE plans to upgrade the sysi~m to handle the projected increases in use d1,1ring cleanup activities. 
37 The system begins at the Richland Junction (Cohimbia Center), where it joins the Union Pacific 
38 commercial tracks and runs to the abandoned Chicago, Milwaukee, St. Paul, and Pacific right of way 
39 near the Vernita Bridge located on the nonh boundary of the Hanford Site. Approximately 35 km 
40 (22 mi) of track are in "out-of-service" condition.' The in-service track accommodates 4,000 
41 movements of 1,500 rail cars annually. On.:.site rail transport between facilities accounts for 
42 1,000 movements annually .. 
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Figure 4-24. Transporlation Network.. 011. the Hanford Site 
j (DiJE-RL 1990a). . .. ·... ·>''S' '': . . .· ··' · · 
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l 4.6.10.3 Utilities. The Hanford Site water system comprises numirous buildings, pumps, valve 
2 - houses, reservoirs, wells, and distribution piping that delivers water from the Columbia River to all 
3 areas of the Hanford Site. The export water system, which is the largest, delivers water to the 100, 
4 200, and parts of the 600 Areas from the Columbia River (Figure 4-25). The 300 Area and the 
5 . WPPSS also draw water direct from the Columbia River. Water is purchased from the City of 
6 · Ri_chland for the 700, 1100, and 3000 Areas while the 400 Area and part of the 600 Area draws some 
7 . water from groundwater wells. . 
8 
9 The BPA, a federal power marketing agency, sells electricity to the Hanford Site and the 

10 agencies that serve the Tri-Cities. The BPA provides electrical power to three distinct systems on _the 
11 Hanford Site (Figllre 4-26). The systems are located in the 100/200 Areas, 300 Area, and the -. 
12 400 Area. Power for the 700, 1100, and the 3000 Areas is provided by the City of Richland. Major 
13 upgrades or replacements of these systems to accommodate the Hanford cleanup are being 
14 implemented or planned. · 
15 
16 The Hanford Site has two separate steam systems in operation, located in the 200 and 300 Areas. 
17 The function of the 200 East and 200 \\'est Area system is to satisfy process and heating needs by 
18 producing and delivering steam to the process plants, tank farms, and general purpose facilities. The 
19 function of the 300 Area system is to provide steam to the buildings for heating and humidification: 
20 The_steam is produced by both oil- and coal-fired boilers. The coal-fired boilers are the primary 
21 source of heat. The oil-fired boilers are used as backup when .the coal-fired boilers are undergoing 
22 maintenance or repair. The use of natural gas and a decentralized system is being evaluated to 
23 replace coal-fired steam production. 
24 
25 4.6.10.4 Suppor/Services. Other support services on the Hanford Site include sewers, fire stations, 
26 telecommunications, landfills, and safeguards and security. Businesses in the City_ of Richland 
27 provide a number of important services such as laundry. 
28 
29 4. 6.10.4.1 Sewer. Sanitary wastes in the 200 East and 200 West Areas are currently disposed 
30 of through septic tanks and drain fields. A central collection and treatment evaporation plant is being 
31 constructed in the 200 East and 200 West Areas to handle the sanitary sewer system. The sewer 
32 system in the 300 Area is being connected to the city system in the City of Richland. 
33 
34 4.6.10.4.2 Fire Statio,zs. Fire stations are located in t_he 100, 200, and 300 Areas. Water 
35 supply, alarm and sprinkler system upgrades are planned for the 300 Area laboratory and general 
36 support buildings .. New and upgraded fire protection systems are planned for the 100-K Area 
37 facilities currently in use for interim fuel storage. The Hanford Fire Department is continuing to 
38 explore the potential for sharing responsibilities with the City of Richland in the 300 Area. 
39 
40 4.6.10.4.3 Telecommunications. A new fiber optic communications network was recently 

. 41 installed. This system provides a fully connected internal network of shared computing resm1rces and 
42 capabilities to support future voice and data communication activities. · 
43 
44 4.6.10.4.4 Solid Waste I.And.fill. A 12-ha (66-ac) nonradioactive landfill is located onsite. The 
45 landfill is expected to reach capacity in_ 1996. Steps are being taken to extend the life of the landfill 
46 through reduced waste input. 
47 
48 4.6.10.4.5 Safeguards and Security. A security force is employed onsite and a number of 
49 systems are in place to control site access. 
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1 Figure 4-25. Export Water System.for the ,Hanford Site 
,, (DOE-RL 1990a). 
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Figure 4-26. Electrical System for the Hanford Site 
(DOE-RL 1990b). 
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1 4.6.10.4 .. 6 Environmental_ Restoration Disposal Facility: J• ... 65-ha (160-ac) landfill is under 
2 construction directly south of the 200 East"and 200 West Areas Jo address the disposal of radioactive, 
3 hazardous, asbestos, PCB, and mixed Wastes resulting from the remediation of operable units on the 
4 Hanford Site. ~he facility will be expanded as necessary, to a maximum of 414 ha (1.6 mi~). 
5 
6 
7 4. 7 Visual and Aesthetic Resources 
8 
9 The land in the vicinity of the Hanford Site is generally flat with little relief. Rattlesnake 

10 Mountain, rising to 1,060 m (3,477 ft) above n:i.ean sea level, forms the southern boundary of th_e site. 
11 Gable Mountain and Gable Butte are the highest land forms within the ~ite. The view toward · 
12 Rattlesnake Mountain is visually pleasing, especially in the springtime when wildflowers are in 
13 bloom. Large rolling hills are located to the west and far north. The Columbia River, flowing across 
14 the northern· part of the site and forming the eastern boundary, is generally considered scenic, with its 
15 contrasting blue against a background of brown basaltic rocks and desert sagebrush. The White 
16 Bluffs, steep whitish-brown bluffs adjacent-to the Columbia River, are.a striking feature of the 
17 landscape. · · 
18 
19 This EIS addresses potential land-use objectives for four of the six geographic areas identified by 
20 the Hanford Future Site Uses Working Group (HFSUWG 1992). The other two geographic regions, 
21 the ALE Reserve and North Slope, are outside the scope of this EIS but are discussed briefly in this 
22 Section because they contain dominant physiographic features (Rattlesnake Mountain, Saddle 
23 Mountain, and the White Bluffs) that are integral components of the overall site landscape. 
24 
25 State Route 240 provides public access through the southwestern portion of the Hanford Site. 
26 Viewsheds along this highway include the flat, open lands of the ALE Reserve in the foreground. to 
27 the west with the prominent peak of Rattlesnake Mountain and the extended ridgelines of the 
28 Rattlesnake Hills in the background. To the east, the views include relatively flat terrain with the 
29 structures of the 200 East and 200 West Areas visible in the middleground with Gable Butte and 
30 Gable Mountain in the background. From the highway, the Saddle Mountains can be seen in the 
31 distance to the north and steam plumes from the WPPSS reactor cooling towers are visible in the 
32 distance to the east. The views· along State Highway 240 are expansive due to the flat terrain and the 
33 predominantly short, treeless; vegetative cover. There are no key observation points along the road, 
34 only a few small turnouts along the shoulder'. 
35 
36 State Route 24 provides public access through the northern portion of the Hanford Site, primarily 
37 on the north side of the Columbia River. Viewsheds along this highway include limited views of the 
38 Columbia River when the road drops down into the river valley, crosses the river over the Vernita 
39 Bridge, .and climbs up out of the valley to a level plateau north of the river. A turnout on the north 
40 side of the river offers views qf the river and the B and C Reactors. An interpretive sign is located 
41 here. A rest stop along the toad just to the south of the river provides views of the Umtanum Ridge 
42 to the west, the Saddle Mountains to the north, and the Columbia River valley to the east and west. 
43 
44 
45 4.8 Noise 
46 
47 This EIS defines noise as "any undesirable or unwanted sound or audible disturbance that 
48 interferes with normal activity." Typically, 'intrusive noise events are those that disrupt normal 
49 human activity, especially verbal communication. Under certain circumstances, people are willing to 
50 endure noise as a tradeoff for accomplishing some•meaningful activity or because certain noises 
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l represent tangible evidence of progress. ·. For example, loud power t~ols usually are preferred to 
2 quieter manual tools because of the savings in time and human labor. In the context of transportation 
3 systems, a certain amount of noise is tolerable. 
4 
5 
6 4.8.1 Public Health Implications. 
7 
8 Noise impacts on public health usually are analyzed in terms of a dose-response relationship 
9 because noise effects are cumulative. Prolonged exposure to loud noises can impair hearing. The 

·10 impairment can be temporary or permanent, dependirg on intensity and duration of the noise. 
11 Normally, hearing degeneration does not occur if the duration of the event is brief. Off ~property 
12 noise impacts are the sound-exposure levels that interfere with normal spee·ch, disrupt sleep, or 
13 produce secondary effects such as increased levels of stress among community members. 
14 
15 
16 4.8.2 Hanford Site Sound Levels 
17 
18 Most industrial facilities on the Hanford Site are located far enough away from the site boundary 
19 . that noise levels at the boundary are not measurable or are barely distinguishable from background 
20 noiseJevels. Modeling of environmental noises has been performed for commercial reactors and 
21 SR 240 through the Hanford Site. These data are not concerned with background levels of noise and 
22 are not reviewed here. Two studies of environmental noise were done at the Hanford Site. One 
23 study reported environmental noise measurements taken in 1981 during site characterization of the 
24 Skagit/Hanford Nuclear Power Plant Site (DOE 1995). The second was a series of site 
25 characterization studies performed in 1987 that included measurement of background environmental 
26 noise levels at five places on the Hanford Site. Additionally, such activities as well drilling and 
27 sampling have the potential for- producing noise in the field apart from major permanent facilities. 
28 Noise can be disruptive to wildlife and studies have been done to compile noise data in remote areas. 
29 
30 Recently, the potential impact of traffic _noise resulting from Hanford Site activities has been 
31 evaluated for a draft environmental impact statement addressing the siting of a proposed New 
32 Production Reactor (Cushing 1995). While this environmental impact statement does not include any 
33 new baseline measurements, it does address the traffic component of noise and provides modeled 
34 "baseline" measurements of traffic noise for the Hanford Site and adjacent communities. Baseline 
35 noise estimates were determined for two locations: State Route 24, leading from the Hanford Site 
36 west to Yakima: and State Highway 240", south of"the site and west of Richland where it handles 
37 maximum traffic volume. Traffic volumes were predicted based on the presence of both operational 
38 and construction work forces. Noise levels were expressed in Leq for 1-hour periods in dBA at a 
39 receptor located 15 m (49 ft) from the road. Adverse community responses would not be expected at 
40 incfeases of 5 dBA over background noise levels. · 
41 
42 
43 4.8.3 Skagit/Hanford Data 
44 
45 Measurements of environmental noise were taken in June 1981 prior to the construction of the 
46 WPPSS plants on the Hanford Site (DOE 1995). Monitoring was conducted at 15 sites, showing 
47 point noise level reading ranging from 30 to 60.5 dBA. The corresponding values for more isolated 
48 areas ranged from 30 to 38.8 dBA. Measurements taken in the vicinity of the sites where the WPPSS 
49 was constructing nuclear power plants ranged from 50.6 to 64 dBA, reflecting operation of 
50 construction equipment. Measurements taken along the Columbia River near the intake structures for 
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WNP-2 were 47.7 and 52.1 'dBA,.1;:ompared to more remote rivi;r noise levels of 45.9 dBA (measured 
about 4.8 km [3 mi] upstream oft~~)!ltak~\Structur~~), <~Binip~~ittnoise levels from point 
measurements in North Richland,(3000 Area at Horn Rapids);load arid Stevens Road [Route 240]) 
were 60.5 dBA, largely _attributed to traffic. · · -

', ... ,. '; '... 

4.8.4 Basalt Waste Isolation Project Data 

Background noise levels were determined at five sites located within the Haµford Site. Noise 
levels are expressed as equivalent sound levels for 24 hours (Leq-24). The average noise level for 
these five sites was 38.8 dBA on the dates tested. Wind was identified as the primary contdbutor to 
background noise levels, with winds exceeding 19 km/hr (12 mi/hr) significantly affecting noise 
levels. This study concluded that background noise levels in undeveloped areas at the Hanford Site 
are generally in the range of 24 to 36 dBA (Cushing 1992). Periods o_f high wind, which normally 
occur in the spring, would elevate background noise levels. 

4.8.5 Noise Levels of Hanford Field Activities 

__ In the interest of protecting Hanford workers and complying with Occupational Safety and Health 
Administration (OSHA) standards for noise in the workplace, the Hanford Environmental Health 
Foundation has monitored noise levels resulting from several routine operations performed in the field 
at Hanford. These included well drilling, pile driving, compressor operations, and water wagon 
operation. Occupational sources of noise propagated in the field from outdoor activities ranged from 
74.8 to 125 dBA (Cushing 1995). 

4. 9 E,zviro,zmental Monitoring P.rog,-ams_ 
1,.:::-

Environmental surveillante at the Hanford Site consists of monitoring for potential radiological 
and nonradiological constituents and includes monitoring of external radiation, air, surface water, 
ground water, soil, vegetation, wildlife, and food and farm products. Monitoring is performed to 
ensure protection of human health and safety, and is conducted in compliance with 
DOE Order 5400.1, General Environmental Protection Program (DOE 1990), and 
DOE Order 5400.5, Radiation Protection of the Public and Environment (DOE 1993). A detailed 
discussion of the Hanford environmental monitoring program is found in the Hanford Site 
Environmental Monitoring Plan (DOE-RL 1991), and monitoring data are discussed in the 
Hanford Site Environmentai Report for Calendar Year1994 (PNL i995a). 

41 · 4.10 Land Use 
42 
43 This section provides a brief description of land uses at the Hanford Site and in the surrounding 
44 region. The discussion of land uses at the Hanford Site focuses on the six geographi~ areas developed 
45 by the Hanford Future Site Uses Working Group (HFSUWG 1992) (Figure 1-2). Currently, the DOE 
46 is developing a Comprehensive Land-Use Plan for the Hanford Site. 
47 
48 
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l 4.10.1 ExistingLand Uses at the Haiiford Site 
2 
3 Land use categories at the Hanford .Site include reactor operations, waste operations, 
4 administrative support, operations support, sensitive areas, -and und·eveloped areas. Only about 6 % of 
5 the land has been disturbed by the DOE and is actively used. Remedial activities are curre.ntly 
6 focused within the disturbed areas. Much of the Hanford Site is open space that provides a buffer for 
7 · the smaller areas used for operations. Public access to most facility areas is restricted. 
8 
9 The Hanford Site Development Plan (Reference) provides an overview of land use, 

10 infrastructure, and facility requirements to support the DOE missions at Hanford. The Hanford Site 
11 Development Plan includes a Master Plan section tfiat outlines the relationship of the land and the 
12 infrastructure required to support the Hanford Site missions. The primary objective of the Master 
13 Plan is to develop and maintain the site infrastructure required to meet ongoing. and future program 
14 requirements. A goal of the Hanford Site Development Plan is to maximize the amount of land 
15 available for other beneficial uses, including protection of cultural and ecological resources 
16 (DOE-RL 1994). . . 
17 
18 A description of land uses in the six Hanford Site geographical areas identified by the Working 
19 Group is provided below. 
20 
21 
22 4.10.2 Fitzner/Eberhardt Arid Lands Ecology Reserve Geographic Area 
23 
24 The ALE Reserve is an area of about 315 krn2 (120 mi2) and is currently managed as a 
25 habitat/wildlife reserve and nature research center under the National Environmental Research Park 
26 Program. Because public access to ALE Reserve has been restricted since 1943, the shrub-steppe 
27 habitat is virtually undisturbed. This area, which is located in the southwest portion of the Hanford 
28 Site, contained small, nonradioactively contaminated sites that have been remediated. · 
29 
30 
31 4. 10. 3 North of the River Geographic Area 
32 
33 The area North of the Columbia River encompasses about 365 km2 (140 mi2

) of relatively 
34 undisturbed or returning shrub-steppe habitat. Known as the North Slope, part of this area is 
35 managed by the U.S. Fish and Wildlife Service (USFWS) as the Saddle Mountain National Wildlife 
36 Refuge, and part of the area is managed by the State Department of Fish and Wildlife as the Wahluke 
37 Slope Wildlife Recreation Area. This area has remained mostly undeveloped since 1943 .. The 
38 Wahluke Slope Wildlife Recreation Areas was opened for daytime public recreational use in 1978. . 
39 This area also contained small, nonradioactively contaminated sites that DOE remediated in 1994 and 
40 1995. B,evegetation using native species occurred during 1995. 
41 
42 
43 4.10.4 Columbia River Geographic Area 
44-
45 The Columbia River, which is adjacent to and runs through the Hanford Site, provides access to 
46 the public for boating, water skiing, fishing, and hunting of upland game birds and migratory 
4 7 · waterfowl. Some land access along the shore and on certain islands is available for public use. 
48 
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I _ The area known as the H~nfo~d Reach_ if!cludes the quart~r~inile strip of public land on either 
2 side of the Columbia River. The Hanford Reach is·the Hist_,free~flowing, nontidal segment of the 
3 Columbia River in the United· States:' --In 1988, Congress passed Public Law 100-605, known as the 
4 Comprehensive River Conservation Study A~t _of 1988, which required the Secretary of the Interior to 
5 prepare a study :in .. consu_ltation with the· Secretary of Ene~gy to evaluate the outstanding features of the 
6 Hanford Reach and its immediate environment. Alternatives for preserving those features also were 
7 examined, including the desfgnation of the Hanford Reath as part of the National Wild and Scenic 
8 Rivers System. The results· of the study can be_ found in the two-volume report, Hanford Reach of the 
9 Columbia River - Comprehensive River Conservation Study and Environmental Impact Sraremem 

10 Final-June 1994 (NPS 1994). The preferred_~lternative was to designate the Hanford Reach as a 
11 recreational river. 
12 
13 
14 4.10.5 Reactors on tlie River Geographic Afea 
15 
16 The Reactors on the River. geographic area is located along the southern shorelines of the_ 
17 Columbia River. The area contains all the facilities in the 100 Areas, including the nine reactor sites, 
18 associated facilities, and structures. The Reactors on the River area occupies about 68 km2 (26 mi2). 
19 The facilities in the 100 Areas are being placed in a stabilized state for ultimate decommissioning. 
20 
21 
22 4.10.6 Central Plateau Geographic Area 
23 
24 The Central Plateau occupies approximately 115 km2 (44 mi2) in the central region of the 
25 Hanford Site. Facilities in the Central Plateau are situated in the 200 East and 200 West Areas, and 
26 were built to process irradiated fuel from 'the production reactors. The subsequent operation of these 
27 facilities resulted in the storage, disposal, and unplanned release of radioactive and nonradioactive 
28 waste. 
29 
30 
31 4.10. 7 All Other Areas Geographic Area 
32 
33 The_ All Other Areas geographic area comprises an area of approximately 624 km2 (241 mi1

) and 
34 includes the 300, 400, 600 (exclusive of the North Slope and the ALE Reserve), and the 1100 Areas. 
35 All Other Areas is the largest of the geographic areas; and includes large area of undeveloped land 
36 between the developed operational areas described in the follo~ing sections. 
37 
38 4.10. 7.1 300 A~ea. The 300 Area is located just north of the City of Richland and covers 1.5 km2 

39 (0.6 mi1). The 300 Area is the s·ite of former reactor fuel fabrication facilities and also is the 
40 principal location ofnuclear research and development (R&D) facilities serving the Hanford Site. 
41 Wastes in the 300 Area have resulted from the fuel fa_brication process and various R&D projects. 
42 Kaiser Aluminum and Chemical Corporation is leasing the 313 Building in the 3.00 Area to use an 
43 extrusion press that was fe>rmerly own·ed by the DOE; . 

. 44 
45 4.10. 7.2 400 Area. The 400 Area, located southeast of the 200 East Area, is the sfte of the 
46 Fast Flux Test Facility (FFTF), used in the testing of breeder reactor systems. In December 1993, 
4 7 the Secretary of Energy ordered the FFTF to be shut down, and the process has begun. The goal is 
48 to reach a radiologjcally and industrially safe shutdown in_ about 5 years (Cushing 1995). 
49 

Preliminary Draft 4-95 November 10, 1995 



•.'• ',, 

1 4.10. 7.3 600 Area. Land uses in_the 600 Are~ in~l.ude: 
2 
3 · • The Hazardous Materials Management and _Emergency Response (HAMMER) Training 
4 Center will be used to train hazardous materials response personnel. The Center is being 
5 constructed north of the 1100 Area and is expected to cover about 32 ha (80 ac). 
6 

~ 

7 • The Environmental and Molecular Sciences Laboratory (located south of the 300 Area) and 
8 · its associated research program provide quality research capability to advance technologies 
9 in support of the DOE long-term mission of environmental restoration and waste 

10 management. 
11 
12 • In the 1970s land was leased to the Washington Public Power Supply System (WPPSS) to 
13 construct three commercial power reactors. One plant, Washington Nuclear Plant 2 
14 (WNP-2), was completed and is operating. 
15 
16 • A 410-ha (1,000-ac) tract was leased to the Stat~ of Washington to promote nuclear-related 
17 development. A commercial low-level radioactive waste disposal facility run by 
18 US Ecology, Inc., currently operates on 41 ha (100 ac) of the leasehold. The rest of the 
19 leasehold was not used by the State, and this portion of the leasehold recently reverted to 
20 the DOE. The DOE is constructing the Environmental Restoration Disposal Facility 
21 (ERDF) on this tract, directly west of the US Ecology facility. 
22 
23 • The ERDF currently is under construction immediately adjacent to the US Ecology 
24 commercial low-level waste disposal facility south of the 200 East and 200 West Areas. 
25 The ERDF is to provide disposal capacity for environmental remediation waste generated 
26 during cleanup of the 100, 200, and 300 Areas of the Hanford Site. The facility currently 
27 is about ·65 ha (160 ac) in size, and will expand to up to 414 ha (1.6 mi2) if additional waste 
28 disposal capacity is required. 
29 
30 • In 1980, the Federal government sold the State of Washington a 259-ha (640-ac) section of 
31 land south of the 200 East Area, near State Route 240, for the purpose of extremely 
32 hazardous waste disposal. This parcel is uncontaminated (although the underlying 
33 groundwater is contaminated) and undevelop~d. Under the deed, if it is used for any 
34 purpose other than hazardous waste disposal, ownership would revert to the Federal 
35 government. 
36 
37 • The National Science Foundation is building the Laser Interferometer Gravitational-Wave 
38 Observatory (LIGO) facility on the Hanford Site. The fadlity will detect cosmic 
39 gravitational waves for scientific research. When complete, the facility will consist of two 
40 optical tube arms arrayed in an "L" shape. 
41 
42 4~10. 7.4 1100 Area. The 1100 Area, located just north of Richland, serves as the central 
43 warehousing, vehicle maintenance and transportation operations center for the Hanford Site. 
44 
45 
46 4.10.8 Land Use in the Vicinity of the Hanford Site 
47 
48 Regional land use includes urban and industrial development, irrigated and dry-land farming, and 
49 grazing. In 1993, wheat represented the largest single crop in terms of area planted in Benton, 
50 Franklin, and Grant counties. Total acreage planted in the three counties was 207,890 ha 
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(513,700 ac) and 24,120 ha (59:6oo"~c).fo~ winter and spri!Jg v;;tieai; respectively. Alfalfa, apples. 
asparagus, cherries, corn, grapes;'and·potatbes are ·other·•rriajor'crbps in Benton, Franklin, and Grant 
counties (Cushing 1995). · ·, · · ,,.,.,, 

In 1992: the 't:~lumbia B~sin P~oject, a major irrigation project t~ the ~orth of the Tri-Cities, 
produced gross crop returns of $552 million, 'representing 12.5% of all crops grown in Washington 
State. In 1992, the average gross crop value pe~ irrigated acre was $1,042. The largest percentage 
of irrigated acres produced aifalfa hay (26.1 % of irrigated acres), wheat (20.2 % ), and feed-grain corn · 
(5·.8%). Other significant crops are apples, dry beans, potatoes, and sweet corn (Cushing 1995). 

. -
In addition, Allied Technology Group Corporation operates a low-level radioactive waste 

decontamination, super-compaction, and packaging disposal facility, and Siemens Power Corporation 
operates a commercial nuclear fuel fabrication facility in the vicinity of the Hanford Site. 

4. i 0. 9 Hanford Site Protective Buffer Zones 

Existing and planned waste disposal sites, waste remediation areas, and .waste processing 
facilities are found throughout the Hanford Site. In order to protect the public from routine or 
accidental releases of ra9iological contaminants and/or hazardous materials, the use of adequate buffer 
zones surrounding the waste remediation, processing, and disposal areas must be considered. · 
Adequate buffer zones are required by state and federal regulations, as well as the DOE, in an 
attempt to limit public exposure to radiological and hazardous chemicals from routine operations and · 
accidents at waste remediation, processing, and disposal areas. A methodology was developed to 
determine the location, size, shape, a~d characteristics of the buffer zones needed for the 
Hanford Site, using existing Safety Analysis Reports (SAR), Hazard Assessments (HA), and 
Emergency Planning Zone (EPZ) studies. The' results of this methodology will allow decisionmakers 
to restrict potential land uses iri areas Where waste sites or facilities could pose an unacceptable risk to 
human health. ' · · · 

Buffer zones necessary to protect h~m~n health and safety ~re divided into two main regions-an 
inner Exclusive Use Zone (EUZ) and an outer Emergency Planning Zone (EPZ). 

• The EUZ is an area designated for activities associated with the waste site or facility at the 
center of the buffer-zone. The land.use designation for the EUZ is "reserved for waste 
management operations," with severely restricted public access. This zone extends from the 
facility fence line to a distance at which threat to the public from routine and accidental 
releases diminish to the point where. public access ·can be routinely allowed. The size and 
shape of the EUZ is determined by the most restrictive SAR or HA boundary and is based 
on the inventory of contaminants, potential release mechanisms, and atmospheric transport 
param.eters. 

• The EPZ is an area surrounding a facility for which planning and preparedness efforts are 
carried out to ensure that prompt and effective actions c~n be taken to minimize the impact 
to onsite personnel, public health and safety, and the environment in the event of an · 
operational emergency.. The EPZ ·begins at the boundary of the EUZ and ends at a distance 
for which special planning and preparedness efforts would not be required. 
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The protective buffer-zones for the Hanford Site (Figure 4-27); were established using 
2 boundaries calculated for individuaf limiting facilities (Le., faciilties with accidents of maximum _ 
3 potential public health impact). The boundaries provide a conservative buffer-zone that should be 
4 sufficient to address buffer-zone needs for the multiple facilities present in each area on the 
5 Hanford Site. 
6 
7 In an effort to 'consider non-Hanford protective buffer zone requirements that could be affected 
8 by Hanford Site public access and land use decisions, the emergency preparedness needs of the 
9 WPPSS were considered. Under NRC procedures, the WPPSS WNP-2 Reactor requires a 1.6 km 

10 (10-mi) EPZ and 1_.9 km (1.2-mi) EUZ. 
11 -·. 
12 Within portions of the EPZ, certain types of public access may be restricted, while· other types· of 
13 public access within that same area are acceptable. Criteria are needed to evaluate, on a case-by-case 
14 basis, the types of public access possible within an EPZ. Six different types of public access have 
15 been defined for the EPz.· These types of access are presented below in decreasing order of 
16 restrictions: 
17 
18 Very Limited Access. Very limited access, such as passing through on transportation corridors. 
19 Special arrangements would be required to leave the designated access point. The evacuation 
20 time for this type of access would be no more than 30 minut,es. The maximum amount of time 
21 ·the MEI4 would spend in this area is estimated to be about 100 houi:s per year. 
22 
23 Restricted Routine Access. This type of access area would include activities such as industrial 
24 and commercial usage of a specifically designated area. It could also include short special interest 
25 uses such as short nature trails. All users of the area must have ready access to transportation to 
26 facilitate a rapid evacuation. Evacuation time for this type of access would be no more than 
27 1 hour. The maximum amount of time the MEI would spend in this area is estimated to be · 
28 about 3,000 hours per year. · 
29 
30 Restricted Short Term Access. This type of access may include locations adjacent to 
31 transportation corridors. Public access might involve short stops to 'view sights or engage in 
32 short duration activities. Access. to areas more than 0.4 krri (.25 mi) from a designated access 
33 point would be prohibited. The evacuation time for this type of access would be no more than 
34 1.5 hours. The maximum amount of time·the MEI would spend in this area is estimated to be 
35 about 2,000 hours per year. · 
36 
37 Moderately Restricted Periodic Access. This type of access would allow for periodic activities 
38 such as limited agricultural activities. Public access to this area would tend to be more periodic 
39 and seasonal. No permanent residences, schools, or hospitals would be allowed. The evacuation 
40 time for this type of access would be no more than 2 hours. The maximum amount of time the 
41 MEI would spend in this area is estimated to be about 3,000 hours per year. 
42 
43 Moderately Restricted Occasional Access. This type of access area would allow for more 
44 · ~iverse activities for a longer, but controlled, periods of time than those defined for the 

4The Maximally Exposed Individual· (MEI) is defined as .an hypothetical person who lives near 
the Hanford Site who, by virtue of location and living habits, could receive the highest possible 
radiation dose. · 

Preliminary Draft 4-98 November 10, 1995 



Moderately Restricted Periodic Acc~St areas.; For example, overn1ght stays for short periods would 
2 be allowed. The evacuation tirrie:foi.:ihis type of access .would',be':no m()re than 2.5 hours. The 
3 maximum amount of time th.e MEI would spend in this.areajs estimated to be about 1,000 hours per 
4 year. 
5 

. 6 Minimaliy Restricted Access. This would allow access with only minimal restrictions to ensure 
7 timely evacuation. This type of access would consider limited residential type usage of the area, 
8 and could accommodate small schools and commercial businesses. The evacuation time for this 

. 9 . type of access would be 2.5 hours. The maximum amount of time the MEI would spend in this 
10 area s estimated to be about 8, 700 hours• per year. · 
11 
12 
13 4.10.10 Native American Treaty Rights 
14 
15 Under the Treaties of 1855, lands occupied by the Hanford Site were ceded to the United States 
16 by the confederated tribes and bands of the Yakama Indian Nation and Confederated Tribes of 
17 Umatilla Indian Reservation. Under these treaties, the tribes retained the right to perform certain 
18 activities on those lands, including the rights to hunt, to fish at all usual and accustomed places and to 
19 erect temporary buildings for curing fish, to gather roots and berries, and to pasture horses and cattle 
20 on open and unclaimed lands.into perpetuity. The Wanapum, who never signed a treaty ·and are not 
21 currently a federally-recognized tribe, claim similar rights to these lands. The Nez Perce Tribe's 
22 . treaty with the U.S. Government retained their rights to fish at all usual and accustomed places, 
23 including the Hanford Reach. Tribal members have expressed an interest in renewing their use of 
24 these resources in accordance with the Treaties of .1855. 
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1 Figure 4-27. Protective Buffer ?ones. 
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5. 0 Environmental <•.Cop,sequences. 

4 This chapter describes the potentiai environmental ·consequences resulting from the degree of 
5 remediation necessary to achieve a desired l~nd-use objective for each of the four geographic areas. 
6 The analysis focuses on the resource categories described in Chapter 4.0, Affected Environment.. · 
7 A summary of potential environmental consequences and mitigation measures is presented in 
8 Section 3.4 of this Environmental Impact Statement (EIS). 
9 

10 
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5.1 Analysis Approach 

The environmental· consequences analysis involved estimating impacts on the physical 
environment, human health risks, and ecological risks.· The methods used to estimate impacts and 
risks are described briefly in the following sections. These methods also are described in detail in the 
supporting Appendices. , · · ' '. · · 

. ~ .. 

5.1.1 Geographic /11.fomzati.on °SY,stem Analysis 

Analyses of effects of remediation activities on geological resources, soils, floodplains, wildlife 
habitat, and cultural resources were performed using a geographic information system (GIS). The 
GIS provided for rapid analysis of large volumes of data regarding natural resources, waste site · 
remediation, and facilities decommissioning. This analysis generated tables and figures that show 
remediation impacts, waste volumes, and costs for the alternatives for each geographic area 
(Appendix H). Summary tables provide estimates of the extent of disturbances to various Hanford 
Site resources for: each future land-use alternative and the No-Action Alternative. · 

Use of the GIS required that a variety of data be obtained and incorporated into the GIS 
database. Data obtained include: 

• geology and soils 
• water resources 
• habitat types and vegetation 
• wetlands 
• species of concern 
• wildlife 
• cultural resources 
• topography 
• land use 
• transportation systems 
• waste sites 
• treatment, storage, and/or disposal (TSD) facilities· 
• buildings 
• effluent lines. 

All GIS data files used in this project represent geographic locations through the use of the State 
Plane Coordinate System, Washington South Prnjection. The State Plane Coordinate System is 
designed for mapping the United States and is used primarily by government organizations. Its use in 
this EIS ensures that results will be compatible with government (and many nongovernment) databases 
covering the same geographic area. 
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The GIS was used to calculate the Hanfor~ Site ar_eas, potential excavation areas, capping areas, 
and the associated trample zones caused by soii exd1vation, 'soii stockpiling, and cap construction. 
The resulting impact areas were integrated into a single, discrete layer of information. This layer was 
then overlaid and passed through each resource layer (e.g., vegetation, wetlands, cultural resources). 

· The information associated with each resource layer then could be examined. These pieces defined 
the area where impacts likely would occur. The impacts on the potentially affected resource 
(e.g., shrub-steppe habitat in the vegetation layer) were analyzed and the percentage of resource type 
disturbed was calculated for each alternative of the geographic areas relative to the Hanford Site. 

5.1.2 Human Health Risk Assessment Methodology 

This section provides a brief description of the human health risk assessment methodology for 
this EIS. A detailed discussion of methodology and key data are presented in Appendix B. 

Three types of potential health risks were assessed: cancers caused :by radionuclides, cancers 
caused by chemical carcinogens, and noncancerous toxic effects. _Incremental lifetime cancer risks 
(ILCR) were estimated for cancer-causing radionuclides and chemicals, and the resulting values were 
compared to the 10• to 10-6 (1 in 10,000 to 1 in 1,000,000) range suggested by the EPA in "National 
Oil-and Hazardous Substances Pollution Contingency Plan," 40 Code of Federal Regulations (CFR) 
300 as a target risk level following remediation of hazardous waste sites. The total cancer risk in this 
EIS was determined by summing the radionuclide and chemical carcinogen risk. Noncancer risks 
were estimated using the hazard index (HI), which is the ratio of the estimated exposure to a 
threshold value below which toxic effects would not be expected. The risk is considered small if the 
ILCR to an individual is no greatenhan 10-4 to 10·6, or if the HI is less than 1.0. 

The HI is equal to the sum of the hazard quotients for 
individual chemicals. Further discussion of the concepts of 
the hazard quotient and the HI is presented in Appendix B5. 

34 5.1.2.1 Baseline Risk Assessment. A baseline risk assessm~nt was used to evaluate the potential 
35 threat to human health and the environment in the absence of any remedial action. · This baseline risk 
36 assessment des·cribes the risk conditions under the No-Action Alternative (see Section 3.3.1 for more 
3 7 information on the No-Act_i6n Alternative). The baseline risk assessment provides the basis for 
38 determining whetherremediai action is necessary (DOE-RL 1993a). Under the No-Action 
39 Alternative, potential risks were estimated for the four geographic areas for agricultural, residential, 
40 industrial, and recreational exposure scenarios. Assumptions concerning the type and magnitude of 
41 contact with contaminated media (e.g., soil, water, air, food) were made for each of these scenarios 
42 (see Appendix B4). In addition, for purposes of analysis, current restrictions or institutional controls 
43 were assumed to be no longer in effect.' A baseline risk assessment was undertaken for the Reactors 
44- on the Rjver, Central Plateau, and All Other Areas geographic areas. 
45 
46 An approach grouping the waste sites and integrating the effects of potential releases was 
4 7 necessary, because of the sheer magnitude of information needed to assess risk at every waste site on 
48 the Hanford Site.. This was accomplished by grouping waste sites by waste fomi (i.e., soils, 
49 groundwater), then aggregating them into cells by overlaying a grid of 1-km2 (0.4-mi2) cells over the 
50 - Hanford Site. The potential contaminant release and transport through the environment from each 
51 cell was esti~ated using the Multimedia Environmental Pollutant Assessment System (MEPAS) 
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computer model (Drappo et al. 1991)',"ound. in :Appendix B :) M9deling results.from multiple cells 
2 were· combined to provide envirOriih~ntal coticenti:ations 'in\the soil/groundwater, surface water, and 
3 air to which a human or ecologicaTreceptor might be exposed .. · Source-term data were compiled from 
4 the Waste Information Data System (WIDS), Splid Waste Information Tracking System (SWITS), and 
5 Hanford Environmental Information System (HEIS). databases; field investigation reports; and other 
6 sources, when applicable. 
7 
8 The risk to a given i:eceptor was determined by estimating the quantity of contaminant 
9 transported from a source to that receptor. Risk calculations were simplified by separating the 

IO computational process into discrete modules thanvere developed separately and then combined .. 
11 These modules include the source (waste) terms, contaminant transport mechanisms, exposure 
12 scenarios, and the variables used to calculate risk or HI from a given exposure. The MEPAS model 
I 3 (Drappo et al. 1991), developed by the Pacific Northwest National Laboratory (PNL), was used to 
14 estimate risk. 
15 
16· 5.1. 2. 2 Acddent Risks. Risk caused by remediation operations can be separated into risk from 
17 routine activities and risk from accidents. Risk from routine activities refers torisk to workers and 
18 the general public resulting from daily activities and processes asso~iated with remediation efforts. 
19 Accident risk refers to the risk to workers and ·the general public froin accidents that could occur as a 
20 resuh of the remediation activities. · · · · 
21 
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24 
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42 
43 
44 
45 

Remediation activities would be conducteq in compliance with applicable laws, regulations, and 
U.S. Department of Energy (DOE) orders. In addition, appropriate engineering and administrative 

· measures would be applied during routine remediation activities so that workers, the general public, 
and the environment were ensured of protection, and that exposures to radioactive and hazardous 
chemicals remain below applicable regulatory and administrative limits. Therefore, this EIS does not· 
assess risk from routine remediation activities. 

, ' . - ,- :,,,, I'''. -
This EIS analyzes several possible accident scenarios that could result in the release of hazardous 

and radioactive materials to the ·environment. These scenarios include a shoreline excavation 
accident, a range fire, a soil dispersion accident, and a fire in a groundwater filtration unit. 

A shoreline excavation accident could occur during remediation of the Columbia River and 
would release contaminants to the river. A range fire, which could occur under any alternative·for 
the other three geographic areas; wo.uld release contaminants taken up by plants. A soil dispersion 
accident, caused by the ignition of reactive material in a container encountered during the excavation 
of a waste site, would dispe~se contaminants through the air. A fire in a filtration unit used for 
treating groundwater would release contaminants to the air. 

In addition to accidents resulting from remediation activities, one accident scenario was evaluated 
for the No-Action Alternative. This accident scenario is a widespread (2.59 krn2 , 1 mi2) range fire 
that would release contaminants taken up -by vegetation. This accident was selected because of the 
high likelihood of occurrence and lack of dependence on the alternative selected. 

46 5.1.3 Ecological Risk Assessment Methodology 
47 
48 The ecological risk assessment methodology builds on tlie human health risk assessment 
49 methodology. · Potential long-term exposures to chemicals and radionuclides in the geographic areas · 
50 were estimated for the No-Action Alternative for a generic plant, the Great Basin pocket mouse, the 
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coyote. and the red-tailed hawk. Potential hazards to ecological receptors caused by exposure to 
2 nonradioactive chemicals were expressed as the HI, the ratio of: 
3 
4 
5 estimated exposure : exposure expected to have no adverse effect. 
6 
7 
8 A HI greater than 1.0. was considered a potentially significant impact. The ecological HI is 
9 directly analogous to that described above for human health. 

10 
11 Chemical exposures were estimated as follows: 
12 
13 • Chemical exposure of plants was estimated as the maximum soil concentration of 
14 contaminants occurring in the 1-km2 (0.4-mi2

) cell. 
15 
16 • Chemical exposure of wildlife was estimated as the intake rate by a pocket mouse 
17 consuming contaminated vegetation and by a coyote or hawk consuming the pocket mouse. 
18 
19 • Radiation doses were estimated in a similar fashion and compared to the benchmark dose of 
20 1 rad/d suggested by the National Council on Radiation Protection and Measurements 
21 (NCRP) as protective of aquatic organisms and the 0.1 rad/d suggested by the International 
22 Atomic Energy Agency (IAEA) as protective of terrestrial organisms. DOE Order 5400.5 
23 (DOE 1993a) also recognizes the 1-rad/d benchmark for aquatic organisms (NCRP 1991). 
24 Maintaining doses to individual organisms below these benchmarks is considered protective 
25 of populations. Estimated doses above the benchmarks were considered potentially 
26 significant. 
27 
28 A complete description of the ecological risk assessment methodology and detailed results are 
29 provided in Appendix C. 
30 
31 
32 5.1.4 Topics Covered in this Chapter 
33 
34 This chapter analyzes each alternative for its potential impact on 11 different resource areas for 
35 each geographic area: 
36 
37 • geology 
38 • soils 
39 • air 
40 • ecology 
41 • water quality 
42 • noise 
43 • cultural resources 
44 · • visual resources 
45 • socioeconomics 
46 • human health risk 
47 • industrial health and safety. 
48 
49 Information regarding excavation volumes, areas of disturbance, and costs also is provided. 
50 
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2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

Later sections of this chapter address: 

• means to mitigate impacts 
• cumulative impacts 
• unavoidable adverse impacts 
• irreversible and irretrievable commitments of resources 
• conflict with land use plans of other fedetal and state agencies and Tribal governments 
• environmental justice 
• relationship between near-term use and long-term productivity. 
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5.2 Columbia River Geographic Area 
2 
3 The scope of proposed actions in the Columbia River geographic area includes contaminated 
4 riverbank sediments, riverbottom sediments, river island sediments, river discharge pipelines, and 

. 5 other areas within 0.4 km (1 /4 mi) of both shores of the Columbia River. For analysis purposes, the 
6 river discharge pipelines considered to be within the Columbia River geographic area are those 
7 extending from the outfall structures on the riverbank into the river (Figure 5-1). The effluent lines, 
8 which extend from the reactors to the outfall structures, are discussed -under the Reactors on the River 
9 geographic area (Section 5.3). Potential impacts of the No-Action and future land-use alternatives are 

10 described in the following sections. 
11 
12 In accordance with "Compliance with Floodplain/Wetlands Environmental Review 
13 Requirements," (10 CFR 1022), a Floodplain/Wetlands Assessment has been prepared to incorporate 
14 floodplain management goals and wetland protection considerations into the DOE planning, 
15 regulatory, and decisionmaking processes. The Floodplain/Wetlands Assessment is included in 
16 Appendix J. 
17 
18 
19 5.2.1 Geology 
20 
21 
22 
23 
24 
7-_.) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

5.2.1.1 Effects on Geologic Resources, No-Action Alternative. The No-Action Alternative would 
involve stabilization of contaminated sediments and continuation of the current environmental 
monitoring and maintenance activities. Under this alternative, the river discharge pipelines and 
contaminated sediment would be left in place, requiring continued restrictions on public access to the 
Hanford Reach of the Columbia River (Hanford Reach) for exploration or exploitation of mineral 
deposits. No mining activity currently is conducted in this area and historical mining activity has 
been very limited. There are currently no known mineral leases in the Hanford Reach, and a formal 
evaluation of the mineral potential of the Hanford Reach has never been prepared. Continuing to 
exclude geologic resources in the Hanford Reach from development would not be expected to result in 
significant short- or long-term adverse impacts. Continued environmental monitoring and 
maintenance activities would have no significant impact on the geologic resources of the Hanford 
Reach. 

5.2.1.2 Effects on Geologic Resources, Unrestricted Future Land-Use Alternative. The 
Unrestricted Future Land-Use Alternative would involve excavation and removal of contaminated 
riverbank, riverbottom, and island sediments, and decommissioning of river discharge pipelines. -The 
extent of excavation required would be determined through site characterization under the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
process. Up to 17 km (11 mi) of shoreline, where groundwater plumes enter the river, could be 
affected by excavation activities. Excavation could extend as far inland as 0.18 km (0.1 mi) and 
could encompass reactor facilities and past-practice waste sites in the Reactors on the River 
geographic area (Appendix H). 

This alternative would involve the short-term continuation of existing restrictiO[l:S on public 
access to geologic resources in the Hanford Reach. As in the No-Action Alternative, such access 
restrictions are not expected to result in significant short"" or long-term adverse impacts on 
development of geologic resources. Complete removal of all contamination under this alternative 
could allow for the eventual relaxation of these access restrictions. 
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5. 2.1. 3 Effects Oil. Geologic Resources, Restricted future Land-Use,Altenzative. The Restricted 
2 Future Land-Use Alternative woul9 ,iiivol~e·:stabilizfog, in·plac;e ,the river discharge pipelines, 
3 removing detached pipeline segments, and ·continuing instituti°~~al controls to prevent human 
4 exposures to contamination. Estimafed vo~umes of materials needed to stabilize the pipelines under 
5 this alternative are presented in ·section '5.2.1 L · . . 
6 
7 Institutional controls implemented under the Restricted Future Land-Use Alternative would 
8 involve the long-term continuation of existing restrictions on public access to geologic resources in the 
9 Hanford Reach .. As in the No-Action Alternativ~. such access restrictions are not expected to res1.1lt 

10 in significant short- or long-term adverse impa<:t§ on the development of ge9logic resources. 
11 
12 The Restricted Future Land-Use Alternative would require mining of riprap for-use as pipeline 
13 capping material from quarry sites. Although the amount of materials involved is small compared to 
I 4 that required for capping in other geographic areas, this alternative would contribute to the depletion 
I 5 of quarry sites. This impact is discussed in Section 5 .10 as an irreversible and irretrievable 
16 commitment of geologic resources. Appendix E provides additional detail on quarry and borrow 
I 7 sites. 
18 
19 
20 5.2.2- Soils 
21 
22 The potential effects of the alternatives on soils adjacent to the Columbia River are summarized 
23 in Table 5-1. 
24 
25 5.2.2.1 Effects on Soils, No-Action Alternative. The No-Action Alternative would involve 
26 stabilization of contaminated sediments, and continuation of the current environmental monitoring and. 
27 maintenance activities. These activities would be limited to spot contaminant locations and are not 
28 expected to result in significant impacts on soils. Continued environmental monitoring and 
29 maintenance activities would not have significant impacts on soils. 
30 
31 5.2.2.2 Effects on Soils, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
32 Land-Use Alternative would involve excavation and removal of contaminated riverbank, riverbottom, 
33 and island sediments, and decommissioning of river discharge pipelines. This alternative would 
34 ·disturb approximately 148 ha (370 ac) of soils in the Columbia River geographic area (see Table 5-1). 
35 Soil disturbance would occur primarily in the trample zone around work areas from heavy equipment 
36 used to haul contaminated sediments from shoreline and island sites. Short-term impacts would 
37 include soil compaction and increased potential for erosion. Ephrata sandy loam and Ephrata stony 
38 loam are both susceptible to soil compaction (Brincken 1994). Although these impacts are considered 
39 . · potentially significant, long-term impacts would not be significant if appropriate mitigation measures 
40 were implemented. 
41 
42 5.2.2.2.J Potential Afitigation Measures. Potential mitigation measures for soils include the 
43 ·tollowing: 
44 
45 • restricting heavy equipment to trample zones 
46 
47 • using the same of existing transportation routes to minimize damage to undisturbed soil and 
48 vegetation 
49 
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• using silt fences and dust control measures to reduce. soil ·erosion 
2 
3 • reseeding disturbed areas with native vegetation to reduce long-term soil loss from wind and 
4 water erosion. 

~ 
6 

7 
8 

9 

10 
11 
12 
13 
14 

15 

Table 5-1. Soils Disturbed u,zder the Columbia River Geographic Area 
Future Land-Use Alternatives.* 

Soil Types 
. No ActiOI) Unrestricted Restricted · 

ha (ac) ha (ac) ha (ac) 

Riverwash Negligible 22.4 (56) 0.4 (1) 
Ephrata sandy loam Negligible 9.6 (24) · 0.4 (1) 
Ephrata stony loam Negligible 62.4 (156) 3.2 (8) 
Rupert (Quincy sand) Negligible 32.4 (81) 0 
Burbank loamy sand Negligibl¢ 21.2 (53) 0 

Total <1 148 (370) 4.0 (10) 

16 *Areal impact information generated from the GIS; includes area disturbed for excavation, 
17 ·outfall capping, trample zones, effluent lines, and.trench. . 

18 

-

19 5.2.2.3 Effects 01z Soils, Restricted Future La,zd-Use Alternative. The Restricted Future Land-Use 
20 Alternative would involve stabilizing in place the river discharge pipelines, removing detached , 
21 pipeline segments, and continuing institutional controls to prevent human exposures to contamination. 
22 Implementation of the Restricted Future Land-Use Alternative would result in the disturbance of 4 ha 
23 (10 ac) of soils in the Columbia River geographic area. Impacts would be similar in kind but less 
24 extensive than those under the Unrestricted Future Land-Use Alternative, because contaminated 
25 sediments would be left in place. Soil disturJ?arice would occur primarily in the trample zone around 
26 work areas from heavy equipment used during decommissioning of the river discharge pipelines. 
27 Short-term impacts would include soil compaction and increased potential for erosion. Although these 
28 impacts are considered potentially significant, long-term impacts would not be significant if 
29 appropriate mitigation measures were imple~ented. · 
30 
31 5.2.2.3.l. Potential Mitigatio,z Measures.· Potential mitigation measures for the Restricted 
32 Future Lapd-Use Alternative are the same as for the Unrestricted Future Land-Use Alternative. 
33 
34 
35 5.2.3 Water Resources 
36 
37 5.2.3.1 Effects f!1Z Columbia River Flow. Characteristics, No-Action Alternative. The No-Action 
38 Alternative would involve stabilization of contaminated sediments, and continuation of the current 
39 environmental monitoring and maintenance activi~ies. This alternative would not affect the existing 
40 flow characteristics of the Columbia River. 
4 l 
42 5.2.3.2 Effects on Columbia River Flow Characteristics, Unrestricted Future Land-Use Alternative. 
43 The Unrestricted Future Land-Use Altemativ'e would involve excavation and removal of contaminated 
44 riverbank, riverbottom, and island seciiments, and decommissioning of river discharge pipelines. 
45 Removal of contaminated riverbank s~diinents could require use of a coffer dam along the Columbia 
46 River to de-water the area and enable excavation. A coffer dam would constrict the river channel, 
47 which could cause a rise (backwater effect) in the river stage just upstream of the coffer dam. The 
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estimated increase in river stage ~ould be appr~xi_maf~,!Y JO to,20% above the river stage expected 
2 unde·r existing baseline conditions-(TaB1e·::ss:2)'t1~ipcl-gfrses Hi~rl:ver- stage,.would increase flow velocity 
3 by approximately 15%, and could result in additional ·local.scour near the coffer dams. This scour 
4 could resuspend _ anq transport potentially ~onta_rninated sediments. from the r_iverbottom and island 
5 areas during rivJrtia:rik excavation. As discussed in Section 5.2.3.5, releases· of contaminants from 
6 sediments into the Columbia Riyer could have significant impacts on water quality. 
7 
8 

9 Table 5-2. Estimated Stage Increase on tlze Columbia River Resulting from a Coffer Dam. 

IO 

11 

12 

13 

14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
r _.) 

26 
27 

' -
Annual Flow Rates Stage Increase* 

average: 3.400 m3/s (120,100 ft'/s) +0.4 m to + 1.6 m ( + 1.3 ft to 5.2 ft) 

low: .1,020 m3/s (36,040 ft3/s) +0.2 m to +0.8 m ( +0.7 ft to +2.6 ft) 

high: 11,250 m3/s (401,790 ft3/s) +0.9 m to +3.3 m (+2.9 ft to +10.8 ft) 

*Stage estimates were calculated assuming steady flow, with a Manning's roughness factor of 
0.025 and a friction slope of 0.0002 for the Columbia River (Barnes 1967). 

__ Temporary changes in Columbia River stage could change adjacent alluvial groundwater levels 
by an amount equal to the· changes in river stage. These changes in river stage temporarily could 
increase or decrease groundwater gradients, and possibly change the direction and rates of 
contaminant migration in the groundwater system adjacent to the Columbia River. Studies by 
Gilmore et al. (1990, 1991) indicated that the effects of seasonal river stage fluctuations were 
noticeable up to 300 m (984 ft) inland, and daily river level fluctuations could be seen up to 230 m 
(750 ft) inland. Changes to the groundwater system, caused by the temporary increase in river stage, 
likely would be noticeable a slightly greater distance inland than normal. Because these changes 
would occur only during the time when _the coffer dam is in place, no long-term impacts on 
groundwater would be expected. ·· · · ·· · 

·23 5.2.3.3 Effects on Columbia River Flow Characteristics, Restricted Future Land-Use Alternative. 
29 The Restricted Future Land-Use Alternative would involve stabilizing in place the river discharge 
30 · pipelines, removing detached pipeline segments,· and continuing institutional controls to prevent 
31 human exposures to contamination. Remedial activities under this alternative would not require the 
32 use of a coffer dam and are not expected to have s_ignificant impacts on the existing flow 
33 characteristics of the Columbia River. 
34 
35 5.2.3.4 Effects on Water Quality, No-Action Altemative. Under the No-Action Alternative, the 
36 river discharge pipelines and i;ontaminated sediment would be left in place. This alternative is not 
37 expected to degrade water quality in the Columbia River in the short or long term. The release of 
38 existing contaminants from the river discharge pipelines-and sediments is not expected to increase 
39 above current rates, and is expected to diminish with time.· However, increased contaminant releases 
40 could occur as the result of natural scouring action, which has beguri to expose and detach portions of 
41 the buried river discharge pipelines. Potentially sign_ificant impacts could be avoided with appropriate 
42 mitigation measures. Natural shoreline erosion also could mobilize contaminated sediment; however,· 
43 this process is very slow and is not expected to significantly affect water quality. 
44 
45 Concentrations of tritium, strontium-90, and iodine-129 in the Columbia River have been 
46 identified as statistically elevated. Tritium, uranium, and iodine~129 are found in higher 
4 7 concentrations at the Richland Pumphouse compared to Priest Rapids Dam, indicating an influence 
48 from Hanf(?rd operations (PNL 1995). However, current radionuclide concentrations in Columbia 
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River water are below applicable drinkihg water standards (DWS):"' Downstream surface water 
2 supplies for municipal and other uses should not be affected; water quality impacts from the 
3 No-Action Alternative are not considered significant. 

4 
5 5.2.3.4.1 Potenti.al Mitigati.on Measures. The risk of contaminant release from river discharge 
6 pipelines would be reduced by periodically inspecting the pipelines and stabilizing exposed sections 
7 with riprap. 
8 
9 5.2.3.5 Effects on Wat~r Quality, Unrestricted Future Land-Use Altemati.ve. The Unrestricted 

· IO .Future Land-Use Alternative would involve excavation and removal of contaminated riverbank, · 
11 riverbottom, arid island sediments, and decommissioning of river discharge pipelines. These activities· 
12 could result in increased turbidity and radiological contamination in the Columbia River, which could 
13 have significant impacts on downstream municipal, industrial,, and agricultural water quality. The 
14 quantities of contaminant releases or ·increases in concentrations cannot be estimated at this time, 
15 because the amounts of sediment contamination are not well documented. Site-specific evaluations of 
I 6 potential water quality effects would he performed· as part of th~ CERCLA process. Mitigation 
1 7 measures would be used to minimize water quality qegradation. Monitoring would be performed to 
18 identify problem areas and determine the need fa~ additional corrective measures. 
19 
20 -5.2.3.5.1 Potenti.al Miti.gati.on Measures. Potential mitigation measures for protecting water 
21 quality include the following: 
22 
23 • installing runoff barriers during remedial activities that disturb soil or sediment along the 
24 Columbia River to prevent contaminated sediments from entering the river ,-_:, 

26 • limiting areas disturbed below the high water mark to minimize resuspension of disturbed 
27 materials 
28 
29 • using riprap, biodegradable geotextiles, and other suitable materials to stabilize disturbed 
30 . areas, as needed 
31 
32 • supplying alternate municipal water downstream of remedial activities if radiological and 
33 chemical concentrations indicate substantial water quality degradation. 
34 
35 5.2.3. 6 Effect~ on Water Quality, Re.stricted Future Land-Use Altemati.ve. The Restricted Future 
36 Land-Use Alternative would involve stabilizing in place the river discharge pipelines and removing 
3 7 detached pipeline segments, These activities could· result in releases of small amounts of contaminants 
38 to the Columbia River. Such releases would be short-tei-m and are not expected to have significant 
39 impacts on water quality. 
40 
4 I 5.2.3. 6.1 Potenti.al Miti.gati.on Measures. Potentiaf mitigation measures for the Restricted 
42 Future Land-:Use Alternative are the same as for the Unrestricted Future Land-Use Alternative. 
43 
44 5.2.3. 7 Effects on the Columbia River Fl.oodplain, No-Action Alternative. The No-Action 
45 Alternative would not involve significant disturbance of the Columbia River floodplain. 
46 
47 5.2.3.8 Effects on the Columbia River Floodplain, Unrestricted Future Land-Use Altemati.ve. The 
48 Unrestricted Future Land-Use Alternative would involve excavation and removal of contaminated 
49 riverbank, riverbottom, and island sediments and decommissic:ming of river discharge pipelines. This 
50 alternative would affect 140 ha (346 ac) of Columbia River floodplain, which is approximately 3% of 
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the floodplain in the Columbia River geographic area and roughly 2 % (in J.2.1.2.1) of the floodplain 
2 on_the entire Hanford Site (Figure572): Excay~tig_n\of:co_q~~rpi_riated,riverbank sediments would 
3 result in the eventual widening of the Columbia River floodplain. The extent to which the floodplain 
4 is widened would depend on areal extent and depth of.e.xcavati_ons. The remedial activities are not 
5 expected to have adverse effects on· t1oodplairi -functions. ·. ': . 

6 
7 5.2.3.9 Effects on the Columbia River Floodplain, Restricted Future Land-Use Altenzative. The 
8 Restricted Future Land-Use Alternative would involve stabilizing in-place the river discharge 
9 pipelines, removing detached pipeline segments, and continuing institutional controls to prevent 

IO human exposures to contamination. ·The Restri~ted Future Land-Use. Alternative would affecr.7 ha 
11 (17 ac) of Columbia River floodplain, which is less than 1 % of the floodplain in the Columbia River 
12 geographic area and less than 1 % of the floodplain on the entire Hanford Site (Figure 5-3). Effects 
13 on the floodplain would be limited to locations where sediment excavation and pipeline removal is 
14 required to protect human health and safety. Remedial activities under this alternative are not · 
15 expected to have significant effects on floodplain: functions. 
1-6 
17 5.2.4 Ecology 
18 
19 5.2.4.1 Habitat Disturbance. The levels of habitat disturbance associated with each alternative are 
20 suITH11arized in Table 5-3. 
21 
22 
23 
24 ,­_:, 

26 

27 
28 

29 

30 
31 
32 
33 

5.2.4.1.1 Effects on Aquatic Habitat, No-Action Alternative. The No-Action Alternative 
would involve stabi112ation of contaminated sediments, and continuation of the current environmental 
monitoring and maintenance activities. These activities would not have significant impacts on aquatic 
habitat in the Columbia River geographic area. · 

Table 5-3. Comparison of Habitat Disturbance under the Columbia River Geographic Area 
Future Land-Use Alternatives. 0 

Alternatives 
Habitat 

No Action Unrestricted Restricted 

Aquatic 0 20 ha (50 ac) <0.4ha(<l ac) 
Wetlandsb o. 23 ha (57 ac) <0.4 ha ( <·1 ac) 
Shrub-steppe 0 36 ha (90 ac) 0 
Species of Concemc 0 9 1 

34 3Areal impact information generated from the GIS; includes potential disturbance associated with 
35 excavation, outfall capping, trample zones, outfall lines, and trench. 
36 bNational Wetlands Inventory Data. 
37 clncludes bald eagle habitat (roosts and perching locations) within the zone of disturbance. 

38 
39 
40 
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5.2.4.1.2 Effects Oil Aquatic Habitat, Unrestricted Future La1zd-Use Alternative. The 
2 Unrestricted Future Land-Use Alternative would involve excavation and removal of contaminated 
3 riverbank, riverbottom, and island sediments, and decommissioning of river discharge pipelines. 
4 Removal of river discharge pipelines and associated contaminated sediments would involve 
5 disturbance of the riverbottom, resulting in losses of aquatic plants, riverbottom invertebrate species, 
6 and other aquatic lifeforms. ~emedial activities would increase sediment loading in the river, which 
7 could adversely affect spawning areas for anadromous fish species and game fish species. 
8 
9 The ·1oss of spawning habitat could have long..:term adverse effects on fish populations. The 

IO Hanford Reach provides the only significant remaining. spawning habitat, for fall. chinook salmon on 
11 the mainstem of the Columbia River (NPS 1994). Loss of spawning habitat as a result of 
12 contaminated sediment excavation, combined with the effects of other past development activities 
13 along the Columbia River, could have a cumulative effect on fall chinook salmon populations. 
14 Additional population losses could result in listing the species as threatened or endangered under the 
15 Endangered Species Act of 1973. 
16 
17 5.2.4.1.2:1 Potential Mitigation Measures. Potential mitigation measures for aquatic habitats 
18 include the following: 
19 
20 ·- • limiting activities-below the high water mark to periods of lowest river flow and periods 
21 when anadromous fish are not spawning or_ migrating 
22 
23 
24 
7-

• consulting with the National Marine Fisheries Service in identifying uncontaminated 
spawning areas to be avoided 

_.) 

26 
27 

• limiting areas disturbed to minimize resuspension of sediments 

28 • using riprap, biodegradable geotextiles, ~nd other suitable materials to stabilize disturbed 
29 areas, as needed · 
30 
31 • requiring contractor equipment to be cleaned before entering work zones to prevent 
32 establishment or spread of water milfoil and other undesirable species 
33 
34 • reestablishing desirable aquatic vegetatjon, as needed. 
35 
36 5.2.4.1.3 Effects Oil Aquatic Habitat, Restricted Future Land-Use Alternative. The Restricted 
37 Future Land-Use Alternative would involve stabilizing in place the river discharge pipelines and 
38 removing detached pipeline segments. Disturbance of aquatic habitat ,vould be limited to areas 
39 . adjacent to river discharge pipelines, with some losses of aquatic plants and other lifeforms. Because 
40 contaminated riverbank, riverbottom, and island sediments would not be excavated, increased 
4 I sediment loading would occur only briefly during decommissioning of the river discharge pipelines. 
42 Therefore, this alternative is not expected to· have significant impacts on aquatic habitats. 
43 
44 5. 2.4.1. 3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
45 Future Land-Use Alternative are the same as those described for the Unrestricted Future Land-Use 

· 46 Alternative. 
47 
48 5.2.4.1.4 Effects Oil Wetlands, No-Action Alternative. This alternative would involve 
49 stabilization of contaminated sediments, and continuation of the current environmental monitoring and 
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maintenance activities. These activities would involve minimal disturbance of wetlands and would 
2 have ·no significant impacts. 
3 
4 5.2.4.1.5 Effects Oil Wetlallds, Unrestric~ed Future Land-Use Altemative. The Unrestricted 
5 Future Land-Use Alternative would result in the potential loss cif 23 ha (57 ac) of wetlands, which is 
6 11 % of the wetlands in the Columbia River geographic area (see Figure 5-2). This loss \\'Ould be 
7 significant, given the value of sensitive species and unique wetland plant communities identified in the 
8 Hanford Reach (NPS 1994). 
9 

10 5.2.4.1.5.1 Potential Mitigation Measures. Potential mitigation measures for wetlands include 
11 the following: 
12 
13 • identifying uncontaminated wetlands to be avoided 
14 
15 • using temporary fill structures, and other practices to minimize disturbance of 
16 uncontaminated wetland soils and preserve propagules for revegetation · 
17 
18 • requiring contractor equipment to be cleaned before entering work zones to prevent 
19 establishment or spread of undesirable species in remaining wetlands 
20 
21 
21 

• replacing wetiands destroyed through purchase, construction, or restoration of wetlands. 

23 Wetland mitigation plans would be developed in consultation with the State of Washington, 
24 U.S. Army Corp~ of Engineers (USACE), and the U.S. Fish and Wildlife Service (USFWS). 1 

-r _:, 

26 5.2.4.1.6 Effects on Wetlands, Restricted Future Land-Use Alternative. The Restricted Future 
27 Land-Use Alternative would affect less than 0.4 ha (less than 1 ac) of wetlands (see Figure 5-3), 
28 which is not considered significant. · · 
29 
30 5.2.4.1.7 Effects Oil Shrub-Steppe Habitat, No-Action Alternati.ve. This alternative would 
3 I involve stabilization of contaminated sediments, and continuation of the current environmental 
32 monitoring and maintenance activities. These activities would not have significant impacts on 
33 shrub-steppe habitat in the Columbia River geographic area. 
34 
35 5.2.4.1.8 Effects Oil Shrub-Steppe Habitat, Unrestricted Future Land-Use Alternati.ve. The 
36 Unrestricted Future Land-Use 'Alternative would affect 36 ha (90 ac) of shrub-steppe habitat, mainly 
3 7 in trample zones associated with removal of river discharge pipelines and contaminated sediments 
38 (Figure 5-4). This level of disturbance, representing less than 1 % of the shrub-steppe habitat on the 
39 Hanford Site, is not considered to be significant. The areas disturbed also could include trees used as 
40 {Jerching and roosting sites by bald eagles (see Section 5.2.4.3). The disturbed area would be 
41 revegetated with native species. 
42 
43 . 5.2.4.1.9 Effects on Shrub-Steppe Habitat, Restricted Future Land-Use Alternative. Activities 
44 in upland areas under the Restricted Future Land-Use Alternative_ would be limited to previously 
45 disturbed areas and would not impact existing shrub-steppe habitat. 

1Excavating or filling wetlands as part of a CERCLA remedial action would not require a permit, 
but would require meeting the substantive requirements of Section 404 of the Clean Water Act of 
J 977. More specific or additional mitigation measures would be· negotiated through this process. 
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5.2.4.2 Effects on Species of Concem, No-Action Alternative. The No-Action Alternative would 
2 involve stabilization of contaminated sediments, and continuation of the current environmental 
J monitoring and maintenance activities. These activities would be planned to avoid disturbing sensitive· 
4 species and are not expected to have significant impacts. 
5 
6 5.2.4.3 Effects o,z Species of Concern, Unrestricted Fu.ture Land-Use Altemative. The Unrestricted 
7 Future Land-Use Alternatives would involve the removal of river discharge pipelines and · 
8 contaminated sediments. This alternative could have significant impacts on several species of concern 
9 including: 

10 
11 • the bald eagle (federal and state threatened) 
12 
13 • the white pelican (state endangered) 
14 
15 • ·two mollusk species - the short-face lanx and Columbia pebble snail (federal and state 
16 - candidates) 
17 
18 • four fish species - the mountain sucker, sand roller, Piute sculpin, and reticulate sculpin 
19 ·estate species of concern) 
20 
21 • the Columbia River tiger beetle (state candidate species) 
22 
23 • two plant species - the Columbia yellowcress and northern wormwood (state endangered 
24 and federal candidates). 
')-_:, 

26 Remediation activities could disrupt bald eagle use along the Hanford Reach, if remedial 
27 activities are located near trees used for roosting and perching. White pelicans, which use the 
28 Hanford Reach shoreline and islands, could experience stress or habitat loss. The two mollusk 
29 species, two plant species, and the insect. species are the most likely to experience direct mortality as 
30 the result of sediment excavation. Additional population iosses of these candidate species could result 
31 in their listing as threatened or endangered under the Endangered Species Act of 1973. 

33 5.2.4.3.1 Potential Mitigation Measures." The potential mitigation measures previously 
34 described in Section 5 .2A. l .2.1 for aquatic habitats and in Section 5 .2.4.1.5 .1 for wetlands would 
35 help reduce impacts to species of concern. Additional potential mitigation measures include the 
36 following: exclude all disturbance within an 800-m (0.5-mi) buffer around winter roosts for bald 
37 eagles from November 15 to March 15. and avoid any habitat alteration within 400 m (0.25 mi) of 
38 bald eagle roosts (Fitzner et al. 1994); identifying and protecting, to the extent possible, populations 
39 or habitats of other species (e.g,, Columbia yellowcress, northern wormwood, short-faced lanx, 
-1-0 Columbia pebble snail, and Columbia River tiger beetle) .. 
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5.2.4.4 · Effects on Species of Cimcem,Restricted Future LQJld-Use Alternative. The Restricted 
Future Land-Use Alternative would invciive stabilizing in place the river discharge pipelines and 
removing detached pipeline segments. These activities would impact several species of concern, as 
discussed under the Unrestricted Future Land-Use Alternative; however, remedial activities under this 
alternative would be shorter in duration and would disturb less area. With limited disturbance and 
-implementation of appropriate mitigation measures. the Restricted Future Land-Use Alternative is not 
expected to have significant impacts on sensitive species. 

.5.2.4.4.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative are the same as those described for the Unrestricted Future Land-Use­
Alternative. 

5.2.4.5 Ecological Risk, No-Action Alternative. The No-Action Alternative would involve 
stabilization of contaminated sediments, and continuation of the current environmental monitoring and 
maintenance activities. Under this 'alternative, the river discharge pipelines and contaminated 
sediment would be left in place. The No-Action Alternative is not expected to pose unacceptable 
risks to species or their habitats in the short or long term. . Recent environmental monitoring data 
indicate that Hanford operations have resulted in small accumulations of some radionuclides in fish 
and wildlife.· However, the concentrations are not sufficient to pose a hazard to the organisms 
themselves or to humans who might consume them (PNL 1993). 

The potential radiological risks to ecological receptors from the No-Action Alternative was 
evaluated in the ecological risk assessment (Appendix C). Potential radiation doses caused by 
exposure to radionuclides in surface waters in the Columbia River and other locations were estimated 
for a generic plant, an invertebrate, a fish, and the muskrat. · None of the estimated doses approached 
the 1 rad/d suggested by the NCRP or the 0.1 rad/d suggested by the IAEA as protective of aquatic 
and terrestrial organisms, respectively (NCRP 1991, IAEA 1992). 

Concentrations of nonradioactive constituents in the Columbia River are comparable upstream 
and downstream from the Hanford Reach, and do not exceed levels considered protective of aquatic 
organisms. As described in Section s·,2.3.4, the No-Action Alternative would not have significant 
impacts on Columbia River water quality with appropriate monitoring and mitigation. Therefore, the 
potential risks to ecological receptors such as aquatic organisms and associated predator species are 
not considered significant. 

5.2.4.6 Ecological Risk, Unrestricted Future Land-.Use Alternative. The Unrestricted Future 
Land-Use Alternative would involve the removal of river discharge pipelines and contaminated 
riverbank sediments. This alternative could result.in increased short-term risk to ecological receptors 
as a result of resuspension and transport of contaminated sediments. Increased contamination in the 
Columbia River could result in direct exposures of ecological receptors or subsequent uptake through 
the food chain. These shon-term exposures could be prevented or minimized by the mitigation 
measures described for wat~r quality in Section 5.2.3.4. Direct exposures of ecological receptors 
\V.Ould be expected to decrease over the long term. 
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5.2.4. 7 Ecological Risk, Restricted Future .Land-:-.Use Alternati~e:i • The Restricted Future Land-Use 
2 Alternative would involve stabilizing·irl-pfacethe:rivet;disclfarge pipelines and removing detached 
3 pipeline segments. As described in Section 5.2.'3.6, these activities could result in some contaminant 
4 releases. Such releases would not significantly increase ecologic~! risks. 

•,',•,· ;_,· ' . ' . . -. '' ' ,. • .. ,, .. : .. 
5 
6 5.2.4.8 Effects on Biodiversity, No-Acti.On Alternative; . The Nb-Action Alternative is not expected 
7 to have significant impacts on biodiversity in the short or long term. The existing riverine ecosystem 
8 of the Hanford Reach would remain intact and relatively undisturbed. All of the following would 
9 remain unchanged: distribution and proportions of aquatic, wetland, and shrub-steppe.habitats 

IO associated with the Columbia River, species diversity within those communities, and abundance and 
11 genetic diversity of individual species. 
12 
13 5.2.4.9 Effects on Biodiversity, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
14 Land-Use Alternative could have significant impacts on biodiversity. Removal of river discharge 
15 pipelines and contaminated riverbank sediments could result in population losses in sensitive species, 
16 especially in aquatic habitats. Reduced populations could have indirect food chain effects on the 
17 abundance of other species. Disturbance and subsequent reclamation of plant communities could 
18 reduce species diversity, with indirect effects on community functions, such as forage production, 
19 cover, and nutrient cycling. Excavation activities would fragment existing habitats and disrupt the 
20 connectivity among different habitats. These impacts are expected to be significant in the short term; 
21 long-term impacts to biodiversity could be avoided or reduced through implementation of the 
22 mitigation measures previou·sly discussed. 
23 
24 5.2.4.10 Effects on Biodiversity, Restricted Future Land-Use Alternative. Under this alternative, 
25 disturbance would be limited to areas adjacent to river discharge pipelines. The limited remedial 
26 activities could result in mortality among species of concern in aquatic habitats; however, it is 
27 unlikely that the abundance of these species would be affected in the long term. Limiting disturbance 
28 to small areas would enable recolonization from surrounding areas, reducing the likelihood of 
29 permanent changes to community diversity and minimizing habitat fragmentation. Although the 
30 Restricted Future Land-Use Alternative would disrupt ecosystem functions in the short term, no 
31 significant long-term impacts are.expected. 
32 
33 
34 5. 2. 5 Air Quality 
35 
36 5.2.5.1 Effects on Air Quality, No-Action Alternative. The No-Ac!ion Alternative would involve· 
37 stabilization of contaminated ·sediments, and continuation of the current environmental monitoring and 
38 maintenance activities. Generation of airborne pollutants under the No-Action Alternative would not 
39 ·exceed the amounts currently generated by Hanford operations. No significant impacts are expected 
40 from implementation of the No-Ac,tion Alternative, because current Hanford Site emissions meet air 
41 quality standards (PNL 1995). 
42 
43 
44 5.2.5.2 Effects on Air Quality, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
45 Land-Use Alternative would involve excavation and removal of contaminated riverbank_, riverbottom, 
46 and island sediments, and decommissioning of river discharge pipelines. Sediment excavation could 
47 generate fugitive dust, possibly contaminated with radioactive particles. Airborne pollutants also 
48 would be generated in exhaust from equipment used for excavation, loading, and hauling. The 
49 potential for air quality impacts was evaluated by estimating radionuclide concentrations in the air 
50 resulting from a hypothetical waste site excavation. Ari excavation rate of 450,000 kg/d 
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(1 million lb/d) was used for estimating pti.rposes. Excavation sites were assumed to be located 
closest to the Hanford Site boundary where ·members of the geherai public might reside. The 
amounts of pollutants generated at a site were estimated using the procedures and assumptions 
described in Appendix G, and concentrations of pollutants downwind from the Hanford Site were 

. projected. The estimated concentrations that workers could be exposed would not exceed appropriate 
standards (Table 5-4). The same is true for concentrations to which the general public could be 
exposed. 

Concentrations in Table 5-4 are consequences of remedial activities at one remediation site. . 
Simultaneous activities at several sites could result in higher concentrations, particularly if the sites 
happened to be in line and parallel to the wind direction (Table 5-5). Potential c~mulative 
concentrations were estimated by assuming simultaneous excavation of five sites aligned with the wind 
direction. The five sites were identical to the one previously described and were assumed to be 
spaced 200 m (660 ft) apart. Cumulative concentrations that workers and the general public could be 
exposed. do not exceed appropriate standards or guidelines. The pollutant concentrations in Table 5-5 
represent short-term impacts that would cease when remedial activity is concluded. 

Remediation for unrestricted use would require transport of contaminated waste to an onsite 
waste disposal facility. Concentrations of fugitive dust from haul roads were estimated using the 
following procedures and assumptions. To provide a conservative estimate, roadways were assumed 
to be surfaced with gravel. Vehicles were assumed to be 10-ton truck/trailer units. Emission rates 
(in grams per vehicle-mile) were estimated by methods and information in Air/Superfund National 
Technical Guidance Study Series, Volume II - Estimation of Baseline Air Emissions at Superfund Sites 
(EPA 1988a). Downwind concentrations of particulate matter less than 10 microns in size (PM10) 

were projected by a line source dispersion model, with an assumed 5-m/s (16-ft/s) wind flowing 
perpendicular to the direction of the roadway. Figure 5-5 shows the estimated concentrations of dust 
for traffic flow rates from 5 to 500 trucks per hour. 

Significant impacts from haul road dust are not expected to occur. Hauling 450,000 kg/d 
(1 million lb/d), for example, would require about 50 roundtrips. The resulting traffic count, 
averaging about 12 trucks per hour, would generate a dust concentration of about 100 µg/m3

• 

33 Significant air quality impacts are not expected to occur from the Unrestricted Future Land-Use 
34 Alternative, because the estimates presented in Tables 5-4 and 5-5 do not exceed applicable air quality · 
35 standards,. However, these estimates are based on typical meteorological conditions and could be 
36 greater or lower during unusual conditions (e.g., high or low wind speeds, or extreme conditions of 
37 atmospheric stability or instability). During excavation of a waste site, there would be a potential for 
38 short-duration emissions requiring miti~ation measures. 
39 
40 Substantial amounts of fugitive dust would be produced by quarrying and excavation of materials 
41 for backfilling or c0nstruction of caps (Appendix E), but no significant impacts are expected. The 
42 materials would not be contaminated, so the only applicable air quality standard would be the 8-hour 
43 occupational standard for PM 10 nuisance dust (5,000 mg/m3

). Dust levels are not expected to exceed 
44 this limit. 
45 
46 5.2.5.2.1 Potential Mitigati.on Measures. Mitigation measures for air quality would include 
47 covering trucks, rewetting storage piles and haul roads with water or surfactants, limiting the size of 
48 disturbed areas, and temporarily enclosing the area being excavated. In heavily contaminated areas, 
49 administrative controls, such as a requirement for dust-filtration masks or a limitation on the hours of 
50 exposure, would be used to protect workers. 
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Table 5-4. Estimated Co;zc~;~tfatio,ff ofAirbo_rne Contt;z~1zl1z~nts from Excavation- in the . 

Co1u11lbia: Riier. GeograpHltA.fea. 0 
• . 2 

3 
4 

5 
6 

7 
8 

9 
10 
11 

' 
Type of Air 

) 

Contaminant 

Fugitive Dust 
(pg/m3) 

Radioisotopes 
(pCi/m3

) 

Products of Fuel 
Combustion 
(pg/m') 

Concentration in 
Contaminant 

'·· · the Immediate . 
Name 

Vicinityb 
-

PMso 390 

Sr-90 7.7 E-04 

. ·-

Cs-137 2.3 E-04 

Pu-239, -240 3.9 E-06 

U-238 4.2 E-Q4 

total suspended· 72 
particulates_ 

carbon monoxide 470 

nitrogen dioxide 730 

sulfur dioxide 98 

Onsite Occupational Concentration Offsite Air Quality 
Standard or at Nearest Standard or 
Guideline< Property" Lined Guideline' 

5,000, 8-h average 63 150, 24sh average 

2,000, annual 1.2 E-04 50, annual average 
average 

60;000, annual 3.8 E-05 400, annual ·average 
average 

3, annual average 6.3 E-07 0.02, annual 
.. average 

300, annual average 6.9 E-05 0.10, annual · 
average 

15,000, 8-h average 12 -

55,000 8-h average 75 9,000, 8-h average 

9,000, 8-h average 12or 50, annual average 

13,000, 8-h average 16 20, annual average 

12 •Procedures and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. 
13 The estimated concentrations of fugitive dust·and fuel combustion products do not include background concentrations. 
14 bConcentrations immediately downwind from the excavation site are potential concentrations that· workers could be 
15 exposed. . 
16 <occupational standards for fugitive dust and combustion products are PELS listed in 29 CFR 1910. Occupational 
17 guidelines for airborne radionuclides are listed in Federal Guidance Report No. 11 (EPA 1988b). 
18 dConcentrations at the nearest property line are potential concentrations that the general public could be exposed. 
19 'Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
20 (40 CFR 50-99). The standard for SO2 is a Washington State standard. Guidelines for airborne radionuclides are 
21 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
22 rconcentration of NO2 appears to exceed air quality standard. All of the estimated concentrations, however, are 
23 levels that would be expected during normal daily working hours, whereas air quality standards ·are average levels 
24 during longer periods of time (e.g., during a 365-day year). Using conservative background concentrations during 
25 nonworking periods, and in consideration of changes in wind direction, it can be shown that the average level of NO2 

26 does not exceed the air quality standard. 

27 
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Table 5-5. Cumulative Impacts of Airborne Contaminants from Excavation of Five Sites in the 
2 Columbia River Geographic Area. 0 

3 
4 

5 
6 

7 
8 

9 
10 
11 

Type of Air 
Contaminant 

Fugitive Dust 
(µg/mJ) 

Radioisotopes 
(pCi/m3

) 

Products of Fuel 
Combustion 
(pg/mJ) 

Contaminant 
Name 

. 

PM 10 

Sr-90 

Cs-137 

Pu-239, -240 

U-238 

total suspended 
particulates 

carbon monoxide 

nitrogen dioxide 

sulfur dioxide 

Concentration in Onsite Occupational 
the Immediate Standard or 

Vicinityb Guideline' 

660 . 5,000, 8-h average 

.0013 2,000, annual 
- average 

4.0 E-04 60,000, annual 
average 

6.6 E-06 3, annual average 

7.2 E-04 300, annual average 

12 55,000, 8-h average 

790 55,000 8-h average 

1,200 9,000, 8-h average 

170 13,000, 8-h average 

Concentration Offsite Air Quality 
at Nearest Standard or 

Property Lined Guideline• 

160 150, 24-h average 

3.1 E-04 50, annual average 

9.5 E-05 400, annual average 

1.6 E-06 0.02, annual 
average 

1.7 E-04 0.10, annual 
average 

29 -

190 9,000, 8-h average 

300 50, annual average 

40 20, annual average 

12 •Procedures and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. 
13 The five sites are assumed to be 200 m (660 ft) apart and aligned in the direction the wind is blowing. The estimated 
14 concentrations of fugitive dust and fuel combustion products do not include background concentrations. 
15 bConcentrations immediately downwind from the excavation site are potential concentrations that workers could be 
16 exposed. 
17 'Occupational standards for fugitive dust and combustion products are PELS listed in 29 CFR 1910. Occupational 
18 guidelines for airborne radionuclides are listed in Federal Guidance Report No. 11 (EPA 1988a). 
19 dConcentrations at the nearest property line are potential concentrations that the general public could be exposed. 
20 "Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
21 (40 CFR 50-99). The standard for SO2 is a Washington State standard. Guidelines for airborne radionuclides are 
22 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
23 rconcentrations of PM 10 and NO2 appear to exceed air quality standards. All of the estimated concentrations, 
24 however, are levels that would be expected during normal daily working hours, whereas air quality standards are 
25 average levels during longer periods of tim·e (e.g .• during a 365-day year). Using conservative background 
26 concentrations during nonworking periods, and in consideration of changes in wind direction, it can be shown that the 
27 averaged levels of PM 10 and NO2 do not exceed air quality standards. 

28 
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5.2.5.3 Effects on Air Quality, Re;i,icted Future Land-Use A.itefnative. The Restricted Future 
Land-Use Alternative would involve· stabilizing in place the ri~~; discharge pipelines, removing 
detached pipeline segments, and continuing institutional controls to prevent human exposures to 
contamination. Concentrations ·of airborne pollutants from this alternative would be lower than those 
listed in Tables 5-4 and 5-5, because less contaminated sediment would be disturbed. The hauling of 
pipeline capping materials from-quarry sites and borrqw areas would generate similar fugitive dust 
concentrations as estimated for the Unrestricted Future Land-Use Alternative. The Restricted Future 
Land-Use Alternative would not have significant air quality impacts. 

. 5.2.5.3.1 Potential Mitigation Measures. -Potential mitigation measures for the Restricted 
Future Land-Use Alternative are the same as for the Unrestricted Future Land-Use Alternative. 

5.2.6 Noise 

5.2.6.1 Noise Effects, No-Action Alternative. The No-Action Alternative would involve stabilization 
of contaminated sediments, and continuation of the current environmental monitoring and maintenance 
activities. Little or no change in noise impacts to the surrounding environment would occur under 
this alternative. The sound levels in the ambient environment would remain essentially the same as 
current noise levels and would not have a significant impact. 

5.2.6.2 Noise Effects, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
Land-Use Alternative would involve excavation and removal of contaminated riverbank, riverbottom, 
and island sediments, and decommissioning of river discharge pipelines. During removal of river 
discharge pipes and contaminated riverbank sediments, noisy construction equipment used in the 
operations would temporarily increase ambient noise levels. Noise levels generated by remedial 
activities throughout the Hanford Site are not expected to differ significantly from one geographic 
area to another. Therefore, a representative scenario was developed and analyzed for the Reactors on 
the River geographic area (see Section 5.3.6). Noise levels are not predicted to violate the State of 
Washington noise standards and are not expected to have significant impacts. 

5.2.6.2.l Potential Mitigation Measures. Potential mitigation measures for reducing potential 
noise impacts include the following: providing hearing protection for construction and excavati.on 
personnel, and monitoring occupational noise exposure to construction and excavation personnel. 

5.2. 6.3 Noise Effects, Restricted Future Land-Use Alternative. The Restricted Future Land-Use 
Alternative would not have significant noise impacts. The noise levels would be less than those 
predicted in the scenario discussed in Section 5.3.6. 

5.2.6.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative are the same .as for the Unrestricted Future Land-Use Alternative. 

44 5.2. 7 Cultural Resources 
45 
46 5.2. 7.1 Effects on Archaeological and Historic Resources, No-Action Alternative. The No-Action 
4 7 Alternative would involve stabilization of contaminated sediments, and continuation of the current 
48 environmental monitoring and maintenance activities. Stabilization activities would include scraping 
49 surface areas, collection and consolidation of contaminated sediments, and site revegetation 
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(WHC and USACE 1994a). These activities-would be limited to.spot contaminant locations and are 
2 not expected to result in significant impa"cts '.on iil'Chaedlogical o_r _historic sites. 
3 
4 Environmental monitoring and main_teriance activities would not have significant impacts on 
5 archaeological or historic sites in the Hanford Reach .. Routine sampling and other activities would be 
6 planned to avoid disturbing id~ntified sites. These resources would continue to be protected by public 
7 access restrictions. 
8 
9 5.2. 7.2 Effects on Archaeological and Historic Resources, Unrestricted Future Land-Use 

10 Altemative. The Unrestricted Future Land-Use __ ~lternative would involve excavation and removal of ·_ 
11 contaminated riverbank, riverbottom, and island sediments, and decommissioning of river discharge_ 
12 pipelines. These activities would have significant impacts on the archaeological resources in the 
13 Hanford Reach. Several archaeological sites within the Hanford North Archaeological District and 
14 the Wahluke Archaeological District could be adversely impacted under the Unrestricted Future 
15 Land-Use Alternative. In the Wahluke Archaeological District, a Native American occupation area 
16 that could be eligible for the National Register of Historic Places (N~tional Register)·could be 
17 affected. 
18 
19 In the Hanford North Archaeological District, one National Register-listed archaeological site 
20 representing Native American occupation and two sites that are not listed, but are contributing 
21 elements to the Hanford North Archaeological District, could be adversely affected by the 
22 Unrestricted Future Land-Use Alternative. 
23 
24 Several other sites that could be potentially eligible for the listing also are situated within the 
25 areas affected by the Unrestricted Future Land-Use Alternative. In addition to these sites, eight other 
26 prehistoric sites that have not been evaluated for National Register eligibility could be affected by the 
27 Unrestr~cted Future Land-Use Alternative. One multicomponent site consisting of an historic dump 
28 site lying over a prehistoric site has been identified. This site is potentially eligible for the National 
29 Register. 
30 
31 In addition to direct impacts to identified sites, the Unrestricted Future Land-Use Alternative 
32 could have additional indirect effects on other sites. Numerous prehistoric and historic archaeological 
33 sites within the immediate vicinity of direct impact areas also could be affected by haul roads and 
34 other disturbances associated with the remedial actions. 
35 
36 5.2. 7.2.I l'otential Mitigation Measures. Potential mitigation measures for archaeological and 
37 historic resources include the following. 
38 
39 • A determination of National Register eligibility would be performed for affected sites not 
40 listed. 
41 
42 • Before any ground disturbance activities, consultations would be conducted with the DOE, 
43 Richland Operations Office (RL) Historic Preservation Officer, the Hanford Cultural _ 
44 Resource Laboratory, the Washington State Historic Preservation Officer (SI:IPO), and 
45 concerned Native American Tribal groups and goyernments. 
46 
47 • All cultural resources-related work would be conducted in accordance with the Hanford 
48 Cultural Resources Management Plan (Chatters 1989). 
49 
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• Whenever possible, avoidance of cultural resource areas. identified during project planning 
. and before field operations would serve as the primary form of mitigation. 

4 • Whenever practicable, a full survey of the affected areas would be conducted. 
5 
6 • Surface mapping of all artifact material and data recovery for surface and subsurface 
7 materials would be performed only if this action does not pose a potential health risk to 
8 field investigator_s. 
9 

IO • When practicable, an archaeological monito~ would be onsite during ground disturbing 
11 activities to ensure that construction impacts are limited to the remediation area only. This 
12 action would be taken only if it does not pose any potential health risk to the archaeological 
13 monitor. 
14 
15 • · An interpretive program outlining the history of the Hanford Site would be presented to 
16 personnel involved in the remedial activities to crepte greater. awareness and· sensitivity for 
17 the cultural resources in the area. 
18 
19 • Remediation and maintenance personnel also would be made aware of the significance of 
20 cultural resources in the area, and of the consequences regarding destruction of sites or 
21 pedestrian collection of artifact materials. 
22 
23 
24 
-,­_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

5.2. 7.3 Effects on Archaeological and Historic Resources, Restricted Future Land-Use Alternative. 
The Restricted Future Land-Use Alternative would involve stabilizing in place the river discharge 
pipelines, removing detached pipeline segments, and continuing institutional controls to prevent 
human exposures to contamination. This alternative could have impacts on archaeological and 
historic sites similar -ro those described for the Unrestricted Future Land-Use Alternative. However, 
because the extent of surface disturbance is expected to be less, fewer sites are likely to be affected 
under this alternative. 

5.2. 7.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative are the same as for the Unrestricted Future Land-Use Alternative. 

5.2. 7.4 Effects on Areas of Concern to Native Americans, No-Action Alternative. The No-Action 
Alternative would involve stabilization of contaminated sediments, and continuation of the current 
environmental monitoring and maintenance activities. Stabilization activities would include scraping 
surface areas, collection and consolidation of contaminated sediments, and site revegetation 
(WHC and USACE 1994a). These activities would be limited to spot ·contaminant locations and are 
not expected to result in significant impacts on sacred or traditional use areas important to Native 
Americans. Access to these areas would continue to be restricted because of contamination. 

42 5.2:7.5 Effects on Areas of Concern to Native .Americans, Unrestricted Future Land-Use 
43 Altemative. The Unrestricted Future Land-Use Alternative would involve excavation and removal of 
44 contaminated riverbank, riverbottom, and island sediments, and decommissioning of river discharge 
45 pipelines. These activities could have significant impacts on sacred or traditional use areas important 
46 to Native Americans. In addition to impacting the archaeological and historic values, as described in 
4 7 Section 5. 2. 7. 2, the remedial activities could impact the salmon fishery and other natural resources 
48 important to Native Americans. These impacts, described in Section 5.2.4, could affect the future 
49 exercise of treaty rights and could be considered by the tribes to be an abrogation of the 
50 1855 Treaties. 
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1 Remedial activities und~r th~ :'t]h~estricted Future L,and:-Udt~Xlterna~ive temporarily would 
2 preclude access to areas where remediation- is pccurdng:' :!fhiS alternative would eventually allow 
3 unrestricted access to sacred or traditional areas importantto N:ative Americans. 
4 
5 5.2. 7.5.1 Potential Mitigation Measures. Potential mitigation measu;es for addressing Native 
6 American concerns include: 
7 
8 • consulting with Native American Tribal governments and organizations to identify 
9 project-specific concerns before implementation of project activities 

10 
11 • incorporating recommendations provided by Native American Tribal gove~nments and 
12 organizations into project-specific cultural resource mitigation plans for proposed remedial 
13 activities 
14 
15 • incorporating recommendations provided by Native American Tribal governments and 
16 organizations into revegetation plans for proposed remedial activities 
17 
18 • involving representatives of Native American Tribal governments and organizations in 
19 archaeological monitoring during remedial activities. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

5.2.7.6 Effects on Areas of Concern to Native Americans, Restricted Future Land-Use Alternative. 
The Restricted Future Land-Use Alternative would involve stabilizing in place the river discharge 
pipelines, removing detached pipeline segments, and continuing institutional controls to prevent 
human exposures to contamination .. This alternative is not expected to have significant impacts on 
sacred or traditional use areas important to Native Americans, because contaminated riverbank, 
riverbottom, and island sediments would not be excavated,· and surface disturbing activities would be 
limited to previously disturbed areas, as described in Section 5.2.4, the Restricted Future Land-Use 
Alternative is not expected to have significant impacts 9n the salmon fishery or other natural 
resources important to Native Americans. 

Because contaminated sediments would remain in place, this alternative would require continued 
restrictions on access to sacred or traditional use areas. 

5.2.7.6.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative.are the same as for the Unrestricted Future Land-Use Alternative. 

5.2. 8 Visual and Aesthetic Resources 

5.2.8.1 Effects on Visual and Aesthetic Resources, No-Action Alternative. The No-Action 
41 Alternative would involve stabilization of contaminated sediments, and continuation of the current 
42 · .environmental monitoring ·and maintenance activities. These activities would not have significant 
43 impacts on visual and aesthetic resources. 
44 
45 
46 
47 
48 
49 
50 

5.2.8.2 Effects on Visual and Aesthetic Resources, Unrestricted Future Land-Use Alternative. 
Unrestricted Future Land-Use Alternative would involve excavation and removal of contaminated 
riverbank, riverbottom, and island sediments, and decommissioning of river discharge pipelines. 
Remedial activities under the Unrestricted Future Land-Use Alternative would have short-term 
impacts on visual and aesthetic resources within the Columbia River geographic area. The 
appearance of work crews and large construction equipment operating in and along the river 

The 
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1 temporarily would detract from the pri~tine nature of the river envir~nment and would be noticeable 
2 primarily to recreational users of the river. For the general population, the limited public access to 

· 3 this stretch of the river would preclude viewing opportunities. These remedial activities may, 
4 however; generate noticeable fugitive dust. 
5 
6 Excavation of riverbank sediments, which could affect up to 17 km ( 11 mi) of shoreline, would 
7 involve substantial landscape and viewsheds alteration. The visual impacts of this excavation, 
8 although not readily visible to large segments of the population, would be significant. Once 
9 remediated, the riverbank would -be restored as close as possible to its former condition, minimizing 

10 long-term impacts. 
11 
12 5.2.8.2.1 Potential Mitigation Measures. Potential mitigation measures for visual and aesthetic 
13 resources include the following: 
14 
15 • minimizing overall disturbance to extent possible 
16 
17 • controlling fugitive dust (see Section 5 .2.5) 
18 
19 • completing remediation in a timely manner 
20 
21 • restoring remediated areas by reshaping excavations to approximate original conditions and 
22 revegetating with native species 
23 
24 • conducting restoration activities immediately in remediated areas and contemporaneous with 
25 ongoing remedial activities in other areas. 
26 
27 5.2.8.3 Effects o,z_ Visual and Aesthetic Resources, Restricted Future Land-Use Altemative. The 
28 Restricted Future Land-Use Alternative would involve stabilizing in place the river discharge 
29 pipelines, removing detached pipeline sediments, and continuing institutional controls to prevent 
30 · human exposures to contamination. Under this alternative, disturbance would be limited to areas 
31 adjacent to river discharge pipeline. This alternative would not have significant long term impacts, 
32 because only small areas would be disturbed .. 
33 
34 5.2.8.3.I Potential Mitigation Measures. Potential mitigation measures for the Restricted 
35 Future Land-Use Alternative would be the same as for the Unrestricted Future Land-Use Alternative. 
36 
37 
38 5.2.9 Human Health Risks 
39 
40 5.2.9.1 Human Health Risks, No-Action Alternative. The No-Action Alternative would involve 
41 stabilization of cqntaminated sediments, continuation of the current environmental monitoring and 
42 maintenance activities, and continuation of institutional controls restricting public access. The 
43 No.:Action Alternative would not have significant short-term impacts on human health. Hanford Site 
44 monitoring data (PNL 1995) suggest that existing human health risks in the Columbia River 
45 geographic area are low, as long as institutional controls ar~ maintained. The long term effects of the 
46 eventual loss of institutional c~ntrols under the No-Action Alternative have not been evaluated 
4 7 because of insufficient data. Data on potential contamination in shoreline, island, and riverbed 
48 sediments are limited, as are data on possible contamination associated with buried and/or exposed 
49 pipelines. Although no current hazards are known to exist, the long-term impacts of the No-Action 
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1 Alternative on human health are cb'risidered potentially significant because of the lack of 
2 cha.racterization data. , · ;,-'.:',, /, ,. , · , 

3 
4 5.2.9.1.1 Potential Mitigation Measures. Potential mitigation measures for the No-Action 

. 5 Alternative include continuing existing institutional controls and environmental monitoring to 
6 minimize potential hazards to human health. 
7 
8 5.2.9.2 Human Health Risks, Unrestricted Future Land-Use Alternative. The Unrestricted Future 

· 9 Land-Use Alternative would involve excavation and removal of contaminated riverbank, riverbottom, 
10 and island sediments, and decommissioning of river discharge pipelines. Remedial activities ~nder · 
11 this alternative are not expected to have significant impacts on tht: health of site workers qr the 
12 · public. Site-specific evaluations of potential risk to workers and the public would be performed as 
13 part of the CERCLA Remedial Investigation and Feasibility Study (RI/FS) process. The use of good 
14 health physics and industrial hygiene practices would ensure that exposures to radioactive and 
15 hazardous chemicals, as a result of routine remedial activities, remain below applicable regulatory and 
16 administrative limits. · 
17 
18 The potential effects of an accidental release of contaminants during remedial activities were 
19 evaluated. The accident scenario chosen, which is described in Appendix B, involves the accidental 
20 release of contaminants in the sediments to the Columbia River. The radionuclide concentrations 
21 released are assumed to be the same as the maximum concentrations found in the waste buried in the 
22 Reactors on the River geographic area. This worst case scenario was assumed because data on 
23 shoreline contaminants, which are likely to have lower concentrations, are limited. The scenario 
24 involves transport of contaminants downriver and consumption of untreated drinking water by the 
25 residents of Richland, Kennewick, and Pasco. 
26 
27 The results of the accident analysis indicate the impacts to human health would not be 
28 significant. The estimated maximum individual radiation dose to a member of the public would be 
29 1.0 mrem, which corresponds to an increased probability of fatal cancer of 5 x 10·1 (see Appendix B). 
30 
31 The maximum collective population dose was determined to be 3.0 person-rem, which 
32 corresponds to an increase in latent cancer fatalities2 (LCF) in the exposed population of 1.5 x 10·3• 

33 Releases from any soils or sediments with contaminant concentrations lower than the maximum found 
34 in the Reactors on the River geographic area would result in proportionately lower doses. Long-term 
35 impacts to human health would be beneficial, because existing risks would be reduced to a level 
36 permitting unrestricted human use: 
37 
38 5.2.9.2.1 Potential Mitigation Measures. Appropriate engineering and administrative measures 
39 would be applied during routine remedial activities so that the workers, general public, and 
40 environment are protected. For remediation workers and other nearby workers, this would involve: 
41 
42. • wearing, appropriate protective clothing 
43 

2The factor used this EIS to relate a dose to its effect was 0.0004 LCFs/person-rem for workers 
and 0.0005 LCFs/person-rem for individuals among the general population. The latter factor is 
slightly higher, because the general population may include sensitive subpopulations 
(e.g., young children). These factors are consistent with "U.s: Nuclear Regulatory Commission 
(NRC) Standards for the Protection Against Radiation" (56 FR 23363). 
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• using respiratory protection, where necessary 
2 
3 • · limiting exposures to contaminants in accordance with as· low as reasonably achievable 
4 (ALARA) guidelines, and good health physics and industrial hygiene practices. 
5 
6 For the general public, it involves practices and procedures designed to reduce the transport of 
7 radioactive and hazardous materials offsite. These include the mitigation measures for water quality 
8 discussed in Section 5.2.3 and those for air quality discussed in Section 5.2.5. 
9 

10 5.2.9.3 Human Health Risks, Restricted Future_tand-Use Alternative. The accident analysis ror . 
11 Unrestricted Future Land-Use Alternative (see Section 5.2.9.2) is applicable to the Restdcted Future 
12 Land-Use Alternative. However, because the scale of activities would be lower than for the 
13 Unrestricted Future Land-Use Alternative, the probability of an accident is assumed to be similarly 
14 lower. The accident evaluated for the Unrestricted Future Land-Use Alternative was not found to 
15 have significant consequences. Therefore, the short-term impacts of the Restricted Future Land-Use 
16 Alternative on human health also are not considered significant. 
17 
18 The Restricted Future Land-Use Alternative would include continued restrictions on disturbance 
19 of contaminated riverbank, riverbottom, and island sediments. If the restrictions are not complied 
20 with, the risk could be higher than that for the Unrestricted Future Land-Use Alternative. However, 
21 risks would be lower than any existing risk for the No-Action Alternative, because the river discharge 
22 pipelines would be stabilized and, therefo.re, less likely to release contaminants; thereby producing 
23 long term impacts to human health that would be beneficial. 
24 
25 5.2.9.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
26 · Future Land-Use Alternative are the same as for the Unrestricted Future Land-Use Alternative. 
27 
28 
29 
30 
31 .,, .,_ 
33 
34 
35 
36 
37 

5.2.10 Occupational Impacts 

Potential occupational impacts associated with implementing the future land-use alternatives in 
the Columbia River geographic area were estimated by comparing the field labor hours identified in 
Appendix H for each alternative with Bureau of Labor Statistics (BLS) and DOE incident rates 
(NSC 1993; EG&G 1993). The estimates assume that all r~mediation waste is transported by truck 
for onsite disposal, as truck transport requires more labor than rail transport. Other assumptions used 
in this analysis are presented in Appendix I. 

38 5.2.10.1 Occupational Impacts, No-Action Altenzative. Labor hour estimates are not available for 
39 the No-Action Alternative; therefore, no occupational impacts were estimated, and mitigation 
40 measures were not evaluated. 
41 

· 42 5.2.10.2 Occupational Impacts, Unrestricted Future Land-Use and Restricted Future Land-Use 
43 Alternatives. Table 5-6 presents the potential occupational impacts for the Unrestricted Future 
44 Land-Use and Restricted Future Land-Use Alternatives for the Columbia River geographic area based 
45 on BLS incident rates. Total cases include all work-related deaths and illnesses, as well as those 
46 work-related injuries that result in loss of consciousness, restriction of work or motion, transfer to 
47 another job, or a requirement for medical attention. Total cases are the sum of lost workday cases 
48 and nonfatal cases without lost workdays. Lost workdays are those days that, because of occupational 
49 injury or illness, an employee was away from work or limited to restricted work activity. Lost 
50 workdays are estimated from lost workday cases. 
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Table 5-6. S~11z~ik'J-y_ of Occupational lmpacis)er BLS Statistics. . , . - _, . 

Remediation Alternative 
(Labor hours) . 

Unrestricted (20,532,379) 

Restricted (436,457) 

· ·;_; .. ~ :· ' ': ·Estimated 
·: ~ \ 

Estimated Estimated ·Lost· ' Nonfatal Cases 
Totai Cases W qrkday Cases . Without Lost 

Workdays 

1,442 810 632 

31 18 14 

Estimated Lost 
Workdays 

21,621 

471 

8 Table 5-7 presents the potential occupational impacts based on DOE incident rates. The 
9 occupational impacts estimated using DOE incident rates are substantially lower than ·the impacts 

1 O estimated using BLS incident rates. DOE incident rates historically have compared favorably to 
11 private industry rates. The analysis using DOE incident rates is expected to more accurately reflect 
12 potential occupational impacts. · 
13 
14 Potential occupational impacts are greatest for remediation to unrestricted use. This is expected, 
15 as remediation to unrestricted use would require the most labor hours·. The higher labor hours are 
16 associated with removal of contaminated riverbank sediments. 
17 
18 5.2.10.2.1 Potential Mitigation Measures. Potential mitigation measures include continued 
19 emphasis on safety awareness and worker training. 
20 . 

21 
22 
23 
24 ,­_:, 

26 
27 
28 
29 
30 

31 

32 -
33 

34 

35 

36 
37 

5.2.11 Volumes, Disturbed Areas, aJzd Costs 

The assumptions and methodology used to develop cost estimates for each future land-use 
alt~rnative are discussed in Appendix H. The ccists and volumes presented in the following sections 
include only the remediation of the Columbia River areas adjacent to the reactors in the 100 Areas. 
Potential contamination in other areas along the Columbia. River is uncharacterized at this time and, 
therefore, it could not be addressed. The cost _analysis is summarized in Table 5-8. 

Table 5-7. Summary of Occupational Impacts per DOE Statistics. 

Remediation Ahemative Estimated Estimated Lost Estimated Lost 
(Labor hours) Total Cases Workday Cases Workdays 

Unrestricted (20,532,379) 354 154 2,374 

Restricted (436,457) 8 3 50 
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Table 5-8. Comparison of Vol~mes, Disturbed Areas, and Costs Associated with the 
Columbia River Geographic Area Future La1id-Use Alternatives. 

Alternatives 
Resources· •· 

No Action Unrestricted Restricted 

Capping Materials LCM a. 0 0 339 
(thousands) 

Excavated Volumes BCMa 
(thousands) 

.. -

Uncontaminated Soil 0 10 0 
Contaminated Soil 0 10,643 0 

Area of disturbance (ha) 0 177 4.1 

Projected Cost in 2,4QQb 4,691 (truck haul) 93 (truck haul) 
1994 Dollars (millions) 2,678 (rail haul) 46 (rail haul) 

3 Loose Cubic Meter (LCM) = 1.31 Loose Cubic Yard (LCY). 
Bank Cubic Meter (BCM) = 1.31 Bank Cubic Yard (BCY). 

bCosts for 100 years of institutional control for the Hanford Site. The Costs are not broken 
down by geographic area. No-Action Alternative costs are further described in Section 5.3.11.1. 

5.2.11.1 Effects on Volumes, Disturbed Areas, and Costs, No-Action Alternative. The No-Action 
Alternative would involve stabilization of contaminated sediments, and continuation of the current 
environmental monitoring and maintenance activities. There are no volumes associated with the 
No-Action Alternative, because contaminated sediments and river discharge pipelines would be left in 
place. Site-wide costs for the No-Action Alternative are summarized in Section 5.3.11.1 in the 
discussion of the Reactors on the River geographic area. The costs for the No-Action Alternative 
have not been broken down by geographic area; however, it was assumed for the purposes of this 
analysis that as much as 10% of the total costs. would be incurred to control access and maintain 
institutional control to the Columbia River. · 

29 5.2.11.J.{ Potential Miti.gation Measures. Measures to reduce the need for institutional . 
30 controls could reduce the costs for this alternative. Access restrictions, for example, could be 
31 enforced through the use of fences and signs. 
32 
33 5.~.11.2 Effects on Volumes, Disturbed Areas, and Costs, Unrestricted Future Land-Use 
34 Altenzative. The Unrestricted Future Land-Use Alternative would involve excavation and removal of 
35 contaminated riverbank, riverbottom, and island sediments, and decommissioning of river discharge 
36 pipelines. Removal of contaminated riverbank sediments would require the excavation of about 
37 10.7 million Bank Cubic Meter (BCM) (14 million Bank Cubic Yard [BCY]). Removal of other 
38 contaminated sediments below the high-water mark would require excavation of 800 BCM 
39 (1,050 BCY) of contaminated material and about 9,600 BCM (12,600 BCY) of clean material. 
40 
41 The portions of the five river discharge pipelines to be removed as part of the remedial actions 
42 for the Columbia River geographic area are those extending from the outfall structure into the river. 
43 Approximately 7,500 Loose Cubic Meter (LCM) (9,800 Loose Cubic Yard [LCY]) of contaminated 
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soil, equipment, and concrete,.·and. 160,LCM ·(210 LCY) that co~lo be taken to a solid waste landfill 
2 wou'ld be generated. // · : ,,;,, . c:·; .\ __ 
3 
4 The cost of remediating the portion of the Columbia River adjacent to the 100 Areas for the 
5 Unrestricted Future Land-Use Alternative r·anges from $2. 7 billion to $4. 7 billion, depending on 
·6 whether rail or truck hauling is assumed (see Table 5-8). These costs were estimated using the 
7 models developed from Preconceptual Baseline Cosi Estimates for the Remediation of Hanford Pasr 
8 Practices (USACE 1994). Costs include excavation of unsaturated sediments; however, they do not 
9 include dewatering saturated sediments or excavating island shoreline or shoreline downstream of the 

IO Reactors on the River geographic· area (Table 5-:-9). Costs include transportation of contaminatep soil 
11 to the Environmental Restoration Disposal Facility (ERDF). 
12 
13 5.2.11.2.1 Potential Mitigation· Measures. Potential mitigation measures include use of 
14 technologies such as soil washing to reduce the amount of contaminated waste to be .transported to 
15 the ERDF. 
16 
17 Continuing emphasis would be placed on the development and implementation of new remedial 
18 technologies to reduce the volumes, levels of disturbance, and costs associated with remediating waste 
19 sites in the All Other Areas geographic area. These new technologies may include in-situ treatments, 
20 whiGh could significantly reduce the volumes of contaminated soils requiring excavation and disposal. 
21 
22 5.2.11.3 Effects on Volumes, Disturbed Areas, and Costs, Restricted Future Land-Use Alternative. 
23 The Restricted Future Land-Use Alternative would involve stabilizing in place the river discharge 
24 pipelines. removing detached pipeline segments; and continuing institutional controls to prevent 
25 human exposures to contamination. The land-based portions of the river discharge pipeline would be 
26 capped. The total volume of pipeline capping materials to be excavated and transported for the 
27 Restricted Future Land-Use Alternative of the Columbia River geographic area is summarized in 
28 Table 5-10. . . 

29 

30 Table 5-9. Breakdown of Potential Costs.for the Unrestricted Future Land-Use Alternative, 
3 1 . Columbia River Geographic Area. 

Project Cost in 1994 Dollars (millions) 

32 

33 
34 
35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

Resource 

Mobilization and Preparatory .Work 
Monitoring, Sampling, and Analysis 
Surface Water Collection and Control 
.Decommissioning 
Solids Collection and Disposal 
Site Restoration 
Demobilization 

Total Costs 

Fuel Use (millions) L 
(gal) 

Labor Hours (millions) 

45 D&D = decommissioning. 

46 

Shoreline 
Trench 

0.1 
1.800 

--
--

410 
350 
--

2,560.1 

100 
(27) 

9.5 

D&D of River Transportation 
Waste Sites Discharge 

Pipelines Truck Rail -
0.1 0.3 
0.7 -
-- --
- 36 

0.2 0.2 
0.2 --
- 0.7 

1.2 37.2 2,100 93 

0.08 2.2 100 17 
(0.02) (0.6) . (27) (4.6) 

0.006 0.035 1 0.4 

. 
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l Volumes are based on the reference cap design (Appendix E) .. The cost for remediating the 
2 Cofumbia River geographic area under the Restricted Future Larid-Use Alternative is $93 million with 
3 truck transport or $46 million with rail transport (Table 5-11). 
4 

5 Table 5-10 .. Volumes of Capping Materials Required for 
6 the Restricted Future La11d-Use Altemative, 
7 Columbia River Geographic Area. 

.8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 

19 
20 

21 
22 

Material 
·-. -

Drainage Gravel 
Gravel 
Basalt 
Asphalt Base 
Contour Fill 
Lower Silt 
Upper Silt 
Sand 
Asphalt 

Total 

LCM = Loose Cubic Meter. 
LCY = Loose Cubic Yard. 

Volume (x 103
) 

LCM (LCY) 

15 (20) 
.15 (20) 

152 (199) 
5 (7) 

30 (39) 
51 (67) 
51 (67) 

8 · (11) 
12 (16) 

339 (446) 

23 Table 5-11. Summary of Potential Costs for the Restricted Future Land-Use Alternative, 
24 Columbia River Geographic Area. 

Project Cost in 1994 Dollars (millions) 

25 

26 
27 
28 
29 
30 
31 . 

32 

33 
34 
35 
36 

37 
38 
39 

Resource 

Mobilization and Preparat9ry Work 
Monitoring, Sampling, and Analysis 
Surface Water Collection and Control 
Solids Collection and Control 
Site Restoration 
·pemobilization 

Total Costs 

Fuel Use (millions) L 
(gal) 

Labor Hours (millions) 

Preliminary Draft 

Pipelines 

0.83 
2.4 
0.03 

14 
18 

0.18 

35.44 

1.2 
(0.3) 

0.1 

5-36 

Waste Sites 
Transportation 

Truck Rail 

0.19 - --
0.61 -- --
0.01 -- --
3.4 -- --
4.1 -- --
0.04 -- --
8.35 49 2.5 

0.3 2.4 0.2 
(0.08) (0.6) (0.04) 

0.03 0.3 0.01 
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5.2.11.3.1 Potential Mitigation,Measurel. Mitigation measures to reduce the volumes of 
2 capping materials required .fo~ river ~i~charge pipelines;: associated areas of disturbance, and the costs 
3 of remedial actions include the use. of a -Resource Con,servaiion and Recovery Act of 1976 (RCRA) 
4 Subtitle C cap or modified RCRA cap. The minimum technology requirements for a RCRA 
5 Subtitle C cap are specified in "Standards for Owners and Operators of Hazardous Waste Treatment, 
6 Storage, and Disposal Facilities, II (40 CFR 264.310). The modified RCRA cap is conceptually 
7 similar to the RCRA Subtitle C cap, but it has been modified to better suit the conditions at the 
8 Hanford Site. The unit costs for a RCRA Subtitle C cap and modified RCRA cap are $51 /m2 ($5/ff) 
9 and $72/m2 ($7 /ft2), respectively. The unit cost for the reference cap is $134/m2 ($12/ft2) 

10 (DOE-RL 1994a). 
11 
12 Continuing emphasis would be placed on the development and implementation of new remedial 
13 technologies to reduce the volumes, levels of disturbance, and costs associated with remediating waste 
14 sites in the All Other Areas geographic area. These new technologies may include in-situ treatments, 
15 which could significantly reduce the,volumes of ~ontaminated soils requiring excavation and disposal. 
16 
17 

·:6'. 
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1 5.3 Reactors on tlze River Geographic Area 
2 
3 · The scope of the proposed actions· in the Reactors on the River geographic area includes the 
4 past-practice waste sites, TSD facilities, and surplus facilities in the 100 Area, as listed in 
5 Appendix A. For analysis purposes, the effluent lines considered to be within the Reactors on the 
6 River geographic area are those extending from the reactors to the outfall structures adjacent to the 
7 Columbia River (see Figure 5-1). The river discharge pipelines, which extend from the outfall 
8 structures into the river, are discussed under the Columbia River geographic area (see Section 5.2). 
9 Contaminated groundwater plumes recognized in the Reactors on the River geographic area }nclude 

IO chromium, nitrate, strontium-90, trichlorethylene, tritium, and uranium. Potential impacts of the 
11 No-Action and future land-use alternatives for these areas are describe~ below in the following 
12 sections.· 
13 
14. 
15 5.3.1 Geology 
16 -·~·-

17 5.3.1.1 Effects on Geologic Resources, No-Action Altemative. Under the No-Action Alternative, 
18 · the past-practice waste sites, effluent lines, and surplus and TSD facilities would be left in place, 
19 requiring continued restrictions on public access to the Reactors on the River geographic area for 
20 exploration or exploitation of mineral deposits. No mining activity currently is conducted in this area 
2 1 and historical mining activity has been very limited. Continuing to exclude geologic resources in the 
22 Reactors on the River geographic area from development is not expected to result in significant short-
23 or long-term adverse impacts. Continued environmental monitoring and maintenance activities would 
24 not have significant impact on the geologic resources of the Reactors on the River geographic area. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

5.3.1.2 Effects on Geologic Resources, Unrestricted Future Land-Use Alternative. The 
Unrestricted Future Land-Us_e Alternative would include complete excavation and removal of 
contaminated soils and effluent lines. Total waste volumes to be excavated include 5.6 million BCM 
(7 .3 million BCY) of contaminated soil and 3.8 million BCM (5.0 million BCY) of uncontaminated 
soil. Removal of effluent lines would require excavation of 1.1 million BCM (1.4 million BCY) of 
contaminated soil and 3.2 million BCM (4.2 million BCM) of uncontaminated soil (Appendix H). 

This alternative would involve the short-term continuation of existing restrictions on public 
access to geologic resources in the Reactors on the River geographic area. As in the No-Action 
Alternative, such access restrictions are not expected to result in significant short- or long-term 
adverse impacts on development ·of geologic re.sources. Complete removal of all contamination under 
this alternative could allow for the eventual relaxation of these access restrictions. 

39 Geologic features relevant to the study of the region's glacial flood events (e.g., bergmounds and 
40 . · giant ripple marks) are found in the Reactors on the River geographic area. A small number of these 
41 features potentially could be destroyed during remediation. This would not be a significant impact, 
42 
43 
44 
45 

· because such features also occur at other areas within the Hanford Site and would continue to be 
available for study. Therefore, geologic impacts of this alternative are not expected to be significant. 
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5.3.1.3 Effects 011 Geologic Resources, Restricted Future Land-Use Altemative (RI). The 
Restricted Future Land-Use Alternative (Rl) would include excavation and removal of past-practice 
waste sites and effluent lines, combined with institutional controls. The extent of excavation would 
vary, depending on the extent of contamination present and the desired remediation level established 
for each contaminant. 

The desired remediation levels for waste sites in the Reactors on the River geographic area 
would be determined through the CERCLA process using the recreational exposure scenario. 
Excavation and removal of contaminated past-practice waste sites and effluent lines would continue 
until the contaminant concentrations meet the desir~d remediation levels established under the · 
recreational exposure scenarios. 

Although the extent of excavation would be determined through the CERCLA process, as 
described above, it was necessary for this analysis to make assumptions on the extent of excavation to 
estimat~ excavation volumes. For purposes of estimating excavation volumes, the maximum 
excavation depth was assumed to be 4.6 m (15 ft) below the surface for the Restricted Future 
Land-Use Alternative (Rl). This value, which is based on the State of Washington's Model Toxics 
Control Act of 1989, was combined with WIDS data to calculate volumes to be excavated under this 
alternative. The models used to calculate volumes are described inAppendix H. 

21 Waste volumes to be excavated and the resulting disturbed areas for the Restricted Future 
22 Land-Use Alternative (Rl) include 2.4 million BCM (3.1 million BCY) of uncontaminated soil and 
23 3.5 million BCM (4.6 million BCY) of contaminated soil. Excavation of effluent lines would require 
24 removal of 1. 1 million BCM (1 .4 million BCY) of contaminated soil and 3 .2 million BCM 
25 (4.2 million BCY) of uncontaminated soil. Because some contamination would be left in place, this 
26 alternative would involve the long-term continuation of existing restrictions on public access to sand 
27 and gravel resources. As in the No-Action Alternative, such access restrictions are not expected to 
28 · have significant impacts. Disturbance of unique geologic features under this alternative would be less 
29 than that described under the Unrestricted Future Land-Use Alternative, and would not be a 
30 significant impact. 
31 
32 5.3.J.4 Effects on Geologic Resources, Restricted Future Land-Use Altemative (R2). Remediation 
33 to restricted use (R2) would include construction of caps over past-practice waste sites, effluent lines, 
34 and TSD facilities, combined with institutional controls. Estimated volumes of cap materials that 
35 would be used under this alternative are presented in Section 5.3.11. This alternative would result in 
36 significant depletion of the geologic resources of quarry and borrow sites. The depletion of geologic 
3 7 resources for quarry and borrow sites is discussed in Section 5 .10 as an irreversible and irretrievable 
38 commitment of resources. 
39 
40 This alternative would involve the long-term continuation of existing restrictions on public access 
41 to sand and gravel resources, because contamination would be left in place. As in the No-Action 
42 Alternative, such access restrictions are not expected to have significant impacts. This alternative_· 
43 would have the same minimal impacts on natural features important to geologic study as the 
44 Unrestricted Future Land-Use and Restricted Future Land-Use (Rl) Alternatives. These. impacts are 
45 not expected to be significant. 
46 
47 
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5.3.2 Soils 
. : • ~ .- . ,. . . ' ,• '. . ·~ : .. -~- . ·, .,1- ;- ~ - . . . 

The potential effects of the alternatives on soils in .the ~eactors ·on the River geographic area are 
summarized in Table 5-12. · · · ' · ·' 

5.3.2.1 Effects on Soils, No-Action Altenzative'. :Potential impacts on soils under the No-Action 
Alternative would be related to surface decontamination and/or stabilization of inactive waste sites. 
Approximately 85 ha (213 ac) would be disturbed (see Table 5-12). Surface decontamination and 
stabilization activities would include scraping surface areas, collection and consolidation of 
contaminated soil, and site revegetation (WHC and USACE 1994a). Potential short-term impacr.s on . 
soils would include some soil compaction and adde~ potential for wind and water erosion. Long-term 
impacts would not be significant if appropriate mitigation measures were implemented. Continued 
environmental monitoring and facility maintenance activities would have no significant impact on 
soils. 

Table 5-12. Soils Disturbed under Reactors on the Riyer Geographic Area FU;ture Land-Use 
Altemative3. * 

Restricted 
No Action Unrestricted 

·- Soil Types 
ha (ac) ha (ac) Rl R2 

ha (ac) ha (ac) 

Quincy (Rupert) sand · 16 (41) 68 (170) 63 (157) 54 (133) 
Burbank loamy sand 15 (38) 82 (205) 78 (196) 83 (204) 
Ephrata sandy loam 21 (53) 88 (219) 67 (167) 83 (206) 
Ephrata stony loam 29 (73). 164 (409) 149 (373) 141 (349) 
Pasco silt loam < 1 (2.5) 

·,t 

0.8 (2) 0.8 (2) 1 (3) 
Kiona silt loam 0 0 0 0 
Riverwash 3 (8) 8 (21) 9 (17) 8 (21) 

Total 85 (213) 410 (1,026) 365 (912) 371 (915) 

27 *Areal impact information generated from the GIS; includes area disturbed for full 
28 excavation, trample zones, effluent Hnes, haul roads, and wells,. 

29 
30 5.3.2.1.1 Potential Mitigation Measures. Potential mitigation measures for soils include'the 
31 following: using silt fences and dust control measures to reduce soil erosion; and reseeding disturbed 
32 areas with native vegetation to reduce long-term soil loss from wind and water erosion. 
33 
34 5.3.2.2 Effects on Soils, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
35 Land-Use Alternative would involve complete excavation and removal of contaminated soils and 
36 inactive effluent lines, closure of TSD facilities, decommissioning of surplus facilities, and 
3 7 groundwater remediation. This alternative would have potentially significant impacts on soils in the 
38 Reactors on the River geographic area. Approximately 410 ha (1,026 ac) would be disturbed. The 
39 use of heavy equipment (e.g., bulldozers, scrapers, and trucks) could be expected to compact soils at 
40 waste sites caused by repeated travel over th~ same areas: Soil compaction would cau~e increased 
41 water runoff during storm events, resulting in less infiltration of water into the soil. Compaction also 
42 would inhibit plant growth. Soil types in thi:; Reactors on-the River geographic area most susceptible 
43 to soil compaction are Ephrata.sandy loam, Pasco silt loam, and Ephrata stony loam (see Table 5-12). 
44 
45 
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Soil disturbance during remediation activities also would increase soil ·erosion. The use of heavy 
2 equ"ipment, particularly in undisturbed shrub-steppe habitat adjacent to waste sites, would crush or 
3 scrape off existing vegetation such as sagebrush, reducing the ability of soils to resist erosion. Soil -
4 types in the Reactors on the River geographic area most susceptible to wind erosion are Quincy sand, 
5 Burbank loamy sand, and Pasco silt loam (see Table 5-12). None of these soils are highly susceptible 
6 to water erosion. Mitigation measures would reduce but not eliminate the potential impacts to soils 
7 associated with the Unrestricted Future Land-Use Alternative. 
8 
9 5.3.2.2.1 Potential Miti.gati.on Measures. Potential mitigation measures for soils include the 

10 following: 
11 
12 • restricting heavy equipment to trample zones 
13 
14 • using the same or existing transportation routes to minimize damage to undisturbed soil and 
15 vegetation 
16 
17 • using silt fences and dust control measures to reduce soil erosion 
18 
19 • reseeding disturbed areas with native vegetation to reduce long-term soil loss from wind and 
20 water erosion. 
21 
22 
23 
24 
r _:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

5.3.2.3 Effects on Soils, Restricted Future Land-Use Alternative (RI). The Restricted Future 
Land-Use Alternative (Rl) would involve excavation and removal of past-practice waste sites and 
effluent lines, closure of TSD facilities, decommissioning of surplus facilities, and groundwater 
remediation, combined with institutional controls. Remediation to restricted use (Rl) would have 

· potentially significant impacts on soils in the Reactors on the River geographic area. Remediation 
activities would disturb approximately 365 ha (912 ac), and would increase soil compaction and 
erosion, as described under the Unrestricted Future Land-Use Alternative. Mitigation measures 
would reduce but not eliminate the potential impacts associated with Restricted Future Land-Use 
Alternative (RI). 

5.3.2.3.1 Potential Mitigation 'Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative (Rl) are the same as for the Unrestricted Future Lan_d-Use Alternative .. 

5.3.2.4 Effects on Soils, Restri.<:ted Future Land-Use Alternative (R2). Remediation to restricted 
use (R2) would involve construction of caps over past-practice waste sites, effluent lines, and TSD 
facilities, and groundwater remediation, combined with institutional controls. Remediation to 
restricted use (R2) would have potentially significant impacts on soils in the Reactors on the River 
geographic area. Remediation activities would disturb approximately 371 ha (915 ac), and would 
increase soil compaction and erosion', as described under the Unrestricted Future Land-Use 
Alternative. Mitigation measures would reduce but not eliminate the potential impacts associated 
witb Restricted Future Land-Use Alternative (R2). 

5.3.2.4.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land:-Use Alternative (R2) _are the same as for the Unrestricted Future Land-Use Alternative. 
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5.3.3 Water Resources 
"',t-' ,;\··-

5.3.3.1 · Effects Oil Groundwater,. No-Actio',i Aftenzative. Jfy{N·o.:Actfon Alternative would involve 
no treatment of existing groundwater contamination, and ~otild not have significant short-term 
impacts on groundwater. Over the long term, groundwater contamination would be reduced as 
contaminants continue to migrate to the Columbia ~iver. Contaminant plumes identified in the 
Reactors on the River geographic area include chromium, nitrate, strontium-90, trichlorethylene, 
tritium, and uranium. Low concentrations and isolated occurrences of other contaminants have been -
detected. -Currently, there are no estimates for J!abiral attenuation of groundwater contaminants in _the 
Reactors on the River geographic area. Current restrictions on the use of groundwater in the · 
Reactors on the River geographic area would continue until natural attenuation allows for human ~e. 

Other potential groundwater contaminants are present in the soils above the water table, the area 
referred to as the vadose zone (DOE-RL 1994b). • The effect of any migration from the vadose zone 
is not ·expected to be significant under existing conditions. Although natural groundwater recharge 
rates at the Hanford Site have not been definitively determined, they are considered to be very low 
and may be zero (DOE-RL 1993b). This assumption is based on the· presence of native plant 
communities adapted to dry conditions, where plants tend to use all available water. Studies 
conducted elsewhere have found t,4at precipitation does not penetrate below the root zone if annual 
precipitation is less than 30 cm (12 in.) (Durbin· 1978). 

Some contaminant migration could occur where vegetation cover is lacking and precipitation is 
allowed to infiltrate beyond the root zone. Contaminants that are not readily adsorbed to the soil 
(e.g., nitrate, chromium, and tritium) would be flushed from the vadose zone sooner than the 
adsorbed contaminants (e.g., strontium-90). Although some more mobile contaminants contained in 
the soil may continue to migrate downward to t~~ water table, they would be diluted to low 
concentrations as they mix with the groundwater:_ In some locations, the presence of these 
contaminants could extend natural atteI?-uation times for groundwater. 

5.3.3.2 Effects ~ll Groundwater, Unrestricted Future Land-Use Alternative. The Unrestricted 
Future Land-Use Alternative would involve groundwater remediation to reduce contamination to 
levels that would allow human use. In addition to excavating contaminated soils to remove potential 
sources, remediation efforts would include pumpip,g and treating groundwater plumes within the 
Reactors on the River geographic area to reduce .contamination to levels protective of the Columbia 
River. 

Pumping and treating groundwater in the Reactors on the River geographic area would result in 
the localized drawdown of the water table and temporary changes in direction of groundwater flow. 
These effects would not have significant impacts on the use of groundwater, as groundwater use 
during remediation activities would continue to be restricted by contamination levels. Groundwater 
remediation under the Unrestricted Future Land-Use Alternative would have beneficial effects on 
groundwater, eventually allowing any human use.:. . 

5.3.3.3 Effects on Groundwater, Restricted Future Land-Use Alternative (Rl). Remediation to 
restricted use (Rl) would involve groundwater remediation, as described under the Unrestricted 
Future Land-Use Alternative. This alternative would not have significant adverse impacts on 
groundwater and would have beneficial impacts over the long term. Some potential for additional 

. . . ' . . 
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groundwater contamination would remain, as some contaminated soil would remain in place at waste 
1 sites." The removal of vegetation cover during remediation activities could temporarily increase the 
3 . rate of percolation and transport of contaminants. Some of the more mobile contaminants could reach 
4 groundwater under these conditions. It is likely that these contaminants would reach groundwater 
5 · · during the pump-and-treat phase and could be removed. 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
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21 

5.3.3.4 Effects on Groundwater, Restricted Future Land-Use Alternative (R2). · Remediation to 
· restricted ·use (R2) would involve groundwater remediation, as described under the Unrestricted 
Future Land-Use Alternative. Groundwater remediation under this alternative would have short-term 
impacts on groundwater levels and movement similar to those described for the Unrestricted Future 
Lan.ct-Use Alternative. Caps installed over waste sites would prevent precipitation.from percolating 
into the vadose zone and transporting contaminants to groundwater. This alternative would not have 
significant adve~se impacts on groundwater and would have beneficial impacts over the long term. 

•i, 

5.3.3.5 Effects on the Columbia River, No-Action Alternative. The No-Action Alternative would 
involve surface decontamination and/or stabilization of past-practice waste sites. Surface 
decontamination and stabilization activities would include scraping surface areas, collection and 
consolidation of contaminated soil, and site revegetation. Large-scale soil disturbance could result in 
erosion and sediment transport to the Columbia River. Long-term impacts would not be significant if 
appropriate mitigation measures are implemented (see Section 5.3.2.1.1). 

22 A hypothetical flood caused by the failure of a Columbia River dam could affect the water 
23 quality in the Columbia River by mobilizing contaminated sediments located above the current 
24 high-water mark; however, this is an extremely low probability event. Natural shoreline erosion also 
25 could mobilize contaminated sediments. However, this process is very slow and is not expected to 
26 significantly affect water quality. -
27 
28 Under the No-Action Alternative, contaminated groundwater would continue to migrate and 
29 discharge into the Columbia River. Radionuclides consistently detected in the Columbia River during 
30 1993 were tritium, strontium-90, iodine-129, and uranium (PNL 1995). However, current 
31 radionuclide concentrations in Columbia River water are below applicable DWSs. Because water 
32 quality is not expected to deteriorate, downstream surface water supplies for municipal and other uses 
33 should not be affected. 
34 
35 Environmental monitoring and maintenance activities under the No-Action Alternative would not 
36 have significant impacts on water quality in the Columbia River. 
37 
38 5.3.3.6 Effects on the Columbia River, Unrestricted Future Land-Use Alternative. Groundwater 
39 remediation under the Unrestricted Future Land-Use Alternative would not have significant adverse 
40 effects on the water quality or flow characteristics of the Columbia River. Because protection of the 
41 Columbia River and its ecosystem would be a primary goal of groundwater remediation, the 
42 · long-term effects would be beneficial. Groundwater remediation would immediately reduce the rate 
-B of contaminant migration toward the Columbia River, because the pumping wells would reverse or 
44 reduce the hydraulic head gradient toward the river. Eventually, the groundwater contaminant 
45 concentrations would be reduced below applicable remediation standards so that the pumping could be 
46 discontinued and groundwater allowed to discharge freely to the river. The reduction or reversal of 
4 7 groundwater flow is not expected to adversely affect the flow characteristics of the Columbia River. 
48 

Preliminary Draft 5-44 November 10, 1995 



2 
3 
4 
5 

'6 
7 
8 
9 

lO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
?­_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Remediation.. activities involving earthmoving have the potential co· increase erosion and result in 
increased delivery of sediments and contaminants to.tQe 'Columbia River. With application of the 
mitigation measures for controlling erosion, described in Section 5.3.2.2.1, the impacts to Columbia 
River water quality are not expected to be significant. 

Should groundwater pump-and-treat systems discharge treated effluent to the river, the effluent 
may not have the same composition as normal groundwater because of the chemical effects of the 
treatment. These discharges would be in accordance with the substantive requirements of the Clean 
Water Act of 1977 (CW A). No significant impacts to aquatic ecosystems or downstream water users, 
including municipal water systems, are antici~aJed. · 

. 5.3.3. 7 Effects Oil the Columbia River, Restricted Future Land-Use Alternative (RI). Remediation 
to restricted use (R 1) would involve contaminated soil excavation and groundwater remediation, with 
impacts similar to those described for the Unrestricted Future Land-Use Alternative,. Contaminated 
soil would be left in the subsurface at some remediated waste sites and could be a potential source of 
contamination in the Columbia River. As. was discussed in Section• 5 .3 .3 .3, if they reach 

. groundwater, these contaminants would likely be removed by the groundwater remediation system and 
would not significantly affect water quality in the Columbia River. 

5.3.3.8 Effects Oil the Columbia River, Restricted Future Land-Use Altemative (R2). Remediation 
to restricted use (R2) would involve construction of caps and groundwater remediation. Groundwater 

.remediation would have impacts similar to those described for the Unrestricted Future Land-Use 
Aitemative. Caps installed over waste sites would prevent precipitation from percolating into the 
vadose zone and transporting contaminants to groundwater and to the Columbia River. Application of 
the mitigation measures for controlling erosion described in Section 5.3.2.2.1 would minimize 
impacts to Columbia River water quality during construction of waste site caps. 

5.3.3.9 Effects on the Columbia River Floodplain, No-Action Altemative. The No-Action 
Alternative is not expected to have significant effects on the Columbia River 100-year floodplain. 
Surface decontamination and waste site stabilization under the No-Action Alternative would affect 
approximately 4 ha (10 ac) of the Columbia River floodplain (Figure 5-6). This corresponds to 
roughly 1 % of the floodplain within the Reactors on the River geographic area and less than 1 % of 
the floodplain on the Hanford Site. Environmental monitoring and maintenance activities would 
involve minimal disturbance of floodplains, and would not have significant impacts. 

5.3.3.10 Effects on the Coiumbia River Floodplain, Unrestricted Future Land-Use Alternative. 
Remediation to unrestricted use would involve disturbance of 14 ha (35 ac) of the Columbia River 
100-year floodplain (Figure 5-7). This corresponds to roughly 4% of the floodplain within the 
Reactors on the River geographic area and less than 1 % of the floodplain on the Hanford Site. This 
level of disturbance is not expected to have significant effects on floodplain function. 

42 _5.3.3.11 Effects Oil the Columbia River Floodplain, Restricted Future Land-Use Altemative (RI). 
43 Remediation to restricted use (Rl) would involve disturbance of 15 ha (36 ac) of the Columbia River 
44 100-year floodplain (Figure 5-8). This corresponds_ to roughly 4% of the floodplain ~ithin the 
45 Reactors on the River geographic area and less than 1 % of the floodplain on the Hanford Site. This 
46 level of disturbance is not expected to have significant impacts on floodplain function. 
47 
48 
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1 5.3.3.12 Effects on the Colwnbid Riv;r Floodplain, Restricted Future Land-Use Altenzative (R2). 
2 Remediation to restricted use (R2) would involve disturbance of 9 ha (21 ac) of the Columbia River 
3 100-year t1oodplain (Figure 5-9). This•corresponds to rou~hly 2 % of the floodplain within the 
4 Reactors on the River geographic area and less than 1 % of the floodplain on the Hanford Site. This 
5 level of disturbance is not expected to have significant impacts on floodplain function. 
6 
7 

· 8 5.3.4 Ecology 
9 

10 5.3.4.1 Habitat Disturbmzce. The levels of habitat disturbance associated with each alternative are 
11 · summarized in Table 5-13. 
12 
13 5.3.4.1.1 Effects on Wetlands, No-Action Altenuitive. Potential impacts on wetlands under the 
14 No-Action Alternative would be related to surface decontamination and/or stabilization of inactive 
15 waste sites (see Section 3.3.1). Less than 0.4 ha (1 ac) of wetlands would be disturbed (see 
16 Figure 5-6), which is not considered a significant impact. Environmental monitoring and maintenance 
17 activities would involve minimal disturbance of wetlands, and would not have significant impacts. 
18 
19 5.3.4.1.2 Effects on Wetlands, Unrestricted Future Land-Use Alternative. The Unrestricted 
20 Future Land-Use Alternative would involve complete excavation and removal of contaminated soils 
21 and effluent lines, closure of TSD facilities, decommissioning of surplus facilities, and groundwater 
22 remediation. These activities would result in the potential loss of 5 ha (12 ac) of wetlands, which is 
23 6 % of the wetlands in the Reactors on the River geographic area (see Figure 5-7) and less than 1 % of 
24 the wetlands on the Hanford Site, and is not considered significant. · 
25 
26 5. 3. 4.1. 2.1 Potential Mitigation Measures. Potential mitigation measures for wetlands include 
27 the following: 
28 
29 • identifying uncontaminated wetlands to be avoided 
30 
31 • using temporary fill structures, and other practices, to minimize disturbance of 
32 uncontaminated wetland soils and preserve propagules for revegetation 
33 
34 • requiring contractor equipment to be cleaned before entering work zones to prevent 
35 establishment or spread of undesirable species in remaining wetlands 
36 
37 • replacing destroyed :wetlands through purchase, construction, or restoration of wetlands. 
38 
39· Wetland mitigation plans would be developed in consultation with the State of Washington, 
40 USACE, and the USFWS3• . . 

41 
42 

3Excavating of filling wetlands as part of a CERCLA remedial action would not require a permit, 
but would require meeting the substantive requirements of Section 404 of the CW A. More specific or 
additional mitigation measures would be negotiated through this process. 
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5.3.4.1.3 Effects on Wetlands, Restricted Future Land-Use Altemative (RI). The Restricted 
2 Future Land-Use Alternative (RI) would 1nv.ql_ye' ~5(¢avati6n and removal of past-practice waste sites 
3 and effluent lines, closure of TSD facilities, decornm1ssioning of surplus facilities, and groundwater 
4 remediation. This alternative would affect approximately 4 ha (11 ac) of wetlands (see Figure 5-8), 
5 which is approximately 5 % of the wetiands in the Reactors on the River geographic area and less than 
6 1 % of the wetlands on the entire Hanford Site, which is not considered significant. 
7 

-8 5.3.4.1.3.1 Potential Mitigation Measures. Potential mitigation measures for wetlands under the 
9 Restricted Future Land-Use Alternative (RI) are the same as for the Unrestricted Future Land-Use 

10 Alternative. 
11 
12 
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3 

4 
5 
6 

Table 5-13. Comparison of Habitat Disturbatlce under the Reactors on the River 
Geographic ~rea Future Lalld-Use Altematives. 0 

Alternatives 

Resources Impacted Restricted 
No Action Unrestricted 

Rl R2 

Shrub-steppe Habitat 3 ha (7 ac) 40 ha (101 ac) 39 ha (98 ac) 38 ha (94 ac) 
Species of Concemb 1 3 3 3 
Wetlands0 0.4 ha (1 ac) ~Jta (12 ac} 4 ha (11 ac) • 3 ha (7 ac) .· 

7 •Areal impact infonnation generated from the GIS; includes potential disturbance associated with excavation, 
8 capping, trample zones, effluent lines, haul roads, and wells. 
9 bincludes bald eagle roost/perch sites occurring within the zone of disturbance. 

l O 0 National Wetlands Inventory Data. 

11 
12 5.3.4.1.4 Effects on Wetlands, Restricted Future Land-Use Altemati.ve (R2). The Restricted 
13 Future Land-Use Alternative (R2) would involve construction of caps over past-practice waste sites, 
14 effluent lines, and TSD facilities, and groundwater remediation. Approximately 3 ha (7 ac) of 
15 wetlands {see Figure 5-9) would be affected, which is approximately 4 % of the wetlands in the 
16 Reac.tors on the River geographic area and less than 1 % of the wetlands on the Hanford Site, and is 
17 not considered significant. 
18 
19 5.3.4.1.4.1 Potential Mitigation Measures. Potential mitigation measures for wetlands under the 
20 Restricted Future Land-Use Alternative (R2) are the same as for the Unrestricted Future Land-Use 
21 Alternative. 
22 
23 
24 
7-_ _:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

5.3.4.1.5 Effects on Shrub-Steppe Habitat, No-Action Altemati.ve. The No-Action Alternative 
would involve surface decontamination and/or stabilization of waste sites (see Section 3.3.1). These 
activities would disturb approximately 3 ha (7 ac) of shrub-steppe habitat. This represents 0.1 % of 
the shrub-steppe habitat in the Reactors on the River geographic area (Figure 5-10) and is not 
considered a significant impact. Environmental monitoring and maintenance activities would involve 
minimal disturbance of shrub-steppe habitat and would not have significant impacts. 

5.3.4.1.6 Effects on Shrub-Steppe Habitat, Unrestricted Future Land-Use Alternative. The 
Unrestricted Future Land-Use Alternative would involve complete excavation and removal of 
contaminated soil and effluent lines, closure of TSD facilities, decommissioning of surplus facilities, 
and groundwater remediation. This alternative would affect approximately 40 ha (101 ac) of 
shrub-steppe habitat, which represents 1.8% of the shrub-steppe habitat in the Reactors on the River 
geographic area (Figure 5-11). 

Disturbance of shrub-steppe areas would lead to loss of nesting habitat for birds 
(e.g., sage sparrow, sage thrasher, and loggerhead shrike). Small mammals (e.g., ground squirrel_s) 
and reptiles, would be subjected to habitat fragmentation and displacement, or mortality. Noise and 
increased vehicle use in these areas would disturb wildlife within hearing or visual distance of 
remedial activities. This could result in startle behavior by sQme species and abandonment of nest or 
den sites. The areas disturbed also could include trees used as perching and roosting sites by bald 
eagles (Section 5.3.4.2). 
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1 Potential long-term impacts would include tlie p~rnianent loss of habitat for species dependent on 
2 dense sagebrush. Much of the shtub:..steppe. habiµt_ in the ._Reactors on the River geographic area 
3 already has been modified or lost because of wildfire, past agricultural activities, and industrial 
4 development. Disturbance of large areas, even· if revegetated, would create conditions favorable to 
5 introduced species·, stii:h as. noxious weeds that' pioneer quickly on riew iy disturbed soil. These weed 
6 species would compete for available soil moisture and would 'make establishment of desirable native 
7 plants more difficult. The impacts to shrub-steppe habitat would be potentially significanr. 
8 Restoration efforts would reduce impacts on some habitats, but would not fully replace diverse plant 
9 communities that have developed over long time periods. 

10 
11 5. 3. 4.1. 6.1 Potential Mitigation Measures. Potential mitigation measures for shrub-steppe 
12 habitat include the following: restricting heavy equipment to trample zones, using the same or 
1~ existing transportation routes to minimize damage to undisturbed vegetation, and revegetating 
14 disturbed areas with native vegetation . 
.15 
16 . 5.3.4.1. 7 Effects on Shrub-Steppe Habitat, Restricted Future Land-Use Alternative (RI). The 
17 . Restricted Future Land-Use Alternative (RI) would involve similar activities as described for the · 
18 Unrestricted Land-Use Alternative. Approximately 39 ha (98 ac) of shrub-steppe habitat would be 
19 disturbed in the Reactors on the River geographic area (Figure 5-12). The impacts of Restricted 
20 Future Land-Use Alternative (Rl) would be similar to those discussed for the Unrestricted Future 
21 Land-Use Alternative, and would include the loss of nesting habitat for some species of song birds,-
22 habitat fragmentation, displacement or monality of some wildlife, and abandonment of nests or dens · 
23 by some species. Potential long-term impacts also would be similar to those discussed for the 
24 Unrestricted Future Land-Use Alternative and would be considered potentially significant. 
25 Restoration efforts would reduce impacts on some habitats, but would not fully replace diverse plant 
26 communities that have developed over long time periods. 
27 
28 5.3.4.1. 7.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
29 Future Land-Use Alternative (Rl) are the same as for the Unrestricted Future Land-Use Alternative. 
30 
31 5.3.4.1.8 Effects on Shrub-Steppe Habitat, Restricted Future Land-Use Alternative (R2). This 
32 alternative (R2) would involve construction of caps over waste sites and construction of perimeter 
33 access roads around the caps, which would disturb approximately 38 ha (94 ac) of shrub-steppe 
34 habitat in the Reactors on the River geographic area (Figure 5-13). The impacts of Restricted Future 
35 Land-Use Alternative (R2) would be similar to those discussed for the Unrestricted Future Land-Use 
36 Alternative, and would be considered potentially significant. Restoration efforts would reduce 
37 impacts on some habitats, but would not fully replace diverse plant communities that have developed 
38 over long time periods 
39 
40 5.3.4.1.8.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
41 Future Land-Use Alternative (R2) are the same as for the Unrestricted Future Larid-Use Alternative. 
42 
43 · 5.3.4.2 Effects on Species of Concern, No-Action Alternative. Surface decontamination and waste 
44 site stabilization activities under the No-Action Alternative have the potential to affect a ground perch 
45 site infrequently used by bald eagles. Disruption of winter roosting activity along the ·columbia River 
46 would be potentially significant, but could be mitigated. N"o other species of concern are expected to 
47 be affected by the No-Action Alternative. 
48 
49 
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18 
19 
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26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4i 
42 
-1-3 

5.3.4.2.1 Potential 1lt/itigation Measures. Potential mitigatfo~ measures for bald eae:le habitat 
include the following: exclude all disturbance within an 800-m (0.,-mi) buffer around wi~rer roosts 
for bald eagles from November 15 to March 15, and avoid any habitat alteration within 400 m 
(0.25 mi) of bald eagle roosts (Fitzner et al. 1994) .. 

5.3.4.3 Effects on Species of Concern, Unrestricted Future Land-Use Alternative. The Unrestricted 
Furore Land-Use Alternative would involve large-scale construction activities that could affect bald 
eagle habitats, including six infrequently used tree roosts and perches, and infrequently used ground 
perches. Disruption of winter roosting activity al(?ng the Columbia River would be potentially . 
significant. but could be mitigated. Plant species.of concern known to:occur in the Reactors on "the 
River geographic area include the Columbia milk-vetch (state threatened) and northern wormwood 
(state endangered and federal candidate). Remedial activities could potentially affect both of these 

· plant species if implemented in potential habitat. · Long-term impacts on species of concern could 
. involve permanent loss of habitat, resulting in population decline and possible listing of candidate 
species as a federal threatened or endangered species under the Endangered Species Act of 1973. 

5.3.4.3.1 Potential Mitigation Measures. Potential mitigation measures for the Unrestricted 
Future Land-Use Alternative include the following: exclude all disturbance within an 800-m (0.5-mi) 
buffer around winter roosts of bald eagles from November 15 to March 15, avoid any habitat 
alteration within 400 m (0.25 mi) of bald eagle roosts (Fitzner et al. 1994), and identify and protect, 
to the extent possible, populations or habitats of the Columbia milk-vetch and northern wormwood. 

5.3.4.4 Effects on Species of Concern, Restricted Future Land-Use Alternatives (RI and R2). 
Restricted Furur~ Land-Use Alternatives (Rl and R2) would involve disturbances similar to those 
described for the Unrestricted Future Land-Use Alternative and would have similar, potentially 
significant impacts on species of concern. 

5.3.4.4.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternatives (Rl and R2) are the same as for the Unrestricted Future Land-Use 
Alternative. 

5.3.4.5 Ecological Risk, No-Action Altemative. The No-Action Alternative could have potentially 
significant impacts to species as the result of.long-term exposures to chemical and radiological 
contaminants in the Reactors on the River geographic area, Potential long-term exposures to 
chemicals and radionuclides were estimated for a generic plant, the Great Basin pocket mouse, _the 
coyote, and the r-ed-tailed hawk, as described in the ecological risk assessment (Appendix C). The 
chemical HI for ecological receptors in the Reactors on the River geographic area ranged from 
2.96 x 10-s to 2.7 x 1()4 (Table 5-14). All values for plants, several for the mouse, and one for the 
red-tailed hawk were equal to or greater than 1.0, indicating a potential for long-term adverse effects. 
Several estimated radiation doses for the plant, coyote, and hawk were greater than 0.1 rad/d 
(Tab le 5-15), the level considered protective of terrestrial organisms (IAEA 1992). The distribution 
of these potential exposures for the entire Hanford Site is shown on Figures 5-14 through 5-21. 

44 These results indicate potential adverse effects on ecological receptors exposed to the maximum 
45 estimated contaminant concentrations in the Reactors on the River geographic area. The use of the 
46 maximum estimated contaminant concentrations represents worst-case conditions. Current monitoring 
-1-7 data indicate that measured exposures on the Hanford Site are below levels of concern. No 
-1-8 significant differences in radionuclide concentrations were found in vegetation samples collected at 
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Table 5-14. Hazard In~~x Sil,,u;z~iby Celf, ~eactors:on:the River Geographic Area.-
.,. ~ ' • I •~1 • l ,,. . ,'"' , •• '~ )• . -~ 

- - ;- \ ", __ ,.,. .~ . .. . , .. '. -- - , -' > 'Hazar(flndex' . . '~ 

-Cell ID 
Plant Mouse Coyote Hawk 

,~-- ;- ,·,., ·, ••• • •• ' ' ~ ., •• J . ' ·-· ~·-

, 565144 3.83 E+03 5.91 E-01 1.13 E-04 5.41 E-03 
565145 1.02 E+00 1.57 E-04 - 3.00 E-08 1.44 E-06 

.569146 . 2.70 E+04 3.08 E+03 9.41 E-01 4.27 E+0I 
569147 4.45 E+02 2.48 E+00 ·7_94 E-•05 6.47 E-04 

573151 l.42 E+04 1.20 E-02 2.28 E-06 1. 10 E-04. 
573152 1.00 E+00 1.5S-E-04 2.96 E-08 1.42 E-06 
574152 1.93 E+00 2.98 E-04 5.70 E-08 2.73 E-06 
577152 4.64 E+03 7.17 E-01 1.37 E-04 6.56 E-03 

578152 2.35 E+00 3.63 E-04 6.93 E-08 3.33 E-06 
580147 8.49 E+03 1.31 E+OO 2.50 E-04 1.20 E-02 
581147 1.40 E+00 2.17 E-04 4.14 E-08 1.99 E-06 

14 NOTE: These values are presented in engineering notation for brevity. In engineering notation, 
15 a value of 3.83 E+03 corresponds to 3,830; a value of 5.91 E-01 corresponds to 0.591. 
16 __ Bold italics indicates values greater than 1.0. 

17 
18 

19 Table 5-15. Estimated Radiation Dose, Total by Cell, Reactors on the River Geographic Area. 

20 

21 
22 
23 
24 · 

-r _:, 

26 
27 
28 

29 
30 
31 
32 

33 
34 
35 
36 

37 
38 

39 
· 40 

41 

42 

Cell ID _ 
Estimated Total Dose (rad/d) 

Plant fyiouse Coyote Hawk 

564143 8.20 E-03 2.09 E-05 2.72 E-02 2.30 E-02 
565143 5.60 E-04 3.56 E-07 4.94 E-04 3.96 E-04 
565144 S.16 E+00 1.27 E-02 1.66 E+OI 1.40 E+0l 
565145 3.06 E-03 5.95 E-07 1.88 E-03 7.96 E-04 

568146 4.31 E-01 1.15 E-03 I.SO E+OO 1.27 E+OO 
- 569146 4.98 E-01 1.13 E-03 1.47 E+OO 1.24 E+OO 
569147 2.57 E-03 1.68 E-07 2.45 E-04 . .1.88 E-04 
571149 I.SI E+OO ·1.49 E-05 2.06 E-02 1.65 E-02 

572150 2.83 E-04 - 4.76 E-08 . 6.98 E-05 5.34 E-05 
573150 9.55 .E-06 6.22 E-10 5.32 E-06 1.26 E-06 
573151 4.73 E-02 3.69 E-07 8.54 E-04 4.53 E-04 
573152 1.20 E-03 6.41 E-08 1.15 E-04 7.46 E-05 .. 

574152 2.30 E-03 1.23 E-07 2.21 E-04 1.44 E-04 
577152 8.88 E-04 6.34 E-08 . 1.04 E-04 7.25 E-05 
578152 2.45 E-03 1.70 E-08 3.33 E-05 2.02 E-05 
579147 1.71 E-05 1.12 E-09 -9.54 E-06 2.26 E-06 

. 580147 1.59 E-01 1.52 E-06 2.18 E-03 1.70 E-03 
. 581147 8.38 E-03 5.35 E-08 7.26E-05 5.93 E-05 

-NOTE: These values are presented in engineering notation for brevity. In engineering notation, 
a value of 3.83 E+03 corresp-onds to 3,830; a value of 5.91 E-01 corresponds _to 0.591. 

· Bold italics indicates values greater than 0.1 rad/d. 
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Figure 5-14. Distribution of Chemical Hazard Indices for a 

3 Generic Plant at the Hanford Site. 
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Figure 5-15. Distribution. of 9hemical Hazard Indices for a Great 
? Basin Pocket Mouse at the HliiifbFd Szle:', .. / > 
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Figure 5-16. Dist,ibution of Chemical Hazard Indices for a 
') Coyote on the Hanford Site. 
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Figure 5-17. Distri/Jution,, of Qheril_icat Hazard Indices for a 

3 _ Red-Tailed Hawk on iiz?Haizford sziJ~·--::·· ... · :> _ · · _. -. 
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Figure 5-18. Distribution of Estinuited Radiation Doses 
-~ (Rads/day) for a Generic Plant at the Hanford Site. 
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Figure 5-19. Distribution of Estimat¢a .Radiation Doses· 
7 (Rads/day) Jo,: a Greai")lasiiz 'Pocket,'Niii~se at the Hanford Site. 
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Figµ,re 5-20. Distribution_ of Estimated Radzation· Doses 
, (Rads/day) for a Coyote on. the Hanford Site. 
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Figure 5-21. Distribu~bit·of /Js.timated,_ Railiation ·noses 
., (Rads/day) for a Red~iazied Hawk on iiz'/Haizford Site. 
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Hanford and offsite locations. Fish and, wildlife samples collected at the Hanford Site contained small 
2 amounts of radioactivity attributed to Hanford operations; howe~er, the. concentrations were not 
3 sufficient to pose a hazard to the organisms themselves or to humans who might consume them 
4 (PNL 1993). . 
5 
6 The potentially significant impacts identified in the ecological risk assessment may be reduced by 
7 surface decontamination and waste site stabilization activities included in the No-Action Alternative. 
8 Continued monitoring would enable detection of potential adverse effects on ecological receptors so 
9 that additional corrective measures could be taken to minimize exposures. 

IO 
I 1 5.3.4. 6 Ecological Risk, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
12 Land-Use Alterqative would involve excavation and hauling of large volumes of contaminated soil, 
13 which could result in airborne suspension and transport of contaminants. Airborne contamination 
14 could result in· direct exposures of ecological receptors or subsequent uptake through the food chain. 
15 These exposures could result in significant short-term impacts, but could be reduced by the mitigation 
16_ measures for soils (Section 5.3.2), water quality (Section 5.3.3), and air quality (Section 5.3.5). 
17 Long-term impacts would be beneficial, because potential adverse exposures to radionuclides and 
18 hazardous chemicals would be eliminated by removing and disposing of the contaminated material. 
19 
20 5.3:4. 7 Ecological Risk, Restricted Future Land-Use Altemati.ve (RI). This alternative (Rl) would 
21 involve excavation and hauling of contaminated soils, which could result in short-term increased risks 
22 to ecological receptors, as described for the Unrestricted Future Land-Use Alternative. These 
23 exposures could result in significant short-term impacts, but could be reduced by the mitigation 
24 measures for soils (Section 5.3.2), water quality (Section 5.3.3), and air quality (Section 5.3.5). 
25 Remedial activities would reduce long-term risks from exposure, although some wastes would be left 
26 in place in the subsurface. The risk from long-term exposures to the remaining contamination would 
27 depend on the amount and mobility of contaminants left in place. Continued monitoring would enable 
28 detection of potential adverse effects on ecological receptors so that additional corrective measures 
29 could be taken to minimize exposures. 
30 
31 5.3.4.8 Ecological Risk, Restricted Future Land~Use Altemati.ve (R2). Remediation to restricted use 
32 (R2) would involve leaving wastes in place and installing caps to limit exposures. As with the 
33 No-Action Alternative, potentially significant "impacts to ecological receptors could occur from 
34 long-term exposures to contamination remaining in place. The caps are expected to reduce the 
35 potential impacts by limiting exposures. Continued monitoring would enable detection of potential 
36 adverse effects on ecological receptors so that additional corrective measures could be-taken to 
37 minimize exposures. 
38 
39 5.3.4.9 Effects on Biodiversity,.-No-Action Altemative. The No-Action Alternative is not expected 
40 to have significant impacts on biodiversity in the short term. With adequate mitigation, the surface 
41 decontamination and waste site· stabilization activities would not result in significant population losses 
42 of sensitive species. These activities are not likely to affect species diversity in wetland and 
43 shrub-steppe plant communities, or affect the distribution of those communities. Current monitoring 
44 data indicate that measured exposures to chemical and radiological contaminants on the Hanford Site 
45 are below levels that could adversely affect plant and animal species (PNL 1995). 
-+6 
4 7 The results of the ecological risk assessment indicate potentially significant impacts from 
-+8 long-term exposures to maximum estimated concentrations of contaminants. Such exposures could 
49 result in population losses of some species, which could have indirect food chain effects on the 
50 abundance of other species. The potential long-term effects on biodiversity would depend on the 
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likelihood of continued exposur~"of ·sefrsitive sp,ecies to -~i~h- levels'11of co~tamination. Continued 
monitoring would enable detection· of potential 'adverse effects bn ecological receptors so that 
additional corrective measures could be taken to minimize exposures. 

5.3.4.10 Effects on Biodiversity, V~r~stricted Futur~ Land-Use Altemative'. · The Unrestricted 
Future Land-Use Alternative could have significant impacts on biodiversity by further reducing 
shrub-steppe habitat in the Reactors on the River geographic area. Much of the shrub-steppe habitat 
in the Reactors on the River geographic area has aiready been modified or lost because of wildfire, 
past agricultural activities, and industrial develop~ent. Further reductions in habitat could result in 
population losses in species dependent on dense _~agebrush. Disturbance and· subsequent reclam~tion 
of plant communities could reduce species diversity, with indirect effects -on community functions, 
such as forage production, cover, and nutrient cycling. Excavation activities would fragment existing 
habitats and disrupt the connectivity among different habitats. These impacts would be significant in 
the short term; long-term impacts to biodiversity could be avoided or reduced through implementation 
of the mitigation measures previously discussed: 

5.3.4.11 -Effects on Biodiversity, Restricted Future Land-Use Altenzatives (RI and R2). These 
alternatives (Rl and R2) would involve levels of disturbance similar to the Unrestricted Future 
Land-Use Alternative, with similar impacts to biodiversity. · 

22 5.3.5 Air Quality 
23 
24 
r _:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

5.3.5.1 Effects on Air Quality, No-Action Altemative. The No-Action Alternative would involve 
surface decontamination and waste site stabilization activities (see Section 3.3.1). Although these 
activities would generate fugitive dust and pollutants from equipment exhaust, concentrations of 
airborne pollutants from the No-Action Alternative would be well below those estimated for the 
hypothetical excavation site evaluated for the Unrestricted Future Land-Use Alternative (see 
Section 5.3.5.2). Therefore, th_e No-Actio~ Alternative is not expected to have significant air quality 
impacts. 

5.3.5.2 Effects on Air Quality, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
. Land-Use Alternative would involve complete excavation and removal of contaminated soils and 
inactive effluent lines, closure of TSD facilities, decommissioning of surplus fadlities, and 
groundwater remediation. W~te site excavation would generate fugitive dust possi~ly contaminated 
with radioactive particles. Pollutants also would be generated by combustion of fuel in equipment 
used for excavation, loading, and hauling. The potential for air quality impacts was evaluated by 
estimating pollutant concentrations in the air resulting from a hypothetical waste site excavation in the 
100-H Area. An excavation rate of 450,000 kg/d (1 million lb/d) was used for estimating purposes. 
The amounts of pollutants generated at the Hanford Site were estimated using the procedures and 
assumptions described in Appendix G, and conc:entrations of pollutants in ambient air downwind from 
the Hanford Site were projected. The estimated concentrations that workers could be exposed are 
well within appropriate standards and guidelih!!S (Table 5-16). The same is true for concentrations 
that the general public could be exposed .. 

Concentrations in Table 5-16 are consequences of remedial activities at one site. Simultaneous 
activities at several sites could result in higher concentrations, particularly if the sites happened to be 
in line and parallel to the wind direction. Potential concentrations ·were estimated by assuming 
simultaneous excavation of five sites aligned with the wind direction. The five sites were identical to 
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Table 5-16. Estimated Concentrations of Airborne Colltanzinants from Full Excavation 

in the Reac~ors on ilie River:GeograjJhic Area. 0 

3 
4 

5 
6 

7 
8 

9 
10 
11 

-

Type of Air 
Contaminant 

Fugitive Dust 
(p.g/mJ} 

Radioisotopes 
(pCi/m3

} 

Products of Fuel 
Combustion 
(pg/mJ} 

Contaminant 
Name 

PM 10 

Sr-90 

Cs-137 

Pu-239, -240 

U-238 

total suspended 
particulates 

carbon monoxide 

nitrogen dioxide 

sulfur dioxide 

Concentration in 
the Immediate 

Vicirtityb . ., 

780 

35 

45 

0.4 

0.2 

72 

470 

730 

98 

Onsite Occupational Concentration Offsite Air Quality 
Standard or at Nearest Standard or 
Guideline< Property Lined Guideline< 

5,000, 8-h average 1.3 150, 24-h average 

2,000, annual . 0.059 50, annual average 
. - average 

60,000, annual 0,075 400, annual average 
average 

3, annual average 0.074 0.02, annual 
average 

300, annual average 0.00025 0.10, annual 
average 

15,000, 8-h average 0.1 -

55,000, 8-h average 0.8 9,000, 8-h average 

9,000, 8-h average 1.2 SO, annual average 

13,000, 8-h average 0.2 20, annual average 

12 •Procedures -and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. 
13 The estimated concentrations of fugitive dust and fuel combustion products do not include background concentrations. 
14 bConcentrations immediately downwind from the excavation site are potential concentrations that workers could be 
15 exposed. 
16 •occupational standards for fugitive dust and combustion products are PELS listed in 29 CFR 1910. Occupational 
17 guidelines for airborne radionuc:lides are listed in Federal Guidance Report No. 11 (EPA 1988b}. 
18 dConcentrations at the nearest property line are potential concentrations that the general public could be exposed. 
19 "Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
20 (40 CFR 50-99). The standard for SO2 is a Washington State standard. Guidelines for airborne radionuclides are 
21 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
22 DCG = Derived Concentration Guideline. 
23 PEL Permissible Exposure Limit. 

24 ,-_., 
26 the one previously described and were assumed to be spaced 200 m (660 ft) apart. Cumulative 

.27 concentrations from this arrangement are well below applicable standards and guidelines (Table 5-17). 
28 The pollutant concentrations in Tables 5-16 and 5~17 represent short-term impacts that would cease 
29. when remediation is concluded. 
30 
31 Remediation for unrestricted use would require transport of contaminated waste to an onsite 
32 waste disposal facility. Significant impacts from haul road dust are not expected to occur. Haqling 
33 450,000 kg/d (1 million Ibid) in IO-ton trucks, for example, would require about 50 roundtrips. The 
34 resulting traffic count, averaging about 12 trucks per hour, would generate a dust concentration of 
35 about 100-µg/m3 in the immediate vicinity of the roadway (see Figure 5-5), compared to the 
36 5,000 µg/m3 occupational standard. 
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Table 5-17. Cwm~ladve.Jitipacts of Airbome Collt;;,iiiants from Simultaneous 

Excavatiofi ofFive Sites ill the JOO~H Area. 0 

3 
4 

5 
6 

7 
8 

9 
10 
11 

Type of Air 
Contaminant 

Fugitive Dust 
(µg/m3) 

Radioisotopes 
(pCi/m3) 

--

Products of Fuel 
Combustion 
(}lg!m3) 

Contaminant 
Name 
. -

PM10 

Sr-90 

Cs-137 

Pu-239, -240 

U-238 

total suspended 
particulates -

carbon monoxide 

nitrogen dioxide 

sulfur dioxide 

Concentration in -Onsite bccupational Concentration Offsite Air Quality 
the Immediate .. .Standard or at Nearest Standard or 

Vicinityb Guideline< Property Lined Guideline' 

1.300 5,000, 8-h a_verage 6.1 150. 24-h average 

59 2,000, awnial · 0.28· SO. annual average 
average· 

-- . 

76 60,000, annual 0.0035 400, annual average 
average 

0.7 3, annual average 0.0035 0.02, annual 
average 

0.3 300, annual average 0.002 0.10, annual 
average 

120 15,000, 8-h average 0.6 -

790 55,000, 8-h average 3.7 9,000, 8-h average 

1,200 - 9,000, 8-h average 5.7 50, annual average 

170 13,000, 8-h average 0.8 20, annual average 

12 . _ •Procedures and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. _ 
13 The five sites are assumed to be 200 m (660 ft) apart 'arid aligned in the direction the wind is blowing. The estimated 
14 concentrations of fugitive dust and fuel combustion products do not include background concentrations. 
15 bConcentrations immediately downwind from the excavation site are potential concentrations that workers could be 
16 exposed. · · · 
17 <occupational standards for fugitive dust and combustion products are PELs listed in 29 CFR 1910. Occupational 
18 guidelines for airborne radionuclides are listed in Federal Guidance Report No. 11 (EPA 1988b). 
19 dConcentrations at the nearest property line are potential concentrations that the general public could be exposed. 
20 'Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
21 (40 CFR 50-99). The standard for SO2 is a Washington State standard. Guidelines for airborne radionuclides are 
22 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
23 DCG . Derived Concentration Guideline .. 
24 PEL Permissible Exposure Limit. 

25 
26 . -
27 Significant air quality impacts are not expected to occur from full excavation at remediation sites 
28 in the Reactors on the River geographic area, because the estimated concentrations in Table 5-16 
29 and 5-17 are well belo~ applicable air quality ,s_tandards. However, these estimates are based on 
30 typical meteorological conditions, and could be substantially greater or lower during unusual 
31 conditions (e.g., high or low wind speeds, or extreme conditions of atmospheric stability or 
32 instability). Furthermore, pollutants other than ·contaminated dust could be generated. During 
33 excavation of a waste site, there would be a potential for short:-duration emissions of any waste 
34 material the site might contain. 
35 
36 5.3.5.2.1 Potential Mitigation Measures. Mitigation measures, if necessary, would include 
37 spraying roads and piles with water or surfactants, a commonly used dust suppression measure that 
38 can reduce fugitive emissions by up to 50% (~PA 1985), or temporary enclosure of the area being 
39 excavated. 
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5.3.$.3 Effects on Air Quality, Restricted Future Land-Use Alternative .(RI). The Restricted Futurt! 
Land-Use Alternative (Rl) would involve excavation and removal of past-practice waste sites and 
effluent lines, closure of TSO facilities, ·decommissioning of surplus facilities, and groundwater 
remediation, combined with institutional controls. Air quality impacts of waste site excavation under 
this alternative would be similar t~ the impacts estimated for full excavation for the Unrestricted 
Future Land-Use Alternative. No significant impact would be expected. 

5.3.5.4 Effects on Air Quality, Restricted Future Land-Use Altenzative (R2). Remediation to 
restricted use (R2) would involve construction of caps over past-practice waste sites, effluent lines, 
and TSO facilities, and groundwater remediation, combined with institutional controls. Air quality 
impacts of remediation to restricted use (R2) would be lower than· the estimates in Tables 5-16 and 
5-17, because less contaminated materials would be disturbed. The hauling of materials from borrow 
areas for construction of caps would generate similar fugitive dust emissions as estimated for the 
Unrestricted Future Land-Use Alternative. No sign~ficant impact would be expected. 

_;_;. 

5.3.6 Noise 

5.3.6.J Noise Effects, -No-Action Alternative. The No-Action Alternative for the Reactors on the 
River geographic area would result in no change to existing noise impacts on the surrounding 
environment. The sound levels in the ambient environment would remain the same as current noise 
levels. 

5.3. 6.2 Noise Effects, Unrestricted Future Land-Use Alternative. Remediation to unrestricted use 
would generate increased noise from heavy truck traffic, and transport and operation of construction 
equipment. Representative noise levels from remedial activities were estimated for complete 
excavation of contaminated soils (i.e., remediation to unrestricted use) in the 100-H Area. This area 
was selected for analysis because of its close· proximity to the Wahluke Slope State Wildlife 
Recreational Area, where high noise levels would be most likely to adversely affect wildlife and 
recreational users. 

To derive typical, cumulative noise levels from remedial activities at the 100-H Area, the 
Federal Highway Administration's STAMINA traffic noise·model was used (DOT 1982). This model 
predicts noise impacts caused by the operation of motor vehicles at specified receptor locations. The 
analysis was based on predicted volumes of contaminated soil to be excavated in the 100-H Area, and 
included the following assumptions: 450,000 kg (1 million lb) of contaminated soil excavated per 
day, five construction crews working in the 100-H Area, tw9 1 i .5-m3 

( 15-yd3) dump trucks operating 
continuously during the workday for each of the five work sites, one bulldozer per crew, one 
hydraulic excavator per crew, one grader per crew, one scraper per crew, two front-end loaders per 
crew, and one medium truck. 

42 The five representative areas where contaminated soil loading activitie.s were assumed to be 
43 . concentrated are shown as large circles on Figure 5-22. (These circles are not intended to identify 
44 specific future work areas, but are intended to provide an appropriate, representative scattering of. 
45 noise sources across the 100-H Area for noise modeling purposes.) The nearest receptors were 
-i6 assumed to be located radially to the north and east of the 100-H Area (see Figure 5-22). 
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Table 5-18 lists the equivalent noise levels emanating from the i00-H Area (in decibels) 
J predicted by the STAMINA noise model with respect to distance fioin the Hanford Site. The noise 
3 levels shown in Table 5-18 are combined- noise impacts resulting from simultaneous construction and 
4 excavation activities at all five representative work areas. These noise levels, when compared to the 
5 State of Washington noise standards (Table 5-19), indicate that noise violations from remedial 
6 activities are not expected. 
7 
8 

9 Table 5-18. Noise Impacts of Full Excavation in the 100-H Area. 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 ,­_:, 

26 
27 
28 
29 

30 
31 
32 

Receptor Direction 

North 
North 
North 
North 
North 
North 
North . 

Nortli 
North 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 

Distance from 100-H Area 
Decibels (dBA) m (ft) 

At Work Site 59 
30 (100) 60 
60 (200) 59 
90 (300) . 

58 
122 (400) 53 
152 (500) 49 
183 (600) 47 
213 (700) 44 
245 (800) 43 

At Work Site 59 
At Work Site 53 

30 (100) _ 50 
60 (200) 48 
90 (300) 47 
122 (400) 45 
152 (500) 44 
183 (600) 43 
213 (700) 43 
245 (800) 42 

3-J Table 5-19. Maximum Pemzissible Noise L.evels According to Land Use Classification. 

34 
35 

36 

37 

38 

EDNA of Noise 
Source 

-Class A 

Class B 

Class C 

Class A 

55 dBA 

57 dBA 

60 dBA 

39 Class A = residential zones. 
--l-0 Class B = commercial zones. 
41 Class C = industrial zones. 

EDNA of :Ileceiving Property 

Class B 

57 dBA 
: 

60 dBA 

65 dBA 

--l-2 EDNA = Environmental Designation for Noise Abatement. 

-1-3 
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The construction-related noise c;_ould disturb wildlife within h~aring or visual distance of remedial 
activities. This could result in stariifiSeh~vim: by som~'spetj¢s :and abandonment of nest or den sites. 
Short-term noise impacts on wildlife are· potentially significant, 6ut could be mitigated. These impacts 
would cease when remedial activ'ities were completed. 

' ' .. 

Occupational noise exposures within the individual areas may occasionally exceed stand_ards 
established by the Occup-ational Safety and Health Administration (OSHA) and the American 
Conference of Government Industrial Hygienists (ACGIH). Workers exposed to unacceptable noise 
levels would use appro~riate hearing protection during remediation operations. 

5.3.6.2.1 Potential Mitigation Measures .. Potential mitigation measures for reducing noise 
. -

impacts include the following: 

• hearing protection for construction and excavation personnel. 

• monitoring of occupational noise exposure to construction and excavation personnel 

• exclusion of all disturbance within an 800-m (0.5-mi) buffer around bald eagle winter roosts 
from November 15 to March 15. 

21 5.3.6.3 Noise Effects, Restricted Future Land-Use Alternatives (RI and R2). Because excavation, 
22 construction, and transportation activities associated with these Restricted Future Land-Use 
23 Alternatives (Rl and R2) would be less extensive than those associated with the Unrestricted Future 
24 Land-Use Alternative, adverse noise impacts also are expected to be lower. Noise impacts under 
25 these alternatives are not expected to exceed the levels estimated for the Unrestricted Future Land..,Use 
26 Alternative, and are not expected to have significant impacts.-
27 
28 .,.~ :' > 

29 5.3. 7 Cultural Resources 
30 
31 5.3. 7.1 Effects on Prehistoric Archaeological Resources, No-Actioll Alternative. The No-Action 
32 Alternative could have significant impacts on prehistoric archaeological resources in the Reactors on 
33 the River geographic area. The No-Action Alternative would involve scraping surface areas, 
34 collection and consolidation of contaminated soil, and site revegetation (see Section 3.3.1). Direct 
35 impacts on archaeological resources generally would be limited to sites occurring inside the waste site 
36 boundary. One prehistoric site with potential e,igibility for listing on the National Register may be 
37 disturbed under the No-Action Alternative. Other sites adJacent to direct impact areas also could be 
38 disturbed. 
39 
40 .· · 5.3.7.1.1 Potential Mitigation Measures. Potential mitigation measures for archaeological 
41 resources include the following. 
42 
43 • Before any ground disturbance activities (e.g., surface soil scraping), consultations would be 
44 conducted with the DOE-RL Historic ·Preservation Officer, the Washington SHPO, and 
45 concerned Native American Tribal groups and governments. 
46 
47 • All cultural resources-related work would be conducted in accordance with the Hanford 
48 Cultural Resources Management Plan (Chatters 1989). 
49 
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• Whenever possible, avoidarice of identified cultural. resou,~ce areas would serve as the 
primary form of mitigation. 

. • Whenever _practicable, a full survey of the affected areas would be conducted. 

• Surface mapping of all artifact material and data recovery for surface and subsurface 
materials would be performed only if this action does not pose a potential health risk to 
field investigators. 

• When practicable, an archaeological monitor. would be onsite during ground disturbing · 
activities to ensure that construction impacts are limited to the remediation area only. This 
action would be taken only if it does not pose any potential health risk to the archaeological 
monitor. 

• An interpretive program outlining the history of the Hanford Site would be presented to 
personnel involved in the remedial activities to foster greater· awareness and sensitivity for 
the cultural resources in the area. 

• Remediation and maintenance personnel also would be made aware of the significance of 
cultural resources in the area, and of the consequences regarding destruction of sites or 
pedestrian collection of artifact materials. 

5.3. 7.2 Effects on P,:ehistoric Archaeological Resources, Unrestricted Future Land-Use Alternative. 
The Unrestricted Future Land-Use Alternative would have significant impacts on archaeological 
resources in the Reactors on the River geographic area. This alternative would involve extensive 
excavation of contaminated soil, with additional disturbance resulting from constructing temporary 
access roads, groundwater remediation systems, and other support facilities. One prehistoric campsite 
with potential National Register eligibility in the 100-K Area could be affected. Three recorded 
prehistoric occupation areas that are situated within potential trample zones in the 100-N Area also 
could be affected. These sites represent contributing elements to the Ryegrass Archaeological District 
that is listed on the National Register. In addition, excavation for the groundwater remediation 
system could affect at least two recorded prehis.toric cultural resources. 

5.3. 7.2.1 Potential Mitigation Measures. Potential mitigation measures for this alternative 
would be the same as for the No-Action Alternative. 

5.3. 7.3 Effects on Prehistoric Archaeological Resources, Restricted Future Land-Use Alternatives 
(RI and R2). The Restricted Future Land-Use Alternatives (Rl or R2) would have impacts to 
prehistoric archaeological resources similar to those described for the Unrestricted Future Land-Use 
Alternative. 

5.3. 7.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternatives would be the same as for the No-Action Alternative. 

5.3. 7.4 Effects on Historic Resources, No-Action Alternative. Historic resources of concern 
potentially affected by the No-Action Alternative include all items and structures within the Reactors 
on the River geographic area that are over 50 years old, and that reflect the historic settlement and 
economic development of the area, including materials and structures related to the Manhattan Project 
and the World War II effort. Items and structures that are representative of the Cold War period also 
are considered to be of historical significance. In essence, all construction related to the Hanford 
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Site's defense mission from 194Jto l.990 must be considered.for its historical significance. This 
would include all the reactor areas'·anif-theif-'imcillary s\ippofrsfructi.Ires; Figure 4-20 in Chapter 4.0 
shows the location of major historic area~ associated with th~ Hanford Site's former defense mission 
that could be affected by the No-Action Alternative. 

' . ,· ., • ' • i 

5.3. 7.4.1 Potential Mitigation Measures. Current surveillance and maintenance activities 
attempt to stabilize and maintain the existing structures within the Reactors on the River geographic 
area, to ensure they are not unduly subjected to weathering and age. Mitigation measures that are 
currently being implemented include: . 

• building construction evaluations 

• documentation of all historic structures determined to be eligible for the National Register in 
accordance with the Secretary of the Interior's Guidelines for Architectural and Engineering 
Documentation 

• documentation of all decommissioning work 

• monitoring of potentially historic structures for essential repair and maintenance work 

• restriction of access to historic sites to authorized personnel. 

23 5.3. 7.5 Effects on Historic Resources, Unrestricted Future Land-Use Alternative. The Unrestricted 
24 Future Land-Use Alternative could have significant impacts on historic resources in the Reactors on 
:5 the River geographic area. Excavation for the groundwater remediation system would directly affect 
26 at least four recorded historic sites. These :sites include cement foundations and domestic debris. In 
27 addition to the identified sites that would be directly affected by the Unrestricted Future Land-Use 
28 Alternative, there ·are numerous historic;:art~a~c;il_ogisal;.,~ites within the immediate vicinity of areas 
29 that could be disturbed. · · ' · · .. 
30 
31 5.3. 7.5.1 Potential, Mitigation Measures. Potential mitigation measures for this alternative 
32 would be the same as for the No-Action Alternative. 
33 
34 5.3.7.6 Effects on Historic Resources; Restricted Future Land-Use Alternatives (RI and R2). "The 
35 Restricted Future Land-Use Alternatives (Rl or R2) would have impacts to historic resources similar 
36 to those described for the Unrestricted Future Land-Use Alternative. 
37 
38 5.3. 7. 6.1 Potential Mitigation Measures. P9tential mitigation measures for the Restricted 
39 Future Land-Use Alternatives would be the same as for No-Action Alternative. 
40 
41 5.3. 7. 7 Effects on Areas of Concern to Native Americans, No-Action Alternative. The potential 
42 direct and indirect impacts to archaeological resources described in Section 5 .3. 7 .1 would be of 
43 concern to Native Americans. In addition, this alternative would continue to require restrictions ·on 
44 access to traditional use areas and sacred sites important to Native Americans in the Re~ctors on the 
45 River geographic area. 
46 
47 5.3.7.8 Effects on Areas of Concern to Native Americans, Unrestricted Future Land-Use 
1-8 Alternative. The potential direct and indirect impacts to archaeological resources described in 
+9 Section 5.3.7.2 would be of concern to Native Americans. As was discussed in Section 4.6.6, the 
50 Reactors on the River geographic area includes a number of areas of importance to Native Americans, 
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including village locations, fishing and fi~h proce~sing ~ites, and ar~~s assoc.iated with the origins of 
., the Seven Drums religion. Many of these areas were impacted by construction of Hanford Site 
3 facilities during the 1940s and 1950s. Additional impacts to these areas would have cumulative 
4 effects on their cultural and historic value to Native Americans. Alteration or destruction of cultural 

· 5 resources important to Native Americans would be a significant impact. 
6 
7 In addition, extensive disturbance under this alternative also could affect culturally important 
8 plants and other natural resources important to Native Americans. These impacts, described in 
9 Section 5.3.4, could affect future exercise of treaty rights. Any adverse effectl\ on traditional triba.l 

10 areas could be considered by the tribes to be an abrogation of the 1855 Treaties.· 
1 I 
12 5.3.7.8.1 Potential Mitigation Measures. Potential mitigation measures for addressing Native 
13 American concerns include: 
14 
15 • consulting with Native American Tribal governments and org~izaticms to identify 
16 project-specific concerns before implementation of project activities 
17 
18 • incorporating recommendations provided by Native American Tribal governments and 
19 organizations into project-specific cultural resource mitigation plans for proposed remedial 
20 activities 
21 
22 
23 
24 

• incorporating recommendations provided by Native American Tribal governments and 
organizations into revegetation plans. for proposed remedial activities · 

25 • involving representatives of Native American Tribal governments and organizations in 
26 archaeological monitoring during remedial activities. 
27 
28 5.3. 7.9 Effects on Areas of Concern to Native Am"ericans, Restricted Future Land-Use Altenzatives 
29 (Rl and R2). Areas of concern to Native Americans would be similar to those discussed for the 
30 Unrestricted Future Land-Use Alternative. 
31 i 

32 5.3. 7.9.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
33 Future Land-Use Alternatives would be the same as for the Unrestricted Future Land-Use Alternative. 
34 
35 
36 5.3.8 Visual and Aesthetic Resources 
37 
38 5.3.8.1 Effects on Visual and-Aesthetic Resources, No-Action Alternative. Under the No-Action 
39 Alternative, surface decontamination and/or stabilization of waste sites would result in man-made 

. 40 changes to the existing landscape. Potential changes to the surrounding landscape may include 
41 surface stabilization through pl~cement of caps of gravel or other earthen material over waste sites, 
42 reveg~tation of sites, and/or weed control. None of these activities is likely to significantly impact 
43 the visual and aesthetic resources of the area. Monitoring activities would not result in impacts on 
44 visual and aesthetic resources. 
45 
-1-6 5.3.8.2 Effects on Visual and Aesthetic Resources, Unrestricted Future Land-Use Alternative. The 
-l-7 Unrestricted Future Land-Use Alternative would involve complete excavation and removal of 
-l-8 contaminated soils and inactive effluent lines, closure of TSO facilities, decommissioning of surplus 
-1-9 facilities, and groundwater remediation. Full excavation of all waste sites in the Reactors on the 
50 River geographic area would have short-term adverse impacts on visual and aesthetic resources. The 
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uncon_taminated soils would be ~tob_kpi~d c:1dj~cent to e~cayatiOQ sii~t and ·would contrast visually 
1 with the fairly level terrain in the Reactors :&ii the Rivef'g~og·raphic area. in addition, the work crews 
3 and heavy construction equipment would intrude on the surrounding viewscape. Convoys of large, 
4 slow-moving haul trucks would detract from the natural setting. Excavation and hauling activities 
5 also would generate fugitive dust that could reduce visual clarity and long-range views of landscape 
6 features. These impacts could be significant over the short term, although the vantage points 
7 available for public viewing are limited to the Columbia River and portions of State Routes 24 
8 and 240. Site reclamation, including reshaping and revegetation, is expected to reduce long-term 
9 adverse impacts from full excavation. 

10 
· 11 Decommissioning of surplus facilities would have a long-term beneficial impact on visual and · 
12 aesthetic resources in the Reactors on the River geographic area. The removal of structures such as 
13 tall stacks and towers would reduce the impact of man-made features on the landscape. 
14 
15 5.3.8.2.1 Potential Mitigation Measures. Potential mitigation measures for visual and aesthetic 
16 r~sources include the following: 
17 
18 •· minimizing overall disturbance to extent possible 
19 
20 • controlling fugitive dust (see Section 5.3.5) 
21 
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• completing remediation in a timely manner 
I 

.< 

• conducting rdstoration activities immediately in remediated areas and contemporaneous with 
ongoing remedial activities· in other, areas 

• restoring rem~diated areas by reshaping excavations to approximate original conditions and 
revegetating with native spedes.' . . 

· 5.3.8.3 Effects on Visual alld Aesthetic Resources, Restricted Future Land-Use Alternative (RI). 
The Restricted Future Land-Use Alternative (Rl) would involve excavation and removal of 
past-practice waste sites and effluent lines, closure of TSD facilities, decommissioning of surplus 
facilities, and groundwater remediation, combined with institutional controls. Excavation under this 
alternative would not be as extensive and would enable quicker site reclamation. · Short-term adverse 
impacts would be similar to th(?Se discussed for the Unrestricted Future Land-Use Alternative. 

5.3.8.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative (Rl) are the same as for the Unrestricted Future Land-Use Alternative. 

5.3.8.4 Effects 011 Visual and Aesthetic Resources, Restricted Future Land-Use Alternative (R2). 
Remediation to restricted use (R2) would involve construction of caps over past-practice waste sites, 
effluent lines, and TSD facilities, and groundwater remediation, combined with institutional controls. 
The caps could have significant impacts on vistial and aesthetic resources, depending on the design 
used. If the reference caps were used (Appendix E), the size and shape of the caps would be 
noticeable, with vegetation on the top of the cap contrasting with riprap on the sides. Viewer 
attention would be focused on the caps, as their rigid geometric design and large size contrast visually 
with the natural landscape features and flat terrain. In addition, the reference cap design includes 
placement of large obelisk surface markers with. posted warning signs near the caps, which would 
appear out of place in the landscape. These caps would be noticeable to users of the Columbia River 
and be visible from certain points along State Routes 24 and 240 .. 
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Construction activity associated witll cap. const~uction also :would result in short-term impacts on 
2 the ·visual and aesthetic resources of tl:ie area~ 'Corisfruction equipment, haul trucks, and work crews 
3 would intrude on the surrounding viewscape. These activities also would result in the generation of 
4 fugitive dust, which could reduce visual clarity and obscure viewsheds. 
5. 

6 5.3.8.4.1 Potential Mitigation Measures. Potential mitigation measures would include those 
7 described for the Unrestricted Future Land-Use Alternative, as well as the following: using surface 
8 markers designed to be compatible with the surrounding landscape and using natural materials in cap 
9 construction to minimize contrast with the surrounding landscape. 

10 
I I 
12 5.3.9 Human Health Risks 
13 
14 5.3.9.1 Hwizan Health Risks, No-Action Altemati.ve. The No-Action Alternative would involve 
15 surface decontamination and/or stabilization of inactive waste sites, environmental monitoring, and 
}6 security functions (see Section 3.3.1). Potential human exposures to radiological and chemical 
17 contaminants would continue to be prevented by engineering and institutional controls, including 
18 Hanford Site access restrictions; restrictions on contact with, or proximity to, radioactive and 
19 hazardous materials; and restrictions on the use of contaminated groundwater. As long as these 
20 controls remain in place, risks to workers and the general public froin the Reactors on the River 
21 geographic area are expected to remain within acceptable limits. Therefore, the No-Action 
22 Alternative, with continued use of engineering and institutional controls, is not expected to have 
23 significant impacts on human health. 
24 
r _:, 
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Consideration of the No-Action Alternative for the Hanford Site requires analysis of potential 
human health risks in the event that engineering and institutional controls are removed. To assess 
these health effects, a baseline risk assessment was performed for the Reactors on the River, the 
Central Plateau, and the All Other Areas geographic areas. Human health risks were calculated for 
exposures to radioactive materials, carcinogenic chemicals, and noncarcinogenic chemicals. The risk 
assessment used four exposure scenarios: agricultural, residential, industrial, and recreational. These 
exposure scenarios, and other assumptions used in the risk assessment, are discussed in Appendix B. 
The risk assessment results in the Reactors on the Rivet geographic area under the No-Action 
Alternative are discussed in Section 5. 7 .3. ' 

The risk assessment performed for the No-Action Alternative also included evaluation of an 
accident scenario: This scenario involves a range fire that burns a 2.6-km2 (1-mi2

) area of the 
Hanford Site, releasing into the atmosphere any radioactive contaminants taken up by plants growing 
within that area. This type of accident was chosen for the No-Action Alternative because it is a 
natural occurrence not caused by any specific r·emedial activity (Appendix B5). 

The airborne pathway was the only exposure pathway considered for estimating the impacts of 
this accident. Radiation doses from the airborne releases were estimated for onsite remediation 
workers, for a member of the public located at the nearest public access location (NPAL), and for 

_ offsite populations. The NPAL for the accident analyses are along the Columbia River~ 
State Route 240, and the roads leading to the Wye Barricade on the Hanford Site. 

Table 5-20 lists the maximum estimated radiation doses that would result from the range fire and 
other accident scenarios for the Reactors on the :R.iver future land-use alternatives. The maximum 
estimated radiation dose to an onsite worker as a result of the range fire is less than 0.1 % of the 
5,000-mrem/yr annual dose limit for workers. The maximum estimated dose to a member of the 
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. . . 
public is less than the standard of 10 rii'rem for public exposur,~ _resulting from routine airborne 

2 releases established in DOE Order 5400:5:{bOE 1993a}f~.:lfhere" are no DOE standards governing 
3 exposures caused by accidents. . 
4 

5 

6 
7 

Table 5-20. Consequences of Accidents Durillg Remediation, 
Reactors on the River Geographic Area. 

MEI Doses (mrem) 

8 

9 
10 
11 

12 
13 

14 

Accident Scenario 

Accidental Dispersion 
During Groundwater 
Treatment 

Accidental Dispersion 
During Excavation 

·-

Range Fire 

MEI at 100 m 
(327 ft) 

620 

2.5 E-04• 

4.6 

'1.8 E-06• 

3.0 

1.2 E-06• 

MEI at the ~AL Site Boundary Dose 
and Distance and Distance 

510 at 110 J11 (360 ft) 0.80 at 8,510 m 
(27,900 ft) 

2.6 E-04' --~ 4.0 E-07• 

3.9 at 110 m (360 ft) 0.10 E-01 at 8,510 m 
(27,900 ft) 

2.0 E-06• 5.0 E-08• 

2.6 at 110 m _(360 ft) 6.0 E-03 at 8,510 m 
(27,900 ft) 

·--· . L: ;. 

1.3 E-06• 3.0 E-09• 

I 5 •Increased probability of this individual cqntracting a fatal,_ cancer. 
16 blncrease in LCFs in this population. ·· · . · '. · · · '· 
17 LCF = latent cancer fatality. 
18 MEI = maximally exposed individual. 
19 NP AL = nearest public access location. 

20 

Maximum Population 
Dose (person-rem),. 

Populad°on, and . · 
Direction 

0.51 to a population of 
97,689 to the west of all 
the 100 Areas 

2.6 E-04b 

5.5 E-02 to a population 
of 97,689 to the west of 
all the 100 Areas 

2.8 E-05b 

3.4 E-03 to a population 
of 97,689 to the west of 
all the 100 Areas 

1.7 E-06b 

21 5.3.9.2 Human Health Risks, Unrestricted Future Land-Use Alternative. The Unrestricted Future 
22 Land-Use Alternative would involve complete excavation and removal of contaminated soils and 
23 inactive effluent lines, closure o"f TSO facilities, decommissioning of surplus facilities, and 
24 groundwater remediation. Remedial activities are not expected to result in significant adverse health 
25 effects to workers or the general public. Use of good health physics and industrial hygiene practices 
26 would ensure that exposures to radioactive and hazardous chemicals remain below applicable 
27 regulatory and administrative limits. Site-specific evaluations of potential risk to workers and the 
28 public would be performed as part of the CERCLA process. Over the long term, the Unrestricted 
29 Future Land-Use Alternative.would result in beneficial impacts by reducing cancer risks to levels at 
30 or ·below the target risk range of 104 to_ 10·6• ·. 

31 
32 The potential for adverse health effects resulting from accidents during remediation ·were 
33 evaluated using the risk assessment methodology (Appendix B5). In addition to the range fire, which 
34 could occur whether the site was remediated or not, two other accident scenarios were considered for 
35 the Unrestricted Future Land-Use Alternative. The first is an explosion that disperses a quantity of 
36 hazardous and radioactive material into the environment during the excavation of a waste site. The 
3 7 second is the destruction by fire of a filtration unit used to 'treat contaminated water, and the resultant 
38 release of contaminants to the atmosphere. · 
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The excavation accident scenario involve~ Jl:i~ iQ<!dvertel).t ignition of some reactive material in 

2 a co~tainer encountered during the excavation 6f a 'Waite' site',(Appendix 135). The resulting explosion 
3 disperses contaminants, which are transported through the air and result in the exposure of workers 
4 and the nearby population. The radiation dose to remediation workers would be more than three 
5 orders of magnitude below the regulatory limit for radiation workers of 5,000 mrem/yr (see 
6 Table 5-20). The estimated radiation doses to a member of the public at the NPAL and to offsite 
7 populations are small compared to the allowable annual dose of IO mrem from airborne sources to a 
8 member of the general public (see Table 5-20). 

·9 ' 
IO The groundwater treatment accident scenario involves a fire that causes the release of 
11 radioactive and hazardous contaminants that have accumulated in the filtration unit during the reverse 
12 osmosis treatment of groundwater (Appendix B5). Contaminants accumulated on the filter and 
13 available for release are assumed to be the result of processing I00,000 L (26,400 gal) of 
14 groundwater containing the maximum concentrations of contaminants found in groundwater plumes 
15 underlying the area. As with the excavation accident scenario, the impacts at the NPAL and at the 
16 Hanford Site boundary would vary according to where the accident occurs. The maximum estimated 
17 radiation dose to workers would be less than 20% of the regulatory limit of 5,000 mrem/yr for 
18 radiation workers (see Table 5-20). The 0.8-mrem Hanford Site boundary dose is small compared to 
19 the allowable annual dose of IO mrem, and it would not be expected to cause any adverse health 
20 effects. · 
21 
22 5.3.9.2.1 Potential Mitigation Measures. Potential mitigation measures for the Unrestricted 
23 Future Land-Use Alternative are those that are designed to prevent accidents from occurring during 
24 remedial activities or to reduce the severity of their impacts once they occur. · Appropriate 
25 engineering and administrative measures would be applied during routine remedial activities so that 
26 ·the protection of workers, the general public, and the environment is ensured. For remediation and 
27 nearby workers, this includes wearing appropriate protective clothing; using respiratory protection, 
28 when necessary; and limiting exposures to contaminants in accordance with ALARA guidelines, and 
29 good health physics and industrial hygiene practices. For the general public, it involves the use of 
30 practices and procedures designed to reduce the transport of radioactive and hazardous materials 
31 offsite. These include use of dust suppressants during excavation; use of containment structures, 
32 when necessary; and other similar measures to control the spread of these materials. 
33 
34 5.3.9.3 Human Health Risks, Restricted Future Land-Use Alternative (RI). The Restricted Future 
35 . Land-Use Alternative (Rl) would involve excavation and removal of past-practice waste sites and 
36 effluent lines, closure of TSD facilities, decommissioning of surplus facilities, and groundwater 
37 remediation, combined with institutional controls. As with the Unrestricted Future Land-Use 
38 Alternative, use of good health physics and industrial hygiene practices would ensure that exposures 
39 to radioactive and hazardous chemicals remain below applicable regulatory and administrative limits. 
40 Site:specific evaluations of potential risk to workers and the public would be performed as part of the 
41 CERCLA process. Remedial' activities are not expected to result in significant adverse health effects 
42 to workers or the general public. 
43 
44 Over the long term, the Restricted Future Land-Use Alternative (Rl) would result in beneficial 
45 impacts by removing some contamination and preventing exposure to remaining contamination by 
46 restricting activities. These restrictions would include prohibitions on soil disturbance and restrictions 
47 on groundwater use. The combination of excavation and land-use restrictions would reduce cancer 
48 risks to levels at or below the target risk range of 10-4 to 10·6• Cancer risks could be higher if 
49 land-use restrictions are violated. 
50 
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_The accident scenarios descr-ibed1•~or_t.~t Unrestrict~-~ ,~~-tJ.Ire Land-Use Alternative would be 
applicable to this alternative. Althoiigh'~he'consequences''would be the same as for the Unrestricted 
Future Land-Use Alternative, the excavation accident would be less likely to occur under the 
Restricted Future Land-Use Alternative (Rl), because less material would be excavated and 
remediation would require less time. Therefore, the overall impacts of the excavation accident, when 
the probability of occurrence is factored in, would be e?(pected to be lower than for the Unrestricted 
Future Land-Use Alternative. ' · 

The groundwater treatment accident scenario_ could have the same impacts under the Restricted 
Future Land-Use Alternative (Rl) as for the Unrestricted Future Land~Use Alternative. Therefore, 
adverse impacts of accidents under the Restricted Future Land-Use Alternative (RI) on human health 
are considered potentially significant. · 

5.3.9.3.1 Potential Mitigation Measures. Potential mitigation measures for minimizing human 
health effects under the Restricted Future Land-Use Alternative (RI) would be the same as for the 
Unrestricted Future Land-Use Alternative. 

5.3.9.4 Human Health Risks, Restricted Future Land-Use Alternative (R2). Remediation to 
restricted use (R2) would involve construction qf caps over past-practice waste sites, effluent lines, 
and TSD facilities, and, groundwater remediation, combined with institutional controls. The 
Restricted Future Land-Use Alternative (R2) would result in long-term beneficial impacts by 
preventing human exposures to contamination. 'The iastitutional controls would include restrictions on 
excavation and use of groundwater. The combination of caps and use restrictions would reduce 
cancer risks to levels at or below the target risk-range of 10"" to 10·6• If activity restrictions are 
violated, cancer risks could be higher, approac;hing those estimated for the No-Action Alternative. 

Because no significant excavation would occur under this alternative, the excavation accident 
scenario described for the Unrestricted Land-Use-.Alternative would not apply here. The groundwater 
treatment accident scenario would have the same impacts under the Restricted Future Land-Use 
Alternative (R2) as for the Unrestricted Future Land-Use Alternative. Therefore, adve"rse impacts of 
accidents under the Restricted Future Land-Use Alternative (R2) on human health are considered 
potentially significant. 

5.3.9.4.1 Potential Mitigation Measures. Potential mitigation measures for minimizing human 
health effects for the Restricted. Future Land-Use Alternative (R2) would be the same as for the 
Unrestricted Future Land-Use Alternative. 

5. 3. 10 Occupational Impacts 

Potential occupational impacts associated with implementing the future land-use alternatives in 
the Reactors on the River geographic area were estimated by comparing the field labor hours 
identified in Appendix H for each alternative with 'the BLS and DOE incident rates (NSC 1993 and 
EG&G 1993a). The estimates assume that all remediation waste is transported by truck-for onsite 
disposal, as truck transport requires more labor, and thus results in a more conservative analysis. 
Other assumptions used in this analysis are presented in Appendix I. 

5.3.10.1 Occupational Impacts, No-Action Alternative. Labor hour estimates are not available for 
the No-Action Alternative; therefore, no occupational impacts were estimated, and mitigation 
measures were not evaluated.· 
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5.3.10.2 Occupational Impacts, Unrestricted Future Land-Use and Restricted Future Land-Use 
2 Altenzatives. Table 5-21 presents the potential occupational impacts for the Unrestricted Use and 
3 Restricted Future Land-Use Alternatives (Rl and R2) for ~he Reactors on the River geographic area 
4 based on BLS incident rates. Total cases include all work-related deaths and illnesses, and those 
5 work-related injuries that result in loss of consciousness, restriction of work or motion, transfer to 
6 another job, or a requirement for medical attention. Total cases are the sum of lost workday cases 
7 and nonfatal cases without lost workdays. Lost workdays are those days that, because of occupational 
8 injury or illness, an employee was away from work or limited to restricted work activity. Lost 
9 workdays are estimated from lost workday cases. 

10 
11 

12 

13 
14 
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16 
17 
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24 ,­_) 

26 
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40·. 

41 
42 

Table 5-21. Summary of Occupatio,zal Injury Impacts per BLS Statistics. 

Future Land-Use 
., Estimated 

Alternative 
Estimated Total Estimated Lost Nonfatal Cases Estimated Lost 

(labor hours) 
Cases Workday Cases Without Lost Workdays 

Workdays 

Unrestricted 924 500 423 13,279 
(13,500,000) 
·-
Restricted (Rl) 668 358 307 9,486 
(9,700,000) 

Restricted (R2) 1,730 980 749 26,260 
(24,400,000) 

Table 5-22 presents the potential occupational impacts based on DOE incident rates. The 
occupational impacts estimated using DOE incident rates are substantially lower than the impacts 
estimated using BLS incident rates. DOE incident rates historically have compared favorably to 
private industry rates. The analysis using DOE incident rates is expected to more accurately reflect 
potential occupational impacts. 

Potential occupational impacts are greatest for remediation to restricted use (R2), achieved by 
constructiorr of caps over past-practice waste sites, effluent lines, and TSD facilities. This is 
expected, as cap construction would result in a substantial increase in labor hours caused by transport 
_ of cap materials. 

5.3.10.2.1 Potential Mitigation Measures. Potential mitigation measures include continued 
emphasis on safety awareness and worker training. 

5.3.11 Volumes, Disturbed Areas, and Costs 

The assumptions and methodology used to estimate costs for each future land-use alternative are 
discussed in Appendix H. Impacts of each future land-use alternative are summarized in Table 5-23. 

43 5.3.11.1 Effects on Volumes, Disturbed Areas, and Costs, No-Action Alternative. The cost of the 
44 No-Action Alternative is more than $2.4 billion for 100 years of institutional control (Table 5-24). 
45 The cost does not include monitoring of environmental media and external radiation, and is not 
46 specific to the Reactors on the River geographic area, but rather applies to the entire Hanford Site. 
47 
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_5.3.11.1.1 Potential Mitigation Mea,sures. Potent~al mitigation measures include efforts to 
2 reduce the costs of institutional contrtiis':' · · ·;, · " ... • '"' 
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Table 5-22. Summary of Occupational Injury Impacts per DOE Statistics.* 

Future Land-Use 
Estimated Total Estimated Lost Estimated Lost 

Alternatives 
(labor hours) 

Cases Workday Cases Workdays 

Unrestricted 233 
. ' -

101 1,560 
(13,5000,000) 

Restricted (R 1) 167 73 1,122 
(9,700,000) 

Restricted (R2) 421 183 2,824 
(24,400,000). 

*Total labor hours does not include decommissioning or groundwater 
activities. 

Table 5-23. Comparison of Waste Volumes and Costs Associated with t/ze 
Reactors on the River Geographic Area Future Land-Use Alternatives. 

Alternatives 
Resources Impacted 

No Action Unrestricted Restricted (Rl) Restricted (R2) 

Capping Materials LCM1
. 0 0 0 18,820 

(x 103) -' ,, 

Excavated Volumes BCM1 

(x 1Ql) 

Uncontaminated Soil 0 7,010 5,666 0 
Contaminated Soil 0 6,663 4,585 0 

Groundwater Treatment 0 205 205 205 
Costs in 1994 Dollars 
(millions) -
Areas of Disturbance (ha) 87 420 390 373 

Project Costs in 1994 2,424b $3,848 (truck haul) $2,090 (truck haul) $4,601 (truck haul) 
Dollars (millions) $2,824 (rail haul) $2,824 (rail haul) $2,011 (rail haul) 

33 1 Loose Cubic Meter (LCM) = 1.31 Loose Cubic Yard (LCY) 
34 Bank Cubic Meter (BCM) = 1.31 Bank Cubic Yard (BCY) 
35 ha = 2.47 ac. 
36 bCosts for 100 years of institutional control for the Hanford Site. The costs are not brok~n down by 
3 7 geographic area. 

38 
39 
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Table 5-24. t:ost Summary for the No-Action: Alternative. 

Activity 
Cost ($ millions) (year) 

Base Year" First 100 Years 

Maintenanceb1 

Surveillance and Maintenance of Surplus Facilities 9.2 923 

Waste Site Stabilizationc1 

Decontamination/Stabilization 2.6 261 
Surveillance/Maintenance -·- - 3.7 374 
Vegetation Management 0.86 86 

Safeguards and Securityc12 7.8 780 

Total 24.16, · 2,424 

asubtotal activity cost figures include costs for labor, material, and other services. 
bJOO D&D Subproject Baseline Sum~ry (WHC and USACE 1994a). 
CRARA/UST Subproject Baseline Summary (WHC and USACE 1994b). 
dSafeguards and Security Program: 1994 Fiscal Year Work Plan (WHC 1994). 
1Fiscal Year 1994 _Target Costs. 
2Fiscal Year 1993 Actual Costs. 

5.3.11.2 Effects on Volumes, Disturbed Areas, and Costs, Unrestricted Future Land-Use 
Alternative. Total waste volumes to be excavated under the Unrestricted Future Land-Use Alternative 
include 5.6 million BCM (7 .3 million BCY) of contaminated soil and 3.8 million BCM (5.0 million 
BCY) of uncontaminated soil. Removal of effluent lines would require excavation of 1.1 million 
BCM (1 .4 million BCY) of contaminated soil and 3.2 million BCM (4.2 million BCM) of 
uncontaminated soil. The reactor ·areas that would generate the largest amounts of waste in the 
Reactors on the River geographic area are 100-DR and 100-K (Table 5-25). The total area disturbed 
by remedial actions is 420 ha (1,038 ac). Volumes and costs for removing concrete stacks are 
included in these estimates as waste sites. The cost for total excavation of waste sites, pipelines, and . 
concrete stacks would be about $2.6 billion. 

The conceptual groundwater remediation system used for analysis in this EIS is described in. · 
Appendix D. The cost for treating groundwater is $204 million. 

The cost for decommissioning surplus fadlities· would be about 1 % of the total costs or about 
$48 million. Decommissioning contaminated and noncontaminated buildings would require disposal 
of approximately 8,000 LCM (10,000 LCY) of contaminated waste, transport of 13,000 LCM 
(17,Q00 LCY) to solid waste landfill, recycling of 30,000 LCM (39,000 LCY) of concrete and steel, 
and excavation of more than 60,000 LCM (79,000 LCY) of borrow materials. 

Two transportation scenarios were analyzed for transporting waste to the ERDF: trucks and rail. 
The loose yolumes to be transported are assumed to be 18% greater ~han bank volumes. !otal labor 
hours for the truck alternative would be 37 times the labor requirement for the rail transport 
(Table 5-26). Costs for transportation of waste-to the ERDF range from $48 million for rail haul to 
S 1,050 million for truck haul. 

44 The total costs of remedial actions to restore the Reactors on the River geographic area to allow 
45 unrestricted uses are approximately $3.8 billion hauled by truck and approximately $2.8 billion hauled 
46 by rail (see Table 5-23). 
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Table 5-25... "JYaste X9l1,f11le,,fl_rreM~r!Ai'!.L}Vi~ie Site_s alld Pipelines 
in the Reai:tors~o,f·ilfeiRi'v'er Geogtqplzic'Afea. · 

Reactor Area . 
N oncontaminated Contaminated. . Piping 
S6il ( % of Total) Soil (% of Total) (% 'of Total) . 

100-B/C 
-

16 18 11 
100-DR 18 23 30 
100-F 15 15 9 
100-H 9 13 9 
100-K 27 '·- 26 33 
100-N 15 6 8 

Total 100 100 100 

13 Table 5-26. Summary of Potential Costs for tlze Unrestricted Future Land-Use Altemative, 
14 Reactors on the River Geographic Area. 

Project Cost in 1994 Dollars (millions) 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

27 

·- ' 

Resource 
' 

~ 

_ Mobilization and Preparatory Work 

Monitoring, Sampling, and Analysis 

Surface Water Collection and Control 

Decommissioning 

Solids Collection and Containment 

Disposal 

. Site Restoration 

Demobilization 
·' 

Total Costs 

Fuel Use (millions) L 
(gal) 

-'Labor Hours (millions) 

Waste 
Sites 

17 

1;400 

0.9 
., .,· 0' ', 

330 

o· 
240 

5.5 

1,993-4 

75 
(20) 

-7.9 

Transportation 
Pipelines Groundwater D&D 

Truck" Railb 

0.4 -- 6.7 -- --

360 -- 3.0 -- --
0 -- 0 -- --

:~,o -- 28 -- --
85 - 2.5 -- --

0 - 3.5 -- --
39 - 3.3 -- --
0.3 -- 0.1 -- --

484.7 205 47.1 1,050 48 

24 3.0 52 9.-1 
(6.3) (0.8) (14) (2.4) 

2.3 0.4 0.4 7 .1 0.19 

28 _ aDoes not include approximately 109,000 labor hours, 7 .6 million L (2 million gal) of fuel, and 
29 $23 million in costs for haul road construction., 
30 bDoes not include approximately $3 million and 1,000 labor hours for rail improvements. 
31 D&D = decommissioning. · 

32 
33 
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5.3.11.2.1 Potential Mitigatioii Measures. All projects to be undertaken to clean up the 
Hanford Site would seek to minimize waste production. Existing waste minimization plans for 
100 Area projects require a readiness review to address waste minimization before receiving approval 
to start work. Recycl~ng is a critical component of any waste minimization effort and would be 
implemented, to the extent possible, for decommissioning waste; however, significant quantities of 
materials are not recyclable because of a lack of cost-effective decontamination technology. Sensors 
to monitor contamination as excavation proceeds would prevent excavation of noncontaminated soils. 
Excavation of waste in combination with technologies such as soil washing would result in reduced 
disposal• ·requirements. 

Continuing emphasis would be placed on the development and implementation of new remedial. 
technologies to reduce the volumes, levels of disturbance, and costs associated with remediating waste 
sites in the Reactors on the River geographic area. These new technologies may include in-situ 
treatments, which could significantly reduce the volumes of contaminated soils requiring excavation 
and disposal. 

5.3.11.3 Effects on Volumes, Disturbed Areas, and Costs, Restricted Future Land-Use Altenzative 
(Rl): The Restricted Future Land-Use Alternative (Rl) would involve excavation and removal of 
past-practice waste sites and effluent lines, closure of TSO facilities, decommissioning of surplus 
facilities, and groundwater remediation, combined with institutional controls. Waste volumes to be 
excavated, and the resulting disturbed areas for the Restricted Future Land-Use Alternative (Rl), 
include 2.4 million BCM (3.1 million BCY) of uncontaminated soil and 3.5 million BCM (4.6 million 
BCY) of contaminated soil (see Table 5-23). Excavation of pipelines would require removal of 
1.1 million BCM (1.4 million BCY) of contaminated soil and 3.2 million BCM (4.2 million BCY) of 
uncontaminated soil. The total area disturbed by remedial actions is 390 ha (964 ac). The costs for 
excavating waste sites, concrete stacks, and pipelines. to a depth of 5 m ( 15 ft) would be about 
$1.8 billion, or about 30% less than complete excavation (Table 5-27). The volumes and costs for 
decommissioning surplus facilities for this alternative were described in detail for the Unrestricted 
Future Land-Use Alternative. 

The cost for groundwater treatment would be about $205 million. Total costs of remedial 
actions are $2.1 billion hauled to the ERDF by truck and $2.8 billion hauled to the ERDF by rail 
(Table 5-23). . 

35 5.3.11.3.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
36 Future Land-Use Alternative (Rl)·would be the same as for the Unrestricted Future Land-Use 
37 Alternative. 
38 
39 5.3.11.4 Effects on Volumes, Disturbed Areas, and Costs, Restricted Future Land-Use Alternative 
40 (R2). The Restricted Future Land-Use Alternative (R2) would involve construction of caps over 
41 past-practice waste sites, effluent lines, and TSO facilities, and groundwater remediation, combined 
42 with institutional controls. The reference cap design used to estimate volumes and costs is describ_ed 
43 in Appendix E. It is assumed that all cap material is available onsite. The material volumes to be 
44 transported by truck or rail to the 100 Areas f~r cap construction are shown in Table 5-28. Surplus 
.is · facilities decommissioning volumes and costs, and groundwater remediation cost would be the same as 
46 in the Restricted Future Land-Use Alternative (Rl). The total area disturbed by remedial actions 
-+7 would be 373 ha (921 ac). 
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Table 5-27. Summary of Potenfil.l!.. Co.~(s for_ t/z,e P.,estrjcted '.Future Land-Use .Altemative (RI), 
2 . · · Reacto'rs)/,~'iii~/D.lieF q~~irfHiJ.zic'Ar~a. . 

•· ,. ·.·:_,._; .. ·,; ., ., 
Project Cost in 1994 Dollars (millions) 

-·., 
,, .. ,. •, •. ' . , . . . -- . 

' . 

3 Resource Waste Transportation 
Pipelines Groundwater D&D 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

Mobilization and Preparatory Work 

Monitoring, Sampling, and Analysis 

Surface Water Collection and Control 

Decommissioning 

Solids Collection and Containment 

Disposal 

Site Restoration 

Demobilization ' ·-
Total Costs 

, 

Fuel Use (millions) L 
(gal) 

Labor Hours (millions) 

Sites 

17 0.4 

920 · - 360 

0.8 0 

0 0 

210 85 

0 0 

160 39 

5.5 0.3 

1,313.3 484.7 

45.1 23.8 
(11. 9) (6.3) 

5.2 2.3 

Truck~ Railb 

-- 6.7 -- --

-- 3.0 · -- --

-- 0 -- --

-- 28 -- --
-- 2.5' -- --
-- 3.5 · -- --
- 3.3 -- --

-- 0.1 -- --
204 47.1 740 34 

-- 3.0 36 6.4 
(0.8) (9.5) .(1. 7) 

0.4 .4 5.0 0.13 

16 aDoes not include approximately 100,000 labor hours, 7 .6 million L (2 million gal) offoel, and 
17 $23 million in costs for haul road consfruc:tio~> .· .· :', < . 
18 ~Does not include approximately $3 million and 1 ;000 labor hours for rail improvements. 
19 D&D = decommissioning. 

20 
21 The total costs of remedial actions (Table 5-29) for the Restricted Future Land-Use Alternative 
22 (R2).are $4.6 billion if cap material is hauled to the 100 Areas by truck and $2.0 billion if cap 
23 material is hauled by rail. 
24 
25 5.3.11.4.1 Potential Mitigation Measures. More site characterization has the potential to 
26 reduce the number and size of waste sites to be remediated. The use of a RCRA Subtitle C cap or a· 
27 modified RCRA cap, instead of the reference cap described in Appendix E, would reduce the volumes 
28 of cap materials required, associated areas of disturbance, and the costs of remedial actions. 
29 Minimum technology requirements for a RCRA Subtitle C cap are specified in "Standards for . 
30 Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities," 
31 (40 CFR 264.310). The modified RCRA cap would better suit the conditions at the Hanford Site. 
32 The .unit cost for a RCRA Subtitle C cap or modified RCRA cap is $51/m2 ($5/ft2) and $72/m2 

. 

33 ($7/ft2), respectively. The unit cost for a reference cap is $134/m2 .($12/ft2) (DOE-RL J994a). 
34 
35 
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Table 5-28. Voluiizes of Capping Materials Required for 
the Restricted. Future Land-Use Alternative (R2), 

Reactors on the River Geographic Area. 

Material 

Drainage Gravel 
Gravel 
Basalt 

·- ·-
Asphalt Base 
Contour Fill 
Lower Silt 
Upper Silt 
Sand 
Asphalt --

Total ·-

LCM = Loose Cubic Meter. 
LCY = Loose Cubic Yard. 

Volume (x 103
) 

LCM (LCY) 

845 (1,107) 
845 (1,107) 

8,446 (11,064)_. 
276 (365) 

1,689 (2,213) 
2,813 (3,685) 
2,813 (3,685) 

422 (553) 
669 (876) 

18,820 (24,655) 

Table 5-29. Summary of Potential Costs/or the Restricted Future La1Zd-Use Altenzative (R2), 
Reactors on the River Geographic Area. 

Project Cost in 1994 Dollars (millions) 

Resource Waste Transportation 

Sites 
Pipelines Groundwater D&D 

True~ Railb 

Mobilization and Preparatory Work 20 2 -- 6.7 -- --. 
Monitoring, Sampling, and Analysis 120 9.2 -- 3.0. -- --
Surface Water Collection and Control 1.9 0.1 · -- 0 -- --
Decommissioning 0 0 -- 28 -- --

Solids Collection and Containment 650 53 -- 2.5 -- -- . -
Disposal 0 0 -- 3.5 -- --

Site Restoration 460 43 -- 3.3 -- --

"Demobilization 3.9 0.4 -- 0.1 -- --
TQtal Costs 1,255.8 107.7 205 47.1 2,700 140 

Fuel Use (millions) L 53.0 4.2 -- 3.0 130 27 
(gal) (14.0) · (1. 1) (0.8) (34) (7.0) 

Labor Hours (millions) 4.8 0.4 0.4 0.4 18.4 0.55 
I 

33 •Does not include approximately 1_00,000 labor hours, 7 .6 million L (2 million gal) of fuel, and 
34 $23 miilion in costs for haul road construction. . 
35 bDoes not include approximately $3 million and 1,000 labor hours for rail improvements. 
36 D&D = decommissioning. 
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Continuing emphasis would be placed on the development and implementation of new remedial 
2 technologies to reduce the volumes, levels of disturbante, ahd costs associated with remediating waste 
3 sites in the All Other Areas geographic area. These ne\v technologies may include in-siru treatments, 
4 - which could significantly reduce the volumes of contaminated soils requiring excavation and disposal. 
5 
6 
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5.4 Celltral Plateau Geographic Area 
2 '•- ·:; 

0
'.:' 

3 The scope of the proposed actions in the Central Plateau geographic area includes the 
4 past-practice waste units and TSD facilities listed in Appendix A, and groundwater contaminant 
5 . plumes that contain radiological and chemical contaminants. Potential impacts of the No-Action and 
6 Exclusive Future Land~Use Alternatives are described in the following sections. 
7 
8 
9_ 
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5.4.1 Geology 
. . 

This section describes the impacts of each alternative on the geologic resources in the Central 
Plateau geographic area. While neither of the alternatives result in direct impacts, the Exclusive 
Future Land-Use Alternative will deplete quarry and borrow sites. Section 5.10 discusses the 
irretrievable and irreversible commitment of resources, and additional discussion of quarry and 
borrow sites is provided in Appendix E. · 

5.4.1.1 Effects on Geologic Resources, No-Action Alternative. Under the No-Action Alternative, 
stabilization of waste sites would result in a limited depletion of quarry and borrow sites. Continued 
restrictions on public access to the Central Plateau geographic area would preclude exploration or 
exploitation of mineral deposits. There currently are no known mineral leases in this area, and a 
formal evaluation of the mineral potential of this area has never been prepared. Continuing to 
exclude geologic resources in the Central Plateau geographic area from development wouid not be 
expected to result in significant short- or long-term adverse impacts. Continued environmental 
monitoring and maintenance activities would have no significant impacts on the geologic resources of 
the Central Plateau geographic area. 

5.4.1.2 Effects Oil Geologic Resources, Exclusive Future Land-Use Alternative. The Exclusive 
Future Land-Use Alternative would involve the capping of waste sites. Capping would require 
approximately 17,500,000 LCM (22,900,000 LCY) of materials and disturbance of approximately 
475 ha (1,174 ac), according to Bechtel Hanford, Inc. (BHI) baseline planning documents 
(BHI 1995), based on installation of modified RCRA caps. This alternative would have an impact on 
the geologic resources of the quarry and borrow sites (Appendix E), and Section 5.10 discusses this. 
as an irreversible and irretrievable commitment of resources. As in the No-Action Alternative, 
existing restrictions on public access to the Central Plateau geographic area would continue with no 
related short- or long-term adverse geologic impacts from these restrictions. In addition, the 
indefinite restriction on the withdrawal and use of groundwater, and the restriction on soil disturbing 
activities would have no short_- or long-term adverse geologic impacts. 

. A small number of features relevant to the study of the region's geologic evolution potentially 
could be destroyed during remediation, but this would result in minimal impacts, since such features 
occur elsewhere. 

5.4.2 Soils 

5.4.2.1 Effects 011 Soils, No-Action Alternative. Approximately 272 ha (680 ac) (combined acreages 
of soil types) would be disturbed by surface decontamination or stabilization of inactive waste sites 
under the No-Action Alternative. Potential short-term impacts on soils would be expected, even with 
implementation of appropriate mitigation measures, which are described under the Exclusive Future 
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Land-Use Alternative. Continued environmental monitoring and maintenance activities would not 
2 have· a significant impact on the soils in the Central Plateau geographic area. 
3 
4 5.4.2.2 Effects on Soils, Exclusive Future Lalld-Use Altenzative. Approximately 475 ha (1,174 ac) 
5 would be disturbed by remedial activities under this alternative, according to current BHI baseline 
6 planning documents (BHI 1995). _Potential short-term impacts on soils would include soil compaction 
7 and increased potential for erosion. Soil compaction, particularly in Ephrata sandy loam soils, would 
8 cause increased runoff during storm events, resulting in less infiltration of water into the soil, and 
9 compaction would reduce the amount of loose soil that promotes plant growth. Wind erosion 

IO resulting from disturbance of existing vegetation du.ring remediation would be another potentially 
11 significant short-term impact, particularly in areas with Quincy sand and Bµrbank loamy sand. 
12 Mitigation measures would reduce but not eliminate these potential impacts. 
13 
14 5.4.2.2.1 Potential Mitigation Measures. Potential mitigation measures for the Exclusive 
15 Future Land-Use Alternative would include the following: 
16 
17 • restricting heavy equipment to immediate waste site areas 
18 
19 • using the same or existing transportation routes to minimize damage to undisturbed soil and 
20 vegetation 
21 
22 • using silt fences and dust control measures to reduce soil erosion 
23 
24 • reseeding disturbed areas with native vegetation to reduce long-term soil loss from wind and 
25 water erosion. 
26 
27 
28 5.4. 3 Water Resources 
29 
30 This section describes the effects of each alternative on the water resources of the Central Plateau 
31 geographic area, which include groundwater in the Central Plateau and the Hanford Reach. Pumping 
32 and treating the groundwater under the Exclusive Future Land-Use Alternative in the Central Plateau 
33 geographic area would reduce existing contamination and would reduce the rate of contaminant 
34 migration in groundwater. 
35 
36 5.4.3.1 f,ffects on Groundwater, No-Action Alternative. The No-Action Alternative would involve 
37 no treatment of existing groundwater contamination, and would not have significant short-term 
38 impacts on groundwater. Over the long term, groundwater contamination would be reduced as 
39 contaminants would continue to attenuate and migrate to the Columbia River. Contaminant plumes 
40 identified in the Central Plateau geographic area include: 
41 
42 • chromium 
43 • nitrate 
44 · • cyanide 
45 • fluoride 
46 • strontium-90 
47 • cesium-137 
48 • tritium 
49 • cobalt-60 
50 • iodine-129 
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28 
29 
30 
31 
32 
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• plutonium 
• technetium-99 
• uranium 
• carbon tetrachloride 
• chloroform . 
• trichloroethylene. 

Current restrictions on the use of groundwater in the Central Plateau geographic area would cominut: 
until natural attenuation allows use. 

Other potential groundwater contaminants ··are present in the soils above the water table, the area 
referred to as the vadose zone (DOE-RL 1994br The effect of any migration from the vadose zone 
is not expected to be significant under existing conditions. Although natural groundwater recharge 
rates have not been definitively determined, they are considered to be very low and may be zero 
(DOE-RL 1993b). · This assumption is based on the presence of native plant communities adapted to . . 

dry conditions where plants tend to use all available water. Studies conducted elsewhere have found 
that precipitation does not penetrate below the root zone if annual precipitation is less than 30 cm 
(12 in.) (Durbin 1978). 

__ Some contaminant migration could occur where vegetation cover is lacking and precipitation is· 
allowed to infiltrate beyond the root zone. Contaminants that are not readily adsorbed to the soil 
(e.g., nitrate, tritium, and chromium) would be flushed from the vadose zone sooner than the 
adsorbed contaminants (e.g., strontium-90). Although some more mobile contaminants contained in 
the soil may continue to migrate downward to the water table, they would be diluted to low 
concentrations as they mix with the groundwater. In some locations, these contaminants could extend 
natural attenuation tiJ:?eS for groundwater; 

5.4.3.1.I Potential Mitigation Mt;"asures. Existi,ng restrictions on groundwater use in the 
Central Plateau geographic area and other areas would need to be maintained. No other mitigation . 
measures are recommended. 

5.4.3.2 Effects on Groundwater, Exclusive Future Land-Use Alternative. Under the Exclusive 
Future Land-Use Alternative, the reference caps would eliminate any natural infiltration at waste sites. 
The pump-and-treat system would temporari1y draw down the water table and change the direction of 
groundwater fJ.ow in the immediate vicinity of the pump-and-treat systems. 

Under this alternative, the use of caps would prevent long-term migration of contaminated 
vadose zone water beneath waste sites from entering the groundwater, thus greatly reducing the 
possibility of long-term contamination of groundwater from these sites. The pump-and-treat activities 

. would minimize the movement of groundwater contaminants to downgradient areas. 

5.4.3.3 Effects on Surface Water, No-Action Alternative. Under the No-Action.Alternative, some 
contaminant plumes currently located within the Central Plateau geographic area eventually would 
migrate to the Columbia River. Based on current sampling, it has been demonstrated that tritium and 
iodine-129 (originating in the Central Plateau) have already reached the Columbia River. Under the 
No-Action Alternative, it is likely that other contaminants such as technetium-99 and uranium also 
would reach· the river. At the present time, it is not known if the contaminants reaching the river will 
exist in levels above the DWS. Because this is unknown, the impacts are to be considered significant. 
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5.4.3.4 Effects on Surface Water, Exciusive Future Land-Us~.Aiternative. No significant physical 
2 effects on surface water are expected. Treated water from groundwater remediation would not be 
3 discharged to surface waters. 
4 
5 
6 5.4.4 Ecology 
7 
8 This section describes the effects of each alternative on ecological resources in the Central 
9 Plateau geographic area. No analysis was made of the effects on the man-made wastewater ponds and 

10 ditches as wetlands, because these facilities are included for eventual decontamination and stabilization -
11 (WHC and USACE 1994b). Appendix J addresses Floodplains and Wetlands Assessment in 
12 accordance with 10 CFR 1022. 
13 
14 5.4.4.1 Habitat Disturbance, No-Action.Alternative. Under the No-Action Alternative, 50 ha 
15 (125 ac), 0.7% of the shrub-steppe habitat in the Central Plateau geographic area, would be disturbed 
16 by surface decontamination and stabilization actions. 
17 
18 5.4.4.2 Habitat Disturbance, Exclusive Future Land-Use Alternative. Under the Exclusive Future 
19 Land-Use Alternative, caP.ping of waste sites and pump-and-treat operations in the Central Plateau 
20 geographic area would disturb approximately 6% of the shrub-steppe habitat. Short-term effects 
21 include loss of bird nesting habitat for certain species (sage sparrows, sage thrasher, and loggerhead 
22 shrike) and loss of habitat for small mammals and reptiles. Potential long-term effects include 
23 reduction in dense sagebrush. 
24 
25 5.4.4.3 Effects on Species of Concern, No-Action Alternative. Under the No-Action Alternative, 
26 there would be some direct mortality to small mammals and reptiles inside the boundaries of waste 
27 sites that undergo stabilization. ·These impacts would not be significant. 
28 
29 5.4.4.4 Effects on Species of Concern, Exclusive Future Land-Use Alternative. No federally listed 
30 threatened or endangered species occur in the Central Plateau geographic area. Species of concern 
31 that may occur in this area include the ferruginous hawk (federal candidate), golden eagle (state 
32 candidate), Swanson's hawk (state candidat;), sage sparrow (state candidate), sage thrasher (state 
33 candidate), striped whipsnake (state candidate), and possibly the Columbia milk-vetch (state threatened 
34 and federal candidate). Potential short-term impacts under the Exclusive Future Land-Use Alternative 
35 would include the loss of habitat and ·prey-base for. some species. Potential long-term effects would 
36 include some permanent loss of shrub-steppe habitat, although reclamation would reduce this impact.. 
37 Additional population losses of candidate species could result in their listing as threatened or 
38 endangered under the Endangered Species Act of 1973. 
39· 
40 5.4.4.5 Ecological. Risk, No-Action Alternative. The No-Action Alternative could have significant 
41 impacts to species as the result of long-ter~ exposures to chemical and radiological contaminants in 
42 the Central Plateau geographic area. The potential radiological and nonradiological risks to ecological 
43 receptors in the Central Plateau geographic area were evaluated in the ecological risk assessment 
44 (Appendix C). Potential doses caused by exposure to certain chemicals and radionuclides were 
45 estimated for a generic plant, the Great Basin pocket mouse, the coyote, and the redtailed hawk. All 
46 values of the chemical HI for plants and most of these for the mouse were equal to or greater than 
47 1.0 (Table 5-30), indicating a potential for adverse effects. Several estimated radiation doses for the 
48 plant, coyote and, hawk were greater than the 0.1 rad/d (Table 5-31) suggested by IAEA (1992) as 
49 protective of terrestrial organisms. Figures 5-14 through 5-21 represent the distribution of estimated 
50 exposures to ecological receptors. 
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These results ·indicate potential _adverse effects on ecological receptors exposed to the maximum 
1 esti~ated contaminant concentrations'i'n the R_eactors_ on_ t~~-R:iyet geographic area. The use of the 
3 maximum estimated contaminant corici~'ritraticihs repres~nis wdtst~d1se conditions. Current monitoring 
4 data indicate that measured exposures on· the Hanford Site are below levels of concern. 
5 
6 

7 

8 
9 

lO 
11 
12 
13 
14 
15 
16 
17 
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28 
29 
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31 
32 
33 
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. 37 
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44 
45· 
46 

. ,· 
Table 5-30. Hazard Index Summed by Cell, Central Plateau Geographic Area. 

. 

- . Hazard Index 
Cell ID 

Plant Mouse Coyote Hawk 

565133 -- - -- --
566133 -- - -- --
566134 2.63 E+02 2.62E+00 1.22 E-05 1.76 E-05 
566135 1.18 E+03 7.96E+00 3.65 E-05. 5.51 E-05 

566136 4.44 E+04 2.13 E+04 9.75 E-02 1.65 E-03 
567133 -- - -- --
567134 1.55 E+03 1.65 E+OO 4.46 E-05 1.83 E-03 
567135 -- - -- --
567136 3.92 E+04 6.96 E-04 1.33 E-07 6.38 E-06 
567137 -- - -- --
573134 -- - -- --
573136 1.33 E+03 1.28 E+00 1.22 E-05 3.20 E-04 

573137 6.30 E+04 3.04 E+04 . 1.39 E-01 2.35 E-03. 
574136 -- - ·- --
575135 5.19 E+0l 8.02 E-03 LS3 E-06 7.35 E-05 
575136 -- .... - --

Range: 1.33 E-07 to 6.30 E+04. 
Bold italics indicates values greater than 1.0; -- indicates no data (see Appendix C). 

Recent environmental monitoring data indicate that Hanford operations have resulted in small 
accumulations of some radionuclides in fish and wildlife; however, the concentrations are insufficient 
to pose a hazard to fish and wildlife or to.,humans .who.might consume them (PNL 1993). 

", •• '',) . i. 

5.4.4. 6 Ecological Risk, Exclusive Future Land-Use Alternative. The Exclusive Future Land-Use 
Alternative is expected to pose short-term adverse impacts to ecological resources. The short-term 
impacts would result from resuspension of contaminated soil with consequent direct exposure of 
ecological receptors, but these impacts could be mitigated. · The long-term impacts would be . 
beneficial because of reduction in exposure to radionuclides and hazardous chemicals. 

5.4.4. 7 Effects on Biodiversity, No-Action Alternative. The No-Action Alternative is not expected 
to have significant impacts_ on biodiversity in the short or long term. 

5.4.4.8 Effects on Biodiversity, Exclusive Future Land-Use Alternative. The Exclusive Future 
Land-Use Alternative is expected to have the most significant impacts on biodiversity of the Central 
Plateau geographic area. Disturbance and subsequent reclamation of plant communities could reduce 
species diversity, with indirect effects on community functions such as forage production, cover, and 
nutrient cycling. Activities would fragment existing habitats and disrupt the connectivity among 
different habitats. These impacts are expected to be significant in ihe short term, but lo_ng-term 
effects on biodiversity could be avoided or redu~ed through implementation of mitigation measures. 
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2 Table 5-31. Estimated Radiation Dose, Total by Cell, Central Plateau Geographic Area. 

3 

4 
5 
6 
7 

8 
9 

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

Cell ID 

565133 
565134 
566133 
566134 

566135 
566136 
566137 
567133 

567134 
567135 
567136 
567137 

569140 
570140 
571140 
573134 

573136 
573137 
574135 
574136 

574139 
575135 
575136 
575137 

Plant 

1.28 E-02 
1.21 E-03 
1.92 E-01 

9.24 E+OO 

4.68 E+OO 
1.25 E+OI 
I. 71 E-03 
1.88 E-01 

1.54 E+OI 
1.35 E-01 

1.10 E+02 
1.80 E+OO 

6.59 E-02 
4.21 E-02 
4.21 E-02 

3.66 E+OI 

2.15 E+OO 
7.73 E+Ol 
1.25 E-01 

6.23 E+03 

2.15 E-02 
1.09 E+02 
I.OJ E-01 
6.18 E-05 

Estimated Total Dose (rad/d) 

Mouse Coyote Hawk 

3.65 E-08 9.10 E-05 4.58 E-05 
3.06 E-06 3.98 E-03 3.37 E-03 
4.97 E-07 1.03 E-03 5.98 E-04 
4.94 E-04 6.78 E-01 5.48 E-01 

1.35 E-05 3.55 E-02 1.72 E-02 
4.0~ E-04 1.84 E+OO · 6.18 E-01 
5.25 E-09 9.31 E-06 6. 10 E-06 
7.97 E-07 2.51 E-03 1.07 E-03 

4.23 E-05 1.02 E-01 5.25 E-02 
2.00 E-06 1.03 E-02 3.22 E-03 
2.97 E-04 5.12 E-01 3.43 E-01 
4.65 E-06 7.30 E-03 5.28 E-03 

3.13 E-07 6.78.E-04 ·3.80 E-04 
2.00 E-07 4.32 E-04 2.42 E-04 
2.00 E-07 4.32 E-04 2.42 E-04 
1.32 E-04 3.68 E-01 1. 71 E-01 . 

1.47 E-05 2.99 E-02 1.75 E-02 
2.34 E-04 4.12 E-01 2.71 E-01 
2.53 E-04 3.29 E-01 2.78 E-01 
1.34 E-02 1.74 E+ol 1.47 E+OI 

7.33 E-07 1.03 E-03 8.15 E-04 
7.28 E-04 1.37 E+OO 8.56 E-01 
7.83 E-07 2.28 E-03 1.03 E-03 
1.67 E-10 2.72 E-07 1.91 E-07 

28 Range: 1.67.E-10 to 6.23 E+03. 
2 9 Bold italics indicates values greater than 0.1. 

30 
31 
32 5.4.4.9 Potential Mitigation Measures. Potential mitigation measures for ecological resources under 
33 the No-Action and Exclusive Future Land-Use Alternatives include the following: 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

• limiting areas to be disturbed to immediate waste site area 

• using established transportation routes to minimize damage to undisturbed soil and 
vegetation 

• using silt fences and dust control measures to reduce soil erosion 

• revegetating all disturbed areas with native species to reduce long-term soil loss from wind 
and water erosion 

• avoiding disturbance of known nesting and foraging areas for species such as the loggerhead 
shrike from March 1 to September .30, the primary nesting season 

• continuing ecological monitoring. 
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I 5. 4. 5 Air Quality 
2 
3 5.4.5.1. Effects on Air Quality, No-Action Alternative. Generation of airborne pollutants under the 
4 No-Action Alternative would not exceed the quantities presently generated under Hanford operations. 
5 No significant impacts are expected from implementation of the No-Action Alternative in the Central 
6 Plateau geographic area, because present Hanford operations meet air quality standards (PNL 1995). 
7 
8 5.4.5.2 Effects on Air Quality, Exclusive Future Land-Use Alternative. Capping of waste sites 
9 would generate fugitive dust, possibly contaminated with radioactive particles. Airborne pollutants 

10 also would be released in exhaust from equipment_ used for excavation, loading, and hauling. 
11 Generation of airborne pollutants, especially particulates, would be greater than is currently 
12 experienced on the Hanford Site. Stringent engineering practices and mitigation measures, however, 
13 are expected to maintain airborne particulates at levels similar to quantities presently generated under 
14 Hanford operations. No significant impacts are expected from implementation of the Exclusive 
15 Futur~ Land-Use Alternative in the Central Plateau geographic area, because present Hanford 
I 6 operations meet air quality standards (PNL 1995). 
17 
18 Transportation of contaminated waste for disposal would not result in significant impacts from 
19 haul road dust (see Section 5.2.5.2). 
20 
21 5.4.5.2.1 Potentf.al Mitigation Measures. Potential mitigation measure to reduce air quality 
22 impacts include the use of dust suppression measures, covering haul trucks, and use of temporary 
23 enclosures. · 
24 
15 
26 5.4. 6 Noise 
27 
28 5.4. 6.1 Noise Effects, No-Action Alternative. The noise analysis for this EIS includes potential 
29 noise sources that would be produced by remedial activities and their potential impact on nearby 
30 workers, and on downwind residential areas and wildlife. The predominant source of noise would be 
3 1 heavy trucks and construction equipment. The conservative analysis for the Central Plateau 
32 geographic area is based on a scenario at the 100-H Area in the Reactors on the River geographic 
33 area (see Section 5.3.6). Under the No-Action Alternative for this area, there would be little 
34 remediation and the expected noise impacts would not be significant. 
35 
"36 5.4.6.2 Noise Effects, Exclusive Future Land-Use Alternative. The Exclusive Future Land-Use 
3 7 Alternative involves the capping of waste sites and groundwater remediation in the Central Plateau 
38 geographic area. Noise impacts of construction and transponation activities are not predicted to 
39 violate State of Washington noise standards. Construction-related noise could disturb wildlife within 
40 hearing or visual distance of remediation ·activities. Shon-term noise impacts would cease when 
41 remediation was completed. 
42 
43 5.4. 6.2.1 Potential Mitigation Measures. Use of hearing protection devices and monitoring of 
44 occupational noise are potential mitigation measures for noise impacts under this alterna~ive. 
45 
46 
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I 5.4. 7 Cultural Resources 
2 
3 5.4. 7.1 Effects on Prehistoric and Historic Resources, No-Action Alternative. Impacts to 
4 prehistoric and historic resources would be limited to sites that occur within a waste site boundary. 
5 Recorded prehistoric resources within the Central Plateau geographic area that could be affected 
6 include one roc.k cairn, and a multicomponent site composed of prehistoric lithic scatter and an 
7 historic dump site. Recorded historic resources in the Central Plateau geographic area that could be 
8 affected include a portion of the White Bluffs Road, seven historic trash and debris scatters, and one 
9 multicomponent site. In addition, numerous historic isolates have been recorded in the Central 

IO Plateau geographic .area, and these could be affected: . 
11 
12 5.4.7.1.1 Potential Mitigation Measures. Potential mitigation measures for the No-Action 
13 Alternative include the following: · 
14 
15 • Conducting a survey of the affected areas, whenever practicable 
16 
17 • Before any ground disturbance activities, conducting consultations with the DOE-RL 
18 Historic Preservation Officer, the Hanford Cultural Resource Laboratory, the Washington 
19 SHPO, and concerned Native American Tribal groups and governments 
20 
21 
22 
23 

• Conducting all cultural resources-related work in accordance with the Hanford Cultural 
Resources Management Plan (Chatters 1989) 

24 • A voiding cultural resource areas identified during project planning 
25 
26 • An archaeological monitor would be onsite during ground disturbing activities, when 
27 practicable 
28 
19 • An interpretive training program outlining the history of the Hanford Site would be 
30 presented to personnel involved in the remedial activities. 
31 
32 5.4. 7.2 Effects on Prehistoric and Historic Resources, Exclusive Future Land-Use Alternative. 
33 Potential impacts of this alternative would result from capping of waste sites and pump-and-treat 
34 operations. Because of the greater area of disturbance under this alternative, greater potential impact· 
35 on prehistoric and historic resources would be expected. These impacts would be potentially 
36 significant, but could be mitigate·d. 
37 
38 5.4.7.3 Effects on Areas of.Concern to Native Americans, No-Action Alternative. Potential direct 
39 and indirect impacts on Native American archaeological sites under the No-Action Alternative would . 
40 .be an issue of concern to Native Americ;:ans, particularly if areas of traditional cultural uses 
41 (e.g., traditional burial ar.eas and areas of religious use) are affected. This alternative would continue 
42 restrictions on the use of traditional hunting and gathering sites, and cultural properties. 
43 
44 5.4. 7.3.1 Potential Mitigation Measures. Mitigation measures to address issues of concern to 
45 Native Americans include: 
46 
47 • Consultation with Native American Tribal governments/groups with regard to the potential 
48 impacts on areas that might concern them before implementation of project activities 
49 
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• Incorporation of recommend~tions provided py. Native Arherican Tribal governments/groups 
2 into project-specific cultural·-resou°fi;e mitigation°piai:isJor proposed remedial activities 
3 
4 • Incorporating recommendations provided_ by Native American Tribal governments and 
5 organizations into revegetation plans for proposed remedial activities· 

6 
7 • Involving representatives of Native American Tribal governments and organizations in 
8 archaeological monitoring during remedial activities. 
9 

IO 5.4. 7.4 Effects on Areas of Concem to Native Americans, Exclusive Future Land-Use Alternritive. 
11 Potential direct and indirect impacts on Native American archaeological sites under the Exclusive . 
12 Future Land-Use Alternative would be an issue of concern to Native Americans, parti_cularly if areas. 
13 of traditional cultural uses (e.g., traditional burial areas or areas of religious use) are affected. This 
14 alternative would continue restrictions on the use of traditional hunting and gathering_sites, and 
15 cultural properties. 
16 
17 Remediation under this alternative would eventually allow some Native American uses of the 
18 Central Plateau geographic area. As described in Section 3.2.4.2, the buffer zone established around 
19 waste sites in this area' would decrease in size as remediation reduces risks. As the buffer zone 
20 shrinks, these lands would no longer be classified as exclusive use. 
21 
22 5.4.7.4.1 Potential Mitigation Measures. Potential mitjgation measures for the Exclusive 
23 Future Land-Use Alternative are the same as for the No-Action Alternative. 
24 
') -_.) 

26 5.4. 8 Visual and Aesthetic Resources 
27 
28 5.4.8.1 Effects on Visual and Aesthetic Resources, No-Action Alternative. Continued 
29 environmental monitoring and maintenance activities; a~d stabilization of waste sites would have no 
30 significant impact on visual and aesthetic resources. 
31 
32 5.4.8.2 Effects on Visual and Aesthetic Resources, Exclusive Future Land-Use Alternative. Under 
33 the Exclusive Future Land-Use Alternative, capping of waste sites and pump-and-treat operations 
34 would result in short-term impacts on visual and aesthetic resources in the Central Plateau geographic 
35 area. · Short- and long-term visual impacts would result from construction. 
36 
37 The construction of caps on waste sites in the Central Plateau geographic area would 
38 permanently alter the landscape, and would be a significant impact. The size and shape of the caps 
39 would be noticeable on the flat plateau, where there is minimal topographic relief. Viewer attention 
40 would be focused on the caps, as their rigid geometric design and large size would contrast with the 
41 natural landscape. · · 
42 
43 5.4.8.2.1 Potential Mitigation Measures> Potential mitigation measures include contouring and 
44 revegetating capped sites, and the use of dust suppressing measures. 
45 
46 

Preliminary Draft 5-101 November 10, 1995 



5.4.9 Human .Health Risks 
2 
3 5.4.9.1 Humall Health Risks, No-Actioll Altemative. Under the No-Action Alternative, the 
4 activities would be limited to monitoring of environmental media, maintaining and stabilizing waste 
5 . sites and facilities, and security functions. Potential human exposures to radiological and chemical 
6 contaminants would continue .to be prevented by engineering and institutional controls, including site 
7 access restrictions; restrictions on contact with, or in proximity to, radioactive and hazardous 
8 materials; and restrictions on the withdrawal and use of groundwater. As long as these controls 
9 remain in place, risks to workers and the general public from contaminants in the Central Plateau 

IO geographic area are expected to remain within acc~table limits. Therefore, the No-Action 
11 Alternative, with continued use of engineering and institutional controls, is not expected to have · 
12 significant impacts on human health. · 
13 
14 The removal of institutional controls in the Central Plateau geographic area has the potential to 
15 result in significant human health risks. A baseline risk assessment was performed to assess the 
IQ potential human health risks associated with loss of institutional controls under the No-Action 
17 Alternative. Human health risks were calculated for exposures to radioactive materials, carcinogenic 
18 chemicals, and noncarcinogenic chemicals using the industrial exposure scenario. This exposure 
19 scenario and other assumptions used in the risk assessment are discussed in Appendix B. The risk 
20 assessment results for the Central Plateau geographic area are discussed in Section 5.7.3. 
21 
22 Table 5-32 presents the consequences of a range fire occurring in the Central Plateau geographic 
23 area that releases contaminants taken up by plants growing within the area. The assumptions used in 
24 this accident scenario are similar to those described for the Reactors on the River geographic area 
25 (Section 5.3.9.1). The maximum estimated radiation dose to an onsite worker for this scenario is less 
26 than 0.1 % of the 5,000-mrern/yr annual dose limit for workers (see Table 5-32). 
27 
28 5.4.9.2 Human Health Risks, Exclusive Future Lalld-Use Alternative. The Exclusive Future 
29 Land-Use Alternative would be achieved through a combination of institutional controls, capping of 
30 contaminated areas, and groundwater remediation. The DOE would maintain institutional control of 
31 the Central Plateau geographic area, and would continue to use the area for waste management 
32 activities. Withdrawal and use of groundwater in the Central Plateau geographic area would be 
33 controlled for an indefinite period. 
34 
35 Over the long term, the Exclusive Future Land-Use Alternative would result in beneficial 
36 impacts on human health by removing some contamination and preventing exposure to remaining 
3 7 contamination by restricting activities. These restrictions would include prohibitions on soil 
38 disturbance and restrictions on groundwater use for an indefinite period. The combination of capping 
39 wastes, groundwater remediation, and use restrictions would reduce cancer risks to levels at or below 
40 the target risk range of 10-4 to 10-6. Cancer risks could be higher if activity restrictions are violated. 
41 
42 
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Table 5-32. ·. Coi;~equen~es of Accidentspurill'g Remediation, 
. Ce,ztfaf Plateau Geograpiiic: Area: .····. 

MEI Doses (mrem) Maximum Population 
. ' 

Accident Scenario 
Dose (person-rem), 

MEI at the NP AL Site Boundary Dose Population, and MEI at 100 m 
(327 ft) and Distance and Distance Direction 

Groundwater 280 0.6 at 3,920 m 0.2 at 11,720 m 0.49 to a population of 
Treatment (12,860 ft) (38,400 ft) 114,734 to the southeast 

of the Central Plateau 
·- -

1.1 E-0.r 3.0E-0? 1.0E-0? 2.5 E-04b 

Range Fire 1.4 0.003 at 3,920 m 0.0015 at 11,720 m 0.0033 to a population 
(12,860 ft) 

. ' 
(38,400 ft) of 114,734 to the 

southeast of the Central 
., 

Plateau 

5.6 E-0? 1.5 E-09' 
,· 

7.5 E-10' l.7E-& 

7 •Increased probability of this individual contracting a fatal cancer. 
8 . _ blncrease in LCFs in this population. · · 
9 LCF = latent cancer fatality. 

IO MEI = maximally exposed individual. 
11 NP AL = nearest public access location. 

12 
13 The potential for adverse health effects resulting from accidents during remediation were 
14 evaluated using risk assessment methodology (Appendix BS). In addition to the range fire, an 
15 accident involving a fire during groundwater treatment was evaluated. This scenario is described in 
16 Section 5.3.9.2 and Appendix BS. · · 
17 
18 For the groundwater treatment accident, the estimated maximum radiation dose to remediation 
19 workers would be 6 % of the regulatory limit for radiation workers of 5,000 mrem/yr: The estimated 
20 doses at the NPAL arid site boundary (see Table 5-32) are less than 10% of the 10 mrem limit. 
21 Therefore, adverse impacts of the Exclusive Future Land-Use Alternative on human health are not 
22 considered potentially significant. 
23 
24 ., -_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

5.4.9.2.1 Potential Mitigation Measures. Potential mitigation measures for the Exclusive 
Future Land-Use Alternative are those that are designed to prevent accidents during remedial activities 
or to reduce the severity of their impacts once they occur. Appropriate engineering and 
administrative measures would be applied during routine remedial activities, so that the protection of 
workers, the general public, and the environment is ensured. For remediation and nearby workers, 
mitigation involves wearing appropriate protective clothing; using respiratory protection, when 
necessary; and limiting exposures to contaminants in accordance with ALARA guidelines, and good 
h~alth physics and industrial hygiene practices. For the general public, mitigation involves the use of 
practices and procedures designed to reduce the transport of radioactive and hazardous materials 
offsite. These practices include the use of dust suppressants during surface disturbing activities; use 
of containment structures, when i:iecessary; and other similar measures to control the spread of 
contaminants. 
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5. 4.10 Occupational Impacts 
1 
3 This section estimates potential occupational impacts associated with the remediation of the 
4 Central Plateau geographic area. Potential occupational impacts were estimated using the method 
5 described in Appendix I. The occupational impacts are estimated by comparing the field labor hours 
6 identified in Appendix H for each land-use alternative with BLS and DOE incident rates (NSC 1993; 
7 EG&G 1993). 
8 
9 5.4.10.1 Occupational, Impacts, No-Action Alternative. Labor hour estimates are not available for 

10 the No-Action Alternative; therefore, no occupational impacts were estimated, and mitigation 
11 measures were not evaluated. 
12 
13 5.4.10.2 Occupational Impacts, Exclusive Future Land-Use Alternatives. This section describes the 
14 . potential occupational impacts associated with remediation of the Central Plateau geographic area for 
15 exclusive use. A discussion of potential mitigation measures also is included. 
16 
17 Table 5-33 presents the potential occupational impacts for the Exclusive Future Land-Use 
18 Alternative for the Central Plateau geographic area based on BLS incident rates. Total cases include 
19 all work-related deaths and illnesses, and those work-related injuries that· result in loss of 
20 conssiousness, restriction of work or motion, transfer to another job, or a requirement for medical 
21 attention. It is the sum of lost workday cases and nonfatal cases without lost workdays. Lost 
22 workdays are those days that, because of occupational injury or illness, an employee was away from 
23 work or limited to restricted work activity. Lost workdays are attributable to lost workday cases. 
24 
-,­_::, 

16 
27 

28 

19 
30 
31 

·. 32 
33 
34 
35 
36 

Table 5-33. Summary of Occupational Impacts per BLS Statistics. 

Remediation Alternative Estimated Estimated Lost 
Estimated Nonfatal 

Estimated Lost 
Cases Without Lost 

(labor hours) Total Cases Workday Cases 
Workdays 

Workdays 

Exclusive (8,355,250) 579 319 260 8,484 

Table 5-34 presents the potential occupational impacts based on DOE incident rates. The 
occupational impa.cts estimated using DOE incident rates are· substantially lower than the impacts 
estimated using BLS incident rates. DOE incident rates historically have compared favorably to 
private industry rates. The analysis using DOE incident rates is expected to more· accurately reflect 
potential occupational impacts. · 

3 7 $. 4.10. 2.1 Potential. Mitigation Measures. Potential mitigation measures include continued 
38 · emphasis on safety awareness and worker training. 
39 
40 
41 5.4.11 Volumes, Disturbed Areas, and Costs 
42 
43 This section describes the volumes of excavated soils, waste, and materials; areas of disturbance; 
44 and costs of implementing the No-Action and Exclusive Future Land-Use Alternatives for the Central 
45 Plateau geographic area. The assumptions and methodology used are described in Appendix H. 
46 Impacts of each alternative are summarized in Table 5-35. 
-47 
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5.4.11.1 Effects on Volumes; Dis(urbed Areas, and Costs, No~A,.ction Altenzative. The No-Action 
2 Alternative involves moving large quantiti~.s of surface s_qp~,.,!9 consolidate the contamination within 
3 original waste site boundaries and stabilize the sites with.clean fill dirt: Some backfill may be 
4 required, but minimal volumes would be excavated .. The total area disturbed would be 280 ha 
5 (692 ac). 
6 
7 The costs of the No-Action Alternative have not been determined for each geographic area, but 
8 they are summarized for the Hanford Site in Table 5-24. The cost is more than $2.4 billion for 
9 100 years of institutional controls. These costs are not specific to the Central Plateau geographic 

1 0 area,· but rather apply to the entire Hanford Sitt:. 
11 
12 5.4.11.1.1 Potential Mitigation Measures. Potential mitigation measures include efforts to 
13 reduce the costs ofinstitutional controls. 
14 
15 

16 

17 
18 

· table 5-34. Summary of Occupational Impacts per DOE Statistics. 

19 

20 
21 

Remediation Alternative 
(labor hours) 

Exclusive (8,355,250) 

Estimated 
Total Cases 

.144 

Estimated Lost Estimated Lost 
Workday Cases . Workdays 

63 966 

22 
23 

Table 5-35. Comparison of Volumes, Disturbed Areas, and Costs Associated 
with the Central Plateau Geographic Area Future Land-Use Altenzatives. 

Alternatives 
24 Resources 

No Action Exclusive ... 

Capping Materials LCMa,b (x 106
) 0 

Groundwater Treatment Costs in 1995 Dollars (millions) 0 

Areas of Disturbance (ha) 280-

25 

26 

27 

28 Project Cost in 1995 Dollars (millions)~ 2,424c 

29 aLoose Cubic Meter {LCM) = 1.31 Loose Cubic Yard (LCY) 
30 Bank Cubic Meters (BCM) = 1.31 Bank Cubic Yards (BCY) 
31 ha= 2.47 ac. 
32 bValues represent installation of Modified RCRA caps. 

17.5 

411 

475 

1,514 

33 ccost for 100 years of institutional co~trol for the Hanford Site. The costs are not broken 
34 down by geographic area. 

35 
36 
37 5.4.11.2 Effects on Volumes, Disturbed Areas, and Costs, Exclusive Future Land-Use Altenzative. 
38 The total area disturbed by remedial actions is 475 ha (1,174 ac). The costs of remedial actions are 
39 approximately $1.514 billion. 
40 
41 5.4.11.2.1 Potential Mitigation Measures. More site characterization has the potential to 
42 reduce the number and size of waste sites to be remediated. The development of additional remedial 
43 technologies may provide cost savings opportunities in the future. 
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I Continuing emphasis would be placed on the development and implementation of new remedial 
2 te::chrtologies to reduce the volumes, levels of disturbance, and costs associated with rernediating waste 
3 sites in the All Other Areas geographic area. These new technologies may include in-situ treatments, 
4 which could significantly reduce the volumes of contaminated soils requiring excavation and disposal. 

5 
6 
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5.5 All Other Areas Geographic Area 
2 . . · ..... ·. . . 
3 The scope of proposed actions in the All Other Areas geographic area includes numerous waste 
4 sites, TSO units, and groundwater plumes contai!}ing nitrate, tritium, uranium, iodine-129, 
5 trichloroethylene, perchloroethylene, and 1,2-dichloroethylene. Potential impacts of the No-Action 
6 and future land-use alternatives fur this area are discussed in the following sections. 
7 
8 
9 S.S.! Geology 

10 
11 5.5.J.J Effects on Geologic Resources, No-Action Alternative. Under the No-Action Alternative, 
12 past-practice waste sites and TSD facilities would be left in place, requiring restrictions on public 
13 access to portions of the All Other Areas geographic area for exploration or exploitation of mineral 
14 deposits. Because such access restrictions currently are in force, this alternative would not involve a 
15 new impact. Continuation of the existing access restrictions is not expected to resu~t in short- or 
16 long-term adverse impacts, because the primary mineral resm1rces in the area (sand, gravel, and 
17 basalt) are readily available in uncontaminated portions of the All Other Areas geographic area and in 
18 the region. Monitoring of environmental media would have no significant impact on the geologic 
19 resources of this area. 
20 
21 5.5.J.2 Effects on Geologic Resources, Restricted Future Land-Use Alternative (RI). The 
22 Restricted Future Land-Use _Alternative· (Rl) would involve excavation and removal of contaminated 
23 soils at past-practice waste sites, closure of TSD facilities, and the use of engineering and institutional 
24 controls. The extent of excavation would vary; depending on the extent of contamination present and 
25 the desired remediation level. The desired remediation levels for waste sites in the All Other Areas 
26 geographic area would be determined thrbugh the CERCLA process using the recreational and 
27 industrial exposure scenarios. · 
28 
29 Although the extent of excavation would be determined through the CERCLA process, as 
30 described above, it was necessary for this analysis to make assumptions on the extent of excavation to 
31 estimate excavation volumes. For purposes of estimating excavation volumes, the maximum 
32 excavation depth was assumed to be 4.6 m (15 ft) below the surface for the Restricted Future 
33 • Land-Use Alternative (Rl). This value, which is based on the State of Washington's Model Toxics 
34 Control Act of 1989, was combined with WIDS data to calculate volumes to be excavated under this 
35 alternative. The models used to calculate volumes are described in Appendix H. · 
36 
37 Estimated volumes to be excavated for the Restricted Future Land-Use Alternative (Rl) include 
38 1.6 million BCM (2.1 million BCY) of contaminated soil and 1.6 million BCM (2.1 million BCY) of 
39 uncontaminated soil. Because some contamination would be left in place, this alternative would 
40 involve the long-term continuation of existing restrictions on public access to sand, gravel, and basalt 
41 resources. As in the No-Action Alternative, such access ·restrictions would not be expected to have 
42 significant effects on the commercial development of geologic resources. 
43 
44 Features relevant to the study of the region's glacial flood events are found in the All Other 
45 Areas geographic area. A small number of these features potentially could be destroyed during 
46 remediation. This would cause minimal adverse impact, because such features also occur in 
47 uncontaminated portions of this area, and elsewhere within the Hanford Site, and would continue to 

· 48 be available for study. · 
49 
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1 5.5.1.3 Effects on Geologic Resource's, Restricted Futµre Land-Use Alternative (R2). The 
2 Restricted Future Land-Use Alternative (R2) wouid involve constructing caps over past-practice waste 
3 sites and TSD facilities. Estimated volumes of cap materials used for this alternative are presented in 
4 Section 5.5.11. This_ alternative would result in significant depletion of the geologic resources of 
5 quarry and bcirrow sites. The locations of these sites are discussed in Appendix E. The impacts on 
6 geologic resources are summarized in Section 5.10 as irreversible and irretrievable commitments of 
7 resources. 
8 
9 Be.cause contamination would be left in place, this alternative would involve the long-term . 

10 continuation of existing restrictions on public access to sand,. gravel, and basalt resources. As in the 
11 No-Action Alternative, such access restrictions would· not he expected to have significant effects on: 
12 the commercial development of geologic resources. This alternative would have the same minimal 
13 impacts on natural geologic features as for the Restricted Future Land-Use Alternative (Rl). 
14 
15 5.5.1.3.1 Potential Mitigation Measures. Mitigation measures to reduce depletion of borrow 
16 sites include the use of RCRA C or Modified RCRA caps as alternatives to the reference cap. The 
17 reference cap is described in Appendix E: 
18 
19 
20 5.5.2 Soils 
21 
22 The potential impacts of the alternatives on soils in the All Other Areas geographic area are 
23 summarized in Table 5-36. · 
24 
25 5.5.2.1 Effects on Soils, No-Action Alternative. Under the No-Action Alternative, potential impacts 
26 on soils primarily would be related to surface decontamination and/or stabilization of past-practice 
27 waste sites and TSP facilities. Approximately 45 ha (114 ac) would be disturbed under the 
28 No-Action Alternative (see Table 5-36). Potential short-term impacts on soils under this alternative 
29 would include some soil compaction and an added potential for wind erosion. Long-term impacts 
30 would not be significant, if appropriate mitigation measures were implemented. Environmental 
31 monitoring and maintenance activities are not expected to impact soils. 
32 
33 5.5.2.1.1 Potenti.al Mitigation Measures. Potential mitigation measures for soils include the 
34 foll.owing: using silt fences and dust control measures to reduce soil erosion; and reseeding disturbed 
35 areas with native vegetation to reduce long-term soil loss from wind and water erosion. 
36 
37 5.5.2.2 Effects on Soils, Restricted Future LaJZd-Use Altenzative (RI). Remediation to restricted 
38 use (Rl) would have potentially significant impacts on soils in the All Other Areas geographic area. 
39 Remedial activities affecting soils include excavating, loading, and hauling contaminated soil from 
40 past-practice waste sites and TSO facilities; constructing groundwater remediation systems; and 
41 restoring •sites. The Restricted Future Land-Use Alternative (Rl) would disturb approximately 301 ha 
42 (753 ac) of soils in this areas (see Table 5-36). 
43 
44 
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Table 5-36. Soils Dfrtµr_b~d.wzder the, AB. Otl~er Areas Geographic Area 
·· · · :, ·F~tii/e "i:.and-Use Altertffitives. * ·. •. . 

:: :;:.',·. 
' , . - Restricted 

No Action 
Soil.Types 

ha (ac) Rl R2 
ha (ac) ha (ac) 

Quincy sand . 17 (42) 90 (225) 135 (334) 
Burbank loamy sand 10 (26) 70 (176) 90 (222) 
Ephrata sandy loam 14 (36) 44 (110) 54'(133) 
Kiana silt loam . 4 (10). 2 (4) 4 (9) 
Hezel sand 0 3 (7) 3 (7) 
Dune sand (j 18 (45) 18 (45) 
Esquatzel silt loam <0.4(<1) 1 (3) 2 (6) 
Warden silt loam 0 ', 73 (183) 74 (183) 

Total 45 (114) 301 (753) 380 (939) 

*Areal impact information generated from the GIS; includes area disturbed for 
partial excavation, cap construction, trample zones, effluent lines, haul roads, and 
wells. 

! 

The use of heavy equipment, such as scrapers and trucks, could be expected to compact soils at 
waste sites caused by repeated travel over the same area. Soil compaction would cause increased · 
runoff during storm events, resulting in less infiltration of water into the soil. Compaction also wouid 
inhibit plant growth. Soil types in the All Other Areas geographic area most susceptible to soil · 
compaction are Ephrata sandy loam, Esquatzel silt loam, and Warden silt loam (Table 5-:37). 

Soil disturbance during remediatiort attivities. also would increase soil erosion. The use of heavy 
equipment, particularly in undisturbed shrub~steppe habitat adjacent to waste sites, would crush or 
scrape off existing vegetation such as sagebrush, reducing the ability of soils to resist erosion. Soil 
types in the All Other Areas geographic area most susceptible to wind erosion are Quincy sand, 
Burbank loamy sand, and Hezel sand (see Tab,le 5-37). · None of these soils are highly susceptible to 
wate~ erosion. Mitigation measures would reduce ·but not eliminate all potential impacts assoc~ated 
with this alternative. 

5.5.2.2.1 Potential Mitigation Measures. Mitigation measures under this alternative would be 
similar to those for the _No-Action Alternative, but applied on a larger scale. ·These would include: - · 

• limiting the use of heavy equipment to immediate waste site areas 

• using existing travel routes, wh~never possible, to minimize damage to undisturbed soil and 
vegetation 

• using erosion control measures such as silt fences and dust control to reduce -soil erosion 

• replanting remediated waste sites and temporary- access roads with native vegetation to 
reduce long-term soil loss from wind and ·water erosion. 
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Table 5-37. Compactio11 all{j Erosion_ Hazard Potentj,al for Affected Soils in the 
All Other Areas "Geographic Area. 

Soil Type. Compaction Hazarda 
Erodibility Classb 

Wind Water 

Quincy sand Slight High Not High 
Burbank loamy sand Slight High Not High 
Ephrata sandy loam Severe NA NA 
Kiana silt loam Moderate Not High _Not High .. -
Dune sand·- Slight Not High Not High. 
Esquatzel silt loam Severe Not High Not High 
Hezel Slight High Not High 
Warden silt loam Severe Not High Not High 

12 aBrincken (1994). 
· 13 bBolick (1994). 

14 NA = Erosion class not av~ilable for Ephrata sandy loam. 

15 
16 5.5.~:3 Effects oil Soils, Restricted Future Land-Use Alternative (R2). Remediation to restricted 
17 use (R2) would have potentially significant impacts on soils in the All Other Areas geographic area. 
18 Activities that would occur include placing caps over past-practice waste sites and closure of TSD 
19 facilities, constructing groundwater remediation systems, and restoring sites. Remediation activities 
20 would disturb approximately 380 ha (939 ac) of soils (see Table 5-36), and would increase soil 
21 compaction and erosion, as described for the Restricted Future Land-Use Alternative (Rl). 
22 Mitigation measures would reduce but not eliminate the potential ~mpacts associated with the· 
23 Restricted Future Land-Use Alternative (R2). 
24 ,­_::, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

5.5.2.3.1 Potelltial Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative (R2) are the same as for the Restricted Future Land-Use Alternative 
(Rl). 

5.5.3 Water Resources 

5.5.3.1 Effects oil Hydrology, No-Action Alternative. The No-Action Alternative would have no 
impacts on the volume or rate of groundwater movement in the All Other Areas geographic area, 
because groundwater would not be removed or altered as a result of this alternative. The No-Action 
Alternative would have no impacts on the flow of the Columbia River. Normal discharge of 
gr~mndwater from the area would continue to augment river flows. 

5.5.3:2 Effects on Hydrology, .. Restricted Future Land-Use Alternative (RI). 

5.5.3.2.1 Groundwater. Groundwater remediation under this alternative could caus_e localized 
drawdown of the water table and temporary changes in direction of groundwater flow near the 
extraction wells. These effects would not have significant impacts on the use of groundwater, as 
groundwater use during remediation activities would continue to be restricted. 
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5.5.3.2.2. Surface Water. Groundwater remediation tinder this alternative is not expected to 
have· adverse effects on the ColtimbifRi:ver~ Yakima Riv.er;. or_ Cdld Creek. Although groundwater 
treatment could result in dim1nished· groundwater flow to th~ 'Cohim6ia River, treated groundwater 
would be reinjected or discharged; tc>"the river. ;The potential effects on Columbia River flows are not 
considered signitic"ant, given the high flow. rates in the river. 

5.5.3.3 Effects on Hydrology, Restricted Future Land-Use Alternative (R2). Groundwater 
remediation under this alternative would have effects on hydrology similar to those described for the 
Restricted Future Land-Use Alternative (RI). The construction of caps over past-practice waste sites 
would eliminate natural infiltration from these ar~as to groundwater. This_ is not expected to be ·;1 

significant impact, as infiltration is riot considered a significant source of groundwater recharge under 
natural conditions (DOE-RL 1993b). · 

5.5.3.4 Effects 01i Water Quality, No-Action Alternative. 

5.5.3.4.1 Groundwater. The No-Action Alternative would involve no treatment of existing 
·groundwater contamination, and_ would not have significant shon-terin impacts on groundwater. 
Contaminant plumes recognized in the All Other Areas geographic area include trichloroethylene, 
1,2-dic:hloroethylene, ,and uranium in the 300 Area; trichloroethylene and perchloroethylene at the 
Solid Waste Landfill; and the.large nitrate, iodine-129, and tritium plumes between the Central 
Plateau geographic area and the Columbia River. • Low concentrations and isolated occurrences of · 
other contaminants have been detected; Contaminant concentrations in some plumes exceed EPA 
DWSs, requiring long-term restrictions on withdrawal and use of groundwater. · 

5.5.3.4.2 Surface Water. The.No-Action Alternative is not expected to degrade Columbia 
River water quality in. the short or long term. . Surface decontamination and stabilization of 
past-practice waste sites and TSD facilities cou_ld result in increased runoff and soil erosion, as 
described in Section 5.5.2.1. The mitigation measures described in that section for soils would 
minimize the potential adverse effects o~ water quality in the Columbia River .. 

Contaminants present in the groundwater would continue to migrate to the Columbia River under 
the No-Action Alternative. Existing groundwater discharges have contributed to radionuclide 
concentrations in the Columbia River. Tritium has been identified at elevated levels at the Richland 
Pumphouse relative to Priest Rapids Dam, indicating an influence from Hanford operations 
(PNL 1995). However, the radionuclide concentrations in the river water are well below applicable 
DWSs. Since surface water·quality is not expected to deteriorate, downstream surface water supplies 

. for municipal and other uses should not be affected. 

5.5.3.4.2.1 Potential Mitigation Measures: Implementation of the No-Action Alternative would 
require maintaining existing restrictions on groundwater use in the All Other Areas geographic area 
for the indefinite future. · · 

· _5.5.3.5 Effects on Water Quality, Restricted Future Land-:Use Alternative (RI). 

5.5.3.5.1 Groundwater. Groundwater remediation u~der the Restricted Future Land-Use 
Alternative (RI) would reduce radionuclide and haz~rdous chemical concentrations in the . 
groundwater. Groundwater remediation would not have significant adverse impacts on groundwater 
quality and would have beneficial impacts over the long term. Some potential for future groundwater 
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contamination would remain, as contaminated soil would remain at some remediated waste sites. 
Water percolating through the vadose zone could transport some of-the remaining contaminants to 
groundwater. The reestablishment of vegetation in remediated areas would increase 
evapotranspiration and reduce the potential for contaminant transport in the vadose zone. 

5.5.3.5.2 Surface Water. Groundwater remediation could reduce the rate of groundwater 
movement toward the Columbia River, because pumping wells would reduce the hydraulic head 
gradient toward the river. Eventually, the groundwater contaminant concentrations would be reduced 
below remediation standards, so the ·pumping could be discontinued and groundwater allowed to 
discharge freely to the river. · · 

Should treated groundwater be discharged to the Columbia River, the treated effluent may not 
have the same composition as normal groundwater because of the chemical effects of the treatment. 
This discharge would be governed by applicable laws and regulations (CW A), and would not 
significantly affect water quality in the Columbia River. Application of mitigation measures to 
control erosion described in Section 5.5.2.2 would minimize' impacts to Columbia River water quality 
during waste site excavation. 

5.5.3.6 Effects on Water Qual.ity, Restricted Future Land-Use Alternative (R2). 

5.5.3.6.1 Groundwater. Groundwater remediation under this alternative would have effects on 
groundwater quality similar to those described for the Restricted Future Land-Use Alternative (RI). 
The caps would prevent precipitation from percolating into the· vadose zone and transporting 
contaminants to groundwater. Groundwater remediation would not have significant adverse impacts 
on groundwater quality, and would have beneficial impacts over the long term. 

5.5.3. 6.2 Surface Water. Remediation to restricted use (R2) would not have significant impacts 
on the water quality of the Columbia River. Caps installed over waste sites would prevent 
precipitation from percolating ir~.to the vadose zone and transporting contaminants to groundwater and 
to the Columbia River. Application of the mitigation measures for controlling erosion described in 
Section 5.5.2.2 would minimize impacts to Columbia River water quality during construction of waste 
site caps. 

5.5.3. 7 Effects on Floodplains, No-Action Alternative. The No-Action Alternative would not have 
significant impacts on floodplains. Stabilization of waste sites under the No-Action Alternative would 
not affect the 100-year floodplains of the Yakima River or Cold Creek. These activities would affect 
less than 1 ha (2.5 ac) of the Columbia River· floodplain (Figure 5-23), which represents less than . . 
1/10 of 1 % of the total Columbia River floodplain on the Hanford Site. Floodplains and wetlands 
impacts are discussed further in the Floodplain/Wetlands Assessment (Appendix J), performed in 
accordance with 10 CFR 1022. 

5.5.3.8 Effects on Floodplains, Restricted Future Land-Use Alternative (RI). Excavation of 
contaminated soils under the Restricted Future Land-Use Alternative (Rl) would not have significant 
impacts on 100-year floodplains. No disturbance would occur within the Yakima River floodplain. 
Approximately 10 ha (25 ac) of the Columbia River floodplain and approximately 1 ha (2.5 ac) of the 
Cold Creek floodplain would be disturbed (Figure 5-24). These acreages represent less than 2 % of 
the Columbia River floodplain and less than 1 % of the Cold Creek floodplain in the All Other Areas 
geographic area: The acreages represent less than 1 % of the total floodplains within the Hanford 
Site. Floodplains and wetlands impacts are addressed in the Floodplain/Wetlands Assessment 
(Appendix J) in accordance with 10 CFR 1042. 
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5.5.3.9 Effects on Floodplains,, Resiricted Future Land-Use Altenzative (R2). Construction of caps 
over past-practice waste sites and TSIXfacilities undei:<the,.,R.¢stricted .Future Land-Use Alternative 
(R2) would not have significant i1J1pcicts:9n floodplains. No disturbance would occur within the 
Yakima River floodplain. Approximately 7 ha (17 ac) of the Columbia River floodplain and 
approximately 3 ha (7 ac) of the Cold Creek floodplain would be disturbed (Figure 5-25). These 
acreages represent less than 2 % of the Columbia River floodplain and less than 1/10 of 1 % of the 
Cold Creek floodplain in the All Other Areas geographic area. The acreages represent less than 1 % 
of the. total floodplains within the Hanford Site. · Floodplains and wetlands impacts are addressed in 
the Floodplain/Wetlands Assessment, (Appendix J), which was performed in accordance with 
10 CFR 1022. 

5.5.4 Ecology 

The levels of habitat disturbance associated with each alternative are summarized in Table 5-38. 

5.5.4.1 Habitat Disturbance, No-Action Alternative. The No-Action Alternative would involve 
surface decontamination and stabilization of waste sites, :and continuation of current environmental 
monitoring and maintenance activities. Implementation of the No-Action Alternative would disturb 
5 ha. (12 ac) of shrub-steppe habitat, which is approximately 0.3% of the shrub-steppe in the All 
Other Areas geographic area (see Table 5-38). Potential impacts of waste site stabilization would 
include direct mortality of some species of wildlife from soil scraping and consolidation. Wildlife 
losses would be limited to small mammals and reptiles, with small home ranges occurring inside 
waste site boundaries. These impacts would not be considered significant. Surface decontamination 
and waste site stabilization would not affect we_tlands in the All Other Areas geographic area. 

Environmental monitoring and maintenance activities are not expected to have any impacts on 
habitats. ' 

., :•·· ·. r·, · .. ~. ~, 'i . "( 

5.5.4.2 Habitat Disturbance, ·Restricted Future Land-Use Alternative (RI).· The Restricted Future 
Land-Use Alternative (Rl) would involve excavating, loading, and hauling contaminated soil from 
past-practice waste sites and TSO facilities; constructing groundwater remediation systems; and · 
restoring sites. Implementation of the R~stricted Future Land-Use Alternative (Rl) would result in 
destruction of 115 ha (287 ac) or 0.7% of the·shrub-steppe habitat in the areas (Figure 5-26 and 
Table 5-38). Disturbance of these areas would lead to loss of nesting habitat for birds such as the 
sage sparrow, sage thrasher, and loggerhead shrike. Small mammals such as ground squirrels, and 
reptiles such as snakes and lizards, would be subjected to habitat fragmentation, displacement, or 
mortality. Noise and increased vehicle use in these areas would disturb wildlife within hearing or 
visual distance of remedial activities. This could result in startle behavior by some species and 
abandonment of nest or den sites. 
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Figure 5-23. JOO-Year Floodplain and lVetland Areas Impacted 
under the All Other Area$ No-Action Altetnattve . 
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Figure 5-24. JOO-Year Floodplain arid -_Wetland Areas bnpacted 
under the All Other Area{R.esirictetl Fuiure'Land-Use 
Alternative (Rl). 
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Figure 5-25. 100-Year Floodplain and Wetland Areas Impacted 
2 under the All Other Areas _Restricted Future Land-Use 
~ Alternative (R2). 
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1 · Figure S-i6]Jr9 R~~~lf&~~~i;utu,~e Land~~se Altenzative (Rl) Inzpact 
3 on Shrub-Steppe Habitat, All Other Areas Geographic Area. 
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Table 5-38. Comparison of Ecological /~pacts under _tize ~II Other Areas Geographic 
Area Future Land-Use Alternatives. 0 

Alternatives 
Resources Impacted No Action 

Restricted (Rl) Restricted (R2) 

Shrub-steppe Habitat 5 ha (12 ac) 115 ha (287 ac) 134 ha (329 ac) 
Species of Concemb 0 2 1 
Wetlandsc 0 0 0 

.. -
aAreal impact information generated from the GIS: includes potential disturbance 

associated with excavation, cap construction, trample zones, effluent lines, haul roads, 
and wells. · 

blncludes Swainson's hawk and loggerhead shrike habitat within zone of disturbance. 
cNational Wetlands Inventory Data. 

The disturbance associated with the Restricted Future 'Land-Use Alternative (Rl) would have 
cumulative impacts on shrub-steppe habitat on the Hanford Site, further reducing habitat for species 
dependent on dense sagebrush. Disturbance of large areas, even if revegetated, would create 
conditions favorable to introduce species such as noxious weeds that pioneer quickly on newly 
disturbed soil. These weed species would compete for available soil moisture and would make 
establishment of desirable native plants difficult. Restoration efforts would reduce impacts on some 
habitats, but would not fully replace plant communities that have developed over long time periods. 
The impacts to shrub-steppe habitat would not be significant. 

5.5.4.3 Habitat Disturbance, Restricted Future Land-Use Alternative (R2). The Restricted Future 
Land-Use Alternative (R2) W01.J:ld involve constructing caps over past-practice waste sites and TSO 
facilities, constructing perimeter roads around caps, constructing groundwater remediation systems, 
and restoring sites. Implementation of the Restricted Future Land-Use Alternative (R2) would result 
in the destruction of 134 ha (329 ac) or 0.8% of the shrub-steppe habitat in the All Other Areas 
geographic area (Figure 5-27 and see Table 5-38). This alternative would not have significant 
impacts similar to those described for the Restricted Future Land-Use Alternative (Rl). Potential 
impacts would include loss of habitat for song birds, habitat fragmentation, displacement or mortality 
of small mammals and reptiles, and abandonment of nest or den sites for other species. This . · 
alternative would not have cumulative effects on remaining shrub-steppe habitat .. 

33 5.5.4.4 Effects on Species of Concern, No-Action Alternative. The No-Action Alternative would . 
34 not have significant impacts on species of concern in the All Other Areas geographic area. · 
35 
36 5:5..J.5 Effects on Species of Concern, Restricted Future Land-Use Alternative (Rl). The 
37 Restricted Furure Land-Use Alternative (RI) potentially would have significant impacts on species of 
38 co·ncern in the All Other Areas geographic· area. The remedial activities could have shon-term 
39 impacts on the Swainson's hawk, including physiological stress, if repeatedly flushed from nest sites, 
40 and possible nest abandonment, if disturbed during critical nesting periods. Loggerhe3:d shrikes nest 
41 · in sagebrush and trees on the Hanford Site, and are likely to nest in the All Other Areas geographic 
42 · area where suitable habitat exists·. Potential shon-term impacts on the loggerhead shrike include nest 
43 desertion. loss of shrub-steppe habitat, and loss of prey base through habitat alteration (Fitzner 
44 et al. 1994). 
45 

Preliminary Draft 5-118 November 10, 1995 



1 Plant species of concern th~~- ~<!Y~ occur in the All Other, Ar~~ geographic area include the 
2 Columbia yellowcress and nqrtherh :w6tmwood (state endangered ,and federal candidates). Remedial 
3 activities potentially could affect both'·ofthese plant species, if the activities are implemented in 
4 potential habitat. 
5 
6 Long-term impacts on species of concern could involve permanent loss of habitat. resulting in 
7 population decline and possible listing of candidate species as a federal threatened or endangered· 
8 species under the Endangered Species Act of 1973. Reclamation would reduce impacts on some 
9 habitat, but would not fully replace diverse plant communities that have developed over long periods 

10 of time. 
11 
12 5.5.4. 6 Effects on Species of Concem, Restricted Future Land-Use Altemati.ve (R2). The 
13 Restricted Furore Land-Use Alternative (R2) potentially would have significant impacts on the 
14 loggerhead shrike. Potential short-term impacts on the loggerhead shrike include nest desenion, loss 
15 of shrub-steppe habitat, and loss of prey base tllrough habitat alteration (Fitzner et al. 1994). 
16 
17 Remedial activities potentially. could affect populations of the Columbia yellowcress and northern 
18 wormwood, if the activities are implemented in potential habitat. Over the long term, the additional 
19 habitat losses could result in potential population decline and possible listing as threatened or 
20 endangered species under the Endangered Species Act of 1973. 
21 
22 5. 5.4. 7 Ecological Risk, No-Action Altemative . . Existing radiological contamination in the All Other 
23 Areas geographic area is not expected to pose unacceptable risks to species or their habitats in the 
24 shon or long term under the No-Action Alternative. Recent environmental monitoring efforts have 
25 found no significant differences in radionuclide concentrations in vegetation samples collected at 
26 Hanford Site and offsite locations. Other ·cfata'.indicate that Hanford operations have resulted in small 
27 accumulations of some radion~clides in fish and wildlife. However, the concentrations of 
2 8 radionuclides were not sufficient to pose a hazard to the organisms themselves or to humans who 
29 might consume them (PNL 1993):" 
30 
31 An ecological risk assessment (Appendix C) was performed to evaluate the effects of potential 
32 long-term exposures to chemicals and radionuclides in the All Other Areas geographic area. The 
33 · receptors evaluated in the ecological risk assessment included a generic plant, the Great Basin pocket 
34 mouse, the coyote, and the red-tailed. hawk. No estimated radiation doses for ecological receptors in 
35 the All Other Areas geographic area were greater than the 0.1 rad/d benchmark suggested by 
36 IAEA (1992) as protective of terrestrial organisms (Table 5-39). The distribution of potential 
37 chemical and radionuclide exposures for the entire Hanford Site is shown on Figures 5-14 through_ 
38 5-21. 
39 
40 The chemical HI for ecological receptors in the All Other Areas geographic area ranged from 
41 1.87 x 10·7 to 1.55 x 103 (Table 5-40). The single value for plants, and one of those for the mouse, 
42 was greater than 1.0, indicating a potential for adverse effects. However, chemical data were 
43 available for only two grid cells in the area.· The limited data available for chemicals in the All Other 
44 Areas geographic area do not allow any conclusions about potential chemical hazards to ecological 
45 receptors. Continued monitoring and waste site stabilization included in the No-Action Alternative 
46 could mitigate the potential for any adverse effects. 
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1 Figure 5-27. Restricted Future Land-Use Alternative (R2) Impact 
1 on Shrub-Steppe Habitat, All Other Areas Geographic Area. 
3 
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Table 5-39. Estimated Radiation Dose, Total by Cell, All Other Areas Geographic Area. 
: .--. - "'\ -,- . 

~ ··- . .. 

Estimated Total Dose (rad/d) 
Cell ID 

Plant Mouse Coyote Hawk 

589127 2.62 E-05 1.70 E-09 1.46 E-05 3.46 E-06 

590121 1.53 E-05 8.44 E-10 7.22 E-06 1.71 E-06 

592116 5.18 E-03 6.82 E-08 8.86 E-05 7 .. 50 E-05 

593116 1.95 E-05 L05 E-11 1.37 E-08 1.15 E-08 

594116 4.02 E-03 3.35 E-07 9.68 E-04 4.39 E-04 

Range: 1.05 E-11 to 5.18 E-03. 

Table 5-40. Hazard Index Summed by Cell, All Other Areas Geographic Area. 

Hazard Index 
Cell ID 

Plant Mouse Coyote Hawk 

591122 ' -- 0.211 9.68 E-07 1.87 E-07 i 

594115 71.6 1.55 E+03 4.42 E-02 4.97 E-02 

Range: 1.87 E-07 to 1.55 E+03. 
Bold italics indicates greater than 1.0; - indicates no data (see Appendix C). 

17 . . 
18 5.5.4.8 Ecological Risk, Restricted Futiire Lmzd-Use Altemative (RI). The Restricted Future 
19 Land-Use Alternative (Rl) could result in increased short-term risk to ecological receptors as a result 
20 of airborne suspension and transport of contaminated soil. Airborne contamination could result in 
21 direct exposures of ecological receptors or subsequent uptake through the food chain. These 
22 exposures could result in significant short-term impacts, but could be reduced by implementation of 
23 mitigation measures for soils (Section 5.5.2), water quality (Section 5.5.3), and·air quality (Section 
24 5.5.5). Over the Imig term, potential ·adverse exposures to radionuclides and hazardous chemicals 
25 would be reduced by removing and disposing of much of the contaminated material. 
26 
27 5.5.4.9 Ecological Risk, Restricted Future ~and-Use Alternative (R2). The Restricted Future 
28 Land-Use Alternative (R2) is less likely to increase short-term risks to ecological receptors, because 
29 less contaminated soil would be disturbed than under the Restricted Future Land-Use Alternative 
30 (Rl). Over the long term, the caps are expected to reduce the potential ecological risks by limiting 
31 e~posures. Some potential for exposure would remain because the contamination would remain in 
32 place under the caps. Continued m·onitorfog would enable detection of potential adverse effects_ on 
33 ecological receptors so that additional corrective measures could be taken to minimize exposures. 
34 
35 5.5.4.10 Effects on Biodiversity, No-Action Alternative. The No-Action Alternative is not expected 
36 to have significant impacts on biodiversity in the short term. With adequate mitigation, the surface 
3 7 decontamination and waste site stabilization activities would not result in significant population losses 
38 of sensitive species. These activities are not likely to affect species diversity in shrub-steppe plant 
39 communities or affect the distribution of those communities. Monitoring data indicate that measured 
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exposures to chemical and radiologicc1l comaminants on the Hanford -~ite are below levels that could 
-, adversely affect plant and animal species (PNL 199~). 
3. 
4 The potential long-term effects on biodiversity would depend on the likelihood of continued 
5 exposure of sensitive species to contamination. Such exposures could result in population losses of 
6 some species, which could have indirect food chain effects on the abundance of other species. 
7 Continued monitoring would enable detection of potential adverse effects on ecological receptors so 
8 that additional corrective measures could be taken to minimize exposures. 
9 

10 5.5.4.10.1 Potential Mitigation Measures.· Potenti~l mitigation measures fqr the No-Action 
11 Alternative include the following: 
12 
13 • restrict waste site stabilization activities to the immediate waste site area and avoid 
14 disturbing shrub-steppe habitat, whenever possible 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
J -_.) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

• revegetate decontaminated and stabilized areas to provide habitat for small mammals and 
reptiles, and to reduce additional habitat loss from soil erosion 

· • continue monitoring wildlife and vegetation for potential adverse exposures to hazardous 
chemicals and radionuclides. 

5.5.4.11 Effects on Biodiversity, Restricted Future Land-Use Alternative (RI).· The Restricted 
Future Land-Use Alternative (Rl) could have significant impacts on biodiversity by further reducing 
shrub-steppe habitat in the All Other Areas geographic area. Much of the shrub-steppe habitat on the 
Hanford Site has already been modified or lost due to wildfire, past agriculture practices, or industrial 
development. Further reductions in habitat could result in population losses in species dependent on 
dense sagebrush, such as the loggerhead shrike. Disturbance and subsequent reclamation of plant 
communities could reduce species diversity, with indirect effects on community functions, such as 
forage production, cover, and nutrient cycling. Excavation activities would fragment existing habitats 
and disrupt the connectivity among different habitats. These impacts are expected to be significant in 
the short term; long-term impacts to biodiversity could be avoided or reduced through implementation 
of mitigation measures. 

5.5.4.11.1 Potential Miti.gation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternative (Rl) jnclude the following: 

3 7 • Minimize the amount of area disturbed during remediation by restricting disturbance to an 
38 area not exceeding the trample zone around each waste site 
39 
40 • Revegetate all disturbed areas with a mixture of native vegetation including shrubs, grasses, 
41 and forbs 
42 
43 -. Initiate contemporaneous reclamation to help offset habitat loss in the short term, limit the 
44 spread of _noxious weeds, and reduce the time required to rehabilitate disturbed areas 
45 
-l-6 • Limit unnecessary offroad travel during remediation 1n undisturbed habitat to avoid 
4 7 additional damage to shrub-steppe · 
48 
49 • Use existing travel routes for transport of workers, supplies, etc., whenever possible, to 
50 concentrate traffic and associated noise in ~pecific areas 
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• Use silt fences to control wind .and waterbo.r,n.e .runoff, spray water on dry areas during 
excavation, and cover any contami!'}at,~d)i,t;~i¼fnot,RAIQg,worked. at a given time 

. : - ,.. • . ' -· ., ' • -· •. ;·~,_, - •. ' -- • 1·-. '\' • • ,. . 

• Provide coinpensatorY mitigation of shrub-steppe habitat in other suitable locations onsite in 
cases where shnib:..steppe cannot' be ·restored or developed in remediation areas 

• Swainson's hawk: exclude human activity within a 250-m (807-ft) buffer around active 
nests from April to September 

• Loggerhead shrike: avoid disturbing habitat known to contain riests and foraging areas fr9m· 
March 1 to September 30 · --- · -

• Avoid modification or destruction of shrub-steppe habitat (Fitzner et al., 1994) 

• Plant species of concern. 

5.5.4.12 Effects on Biodiversity, Restricted Future Land-Use Alteniati.ve (R2). The Restricted 
Future Land-Use Alternative (R2) would involve levels of disturbance similar to the Restricted Future 
Land-Use Alternative (Rl), with similar impacts to biodiversity. 

' 

5.5.4.12.1 Potential Mitigation Measures. J>otential mitigation measures for the Restricted 
Future Land-Use Alternative (R2) are µie same as for the Restricted Future Land-Use Alternative 
(Rl). 

26 5.5.5 Air Quality 
27 
28 5.5.5.J Effects on Air Quality, No-Action Alternative .. ,The No-Action Alternative would involve 
29 surface decontamination and stabilization of past-practice·waste sites and TSD facilities. These 
30 activities would not have significant air quality impacts. Concentrations of airborne pollutants from 
31 the No~Action Alternative would be well below those estimated for the hyp'othetical excavation site 
32 evaluated under the Restricted Future Land-Use Alternative (RI) (Section 5.5.5.2). Environmental 
33 monitoring and maintenance activities would not generate amounts of airborne pollutants exceeding 
34 the amounts currently generated on the Hanford Site. 
35 
36 . 5.5.5.1.1 Potential Mitigation Measures. Potential mitigation measures would include watering 
37 areas or other methods of dµst suppression where soil is disturbed to reduce potential short-term dust 
38 generation and revegetation of exposed areas to minimize long-term dust generation. 
39 
40 5.5.5.2 Effects on Air Quality, Restricted Future Land-Use Alternative (Rl). The Restricted Future 
41 Land-Use Alternative (Rl) would include excavating, loading, and hauling contaminated soil from 
42 past-practice waste sites and TSD facilities; constructing groundwater remediation systems; and . 
43 re~toring sites. Waste site excavation would generate fugitive dust, possibly contaminated with 
44 radioactive particles. Pollutants also would be gener;ued by combustion of fuel in equ!pment used fo~ 
45 excavation, loading, and hauling. The potential for air quality impacts was evaluated by estimating 
46 pollutant concentrations in the air resulting from a hypothetical waste site excavation in the 300 Area. 
47 An excavation rate of450,000 kg/d (1 million lb/d) was used for estimating purposes. The amounts 
48 of pollutants generated at the waste site, and concentrations of pollutants downwind from the waste 
49 site, were estimated using the procedures and assumptions described in Appendix G. The estimated 
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concentrations that workers could be exposed are within appropriate~standards (Table 5-41), indicating 
2 that impacts to workers would not be significant. 
3 
4 The results presented in Table 5-41 indicate that remedial activities could have significant 
5 short-term air quality impacts to members of the public located offsite. Estimated concentrations of 
6 airborne radionuclides that the general public could be exposed are at or somewhat above guideline 
7 concentrations. These short-term impacts would cease whenremediation was completed. 
8 

9 Table 5-41. Estimated Concentrations of Airborne Contaminants from 
10 Excavation at-the 300 Area. 0 

11 
12 

13 
14 

15 
16 

17 
18 
19 

Type of Air 
Contaminant 

Fugitive Dust 
(µg/ml) 

Radioisotopes 
(pCi/m3) 

·-

Products of Fuel 
Combustion 
(µg/ml) 

Contaminant 
Name 

PM10 

Sr-90 

Cs-137 

Pu-239, -240 

U-238 

total suspended 
paniculates 

carbon monoxide 

nitrogen dioxide 

sulfur dioxide 

Concentration in Onsite Occupational 
the Immediate Standard or 

Vicinityb Guideline< 

780 5,000, 8-hr average 

82 2,000, annual 
average 

82 60,000, annual 
average 

0.3 3, annual average 

2.9 300, annual average 

72 15,000, 8-hr 
average 

420 55.000, 8-hr 
average 

730 9,000, 8-hr average 

98 13,000, 8-hr 
average 

Concentration Offsite Air Quality 
at Nearest Standard or 

Propeny Line4 Guideline< 

43 150, 24-hr average 

4.6 50, annual average 

4.6 400, annual average 

0.02 0.02, annual 
average 

0.16 0.10, annual 
average 

3.9 -

26 9,000, 8-hr average 

40 50, annual average 

5.4 20. annual average 

20 "Procedures and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. 
21 Toe estimated concentrations of fugitive dust and fuel combustion products do not include background concentrations. 
22 bConcentrations immediately downwind.from the excavation site are potential concentrations that workers could be 
23 exposed. 
24 <occupational standards for fugitive dust and combustion products are PELs listed in 29 CFR 1910. Occupational 
25 guidelines for airborne radionuclides a,re listed in Federal Guidance Report No. 11 (EPA 1988b). 
26 4Concentrations at the nearest property line are potential concentrations that the general public could be exposed. 
27 °Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
28 (40 CFR 50-99). The standard for SO2 is a Washington State standard. Guidelines for airborne radionuclides are 
29 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
30 DCG Derived Concentration Guidelines. 
3 1 PEL == Permissible Exposure Limits . 
..,,, 
j_ 

33 Several factors lend conservatism to this analysis. For example, the estimated downwind 
34 concentrations of uranium-238 in Table 5-41 were based on the highest known concentration of 
35 uranium-238 in any waste site in the 300/400 Areas. Furthermore, these concentrations would be 
36 produced only during brief periods when pockets of highly contaminated waste materials would be 
37 excavated, whereas the guideline concentrations us~d for comparison are annual averages. Variations 
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in wind direction during the year al;6 ,vould affect the ahriual average co~centration at a receptor 
location. · .. \ .. ; ':,::-· 

Concentrations in Table 5-41 are consequences of remedial activities at one site. Simultaneous 
activities at several sites ·would result in·· higher ccincentiatioris, panicul11rly if the sites happened to he 
in line and parallel to the wind direction. Estimates of potential cumulative concentrations were made 
by assuming simultaneous excavation of five sites aligned with the wind direction. The five sites 
were identical to the one previously described, and were assumed to be.spaced 200 m (660 ft) apart. 
With this arrangement, cumulative concentrations of airborne radionuclides would be greater than 
applicable guideline concentrations for.exposed In_embers of the public (Table 5-42). The results. · 
presented in Tables 5-41 and ·5-42, while conservative, indicate that mitigation measures would be 
required to reduce potential adverse health effects. As was discussed in Section 5.3.5.2, hauling of 
waste to an onsite disposal facility would generate fugitive dust at levels below applicable standards. 

5.5.5.2.1 Potential Mitigation Measures. Potential mitigation measures for reducing potential 
air quality impacts include spraying excavation sites with water or surfactants for dust suppression, 
which could reduce fugitive emissions by up to 50% (EPA 1985). Temporary enclosures could be 
constructed over the excavation sites to contain airborne contaminants. Some remediation may 
require remote operations. Monitoring of air quality adjacent to and downwind from excavation 
activities would be pe~ormed to_ evaluate the effectiveness of mitigation measures. 

5.5.5.3 Effects on Air Quality, Restricted Future Land-Use Alternative (R2). The Restricted Future 
Land-Use Alternative (R2) would include placing caps over past-practice waste sites and TSD 
facilities, constructing groundwater remediation systems, and restoring sites. Airborne pollutants 
produced by this alternative would include dust and emissions from construction equipment. Air 
quality impacts of remediation to restrkted use (R2) would be lower than the estimates in Tables 5-41 
and 5-42, because less contaminated materials would be disturbed. · 

~ '· ,· .. ·. . : . \" '\ '0: . ,: ' -~---

The hauling of materials from borrow areas for construction of caps would generate similar 
fugitive dust emissions as estimated for the Restricted Future Land-Use Alternative (Rl). No 
significant impact would be expected. · 

5.5.5.3.1 Potential Mitigation Measures. Potential mitigation measures for this alternative are 
the same as those for the Restricted Future Land-:Use Alternative (Rl). 

5.5.6 Noise 

5.5.6.1 Noise Effects, No-Action Alternative. Under the No-Action Alternative, little or no change 
would occur in noise impacts on the surrounding environment. The sound levels in the ambient 
environment would remain essentially the same as current noise levels: 

5.5. 6.2 Noise Effects, Restricted Future Land-Use Alternative (RI). This alternative involves 
excavating, loading, and hauling contaminated soil from past-practice waste sites and tSD facilities, 
constructing groundwater remediation systems, and restoring sites. The scenario described under the 
Unrestricted Future Land-Use Alternative for the Reactors on the River geographic area 
(Section 5.3.6.2) represents the most conservative conditions for noise generation at the Hanford Site, 
and would be applicable as a conservative scenario for the 300 Area in the All Other Areas 
geographic area. Because the activities associated with the Restricted Future Land-Use Alternative 
(Rl) in the All Other Areas geographic area would be less extensive than those associated with the 

Preliminary Draft 5-125 November 10, 1995 



") 

Table 5-42. Cumulati~e /~;~pacts of Airbome Contami~~nts from Excavation 
of Five Sites ill the 300 Area. 0 

3 
4. 

5 
6 

7 
8 

9 
10 
11 

Type of Air 
Contaminant 

Fugitive Dust 
().lg/m3) 

Radioisotopes 
(pCi/m3) 

.. 

Products of Fuel 
Combustion 
{µ.g/ml) 

Contaminant 
Concentration in 
the Immediate 

Name 
Vicinityh 

PM10 1,300 

Sr-90 140 

Cs-137 140 

Pu-239, -240 0.5 

U-238 5.0 

total suspended 120 
particulates 

carbon monoxide 790 

nitrogen dioxide 1,200 

sulfur dioxide 170 

Onsite Occupational Concentration Offsite Air Quality 
Standard or at Nearest Standard or 
Guideline0 Propeny Lined Guideline' 

5,000, 8-hr average 140 150, 24-hr average 

. 2,000, annual 15 50, annual average 
.. average 

60,000, annual 15 400, annual average 
average 

3, annual average 0.06 0.02, annual 
average 

300, annual average 0.5 0.10, annual 
average 

15,000, 8-hr 13 .,.. 
average 

55,000, 8-hr 84 9,000, 8-hr average 
average 

9,000, 8-hr average 13or 50, annual average 

13,000, 8-hr 17 20, annual average 
average 

12 "Procedures and assumptions for estimating concentrations of airborne contaminants are discussed in Appendix G. 
13 The five sites are assumed to be 200 m (660 ft) apan and aligned in the direction the wind is blowing. The estimated 
14 concentrations of fugitive dust and fuel combustion products c.io not include background concentrations. 
15 bConcentrations immediately downwind from the excavation site are potential concentrations that workers could be 
16 exposed. · 
17 °Occupational standards for fugitive dust and comj)ustion products are PELs listed in 29 CFR 1910. Occupational 
I 8 guidelines for airborne radionuclides are listed in Federal Guidance Repon No. 11 (EPA 1988b). 
19 dConceni.rations at the nearest property ·line are potential concentrations that the general public could be exposed. 
20 "Air quality standards for fugitive dust, CO, and NO2 are National Ambient Air Quality Standards 
21 (40 CFR 50-99). The standard for SO2 is a Washington State standarp.. Guidelines for airborne radionuclides are 
22 DCGs listed in DOE Order 5400.5 (DOE 1993a). 
23 rThe concentration of NO2 appears to exceed the air quality standard. All of the estimated concentrations, 
24 however, are levels that would be i,:xpected during normal daily wor1cing hours, whereas most air quality standards are 
25 average levels during longer periods of time (e.g., during a· 365-day year). Using conservative background 
26 concentrations during nonworking periods, and in consideration of changes in wind direction. it can be shown that 
27 averaged levels of NO2 would not exceed the air quality standard. 
28 DCG = Derived Concentration Guidelines. · 
29 · PEL = Permissible Exposure Limits. 

30 
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conservative scenario, advers~ noise impacts also are expected to· be less. Because noise impacts of 
the inost conservative scenario are not :expected,.tq; violate -~tcite .. of W;ishington noise standards, the 
noise impacts of implementing the Restricted Future Land-Use Alternative (RI) in the All Other 
Areas geographic area would not be signifo::ant. 

5.5.6.2.1 Potential Mitigation Measures. Mitigation measures that would reduce any potential 
noise impacts include monitoring of occupational noise exposure and providing hearing protection to 
construction/excavation personnel. · · 

S.S. 6.3 Noise Effects, Restricted Future Land-Jlse Alternative (R2) .. This alternative involves 
constructing caps over past-practice wastes and TSO facilities, constructing groundwater remediation 
systems, and restoring sites. Because associated remedial activities would be less intense than those 
associated with the conservative scenario for the All Other Areas geographic area (see 
Section 5.5.6.2), adverse noise impacts also would be expected to be lower. Noise impacts of the 
most conservative scenario are not predicted to violate state of Washington noise standards. 
Therefore, it is assumed that noise impacts of this alternative would not be significant. 

5. 5. 7 Cultural Resources 

5.5.7.1 Effects on Prehistoric Resources, No-Action Alternative. The No-Action Alternative could 
have significant impacts on prehistoric archaeologic~l resources in the All Other Areas geographic 
area. The No-Action Alternative would involve surface decontamination and stabilization of 
past-practice waste sites and TSO facilities, and continuation of environmental monitoring and 
maintenance activities. Prehistoric resources that could be affected include two recorded Native 
American sites within the area. These consist of a Native American fishing camp and an occupation 
area. Prehistoric sites that remain unrecorded also may be subjected to primary (destruction) and 
secondary (damage) impacts. 

5.5.7.1.1 Potential Mitigation.Measures. Potential mitigation measures for Prehistoric 
Resources under the No-Action Alternative include the following: 

• Before any ground disturbance activities, consultations would be conducted with the 
DOE-RL Historic Preservation Officer, the Washington SHPO, and concerned Native 
Am~rican Tribal gr9ups and governments. 

• All cultural resources-related work would be conducted in accordance with the Hanford 
· Cultural Resources Management Plan (Chatters 1989). 

• Whenever possible, avoidance of cultural resource areas identified during project planning 
and before field operations would serve as the primary form of mitigation. 

• Whenever practicable, a full survey.of the affected areas would be conducted. 

• Surface mapping of all artifact material and data recovery for surface and subsurface 
materials would be performed only if this action does not pose a potential health risk to 
field investigators. 
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• When practicable, an archaeological monitor would be orisite during ground disturbing 
2 activities to ensure that construction impacts are limited to the remediation area only. This 
3 action would be taken only if- it does not pose any potential health risk to the archaeological 
4 monitor. 
5 
6 • An interpretive program outlining the history of the Hanford Site would be presented to 
7 personnel involved in the remedial activities to foster greater awareness and sensitivity for 
8 the area's cultural resources. 
9 

10 • Remediation and maintenance personnel: _also would be made aware of the significance of 
11 cultural resources in the area, and of the consequences- regarding destruction of sites or . 
12 pedestrian collection of artifact materials. 
13 
14 5.5. 7.2 Effects on Prehistoric Resources, Restricted Future Lalld-Use Altenzatives (RI and R2). 
15 The Restricted Future Land-Use Alternatives (Rl or R2) potentially would have significant impacts on 
16 prehistoric resources in the All Other Areas geographic area. Identified prehistoric cultural resources 
17 that could be adversely affected under the Restricted Future Land-Use Alternatives (Rl and R2) 
18 include one long-term occupation area, three campsites (one is listed on the National Register), a 
19 lithic scatter, and a rock cairn. In addition to these, three other preh1storic sites (not described) have 
20 been recorded in the Restricted Future Land-Use Alternative (Rl and R2) impact areas. Numerous 
21 prehistoric and historic isolated artifacts also have been recorded in these impact areas. Other 
22 prehistoric sites that remain unrecorded in the All Other Areas geographic area also may be subjected 
23 to primary and secondary impacts under the Restricted Future Land-Use Alternative (Rl and R2) 
24 actions. ,-_.) 

26 S.S. 7.2.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
27 Future Land-Use Alternatives (Rl and R2) would be the same as for the No-Action Alternative. 
28 
29 . 5.5. 7.3 Effects on Historic Resources, No-Action Altenzative. Recorded historic resources in the 
30 All Other Areas geographic area include a portion of the White Bluffs Road, which is potentially 
31 eligible to the National Register. A literature review and record search indicated that no recorded 
32 historic sites would be affected by the No-Action Alternative; however, the potential for primary and 
33 secondary impacts on unrecorded historic sites· must be taken into account. 
34 
35 Potential _historic resources within the All Other Areas geographic area include all items and 
36 structures that are more than 50 years old, and that might reflect the historic settlement and economic 
37 development of the area. This includes materials and structures related to the Manhattan Project and 
38 the World War II effort. Items and structures that are representative of the Cold War period must be 
39 considered for their historical significance. This would include all primary and ancillary defense 
40 mission support structures. Chapter 4.0, Figure 4-20, shows the location of major historic areas that 
41 could be impacted by the No-Action Alternative. Current surveillance and maintenance activities 
42 attempt to maintain and stabilize the existing structures within the area to ensure they are not unduly 
43 subjected to weathering and age. 
44 
45 5.5. 7.3.1 Potential Mitigation Measures. Potential mitigation measures for Historic Resources 
46 under the No-Action Alternative include the following: 
47 
48 • building construction evaluations 
49 
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• documentation of all historic structures determined to be ·eligible for the National Register in 
2 accordance with the Secretary ·.ofthe: Ii:iteri6ti-Guiaelines for' Architectural and Engi~eering 
3 Documentation · · · · 
4 
5 • monitori'rig of potentiaily historic sites for essentiai repair and maintenance work 
6 
7 • restriction of access to historic sites to authorized personnel. 
8 
9 5.5. 7.4 Effects 011 Historic Resources, Restricte_d Future Land-Use Altematives (Rl and R2). 

l O A single historic resource, a livestock water cis!e_rn, was identified within the Restricted Future· 
11 Land-Use Alternative (R2) impact area. Other historic sites and structures that have not been 
12 recorded could exist within the Restricted Future Land-Use Alternative (Rl and R2) impact areas. 
13 These sites potentially could be 'affected by either primary or secondary adverse impacts, if remedial 
14 activities are implemented. 
15 
16 5.5.7.4.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
17 Future Land-Use Alternatives (Rl and R2) would be the sam_e as for the No-Action Alternative. 
18 
19 5.5. 7.5 Effects 011 Areas of Concern to Native Americans, No-Action Alternative. Potentially 
20 significant impacts on Native American cultural sites under the No-Action Alternative would be an 
21 issue of_ concern to Native Americans. This issue is of particular concern if areas of traditional 
22 cultural uses (e.g., traditional burial areas or areas of religious use) are affected. This alternative 
23 would continue the existing restrictions on the use of some traditional fishing, hunting, and gathering 
24 sites and cultural properties of the Native Americans. Other sites in the All Other Areas geographic 
25 area that are currently used by Native Americans would remain available for their use. under the · 
26 No-Action Alternative. - · · · ' · 
27 
28 5.5.7.5.1 Potential Mitigation Measµres .. Mitigation measures to address Native American 
29 concerns under the No-Action Alternative include the ·following: 
30 
31 • consulting with Native American Tribal governments/groups with ·regard to the potential 
3 2 impacts on areas that· might concern them before implementation of project activities 
33 
34 • incorporating recommendations provided by Native American Tribal governments and 
35 organizations into project-specific cultural resource mitigation plans for proposed remedial 
36 activities . -
37 
38 • incorporating recommendations provided by Native American tribal governments and 
39 organizations into revegetation plans for proposed remedial activities 
40 
41 • involving representatives of Native American Tribal governments and organizations in 
42 archaeological monitoring during remedial activities. 
43 
44 5. 5. 7. 6 Effects 011 Areas of Concern to Native Americans, Restricted Future Land-Use Alternatives 
45 (Rl and R2). Potentially significant impacts on Native American cultural sites under the Restricted 
46 Future Land-Use Alternatives (RI and R2) would be an issue of concern to Native Americans. This 
47 issue is of particular concern if areas of traditio_nal cultural uses (e.g., traditional burial grounds or 
48 areas of religious use) are affected. Remedial actions associated with these alternatives could 
49 encroach on the traditional hunting, fishing, and gathering sites and cultural properties of the Native 
50 Americans. Encroachment on the traditional tribal areas may be interpreted by the tribes as an 
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abrogation of the 1855 Treaties. Any· m~jbr excavations of sites thai'contain artifacts or human 
remains, or are of spiritual importance to Native Americans, would be significant because the site 
would be unavoidably altered. 

Implementation of either of the Restricted Future Land-Use Alternatives would reduce potential 
exposures to contamination and aUow Native American and other uses of the All Other Areas 
geographic area. Restrictions would remain on soil-disturbing activities and groundwater use. 
Because residual contamination would remain under either of these alternatives, agricultural uses, 
suqh as grazing, would continue to be restricted. 

5.5.7.6.1 Potential Mitigation Measures. Potential mitigation measures for the Restricted 
Future Land-Use Alternatives (RI and R2) would be the same as for the No-Action Alternative. 

S.S. 8 Visual and Aesthetic Resources 

5.5.8.1 Effects on Visual and Aesthetic Resources~ No-Action Altemati.ve. The No-Action 
Alternative would involve surface decontamination and/or stabilization of past-practice waste sites,. 
and TSD facilities, and continuation of existing environmental monitoring activities. These activities 
would not result in significant impacts on visual and aesthetic resources. 

5.5.8.2 Effects on Visual and Aesthetic Resources, Restricted Future Land-Use Alternative (Rl). 
Short-term impa~ts on visual resources would. occur under the Restricted Future Land-Use Alternative 
(Rl), but they are not expected to be significant. Remedial activities would include excavating, 
loading, and hauling contaminated soil from past-practice waste sites and TSD facilities; constructing 
groundwater. remediation systems, and restoring sites. During the construction period, excavation 
activities would alter the natural terrain. Stockpiled soil would be located along open excavations 
while remedial activities were occurring. Depending on the number and size of the sites, they could 
be visible in the 300 and 600 Areas from Route 4. In addition, construction activities would generate 
fugitive dust, which temporarily could reduce visual clarity in the area. After the sites have been 
remediated, the excavations would be backfilled and revegetated, thus -removing the stockpiled 
mounds and open pits, and reducing fugitive dust sources. Other visual impacts could include the 
construction of treatment facilities. Treatment plants in the All Other Areas geographic area wou\d 
most likely be constructed near the 300 Area and would be visually compatible with existing facilities. 

5.5.8.2.1 Potential Mitigation Measures. Potential mitigation measures for visual and aesthetic 
resources include the following: 

• minimizing overall disturbance to the extent possible 

• controlling fugitive dust (see Sectio.n 5.5.5) 

• completing remediation in a timely manner 

• conducting restoration activities immediately in remediated areas and· contemporaneous with 
ongoing remedial activities in other areas 

• restoring remediated areas by reshaping excavations to approximate original conditions and 
revegetating with native species. 
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1 5.5.8.3 Effects on Visual and Aeltl,etic Resources, RestrictedF,uture Land-Use Altenzative (R2). 
2 The Restricted Future Land-Use Aiterriative (R2) ~otild involve-placing caps over past-practice waste 
3 sites and TSD facilities, constructing groundwater remediation systems, and restoring sites. The caps 
4 potentially would have significant impacts on visu_al and aesthetic resources, depending on the design 
5 used. If the reference· cap were used (Appendix E), the size and shape of the caps would be . 
6 noticeable, with vegetation on- the top of the cap contrasting with rip rap on the sides. The caps could 
7 be noticeable in open space areas or mixed in with the facilities of the 300 and 600 Areas. Viewer 
8 attention would be focused on the caps, as their rigid geometric design and large size contrast visually 
9 with the natural landscape features and flat terrain. In addition, the reference cap design includes 

10 placement of large obelisk surface markers with_posted warning signs near the caps, which would 
11 appear out of place in the landscape. · 
12 
13 Construction activity associated· with cap construction also would result' in short-term impacts on 
14 the visual and aesthetic resources of the area. Construction equipment, haul trucks, and work crews 
15 would intrude on the surrounding viewscape. These activities also would result in the generation of 
16 fugitive dust, which could reduce visual clarity and obscure viewsheds. Other visual impacts could 
17 include the construction of treatment facilities. Treatment plants in the All Other Areas geographic 
18 area would be constructed near the 300 Area and would be visually compatible with existing facilities. 
19 
20 -- 5.5.8.3.1 Potential Mitigation Measures. Potential mitigation measures would include those 
21 described for the Restricted Future Land-Use Alternative (Rl), as well as the following: using 
22 surface markers designed to be compatible with the surrounding landscape and using natural materials 
23 in cap construction to minimize contrast with the surrounding landscape. 
24 
25 
26 5.5.9 Human Health Risks · 
27 
28 5.5.9.1 Human Health Risks, No-Action Altemative. Under the No-Action Alternative, activities 
29 would include surface decontamination and/or stabilization of past-practice waste sites and TSD 
30 facilities, environmental monitoring, and security functions. Potential human exposures to 
31 radiological and chemical contaminants would continue to be prevented by engineering and 
32 institutional controls, including Hanford Site access restrictions; restrictions on contact with, or 
33 · proximity to, radioactive and hazardous materials; and restrictions on the use and withdrawal of 
34 groundwater. As long as these controls remain in place, risks to workers and the general public from 
35 contaminants in the All Other Areas geographic area are expected to remain within acceptable limits. 
36 Therefore, the No-Action Alternative, with contjnued use of engineering and institutional controls, is -
37 not expected to have significant impacts on human health. 
38 
39 Consideration of the No-Action Alternative for the Hanford Site requires analysis of potential 
40 ·human health risks in the event that engineering and institutional controls are removed. To assess 
41 these health effects, a risk assessment was performed for the Reactors on the River, Central Plateau, 
42 and All Other Areas geographic areas. Human health risks were calculated for exposures to 
43 radioactive materials, carcinogenic chemicals, and noncarcinogenic chemicals. The risk assessment 
44 used four exposure scenarios: agricultural, residential, industrial, and recreational. These exposure 
45 scenarios and other assumptions used in the risk assessment are discussed in Appendix B. The risk 
46 assessment results for the loss .of institutional controls in the area under the No-Action Alternative are 
47 discussed in Section 5.7.3. 
48 
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The risk assessment performed for the No-Action Alternative .iiso included evaluation of an 
2 acciaent scenario. This scenario involve·s a range fire that burns a 2.6-km2 (l-mi2) area of the 
3 Hanford Site, releasing into the atmosphere any radioactive contaminants taken up by plants growing 
4 within that area. Thi_s type of accident was chosen for the No-Action Alternative because· it is a 
5 natural occurrence not caused by any specific remedial activity (Appendix B5). 
6 
7 The airborne pathway was the only exposure pathway considered for estimating the impacts of 
8 this accident. Radiation doses from the airborne releases were estimated for onsite remediation 
9 workers, for a member of the public located at the NPAL, and for offsite populations. The NPAL 

10 for the accident analyses are along the Columbia River, State Route 240, and the roads leading.to the 
11 Wye Barricade on the Hanford Site. 
12 
13 Table 5-43 lists the maximum estimated radiation doses that would result from the range fire and 
14 other accident scenarios for the future land-use alternatives. The maximum estimated radiation dose 
15 to an onsite worker for this scenario is less than 0.1 % of the 5,000-mrem/yr annual dose limit for 
16 workers. The maximum dose to a member of the public at _the NPAL.is below the DOE standard of 
17 10 mrem for public exposure to airborne releases as established in DOE Order 5400.5 (DOE 1993a). 
18 
19 5.5.9.2 Human Health Risks, Restricted Future Land-Use Alternative (RI). The Restricted Future 
20 Lana-Use Alternative (Rl) involves excavating, loading, and hauling contaminated soil from 
21 past-practice waste sites and TSO facilities, constructing groundwater remediation systems, .and 
22 restoring sites. Remedial activities are not expected to result in significant adverse health effects to 
23 workers or the general public. Use of good health physics and industrial hygiene practices would 
24 ensure that exposures to radioactive and hazardous chemicals remain below applicable regulatory and 
25 administrative limits. 
26 
27 Over the long term, the Restricted Future Land-Use Alternative (Rl) would result in beneficial 
28 impacts by removing some contamination, and preventing exposures to remaining contamination by 
29 restricting soil disturbing activities and groundwater use for an indefinite period. The combination of 
30 partial excavation, groundwater remediation, and use restrictions would reduce cancer risks to levels 
31 at or below the target risk range of 1Q-4 to 10·6• Cancer risks could be higher if activity restrictions 
32 are violated. 
33 
34 The potential for adverse health effects resulting from accidents during remediation were · 
35 evaluated in the risk assessment (Appendix B5). In addition to the range fire, two other accident 
36 scenarios were evaluated for the Restricted Future.Land-Use Alternative (Rl). The first is an 
3 7 explosion during the excavation of a waste site, dispersing a quantity of hazardous and radioactive 
38 material into the environment. The second involves a pump-and-treat accident where a fire is 
39 assumed to destroy a filtration unit Containing concentrated contaminants from the treatment of 
40 contaminated groundwater. These scenarios are described in more detail in Section 5. 7 and 
41 Appendix B5. 
42 
43 For the excavation accident, the maximum radiation dose to remediation workers, evaluated at 
44 100 m (328 ft) from the accident location, is more than three orders of magnitude below the 
45 · regulatory limit for radiation workers or' 5,000 mrem/yr (see-Table 5-43). Estimated doses at the 
46 NP AL and at the Hanford Site boundary are small compared to the allowable annual dose to a 
4 7 member of the general public from airborne sources of 10 mrem. 
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Table 5-43. Con1;q~~1zces of 1).c~ide1ZtS1 JJu'iillg Remediation, 
· AIL'<Jthe}A;etilGeogr~phicArea'. · : .. 

MEI Doses (mrem) 
,, . 

3 

4 
5 

6 
7 

8 

Accident Scei:l~rio 

Groundwater 
Treatment 

Accidental Dispersion 
During Excavation 

Range Fire 

-
i' 

\ 

.. 

MEI at 100 m 
· (327 ft) 

3.5 E+02 

lAE-M · 

0.61. 

2.4 E-0? 

1.7 

6.8 E-07' 

,.,-

MEI at the NP AL Site Boundary Dose 
and Distance and Distance 

1.9 E+02 at 120 m 7.4 at 840 m 
(3,950 ft) (2,800 ft) 

--- -
9.5 E-05" 3.7E-<Xt 

0.33 at 120 .m 5.9 E-02 at 840 m 
(3,950 ft) (2,800 ft) 

1.7 E-0? 3.0 E-08' 

0.95 at 120 m 5.5 E-02 at 840 m 
(3,950 ft) (2,800 ft) 

4.8 E-07' 2.8 E-08' 

9 ·. •Increased probability of this individual contracting a fatal cancer. 
IO blncrease in LCFs in this population. 
11 LCF = latent cancer fatality. ·· · ··· 
12 MEI = maximally exposed individual. 
13 , NP AL = nearest public access location. 

_;,,/;:. 

14 

Maximum Population 
Dose (person-rem), 

Population, and 
Direction 

0.94 to a populatio_n of 
57,116 to the south of 
the 300 Area 

3.2 E-04b 

6.2 E-02 to a 
population of 57,116 
to the south of the 
300· Area 

3.1 E-05b 

6.3 E-03 to a 
population of 57, 116 
to the south of the 
300 Area 

3.2E-W 

15 For the groundwater treatment accident, the estimated maximum radiation dose to workers 
16 would be 7% of the regulatory limit of 5 rem/yr for radiation workers (see Table 5-43). The 
1 7 estimated dose at the NP AL is much higher than the 10-mrem limit, and the estimated dose at the 
18 Hanford Site boundary approaches the limit. Therefore, adverse impacts of the Restricted Future 
19 Land-Use Alternative (RI) on human_ health are considered potentially significant. 
20 
21 5.5.9.2.1 Poten.tia(Mitigation Measures. Potential mitigation measures for the Restricted 
22 Future Land-Use Alternative (RI) are those that are designed to prevent accidents during remedial 
23 activities or to reduce the severity of their impacts should they occur. Appropriate engineering and 
24 administrative measures would be applied during routine remedial activities so that the protection of 
25 y.,orkers, the general public, and the environment is ensured. For remediation and nearby workers, 
26 this involves wearing appropriate protective clothing; using respiratory protection, when necessary; 
27 and limiting exposures to contaminants in accordance with ALARA guidelines, and good health 
28 physics and industrial hygiene practices. For the general public, it involves the use of practices and 
29 procedures designed to reduce the transport of radioactive and h~ardous materials offsite. These 
30 include use of dust suppressants during .excavation; use of containment structures, when necessary; 
31 and other similar measures to control the spread of contal:!linants. 
32 
33 5.5.9.3 Human Health Risks, Restricted Future Land-Use Alternative (R2). The Restricted Future 
34 Land-Use Alternative (R2) would involve placing caps over past-practice waste sites and TSD 
35 facilities, constructing groundwater remediation systems, and restoring sites. As with the Restricted 
36 Future Land-Use Alternative (Rl), remedial activities under this alternative are not expected to result 
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in significant adverse health effects to workers or the general public. Implementation of the 
2 Restricted Future Land-Use Alternative (R2) would result in long-term beneficial impacts by 
-3 preventing human exposures to contamination by use of caps and institutional controls. The 
4 institutional controls would include restrictions on soil-disturbing activities, and withdrawal and use of 
5 groundwater. The combination of caps and use restrictions would reduce cancer risks to levels at or 
6 below the target risk range of 10--1 to 10-6

• If activity restrictions are violated, cancer risks could be 
7 higher, approaching those estimated for the No-Action Alternative. 
8 
9 Because no significant excavation would occur under this alternative, the excavation accident 

10 scenario described under the Unrestricted Future Land-Use Alternative would ·not apply here. The 
11 groundwater treatment accident scenario probably would have the same impacts under the Restrictec! 
12 Future Land-Use Alternative (R2) as for the Unrestricted Future Land-Use Alternative. Therefore, 
13 adverse impacts of accidents under the Restricted Future Land-Use Alternative (R2) on human health 
14 are considered potentially significant. 
15 
16 5.5.9.3.1 Potential Mitigation Measures. Potential mitigation measures for the -Restricted 
17 Future Land-Use Alternative (R2) are the same as for the Restricted Future Land-Use Alternative 
18 (Rl). 
19 
20 
21 5.5.10 Occupational Impacts . 
22 
23 Potential occupational impacts associated with implementing the future land-use alternatives in 
24 the All Other Areas geographic area were estimated by comparing the field labor hours identified in 
25 Appendix H for each alternative with the BLS and DOE incident rates (NSC 1993; EG&G 1993). 
26 The estimates assume that all remediation waste is transported by truck for onsite disposal, as truck 
27 transport requires more labor and, thus, results .in a more conservative analysis. Other assumptions 
28 used in this analysis are discussed in Appendix 1.- - · 
29 
30 5.5.10.1 Effects on Industrial Health and Safety, No-Action Alternative. Labor hour estimates are 
31 not available for the No-Action Alternative; therefore, no occupational impacts were estimated, and 
32 mitigation measures were not evaluated. 
33 
34 5.5.10.2 Effects on Industrial Health and Safety, Restricted Future Land-Use Alternatives 
35 (RI and R2). Table 5-44 presents the potential occupational impacts for the Restricted Future 
36 Land-Use Alternatives (Rl and R2) for the All Other Areas geographic area based on BLS incident 
37 rates. Total cases include all work-related deaths and illnesses, and those work-related injuries that 
38 result in loss of consciousness, restriction of work or motion, transfer to another job, or a 
39 requirement for medical attention. It is the. sum of lost workday cases and nonfatal cases without lost 
40 workdays. Lost workdays are those days that, because of occupational injury or illness, an employee 
41 was away from work or lii:p.ited to restricted work activity. Lost workdays are estimated from lost 
42 workday cases. 
-+3 
44 
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Table 5-44 . . Summad' Jf Oqc'~pationaf Ii,zpacts per BLs· Statistics. 
:,_,.._ - - :. . ' .... ,.• .- . ,• -

Future Land-Use 
Estimated 

Estimated Total Estimated Lost Non fatal Cases Estimated Lost 
Alternative -:· _ .. · Cases, Workday Cases Without lost Workdays 

(labor hours) 
Workdays 

Restricted (Rl) 290 160 130 4,206 
(4,165,919) 

Restricted (R2) -.1,378 806 572 21,825 ---
(19,407,701) 

Table 5-45 presents the potential occupational impacts based on DOE incident rates. The 
occupational impacts estimated using DOE incident'rates are substantially lower than the impacts 
estimated using BLS incident rates. DOE incident rates historically have compared favorably to 
private industry rates. The analysis using DOE incident rates is expected to more accurately reflect 
potential occupational impacts. 

Potential occupational impacts are greatest for the Restricted Future Land-Use Alternative (R2). 
This is because cap construction results in substantial labor requirements for the transport of cap · 

. materials. 

5.5.10.2.1 Potential Mitigation Measures. Potential mitigation measures includ_e continued 
emphasis on safety awareness and worker training. 

... ~ ', 

5. 5.11 Volumes, Disturbed Areas, and Costs 

This section presents cost estimates for the No-Action Alternative and future land-use alternatives 
being considered for the All Other Areas geographic area. Estimates of volumes and areas of 
disturbance also are provided. The assumptions and methodology used to estimate the costs of each 
future land-use alternative are described in Appendix H. Impacts of each alternative are summarized 
in Table 5-46. 

5.5.11.1 Effects on Volumes, Disturbed Areas, and Costs, No-Action Alternative. The No-Action 
Alternative involves moving large quantities of surface soils to consolidate the contamination within -
original site boundaries and stabilize the site with clean fill dirt. Some backfill may be required, but 
no volumes a_re calculated. _ The costs for the No-Action Alternative have not beeri determined for 
each geographic area, but they are summarized for the Hanford Site in Table 5-24. These costs are 
not specific to the All Other Areas geographic area, but rather apply to the entire Hanford Site. 

5.5.11.1.1 Potential, Mitigation Measures. Potential mitigation measures include efforts to 
reduce the cost of institutiorial controls. 

5.5.11.2 Effects on Cost Analysis, Restricted Future Land-Use Alternative (RI). The Rt::stricted 
Future Land-Use Alternative (R 1) .would involve excavating, loading, and hauling contaminated soil 
from past-practice waste sites and TSD facilities, constructing groundwater remediation systems, and 
restoring sites. Volumes to be excavated for the Restricted Future Land-Use Alternative (Rl) include 
1.6 million BCM (2.1 million BCY) of contaminated soil and 1.6 million BCM (2.1 million BCY) of 
uncontaminated soil (see Table 5-46). The total area disturbed is _about 309 ha (765 ac). Two haul 
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options are analyzed for transporting ·contaminated soil to the ERDF: truck· and rail. A swell factor 
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The costs of remedial actions for this alternative are $1.0 billion if waste is hauled to the ERDF 
by truck or $0. 7 billion if waste is hauled by rail (Tables 5-46 and 5-47). 

5.5.11.2.1 Potential Mitigation Measures. Sensors to monitor contamination as excavation 
proceeds would prevent excavation of noncontaminated soils. Excavation of waste in combination 
with technologies such as soil washing also would re.suit in reduced disposal requirements. 

Continuing emphasis would be placed on the development and implementation of new remedial 
technologies to reduce the volumes, levels of disturbance, and costs associated with remediating waste 
sites in the All Other Areas geographic area. These new technologies may include in-situ treatments, 
which could significantly reduce the volumes of contaminated soils requiring excavation and disposal. 

5.5.11.3 Effects Oil Cost Analysis, Restricted Future Land-Use Alternative (R2). The Restricted 
Future Land-Use Alternative (R2) would involve placing caps over past-practice waste sites and TSD 
facilities; constructing perimeter roads around caps; constructing groundwater remediation systems, 
which- may include well sites, pumphouses~ pipelines, and treatment facilities; and restoring sites, 
including grading embankments and slopes, and revegetating sites. The volumes of materials required· 
to construct caps over past-practice waste sites and TSD facilities are shown in Table 5-48. The total 
area disturbed by remedial actions is 384 ha (948 ac). Two haul options for cap material are 
analyzed: truck and rail. The costs of remedial actions for this alternative are approximately 
$3 .2 billion if cap materials are hauled by truck and $0.8 billion if hauled by rail (Tables 5-46 · 
and 5-49). 

Table 5-45. Summary of Occupational Impacts per DOE Statistics. 

Future Land-Use Estimated Total Estimated Lost Estimated Lost 
Alternative 

Cases Workday Cases Workdays 
(labor hours) 

Restricted (RI) 72 31 482 
(4,200,000) 

Restricted (R2) 335 145 2,244 
(19,400,000) 
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Table 5-46. · Comparison of.:Voluilfes, I]isturbe4. Area~, tilid Costs Associated with the 
All Other Areas Geogi-apiiic Area FuturtLaizd.;.Use Altematives. 

Alternatives 
Resources ,.•··· 

No Action Restricted ( 1) - Restricted (2) 

Capping Materials LCMa 0 0 8,66_3 
(x 103

) 

Excavated Volumes BCMa -- -- --
(x .103

) 0. ---- 1,574 0 
Uncontaminated Soil 0 ·-- 1,603 -0 
Contaminated Soil 

Groundwater Treatment 0 31 31 
Costs in 1994 Dollars 
(millions) .. 

Areas of disturbance (ha) 43 309 384 

Project Costs in 2,424b 1,032 (truck haul) 3,159 (truck haul) 
1"994 Dollars (millions) 672 (rail haul) 794 (rail haul) 

16 3 Loose Cubic Meter (LCM) = 1.31 Loose Cubic Yard (LCY) 
17 Bank Cubic Meter (BCM) = 1.31 Bank Cubic Yard (BCY) 
18 ha = 2.47 ac. 
19 bCosts for 100 years of institutional control for the Hanford Site. The costs are not 
20 broken down by geographic areas. 
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5.5.11.3.1 Potential Mitigation Measurer More.site characterization has the potential to 
reduce the number and size of waste sites to be remediated. The use of a RCRA Subtitle C cap or a 
Modified RCRA cap instead of the reference cap described in Appendix E would reduce the volumes 
of cap materials required, associated areas of disturbance, and the costs of remedial actions. 
Minimum technology requirements for a RCRA Subtitle C cap are specified in 40 CFR 264.310. The 
Modified RCRA cap is conceptually similar to the RCRA Subtitle C cap, but it has been modified to 
better suit the conditions at the Hanford Site. The unit cost for a RCRA Subtitle C cap or Modified 
RCRA cap is $51/m2 ($5/ft2) and $72/m2 ($7/ft2), respectively. The unit cost for the reference cap is. 
$134/m2 ($12/ff) (DOE-RL 1994a). 

Continuing emphasis would be placed on the development and implementation of new remedial 
technologies to reduce the volumes, levels of disturbance, and costs associated with remediating waste 
sites in the All Other Areas geographic area. These new technologies may include in-situ treatments, 
which could significantly reduce the volumes of contaminated soils requiring excavation and disposal. 
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Table 5-47. Summary of Potenti~lcosts for the Restricted Futu~e Land-Use Altemative (Rl), 
.1 All Other Areas Geographic Area. 
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Project Cost in 1994 Dollars (millions) 

Resource Transportation 
Waste Sites Groundwater 

Trucks 

Mobilization and Preparatory Work 5.8 - -

Monitoring, Sampling, and Analysis 428 -- -
Surface Water Collection and Control 0.4 -- -
Solids Collection and Containment 98 - -
Site Restoration 83 - --
Demobilization 1.7 - -
Total Costs 616.9 31 390 

Fuel Use (millio!lS) L (gal) 23 (6.1) 0 (0) 19 (5.0) 

Labor Hours (millions) 2.4 0.3 2.5 

·-

Table 5-48. Volumes of Capping Materials Required for the 
Restricted Future Land-Use Alternative (R2), 

All Other Areas Geographic Area. 

Material 

Drainage Gravel 
Gravel 
Basalt 
Asphalt Base 
Contour Fill 
Lower Silt 
Upper Silt 
Sand . 
Asphalt 

Total 

LCM = Loose Cubic Meter. 
LCY = Loose Cubic Yard. 

Volumes (x 103
) 

LCM (LCY) 

389 (510) 
389 (510) 

3,888 (5,093) 
128 (168) 
778 (1,019) 

1_,295 . (1,696) 
1,295 (1,696) 

194 (254) 
308 (403) 

8,663 (11,349) 

Rail 

--

--

-· 
--

--
-
25 

4.6 (1.2) 

0.1 
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Table 5-49. Summary of Pot~1uihZ,costs for the Res.tricted F~ture Land-Use Altemative (R2), 
2 · All'Other Areas:GeographitArea.,··: · . 
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Project Cost in _1994 Dollars (millions) 

Resoufoe 
.. ' :~ ,.•· 

Transportation 
Waste Sites Groundwater 

Trucks Rail 

Mobilization and Preparatory Work 5.7 - - --

Monitoring, Sampling, and Analysis 84 -- - --
Surface Water Collection and Control ··o.s - - --
Solids Collection and Containment 460 - - --
Site Restoration 120 - - --

Demobilization 1.2 - - --
Total Costs 671.4 31 2,500 91 

Fuel Use (millions) L (gal) 40 (10.3) 0 (0) 120 (31.8) 17 (4.6) 

Labor Hours (millions) 3.5 0.3 16.7 0.4 

5. 6 Socioeconomic Impacts 

The objective of the socioeconomic impact analysis is to assess the impacts of the various 
alternatives in each of the four geographic areas on the socioeconomic environment in the 
Richland-Kennewick-Pasco Metropolitan Statistical Area (which covers Benton and Franklin counties, 
inclusively, and is referred to as the "Tri-Cities"). The analysis addresses impacts on employment 
and general economic conditions, population, housing, public services, and infrastructure. This 
analysis also provides supporting information fqr the environmental justice analysis (Section 5.12), 
which evaluates the potential disproportional impacts on minority and low-income populations. 

5.6.1 Methodology 

Quantitative analyses were prepared for. the potential impacts on employment, population, 
housing starts and prices, and taxable retail sales. These variables provide a summary of the 
socioeconomic-impacts of the future land-use alternatives under consideration, and provide data for 
qualitative assessments of other socioeconomic impacts. For example, taxable retail trade (which­
includes services, contracting, wholesaling~ finance and real estate, and other transactions in addition 
to the retail trade) and employment are measures of general economic conditions, while taxable retail 
sales and housing prices provide information about state and local government revenues. Available 
data on these variables were obtained from state and local sources and used to develop regression 
equations to relate the variables to Hanford Site· employment levels. · The regression equations were . 
then used to estimate the impact of increased Hanford Site employment during remedial activities on 
economic conditions in the Tri-Cities. Appendix F describes the methodology used to estimate the 
quantitative impacts. 

The key variable for estimating socioeconomic impacts is the number of full-time equivalent 
(FfE) workers required to perform remediation under each future land-use alternative. For the 
purposes of conservative estimations for this EIS, the effects of the alternatives are compared to a 
baseline scenario that assumes that Hanford employment remains at 15,600, which was the size of the 
workforce as of July 1995 (DOE-RL 1995). This conservative estimate assumes that future remedial 
activities will require employment of additional workers. However, as the DOE continues to 
restructure its workforce at the Hanford Site to meet its changing mission, it is unlikely that the 
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current workforce will increase significantly. This assumption allows assessment of the 
socioeconomic impacts against the status qu_o as it existed in 1995: · 

Projections over time of nonagricultural employment in the Tri-Cities, taxable retail sales, 
population, and housing market conditions for the baseline scenario indicate positive trends, even with 
a static Hanford Site employment level. These trends show the effects of non-Hanford economic 
growth and provide a basis for assessing the impacts of changes in Hanford activity. 

The socioeconomic impacts bf the alternatives in each geographic area were assessed 
independently. Remediation of each geographic area was assumed to start in the year 2000. The 
2000 starting date was based on draft planning doc_!.lments from the DOE showing most remedia-1 
activities (as opposed to planning and design activities) beginning on or after 2000. To provide a 
conservative assumption to this EIS, it was assumed that all remedial actions would be completed 
by 2018. . 

The total number FTE workers in any given year would depend on which remedial actions were 
unde~aken during that year. In addition, activities in different geographic areas could be performed 
concurrently with activities in other geographic areas. Therefore, the timing of the various remedial 
actions would affect the total socioeconomic impacts. This means that the socioeconomic impacts of 
the preferred alternative, when selected, would not necessarily be the sum of the impacts from the 
individual areas. · 

·-The following analyses assume that waste is hauled to the ERDF by truck. The truck-haul 
scenarios require much larger labor inputs and, therefore, have much greater potential impacts 
resulting in a more conservative analysis. Use of rail to transport waste to the ERDF would 
correspondingly reduce socioeconomic impacts. 

5. 6.2 No-Action Alternative 

The No-Action Alternative would involve continuing existing environmental monitoring, 
maintenance, and security programs, and would not involve remedial actions. The No-Action 
Alternative applies to all four geographic areas. For purposes of this analysis, it was assumed that 
Hanford employment levels would remain at the current level of 15,600 employees. This is 
equivalent to the baseline condition used for comparison of the future land-use alternatives. 

Nonagricultural employment in the Tri-Cities would continue to increase under the No-Action 
Alternative as a function of economic growth unrelated to the Hanford Site. Nonagricultural 
employment is predicted to be roughly 60% higher in 2018 than in 1994 under the No-Action 
Alternative. Taking no action would not adversely affect growth in Tri-Cities employment. 

Similarly, taxable retafl sales (a measure of overall economic activity, and a key component of 
revenue for state and local governments) would continue to increase. Population growth also would 
continue to increase, with a total population in the Tri-Cities approximately 44% higher in 2018 than 
the 1994 population. Increased population growth would affect home prices and housing starts, which 
also would continue to increase. 

Continued economic growth would increase the demand for police, fire, and utility services, 
infrastructure additions, and social services. However, growth trends for the No-Action. Alternative, 
which are the same as the baseline scenario, are gradual and are not expected to place unanticipated 
or unusual demands on infrastructure or services. · 

5. 6.3 Columbia River Geographic Area 

Two future land-use alternatives were analyzed for the Columbia River geographic area, 
unrestricted and -restricted use. Actions required to achieve unrestricted use were assumed to start in 
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2000 and be completed in 2018. Actions required to achieve restricted use were assumed to start in 
2000 and be completed by 2002. · The lf;veJ .of effort required:_to implement the Restricted Future 
Land-Use Alternative would be too small to be meaningful if stretched out to 2018. Under these 
assumptions, the Unrestricted Future Land-Use and the Restricted Future Land-Use alternatives would 
require approximately 637 and 112 FTE workers, respectively. 

5.6.3.1 Employment and Economic Activity. For the Unrestricted Future Land-Use Alternative, 
Hanford employment would be about 4.1 % above the baseline. For the Restricted Future Land-Use 
Alternative, Hanford employment would be about 0. 7 % higher during the period 2000-2002. 
Figure 5-28 shows the impacts of the higher Hanford employment on nonagricultural employment in 
the Tri-Cities. · · · 

The impacts of the Restricted Future Land-Use Alternative would be small (0."2 % above 
baseline) and short-term. The maximum impact of the Unrestricted Future Land-Use Alternative 
would be about 0.9%, at the beginning of remedial activities. These impacts are not considered 
significant. The percentage impacts would decline over time, because nonagricultural employment 
would grow for the baseline projection even though Hanford employment is assumed to be constant. 
The decline in the percentage increase in 2018 reflects the downsizing of Hanford employment as the 
remedial activities are completed. 

The Restricted Future Land-Use Alternative would have minimal impact (0.1 %) on taxable retail 
sales_(Figure 5-29). The maximum impact for the Unrestricted Future Land-Use Alternative would 
be about 0.6%. These impacts would have no significant impacts on the Tri-Cities' economy. 

5.6.3.2 Population afzd Housing. The Restricted Future Land-Use Alternative would have minimal 
impact on Tri-Cities population, while the Unrestricted Future Land-Use Alternative would have a 
maximum increase of 0.6% above the baseline (Figure 5-30). The small impacts on population carry 
through to the housing market. The Unrestricted Future Land-Use Alternative would generate a 
maximum increase of 1.2 % in housing prices, while the Restricted Future Land-Use Alternative 
would result in an increase of 0.2% (Figure 5-31). The Unrestricted Future Land-Use Alternative 
would generate an1increase of approximately 2.2 % in housing starts, while the Restricted Future 
Land-Use Alternative would generate an increase of 0.4% (Figure 5-32). These impacts would not be 
significant. 

5. 6.3.3 Public Services, Infrastructure, and Utilities. The impacts of both the Unrestricted and 
Restricted Future Land-Use Alternatives for the Columbia River geographic area would be too small 
to affect public services, infrastructure, or utjlities in the Tri-Cities. Population growth and new 
housing starts, which might have such impacts, are projected to be too small to provide sufficient new 
demand for these services, especially given the larger increases projected under the baseline scenario. 

5. 6.4 Reactors on the River Geographic Area 

Three future land-use alternatives were analyzed for the Reactors on the River (unrestricted and 
restricted [Rl and R2]). Based on a starting date of 2000 and a completion date of 2018, these levels 
of effort translate into approximately 495, 362, and 824 FfE workers for the Unrestricted Future 
Land-Use Alternative, the Restricted Future Land-Use Alternative (Rl), and the Restricted Future 
Land-Use Alternative (R2), respectively. 

5.6.4.1 Employment and Economic Activity. Hanford employment for the Unrestricted Future 
Land-Use Alternative would be approximately 3.2 % above the baseline. Employment would be 
2.3 and 5.3% above the baseline for the Restricted Future Land-Use Alternative (Rl) and the 
Restricted Future Land-Use Alternative (R2), respectively. It is anticipated that some of the increased 
employment could be staffed by the existing workforce. 
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~ Figure 5-28. Predicted Increases in No11:agricultural Employment. 
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Figure 5-29. Predicted Increases in Taxable Retail Sales. 
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1 Figµre 5-30. Predicted_{~?fXfl.lSes iitf?~l'Jflaiion. 
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Figure 5-31 . . Predicted Increases in Home Prices. 
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The impact on nonagricultural employment for the Unrestricted Future Land-Use Alternative, the 
Restricted Future Land-Use Alternative (Rl), arid the Restricted Future Land-Use Alternative (R2) 
would be about 0.7, 0.5, and 1.2% at maximum, respectively (Figure 5-33). 

Impacts on taxable retail sales, which reflects general economic activity in the Tri-Cities, would 
be about 0.5, 0.4, and 0.8% at maximum for the Unrestricted Future Land-Use Alternative, the 
Restricted Future Land-Use Alternative (Rl), and the Restricted Future Land-Use Alternative (R2), -
respectively (Figure 5-34). 

The impacts on employment and economic actiyity of all three future land-use alternatives for ·the 
Reactors on the River geographic area are not considered significant. 

5.6.4.2 Population and Housing. The maximum impacts of the three alternatives on the Tri-Cities' 
population would be about 0.5, 0.3, and 0.8% above the baseline for the 1]nrestricted Future 
Land-Use· Alternative, the Restricted Future Land-Use Alternative (RI), and the Restricted Future 
Land-Use Alternative (R2), respectively (Figure 5-35). The maximum _impacts on housing prices 
would be 1.0, 0.7, and 1.6% for the Unrestricted Future Land-Use Alternative, the Restricted Future 
Land-Use Alternative (RI), and the Restricted Future Land-Use Alternative (R2), respectively 
(Figure 5-36). Maximum impacts on housing starts would be about 1. 7 and 1.2 % for the 
Unrestricted Future Land-Use Alternative and Restricted Future Land-Use Alternative (Rl), 
respectively (Figure 5-37). These impacts are not considered significant. For the Restricted Future 
Land-Use Alternative (R2), the maximum predicted increase in housing starts would be about 2.8%, 
which would be a significant, although short-term, impact. Using the existing workforce to supply 
some of the increased employment required under these alternatives could reduce the predicted 
increases in economic indicators, such as housing starts. 

5. 6.4. 3 Public Services, Infrastructure, and Utilities. The predicted population increases associated 
with the three future land-use alternatives for the Reactors on the River geographic area are not 
expected to result in significant increases on requirements for public services, such as police and fire 
protection, education, and social services. The predicted increase in housing starts under the 
Restricted Future Land-Use Alternative (R2) could result in a short-term increase in demand for new 
infrastructure and utilities. 

35 5. 6.5 Central Plateau Geographic Area 
36 
37 The Exclusive Future Land-Use Alternative for the Central Plateau geographic area would 
38 involve about 315 FTE workers4, assuming the work begins in the year 2000 and finishes in 2018. 
39 
40 5.6.5.1 Employment and Economic Activity. Hanford employment would increase by about 2% for 
41 the Exclusive Future Land-Use Alternative. The maximum impact on nonagricultural employment in 
42 the Tri-Cities would be about 0.6% (Figure -5-38). The maximum impact on general economic 
43 activity, as measured by taxable retail sales, would be about 0.3% (Figure 5-39). These impacts 
44 would be too small to be significant. 

4This employment figure is based on BHI's baseline planning estimates, which assume that a 
modified RCRA C cap would be used to cap past-practice waste sites. Use of the reference cap 
design, described in Appendix E, would substantially increase labor hours, and could increase FTE 
workers. 
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Figure 5-33. Predicted Increases in Nonag1icultural Employment. 
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Figure 5-34. Predicted Increases in Taxable Retail Sales. 
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Figure 5-35. Predicted Increases in Population. 
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1 Figure, 5-3 6. Predict~d,~:1!1cr~ase~ i~? HQp~_t/'P1ices. 
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Figure 5-37~ Predicted Increases in Housing Starts. 
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~ Figure 5-38~ · Predicted Jn·creases iii· Nonag,icultural Employment. 
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Figure 5-39. Predicted Increases in Taxable Retail Sales. 
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5. 6.5.2 Population and Housing. The E_xclusive Future Land-Use Alternative would generate about 
a maxfmum 0.3% increase in Tri-Cities population (Figure· 5-40). Average home prices would 
increase by a maximum of about 0.6% (Figure 5-41). Housing starts would increase by a maximum 
of 1.1 % (Figure 5-42). These impacts are not considered significant. 

5. 6.5.3 Public Services, Infrastructure, and Utilities. The small increase in population for the 
Exclusive Future Land-Use Alternative would have no significant impact on public services, 
infrastructure, or utilities. 

5. 6. 6 All Other Areas Geographic Area 

The two future land-use alternatives for the All Other Areas geographic area are the Restricted 
Future Land-Use Alternatives (Rl and R2). The period of performance for these remedial actions is 
2000 to 2006. The corresponding FfE workers are 414 for the Restricted Future Land-Use 
Alternative (Rl) and 1,630 for the Restricted Future Land-Use Alternative (R2). 

5.6.6.1 Employment and Economic Activity. Hanford employment would increase by 2.7% above 
the baseline for the Restricted Future Land-Use Alternative (Rl) and 10.5% above the baseline for the 
Restricted Future Land-Use Alternative (R2). Nonagricultural employment would show about a 
0.6% maximum increase for th~ Restricted Future Land-Use Alternative (Rl) and a 2.4% maximum 
increase for the Restricted Future Land-Use Alternative (R2) (Figure 5-43). The maximum impact on 
taxable retail sales would be about 0.4% for the Restricted Future Land-Use Alternative (Rl) and 
about 1.6% for the Restricted Future Land-Use Alternative (R2) (Figure 5-44). The impacts of the 
Restricted Future Land-Use Alternative (Rl) would be too small to be significant. The impacts of the 
Restricted Future Land-_Use Alternative (R2) would be significant but short term . 

. . 

5. 6. 6.2 Population and Housing. Population would increase by about 0.4% above the baseline at 
most for the Restricted Future Land-Use Alternative (R 1) and by 1.5 % above the baseline for the 
Restricted Future Land-Use Alternative (R2) (Figure 5-45). Home prices would increase by a 
maximum of 0.8% for the Restricted Future Land-Use Alternative (Rl) and 3.2% for the Restricted 
Future Land-Use Alternative (R2) (Figure 5-46). Housing starts would increase by a maximum of 
1.3% for the Restricted Future Land-Use Alternative (Rl) and 2.4% for the Restr_icted Future 
Land-Use Alternative (R2) (Figure 5-47). The impacts of the Restricted Future Land-Use Alternative 
(Rl) would be too small to be c_onsidered significant, while the impacts of the Restricted Future 
Land-Use Alternative (R2) would be significant, but short term. 

38 5. 6. 6.3 Public Services, hzfrastructure, and Utilities. The population growth for the Restricted 
39 Future Land-Use Alternative (Rl) would be too small to have a significant impact on public services, 
40 infrastructure, or utilities. For the Restricted Future Land-Use Alternative (R2), however, there 
41 would be significant impacts in these areas. The projected additional population could be large 
42 enough to require additional investment in public services and infrastructure, including utilities. 
43 Higher sales tax and property tax revenues could offset some of the costs of meeting these new 
44 demands for services. However, the impacts would be more complex in this case becau~e of their 
45 short- duration. That is, the added demand for services and the increased taxes would end after 2006. 
46 This means that the investments to meet additional demands for public services could leave excess 
4 7 capacity when the additional workers required for the remedial activities leave after the work is 
13 completed in 2006. 
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~ Figure 5-40. Predicted Increases in Population. 
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Figure 5-41. Predicted Increases in Home P1ices. 
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1 Figure 5-42. Predicted}~ctR(lSes in:_lfl!]J,~i,j'gJ,Starts. 
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~ Figure 5-43. Predicted Increases in Nonaglicultural Employ,nent. 
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1 Figure 5-44. Predicted Increases in Taxable Retail Sales. 
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Figure 5-45. Predicted Increases in Population. 
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Figure 5-46. Predict;d f;icreases in Ho,ne. P,ices. 
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Figure 5-47. Predicted Increases in Housing Starts. 
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Two factors could mitigate the potentJal impa~,t~. of the Restricted Future Land-Use Alternative 
2 (R2).' .First, maximizing use of the existing workforc'f! io supply th€empl6yment needs of this . 
3 alternative could ·reduce the impacts associated with an influx of workers. Second, the effects of the 
4 abrupt decrease in employment may not be as evident when considering the overall impact of 
5 remediation across the Hanford Site. Remediation in the Reactors on the River and Central Plateau 
6 geographic areas would require until 2018 to complete, and could absorb some of the workers 
7 available when remediation is completed in the All Other Areas geographic area. · 
8 
9 

1 o 5. 7 Baseline Risk Assessment 
11 
12 Consideration of the No-Action Alternative for the Hanford Site requires analysis of potential 
13 human health risks in the event that engineering and institutional controls are removed. To assess · 
14 these health effects, a baseline risk assessment was performed for the Reactors on the .River, Central 
15 Plateau, and All Other Areas geographic areas (Appendix B). The risk assessment used four 
16 exposure scenarios: agricultural, residential, industrial, and recreational. Assumptions were made 
17 for each of these scenarios concerning the type and extent of human contact with potentially 
18 contaminated media (soil, water, air, and food). With the exception of minor changes, these 
19 scenarios are the same as those used in the Hanford Site Baseline Risk Assessment Methodology5 
20 (DOE-RL 1993a). A detailed description of each of these exposure scenarios is presented in 
21 Appendix B4. 
22 
23 
24 ,­_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35-
36 

Potential human health risks under each of the four future land-use scenarios were calculated for 
present conditions, as well as for future generations. The risk assessment for present conditions; 
which use_d the year 1989 as a reference point, provides a baseline for risks over the entire Hanford 
Site. Potential health risks were calculated after removal of institutional controls at periods of 40, 
100, 140, 1,000, and 10,000 years into the future. 

5. 7.1 Radiation -Exposure Effects 

Radiation exposure and its consequences are topics of interest to the general public near nuclear 
facilities. For this reason, this EIS places more emphasis on the consequences of exposure to 
radiation than on other topics. This subsection explains basic concepts used in the evaluation of 
radiation effects in order to provide the background for later discussion of impacts. 

37 The effects on humans ·of radiation emitted during disintegration (decay) of a radioactive 
38 · substance depends on the kind of radiation (alpha and-beta particles, and gamma and x-rays) and the 
39 total .amount of radiation energy absorbed by the body. The total energy absorbed per unit quantity · 
40 of tissue is referred to as absorbed dose. The absorbed do~e. when multiplied by factors that take 
41 into account different sensitivities of various tissues, is referred to as effective dose ~quivalent, or 
42 where the context is clear, simply dose. The common unit of effective dose equivalent is the 
43 roentgen equivalent man (rem). Small doses are frequently reported i_n millirein (equivalent to 1/1000 
44 of a rem).· 
45 

5At the time of this writing, the Hanford Site Baseline Risk Assessment Methodology was used to 
conduct the baseline risk assessment. Since that time, it has been updated and revised in the Hanford 
Site Risk Assessment Methodology (DOE-RL 1995). 
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An individual may be expo~ed t'if iopizing radiation exJernall5\ from a radioactive source outside 
the body, and/or internally,' froiri"lriges'firig-:or inhalin{fa'dihactive,material. The external dose is 
different from the internal dose. An internal dose continues to be delivered as long as the radioactive 
source is ·in the body, although both radioactive decay and elimination of the radion~clide by ordinary. · 
metabolic processes decrease the dose rate with. the passage of time.· The dose from internal exposure 
is calculated over 50 years_ following the initial exposure. 

. . . 
The maximum annual allowable radiation .dose. to the members of the public from DOE-operated 

nuclear facilities is 100 millirem/yr, as stated in DOE Order 5400.5 (DOE 1993a). It is estimated 
that the average individual in the United States receives a dose of about 300 mrem/yr from all sources ··-
combined; including natural and medical sources of radiation. · For per~pective, a chest x-ray results· · 
in an approximate dose of 83 mrerri. _ .A person must receive an acute (short-term) dose of 
approximately 600,000 mrem (600 rem) before there is a high probability of near-term death 
(DOE 1995a). 

The maximally exposed individual (MED is defined ~n the Hanford Site Environmental Report for· 
1994 (PNL 1995) as ,"an hypothetical person who lives at a location and has a lifestyle such that it is 
unlikely that other members of the public woul9 receive higher radiation doses." For 1994, the total 
potential dose (via air and water pathways) to th.e MEI from Hanford operations was calculated to be 
0.05 mrem (PNL 1995). · · · 

Radiation can cause a v~riety of adverse health effects in humans. The most significant adverse 
health effect used to depict the consequences of environmental ·and occupational radiation exposures is 
induction of LCFs. This effect is referred to as LCFs, because it.may never actually be the cause of 
death. In addition t.o LCFs, other health effects _could result from environmental and occupational 
exposures to radiation. These effects include nonfatal cancers among the exposed population and 
genetic effects in subsequent generations. . . · · · 

The factor used in this EIS to relate a dose to its health effect was 0.0004 LCFs/person~rem for 
workers and 0.0005 LCFs/person-rem for individuals among the general population. The latter factor 
is slightly higher because the. generai population may include sensitive subpopulations, such as young 
children. These factors are consistent with ·~u.s. Nuclear Regulatory Commission (NRC) Standards 
for the Protection Against Radiation," 56 FR 23363. The dose.:to-risk conversion factors presented 
above and used in this EIS to relate radiation exposures to LCFs also are used in the Hanford Site 
Baseline Risk Assessment Methodo!ogy (DOE.,RL 1993a). · 

5. 7.2 Nonradiological Health Effects 

EPA guidance categorizes chemical contaminants as carcinogenic or noncarcinogenic, or both. - · 
The method used to evaluate contaminants for potential health effects is dependent on whether the 
·contaminant is classified as a carcinogen or a; rioncarcinogen. The methodology also depends on 
whether the exposed individual is a member· of the public or a worker because of the differences in 
exposure pathways. · · · 

5. 7.2.1 Chemical Carcinogenic Effects. Cenain chemicals, like radiation, have long been known to 
be capable of causing carcinogenic effects at high doses, but their carcinogenicity at low doses has 
been considered only recently. Most of the 9ata for chemical carcinogens has come from chronic 
exposures at high dose levels and, with few e:xceptions, the data are too limited, to enable quantitative 
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analysis of dose-incidence curves. In. those cases, wh~re,;data,~.r:e,:ayaUai:>le, the relationship between 
2 incidence and exposure are compatible with nonthreshold,functions similar to those for 
3 radiation-induced cancers (NCRP 1989). · 
4 
5 5. 7.2.2 Chemical Noncarcirzogenic Effects. Noncarcinogenic and criteria pollutant health effects are 
6 presented using the method described in the Hanford Site Baseline Risk Assessment Methology 
7 (DOE~RL 1993a). This approach presents noncarcinogenic effects in terms of a hazard quotient, 
8 which is the ratio between .the calculated concentrations in air or drinking water and the reference 
9 dose or reference concentration, respectively. 

10 
11 
12 
13 
14 
15 where: 
16 

Noncanc~r Hazard Quotient = E/RfC' 

17 E - exposure level (or intake) 
18 RfC. = reference concentration. , 
19 
20 ·E and RfC are expressed in the same units and represent the same exposure period (chronic, 
21 sub chronic, or short term). 
22 
23 The noncancer hazard quotient assumes that there is a·level of exposure (i.e., reference 
24 concentration) below which even sensitive populations are unlikely to experience adverse health 
25 effects. If the exposure level (E) exceeds this threshold (that is, if E/RfC exceeds unity), there may 
26 be concern for potential noncancer health effects. As a mle, the value of E/RfC of unity or greater, 
27 the greater the level of concern. · 
28 
29 Where appropriate, to assess the overall potential for offsite (public) noncarcinogenic effects 
30 posed by more than one chemical, an HI approach was used following DOE-RL (1993a). This 
3 I approach assumes that simultaneous subthreshold exposure to several chemicals could result in an 
32 adverse health effect. The method also assumes that the magnitude of the adverse effect will be 
33 proportional to the sum of the ratios of the subthreshold exposures to acceptable exposures. The HI 
34 is equal to the sum of the hazard quotients (where exposure level and the reference concentration 
35 represent the same exposure period) .. 
36 
37 
38 5. 7.3 Baseline Risk Assessment Results 
39 
40 5. 7.°3.1 Reactors on the River Geographic Area. The results of the risk assessment for the Reactors 
41 on tpe .River geographic area are summarized in Table 5-50. Hazard indices for current and future 
42 times range over several .arders of magnitude. 'As is the case the cancer risks, the wide variation is· 
43 due to the distribution of waste sites and groundwater plumes. Hazard indices exceeding 1.0 were 
44 calculated for several locations in the Reactors on the River geographic area, indicating a- potential for 
45 significant noncancer health effects in these locations. ILCRs-generally use a linear equation to · 
46 estimate risk. However, it is stated in EPA (1989) that using the linear equation is valid only at low 
4 7 risk levels (i.e., below 1 x 10·2). For the purposis of this risk assessment, ILCR values that exceed 
-+8 I x 10·1 are reported as > 1 x 10·2 • These values are not intended to represent accurate cancer risk 
-+9 estimates. 
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Table 5-50. Cancer Risk andi#ifi.tgll_ [,~dex Rallg~§, iHaifot's Oil tl~e .River Geographic Area. 
' . . .· " : ' ,., '' ·" ,, ~ ,~ . . .,, ,, '; ·,~-:-,;-•-,.. ,,. -~' ; ,.., , ·.. ' ' . . . •· . 

Reference Time Exposure Scenario · Hazard Index Range 
.lncremt:ntal Lifetime 
Caricer Risk Range 

To Agricultural . . 3. 12 E-02 - 9. 71 E + 01 1.47 E-06 - > 1.00 E-02 
Residential 3.12 E-02 - 8.86 E+Ol 1. 25 E-06 - > 1. 00 E-02 

(year 1989) Industrial 2.09 E-02 - 2.54 E+0.1 2.71 E-07 - > 1.00 E-02 
Recreational · 1.38 E-04 - 1.85 E+OO 2.27 E-08 - 1.36 E-02 

T4o Agricultural 3.94 E-02 - 1.02 E+03 6.94 E-06 .., > 1.00 E-02 
Residential 3.94 E-02 - 2.38 E+02 6. 94 E-06 - > 1. 00 E-02 

(year 2029) "Industrial 2.41 E-02 - 1.14 E+Ol 2.81 E-06 - > 1.00 E-02 
Recreational :6:73 E-04 - 6.34 E-01 2.45 E-07 -:- > 1.00 E-02 

Two Agricultural · 1.79 E-02 - 2.66 E+Ol 6.59 E-06 - > 1.00 E-02 
Residential 1.79 E-02 - 7.02 E+OO 6.59 E-06 - > 1.00 E-02 

(year 2089) Industrial 9.29 E-03 - 5.88 E-01 2.65 E-06 - > 1.00 E-02 
Recreational 2.60 E-04 - ·6.04 E-02 2.39 E-07 - > 1.00 E-02 

T140 Agricultural L 11 E-02 - 1.07 E+Ol 6.49 E-06 - > 1.00 E-02 
.. 

Residential 1.11 E-02 - 3.51 E+OO 6.49 E-06 - > 1.00 E-02 
-· (year 2129) Industrial 4.67 E:-03 - 4.05 E-01 2.60 E-06 - > 1.00 E-02 

Recreational · t.31 E-04 - 5,07 E-02 2.37 E-07 - > 1.00 E-02 

TICXXJ · Agricultural 435 .E-:-03 - 2:38 E.+04 6.36 E-06 -· > 1.00 E-02 
Residential A.35 E-03 - 2:25 E+04 - 6.36 E-06 - > 1.00 E-02 

(year 2989) Industrial · ;2..24 E-05 - L62 E+04 2.55 E-06 - > 1.00 E-02 
Recreational · · 1':55 E-06 :.. 4.98 E+02 2.34 E-07 - > 1.00 E-02 

T !OCXXl Agricultural '4.34 E-03 - 2.26 E+04 6.35 E-06 - > 1.00 E-02 
Residential 4)4 E.,03 ·':' 2.14 E+04 - 6.35 E-06 - > 1.00 E-02 

(year 1 .1989) ·. Industrial 1.91 E-05 ~ 1.54 E+04 2.55 E-06 - > 1.00 E-02 
Recreationa,J 1.49 E.:06 - 4.74 E+02 2.34 E-07 - 9.20 E-03 

22 . . _· .. · . · .. · · · . . . 

23 Figures 5-4.8 through 5~51 show the.current (T0) spatial distribution of cancer risk over the 
24 Hanford Site by means of risk isopleths for the agricultural, residential, industrial, and retreational 
25 scenarios, respectively. The risk isopleths·represent lines of constant risk and can be read in the same 
26 way as elevation contour lines on a,!opograph_ic map. The solid Hnes indicate the risk isopleths, 
27 while the dashed lines indicate the outlines of the Reactors on the River and the other geographic .. 
28 areas. Isopleths are depicted for ~isk values of 10-6 to greater than 10·2 • The shading indicates the 
29. risk range between adja,cent contour·Jines .. The ris.k isopleth maps were dev~loped to enable general 
30 comparisons among land-use scenarios and timeframes; the maps have limitations for other uses. For 
3 I example, locations of contour lipes are approximate because of uncertainties in the waste inventories 
32 and concentration data used as the source terms (see Appendix-BS for a discussion of uncertainty). 
33 Contour information is most accurate for locations containing· higher concentrations of waste sites 
34 (Figure 5-52). Because of the uncertainties, tpe isopleths s.hould not be used to calculate risk 
35 gradients from one area of the Hanford S_ite to another. The uncertainties also make fr difficult to 
36 compare the risks with risk estimates in otli,er,documents 1e.g., site-specific risk assessments), and 
37 . such comparisons should be treated with cautiori. 
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Figure 5-48. Baseline Risk Isopleths jQrthe Agricultural Scena,io 
·? at T
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Figure 5-49. Baseli11e\".Ri~kJs9pleths_for the Residential Scenario 
-~ at T

0 
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Fig!,lre 5-50. Baseline Risk Isopleths for the Industrial Scenario 
~ at T0 (Year 1989). 
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. Figure 5-51. Baseline ,Ri~k.Jsople,tlzs,,for the Recreational 

3 Scenario at T0 (Year 1989) . 
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F}gure 5-52. Cells Containing Waste Sites Analyzed for Health 
and Ecological Risks. 
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. The risk isopleth maps \Figures S:-48 through,5:--51) indjcate.:~liat the removal of .institutional 
2 controls at the present time (To) \1/ith6liti'irerri'?c!iat\trjl~Sfgfridi~ies~h 'in ,potential risks exceedi~g the -
3 target risk range of 10-4 to 10"6 in large portions:ofthe Reactors 0~ the 'River geographic area. Areas 
4 of higher risk wiH1in. thi~ geographic __ <1:rea ·11re lo~at,ed .in.. th_e:,;,;,icinity of the indi,vidual reactor· areas. 
5 . This is to be exp~d~~i" because the ii'sk distributicni. c6rre1pbnds closely to the d{stribution of actual 
6 waste sites (see Figure 5-52). · -
7 
8 Isopleth maps generated for future timeframes indicate that over time, risks are redistributed. 
9 Figures 5-53 through 5-57 show how sitewide ris~s under the agricultural scenario change over time 

10 by providing "snapshots" of risk distribution at 40, 100, 140, 1,000, and 10,000 years into the future, . 
11 . respectively. The isopleth maps indicate that areas with highest risk become smaller over time. 
12 Depending on the. nature of the contaminants at various locations, the reduction may be caused. by 
13 decay of radioactive contaminants, degradation of certain chemical contaminants, or dilution and 
14 . dispersion of contaminants in groundwater.·. The isopleth maps also .indicate that risk increases over 
15 time in other portions of the Reactors on the River geographic area. This effect is largely caused by 
16 the movement of contaminants from waste sites into groundwater, which spreads the contaminants to 
17 other areas. The redistribution of risk through groundwater contamination would maintain -levels of 
18 risk in portions of the Reactors on the River geographic area above the target range of 10-1 to 10-6 for 
19 at least 1,000 years. · 
20 
21 
22 
23 
24 
') -_) 

16 
. 27 

. . 

The risk distributions under the residential scenario (see Figure 5-49 and Figures 5-58 . 
through 5-62) are nearly identical to the agricultural scenario. Although the food chain pathways are 
different in these scenarios (farmers are assumed ·10 consume more foods produced onsite), 
groundwater contamination is the main source of risk for both scenarios and may mask differences in 

· other pathways. Therefore, as with th.e ,agriculpiral scenario, risks associated with the residential 
scenario would remain.above the target range o'f10-1 to 10-6 for at least 1,000 years. · 

28 Figure 5-50 and Figures 5-63 through-5-67 .show the; distribution of risk for the industrial 
29 scenario. There are some differences in the risk distribution for this scenar!O compared to the· 
30 agricultural or residential scenario, although these differences tend to decrease with time·. These 
3 I differences can be explained mostly by the predominance of the groundwater in controlling overall 
32 risk. Exposure pathways are similar for the agricultural, residential, and industrial scenarios, except 
33 for the amount of groundwater .consumed. In the agricultural and residential scenarios, individuals 
34 are assumed to drink 2 Lid (0.5 gal/d) of contaminated groundwater and to take a shower with 
35 contaminated groundwater every day (365 ·days per year). For the industrial scenario, the assumption 
36 is that a worker would consume 1 Lid (0.3 gal/d) of contaminated groundwater and take one shower 
37 with contaminated groundwater only on workdays (250 d/yr). It should also be noted that, although 
38 the maximum cancer risk is greater than 10·2 for some future timeframes (see Table 5-50), the area at 
39 this risk level is very small (see· Figures 5-58 through 5.:62). 
40 
41 The final exposure scenario considered is the recreational scenario (see Figure 5~51 and 
42 Figures 5-68 through 5-72). As in the other three scenarios, the baseline (T0) risk levels· associated 
43 with the recreational scenario exceed the target risk range in much of the Reactors on the River · 
44 geographic area (see Figure 5-51). However, unlike the other scenarios, risk levels under the 
45 recreational scenario decrease to the target range ·within 40 years (see Figure 5-68). Localized areas 
46 of higher risk remairi adjacent to the reactors. This difference from the other scenarios reflects the 
47 predominance of groundwater in driving the overall risk. In the recreational scenario, contaminated 
48 groundwater is assumed to be used only 7 days per year, corresponding to an average frequency of 
49 recreational activity. This greatly reduces the estimated future risk, compared to the other scenarios 
50 in which much more contaminated groundwater is consumed. 

Preliminary Draft 5-163 November 10,_ 1995 



• ',,, ., • ·· .• !"·',, ',1,- ~ '.,.' 1:!; ·: -· ''•·-..,.,, ·':,., ·':'"•! 

. ·-r, :--?>.,,~-- _.~i-, .. 

Figure 5-53. Baseline Risk Isopleths for the Ag,icultural Scena,io 
1 at T40 (Year -2029). 
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Figure 5-54 .. · Baseline,,1i4i~k:,~lfRf!Jl~d{~fi1,'1f!;ffirl/~i,Jf..gricultural Scenario 
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Figure 5-55. Baseline Risk Isopleths fo,tt1z;':·Agricultural Scena,io 
, at T140 (Year 2129). 
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Figure 5-57. Baseline Risk Isopleths for 'the Ag,icultural Scenario 
7 at T10000 (Year 11989). 
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Figure 5-58. Baseline, :Risk}§,QPJf~!~§.iiPiirJ6e.,_f!.esidential Scenario 
., at T

40 
(Year 2029). · · · · ·· '" · ·····' · · · 
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Figure 5-59. Baselin~;:R:i;k Isopleths forilA~ Residential Scenan·o 

3 at T100 (Year 2089). 
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Figure 5-61. Baseline ·-Risk Isopleths f of:the Residential Scenalio 

3 at T1000 (Year 2989) . 
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Figure 5-62~ Bas,eli_,i_e::[J.is/J:,Isop[~{IJs,fo;,fhe Residential Scena,io 
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Figure 5-63. Baseline Risk Isopleths for 'the Industrial Scenario 

3 at T40 (Year 2029). 
A 

155 

150 

145 

,....._ 140 
E 

.:,t. 
~ 

QJ _, 
• 135 
C 

"O 
I.. 
0 
0 
u 

130 
•"' C 

..c _, 
I.. 
0 
z 125 

120 

115 

110 

- \ 

Incremental Lifetime· Cancer Risk 

- > 1 X 10-
2 

- 1 X i 0-J to 1 X 10-2 

- 1 X 10-4 to 1 X 10-J 

Ill x 1 o-5 to 1 x 10-4 

IM~~ x 10-6 to 1 x 10-5 

I~ <= 1 x ,o-6 

'-
'-

" " " 

Hanford Site Boundary 

Geographic Area Boundaries 

Note: Coordinates 'in Washington 

555 560 565 570 575 580. 585 

Easting Coordinate (km) , 

Preliminary Draft 5-174 

595 

November 10, 1995 



Figure 5-64. Baseline· Risk fsgp}~ths Jt;,r }he Industrial Scenario 
1 at T

100 
(Year 2089). . , ·.•. " ·,.· ,. · ... '· · · 
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Figure 5-65. Baseline Risk Isopleths·J or- the Indust1ial Scenario 
, at T140 (Year 2129). 
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Figure 5-6 6. Baseline,· Risk .]s.oplet~s,f oi:" /i~, 1ndustrial Scenario 
., . at T1_000 (Year 2989). 
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Figure 5-67. Baseline Risk Isopleths for the Industrial Scenario 
, at T10000 (Year 11989). 
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Figure 5-68. Baseline.,,:•Risk lspple(h,$. fip;!{fi:~ Recreational 
, Scenario at T

40 
(Year 2029). · · · , ·· 
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Figure S-69. Baseline Risk Isopleths Joi the Recreational 

3 Scenario at T100 (Year 2089). 
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Figure 5-7 0~ Baseli~ej :d{sk·{:$ople(h~>-fQ{ {i/e R~creational. 
') Scenario at T140 (Yeat2129).· ,•'··?'', ·· 
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Figure 5-71. Baseline Ri;k Isopleths for the Recreational 
, Scenario at T1000 (Year 2989). 
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Figure 5-72. . Baseli1le"1~~k/lsoplet1Js,:f (;Jr,;th; ]J.ecreational 
Scenario at T10000 '(Year 11989)~ _-_ · · ·. 

155 

150 

145 

,-.... 140 
E 

.::( ....__,, 

QJ -D 135 
C 

cJ 
I.. 
0 
0 
u 

130 
CJ'\ 
C 
.c -I.. 
0 
z 125 

120 

115 

110 

i, • •• ,. ' ·~ 

- -\ 

' '\. 

\ 

Incremental Lifetime Cancer Risk 

- > 1 X 10-
2 

- X 10-J to 1 X 10-2 

- 1 X 10-4 to X 10-3 

Ill 1 x 10-_5 to 

-~ 1 X ,o-B to .1 
Ji1M <= 1 X 10-B 

555 560 .565 

-·, 
' ' '\ 

. '\ 

Hanford Site Boundary · 

Geographic Area Boundaries 

Note: Coordinates in Washington Stole Plane 

570 575 - 580. 585 590 

E• s-ting Coordinate (km). 

595 

Preliminary Draft 5-183 November 10, 1995 



1 

3 
4 
5 
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5. 7.3.2 Central Plateau GeograplzicArea. The removal of institutional controls in the Central 
Plateau geographic area under the No-Action Alternative has .the potential to result in significant 
human health risks. The results of the baseline risk assessment ·indicate that, in the absence of 
institutional controls, ILCRs are greater than 10·2 for all ofthe exposure scenarios in portions of the 

· Central Plateau geographic area. 

7 The risk assessment results for the Central Plateau geographic area that are summarized in 
8 Table 5-51 and Figures 5-48 through 5-51 graphically depict the distribution of risks across the 
9 Hanford Site. As has been noted for the other geographic areas, groundwater·is the major contribu_tor 

IO to risk in the Central Plateau geographic area. The-figures indicate that the risks associated with the· 
11 agricultural and residential exposure scenarios exceed the target risk range (104 to 10-6

) .in much of 
12 the Central Plateau geographic area. A slightly larger area falls within the target range under the 
13 industrial exposure scenario, and an even larger area falls within the range under the recreational 
14 exposure scenario. 
15 
16 · 

17 Table 5-51. Cancer Risk and Hauird Index Ranges, Central Plateau Geographic Area. 

18 

19 
20 
21 

,1 
,. .. _:, 

24 

,­_:, 

26 
27 

28 
29 
30 

31 
32 
.,., 
JJ 

34 
35 
36 

Reference Time 

To 

(year 1989) 

T4o 

(year 2029) 

T100 

(year 2089) 

Tl40 

(year 2129) 

T1000 

(year 2989) 

T,0000 

(year 11989) 

Exposure Scenario Hazard Index Range 

Agricultural 2.83 E-02 - 9.99 E+02 
Residential 6.63 E-03 - 8.86 E+02 
Industrial 3.14 E-04 - 6.26 E+02 

Recreational 1.75 E-05 - 1.93 E+Ol 

Agricultural 3.94 E-02 - 1.8~ E+04 
Residential 3.94 E-02 - 4.42 E+03 
Industrial 2.41 E-02 - 5.38 E+02 

Recreational 6.73 E-04 - 1.64 E+Ol 

Agricultural 1.79 E-02 - 1.40 E+04 
Residential 1.79 E-02 - 3.29 E+03 
Industrial 9.29 E-03 - 1.60 E+02 

Recreational 2.60 E-04 - 1.70 E+OO 

Agricultural 1.11 E-02 - 8.27 E+03 
Residential 1.11 E-02 - 1.94 E+03 
Industrial . 4.67 E-03 - 2.00 E+02 

Recreational 1.31 E-04 - 6.16 E+OO 

Agricultural 4.35 J::-03 - 4.42 E+04 
Residential 4.35 E~03 - 4.18 E+04 
Industrial. 2.24 E-05 - 3.0p E+04 

Recreational 1.55 E-06 - 9.24 E+02 

Agricultural 4.34 E-03 - 4.19 E+04 
Residential 4.34 E-03 - 3.96 E+04 
Industrial 1.91 E-05 - 2.85 E+04 

Recreational 1.46 E-06 - 8.76 E+02 

3 7 ILCR = incremental lifetime cancer risk. 

3S 
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ILCR Range 

.1.47 E-06 - > 1.00 E-02 
1. 25 E-06 - > 1. 00 E-02 
2.71 E-07 - > 1.00 E-02 
2.27 E-08 - 1.36 E-02 

6.86 E-06 - > 1.00 E-02 
6.87 E-06 - > 1.00 E-02 
2.78 E-06 - > 1.00 E-02 
2.43 E-07 - > 1.00 E-02 

6.52 E-06 - > 1.00 E-02 
6.52 E-06 - > 1.00 E-02 
2.63 E-06 - > 1.00 E-02 
2.36 E:..07 - > 1.00 E-02 

6.42 E-06 - > 1.00 E-02 
6.42 E-06 - > 1.00 E-02 
2.58 E-06 - > 1.00 E-02 
2.34 E-07 - > 1.00 E-02 

6.30 E-06 - > 1.00 E-02 
6.30 E-06 - > 1.00 E-02 
2.53 E-06 - > 1.00 E-02 

2.32 E-07 - 4.68 E-02 

6.29 E-06 - > 1.00 E-02 
6.29 E-06 - > 1 :oo E-02 
2.52 E-06 - > 1.00 E-02 

2.32 E-07 - 1.68 E-02 

November 10, 1995 
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Risk isopleths for future tim_e~ J~; shqwn on. F,igures.~,:-53 throµgh 5-72. These figures indicate 
that the areas of highest risk tend to' spread over time ~nd 'cortrih,~ie to 'dsk in adjacent geographic 
areas. This is the result of ~ovement .otcontaminated groundwater to other areas. 

. _r:. ', , .r .:. : .,1_ ~-

Hazard indices in the Central Plateau geog:raphic area for current and future times, like ILCRs, 
range over many orders of magnitude (see Table 5-51) for all four exposure scenarios. As in the case 
of the ILCRs, this wide variation is caused by the distribution of waste sites and groundwater plumes. 
Maximum values of the HI exceed 1.0 for some portions of the area, indicating a potential for 
noncancer effects in these·Iocations. 

5. 7.3.3 All Other Areas Geographic Area. The results of the baseline risk assessment for the 
All Other Areas geographic area indicate that, in the absence of institutional controls, estimated 
current ILCRs are greater than 10·2 for portions of the area for the agricultural and residential 
exposure scenarios and exceed the target risk range (10-4 to 10-6) for the industrial and recreational 
scenarios. 

The risk assessment for the All Other Areas· geographic area is summarized in Table 5-52 (see 
Figures 5-48 through 5-58). As has ~een noted for the other geographic areas, groundwat.er is the 
major-contributor to risk in the .All Other Areas geographic area; Figures .5-48 and 5-49 show very 

. simirar risk contour distributions for the agric4ltural and residential exposure scenarios, respectively, 
and indicate that risks in most of the All Other· Areas geographic area. currently fall within the target 
range under these two scenarios. More of the All Other Areas geographic area falls within the target 
range under the industrial scenario {see Figure 5-50) and most of the All Other Areas geographic area 
does s.o under the recreational .scenario. Risk isopleths for future times are shown on Figures 5-53 
through 5-72. The areas of highest risk tend· to shrink with the passage of time. However, the 
portion of the All Other Areas geographic area with risks greater than the target range is larger in the 
future than at present under all four expo~ure s,cenarios. This is caused by movement of contaminated 
groundwater, mostly from the Central Plateau: into the· All Other· Areas geographic area. 

Hazard indices for current' and future times, like ILCRs, range over many orders of magnitude . 
(see Table 5-52). This wide variation is due to the distribution of waste sites and groundwater 
plumes. Maximum values of the HI exceed 1.0 for certain portions of the area, indicating a potential 

· for noncancer effects for these locations. 

5.8 ·cumulative Impacts· 
. . . . . . . . . ' 

This• section summarizes cumulative impacts associated with proposed future land-use objectives 
for the Hanford Site. · Cumulative impacts result "from the incremental impact of the action when 
added to other past, present, and reasonably foreseeable future actions regardless of what agency 
(federal or nonfederal) or person undertakes such other actions.· Cumulative impacts can result from 

·!ndividually minor but coliectively significant ·actions taking place over a period of time" 
(40 CFR 1500-1508). The cumulative impact analysis addresses effects of the proposed action in. 
conjunction with effects of _other actions taken during the duration of the-proposed action in the same 
geographic area (DOE 1993a). · · ' · 
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. Table 5-52. Cancer Risk aizcl'Hdiard bzdex,,Ranges, All·,Oth~r Areas Geographic Area. 

Reference Time Exposure Scenario· Haza~d Index Range ILCR Range 

To · Agricultural 2.55 E-02 - 5.55 E+0l 1.47 E-06 - 9.68 E-01 
· Residential 5.98 E-03 - 1.55 E+0l 1.25 E-06 - 9.67 E-01 

(year 1989) Industrial 2.83 E-04 - 1.76 E+00 2.71 E-07 - 1.71 E-01 
Recreational 1.58 E-05 - 3.14 E-01 2.27 E-08 - 9.29 E-03 

T4o · Agricultural 9.64 E--03 - 4.57 E+04 2.98 E-30 - 1.00 E+00, 
Residential 9.64 E:.03 - 1.07 E+04 2.98 E-30 - 1.00 E+00_ · 

(year 2029) Industrial . 4.69 E-04 - 5.07 E+02 1.77 E-30 - 2.19 E-01 
Recreational 2.62 E-05 - 2.83 E+0l 7 .53 E-32 - 1.43 E-02 

T,oo Agricultural 4.13 E-03 - 1.45 E+04 3.84 E-26 - 5.55 E-01 
Residential 4.13 E-03 - 3.39 E+03 3.84 E-26 - 5.55 E-01 

(year 2089) Industrial 2.38 E-03 - 1.61 E+02 2.28 E-26 - 5.48 E-02 
Recreational 6.65 E:-05 - 8.98 E+00 9.69 E-28 - 3.57 E-03 

T140 Agricultural 2.41 E-03 - 8.10 E+03 1.87 E-21 - 2.21 E-01 
Residential 2.41 E-03 ~ 1.90 E+03 · 1.87 E-21 - 2.21 E-01 

·-(year 2129) · Industrial 1.20 E-03 - 8.98 E+0l 1.11 E-21 - 2.82 E-02 
Recreational 3.36 E-05 - 5.02 E+00 4.73 E-23 - 1.82 E-03 

T1000 Agricultural 5.17 E-04 - 1.82 E+04 7.56 E-09 - 2.64 E-01 
Residential 5.17 E-04 - 1.72 E+04 7.56 E-09 - 2.64 E-01 

(year 2989) Industrial 4.76 E-06 - 1.24 E+04 4.49 E-09 - 1.28 E-01 
Recreational 2.85 E-07 - 3.80 E+02 1.91 E-10 - 7.42 E-03 

T10000 Agricultural 3.20 E-23 - 1.72 E+04 4.70 E-24 - 2.53 E-01 
Residential 7.50 E-24 - 1.62 E+04 4.70 E-24..: 2.53 E-01 

(year 11989) - Industrial 3.55 E-25 - 1.17 E+04 2.05 E-24 - 1.22 E-01 
Recreational 1.98 E-26 - 3.60 E+02 8.87 E-26 - 7 .00 E-03 

ILCR = incremental lifetime cancer risk. · 

The description of potential cumulative impacts associated with the proposed action couples . 
impacts of the proposed action with impacts from past and existing operations at the Hanford Site and 
impacts that may be associated with anticipated future actions. This EIS addresses alternative 
land-use objectives for the Hanford Site and remedial actions required to achieve them. These 
remedial activities, conducted under the CERCLA process, are aimed at reducing the adverse effects 
of past actions at the Hanford Site. 

Present and reasonably foreseeable future actions at the Hanford Site are summarized in 
Section 5.8.1. Additional actions where analyses are not complete, but which could contribute to 
,cumulative impacts, are described in Section 5.8.2. Present and reasonably foreseeable future actions 
adjacent to the Hanford Site are referenced in Section 5. 8. 3. Finally, potential cumulative impacts of 
the proposed remedial actions and the No-Action Alternative are summarized by resource in 
Section 5.8.4. 
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5. 8. ! Present and Reasonably Fores}eahie''•F,uture Actions,,at J/z~. Hanford .Site. 

: : : ' ._ . • . ', ,; :- ' ;• -.... . ·'. ''J_ ,--:.- ,.;,',.; (.•/·c': ~- .i. • 

This section describes present and reasonably foreseeable actions at the Hanford Site where 
potential impacts have been identified: These actions are proposed to occur in each of geographic 
areas considered in this EIS: the Columbia River, Reactors on the River, Central Plateau, and All 
Other Areas geographic areas. 

5.8.1.1 Columbia River Geographic Area. · P~esent and reasonably foreseeable actions in the 
Columbia River geographic area include the preferred alternative of the Hanford Reach of the 
Columbia River, Comprehensive River Conservaiion Study and Final Environmental Impact Stat.ement 
June-1994 (NPS 1994). This action addresses the need to protect the Hanford Reach as the last 
free-flowing stretch of the river. The preferred alternative would combine a Wild and Scenic River 
designation of the river and its irrµnediate corridor with a National Wildlife Refuge (NWR) 
designation of the corridor and the upland areas north and east of the river (NPS 1994). Recreational 
access points would be improved but riot expanded, and additional facilities and programs for visitor 
interpretation and education would be provided. Damming and major dredging would be prohibited. 
Development of most new industrial facilities on the Hanford Site within the immediate river corridor 
would be curtailed. Other DOE. activities would be specifically allowed or be subject to review and 
approval. The following potential impacts and benefits were identified in NPS (1994). 

' . 

• Prohibiting damming. and dredging would provide en~ironmental benefits by ensuring 
favorable conditions for salmon to migrate-; and spawn; preserving biodiversity and sensitive , 
species by preventing disturbance ,of habitats in the Reach; maintaining the existing high 
water quality by preventing adverse impacts of siltation, water temperature changes, and. 
potential contaminant releases assocfated with dredging; and preventing inundation and 
disturbance of cultural resources sites. 

,, . -
. •. ·r ; 

• Ongoing cultural resource inventories and surveys by the DOE would maintain the existing 
number· and quality of historic and archaeological sites and increase documentation of new 
and existing sites. 

• Placing controls on corridor, development would reduce the amount of siltation to the river 
and prevent disturbance of cultur~l and paleontological artifacts. 

• Controlling the spread of exotic vegetation would prevent this vegetation froqi crowding out 
native plants. Controlling nuisance aquatic macrophytes, such as milfoil, would reduce the 
impacts of these plants on water quali~y and aquatic habitats. Revegetating disturbed areas 

· with native plant sp~c!es would restore the diversity and abundance of native plant and 
animal species. · 

• Prohibiting off-road vehicle use would prevent consequent disturbance of riparian and 
upland habitats and cultural resource sites. 

. . ' -- ' . 

• Prohibiting grazing· on p~blic land· ·would minimize further damag~ to upland · and riparian· 
habitats, but would adversely impact tribal access for the purpose of grazing animals and 
private citizens currently holding grazing permits. · · 

· • Increasing river patrols would the reduce impacts of wildfires, littering, and disturbance of 
ra:re plants, wildlife, and cultural resources. 
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• Conducting a study to examine sloughing· of the White-Bluffs and identify possible 
protective actions could lead to reduced sloughing, which would benefit this important 
visual and paleontological resource. Measures to reduce the sloughing of the White Bluffs 
could adversely impact current irrigation practices on adjacent lands if irrigation is shown to 
be contributing to the s~oughing. 

• The Hanford Reach Study Team intends that the Wild and Scenic River designation would 
not impose constraints on Hanford Site remediation. New construction would be prohibited 
within the designated boundaries, with the exception of intakes and outfall structures and 
required facilities related to cleanup of the Hanford Site. 

12 • Habitat protection and restoration efforts under the preferred alternative would benefit 
13 recreational use and access, as would increased river patrols, and improvements in public 
14 education efforts and recreational facilities. · 
15 
16 In mandating the.study, Congress provided interim protection prohibiting development of the 
17 Hanford Reach until November 1996. Congress may determine the disposition of the area studied in 
18 the Hanford Reach EIS through legislat1ve action (NPS 1994). However, the No-Action Alternative 
19 would become effective in the absence of congressional action and the Hanford Reach would not be 
20 protected from development if the DOE relinquis.hed control of this portion of the Hanford Site. 
21 
22 5.8.1.2 Reactors on the River Geographic Area. Present and reasonably foreseeable actions in the 
23 Reactors on the River geographic area are include below. 
24 
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• Decommissioning of Eight Surplus Production Reactors. Present and reasonably 
foreseeable actions in the Reactors on the River geographic area include production reactor 
decommissioning. This action addresses the environmental impacts, benefits and costs, and 
institutional and programmatic needs associated with decommissioning the eight surplus 
production reactors in the Reactors on the River geographic area (DOE 1992). The Record. 
of Decision (ROD) for this action was published in the 58 FR 178. The DOE decided on 
safe storage, followed by deferred one-piece removal, as the preferred alternative. This 
proposed action includes continuing surveillance, monitoring, and maintenance; followed by 
transport of intact reactor blocks from the present locations in the 100 Areas to the 
200 West Area for disposal. Contaminated materials associated with the fuel storage basins 
also would be disposed of in the 200 West Area, along with contaminated eq~ipment and 
components associated with the reactors. Uncontaminated portions of the fuel storage 
basins would be removed to provide access for machinery required to move the reactor 
blocks. Other uncontaminated structures· and equipment would be demolished and placed in 

_ landfills in the vicinity of the reactor sites. 

Occupational radiation doses were estimated to be about 51 person-rem for this alternative 
and short-term public radiation doses were.estimated to be near zero (DOE 1992). 
Near-term ecological impacts were considered minimal because of the existing disturbance 
from other radioactive waste management activities and nuclear facility operations. The 

. · maximum number of workers required at any time would be less than 100. Portions of the 
B Reactor may be preserved for display in recognition of the cultural significance of the 
reactor. 
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Approximately 6 ha(l~,acfh\,.tpe.ioo, Areas .. ~~qJg,,,~edi,s~.rb.~d to accommodate disposal 
of wastes resulting from decorrirri1sSioning activides.''"t'his disturbance would be partially 

· offset by the 5 ha (13 ac) that would be ·available for revegetation in the 100 Ai:eas after 
removal or dismantlement of all 8 reactors. The anticipated workforce to accomplish these 
activities is 100 employees under any alternative evaluated. 

7 • Deactivation of the N Reactor. An Environmental Assessment (EA) was prepared to 
8 address all nonroutine activities associated with the shutdown of the N Reactor 
9 (DOE 1995b ); the Finding of No -Significant Impact (FONS I) was issued on May 1, 1995. 

· 10 An EA identifies impacts associated with activities required to prepare the reactor for 
11 decommissioning. No additional ground disturbance would be. anticipated from deactivation 
12 of the reactor.· The MEI in the offsite population would receive a dose less than 
13 0.001 mrem/yr and the collective dose to the population would be 0.025 person-rem. 
14 Deactivation would require approximately 200 workers for 3 years, with only 3 workers 
15 required after deactivation was complete. The DOE and the Washington State Department 
16 of Ecology (Ecology) are considering preparing an EIS to examine the impacts of 
17 decommissioning the reactor. 
18 
19 s:B.1.3 Central Plateau Geographic Area.· Present and reasonably foreseeable actions in the Central 
20 Plateau. geographic area include the following. 
21 
22 
23 
24 
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· • Decommissioning and Dismantlement of the Waste Incineration Facility 
(Building 232-Z) and the Plutonium Concentration Facility (Building 233-S). 
Decontamination and dismantlement of these two facilities originally was going to be 
addressed in one EA. Because of schedule constraints, an EA is in preparation for the 
decommissioning of Building 232-S; decommissioning of Building 232-Z will be addressed 

· in separate National Environmental Policy Act pf 1969 (NEPA) documentation. The 
proposed action in each EA_ will coiisi_st of decontamination of the facility followed by 
dismantlement. · Both facilities are located in the 200 West Area. Residual plutonium would 
be removed from Building 232-Z, and equipment in the buildings would be decontaminated 
and removed for dispqsal. Following· equipment removal, the buildings would be disposed 
of in an approved manner. . The method. of decommissioning would be determined by the . 
success of the decontamination. Transuranic waste generated during decommissioning 
would be stored on the Hanford Site until a permanent disposal facility becomes available. 

Potential environmental impacts of ~e proposed action are considered minimal. · The 
proposed action would not involve wetlands or floodplains, threatened or endangered 
species, or critical habitats.: The proposed action would not occur in an area of cultural or 
historical significance, and would not; affect the hydrologic or geologic characteristics of the 
Hanford Site. Soil and site topography in the immediate work area would be disturbed. 
Workers would be exposed to radiation as a result of these projects, but required and 

· planned slifety features would minimize 'these impacts. . 

Based on preliminary estimates, potential radiation doses to the MEI, as a result of routine 
decommissioning operations at the 2:32-Z Facility, would add al} estimated at 
1.6-x 10-s mrem to the 0.03 mrem dos·e to the hypothetical MEI reported by PNL (1995). 
The potential radiation dose to the :MEI associated with routine operations at· the _ 
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233-S Facility would add ~n estimated 5.94 x.10·6 m~e.i;n. This additional radiation dose 
would not be expected to causf any adverse health' ~ffects: ·a'r1d is conservative because 

. adding the estimated dose to the dose calculated for e~isting operations assumes that the 
MEI is located at the same point. .· · · 

• Superconducting Magnetii:: Energy Storage - Engineering Test Model. The 
Superconducting Magnetic Energy Storage - Engineering Test Model (SMES-ETM) would 
test the feasibility of storing electrical energy in the form of a direct current magnetic field 
in a superconducting coil (USACE 1992). The.Hanford Site is one of five potential 
locations for the SMES-ETM. The proposed Hanford location is just northeast of the 
200' East Area. The facility site would occupy less than 40 ha (100 ac) and the area defined 
by the perimeter of the 13'1-m (430-ft) superconducting coil occupying 1.2 to 1.6 ha 
(3 to 4 ac). Construction would require 150 to 300 workers, and operations, maintenance, 
and testing would require 15 to 30. workers. .The design lifetime of the test facility would 
be 5 to 10 years. · · · 

The primary potential impacts of the SMES-ETM are associated with potential health effects . 
of the magnetic field. No evidence of risks to the general public or ecological receptors 
were identified in the EIS (USACE 1992). Potential impacts on bird navigation would be 
evaluated by research and monitoring during SMES-ETM testing. No significant impacts 
on aircraft navigation were identified. Additional habitat. disturbance in the Central Plateau 
geographic area would be a cumulative impact associated with this project if the Hanford 
Site were selected. 

• Environmental Restoration Disposal Facility. · This facility has been constructed adjacent 
to the 200 Areas and will be in operation by September 1996 (Ecology et al. 1989). The 
facility provides for safe storage and disposal of waste generated during environmental 
restoration activities at the Hanford Site (DOE-RL 1994a). The ERDF will be the disposal 
facility for most of the waste excavated during remediation of waste management units at 
the Hanford Site. Waste generated from remediation of CERCLA past-practice units will be 
placed in the ERDF. Only waste that originates within the Hanford Site will be placed in 
the ERDF. The waste is expected to consist of dangerous waste, radioactive waste, and 
mixed waste. The ERDF will be expanded, as needed, ultimately covering as much as. 
4.1 km2 (1.6 mi2

) on the Centi-al Plateau southeast of the 200 West Area and southwest of 
the 200 East Area. Initial construction involved 65 ha (165 ac) of this area. 

Under current climate conditions, contaminants placed in the ERDF would not be expected· 
to reach groundwater within 10,000 years. After 10,000 years, estimated human health 
risks for any of the alternatives are a maximum ILCR of 5 x 10"6 and a maximum hazard 
quotient for noncarcinogens of 0.2. · Ecological impacts would occur at the ERDF site and 
at borrow sites for materials to be. used in the liner and cover. The shrub:-steppe habitat at 
the ERDF site is considered priority habitat by the State of Washington, and a number of 
Washington State monitored or candidate.species may be affected by the ERDF. · The 
· estimated disturbed area ranges from 14 to 54 ha (35 to 133 ac) for the silt bm:row area 
(McGee Ranch). The disturbed area at the ERDF·site itself, including the trench, 
stockpiling areas, roads, and' supporting facilities is estimated to be 260 ha (640 ac), or 
approximately 1 mi2

• Significant cultural resources have not been identified at the ERDF 
site or at the McGee Ranch. Operation of the ERDF is expected to provide up to 
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167 full-time positions at:th_1fija~ford Site. Th~_.total estimated capital costs for the ERDF 
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range from $246 millioifto'$li6:flnillion. Visual"ancfnoife impacts of ERDF construction 
and operation are considered negligible. 

• Spent Nuclear Fuel l\'!anagement. The DOE has developed an EIS (DOE 1995a) and 
issued a ROD (60 FR 28680) for the Programmatic Spent Nuclear Fuel Management- and 
Idaho National Engineering Laboratory Environmental Restoration and Waste Management 
Programs. This decision establishes D·oE policies for the environmentally safe transport, 
storage, and managemenf of spent nuclear fuels (SNF), ~ A large portion of the DOE-owned 
inventory of SNF is already stored at tlie Hanford Site, and has been identified as a 
participant in the management of spent fuel. The preferred alternative, regionalization of 
SNF storage by fuel type, requires management of defense production spent fuel at the 
Hanford Site and transport of other spent fuel currently stored at the Hanford Site to the 
Idaho National Engineering Laboratory~· · · · 

Land disturbance at the Hanford Site, under the preferred alternative, is estimated at 7 ha 
(18 ac) of shrub-steppe habitat on the Central Plateau west of the 200 East Area. Estimates 
of employment required for construction activities range from 176 to 1,065 during the years 

· from 1997 to 2000. Operations would require 208 to 230 employees through 2004, with 
levels gradually declining t() 50 to 60 workers beyond the year 2004. Many of these 
employees would be drawn from the existing Hanford Site workforce. Construction of the 
new facilities is not expected to have any significant impact on cultural resources. Solid 
waste generation would be'a maximum of 330 m3/yr (11,654 ft.3/yr), or approximately 4% 
of the 21,000 m3/yr (740,000 ft'/yr)'currently generated at the Hanford.Site. The MEI in 
the general population would receive a _dose of 0.007 to 0.02 rnrem/yr from waste 
processing a~tivities. Resources, including materials, fuels, and public funds, required to 
implement this alternative would_. overlap with the time periods when the same type of 
resources would be required by remedial activities._at the Hanford Site. 

• 222-S Radioactive Liquid Waste Line Replacement and 219-S Secondary Containment _ 
Upgrade. The DOE prepared an EA addressing replacement of the 222-S radioactive liquid 
waste line and 219-S facility secondary -containment system that transfers liquid waste to the 
241-SY Tank Farm (DOE 1995c). The action was proposed in order to bring the · 
222-S Laboratory (222-S) radioactive_ liquid waste lines into .compliance with existing 

· secondary contai~ent and leak detection requirements specified in Washington 
Administrative Code 173-303; reduce potential risks to the environment and to worker 
safety, reduce the risk of laboratory shutdown caused by failure of the waste system, and · 
upgrade the 219-S Waste Handling Facility (219-S)., 

The 222-S was built in· 1951 to support the 202-S_ Reduction-Oxidation Plant and the 
200 Area tank farms. The labo~atory is no~ used to perform analytical services on 
radioactive samples in support· of the Tank Waste Remediation System (TWRS) Program 
and Hanford Site environmental restoration programs. Activities conducted at 222-S include . 
decontamination of analytical processing and support equipment, and disposal- of 
nonarchived radioactive samples. These activities generated low-level liquid mixed waste. 

The waste historically was transferred fi:om 219-S through a buried pipeline to the 
241-SY Tank Farm in the 200 West'Area for storage. However, the current practice is to 
transfer waste by tanker truck from 2i9-:S to.a tank fann in the 200 East-Area, because of 
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concerns about the integrity of the existinglirie :between 219-S and the 241-SY Tank Farm. 
-, Ecology is now allowing this to be done on an interim basis under a RCRA Part A 
3 dangerous waste permit. · 
4 
5 The 222-S was expected to remain in use for at least the next 30 years to serve the Hanford 
6 Site environmental remediation mission. Failure of the drain and transfer piping systems or 
7 any of the 219-S tanks would result in shutdown of the laboratory. 
8 
9 A FONS! was issued January 24, 1995. The proposed action is being performed in tw.o 

IO phases. The first phase was installation of a new transfer line from the lab io the tank 
11 farms. This work is expected to be completed iri December 1995. The second phase is 
I 2 renovation of the laboratory piping and cell interiors. The design has been completed and 
13 construction is anticipated to begin January 1996 and to be completed in March 1997. 
14 
15 • Access Road from State Route 240 to the 200 West Areas. The DOE prep~ed an EA 
16 addressing construction of a new access road, from ·State Highway 240 to Beloit A venue in 
I 7 the 200 West Area, to address a potential safety concern regarding traffic congestion on the 
18 existing access to the 200 Areas (DOE 1994a). The new road is 3.5 km (2.2 mi) long and 
19 was constructed t<? reduce the expected traffic load by up to 30 % . Construction of the road 
20 disturbed 7 .2 ha (17 .9 ac) of shrub-steppe habitat and could lead to habitat fragmentation, 
21 because the road divides a contiguous area of undisturbed habitat. A FONS! was issued in 
22 March 1994. The access road has been constructed and is in use. 
?'"' _.) 

24 
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• Operation of Low-Level Burial Grounds. The low-level burial grounds located in the 
200 West and 200 East Areas are an active RCRA landfill and cover a total area of 225 ha 
(556 ac). The landfill is divided into eight burial grou.nds and each burial ground consists 
of a number of trenches that contain, or will contain, low-level radioactive and mixed 
waste. Six burial grounds are located in the 200 West Are.a and two burial grounds are 
located in the 200 East Area. Impacts associated with operation of the burial grounds 
include habitat disturbance or loss, and the potential for generation of fugitive dust. 

• Operation of the US Ecology Commercial Low-Level Radioactive Waste Landfill for 
Offsite Commercial Waste. US Ecology operates a radioactive waste landfill that accepts 
commercially generated low-level wastes from states included in the Northwest Low-Level 
Radioactive Waste Compact.· The US Ecology landfill is located directly east of the ERDF 
site. Habitat disturbance· is an impact associated with the site. · · · 

38 • Solid Waste Retrieval Complex, Enhanced Radioactive and Mixed Waste Storage 
39 Facility, Infrastructure Upgrades, and Central Waste Support Complex. The DOE has 
-1-0 . prepared an EA addressing several waste management projects for the Central Plateau. 
-1- I These projects include the Solid W:aste Retrieval Complex, Enhanced Radioactive and 
-1-2 Mixed Waste Storage Facility, Infrastructure Upgrades, .and Central Waste Support 
-1-3 Complex. These projects will be undertaken in the 200 W1:st Area and will involve 
-1-4 approximately 36 ha (89 ac), or about 5% of the 777 ha (1,920 ac) in the 200 West Area. 
-1-5 Retrieval activities will occur in previously disturbect areas. The storage facility will be 
46 constructed on relatively undisturbed land, resulting in an incremental loss of shrub-steppe 
4 7 habitat essential for sensitive species, such as the loggerhead shrike and sage sparrow. 
48 · 
49 Discharges of nonradioactive liquid effluents could incrementally increase discharges of 
50 nonradioactive effluents in the 200 Areas by 43,000 m3 (11 million gal), which would 
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comprise approximately:·.2 % ::Qf;the,;to~al.di~ch~tge,,:JJ~is: addi~ional volume is not expected 
to produce any discernable mounding bf the groundwater;. Changes in the movement of 
underground contaminant plumes also are not expected. 

Implementation of the proposed action would not be expected to produce a cumulative 
socioeconomic impact, and discernable changes in the radiation dose to offsite receptors 
would not be expected. · · 

• 200 Area Sanitary Sewer System. The DOE has prepared an EA proposing to replace the 
existing sanitary sewage septic systems· in the 200 Area plateau with two modern sariitary 
sewage collecdon systems and evaporatiye· lagoon systems· for treatment and disposal. The 
DOE has identified a need for this proposed action to alleviate failing and overloaded 
sewage treatment facilities in the 200 Areas of the Hanford Site, and restrain the flow of 
effluentto the vadose zone. 

Approximately 50 sanitary sewage septic systems ·presently serve facilities on the 200 Area 
plateau. Many of these 30- to 40-year-old systems are failing or are overloaded.· 
Currently, about 1,510 (400,000 gal) of sewage per month are being transported from failed 
200 Area septic systems to the 100-N Area sanitary sewer lagoon. All of these septic 
systems discharge septic system effluent into the vadose zone. This discharge contributes to 
the "mounding" of groundwater below the 200 Area plateau; which drives existing 

. below-grade contamination plumes to\1/ard the Columbia River. · · 

One sewage collection and lagoon system would serv~ the 200 West Ar~a and surroundings, 
and another would serve the 200 East Area and surroundings. The proposed sewage · 
treatment system would replace approximately 50 septic systems presently serving facilities 
in the 200 Area plateau. These,§yste!Ds would eliminate most liquid discharges to the· · 
vadose zone. Sewage dump stations·· in each area would allow sewage from failed septic 
systems in other areas to be transported· to the proposed lagoon system for treatment and 
disposal. · · · 

• Tank 241-C-106 Sluicing and Waste Removal. This project addresses the need to retrieve 
the high-heat waste in single-shell tank{SST) 241-C-106 and transfer it to double-she~! tank 
(DST) 241-AY-102. -The removal of the waste would stabilize this tank and eliminate the 
need to add cooling water. An EA (DOE 1994b) and FONS! were approved in 
February 1995. · · · 

This EA proposed to sluice the high-heat waste from Tank 241-C-106 to a DST through one 
of two proposed double encased (pipe-in-pipe design), bermed lines. The DOE has 
identified a need to take this action to eliminate safety concerns with the storage of 
high-heat waste in Tank 241-C-1.06, and demonstrate a tank waste retrieval technology. 
The system would be a closed loop, ~ontinuous sluicing process. The scope of the project 
is to remove 75%, ata minimum; ofthe high-heat waste. Sluicing of underground storage 
tanks involves introducing. a high~volume, low-pressure stream of liquid to mobilize 
underground storage tank s~udge waste before pu!Ilping the tank contents. 

. . 
' .. . . . 

Tank 241-C-106 is located in.the 200 East Area.· It has a 31-cm (10-in) -thick dished 
bottom, a useable waste depth of apprnximately 4.8 m (16 ft) at the sidewall, and is a SST. 
The waste in Tank 241-~-106 consists of 746,000 L (197,000 gal) of sludge that is stratified 
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into two layers. The top layer consists of.655,000.-L·(l.73,000 gal) of sludge, containing a 
sufficient amount of strontium to be considered high~heat waste, which generates 
approximately 32 _kW of heat.· The bottom layer consists oJ 91,000 L (24,000 gal) of 
low-heat producing hardened material. · 

5. 8.1.4 All Other Areas Geographic Area. Present and reasonable foreseeable actions in the 
All Other Areas geographic area include the following. 

• Construction and Operation of a Laser_ Interferometer Gravitational-\Vave Observatory • 
on the Hanford Site. An EA was prepared for construction and operation of a Laser 
Interferometry Gravitational Wave Observatory (LIGO) (NSF 1993). A FONS! was issued 
for this facility in December 1993. The LIGO site occupies approximately 6 km2 (2.3 mF) 
with facilities, including a 7,600-m2 (9100-yd2

) central building at the vertex of two 4-km 
(2.5-mi) arms, mid- and end-station buildings along the arms, service roads, parking areas 
and construction laydown areas occupy approximately 0.6 km2

. (0.23 mi2). Service roads 
running the length of the 4-km. (2.5-mi) arms fragment habitat that exists at the site. The 
facility will accommodate 10 to 20 permanent staff with an additional 10 visiting scientists. 
The LIGO is presently under construction. 

• Environmental Molecular Sciences Laboratory. A FONS I for the Environmental 
Molecular Sciences Laboratory (EMSL) EA (DOE 1990) was issued in 1992. The EMSL 
would consist of an 18,500-m2 (200,000-ft2) building originally proposed for siting on a 
12-ha (30-ac) site located within the city limits of North Richland, Washington, at the south 
end of the Hanford Site 300 Area. On the second day of construction, April 12, 1994, 
construction crews uncovered human remains thought to be those of Native Americans. 
The DOE immediately halted construction and proposed, consistent with the wishes of local 
Indian tribes and with the spirit of the Native American Graves Protection and Repatriation 
Act of 1990, and the American Indian Reiigious Freedom Act of 1978, to relocate the site of 
the facility. An EA was prepared addressing resiting of the facility (DOE 1994) and the 
FONS! was approved July 1994. The facility is under construction at the new site. 
Approximately 200 to 250 employees would be located at the EMSL, including permanent 
staff and visiting scientists. The annual effective dose equivalent to the offsite MEI would 
be 1 x IQ-4 mrem. 

35 • Inert/Demolition Wa~te Landfill (Pit 9). This EA proposed to construct a y.,aste landfill 
36 (Pit 9) to accumulate inert and demolition wast~ for the Hanford Site (DOE 1995d). The 
3 7 DOE has identified a need for a convenient and economical disposal capacity of these types 
38 of waste to support the demolition activities planned for the southern areas of tl)e Hanford 
39 Site. The current demolition waste lanqfill, Pit 10, located approximately 25 m (82 ft) west 
40 of Route 4S, will reach full capacity in 1995. The projected demolition activities on the 
41 Hanford Site will continue for ·up to 20 years; therefore, a replacement demolition landfill is 
42 required in the near term. Therefore, the DOE proposed to use an existing alluvial gravel 
-+3 pit, Pit 9, as a new inert and demolition, waste landfill for the Hanford Site. Pit 9 is located 
44 approximately 3 km ( 1. 9 mi) north of the 300 Area, in the 600 Area. It would. be 
45 converted to use as .an inert/demolition waste landfill by installing a lockable access gate at 
46 the entrance, and a fenced barrier around the entire landfill area, appropriately posted. No 
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· other physical alterations:i~JJ:ie,.Pit,,~, area woµld,,b;~ii~ce~sary._. ,This action would support 

· 2 the disposal phase of various in_frastrncture d~piqHdon,projects in the southern areas of the 
3 Hanford Site. These demolition projects would produce waste consisting of concrete, brick, 
4 incidental -wood, used asphalt, and steel. Because of the large size of Pit 9, current disposal 
5 projections estimate that it would be· available for the noted types of waste for 20 years. 
6 The FONSI for this action was approved May 15, 1995, and Pit 9 has been open and 
7 operational since approximately July 1995. · · 
8 
9 • Disposition of Sodiuin Test Loops. The DOE proposed to package the metallic sodium 

10 and sodium-potassium eute<;:tic material;~ and associated loop hardware for shipment offsite 
11 for recycling, reuse, and/or disposal (DOE 1995e). The sodium test loops are located in· the 
12 · 200 and 300 Areas on the Hanford Site,· Additionally, any or all loops may be packaged 
13 appropriately and transferred .offsite for reuse. Residual sodium-wetted piping and 
14 associated equipment also would be packaged for recycle disposal, as appropriate. 
15 Ancillary tankage would be cleaned i~-situ to reinove residual sodium for potential 
16 reuse/disposal. Consideration would be given to allow an offsite entity to perform all, or 
17 part, of the proposed action. The FONS! for this action was approved in May 1995 and the 
18 proposed activities are proceeding as scheduled. The first of five sod1um test loops have 
19 been shipped· to L. M: Manufacturing under a Cooperative Research and Development 
20 Agreement. Phase two· of the proposed action is to drain the sodium tanks and ship the 
21 sodium to a offsite buyer at a later d~te. 
22 
23 • 300 Area Process Sewer Piping Upgrade and 300 Area Treated Effluent Disposal 
24 Facility Discharge to the City of Richland Sewer System. This EA was prepared to 
25 address upgrading the 300 Area·pro~ess sewer piping system and to connect the Treated 
26 Effluent Disposal Facility (TEDF) discharge .to the City of Richland sewage· system 
27 (D.OE 1995f). The FONS! for this action was issued May 25, 1995). This action addresses 
28 the need to take action to reduce, or where appropriate, eliminate untreated. liquid effluents 
29 discharged to the soil in the 300 Area of the Hanford Site. This action is expected to 
30 reduce anticipated operating costs at the new 300 Area TEDF, which became operational 
31 December 1994, and improve the questionable integrity of the old piping in the existing 
32 300 Area Process0 Sewer System. · · 
33 
34 The 300 Area Process Sewer System discharges effluents to the TEDF collection sump and 
35 lift station. The construction and operation of the TEDF were addressed in a _previously 
36 . · approved EA (DOE 1995f); The proce·ss waste liquid effluent was well below DOE 
37 requirements for radiological secondary containment, and is not considered a RCRA 
38 hazardous waste or a State of Washington Hazardous Waste Management Act of 1976 
39 dangerous waste. · · 
40 
41 The proposed action includes upgrades-to the existing 300 Area Process Sewer System 
42 through the construction and operatio,n of a new collection system; and construction and 
43 operation of a combined. gravity, vacuum, and pressurized collection system from the TEDF 
44 · · with capacity to accommodate additional buildings in the 300 Area. 
~ ' . . . 

46 • Special Case Waste Storage Facility.· This EA addresses the transfer of nonfuel 
47 high-activity waste from 300 Area hot cells to an aboveground dry storage module in the 
48 200 West Area. · · · 
49 
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The EA addresses construction and opetatipri -of a Special Case Material storage unit, which 
is the proposed high-activity remote-handled waste storage facility consists of solid waste 
containers, shipping casks, a tr.ansfer system, and storage modules similar to those used by 
the commercial nuclear power industry. 

The proposed action will provide a centralized remote-handled storage facility with 
monitoring and retrievability capabilities in the Hanford Site's ~olid waste management area 
located in the 200 West Area. The action also will include an initial shipment of 
approximately (16.8 m3

) 592 ft3 of remote-handled waste from the 324 Building B-Cell, .in 
' . -·-- . . - . 

the 300 Area. 

The EA was issued to the State of Washington, Tribes, and USFWS for comments in 
August 1995. Comments have been received by the DOE and responses to the comments 
are being prepared. The final EA is scheduled to be issued in early fiscal year 1996. 

• Fast Flux Test Facility Standby. The DOE has prepared an EA (DOE 1995g) addressing 
shutdown of the Fast Flux Test Facility (FFfF). The EA proposed to permanently 
shutdown the FFfF by: 

Removing fuel 

Draining and de-energizing the systems 

Removing the stored radioactive and hazardous materials 

- Performing other actions to place the facility in a radiologically and industrially safe 
shutdown state. 

_ The action will place the FFfF in a radiologically and industrially safe shutdown condition, 
suitable for a long-term surveillance and maintenance phase before final decommissioning. 
Disposition of radioactive and hazardous materials will be necessary to place the facility in a 
safe shutdown condition with reduced risk to plant workers, the public, and the 
environment, while achieving the desired cost savings. 

Appropriate surveillance and maintenance would be performed to prevent una~ceptable risks 
to persons or the environment until final decommissioning of the facility is completed. 

The FONS I was issued- on May 1, 1995. The actions for permanently shutting down the 
FFfF include the following: 

- Removing the fuel, draining and de-energizing the systems, removing the stored 
radioactive arid hazardous materials, and performing other actions to place the facility 
in a radiologically and industrially safe shutdown state. 

- Performing appropriate surveillance and maintenance to prevent unacceptable risks to 
persons or to the environment. 

- Defueling the reactor core to the Interim Decay Storage and the Fuel Storage Facility 
by use of standard FFfF refueling equipment and ope_rating procedures. The fuel will 
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be replaced_with:';ir~ad'f~ted,119nfuel conu;,p113ppnept!i, 13 new nonfuel core components, 
and 3 new Simulated cdre, Aiseinblies·tliat oiherwis'e would have been excessed. 

· Appropriately dispositioiling two fu~l assen1tilies that experienced a breach in the fuel 
cladding during irradiation, several fuel assemblies that are known gas leakers, and 
seven sodium-bonded metal fuel assemblies plus sodium-bonded pins that will require 
slightly different dispos.ition'. · · · 

- Maintaining the metallic sodium in a molten state until the fuel assemblies can be 
removed from their respective st°tage locations and transferred to appropriate s~·orage. 

Performing an appropriate excess evaluation of the bulk metallic sodium inventory to 
determine if alternative sponsors and/or uses are available. · 

. . - ' :·: . '. -

. . 

- Maintaining the residual sodium in the main portion of the FFfF's piping and 
equipment after the sodium and sodium-potassium eutectic alloy systems with an inert 
gas atmosphere to prevent any chemical reactions during long-term surveillance and 
maintenance. 

Packaging the solid and iiquid effluents from the shutdown activities that contain 
radioactive and/or hazardous materials, giving primary consideration to transportation 
of waste to existing Hanford SiteTSD facilities-. Offsite TSO facilities also will be 
consid~red, as appropriate. · · ' · 

The FFfF has been shut do\Vn ~d-~eactivation activities are proceeding as scheduled. . . . 

5.8.2 Other Potential Actions 

A number of other proposed actions at the Hanford Site are being evaluated in environmental 
assessments (EA), as detailed in the 1995 Hanford Site Mission Plan, Volume I, Site Guidance 
(DOE-RL 1994c), and additional projects are li~ely to be proposed and evaluated in the future. 
Impacts of these projects cannot be considered _in this analysis, because impact analyses are not 
complete and decisioris· regarding implementation ofa preferred action have not been made. These · 
projects may contribute to cwnulative future impacts of proposed remedial actions in two of the four· 
geographic areas considered in this EIS. No additional actions that may affect cumulative impacts in 
the Reactors on the River or Columbia River geographic areas are proposed. Actions in the All 
Other. Areas geographic area may have indirect· effects on the ri~er. 

i . 

5.8.2.1 Cmtral Plateau Geograj,izic Area. Acttons that may contribute to cumulative impacts 1n the 
Central Plateau geographic area include the following. 

• Safe .Interim Storage of Hanford Tank Wastes. A Final EIS analyzes potential impacts of 
construction and operation.of six new DSTs and the replacement of the cross-site waste 
transfer line between the 200 East and the'200 West Areas (Ecology and DOE-RL 1995). 
Primary potential impacts associated with the project are loss of shrub-steppe habitat and 
radiological air emissions. - . 
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• Tank Waste Remediation ~ystem .. An)3I~ ;i_s _qei~R.,prep~red to analyze alternatives for 
2 remediating the waste currently contained in''the SSTs and DSTs in the Central Plateau 
3 geographic area, and to provide for safe storage and disposal _of strontium and cesium 
4 capsules used in research 'projects at Hanford Site a·nd offsite locations (DOE and 
5 Ecology 1995). DOE management has assumed that all SST waste ultimately would be 
6 removed from the tanks for im!llobilization and disposal. Potential impacts associated with 
7 this project are worker exposures to radiological and hazardous constituents during waste 
8 disposition, habitat disturbance,. and radiological air emissions.· 

·9 
IO • Stabilization of Plutonium Finishing Plant Radioactive Materials. This proposed project 
11 involves stabilization of the. radioactive materials present in the Plutonium Finishing Plant 
12 and subsequent safe shutdown of the facility. Potential impacts include worker exposure 
13 and radiological air emissions. A Draf(EIS is in preparation. 
14 
15 • Relocation and Storage of TRIGA Reactor Irradi~ted Fuel. This project would relocate 
16 this irradiated fuel from the 308 Building to interim storage in the 200 West Area. An EA 
17 is in preparation (DOE 199~h). · 
18 
19 • Construction and Operation 9f a Storage Unit for Special Case Material. The DOE is 
20 preparing an EA to address environmental impacts of constructing a facility' for storing 
21 special case wastes w_ithin the fenced 200 West Area. 
22 
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24 
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• Disposal of Decommissioned, Defueled Cruiser, Los Angeles Class, and Ohio Class 
Naval Reactor Plants. This EIS, to be prepared by the U.S. Navy, will evaluate the 
potential impacts of disposing of defueled reactor plants from decommissioned naval vessels 
(Navy 1995). Continued land disposal at the Hanford Site is one of the alternatives being 
considered. The DOE is a cooperating agency in the preparation of this EIS. 

• Hanford Spent Nuclear Fuel Management. A DOE EIS is being prepared to follow the 
issuance of the ROD (60 FR 28680) for the Depanment of Energy Programmatic Spent 

· Nuclear Fuel Management and Idaho National Engineering Laboratory Environmental 
Restoration and Waste Management Programs Draft Environmental Impact Statement 
(DOE 1995a). This EIS wou_ld. address the impacts of implementing actions identified in the . 
ROD a~ the Hanford Site and management of SNF ·from the K-Basins at the Hanford Site 
(DOE 1995i). 

5.8.2.2 All Ot/zet Areas Geographic Area. Other actions that may contribute to cumulative impacts 
in the All Other Areas geographic area include the following. 

• Plutonium-Uranium Extraction Plant/Uranium Trioxide Plant Shutdown. In 1993, the 
DOE directed Westinghouse Hanford Company to terminate the Plutonium-Uranium 
Extraction (PUREX) Plant and provided guidance to proceed with shutdown planning and 
terminal cleanout activities. This direction also covered the Uranium Trioxide Plant at 
completion of the pending shutdown campaign. An EA addressing transfer of the irradiated 
fuel from PUREX and the N Reactor irradiated fuel for storage at the 105-KE and 105-KW 
Fuel Storage Basins has been prepared (DOE 1995j). 
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5. 8. 3. Present and Reasonably. Fd}es~i;wte :e,.,ctfon~ Adjat;erzt,~io tiii, Ha,zjord Site 
-· ' ' "', : ' . ., '. ~ . ' ' ' ' - . '' -';, ~, ,:( ._: , -. ,... ,: , '~ . 

No major actions have been identified outsict'e.the H"imi~fd Site boundary that would significantly 
contribute to environmental impacts of the proposed· action. City and county planning officials were 
consulted to assess such potential actions. The. ac~i<;ms identified are primarily road, bridge, ·and 
sewer system improvements that are likely to haye only minor impacts themselves and that are limited 
compared to the large scale of actions associated with the proposed future land-use objectives. 

• Ongoing economic and residential· developmen,t in the region could contribute to cumulative 
socioeconomic impacts. However, as discussed,i~ Section 5.8.4.9, there is considerable uncertainty 

. associated with any analysis of such impacts, ·given available information on the scheduling of · · 
potential remedial actions. . , , 1 

5. 8.4 Summary of Cumulative Impacts 

This s~ction summarizes potential cumulative impacts of this EIS' proposed action when added to 
the actions outlined above. Cumulative impacts, by their nature, generally are more clearly 
understood in the context of the Hanford Site as a whole. Therefore, this discussion is organized 
according to the resource areas of concern in this.EIS, with specific geographic areas mentioned as 
appro-priate to the discussion. In a number of 'cases;, insufficient information is available on the 
potential impacts of the additional action or the scheduling of the proposed remedial action to allow a 
quantitative assessment of potential impacts. In these cases, the discussion focuses on identifying the 
primary factors likely to, influence the extent and intensity of potential cumulative impacts. The 
likelihood and intensity of some cum'1lative impacts (e:g., the economy) depends on the scheduling of 
the many activities taking place or proposed to '?c~ur at the Hanford Site. . 

5.8.4.1 Geology. Potential cumulative impacts ·on geological resources primarily are related to the 
need for large quantities of borrow material that ~ould be required to construct caps .under the 
various Restricted Future Land-Use and Exchisjv~ Future Land-Use Alternatives. Construction of 
caps for many or all of the waste sites, particul~ly when combined with potential source needs of 
other projects. such as the ERDF, could have ·significant cumulative impacts on the availability of 
materials used in the construction of the caps. E:xisting sources pf materials could be severely 
depleted or completely exhausted. Section 5_.10 and Appendix E provide additional information on 
the potential impacts and quantit_ies of materials that will be irreversibly and irretrievably committed 
for cap construction. · ·· · · · · 

5.8.4.2 Soils. Potential cumulative impacts on's,oils would be similar to impacts on ecological 
resources (Section 5. 8.4.4), bec_ause the acreage of disturbed areas is similar in extent. The area with 
the greatest potential for cumulative impacts on soils is the Central Plateau geographic area, because 
of the large number of ground-disturbing activities proposed for the Central Plateau geographic area, 
including proposed projects and construction of new. or expansion of existing ·waste management and 
disposal facilities. Additional activities contemplated in the Reactors on the River geographic area 
could have cumulative impacts. Tq.es~ activities (i.e., reactor decommissioning)would be widely 
separated in time and could culminate with restoration or rehabilitation of the reactor sites. 
Significant cumulative impacts on soils· are nofanticipated in the Columbia River and All Other Areas 
geographic areas. · · · ·· · · 

5.8.4.3 Water Resources. No significant adverse impacts on groundwater are expected as a result of 
either the proposed remedial actions .or the reasonably foreseeable actions. Treatment of groundwater 
contaminant plumes would provide a long-term b~neficial impact on the w.ater resources· of the 
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Hanford Site. Reinjection of treated water (e.g., during pump-and-treat activities) could lead to 
2 localized temporary changes in groundwater flow patterns, but these changes would revert to the 
3 normal flow pattern once the driving source was removed at the end of the treatment phase. 
4 Reasonably foreseeable actions are expected to have either no adverse impacts or have beneficial 
5 impacts (in the case of the Columbia River Wild and Scenic designation) on surface water quality. 
6 Therefore, no cumulative impacts to water resources are anticipated. 
7 
8 5. 8.4.4 Ecology. In the Columbia River geographic area, the increased recreational use associated 

· 9 with the Wild and Scenic River designation, combined with the relaxed access restrictions under the 
•10 Unrestricted Future Land-Use Alternative, could result in cumulative impacts on ecological resources 
11 by disturbance of wildlife and habitats that are not accessible in the short term under the No-Action or 
12 Restricted Future Land-Use Alternatives; 
13 
14 In the Reactors on the River geographic area, surplus reactor decommissioning could result in 
15 some cumulative impact on shrub-steppe habitat, because reactor decommissioning would add to the 
16 areas expected to be lost under the Unrestricted Future Land-Use Alternative (40 ha (101 ac]), and 
17 Restricted Future Land-Use Alternatives (Rl and R2) (39 ha [98 ac] and 38 ha (94 ac]), respectively. 
18 However, waste management activities already have caused extensive disturbances in the area, and 
19 remediation of past-practice sites likely would be separated widely in time from the reactor . 
20 decommissioning. 
21 
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In the Central Plateau geographic area, significant cumulative impacts on shrub-steppe habitat . 
would be associated with the Exclusive Future Land-Use Alternative in combination with the ERDF 
construction (Section 5.8.1.3.3) and SNF management (Section 5.8.1.3.4). The total cumulative area 
disturbed under the Exclusive Future Land-Use Alternative would be 475 ha (1,188 ac). Impacts on 
species of concern also would be cumulative because of the potential added loss of priority habitat 
used for hes ting by species such as the sage sparrow, loggerhead shrike, and sage thrasher. 
Cumulative impacts associated with other actions proposed for the Central Plateau geographic area, 
but not fully evaluated at this time (e.g., TWRS), would be proportional to the amount of habitat 
disturbed. 

Significant cumulative impacts on ecological resources in the All Other Areas geographic area 
currently are not anticipated, but the potential. for such impacts would be reexamined as the required 
documentation is prepared for planned projects. Construction of access roads or haul roads would 
lead to fragmentation of habitats and could affect the ability of some species to utilize all available 
habitat. Furthermore, disturbed land along roadsides would provide opportunities for nonnative 
invasive species to enter the ·habitat. 

5.8..4.5 Air Quality. The potential for cumulative impacts on air quality, as with other resource 
areas, is critically dependent on the timing of the proposed. remedial and other reasonably foreseeable 
actions. As discussed in Section 5.3.5.2, which describes the impacts of the Unrestricted Future 
Land-Use Alternative on the Reactors on the River geographic area, remedial activities involving 
excavation would generate substantial amounts of airborne dust, possibly contaminated with 
radionuclides, and exhaust emissions from soil handling and remediation equipment. Simultaneous 
additional activities in the vicinity of a remediation site (i.e., ERDF and TWRS construction in the 
Central Plateau geographic area) could cause air quality impacts proportional to the total level of 
activity. However, these impacts could be prevented by appropriate mitigation measures as described 
in Section 5 .3 .5.2.2, and, therefore, are categorized as insignificant subject to mitigation. 
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5. 8.4_. 6 Noise. No potentially significant noise impacts::were,jdentified for any of the alternatives 
considered in this EIS. Therefore, no cumulative impacts are anticipated. . 

' ' . ' ' 

4 5. 8.4. 7· Cultural Resources. Potential cumulative impacts on cultural resources would be similar in 
5 nature and extent to those on soils and ecological resources, because the cultural resource impacts are 
6 · commonly associated with ground-disturbing activities. Adverse impacts would be proportional to the 

areal extent and the depth of the disturbance, as well as the cultural significance of the precise 
location. All alternatives considered in this EIS are. considered to have potentially significant impacts 
on cultural resources, and reasonably foreseeable other actions also could have potentially sign,ificant 
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· impacts. These impacts could be mitigated through surveys, data collection, and artifact recovery to 
prevent the loss of the information inherent in the resources. However, these mitigation measures 
would unavoidably alter the site in question, which could in itself be a significant impact, particularly 
for sites of spiritual importance to Native Americans. Therefore, cumulative impacts on cultural 
resources are considered potentially significant.. Mitigation through surveys and data recovery would 
minimize, but not eliminate, these impacts. Because the Columbia River and Reactors on the River 
geographic areas possess so many potentially signifi~ant cultural resources, these areas would be 
expected to experience significant cumulative adverse impacts to cultural resources. 

5.8.4.8 Visual and Aesthetic Resources. Cumulative impacts on visual resources would be directly 
proportional to the extent of site activity in the short term and to the extent of viewscape alteration in 
the long term. The reasonably foreseeable actions in the short term are concentrated in the Central 
Plateau and Reactors on the River geographic areas. Long-term changes in the viewscape primarily 
would result from construction of the ERDF, and reactor decommissioning and removal. Cumulative 
impacts on the Hanford Site viewscapes could r,esult from selection and construction of permanent 
caps as a remedial alternative for a large riumber of waste sites. As described in the visual impacts 
sections, these caps w~mld be visible from a consi.derable distance. Similarly, the ERDF would be 
visible from some distance, as would the. changes produced by removing the reactors from the vicinity 
of the Columbia River. Therefore, cumulative impacts on visual resources are considered potentially 
significant, but could be partially mitigated by. applying the measures described in the respective 
visual impacts sections of this chapter. 

5.8.4.9 Socioeconomic and Land-Use Impacts. The potential for cumulative socioeconomic impacts 
depends on the level of .effort involved in reasonably foreseeable actions. at the Hanford Site, and the 
timing of those actions. If the total effort is spread out over a long period of time, the cumulative 
socioeconomic impacts would be relatively s1,11all. If the total effort is concentrated in a_ short time 
span, the impacts would tend to be large and potentially disruptive. A short time span requires the 
hi ting of additional staff, · but· only for a s.hort period of time to perform the various actions 
simultaneously. A longet time·span allows fewer workers to be hired because the same workforce 
can perform the various actions 1n sequence. Hiring a large number of workers to perform many 
actions at once and then dismissing those workers once the actions are completed could result in a 
boom-bust cycle that would have a detrimental effect on ·the local economy. Using_ a smaller number 
of workers over a longer time span would smooth out impacts on the local economy and minimize 
any disruption by allowing time for other industry to develop _within the affected communities. 
Potential socioeconomic impacts of the remedial actions addressed in this EIS were identified as not 
significant or marginally significant. However, there is considerable uncertainty about the level of 
effort required for the reasonably foreseeable future actions, about the schedule for those actions, and 
about changes in total site staffing levels required t·o implement those actions. The potential for 
cumulative socioeconomic impacts is considered to be low. However, socioeconomic impacts would . 
need to be evaluated on a continuing basis as schedules are developed for both the proposed remedial 
actions and the reasonably, foreseeable actions not of direct concern in this EIS. 
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The proposed action of this EIS ·could lead to extensive changes in existing land uses at the 
Hanford Site. These cha11ges could be significant in themselves, without considering other potentially · 
significant decisions, such as the designition of the Hanford Reach as a Wild and Scenic River. The 
related issue of compatible land uses would need to b.e addressed as specific projects are further 
developed, and as land-use planning documents (i.e., the Hanford Site Comprehensive Land Use 
Plan) become available. The issue of compatible land uses is critical. For example, the Unrestricted_ 
Future Land-Use and Restricted Future Land-Use Alternatives for the Columbia River may not be 
compatible with designation of the river as wild and scenic. In the Central Plateau geographic area, . . 

the SMES-ETM, a facility not associated with waste management, may not be compatible with 
construction of the ERDF and other waste management facilities. A number of alternatives for 
various projects may conflict with tribal concerns and treaty rights., Therefore, cumulative impacts 
associated with land-use issues are considered potentially significant. Mitigation of these impacts 
would require careful and thorough coordination of remediation decisions with all potential 
stakeholders. · · · · 

5. 8. 4.10 Human Health Risk. Long-term impacts of the proposed action on human health risk are 
all considered beneficial, because remediation of waste sites would reduce the long term risk 
associated with the No-Action Alternative, whic~)s potentially significant for each geographic area. 
Therefore, long-term cumulative adverse impacts are not anticipated. 

Short-term impacts were not considered significant for either future land-.use alternatives 
considered for the Columbia River geographic area. The principal reasonably foreseeable action 
identified for the river is designation of the Hanford Reach as wild and scenic, which would have no 
significant impact on human health. Therefore, no short-term cumulative impacts are anticipated a, a 
result of Columbia River remediation. · Short-term impacts of remediation are considered potentiai._ · 
significant for the Unrestricted Future Land-Use and, Restricted Future Land-Use (Rl) Alternatives for 
the Reactors on the River geographic area; the Exclusive Future Land-Use Alternative for the Central 
Plateau geographic area; and the Restricted Future Land-Use (RI) Alternative for the All Other Areas 
geographic area. Cumulative short-term health impacts to the offsite population would not be 
significant, because the location of the offsite MEI would be unique for different projects and adverse 
health effects would not be expected even when the impacts (e.g., radiation dose) from each project 
are summed. · 

5.8.4.11 Occupational Impacts. Occupational impacts are directly proportional to the scale of site 
activity, assuming a constant .relative level of effort _dedicated to preventing accidents a~d exposures to 
radiological and chemical hazards. Therefore, potential cumulative impacts would be considered 
potentially significant, but ·could be mitigated by maintaining and improving existing safety programs.' 

5. 9 Unavoidable Adverse Impacts 

42 This section describes potential unavoidable adverse environmental impacts associated with 
-n implement_ation of the future land-use alternati".es. · Unavoidable adverse impacts are impacts that 
44 would occur after implementation of all feasible mitigation ~easures. 
-+5 
46 Remedial activities required for several of the alternatives include excavating large volumes of 
47 soil. Remediation efforts would result in soil disturbances through compaction and potential increased 
48 soil erosion. Excavation in and near the Columbia River could result in downstream siltation and 
49 sedimentation. The most significant unavoidable adverse impacts on soils occur in the Central Plateau 
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geog~aphic area under .the Ex~lus~ye,.,f,4JUreJ_1~B·9~'Y~ttt\~t~~~%iX,t-,/\P~rnximately 475 ha (1,174 ac) 
of soils would be affected by this alternative: · _;:;-: ::;:. ,., .. , '•,--"·', .. ~ ·:' ... ·. · · · 

~. . . ~ . . 

The Hanfbtd Site has an,abundance of significant 6tifu~;l re~our~es. Proposed waste site 
excavation could result in the disturbance of human remains and Native American sites. Significant 
prehistoric or historic resources could be lost. These resources are considered irreplaceable. .The 
extent of cultural resources that would be disturbed cannot be assessed until the significance and 
boundaries of known site areas are established. Some resource locations will be more significant than 
others, and each cultural resource location _must be individually as·sessed. Mitigation measures would 
be implemented, but some unavoidable adverse impacts are anticipate~. 

Physical impacts on terrestrial resources and sensitive habitats (i.e., aquatic habitat, wetlands, 
shrub-steppe habitat) would be unavoidable under all except the No-Action Alternative. Permanent . 
loss of habitat for some species of concern could occur, and could result in population declines. 
Reclamation would restore some habitat, but would not fully replace diverse plant communities that 
have developed over long time periods. The most significant adverse impacts on shrub-steppe habitat, 
and the impacts most likely to be unavoidable, could occur in the Central Plateau geographic area . 
under the Exclusive Future Land-Use Alternative. Approximately 6% of shrub-steppe habitat in the 
Central Plateau geographic area would be affected by this alternative.. · 

Application of caps over waste sites would permanently alter the existing landscape. These caps 
would stand out visually within the landscape of the relatively flat Hanford Site, particularly in the 
· Columbia River and the Reactors on the River geographic areas. Caps would be noticeable to users 
of the Columbia River and fr9m vantage points along State Routes 24 and 240. 

5.10 Irreversible and Irretrievabl~ Commitments of Resources 

Irreversible and irretrievable resource commitments are related to use of nonrenewable resources 
and the effects that consumption ofthe resources would have on future generations. Irreversible 
effects occur as a result of use or destruction of a resource (e.g., energy and minerals) that cannot be 
replaced within a reasonable time frame. Irretrievable resource commitments involve the loss in 
·value of an affected resource that cannot be restored (e.g., extinction of a species or disturbance of a 
cultural site). Identification of irreversible and irretrievable commitments of resources is ·required by 
NEPA. The discussion also is intended to secure the exclusion of liability for natural r~source 
damages discussed in Section 107(f)(l) of the CERCLA statute. This provision of the CERCLA 
states that there is no liability for natural resource injuries if those injuries are specifically identified 
as irreversible and irretrievable commitments of resources in an EIS or comparable document. 

Geologic resources required for cap construction would be irreversibly and irretrievably 
committed. Geologic resources required ,for cap construction consist of gravel, sand, silt, and 
crushed basalt. These materials would be obtained from two borrow pit sites (McGee Ranch and 
Pit 30) and a basalt quarry site as discussed in Appendix E. · Conservatively estimated quantities of 
geologic materials from each of the three sites are shown in Table 5-53. Reserves totaling 
approximately 36.1 million m3 (47.3 million yd3

) of fine-grained material are available at the McGee 
Ranch site (Lindberg 1994; Skelly 1992) .. Cap construction could require a significant percentage of 
the McGee Ranch reserves. The total available reserves at Pit 30 and the basalt quarry site have not 
been determined. Requirements for cap materials (see Table 5-53) would be expected to significantly 
deplete, but not exhaust, the available resources at these sites. The estimated requirement for the 
_basalt quarry site may.be artificially high because of the assumption that the site would provide 
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asph~lt base and asphalt, in addition "to basalt, and the cap was a~su~1ed to be comparable to the 
2 reference cap discussed in Appendix E. This estimate of irreversibly and irretrievably committed 
3 geologic resources is conservative, becau·se the num~er of waste sites that would be capped and the 
4 type of cap that would be selected for each site is not presently known. 
5 
6 

7 Table 5-53. Estimated Volumes of Materials Required to Implement Capping Altenzatives 
8 from Three Primary Sources of Geologic Materials. 0 

9 

10 

11 

12 

13 

14 

Geographic Are_a 

Columbia River 

Reactors on the River 

Central Plateau 

All Other Areas 

Total 

Alternative 
McGee. Ranchb 

million m3 (yd3
) 

Restricted 0. i (0.2) .. 
Restricted {R2) 7.3 (9.6) 

Exclusive 5.6 (7 .3) 

Restricted (R2) · 3.4 (4.4) 

19.4 (21'.5) 

Pit 30° Basalt Quarryd 
million m3 (yd3

) million m3 (yd3
) 

0.04 (0.05) 0.2 (0.2) 

2.1 (2.8) 9.4 (12.3) 

1 L9 (15.6) 34.5 (45.2) 

1.0 (1.3) 4.3 (5.7) 

15'.l (18.8) 48.4 (63.4) 

15 ·•Based on volumes presented in Table H-14,_ Appendix H. 
16 b Assumed source of fine-grained materials (silt) required for caps~ 

_ 17 °Assumed source of gravel and sand. 
18 dAssurned source of basalt used in caps·, asphalt base, and asphalt. 

19 
20 
21 
21 
23 
24 
7-_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

The cultural resources of the Hanford Site are extensive and not reproducible. Cultural 
resources of value to Native Americans and others may be disturbed or destroyed at borrow areas and 
at waste sites that are excavated or covered. L()Sses of cultural resources would be irreversible and 
irretrievable. Mitigation measures would be implemented; these measures should reduce, but not 
prevent, the loss of cultural resources. · 

Implementation of remedial activities required to accommodate future land-use objectives of each 
geographic area would result in habitat disturbance as a consequence of waste site stabilization,· waste 
removal, and construction of support and treatment facilities. Disturbed areas would be regraded and 
planted with native vegetation. Successful restoration of the habitat is uncertain and the habitat 
disturbance could lead to permanent changes, as well as displacement or loss of wildlife. Areas and: 
types of habitat that would be disturbed under each alternative for each geographic area are provided 
in Table 5-54. Selection of the alternative with the greatest amount of disturbance in each area would 
temporarily or permanently alter 500 ha (1,236 ac) of shrub-steppe habitat, 28 ha (69 ac) of wetlands, 
and 20 ha .(50 ac) of aquatic habitat. · · 

37 Resources that would be committed include large expenditures of public funds for conducting 
38 remedial actions. Approximate expenditures required under the various alternatives are given in 
39 Table 5-55. Significant expenditures also would be required_under the No-Action Alternative. The 
-1-0 estimated cost of monitoring and maintenance over a I 00-year period is estimated to be greater than 
-1- I $2.4 billion. Expenditures for remedial activities also would be required by the No-Action 
-1-2 Alternative, but these costs could only be estimateq as remedial activities and remediation levels will 
-1-3 be established for each individual operable unit based on site-specific decision processes. 
-1--1-
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Remedial activities would require th~- c~rii~·i)lpJfq9.,1~ffu~i)9~· op,~~atio11 of construction 
equipment and transport of waste and 'capping rnaieri~iF" Estffu:'.ited quantities· of fuel that would be 
required to accommodate future land-use alternatives .are given in Table 5-56. Actual quantities of 
fuel consumed will' depend on the exact nature of actions implemented under CERCLA and the 
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994), and on the fuel 
efficiency of machinery used to implement those actions. 

5.11 Conflict with Land-Use Plans of Otlz~f 
Federal, State, and Tribal Agencies 

. . . ' . ' . . 

This discussion addresses possibie conflicts- between the proposed future and other potential 
future land-uses for each geographic area. 

5.11.1 Columbia River Geographic Area 

Some stipulations of the Restricted Future Land-Use and Unrestricted Future Land-Use 
Alternatives of the Columbia River geographic area could be considered inconsistent with the 
proposed Wild and Scenic River and NWR designations. These uses could include controlled and/or 
unlimited recreation uses. Under the Wild and Scenic River and NWR designation, recreation access 
would be improved, but not expanded; damming and major dredging would be prohibited; corridor 
development would be controlled; and off-road vehicle use would be prohibited in unauthorized areas 
(NPS 1994). Proposed recreational uses that woqld involve expanded access, damming, major 
dredging, corridor development, and/or off-road activity could be incompatible with the proposed 
Wild. and Scenic River designation, and these activities are inconsistent with the protection of the · 
resources. intended by the designation. Congressional action is· required to designate the Hanford 
Reach as a Wild and Scenic River. 

' . . 

Tribal treaty rights on the Hanford Site could be maintained under the Restricted Future 
Land-Use Alternative. by controlling new recreational uses and preventing encroachment on traditional 
tribal fishing, hunting, and gathering sites, and cultural properties.· The Unrestricted Future 
Land-Use Alternative, with unlimited recreation, could encroach on and impact these traditional sites.· 
Encroachment on the traditional tribal areas could be interpreted by the tribes as an abrogation of the 
1855 Treaties. · 

The Unrestricted Future Land-:Use Alternative would allow complete access to natural resources 
by consumptive and nonconsumptive users. Increased recreational use would be expected under the 
Unrestricted Future Land-Use Alternative. Expanded access would directly conflict with the Wild 
and Scenic River designation. . 

The .. Restricted F~nue Land-Use Alternative would not s1gnificantly affect water-based recreation. 
Current restrictions on land-based recreation. (e.g., hunting, wildlife-observation, nature study, and 
similar activities) could continue. - . 
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. Table 5-54. Habi_tat Areas Disturbed under Each Latld-Use Alternative for Each Geographic Area. 

Geographic Arca No Action U nrcstricted Restrictc,:d (RI) Restricted (R2) Exclusive .. 

· Columbia River None 23 ha (57 ac) wetlands <0.4 (I ac) of each.habitat NA NA 
20 ha (50 ac) aquatic I 

36 ha (90 ac) shrub-steppe 

Reactors on the River 3 ha (7 ac) 5 ha (12 ac) wetlands 4 ha (11 ac) wetlands 3 ha (8 ac) wetlands NA 
shrub-steppe . 40 ha (101 ac) shrubsstcppc 39 ha (98 ac) shrub-steppe 38 ha (94 ;ic) shrub-sicppc 1 

Central Plateau 280 ha (692 ac) NA NA NA · 475 ha (1,173 ac) shrub-steppe 
shrub-steppe 

All Other Areas 5 ha (12 ac) NA 115 ha (287 ac) shrub-steppe 134 ha (329 ac) shrub-steppe NA ; 

shrub-steppe 

NA = Not applicable. 



2 

3 

4 

5 

6 

7 
8 

Geographic A:r:ea 

Columbia River 

Reactors on the River 

Central Plateau 

All Other Areas 

Alternative 

Unrestricted 
Restricted 

Unrestricted 
Restricted (Rl) 

.. -
Restricted (R2) 

Exclusive 

Restricted (R 1) 
Restricted (R2) 

Truck Transport Rail Transport 
(million$) (million $) 

4,691 2,678 
93 46 

5,152 4,127 
3,766 3,037 
5,543 2,954 

1,807 --
1,029 670 
3,156 .• 792 

9 Table 5-56. Estimated Fuel Consumed for Each Alternative Depending on Transportation Option. 

10 

11 

12 

13 

14 

6eographic. Area 

Columbia River 

Reactors on the River 

Central Plateau 

All Other Areas .. 

15 NA = Not available. 

16 

Alternative 

Unrestricted 
Restricted 

Unrestrict~d 
Restricted (R 1) 
Restricted (R2) 

Exclusive 

Restricted (Rl) 
Restricted (R2) 

Truck Transport Rail Transport 
million L (gal) million L (gal) 

82.9 (21.9) 82.9 (21.9) 
1.51 (0.4) 1.14 (0.3) 

150.2 (39.7) 109.0 (28.8) 
105.6 (27.9) 76.5 (20.2) 
152.2 (40.2) 76.8 (20.3) 

NA. --

42.0 (11.1) 27.6 (7.3) 
100.3 (26.5) 35.2 (9.3) 

17 The Unrestricted Future Land-Use and Restricted Future Land-Use Alternatives do not appear to 
18 be inconsistent with the Wahluke 2000 Plan proposed by the Wahluke 2000 Committee._ The plan 
19 seeks to avoid significant environmental and scenic impacts tm the Columbia River, while proposing·· 
20 recreational designations (Wahluke 2000 Plan). 
21 
22 The No-Action Alternative could preclude implementation of portions of the Wahluke 2000 Plan. 
23 The plan proposes recreational designations along the river (Wahluke 2000 Plan). The control of 
24 access and recreation under the No-Action Alternative could prevent or restrict new recreational uses 
25 along the river. 
26 
27 The No-Action Alternative would maintain the existing conditions. Both river access and 
28 recreation activities would remain controlled. The river would remain unremediated, and potential 
29 environmental impacts would coritinue. However, these impacts are low, as described in Section 5.2. 
30 This alternative would not be inconsistent with any existing land-use planning documentation. 
31 Controlled access to the river could diminish passive use and value that would accompany the 
32 proposed Wild and Scenic River and NWR designations. This alternative would maintain restrictions 
33 on the use of traditional fishing, hunting, and gathering sites, and cultural properties of value to 
34 Native Americans in some locations. 
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5.11.2 Reactors on the River Geograpl;ic Area ._,; .:, ~ -

The proposed remediation of the Reactors on the River geographic area would result in increased 
construction vehicle traffic, construction noise, and dust in the nearby area. There are no 
immediately adjacent residential or agricultural uses to be affected by the remedial activities. The 
adjacent county lands are separated from the Reactors on the River geographic area by the Columbia 
River and the North Slope. 

As with the Columbia River, the Unrestricted Future Land-Use Alternative for the Reactors on 
the River geographic area could allow unlimited recreation along the river. Any use that included· · 
expanded river access, damming, major dredging, corridor development, and/or off-road activity 
could be incompatible with the proposed Wild and Scenic River and NWR designations. 
Encroachment on traditional tribal areas would be interpreted by the tribes as an abrogation of the 
1855 Treaties. · 

Restricted Future Land-Use Alternatives (Rl and R2) are similar from a land-use perspective. 
Unless the proposed restricted uses are located well away from the .shores of the river, industrial 
development could be inconsistent with the proposed Recreational River and NWR designations for 
the river and North Slope. Development along the river corridor would be controlled (NPS 1994), 
.and industrial development could be interpreted as development that is too intensive and/or out of 
scale. The Restricted Future !,.and-Use Alternatives (Rl and R2) would·not significantly affect 
water-based recreation. Certain land-based recreation, such as hunting and camping, could continue 
to be restricted. Restricted use of the Rectors on the River might not be consistent with Native 
American wishes to exercise their treaty-reserved rights on the Hanford Site, as prescribed by the 
1855 Treaties. 

The No-Action Alternative would continue the restrictions on the use of the traditional fishing, 
hunting, and gathering sites, and cultural properties of the Native Americans, and would not be 
consistent with Native American wishes to exercise their treaty-reserved rights on the Hanford Site as 
prescribed by the 1855 Treaties. · 

5.11.3 Central Plateau Geographic Area 

The proposed use within the Central Plateau (200 Areas), under either the No-Action or 
Exclusive Future Land-Use Alternatives, involves waste management. 

38 Exclusive use of the Central_ Plateau geographic area would not affect the proposed Recreational 
39 River and NWR designations. 
40 
41 The Exclusive Future Land-Use Alternatives for the Central Plateau geographic area would not 
42 be-consistent with Native American wishes to exercise their reserved rights on the Hanford Site as 
43 prescribed by the 1855 Treaties. The No-Action Alternative would continue current waste 
44 management activities in this area, and would conflict with Native American wishes to exercise rights 
45 reserved by th.e 1855 Treaties. 
-t6 
4 7 
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5.11.4 All Other Areas Geograplzici~~~,.,, 
' :·.'_.·.;-: 

3 Restricted uses for the All Other Areas geographic area include Restricted Future Land-Use 
4 Alternatives (RLand R2);· These alternatives do•not differ appreciably from a land-use perspective . 

. 5· The Restricted Future Land-Use Alternatives (Rl and R2) propose industrial development, research, 
6 waste management, wildlife habitat, and controlled recreation. Should proposals including industrial 

· 7 development, waste management, or anything other than ecological research occur within OA km 
8 (1/4 mi) of the Columbia River, these proposals would be inconsistent with the Recreational River 
9 and NWR designations along the river (NPS 1994). industrial development, research, waste 

IO management, and controlled recreation uses could-encroach on the traditional tribal fishing, hunting; 
11 and ·gathering sites and cultural properties. Encroachment on the traditional tribal are~ could be 
12 interpreted by ·the tribes as an abrogation of the 1855 Treaties. 
13 
14 The No-Action Alternative would .maintain controlled industrial developm~nt, compatible 
15 research, waste management, and wildlife uses in their current locations, and would not include 
1 fr remediation. This alternative would continue restrictions on use of traditional fishing, hunting, and 
17 gathering sites and cultural properties of value to Native Americans. 
18 
19 Future actions on the Hanford Site would inciude coordination with Tribal governments to 
20 protect the treaty-reserved rights of the Native Americans on the Hanford Site. Coordination with 
21 federal resource agencies (National Park Service and USFWS) and local planning agencies 
22 (i.e., Benton, Franklin, Grant, and Adams counties; and the cities of Richland, West Richland, Pasco, 
23 and Kenne·wick) would be maintained, especially during the preparation of comprehensive plans by 
24 agencies or local governments. · 
25 
26 
27 5.12 Environmental Justice 
28 
29 In February 1994, Executive Order 12898, Federal Actions to Address Environmental Justice in 
30 Minority Populations and Low-Income Populations {59. FR 32), was released to federal agencies. 
31 This Executive Order deals with the issue of environmental justice and directs federal agencies to 
32 consider environmental justice during the NEPA process, and to incorporate environmental justice as 
33 part of the agency mission. Federal agencies are specifically directed to identify and address 
34 . disproportionately high and adverse human health or environmental effects of programs, policies, and 
35 activities on minority and low-income populations. 
36 
3 7 The Executive Order also directed the Administrator of the .EPA to convene a Federal Working 
38 Group on Environmental Justice.·. The Working Group was directed to provide guidance to federal 
39 agencies on criteria for identifying disproportionately high and adverse human health or environmental 
40 effects on minority populations and low-income populations and to coordinate with each federal 
41 agency in developing an environmental justice strategy for application to proposed agency activities. 
42 Iircoordination with the Working Group, the DOE has developed draft internal guidance to 
43 implement the Executive Order. Because the DOE and the Working Group are still in the process of 
44 developing guidance, and because scoping for this EIS occurred before issuance of the Executive 
45 Order, the environmental justice analysis presented in this EIS may depart somewhat frorri the 
46 implementation guidance that will eventually be issued. · 
47'' 
48 The following discussion addresses environmental justice as related to future land uses of the 
49 DOE f:lanford Site. The analysis identifies minority and low-income populations in the vicinity of the 
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Hanford Site. Subsequent to identification, the analysis provides a qualitative discussion of the 
impacts that future land-use alternatives might have on these populations~ 

5.12.1 Demographics 

Demographic information obtained from the U :S. Bureau of Census was used to identify 
minority populations and low-income communities within an 80-km (50-mi) radius surrounding the 
Hanford Site. For Environmental Justice analysis purposes, the area defined by this 80-km (50-mi) 
radius is considered the zone of potential impact. ··-

5.12.1.1 Definitions. The demographic analysis used the following definitions to develop 
community characteristics: 

• Census Tract--An area defined for the purpose of monitoring census data that is usually 
comprised of between 2,500 and 8,000 persons, with 4,000 persons being ideal. When first 
delineated, census tracts are designed to be homogeneous with respect to population 
characteristics, -economic status, and living conditions. Census tracts do not cross county 
boundaries. Spatial census tract size varies widely depending on the density of settlement. 
Census tract boundaries are delineated with the intention of being maintained over a long 
period of time so that statistical comparisons can be made from census to census. 

• Census Block Group--An area defined for the purpose of monitoring census data that 
generally consists of between 250 and 550 housing units. · 

• Minority Population--A group of people and/or communities experiencing common 
conditions of exposure dr impact that consists of persons classified by the U.S. Bureau of 
the Census as Negro/Black/African American, Hispanic, Asian and Pacific Islander, 
American Indian, Eskimo, Aleut, and other non-White persons, based on self-classification 
by the people according to the race with which they most closely identify. For purposes of 
analysis, minority populations are defined as those census tracts within the zone of impact 
whete the percent minority population exceeds the p~rcentage minority population within the 
entire zone of impact. Census tracts where.the percent minority population exceeds 50% 
also are considered minority populations: In the case of migrant or dispersed populations, a 
minority population consists of a group_ that is greater than 50% minority. 

• Low-Income Communiiy--An area where the median household income is 80% or more 
below the median household income for the metropolitan statistical area (urban) or county 
(rural). The 80% threshold was used based on definitions used by the u:s. Department of 
Housing and Urban Development. 

• Population Base--Census tracts were included in the analysis if 50 % of the geographic area 
of the tract fell within the 80-km (50-mi) radius of the Hanford Site. 

5.12.1.2 Minority and Low-Income Populations Near Hanford. Demographic maps were prepared 
using 1990 census data resolved to the census tract group level (USBC 1992). 

A total population of approximately 384,000 people reside within an 80-km (50-mi) radius of the 
Hanford Site, The minority population within the area of impact consists of approximately 95,000 
people and represents approximately 25 % of the population in the assessment area. The ethnic 

P~eliminary· Draft 5-210 November 10, 1995 



l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

composition of the minority popul~ti~~:.is p;:~~arU;, flis;~n.ic __ :(~pprbximately 80%) and American 
Indian (8%). Census tracts where the perceritage\lftrtiriority"pers'ons within the population exceeds 
20 % are located to the southwest and northeast of the Hanford Site and within the City of Pasco, 
Washington (Cushing 1995): • • .. · 

The low-income population within the 80-km (50-mi) area of impact represents approximately 
42 % of households in the area of impact. Census tracts where the percentage of the population 
consisting of low-income households exceeds 25 % are principally located to the southwest and north 
of the Hanford Site and within the City of Pasco, Washington (Cushing 1995): 

Considerable overlap between low~income populations and minority populations exists in the 
vicinity of the Hanford Site. 

14 5.12.1.3 Limitations of Demographic Data. Characterization of minority and low-income 
15 populations residing within a geographical area is sensitive to the basic definitions and assumptions 
16 used to identify those populations. Consequently, the number of individuals identified as minority 
17 and/or low-income individuals within the population around a particular site may vary from analysis 
18 to analysis. Both the lnteragency Working Group and the DOE are in.the process of developing final 
19 guidelines for use in the evaluation of environmental justice, and several different approaches to 
20 identification of minority and low-income populations have been used in recent DOE EISs. The 
21 approach presented in this EIS is consistent with the approach used in Cushing (1995). Other 
22 demographic studies may use different assumptions apd, consequently, report a different total 
23 population, minority population, or low-income population depending on the assumptions used to 
24 _ identify each population. · 
25 
26 
27 5:12.2 Environmental Justice Analysis. 
28 
29 Analysis of environmental justice concerns was based on a qualitative assessment of the impacts 
30 reported in other sections of this chapter. The analysis was performed to identify any 
31 disproportionately high and adverse human health or environmental impacts on minority or 
32 low-income populations in the vicinity of the Hanford Site. The evaluation considered potential 
33 impacts arising under each of the major disciplines evaluated in the EIS, including land use, 
34 socioeconomics, water resources, air resources, ecology, health and safety, and cultural resources. 
35 
36 The following definitions were used in the assessment: . 
37 
38 • Disproportionately High and Adverse Human Health Effects. Adverse health effects are 
39 measured in risks and i:ates that could result in LCFs, as well as other fatal or nonfatal 
40 impacts to human health. Disproportionately high and adverse human health effects occur 
41 when the risk or rate for a minority population or low-income population from exposure to 
42 an environmental hazard significantly exceeds the risk or rate to the general population and, 
43 where available, to other appropriate.comparison groups. 
44 
45 
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I · • Disproportionately High and.Adverse Environmental Impacts. An adverse environmental 
2 impact is a deleterious environmental impact determined to be unacceptable or above 
3 generally accepted norms. A disproportionately high impact refers to an impact (or risk of 
4 an impact) in a low-income or minority community that significantly exceeds the impact on 
5 the larger community. 
6 
7 This EIS considers the environmental impacts associated with future land-use alternatives for 
8 various geographic areas within the Hanford Site. Anticipated environmental impacts from remedial 

. 9 activities that would enable each future land-use scenario are evaluated with respect to health risks and 
10 environmental damage resulting from the scenario.--
! I 
12 5.12.2.1 Human Health Impacts. Potential human health effects and environmental impacts were 
13 evaluated with respect to environmental justice issues. Health effects from normal operations 
14 associated with the proposed action and from accident conditions were reviewed and special exposure 
15 pathways, such as subsistence consumption of fish and game, were considered. 
16 
17 5.12.2.1.1 Health Impacts from Hanford Operatj,ons. Impacts to human health from Hanford 
18 operations for both workers and the general public are minimal. The calculated dose to the MEI for 
19 1994 was determined to be 5.1 x 10·2 mrem (PNL 1995). An avid sportsman would receive an 
20 additional radiation dose caused by consumption of large quantities of wild game and fish. Although 
21 the magnitude of the exposure would depend on the actual quantity of fish and game consumed, 
22 adverse health effects would not be expected even if the majority of the meat and fish consumed by 
23 the individual came from these sources. 
24 
7-_:, 

26 
27 
28 
29 
30 
3 I 

5.12.2.1.2 Health Impacts from Natural Motive Forces. Prevailing winds on the Hanford Site 
are from the northwest. The second most common winds are from the southwest, particularly in the 
spring and fall. Most surface water runoff, if any, would drain to the Columbia River and the rest 
would drain to the Yakima River, which joins the Columbia River below the Hanford Site. 
Groundwater systems underlying the Hanford Site tend to flow toward the Columbia River in a 
southwest and northeast direction. 

32 The risk. of impacts to surrounding populations from routine operations at the Hanford Site is so 
33 small that propagation by natural motive forc~s is essentially of no consequence. The consequences 
34 of a accident would depend on the random conditions at the time of occurrence, but the impacts from 
35 the accidents evaluated in this EIS would not be expected to produce unacceptable health effects in the 
36 population surrounding the Hanford Site. Consequently, disproportionately high and adverse health 
3 7 effects to minority or low-income populations would not be expected to occur as a result of natural 
38 motive forces. 
39 
-1-0 · ·s.12.2.1.3 Health Impacts from Subsistence Consumption of Fish and ~ildlife. The human 
41 health e,alculations presented in PNL (1995) estimate dose and risk to a member of the public based 
42 on site-specific agricultural data and parameters describing a typical dietary pattern. 
43 
-1--1- Subsistence consumption of fish and wildlife is not explicitly addressed by the analysis. 
-1-5 However, calculations used in arriving at risk to human health use several conservative assumptions. 
46 The calculations assume that a very high proportion of the diet is based on locally grown produce and 
4 7 locally grazed livestock produced at locations representing the highest concentrations of radioactive 
48 contamination. In addition, the diet of the hypothetical MEI includes fish caught from the Columbia 
49 River. Consumption of fish was determined to be a major contributor to the dose received by the 
50 hypothetical MEI. The radiation dose received by a person who was subsisting on wild game and fish 
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would be higher than the 5.1 x io·2 n:iremJ!:;PClrted b¼J'l'-l'L {1995j".' However, this additional dose 
would be unlikely to be sufficiently hig'f{ tc?c[ust~Jverse iieilth'>effects:. Furthermore, no human 
population in the immediate vicinity of the Hanford Site is known to subsist entirely on locally 
harvested fish or wildlife.· Remediation activities conducted in support of future land uses also would 
reduc~ exposure of a person who was subsisting on fish and game. , · 

. . 

Game species, locally grazed livestock, fish, locally grown foodstuffs, and native plants around 
the Hanford Site are routinely sampled for radionuclides as part of the ongoing environmental 
monitoring program. Data from monitoring programs are reported annually in an environment~! 
report (PNL 1995). Monitoring has not indicated that excessive health risks would be associated with 
consumption of fish and game. Hanford operations and remedial activities are unlikely to result in 
disproportionately high human health effects in minority or low-income.populations from consumption 
of fish and game. · · , · 

5.12.2.2 Environmental Impacts to Low-Inco,me and Minority Populations. EnvironmentalJustice 
impacts that could affect low-income and minority populations in the vicinity of the Hanford Site 
consist of potential socioeconomic impacts and impacts to biological and cultural resources valued by 
Native Americans. · · · , 

·- 5.12.2.2.1 Environmental Justice Impacts to Low-Income Populations. Low-income 
individuals and populations would be affected by employment levels and government spending at the 
Hanford Site. Funding and employment levels are linked with future land use at the Hanford Site._ 
Greater levels of remedial activity would require greater expenditures in the short term. This mon_ey 
trickles through the regional economy, and creates services ·and opportunities that benefit 
economically deprived individuals located, close to the Hanford Site. These effects would be highly 
localized and largely restricted io geographic areas where a large number of Hanford Site employees 
reside. . Populations in many areas identified li$ low-income in the demographic analysis are unlikely 
to be impacted by current or future government spending, at the Hanford Site. 

Declining federal spending would reduce revenue available to support local services in 
communities adjacent to the Hanford Site. Local tax ·rates could rise in an attempt to make up for lost 
revenue. Low-income individuals residing in the Tri-Cities would be affected by changes in spending 
at the Hanford Site. .· · · 

5.12.2.2.·2 · Environmental Justice Jnzpacts to Native Americans. Substantial Native American 
populations are located in five census tracts within the 80-km (50-mi) assessment area.· These census 
tracts are located on the .Yakama Indian Reservation in Yakima County, Washington. However, other 
Native American populations located outside of the assessment area also have an interest in the· 
Hanford Site based on treaty rights. 

In 1855, treaties with the Confederated Tribes and· Bands of the Yakama Indian Nation and the 
Confederated Tribes of the Umatilla Indian Reservation resulted· in the ceding of lands that currently 
comprise the Hanford Site. Treaties reserved certain tribal rights to the ceded lands. A separate 
1855 Treaty with th~ Nez Perce Tribe reserved rights regarding traditional uses of th~ Columbia 
River Basin for the tribe. Although only the' Confederated Tribes and Bands of _the Yakama Indian · · 

· Nation reside within the 80-km (50-mi) assessment area, impacts to other tribes also must be 
considered. In addition to the three federally recognized tribes, the Wanapum Band also maintains an 
active interest in the Hanford Site. This Ban,d, which was not a signatory of the 1855 Treaties and is 
not currently a federally recognized Tribal Nation, resided on the Hanford Site before relocation to 
the vicinity of Priest Rapids Dam in the 1940s. · 
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Reserved treaty rights include ~ccess to open and unclaimed portions of the lands ceded in the 
1 1855 Treaties. Specific treaty rights included rights to exercise ctilturai and religious activities, and 
3 to hunt, fish, and gather plants in usual and accustomed locations. Since 1943, the tribes have had 
4 limited access to traditional use areas because of safety and national security concerns at the Hanford 
5 Site. Furthermore, the DOE does not necessarily consider the lands to be open and unclaimed. 
6 Nevertheless, the tribes desire to-exercise. specific rights to use of the Hanford Site es.tablished by the 
7 1855 Treaties. 
8 
9 Regardless qf access issues, reserved treaty rights are dependent upon the health of the 

IO ecosystems upon w_hich the resources depend. The~tribes assert that a treaty right to hunt, fish, or 
I I gather plants is diminished (if not voided) if the fish_, wildlife, or plants have vanished or are 
12 · contaminated to the extent that they threaten human health: These resources, particularly the 
13 resources with cultural and religious co.nnotations, do not have equivalent value for the general 
14 population. Consequently, impacts to these resources represent an environmental justice impact to 
15 Native American populations. · 
16 
17 Cultural and biological resources valued by Native Americans have, in effect, been preserved by 
18 the presence of the Hanford Site. In the absence of government control, these resources would likely 
19 have been damaged or destroyed through land development practices similar to land development of 
20 · the surrounding areas. Furthermore, impacts to these resources are likely to occur if the DOE 
21 relinquishes control of the Hanford Site in the future. 
22 
23 
24 
)­_:, 

26 
27 
28 
29 
30 
31 
~) 
.J_ 

33 
34 
35 
36 
37 

Environmental justice impacts to Native American populations are likely to occur under all 
alternatives for future land-use objectives at the Hanford Site. The nature of the impacts to cultural. 
and biological resources that are valuable to Native Americans will vary depending on the nature and 
extent of remedial activities that are actually implemented. 

Restricted Future Land-Use and Exclusive Future Land-Use Alternatives would result in impacts 
by denying access to some or all geographic areas. However, these alternatives also would function 
to protect cultural and biological resources that are located in the restricted areas. 

The Unrestricted Future Land-Use Alternative may allow access to the geographic areas. 
However, damage to resources would likely result from the remediation activities that would be 
required to enable the unrestricted use. Furthermore, upon completion of remedial activities, the 
DOE might relinquish control of the land and subsequent .development could further damage cultural 
and biological resources. · 

38 · From an engineering perspective,. basalt outcrops immediately west of Gable Butte have been 
39 identified as one of the most viable sources of the basalt required for remedial activities 
40 (e:g:, capping). Gable Butte also has been considered as a possible source of basalt. These sites are 
41 sacred to Native Americans, but are of less significance to the general population. Environmental 
-1-2 justice impacts, consisting of damage ·10 a cu°ltural r~source valued by Native Americans, would occur 
43 if Gable Butte or Gable Mountain is selected as a source of basalt. The magnitude of the impacts 
44 would depend on the quantity of basalt required by remedial activities. 
-1-5 
-1-6 
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5.13 Relations/zip Between Ne'ar,-Tenn, Use and . ·•. '" ·· 
2 • Long-Tenn Productivity oJthe Erivit~itmeri't;:,<'.' 
3 
4 . Near-term is defined for purposes of this EIS as the period when remedial actions would take 
5 place. These actions would be concentrated in the next 30 years, when most construction, ground 
6 disturbance, and associated direct impacts would occur. Long-term is defined as the period following 
7 most active remediation, with the exception of long-term remediation activities (e.g., groundwater 
8 treatment). 
9 

10 The near-term uses of the Hanford Site under the proposed and alternative actions would be 
11 consistent with current industrial and waste management uses. Remediation would result in increased 
12 ground disturbance, vehicle traffic and noise, construction, and overall Hanford Site activity. The net 
13 effect of remedial actions would be to enhance the overall long-term productivity of the Hanford Site 
14 by increasing the range of potential permissible uses. All four of the geographic areas currently have 
15 at least partial restrictions on some uses. With one exception, all of the remediation alternatives 

. 16 would permit some of these restrictions to be relaxed, if not eliminated. The exception is the 
17 Exclusive Future Land-Use Alternative for the Central Plateau geographic area. This alternative 
18 would dedicate the Central Plateau geographic area to waste management and, thus, preclude its 
19 long-term use for other _purposes. 
20 
21 
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6. 0 Consult. tions, LaWs; and·Requirements 

This_ chapter su arizes the major laws, regulations, Executive Orders, and U.S. Department of 
Energy (DOE) orde that may apply to future land use and ·remedial actions conducted on the 
Hanford Site, and id ntifies the federal, tribal, state, and local agencies that will be consulted by the 
DOE during the pre aration of this ~nvironmental Impact Statement (EIS). 

6.1 Federal Env·ronmental Statutes and Regulations 

. This section disFusses relevant federal statutes and regulations that might be applicable to the 
implementation of the alternatives at the Hanford Site and the remedial activities necessary to facilitate 
future land-use obje tives. 

· 6.1.1 National Env ronmental ·Polity ~t1 of 1969, as amended 
. .., ... 

The National E vironinentalPolicy Act _of 1969 (NEPA) establishes a national policy that 
encourages awarenes of the environmental consequences of human activities and promotes 
consideration of tho e environmental impacts during the planning and implementing stages of a 
project. The NEPA requires that federal agencies prepare detailed statements to address the 
environmental effect· of proposed major federal actions that significantly may affect the quality of the 
human environment. This EIS has been prepared in response to these NEPA requirements and 
policies, and discuss s reasonable alternatives and the potential environmental consequences of the 
alternatives. This E S has been prepared in accordance with the Council on Environmental Quality 
(CEQ) Regulations · plementing the procedural provisions of the NEPA, 40 Code of Federal 
Regulations (CFR) 1 00-1508_, and th~ DOE regulation for implementing NEPA (10 CFR 1021). 

6.1.2 Clean Air Ac of 1970, as amended 

The Clean Air Ct of 1970 (CAA), as amended, is intended to "protect and enhance the quality 
of the Nation's air r sources so as to promote the public health and welfare and the productive 
capacity of its popul tion." Section 118 of the CAA requires each federal agency, with jurisdiction 
over properties or fa ilities that might r~sult in the discharge of air pollutants, to comply with · 
all federal, state, int rstate, and local requirements with regard to the control and abatement of air 
pollution. 

Under the CAA, the U.S. Environmental Protection Agency (EPA) is required to establish 
National Ambient A" Quality Standards that protect public health from known or anticipated adverse 
effects of a regulate pollutant. The CAA also requires the establishment of national performance 

. standards for new or modified stationary sources of atmospheric pollutants; specific emission 
increases must be ev luated in order to prevent signjficant deterioration of air quality. Hazardous air 
pollutants, including radionuclides, are regulated separately. Emissions of air pollutan,ts are regulated 
by the EPA through O CFR 50-99, and radionuclide emissions and hazardous air pollutants are 
regulated specificall under the National Emission Standards for Hazardous Air Pollutants Program, 
contained in 40 CFR 61 and 40 CFR 63. 
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6.1.3 Safe Drinking Water Act of 1974, as amended 

' 
3 The primary objective of the Safe Drinking Water Act of 1974 (SDW A) is to protect the quality 
4 of the public water supply and sources of drinking water. In the State of Washington, the EPA has 
5 · been given the authority to implement regulations to establish standards applicable to public water 
6 systems. These regulations further establish the maximum contaminarit levels (MCL), including 
7 maximum levels of radioactivity allowed for drinking water systems. MCLs often are used as goals 
8 for remedial actions taken under the Comprehensive Environmental Response, Compensation, and 
9 Liability Act of 1980 (CERCLA). The EPA has promulgated the SDWA requirements in 

10 40 CFR 100-149, which specify that the average annual concentration of beta particle and photo~ 
11 radioactivity from man-made radionuclides in drinking water shall not produce an annual dose 
12 equivalent to the total body or any internal organ greater than 4 mrem/yr. Revisions to the limits 
13 regulating radionuclides have been proposed by the EPA. 
14 
15 Other programs established by the SDW A include :tn.e Sole Source Aquifer Program, the 
1-6 Wellhead Protection Program, and the Underground Injection Control Program. 
17 
18 
19 6.1.4 Clean Water Act of 1977, as amended 
:w 
21 
22 
")" _., 
24 
25 
26 
27 
28 
29 
30 
31 
""') .,_ 

The Clean Water Act of 1977 (CWA) was enacted to "restore and· maintain the chemical, 
physical and biological integrity of the Nation's water." The CW A prohibits "discharge of toxic 
pollutants in toxic amounts" to navigable waters of the United States. Section 313 of the CW A 
requires all branches of the Federal Government engaged in any activity that might result in a 
discharge or runoff of pollutants to surface waters to comply with federal, state, interstate, and local 
requirements. 

In addition to setting water quality standards for waterways, the CW A provides guidelines and 
limitations for effluent discharges from point sources and gives authority for the EPA to implement 
the National Pollutant Discharge Elimination System (NPDES) Permitting Program. The NPDES 
Program is administered by the Water Management Division of the EPA through 40 CFR 122. 

33 In 1987, the CWA was amended, and requires the EPA to establish regulations for issuing 
34 permits for stormwater discharges associated with industrial activity. Stormwater discharges are 
35 permitted through the NPDES Program, and general permit requirements are published in 
36 40 CFR 122. 
37 
38 
39 6.1.5 Resource Conservation and Recovery Act of 1976, as amended 
40 
41 Treatment, storage, and/or disposal (TSD) of hazardous and nonhazardous waste is regulated 
-+2 under the Resource Conservation and Recovery Act of 1976 (RCRA) and the Hazardous and Solid 
43 Waste Amendments of 1984. Any state that seeks to administer and enforce a hazardous waste 
44 program pursuant to RCRA may apply for EPA authorization of the state program. The EPA 
-+5 regulations implementing RCRA, found in 40 CFR 260-280, define hazardous wastes, and specify the 
46 transponation, handling, and TSD requirements of these wastes. 
-+7 
-+8 Regulations imposed on waste generators for TSD facilities vary according to the type and 
-+9 quantity of material and/or waste that is generated, treated, stored, or disposed of. The method of 
50 TSD also influences the extent and complexity of the requirements. 
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6.1. 6 Comprehensive Environmental Response, ~ompensdtion~ and 
Liability Act of 980, as amended· 

'·.·; 
' ' . . ' 

The CERCLA pr vides a statutory framework for the cleanup of waste sites containing 
hazardous substances d, as amended by the Superfund Amendments and Reauthorization Act 
of 1986, an emergenc response program in the event a release (or threat of a release) of a hazardous 
substance to the envir nment occurs. Using a Hazard Ranking System, federal and private sites are 
ranked and may be in uded on the National Priorities List (NPL). The CERCLA requires federal 
facilities with contam· ated sites to undertake investigations and remediation,· as necessary. The · · 
CERCLA also include requirements for reporting releases of certain hazardous substances (in excess 
of specified amounts) o state and federal agencies. 

6.1. 7 Emergency Pia ning and Community Right-to-Know Act of 1986, also known 
as Superfund A endments and Reauthorization Act of 1986 (SARA Title 111) 

Under Subtitle A of the Emergency Planning and Community Right-to-Know Act of 1986, federal 
facilities are required o provide information regarding the. inventories of chemicals used or stored at a 
site;and releases from that site, to the State Emergency Response Commission and the Local 
Emergency Planning ornmittee, to ensure that emergency plans are sufficient to respond to 
unplanned releases of azardous substances. Implementation of provisions in the Emergency Planning 
and Community Right- o-Know Act of 1986 began voluntarily in 1987; inventory and emissions 
reporting began in 19 8 based on 1987 activities and information. The requirements of the 
Emergency Planning a d Community Right-to-Know Act of 1986 were promulgated by the EPA in 
40 CFR 350-372. Th DOE requires compliance with SARA Title III as agency policy. 

6.1.8 Toxic Substanc s Control Act of 1976 

The Toxic Substa ces Control Act of 1976. (TSCA) provides the EPA with the authority to 
require testing of che ·ca1 substances, both new and old, entering the environment and, where 
necessary, to regulate ose chemicals. The law complements and expands other toxic substance 
laws, such as Section 12 of the CAA and Section 307 of the CW A. The TSCA was enacted because 
there were no federal egulations requiring evaluation of potential environmental or health effects 
from the thousands of chemicals being developed and released to the public or commerce annually. 
The TSCA also regula es TSD of toxic substances (e.g.,.polychlorinated biphenyls, 
chlorofluorocarbons, bestos, dioxins, certain metal-working fluids, and hexavalent chromium)'. 

6.1.9 Pollution Prev nti.on Act of 1990 

· The Pollution Pr vention Act of 1990 (PPA). establishes a national policy for waste management 
and pollution control. The PPA focuses first on source reduction, followed sequentially by 
environmentally safe r cycling, treatment, and disposal as a last resort. The DOE has committed to 
participation in Sectio 313 of SARA, and the EPA's 33/50 Pollution Prevention Program. The goal 
for facilities involved n Section 313 compliance is a 33 % reduction in releases of 17 priority 
chemicals by 1997 (b ed on a 1993 baseline). On August 3, 1993, Executive Order 12856 was 
issued. This Executiv Order expands the 33/50 Pollution Prevention Program and requires the DOE 
to reduce total release of all toxic chemicals by 50% by December 31, 1999; therefore, each DOE 
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site i_s establishing site-specific goals to reduce generation of all waste types. 

6.1.10 Federal Facilities Compliance Act of 1992 

- The Federal Facilities Compliance Act of 1992 (FFCA), enacted on October 6, 1992, waives 
sovereign immunity for fines and penalties for RCRA violations at federal facilities. A provision of 
the FFCA postpones fines and penalties for 3 years for mixed waste storage prohibition violations at 
DOE sites, and requires the DOE to prepare plans for developing the required treatment capacity for 
mixed waste stored or generated at each facility. Each plan must be approved by the host state or. the 
EPA, after consultation with other affected states, and a consent order requiring compliance with the 
plan must be issued by the regulator. The FFCA also states that the DOE will not be subject to fines 
and penalties for land disposal restriction storage prohibition violations for mixed waste as long as the 
DOE is in compliance with an approved plan and consent order, and meets all other applicable 
regulations. 

6.1.11 National Historic Preservation Act of 1966, as amended 

·1he National Historic Preservation Act of 1966 (NHPA) requires nomination for and placement 
of sites with significant national historic value o_n the National Register of Historic Places. Permits 
and certifications are not required under the NHPA; however, consultation with the Advisory Council 
on Historic Preservation is required if a federal action may impact a historic property resource. This 
consultation generally results in a Memorandum of Agreement that includes stipulations to minimize 
adverse impacts to the historic resource. Coordination with the State Historic Preservation Officer is 
undertaken to ensure that potentially significant sites are properly identified and appropriate mitigation 
measures are implemented. 

6.1.12 Archaeological Resources Protection Act of 1979, as amended 

The Archaeological Resources Protection Act of 1979 requires a permit for any excavation or 
removal of archaeological resources from public or Indian lands. Excavations must be undertaken for 
the purpose of furthering archaeological knowledge in the public interest, and resources removed are 
to remain the property of the United States. Consent must be obtained from the Indian tribe owning 
the land on which a resource is located before issuance of a permit; the permit must contain terms and 
conditions requested by the tribe. 

6.1. i 3 Native American Graves Protection and Repatriation Act of 1990 

42 The Native American Graves Protection and Repatriation Act of 1990 directs the Secretary of 
43 Interior to guide responsibilities in repatriation of federal archaeological collections and collections 
44 held by museums receiving federal funding that are affiliated culturally to Native Americans. Major 
45 actions to be taken include: establishing a review committee with monitoring and policymaking 
46 responsibilities; developing regulations for repatriation, including procedures for identifying lineal 
47 descent or cultural affiliation needed for claims; oversight of museum programs designed to meet 
48 inventory requirements and deadlines of the law; and developing procedures to handle unexpected 
49 discoveries of graves or grave goods during activities on federal or tribal land. 

50 

Preliminary Draft 6-4 November 10, 1995 



2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
·21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

· ·./_- •'~_6\:(t·•'- '. , . · 

6.J._14 American In ian Religious Fr,eedom 4,ct of f978,:,,{::;:;'H,,; . . :-,, 1 : 

The American l dian Religious Freedom Act of 1978 reaffirms Native American religious 
freedom under the Fi st Amendment, and sets United States policy to protect and preserve the 
inherent and constitu ional right of American Indians to believe, express, and exercise traditional 
religions. This Act lso requires that federal actions avoid interfering with access to sacred locations 
and traditional resou es that are integral to_ the practice of religion. 

6.1.15 Religious-Fr edom Restoration Act ofT993 

The Religious F. eedom Restoration Act of 1993 prohibits the government, including federal 
departments, from su stantially burdening the exercise of religion, unless the government · 
demonstrates a comp Hing governmental interest, and the action furthers a necessary government 
interest and is the le st restrictive means of furthering that interest. 

6.1.16 Endangered ipecies Act of 1973, as amended 

·- The Endangere Species Act of 1973 (BSA) is intended to prevent further decline of endangered 
and threatened speci sand restore those species and their habitats. The BSA is jointly administered 
by the Departments f Commerce and Interior. Section 7 of the BSA requires agencies to consult 
with the U.S. Fish d Wildlife Service (USFWS) to determine whether endangered artd threatened 
species or critical ha itats are known to be in the vicinity of a proposed action. The BSA also · 
requires consultation to determine whether an action will adversely affect listed species. 

d Treaty Act of 1918, ~s amended 

The Migratory ird Treaty Ac~ of 1918 is intended_ to protect birds that have common migration 
patterns b~tween the United States and Canada, Mexico, Japan, and Russia. The law regulates the 
harvest of migratory birds by specifying factors such as the mode of harvest, hunting seasons, and 
bag limits. This Act stipulates that, except as permitted by regulations, it is unlawful at any time, by -
any means, or in an manner to "kill ... any migratory bird." The DOE is required to consult with the 
USFWS regarding · pacts to migratory birds and to evaluate ways to avoid or minimize impacts in 
accordance with the SfWS Migration Policy._ · · 

. , .· 

6.1.18 Bald and G Iden Eagle Protection Act of 1972, as amended 

. ' 

The Bald and olden Eagle Protection Act_ of 1972 makes it unlawful to take, pursue; molest, or 
disturb bald and gol en eagles, their nests, or their eggs anywhere in the United States. A permit 
must be obtained fro the U.S. Department of Interior to relocate a nest that interferes with resource 
development or reco ery operations. 

6.1.19 Wild and Sc nic Rivers Act of 1968, as amended 

The Wild and enic Rivers Act of 1968 protects certain selected rivers of the Nation. These 
rivers possess outsta ding scenic, recreational, geological, fish and wildlife, historical, cultural, or 
other similar values. These rivers are to be preserved in a free-flowing condition to protect water 
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quality and other vital national conservation purposes. This Act:also instituted a national wild and 
"' sceni~ rivers system, designated the initial rivers within the system, and developed standards for the 
3 addition of new rivers in the future. · 
4 
5 
6 6.1.20 Nuclear Waste Policy Aci of 1982, as amended 
7 
8 The Nuclear Waste Policy Act of 1982 authorizes federal agencies to .develop a geologic 
9 · repository for the permanent disposal of Spent Nuclear Fuel (SNF) and radioactive high-level was.te. 

10 This Act also specifies the process for selecting a ·repository site and constructing, operating, closing, 
11 and decommissioning the repository, and establishes programmatic guidance for these activities. 
12 
13 
14 6.1.21 Atomic Energy Act of 1954, as amended · 
15 
16 The Atomic Energy Act of 1954 (AEA) authorizes the DOE to establish standards to protect 
17 health or minimize dangers to life or property with respect t9 activities under DOE jurisdiction. The 
18 DOE has used a series of orders to establish an extensive system of standards and requirements to 
19 ensure safe operation of facilities. 
20 
21 
22 
23 
24 
25 

The AEA and related statutes give the EPA responsibility and authority for developing generally 
applicable environmental standards for protection of the general environment from radioactive 
material. The EPA has promulgated several regulations under this authority. 

26 6.1.22 Occupational Safety and Health Act of 1970, as amended 
27 
28 The Occupational Safety and Health Act of 1970 establishes standards to enhance safe and 
29 healthy working conditions in places of employment throughout the United States. · The Occupational 
30 Safety and Health Act of 1970 is administered and enforced by the Occupational Safety and Health 
31 Administration (OSHA), an agency under the U.S. Department of Labor. Although the OSHA and 
32 the EPA both have a mandate to limit exposures to toxic substances, the jurisdiction of the OSHA is 
33 limited to safety and health conditions in the workplace. In general, it is the duty of each employer 
34 to furnish a place of employment free of recognized hazards likely to cause death or serious physical 
35 harm to all employees. Employees have a duty to comply with OSHA standards and with all rules, 
36 regulations, and orders issued under the Occupational Safety and Health Act of 1970. OSHA 
37 regulations establish specific standards telling employers what must be done to achieve a safe and 
38 healthy working environment. The DOE places emphasis on compliance with these regulations at 
39 DOE facilities. The DOE prescribes, through DOE orders, that contractors shall meet OSHA 
40 standards applicable to work at government-owned, contractor-operated facilities (see DOE 
41 Ordets 5480. lB, 5483. lA in Table 6-1). The DOE maintains, and makes available, the various 
42 records of minor illnesses, injuries, and work-related deaths as required by OSHA regulations. 
43 -
44 

45 6.2 State Laws and Regulations 
46 
4 7 State and local statutes also apply to activities at the Hanford Site because (1) federal law 
48 delegates enforcement or implementation authority to state or local agencies, or (2) the state 
49 requirement is more stringent than the federal requirement. 
50 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

6.2.1 Washington State Environm,ental Po{icy ~ct ofl!!?l,:"a~.a11}~n4ed, 
., . ' :·-·'' . ,. '•· ;; ,.-:-·;,·,. . '·-' 

The Washington legislature enacted ihe State Environmental Policy Act of 1971 (SEPA). The 
statute was amended in 1983, and new jmplementing regulations (the SEPA rules) were adopted and 
codified by the Washington State Department of Ecology (Ecology) in 1984 as Washington 
Administrative Code (WAC) 197-11. The purpose and policy sections of the statute are extremely 
broad, including recognition by the legislature that "each person has a fundamental and inalienable 
right to a healthful environment.. .. " The SEPA contains a substantive mandate that "policies, 
regulations, and laws of the State of Washington shall be interpreted and administered in accor.dance 
with the policies set forth in [SEPA]." The SEPA applies to all branches of state government, 
including state agencies, municipal and public corporations, and c:ounties., and requires each agency .to 
develop procedures implementing and .supplementing SEPA requirements and rules. Although the 
SEPA does not apply directly to federal actions, the term "government action" with respect to state 
agencies is defined to include the issuance of licenses, permits, and approvals. Thus, as in the 
NEPA, proposals (federal, state, or private) are evaluated and may be conditioned or denie_d through 
the permit process based on environmental considerations. The SEPA does not create an independent 
permit requirement, but overlays all existing agency permitting activities. 

6.2.Z Washington Hazardous Waste Management Act of 1976 

The Washington hazardous waste program is managed jointly by the EPA and the Ecology. The 
federal RCRA program allows state enforcemen.t if the state program is consistent with the federal 
program and at least as stringent.. The Ecology has enacted hazardous waste regulations that are 
consistent with and as stringent as, or more stringent than, the federal program. Washington has been 
delegated authority to implement RCRA and Hazardous and Solid Waste Amendments of 1984 
programs. Regulated parties must comply with the requirements of both the federal program, 
pursuant to regulations in 40 CFR 260-272, and the state program, pursuant to the requirements of 
the Washington Hazardous Waste Management Act of 1976 and WAC 173-303, Dangerous Waste 
Regulations. 

6.2.3 Washington Model Toxics Control Act of 1989 

The State cif Washington has adopted a statutory "Superfund" scheme for identifying and 
responding to releases of hazardous substances. Known as the Washington Model Toxics Control Act 
of 1989 (MTCA), the Washington law supplements CERCLA. The MTCA requires the Ecology to 
investigate and prioritize hazardous waste release sites, provide technical assistance to "potentially 
liable parties" desiring to perform cleanups; set cleanup standards for hazardous substances, undertake 
cleanups where appropriate, require and assist in or perform cleanups, provide opportunities for 
public involvement, establish a scientific advisory board, and regularly report to the legislature. The 
statute empowers the Ecology to gain access to property; enter into settlements, either through 
administrative orders or consent decrees; file actions or issue orders to compel cleanups; and impose 
civil penalties and seek r~covery of state cleanup costs. · 

6.2.4 • Washington Water Pollution Control Act of 1945 • 

The Washington Water Pollution Control Act of 1945 establishes a permit system to license and 
control the discharge of pollutants into waters of the state. Under the permit system, dischargers 
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must reduce releases to a level determined to be technologically and economically achievable, 
2 regardless of the condition of the receiving water. Dischargers also must maintain or improve the 
3 condition of the receiving water. The state has a general policy prohibiting degradation of existing 
4 water quality; a variety of approaches are used to address the problem of toxic pollutants. Permits 
5 are required for both point source and nonpoint source discharges. 
6 
7 
8 6.2.5 Washington Growth ·Ma,zagement Act of 1989 
9 

10 In 1989, the Washington State Legislature enacted·· the Growth Management Act of 1989 (GMA), 
11 which is a broad strategy for managing problems associated with rapid growth and development. The 
12 GMA creates new roles and responsibilities for planning at the local, regional, and state level. Before 
13 passage of the GMA, local governments were responsible for land-use pla~ing, and the state played 
14 a limited role. Local governments had statutory authority to engage in land-use planning, but were 
15 not required to plan. As a result, local governments largely limited land-use planning to traditional 
16 zoning, shorelines, environmental review, and transportation planning. The GMA significantly 
17 changed the system by establishing a statewide planning framework and requiring many local 
18 governments to plan. 
19 
20 
21 6.2. 6 Washington Air Quality Regulati,o,zs 
22 
23 
24 
?­_:::, 

26 
27 
28 
29 
30 
31 
"? .)_ 

33 
34 
35. 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Most of the provisions of the Washington Clean Air Act of 1991 (WCAA) mirror the 
requirements of the Federal Clean Air Act Amendments of 1990 (Federal CAAA). The 
Federal CAAA establishes a minimum or "floor" for Washington's air quality programs. The WCAA 
authorizes Ecology and local air pollution control authorities to implement programs consistent with 
the Federal CAA (i.e., the WCAA authorizes an operating permit program, enhanced civil penalties, 
new administrative enforcement provisions, motor vehicle inspections, and provisions addressing 
ozone and add rain). 

Washington also has an extensive set of regulations governing toxic air pollutants (TAP) 
(WAC 173-460). These regulations are similar to the programs for regulating Hazardous Air 
Pollutants (HAP) required by the Federal. CAA. In contrast to the Federal CAA HAPs program,. 
which applies to new and existing emission sources, the TAP rules apply only to new sources of 
T APs, including any modification of an existing sou~ce where the modification will increase TAP 
emissions. Furthermore, the Ecology refers to a list of over 450 individual chemicals that are deemed_ 
to be TAPs. The list overlaps with the Federal CAA list of HAPs, but is considerably longer. The 
TAP rules are implemented under the New Source Review Program and the Regulatory Standard for 

· T AJ?s is "best available control technology." 

The Washington State Department of Health regulations in WAC 246-247, "Radiation Protection­
- Air Emissions," contain standards and permit requirements for the emission of radionuclides to the 
atmosphere from DOE facilities based on the Ecology standards in WAC 173-480, "Ambient Air 
Quality Standards and Emission Limits for Radionuclides." 

46 The local air authority, Benton County Clean Air Authority, enforces regulations pertaining to 
47 detrimental effects, fugitive dust, incineration products, odor, opacity, asbestos, and sulfur oxide 
48 emissions. The Benton County Clean Air Authority has also been delegated authority to enforce EPA 
49 asbestos regulations. 
50 
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10 
11 
12 
13 
14 

6. 3 Executive Orders . ·- ,·· 
,_,1•·,,· ,: ' 

This section identifies Presidential Executive Orders that clarify environmentally related issues of 
.national policy and provide guidelines for federal actions. 

6.3.1 Executive Order 12088, Federal Compliance with Pollution Colltrol Stalldards 

Executive Order 12088 was issued on October 13, 1978 and amended by Executive Order 12580 
issued on January 23, 1987. The order directs federal agencies to comply with applicable 
adminis.trative and procedural pollution control standards established by, but not limited to, the CWA, 
the CAA, the SDW A, the TSCA, and the RCRA. 

15 6.3.2 Executive Order 11593, National Historic Preservation 
16 
17 Executive Order 11593 was issued on May .13, 1971. The order directs federal agencies to 
18 locate, inventory, and nominate properties under agency jurisdiction or control to the National 
19 Register of Historic Places if those properties qualify. This process requires the DOE to provide the 
20 Advisory Council on His.toric Preservation with the opportunity to comment on impacts of proposed 
21 actions on potentially eligible or listed resources. 
22 
23 
24 6.3.3 Executive Order 11514, Protection and Enhancement of Environmental Quality 
25 
26 Executive Order 11514 directs federal agencies to continually monitor and control agency 
27 activities to protect and enhance the quality of the .environment and to develop procedures to ensure 
28 the fullest practicable provision of timely public information and understanding of the federal plans 
29 and programs with environmental impact in order to obtain the views of interested parties. The DOE 
30 has issued regulations and orders for compliance· with this Executive Order (10 CFR 1021, DOE 
31 Order 5440. lE). 
32 
33 
34 6.3.4 Executive Order 11988, Floodplain Management 
35 
36 - Executive Order 11988 directs federal agencies to establish procedures to ensure that the 
37 potential effects of flood hazards and floodplain management are considered for actions undertaken in 
38 a floodplain. The Executive Order further directs that floodplain impacts are to be avoided to the 
39 e_xtent practicable. · 
40 
41 
42 6.3.5 Executive Order 11990, Protection of Wetlands 
43. 
44 Governmental agencies are directed by Executive Order 11990 to avoid, to the extent practicable, 
45 any short- and long-term adverse impacts on wetlands wherever there is an practicable alternative. 
46 
47 
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6.3.6_ Executive Order 12344, Naval Nuclear Propulsion Program 
2. 
3 Executive Order 12344 was enacted as law by Public Law 98-525, and prescribes the authority 
4 and responsibility of the Naval Nuclear Propulsion Program, a joint Navy/DOE organization, for 
5 matters pertaining to Naval nuclear propulsion. Organizational responsibilities include all 
6 environmental and occupational safety and health aspects of the program. 
7 
8 
9 6.3. 7 Executive Order 12580, Superfund Implementation 

10 
11 Executive Order 12580 delegates to the heads of executive departments and agencies the 
12 responsibility for undertaking remedial actions for releases, or threatened releases, that are not on the 
13 NPL and removal actions where the release is from a facility under the jurisdiction or control of 
14 executive _departments and agendes. 
15 
16 
17 6.3. 8 Executive Order 12856, Right-to-Know Laws and Pollution Prevention Requirements 
18 
19 Executive Order 12856 directs federal agencies to reduce and report toxic chemicals entering any 
20 waste-Stream; improve emergency planning, response, and accident notification; and encourage clean 
21 technologies and testing of innovative prevention technologies. The Executive Order also provides 
22 that federal agencies are persons for purposes of the Emergency Planning and Community 
23 Right-to-Know Act of 1986 (SARA Title HI), which obliges agencies to meet the requirements of that 
24 Act. 
25 
26 
27 6.3.9 Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 
28 Populations and Low Income Populations 
29 
30 
31 
..,7 
.J-

33 
34 
3~ 
36 
37 

38 
39 
40 
41 
--+2 

Executive Order 12898 directs all federal agencies to achieve environmental justice by 
identifying and addressing disproportionately high and adverse human health or environmental effects 
of agency programs, policies, and activities on minority populations and low-income populations_ in 
the United States and its territories and possessions. The Executive Order creates an Interagency. 
Working Group on Environmental Justice and directs each federal agency to develop strategies to 
identify and address environmental justice concerns. The Executive Order further directs each federal 
agency to collect, maintain, analyze, and make available infon'nation on the race, national origin, 
income level, and other readily accessible and appropriate information for areas surrounding facilities 
or sites expected to have a substantial environmental, human health, or economic effect on the 
surrounding populations, when such facilities or sites become the subject of a substantial federal 
environmental administrative or judicial action. 

43 6.4 U.S. Department of Energy Regulations and Orders . 
44 
45 This section identifies a series of DOE orders implementing statutory environmental, health, and 
46 safety protection responsibilities and requirements that must be met by operating contractors. 
47 
-lS The DOE is responsible for establishing a comprehensive health, safety, and environmental 
-l9 program for its facilities, as authorized by the AEA. The regulatory mechanisms used by the DOE to 
50 manage its facilities are the promulgation of regulations and i~suance of DOE orders. 
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' ,' 

· _ DOE regulations are found gen~fally in Title 10 of the CFR?; These regulations address such 
areas as energy conservation, adrnirt1sfrativ~ requirements a:hii ;procedures, ,nuclear safety, and 
classified information. For purposes _of"this EIS, relevant regul~tions include the following: 

• 10 CFR 820, "Procedural Rules for DOE Nuclear Activities" 

• 10 CFR 830.120, "Quality Assurance Requirements" 

• 10 CFR 834, "Radiation Protection of the Public and the Environment" (proposed) 
: ' ' 

• 10 CFR 835, "Occupational Radiation Protection" 

• 10 CFR 1021, "Compliance with the National Environmental Policy Act" 

• 10 CFR 1022, "Compliance with Floodplain/Wetlands· Environmental Review 
Requirements. " 

DOE orders generally set forth policies, and the programs and internal procedures for 
implementing the policie_s. !v!ajor DOE orders that may pertain to Hanford Site remedial activities are 
listea in Table 6-1. ' . . -

23 6. 5 Consultatwns 
24 
25 NEPA and CEQ Regulations require consultation with federal, tribal, state, and local agencies 
26 with jurisdiction or special expertise regarding any environmental impact. Agencies involved include 
27 those with authority io issue applicable permits, licenses, and other regulatory approvals, as well as 
28 those responsible for protecting significant resources (e.g., ·endangered species, critical habitats, or 
29 historic resources). Federal and state agencies and Native American governments have been, and will 
30 continue to be, consulted during the development of this EIS. Agencies and tribes that will be 
31 consulted are identified in Table 6-2. Representatives of federal, tribal, state, and local agencies were 
32 involved in the development of future land-use alternatives and scoping of this EIS through 
33 involvement in the Hanford Future She Uses Working Group.· Consultations undertaken by th~ DOE 
34 will be identified in the final EIS. 
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Table 6-1. U.S. Deparhnent of Eizergy drders Pertaining to Remedial Activities 
at the.Hanford Site. (2 sheets) 

DOE Order. Subject 

1300.2A U.S. Department of Energy Technical Standards Program (5-19-92) 

1360.2B Unclassified Computer Security Program (5-18-92) 

1540.2 Hazardous Material Packaging for Transport-Administrative Procedures (9-30-86; 
Chg. 1, 12-19-88) 

_. 
.. -

.. 

3790.lB Federal Employee Occupational Safety and Health Program (1-7-93) 

430.1 Life-Cycle Asset Management (8-24-95) 

4330.4B Maintenance Management Program (2-10-94) 

5000.3B Occurrence Reporting and Processing of Operations Information ( 1-19-93; Chg. 1, 
7-2,-93) 

5400.1 General Environmental Protection Program (11-9-88; Chg. 1, 6-29-90) 

5400.2A Environmental Compliance Issue Coordination (1-31-89; Chg·. 1, 1-7-93) 

5400.4 Comprehensive Environmental Response, Compensation, and Liability Act 
Requirements ( I 0-6-89) 

5400.5 Radiation Protection of the Public and the Environment (2-8-90; Chg. 2, 1-7-93) 

5440. lE National Environmental Policy Act Compliance Program (11-10-92) 

5480.lB Environment, Safety, and Health Program for DOE Operations (9-23-86; Chg. 5, 
5-10-93) 

5480.3 Safety Requirements for the Packaging and Transportation of Hazardous Materials, 
Hazardous Substances, and Hazardous Wastes (7-9-85) 

5480.4 Environmental Protection, Safety, and Health Protection Standards (5-15-84; Chg. 4, 
1-7-93) 

5480.7A Fire Protection (2-17-93) 

5480.8A Contractor Occupational Medical Program (6-26-92; Chg. 1, 10-19-92) 

5480.9A Construction Project Safety and Health Management (4-13-94) 

5480.10 Contractor Industrial Hygiene Program (6-26-85) 

5480.11 Radiation Protection for Occupational Workers (12-21-88; Chg. 3, 6-17-92) 

5480.15 U.S. Department of Energy Laboratory Accreditation Program for Personnel 
Dosimetry ( 12-14-87) 

5480.17 U.S. Department of Energy Site Safety Representatives (10-5-88) 

5480.18B Nuclear Facility Training Accreditation Program (8-31-94) 

5480.19 Conduct of Operations Requirements for DOE Facilities (7-9-90; Chg. 1, 5-18-92) 
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Table 6-1. U.S. Departm;;;·-o}'Enefgy Orders Pe/taini~g to Remedial Activities 
· at the. Hanford Site. (isheets) 

DOE Order Subject 

5480.20A Personnel Selection, Qualification, and Training Requirements for DOE Nuclear 
Facilities (11-15-94) 

5480.21 Unreviewed Safety Questions (12-24-91) 

5480.22 Technical Safety Requirements (2_:-25-92; Chg. 1, 9-15-92) 

5480.23 Nuclear Safety Analysis Reports (4-10-92; Chg. 1, 3-10-94) 

5480.24 Nuclear Criticality Safety (8-12-92) 

54~0.28 Natural Phenomena Hazards Mitigation (1-15-93) 

5480.31 Startup and Restart of Nuclear Facilities (9-15-93) 

5481.lB Safety' Analysis and Review System (9-23-86; Chg. 1, 5-19-87) 

5482.lB Environment, Safety, and Health Appraisal Program (9-23-86; Chg. 1, 11-18-91) 

5483.lA Occupational Safety and Health Program for DOE Contractor Employees at 
Government-Owned, Contractor-Operated Facilities (6-22-83) 

5484.1 Environmental Protection, Safety, and Health Protection Information Reporting 
Requirements (2-24-81; Chg. 7, 10-17-90) 

5500.lB Emergency Management System (4-30-91; Chg. 1, 2-27-92) 
I 

5500.2B Emergency Categories, Classes; and Notification and Reporting Requirements 
(4-30-:91; Chg. 1, 2-27-92) 

5500.3A Planning and Preparedness for Operational Emergencies (4-30-91; Chg. 1, 2-27-92) 

5500.4A Public Affairs Policy and Planning Requirements for Emergencies (6-8-92) 

5500.7B Emergency Operating Records Protection Program (10-23-91) 

5500.10 Emergency Readiness Assurance Program (4-30-91; Chg. 1, 2-27-92) 

5630.llB Safeguards anci' Security Program (8-2-94) 

5630.12A Safeguards and Security Inspection and Assessment Program (6-23-92) 

5700.6C Quality Assurance (8-21-91) 

5820.2A Radioactive Waste Management (9-26-88) 

6430.lA General Design Criteria (4-6-89) 

23 DOE = U.S. Department of Energy. 

24 
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Table 6-2. Agency ·Consulta.tions. 

5 

6 
7 

8 
9 

10 

1 i 
12 

13 
14 
15 
16 
17 
18 

19 
20 

21 

'' 

24 

25 

26 
27 

.Subject Area 

Endangered Species 

Migratory Birds 

Eagles 

Archaeological, Historical. 
and Cultural Resources 

Discharge of Pollutants to 
Waters 

Work in Navigable Waters 

Prime and Unique 
Fannlands 

Floodplains 

--

Wetlands 

Alterations to Bodies of 
Water 

Columbia River 

Air Pollution 

Water Use and Availability 

i'-oise Issues -

Siting and Planning 

Waste Management and 
Transponation 

'. 

_ Legislation 

E11da11gered Species Act of 1973 

Migratory Bird Treary Act of 1918 

Bald and Golden Eagle Protection Act of 1972 

National Historic Preservation Act of 1966; 
Archaeological Resources Protection Act 
of 1979; American Antiquities Preservation 
Act of 1906; American Indian Religious 
Freedom Act of {978; Native American Graves 
Protection and Repatriation Act of 1990 

Clean Water Act of 1977; Safe Drinking Water 
Act of 1974 

Clean Water Act of 1977; Safe Drinking Water 
Act of 1974 

Farmland Protection Policy Act of 1981 

Executive Order 11988; Fish and Wildlife 
Coordination Act of 1934; 10 CFR 1022, 
"Compliance with Floodplain/Wetlands 
Environm~ntal Review Requirements" 

10 CFR 1022, "Compliance with 
Floodplain/Wetlands Environmental Review 
Requirements;· Executive Order 11990; Fish 
and Wildlife Coordination Act of 1934; Clean 
\\'acer Act of 1977, Section 404 

Fish and Wildlife Coordination Act of 1934 

Wild and Scenic Ri\-ers Act of 1968; 
Comprehensive Conservation Study of the 
Hanford Reach of the Columbia River; 
Anadromous Fish-Conservation Act of 1965 

Stare and Federal Clean Air A~ts of 1991 and 
1970, respectively 

Water Resources Planning Act of 1965; 
Safe Drinki_ng Water Act of 1974 

Noise Pollution and Abatement Act of 1970; 
Noise Control Act of 1972 

Grant, Bentqn, and Franklin Counry 'Zoning 
Regulations and Land Use Plans 

Resource Conservation and Recovery Act 
of 1976; Hazardous and Solid Waste 
Amendments of 1984: Comprehensive 
Environmental Response, Compensation and 
Liabiliry Act of 1980; Emergency Planning 
and Community Right-to Know Act of 1986; 
Superfund Amendments and Reauthorization 
Act of 1986; To:r.ic Substances Control Act 
of 1976; Federal Insecticide, Fungicide, and 
Rodenticide Act o/1975 

28 USA.CE = U.S. Anny Corps of Engineers. 
29 USFWS = U.S. Fish and Wildlife Service. 

30 
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Agency 

USFWS 

USFWS 

USFWS 

Washington Depanment of Communiry Development; 
Office of Archaeology and Historic Preservation: State 
Historic Preservation Officer; U.S. Advisory Counc(l on 
Historic Preservation; Yakama Indian Nation: 
Confederated Tribes of the Umatilla Indian Reservation: 
Nez Perce Tribe; Wanapum Band 

EPA; Ecology 

USACE 

Soil Conservation Service; U.S. Depanment of 
Agriculture 

USFWS; USACE; Grant, Benton, and Franklin County 
Planning Deparunents 

USFWS; USACE; EPA; Ecology 

USFWS 

U.S. Depanment of Interior. National Park Service 

EPA; Ecology; Benton County Clean Air Authority; 
Washington State Depanment of Health 

EPA. Office of Water Policy; Ecology 

EPA: Grant, Benton. and Franklin County Planning 
Deparunents 

Grant, Benton, and Franklin County Planning Deparunents 

EPA; U.S. Depanment of Transponation; Ecology 

: 
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U.S. Department of Energy, Richland Operanons Office 

Thomas W. Fems, Project Manager 

U.S. Department of Energy, Richland Operations Office 
M.S., 1985, Land Rehabilitation, Montana:State University 
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Jason Associates Corporati.on 
. . ,.·. •, ... · 
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.-Ph.D, 1988, EntomoJogy,/iowa State University 
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Jason Associates Corporation 
Early Childhood Development/Ricks College 
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Jason Associates Corpot~tion 
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. Thomas M. Ivory, Senior Scientist 
Jason Associates Corporation 
Ph.D., 1973, Environmental Microbiology, University of Utah 
M.S., 1967, Environmental Microbiology, University of Utah 
B.A., 1965, Biology, University of Utah 
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Lynne Roeder-Smith, Public Involvement Specialist 
Jason Associates Corporation 
B.A., 1988, Commun1cations, Washington State University 
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Michael Spry, Senior Scientist 
· Portage Environmental, Inc. 

M.S., 1986, Land Rehabilitation, Montana State University 
B. S., 1983, Environmental Studies, Bemidji State University 
Years of Experience: 10 

Regan S. Weeks, Advanced Scientist 
Jason Associates Corporation 
B.S., 1986, Environmental Studies, Huxley College, Western Washington University 
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Advanced Sciences, Inc. 

Timo~hy L. Alexander, Noise Spec_ialist 
Advanced Sciences, Inc. 
M.S., 1989, Environmental Engineering, University of:Tennessee 
B.A., 1979, Humanities, Freed-Hardeman University 
B.S., 1984, Atmospheric Sciences, University of Nbrth Carolina 
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Ken Cadwell, Senior Biologist 
Advanced Sciences, Inc. 
B.A., 1966, Biology, Central Washington University 
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John Campisi, C.H.P., Principal Health Physicist 
Advanced Sciences, Inc. 
M.S., 1971, Nuclear Engineering, Georgia Institute of Technology 
B.A., 1970, Engineering Science, Newark College of Engineering 
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Theodore Ceckiewicz, Community Relation~ Specialist 
Advanced Sciences, Inc. 
B.A., 1982, Madonna College 
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Johnny Joe Davis, Principal Scientist · 
Advanced Sciences, Inc. 
B.S., 1972, Radiation and Nuclear Technology, Okla,homa State Univer~ity 
Years of Experience: 21 

Laurence Dean, Senior Natural Resources Scientist 
Advanced Sciences, Inc. 
B.S., 1968, Wildlife Management, Humboldt State University 
Years of Experience: 23 

Preliminary Draft 7-2 November 10, 1995 



- -~:,;;" 
John D. Doughty, Senior Geologist ·. ',. :, ' : {:,.' 

Advanced Sciences, Inc. 
M.S., 1987, Geologic Engineering, Washington State University 
B.S., 1979, Geology, Eastern Washington University 
Years of Experience: 8 

Clifford S. Duke, Principal Ecologist 
C<;)InmonSense Environmental · 
Ph.D., 1985, Botany, Duke University 
M.A., 1986, Public Policy Science, Duke University 
B.A., 1977, Biology and Environmental Studies, University of Vermont 
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Darrel Dwm, Groundwater Hydrologist 
Advanced Sciences, Inc. 
Ph.D., 1976, Geology, University of Illinois 
B.S., 1955, Geology, University of Illinois 
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R. Deuglas Evans, Senior Geologist 
Advanced Sciences, Inc. ··· · 
M.S., 1989, Geology, University ofldaho 
B.S., 1980, Geology, University of Illinois 
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David W. Gallaher, GIS Manager 
Advanced Sciences, Inc. 
M.S., 1984, Geology, Northern Arizona University 
B.S., 1979_, Geology, University of Illinois 
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Sandra L. Gogol, Health Physicist 
Advanced Sciences, Inc. 
RS., 1990, Radiological Health Physics, University of Lowell 
Years of-Experience: 7 

Tirzo Gonzalez, Senior (;:ultural Resources Specialist 
Advanced Sciences, Inc. 
B.A., 1976, Visual Arts, University of California, San Diego 
Years of Experience: 18 · 

Lisa M. Gooding, GIS Specialist 
Advanced Sciences, Inc. 
B.S., 1990, Ecology, University of California, San Diego 
Years of Experience: 4 

John K. Hayes, Health Physicist 
Advanced Sciences, Inc. 
B.A., 1983, Environmental Sciences, Florida International University 
Years of Experience: 6 
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Dallas A. Hewett, GIS Specialist 
Advanced Sciences, Inc. 
B.S., 1984, General Science, Washington State University 
Years of Experience: 3 

Ronald H. Hill, C.I.H., Senior Industrial, Hygienist 
Advanced Sciences, Inc. 
M.S.P.H., 1978, Environmental Sciences and Engineering, University of North Carolina 
B.S., 1974, Biology, North Carolina State University 
Years of Experience: 20 

Ray Hrenko, Land Use Specialist 
Advanced Sciences, Inc. 
B.S., 1980, Environmental Sciences, Florida Institute of Technology 
Years of Experience: 13 

Reed A. Kaldor, Program Manager 
Advanced Sciences, Inc. 
M.B.A., 1985, University of Washington 
-B.S., 1979, Environmental Engineering, Montana College of Mineral Science and Technology 
Years of Experience: 15 

J. Eric Kulp, GIS Specialist 
Advanced Sciences, Inc. 
M.A., 1990, Geography, University of West Virginia 
B.S., 1986, Geology, University of West Virginia 
Years of Experience: 5 

James R. Kunkel, P.E., Principal Hydrogeologist 
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Ph.D., 1974, Hydrology and Water Resources, University of Arizona 
M.S., 1969, Civil Engineering, University of Connecticut 
B.S., 1967, Civil Engineering, St. Martin's College 
Years of Experience: 27 · 

Mary Lilga, Senior Geologist 
Advanced Sciences, Inc. 
M.S., 1984, Geology, State University of New York - College at Fredonia 
B.S., 1976, Geology, Edinboro University of Pennsylvania 
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Keith Lusk, Economist 
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M.A.,-1985, Economics, State University of New York, Binghamton 
B.A., 1983, Economics, San Diego State University 
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John R; McDowell, P.E., Senior.Air Quality Specialist . 
Advanced Sciences, Inc. 
M.S., 1975, Environmental Engineering, University of Tennessee 
B.S., 1950, Mechanical Engineering, University of Tennessee 
Years of Experience: 44 

Alex Nazarali, Principal Health Physicist 
Advanced Sciences, Inc. · 
M.S., 1995, Radiological Science, University of Massachusetts (in progress) 
M.S., 1986, Nuclear Engineering, University-of Oklahoma 
B.S., 1980, Nuclear Engineering, University of Oklahoma . 
A.S., 1973, Accounting (Auditing), Tehran Institute of Technology, Iran 
Years of Experience: 5 

Mitchell A. Pelton, Data Specialist 
Advanced Sciences, Inc. 
B.S., 1992, Computer Science, Mesa State College 
Years of Experience: 3 

Michael C. Petersen, Environmental Planner 
Advanced Sciences, Iilc. 
B.S., 1988, Urban Land Use, University of California, San Diego 
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David Serot, Socioeconomist 
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Ph.D., 1976, Economics, University of California, Los Angeles 
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Years of Experience: 18 · 

John A. Stanley, Project Manager 
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Juris Doctor, 1983, University of New Mexico School of Law 
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B.S., 1971, Physics, University of North Carolina · 
Years of Experience: 23 

. Jan Vomacka, Publications Director 
Advanced Sciences, Inc. 
Business/Design, Kansas State University 
Years of Experience: 27 

Joan K. Young, Senior Environmental Engineer 
Advanced Sciences, Inc. 
M.S., 1993, Engineering Management, Washington State University 
B.S., 1977, Chemical Engineering, South Dakota School of Mines and Technology 
Years of Experience: 17 

Preliminary Draft 7-5 November 10, 1995 



This page intentionally left blank. 

Preliminary Draft 7-6 November 10, 1995 



·, 
~
 . . . 

~
-
;
 .. 

, 
~
 

--:::;•· 

~·: . .. ·, . . . . 

~
:::·:.:.: 

~
~

·: 
,;:. 

1 b.: ... ;r· 

. . ·•, 

·•.·: 

·, 
,·. 

· .... 

! 
-,·.• •. = 

. ~-

':;_:,\;/·· 
,._..}.;,·;: 

.. ~
 

-~.i .. : . 
. ... 

. _ .... -: ... :.. 
, .. -,,.,.··-. 

. ,-
',,:, 

~ 
: .. 

.. 
~
 . . . 

.= 
~ 

. · .••
• = ~ 

...... · 
··.·. 

..... ,, 
·;• 

,. 

• ·~
 

I 
·• 

·• 

._:,. 

...... · 

-·-: 

\., 
,',,C

·,<
•\;;1

,t'1
1

!0
tt'":· 

. 
~

~
~

,;',;~
•it'••',•,,:,,. 

,• 
'• 

• 
.,,1

,,,,.,,,J
-t 

·;j'''>
,•ii\:J

,_
:to

"
,''• 

•
,
 

,
.
,
•
•
 
'
,
 

,.-
• 

,
•
c
'"

,
 

· 
..... 

~
 

. 
' 

.:;;.-;• .. 
·-: .. ·,: 

·· .. ': 
. _., 

,
,
 

•
•
 

I· 

.. , .. ·.· · .. 
,• :_/ . :·.; . 

•-:·•.•: . ' . '•:..;~
. 

. 
~
 

_ .. 

..... 
.. . -. 

. 
.-.•:-. .-<~.!. 

. ::-
·-.' 

,._ ..... 
' 

,: .. . 
.\/···.·. -. :'': :< 

•"
. 

·~· .. 
-'l:,·_' .. •, ..... 

.. ·> 
. 

;· 

,•' 
~ . 



.. ·:· :. . . 
.··.· 

' . . 

.. · ifits PAG·e··1·NTENT10-NALLY . · · 
. . . . . . 

· ... LEFT BLANK·:· _· ... ·.-- . 



~ 8 .. 0 References 

4 

5 Chapter 1 References · 
6 
7 40 CfR 1506.1, 1978, "Limitation of Actions During the NEPA Process," Code of Federal 
8 Regulations, as amended. 
9 

10 57 FR 37959, 1992, "Intent to Prepare the Hanford Remedial Action Environmental Impact 
11 Statement~ Richland, Wash~ngton," Federal Register, Vol. 57, p. 37959 (August 21). 
12 
13 59 FR 4052, 1994, "Intent to Prepare the Hanford Tank Wastes Remediation System Environmental 
14 Impact Statement, Richland, Washington,fl Federal Register, Vol. 28, p. 4052 (January 28). 
15 
16 59 FR 53969, 1994, "Notice oflntent to .Prepare the Plutonium Finishing Plant Environmental Impact 
17 ,Statement," Federal Register, Vol. 59, p .. 53969 (October 27). 
18 
19 60 FR 28680, 1995," "Department of Energy Programmatic Spent Nuclear Fuel·Management and 
20 ·- Idaho National Engineering Laboratory Environmental Restoration and Waste Management 
21 Programs, Final Environmental Impact Statement," Federal Register, Vol. 60, p. 28680 
22 (June 1). 
23 
24 CEQ, 1993, Incorporating Biodiversity Considerations into Environmental Impact Analysis Under the 
25 National Environmental Policy Act, Council on Environmental Quality, Washington, D.C. 
26 (January). 
27 
28 Comprehensive Conservation Study of the Hanford Reach of the Columbia River, 1988 
29 (Public Law 100-605). 
30 
31 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, 
32 et seq. 
33 
34 Cushing, 1995, Hanford Site National Environmental Policy Act (NEPA) Characterization, PNL-6415, 
35 Rev. 7, Pacific Northwest Laboratory, Richland, Washington. 
36 
37 DOE, 1987, Final Environmental Impact Statement: Disposal of Hanford Defense High-Level, 
38 Transuranic and Tank Wastes, DOE/EIS-0113, U.S. Department of Energy, Washington, D.C. 
39 
40 DOE, 1988, Radioactive Waste Management, DOE Order 5820.2A, U.S. Department of Energy, 
41 Washington, D. C. 
42 
43 .DOE, 1992, Decommissioning of Eight Surplus Production Reactors at the Hanford Site, Richland, 
44 Washington, Environmental Impact Statement,. DOE/EIS-0019F, O.S. Departrne_nt of Energy, 
45 Washington, D.C. 
46 
47 DOE, 1994a, Draft U.S. Depanment of Energy Public Panicipation Guidance for Environmental 
48 Justice Activities, U.S. Department of Energy, Washington, D.C. (July 25). 
49 

Preliminary Draft 8-1 November 10, 1995 



- -------~------------

DOE, 1994b, Predecisional Draft: U.S. Department of Energy Proposed Environmental Justice 
2 Strategy, Executive Order 12898, U.S. Department of Energy, Washington, D.C. 
3 
4 DOE, DOA, and DOI, 1994, Columbia River System Operation Revieiv Draft Environmental Impact 
5 Statement, DOE/EIS-0170, U.S. Department of Energy, U.S. Department of the Army, and the 
6 U.S. Department of the Interior, Portland, Oregon (July). 
7 
8 DOE, 1995a, Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho 
9 National Engineering Laboratory Environmental Restoration and Waste Management Programs, 

10 Final Environmental Impact Statement, DOE-/EIS-0203-F, U.S. Department of Energy, : 
11 Washington, D.C. 
12 
13 DOE, 1995b, Draft Waste Management Programmatic Environmental Impact Statement for Managing 
14 Treatment, Storage, and Disposal of Radioactive and Hazardous Waste, DOE/EIS-0200-D, 
15 U.S. Department of Energy, Washington, D.C. (August) 
16 
17 DOE, 1995c, Management of Spent Nuclear Fuel from the K Basins at the Hanford Site, Richland, 
18 Washington, DOE/EIS-0245D, U.S. Department of Energy, Washington, D.C. (October). 
19 
20 OGE and Ecology, 1995, Preliminary Draft for the Tank Waste Remediation System, DOE/EIS-0189, 
21 U.S. Department of Energy, Washington State Department of Ecology, Richland, Washington 
22 (August). 
23 
24 ,­_:, 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

DOE-RL, 1990, Hanford Site Development Plan, DOE/RL-89-15, U.S. Department of Energy, 
Richland Operations Office, Richland, Washington. 

DOE-RL, 1993, Hanford Mission Plan, Volume 1, Site Guidance, DOE/RL-93-08, U.S. Department 
of Energy, Richland Operations Office, Richland, Washington. 

DOE-RL, 1994a, Remedial Investigation and Feasibility Study Report for the Environmental 
Restoration Disposal Facility, DOE/RL-93-99, Rev. 1, U.S. Department of Energy, Richland 
Operations Office, Richland, Washingto~. 

DOE-RL, 1994b, NEPA Roadmap for the Environmental Restoration Disposal Facility Regulatory 
Package, DOE/RL-94-41,. Rev. 0, U.S. Department of Energy, Richland Operations Office, 
Richland, Washington (June). · 

DOE-RL, 1995, Implementatior:z Plan for the Hanford Remedial Action Environmental Impact 
Statement, Richland, Washington, DOE/RL-93-66, U.S. Department of Energy, Richland, 
Washington. 

42 Ecology and DOE-RL, 1995, Final Environmental Impact Statement: Safe Interim Storage of 
43 Hanford Tank Wastes, DOE/EIS-0212, Washington State Department of Ecology and 
44 U.S. Department of Energy, Richland Operations Office, Richland, Washington (October). 
45 · 
46 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 
47 as amended, Document No. 89-10, as amended, Washington State Department of Ecology, 
48 U.S. Environmental Protection Agency, and U.S. Department of Energy. 
49 

Preliminary Draft 8-2 November 10, 1995 

• 



EPA, 1995, "Declaration of the CERCLA Record of Decision _fof' the USDOE Hanford 
• · ·, , '' •. ~ \ . ' . ,·•,·, il . , · :. · . , , · • , 

2 Environmental Restoration Disposal Facility; Hanford Site( Benton County, Washington," 
3 (January 20). :-- ··. ' -' ·. · 

4 
5 Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations · 
6 and Low-Income Populations, Washington, D.C. (February 11). 
7 
8 Gerber, M. S., 1992, Legend and Legacy: Fifty Years of Defense Production at the Hanford Site, 
9 WHC-MR-0293, Rev. 2, Westinghouse Hanford Company, Richland, ~ashington. 

10 
11 Hazardous and Solid Waste Amendments of 1984, Public Law 98-616, et seq. -
12 
13 HFSUWG, l992, The Future for Hanford: Uses And Cleanup, The Final Repon of the Hanford 
14 Future Site Uses Working Group, Hanford Future Site Uses Working Group, Richland, 
15 Washington. 
16 
17 National Environmental Policy Act of 1969, 42 USC 432_1, et seq. 
18 
19 Navy, 1995, Disposal of Decommissioned, Defueled Cruiser, Los Angeles Class and Ohio Class, 
20 ·-Naval Reactor Plants Environmental Impa~t Statement, Draft, U.S. Department of Navy, 
21 Washington, D.C. (August). 
22 
23 NPS, 1994, Hanford Reach of the Columbia River, Comprehensive River Conservation Study and 
24 Environmental Impact Statement Final - June 1994, National Park Service, Pacific Northwest 
25 Regional Office, Seattle, Washington. 
26 
27 PNL, 1995, Hanford Site Environmental Reponfor Calendar Year 1994, PNL-10574, Pacific 
28 Northwest Laboratory, Richland, Washington. 
29 
30 
31 

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 

32 · State Environmental Policy Act of 1971, RCW Chapter 43.21C, et seq. 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

USACE, 1992, Superconducting Magnetic Energy Storage - Engineering Test Model (SMES-ETM) 
Environmental Impact Statement, U.S. Army Corps of Engineers, Mobile, Alabama. 

Chapter 2 References 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9701, 
et seq. 

Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent Order, 89-10, 
Rev. 3, Washington State Department of Ecology, U.S. Environmental Protection Agency, and 
U.S. Department of Energy, Olympia, Washington. · 

National Environmental Policy Act of 1969, 42 USC 4321, et seq. 

Preliminary Draft 8-3 November 10, 1995 



[, 
I 

Chapter 3 References 
2 
3 40 CFR 1500-1508, "Council on Environmental Quality Regulations for Implementing the Procedural 
4 Provisions of the National Environmental Policy Act," Code of Federal Regulations, as amended. 
5 
6 58 FR 48509, 1993, Decommissioning of Eight Surplus Production Reactors at the Hanford Site, 
7 Richland, Washington, Environmental Impact Statement (September 16). 
8 
9 Comprehensive Environmental Response, Compensqtion, and Liability Act of 1980, 42 USC 960 I, 

10 et seq. 
11 
12 DOE, 1985, Environmental Assessment, Decommissioning of the Strontium Semiworks Facility, 
13 Building 201-C, Hanford Site, Richland, Washington, DOE/EA-0259, U.S. Department of 
14 Energy, Washington, D.C. 
15 
16 DOE, 1992, Addendum: Final Environmental Impact Statement) Decommissioning of Eight Surplus 
17 Production Reactors at the Hanford Site, Richland, Washington, DOE/EIS-0119F, 
18 U.S. Department of Energy, Washington, D.C. (December). 
19 
20 DOE, 1993, Recommendations for the Preparation of Environmental Assessments and Environmental 
2 I Impact Statements, U.S. Department of Energy, Washington, D.C. (May). 
22 
23 DOE-RL, 1991, Hanford 300 Area Development Plan, DOE/RL-91-09, U.S. Department of Energy, 
24 Richland Operations Office, Richland, Washington (September). ,-_:, 

26 DOE-RL, 1992, Environmental Restoration and Waste Management Site-Specific Plan for the 
27 Richland Field Office, Hanford Site Five-Year Plan Fiscal Years 1994-1998, DOE/RL-92-27, 
28 U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
29 
30 DOE-RL, 1993a, Hanford Site Development Plan, DOE/RL-93-19, U.S. Department of Energy, 
31 Richland Operations Office, Richland, Washington (May). 
32 
33 DOE-RL, 1993b, 200 East Groundwater Aggregate Area Management Study Report, DOE/RL-92-19, · 
34 Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington (April). 
35 
36 DOE-RL, 1993c, 200 West Groundwater Aggregate Area Management Study Report, DOE/RL-92-16, 
37 Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington 
38 (January). 
39 
40 · DOE-RL, 1994b, JOO Area Feasibility Study, Phases 1 and 2, DOE/RL-92-11, Rev. 0, 
41 U.S. Department of Energy, Richland Operations Office, Richland, Washington (February). 
42 
43 DOE-RL, 1994a, Implementation Plan for the Hanford Remedial Action Environmental ~mpact 
44 Statement, DOE/RL-93-66, U.S. Department of Energy, Richland Operations Office, Richland, 
4 5 Washington (June). 
46 
47 DOE-RL, 1994c, Fiscal Year 1995 Hanford Mission Plan, Volume I, Site Guidance, 
48 DOE/RL-93-102. U.S. Department of Energy, Richland Operations Office, Richland, 
49 Washington (March). 
50 

Preliminary Draft 8-4 November 10, 1995 



. ··:-<·.: :_ 

1 Ecology, 1993, Hanford Land TransRf, A Report Prepared by thi Washington State Department of 
2 . 'Ecology, Washington State Department of Ecology, Olympia, Washington (March). 
3 
4 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 
·5 as amended, Document No. 89-10, Washington State Department of Ecology, 
6 U.S. Environmental Protection Agency, and U.S. Department of Energy. 
7 
8 Ecology, EPA, and DOE, 1993, Record of Decision, USDOE Hanford 1100 Area, Hanford Site, 
9 Richland, Washington, Washington State Dc:;partment of Ecology, U.S. _Environmental Protection 

10 Agency, and U.S. Department of Energy, Richland, Washington (September),. 
11 
12 HFSUWG, 1992, The Future For Hanford: Uses And Cleanup, A Final Repon of the Hanford Future 
13 Site Uses Working Group, Hanford Future Site Uses Working Group, Westinghouse Hanford 
14 Company, Richland, Washington (December). 
15 
16 National Environmental Policy Act of 1969, 42 USC 4321, et seq. 
17 
18 Navy, 1984, Final Environmental Impact Statement on the Disposal of Decommissioned, Defueled 
19 Submarine Reactor Plants, U.S. Department of the Navy, Washington, D.C. 
20 
21 NPS, 1994, Hanford Reach of the Columbia River, Comprehensive River Conservation Study and 
22 Final Environmental Impact Statement, Nation:d Park Service,. Pacific Northwest Regional 
23 Office, Seattle, Washington (June). 
24 
25 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 
26 
27 WHC, 1992, Site Evaluation Repon for the Environmental Restoration Storage and Disposal Facility, 
28 . WHC-SD-EN-EV-009, Westinghouse Hanford Company, Richland, Washington. 
29 
30 WHC, 1994, Safeguards and Security Program: 1994 Fiscal Year Work Plan, WHC-SP-1045, 
31 Westinghouse Hanford Company, Richland, Washington. 
32 
33 WHC and USACE, 1994a, JOO D&D Subproject Baseline Summary, Westinghouse Hanford 
34 Company, Richland, Washington and U.S. Army Corps of Engineers, Arlington, Virginia 
35 (March). 
36 
37 WHC and USACE, 1994b, RARA/UST Subproject Baseline Summary, Westinghouse Hanford 
38 Company, Richland, Washington and U.S. Army Corps of Engineers, Arlington, Virginia 
39 (March). · 
40 
41 Winship, R. A., and M. C. Hughes, 1992, Surplus Facilities Program Plan, Fiscal Year 1993, 
42 WHC-EP-0231-5, Westinghouse Hanford Company, Richland, Washington (September). 
43 
44 

45 Chapter 4 References 
46 
47 10 CFR 1022, 1979, "Compliance with Floodplain/Wetlands Environmental Review Requirements," 
48 Code of Federal Regulations, as amended. 
49 

Preliminary Draft 8-5 November 10, 1995 



. ~ ,, ' 

. ,·.,, 

I 29 CFR 1910, 1974, "U.S. Department of Labor, OccupationarSafety and Health Administration 
2 ·(OSHA)," Code of Federal Regulations, as amended. 
3 
4 36 CFR 800.9, 1986, "Protection of Historic and Cultural Properties," Code of Federal Regulations, 
5 as amended. · · · 

6 
7 40 CFR 52, 1972, "Prevention of Significant Deterioration of Air Quality," Code of Federal 
8 Regulations, as amended . 

. 9 
IO 40 CFR 60 .1, 1971, "Standards of Performance fot · new Stationary Sources: Applicability," Code of. 
11 · Federal Regulations, as amended. 
12 
13 50 CFR 17, 1975, "Endangered and Threatened Wildlife and Plants," Code of Federal Regulations, 
14 as amended. 
15 
16 American Indian Religious Freedom Act of 1978, 42 USC 1996, et seq. 
17 
18 Archaeological Resources Protection Act of 1979, 16 USC 470aa-47011, et seq. 
19 
20 CEQ, 1993, Incorporating Biodiversity Considerations into Environmental Impact Analysis Under the 
21 National Environmental Policy Act, Council 9n Environmental Quality, Washington, D.C. 
22 (January). 
23 
24 Clean Air Act of 1970, 33 USC 1251, et seq. ,-_::, 

26 Comprehensive Environmental Response, Compensation, and Liability Act of 1980,. 
27 42 USC 9701, et seq. 
28 
29 Cowardin, L. M., Carter,V., Golet, F. C., and LaRoe, E.T., 1979, Classification of Wetlands and 
30 Deepwater Habitats of the United States, U.S. Fish and Wildlife Service, Washington, D.C. 
31 
... , .,_ 
33 
34 
35 
36 
37 

Cushing, C. E., 1992,Hanford Site National Environmental Policy Act (NEPA) Characterization, 
PNL-6415, Rev. 5, Pacific Northwest L;i.boratory, Richland, Washington. 

Cushing, C. E.; 1995, Hanford Site National Environmental Policy Act (NEPA) Characterization,· 
PNL-6415, Rev. 7, Pacific Northwest Laboratory, Richland, Washington. · 

38 DOE, 1990, "General Environmental Protection Program," DOE Order 5400.1, U.S. Department of 
39 ·_ Energy, Washington, D.C. 
40 
41 DOE~ 1993, "Radiation Protection of the Public and the Environment," DOE Order 5400.5, U.S. 
42 Department of Energy, Washington, D.C. 
43 . 
44 
45 DOE, 1987, Final Environmental Impact Statement: Disposal of Hanford Defense High-Level, 
46 Transuranic and Tank Wastes, DOE/EIS-0113, Vol. 1 of 5, U.S. Department of Energy, 
4 7 Washington, D. C. · 
48 

Preliminary Draft 8-6 November 10, 1995 



l DOE, 1988, Consultaiion Draft ;$it:e};harC1cterization Plqn, Vol~'f:ies 1-9, DOE/RW-0164, Office of 
2 ·civilian Radioactive Waste Management;' its. bepartrii~niof Energy, Washington, D.C. 
3 
4 DOE, 1995, Final Environmental Impact Statement:. Department of Energy Programmatic Spent 
5 Nuclear Fuel management and Idaho National Engineering Laboratory Environmental 
6 Restoration and Waste Management Programs, U.S. Depanment of Energy, Idaho Operations 
7 Office, Idaho Falls, ·1daho (April). 
8 
9 DOE:-RL, 1990a, Hanford Site Development Plan,. DOE/RL-89-15, U.S. Department of Ene~gy, 

10 · Richland Operations Office, Richland, Washington. · 
11 
12 DOE-RL, 1990b, Hanford Site Infrastructure Plarz, DOE/RL-89-31, U.S. Department of Energy, 
13 Richland Operations Office, Richland, Washington (January). 
14 
15 DOE-RL, 1991, Hanford Site Environmental Monitoring Plan, DOE/RL-91-50, U.S. Department of 
16 Energy, Richland Operations Office, Richland, Washington. 
17 
18 DOE-RL, 1994, Hanford Site Development Plan, DOE/RL-94:-13, U.S. Department of Energy, 
19 Richland Operations Office, Richland, Washington (May). 
20 
21 ERDA, 1975, Waste Management Operations, Hanford Reservation, Richland, Washington: Final 
22 Environmental Statement, ERDA-1538, Vol. 1, U.S. Energy Research & Development 
23 Administration, Washington, D.C. (December). 
24 
25 Fitzner, R. E., and R. H. Gray, 1991, "The Status, Distribution, and Ecology of Wildlife on the 
26 U.S. DOE Hanford Site:. A Historical Overview of Research Activities," Environmental 
27 Monitoring and Assessment, 18: 173-202. 
28 
29 Franklin, J. F., and Dyrness, C. T., 1988, Natural Vegetation ofOregon and Washington, Oregon 
30 State University Press, Corvallis, Oregon. 
31 
32 Hajek, B. F., 1966, Soil Survey Hanford Project in Benton County Washington, BNWL-243, Paci,fic 
33 . Northwest Laboratory,· Richland, Wasl}ington. 
34 
35 HFSUWG, 1992, The Future for Hanford: Uses and Cleanup, The Final Repon of the Hanford 
36 Future Site Uses Working Group, Hanford Future Site Uses Working Group (December)~ 
37 
38 Hoitink, D. L. and Bqrk, K. W.,.1994, Climatological Data Summary 1993 with Historical Data, 
39 PNL-9809, Pacific Northwest-Laboratory, Richland, Washington. 
40 
41 National Historic Preservation Act of 1966~ 16 USC 470-470w-6, et seq. 
42 
43 Native American Graves Protection and Repatriation Act of 1990, 25 USC 3001, et seq. 
44 
45 NPS, 1994, Hanford Reach of the Columbia River, Comprehensive River Conservation Study and 
46 Environmental Impact Statement Final - June 1994, National Park Service, Seattle, Washington 
47 • (June). 
48 

Preliminary Draft 8-7 November 10, 1995 



Park_er, P. L., and King, T. F., 1990, Guidelines for Evaluating and Documenting Traditional 
2 Cultural Properties, National Register Bulletin No. 38, U.S. Department of Interior, National 
3 Park Service, Interagency Resources Division, Washington, D.C. 
4 
5 PNL, 1977, Ecology of the 200-Area Plateau Waste Management Environs: A Status Report, 
6 PNL-2253, Pacific Northwest Laboratory, Richland, Washington (October). 
7 
8 PNL, 1981, Raptors of the Hanford Site and Nearby Areas of Southcentral Washington, PNL-3212, 
9 Pacific Northwest Laboratory, Richland, W~~~ington (May). 

10 
11 PNL, 1984, Environmental Characterization of Two Potential Locations at Hanford for a New 
12 Production Reactor, PNL-5275, Pacific Northwest Laboratory, Richland, Washington 
13 (September). 
14 
15 PNL, 1987, The Economic and Community Impacts of Closing Hanford's N Reactor and Nuclear 
16 Materials Production Facilities, PNL-6295, Pacific Northwest Laboratory, Richland, Washington 
17 (August). 
18 
19 PNL, 1989, Hanford Cultural Resources Management Plan, PNL-6942, Pacific Northwest 
20 ·1.,aboratory, Richland, Washington (June). 
21 
22 PNL, 1990a, Spawning and Abundance of Fall Chinook Salmon (Oncorhynchus tshawytscha) in the 
23 Hanford Reach of the Columbia River, 1948-1988, PNL-7289, Pacific Northwest Laboratory, 
24 Richland, Washington (March). 
r _:, 

26 PNL, 1990b, Archaeological Survey of the 200-East and 200-West Areas, Hanford Site, Washington, 
27 PNL-7264, Pacific Northwest Laboratory, Richland, Washington (March). 
28 
29 PNL, 1991a, A Study Plan for Determining Recharge Rates at the Hanford Site using Environmental 
30 Tracers, PNL-7626, Pacific Northwest Laboratory, Richland, Washington (February). 
31 
32 PNL, 1991 b, An Evaluation of the Chemical, Radiological, and Ecological Conditions of West Lake 
33 on the Hanford Site, PNL-7662, Pacific Northwest Laboratory, Richland, Washington (March). 
34 
35 PNL, 1993a, Hanford Site Environmental Report for Calendar Year 1992, PNL-8682, Pacific 
36 Northwest Laboratory, Richland, Washington (June). 
37 
38 PNL, 1993b, Habitat Types on the Hanford Site: Wildlife and Plant Species of Concern, PNL-8942, 
39 .. Pacific Northwest Laboratory, Richland, Washington (December). 
40 
41 PNL, 1995a, Hanford Site Environmental Report for Calendar Year 1994, PNL-10574, Pacific 
42 Northwest Laboratory, Richland, Washington (June). 
43 · 
44 PNL, 199)b, Hanford Site Ground-Water Monitoring for 1994, PNL-10698, Pacific Northwest 
45 Laboratory, Richland, Washington (August). 
46 
47 RHO, 1984, An Assessment of Aquifer Intercommunication Within B Pond-Gable Mountain Pond Area 
48 of the Hanford Site, RHO-RE-ST-12P, Rockwell Hanford Operations, Richland, Washington 
49 (March). 
50 

Preliminary Draft 8-8 November 10, 1995 



I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
') -_.:, 

26 
27 

Rice, D. G., 1980, Cultural Resoiirces_As,sessmentofthe, lJanfor"d Reach of the Columbia River, State 
of Washington, Contract DACvl 67-M~80-'1193; submitted tb U.S. Army Corps of Engineers, 

' Seattle District, Seattle, Washington. 

Rickard, W. H., and L. D: P~ole, 1989, "Terrestrial Wildlife of the Hanford Site: Past and Future," 
Northwest Science 63 (4): 183-193. 

Schuller, C. A., Rickard, W. H., Sargeant, G. A., 1993, "Conservation of Habitats for Shrub-Steppe 
Birds," Environmental Conservation, 20(1): 57-64. 

TNC, 1995, "Biodiversity Inventory and Analysis of the Hanford Site, 1994 Annual Report," prepared 
by The Nature Conservancy for the U. S. Department of Energy, Richland, Washington (May). 

WAC 173-216, 1995, "State Waste Discharge Permit Program," Washington Administrative Code, 
as amended. 

WHC, 1991a, Geologic Setting of the 200-West Area: An Update, WHC-SD-EN-TI-008, Rev. 0, 
Westinghouse Hanford Company, Richland, Washington (January). 

WHC, 1991b, Geology and Hydrology of the Hanford Site: A Standardized Text for use in 
Westinghouse Hanford Company Documents and Reports, WHC-SD-ER-TI-003, Westinghouse 
Hanford Company, Richland, Washington (September). 

WHC, 1992a, Geology of the Northern Pan of the Hanford Site: An Outline of Data Sources and the 
Geologic Setting of the 100 Areas, WHC-SE-EN-TI-011, Rev. 0, Westinghouse Hanford 
Company, Richland, Washington (March). 

28 WHC, 1992b, Geologic Setting of the 200-East Area: An Update, WHC-SD-EN-TI-012, Rev. 0, 
29 Westinghouse Hanford Company, Richland, Washington (March). 
30 
31 WHC, 1992c, Phase I Hydrogeologic Summary of the 300-FF-5 Operable Unit, 300 Area, 
32 WHC-SD-EN-TI-052, Rev. 0, Westinghouse Hanford Company, Richland Washington 
33 (February). 
34 

. 35 WHC, 1992d, Fiscal Year 1991, 100 Areas CERCLA Ecological Investigation, WHC-EP-0448, 
36 Westinghouse Hanford Company, Richland, Washington (April). · 
37 
38 WHC, 1992e, Vascular Plants of the Hanford Site, WHC-EP-0554, Westinghouse Hanford Company, 
39 Richland, Washington (July). . . 
40 
41 WHC, 1992f, Status of Birds at the Hanford Site in Southeastern Washington, WHC-EP-0402, 
42 Rev. 1, Westinghouse Hanford Company, Richland, Washington (June). 
43 
44 WHC, 1992g, A Synthesis of Ecological Data from the JOO Areas of the Hanford Site,. 
45 WHC-EP-0601, Westinghouse Hanford C_ompany, Richland, Washington (October). 
46 
47 WHC, 1992h, Biological Assessment for Rare and Endangered Plant Species Related to CERCLA 
48 Characterization Activities, WHC-EP-0526; Westinghouse Hanford Company, Richland, 
49 Washington (April). 
50 

Preliminary Draft 8-9 November 10, 1995 



WH~. 1992i, Biological Assess_mentfor State Candidate and Monitor Wildlife Species Related ro 
.2 CERCLA, WHC-SD-EN-EE-009, Rev. 0, Westinghouse Hanford Company, Richland, 
3 Washington (August). 
4 
5 WHC, 1993, Vegetation Communities Associated with the JOO-Area and 20O-Area Facilities on the 
6 Hanford Site, WHC-SD-EN-TI-216, Rev. 0, Westinghouse Hanford Company, Richland, 
7 Washington (January). 
8 
9 

1 o Chapter 5 References 
1 1 
12 IO CFR 1022, 1979, "Compliance with Floodplain/Wetlands Environmental Review Requirements," 
13 Code of Federal Regulations, as amended. 
14 
15 29 CFR 1910, 1974, "Occupational Safety and Health Standards," Code of Federal Regulations, as 
16 amended. 
17 
18 40 CFR 50-99, 1970, "National Primary and Secondary Ambient Air Quality Standards," Code of 
19 Federal Regulations,. as amended. 
20 
21 40 CFR 264, 1980, "Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
22 and Disposal Facilities," Code of Federal Regulations, as amended. 
23 
24 ,­_) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
-35 
36 

40 CFR 300, 1990, "National Oil and Hazardous Substances Pollution Contingency Plan," Code of 
Federal Regulations, as amended. 

40 CFR 1500-1508, 1978, "Council on Environmental Quality Regulations for Implementing the 
Procedural Provisions of the National Environmental Policy Act," Code of Federal Regulations, 
as amended. 

56 FR 23363, 1991, "U.S. Nuclear Regulatory Commission (NRC) Standards for the Protection 
Against Radiation," Federal Register, Vol. 56, p. 23363 (May 21). · 

58 FR 178
1 

1993, "Record of Decision: Decommissioning of Eight Surplus Production Reactors at 
the Hanford Site, Richland,.Washington," Fe_deral Register, Vol. 58, p. 178 (September). 

37 59 FR 32, 1994, "Federal Actions to Address Environmental Justice in Minority Populations and 
38 Low-Income Populations," Executive Order 12898, Federal Register, White House Office, 
39 . p. 7629 (February 16). 
40 
41 60-FR 28680, 1995, "Programmatic Spent Nuclear Fuel Management and Idaho National Engineering 
42 Laboratory Environmental Restoration and Waste Management Programs," Federal Register, 
43 Vol. 60, p. 28680 (June 1). 
44 
45 American Indian Religious Freedom Act of 1978, 42 USC 1~96, et seq. 
46 
47 Barnes, H. H., Jr., 1967, Roughness Characteristics of Natural Channels: U.S. Geological 
48 Water-Supply Paper 1849, U.S. Government Printing Office, Washington, D.C. 
49 
50 BHI, 1995, Draft Baseline Planning Documents, Bechtel Hanford, Inc., Richland, Washington. 

Preliminary Draft 8-10 November 10, 1995 



1 
2 
3 
4 
5 
6 
7 
8 
9 

IO . 

11 
12 
13 
14 
15 
16 

. 17 
18 
19 · 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Bolick, B., 1994, personal corririuirii~ation (May), Soil C9ri~erv~tion Service (SCS), U.S. Department 
. of Agriculture, Pasco, Washington. - . . . . '•·. ·. . ·' .·. - . . . 

Brincken, E., 1994, personal communication, S,oil Conservation Service (SCS), U.S. Department of 
Agriculture; Pasco, Washington (May). 

Chatters, J. C., 1989, Hanford Cultural Resources Management Plan, PNL-6942, Pacific Northwest 
. Laboratory, Richland, Washington. 

Clean Water Act of 1977, 33 USC 1251_, et seq:. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, 
et seq. 

Cushing C. E., 1995, Hanford Site National Environmental Policy Act (NEPA) Characterization, 
PNL-6415, Rev. 7, Pacific Northwest Laboratory,. Richland, Washington. 

DOE, 1990, Environmental and Molecular Sciences La.boratory at the Hanford Site, Richland, 
Washington, DOE/EA-0429, U.S. Department of Energy, Washington, D.C. (September). 

DOE, 1991, Hanford Environmental Compliance Project, DOE/EA-0383, U.S. Department of 
Energy, Washington, D.C. (November). · 

DOE, 1992, Decommissioning of Eight Surplus Production Reactors at the Hanford Site, Richland, 
Washington, Environmental.1mpact Statement, DOE/EIS-0l 19F, U.S. Department of Energy, . . 
Washington, D.C. 

DOE, 1993, Radiation Protection of the Public and the Environment, DOE Order 5400.5, 
U.S, Department of Energy, Washington, D.C. 

DOE, 1994a, Access Road from State Route 240 to the 200 West Area, Hanford Site, Richland, 
Washington, DOEIEA-0904, U.S. Department of Energy, Washington, D.C. (March). 

DOE, 1994b, Tank 241-C-106 Past-Practice Sluicing Waste Retrieval, Hanford Site, Richland, 
. Washington, DOE/EA-0933, U.S. Department of Energy, Washington, D.C. (February). · 

DOE, 1994c, Resiting, Construction and Operation of the Environmental and Molecular Sciences · 
Laboratory at the Hanford Site, Richland, Washington, DOE/EA-0959, U.S. Department of 
Energy, Washington, D, C.. · 

J?OE, 1995a, Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho 
National Engineering L!].boratory Environmental Restoration and Waste Management Programs 
Draft Environmental Impact Statement, DOE/EIS-02-3-D, U_.S. Department of Energy, 
Idaho Falls, Idaho. 

DOE, 1995b, Deactivation of N Reactor Facilities, Hanford Site, Richland, Washington, 
DOE/EA-0984, U.S. Department of Energy, Richland, Washington (May). 

Preliminary. Draft . 8-11 November 10, 1995 



DOE, 1995c, 222-S Radioactive Liquid Waste Line Replacement and 219-S Secondary Conrainmenr 
2 ·upgrade, Hanford Site, Richland, Washington, DOE/EA-0944, U.S. Department of Energy, 
3 Washington, D.C. (January). 
4 
5 DOE, 1995d, Inert/Demolition Waste Landfill (Pit 9) Hanford Site, Richland, Washington, DOEIEA-
6 0983, U.S, Department of Energy, Washington, D.C. (May). 
7 
8 DOE, 1995e, Disposition of Alkali Metal Test Loops, Hanford Site, Richland, Washington, 
9 DOE/EA-0987, U.S. Department of Energy, Washington, D.C. (May). 

10 
11 DOE, 1995f, 300 Area Process Se\ver Piping Upgrade and 300 Area Treated Effluent Disposal 
12 Facility Discharge to the City of Richland Se\Ver System, Hanford Site, Richland, Washington, 
13 DOE/EA-0980, U.S. Department of Energy, Washington, D.C. (May). 
14 
15 DOE, 1995g, Shutdown of the Fast Flux Test Facility, 400 Area, Hanford Site, Richland, Washington, 
16 DOE/EA-0993, U.S. Department of Energy, Washington, D.C. (May). 
17 
18 DOE, 1995h, Relocation and Storage of TR/GA Reactor Irradiated Fuel, Hanford Site, Richland, 
19 Washington, DOE/EA-0985, U.S. Department of Energy, Washington, D.C. (August). 
20 
21 DOE, 1995i, Management of Spent Nuclear Fuel from the K-Basins at the Hanford Site, Richland, 
22 Washington, DOE/EIS-0245D, U.S. Department of Energy, Washington, D.C. 
23 
24 DOE, 1995j, Transfer of Plutonium-Uranium Extraction Plant and N Reactor Irradiated Fuel for 
25 Storage at the I 05-KE and I 05-KW Fuel Storage Basins, Hanford Site, Richland, Washington, 
26 DOE/EA-0988, U.S. Department of Energy, Washington, D.C. (July). 
27 
28 DOE and Ecology, 1995, PreliminaryDraftforthe Tank Waste Remediation System, DOE/EIS-0189, 
29 U.S. Department of Energy, Washington State Department of Ecology, Richland, Washington 
30 (August). 
31 .,, 
.)_ 

33 
34 

DOE-RL, 1993a, Hanford Site Baseline Risk Assessment Methodology (HSBRAM), DOE/RL-91-45, 
Rev. 2, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 

35 DOE-RL, 1993b, 200-East Groundwater Aggregate Area Management Study Report, DOE/RL-92-19, 
36 U.S. Department of Energy", Richland Operations Office, Richland, Washington. 
37 
38 DOE-RL, 1994a, Remedial Investigation and Feasibility Study Report for the Environmental 
39 Restoration Disposal Facility, DOE/RL-93-99, U.S. Department of Energy, Richland Operations 
-1-0 Office, Richland, Washington. 
41 
-1-2 DOE-RL, 1994b, JOO Area Feasibility Study, Phases I and 2, DOE/RL-92-11, Rev. 0, 
43 ·u.s. Department of Energy, Richland Operations Office, Richland, Washington. 
-1-4 
-1-5 DOE-RL, 1994c, 1995 Hanford Site Mission Plan, Volume l, Site Guidance, U.S. Department of 
-1-6 Energy, Richland Operations Office, Richland, Washington. 
-1-7 
-1-8 DOE-RL, 1995, "unpublished data from the Human Resources Services Division," Sharon Hall, 
-1-9 U.S. Depanment of Energy, Richland Operations Office, Richland, Washington (July 14). 

50 

Preliminary Draft 8-12 November 10, 1995 



1 DOT, 1982, Noise Barrier Costl?.MtiErir/n Procedure STAMINA t:0/0PTIMA: User's Manual, 
2 .FHWA-DP-58-1, Federal Highway Administration,. u.s'.!·bepartme1fr of Transportation, 
3 Washington, D.C .. 
4 
5 Drappo, J. G. Jr., 1991, Multimedia Environmental Pollutant Assessment Sysiem (MEPAS) 
6 Application Guidance, Volume 1 - Users Guide and Volume 2 - Guidelines for Evaluating 
7 MEPAS Input Parameters, PNWD-1857, Pacific Northwest Laboratory, Richland, Washington. 
8 
9 .Durbin, T. J., 1978, Calibration of a Mathematical Model of the Antelope Valley Ground-Water_ 

IO Basin, California, Gedlogical Survey Water Supply Paper 2046, U.S. Geological Survey, 
11 Washington, D.C. 
12 
13 Ecology and DOE-RL, 1995, Environmental Impact Statement, Safe Interim Storage of Hanford Tank 
14 Wastes, Hanford Site, DOE/EIS-0212, Washington State Department of Ecology and 
15 U.S. Department of Energy, Richland Operations Office,· Richland, Washington. 
16 
17 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, as 
18 amended, Document No. 89-10, as amended, Washington State Department of Ecology, 
19 U.S. Environmental Protection Agency, and U.S. Department of Energy, Washington, D.C. 
20 
21 EG&G, 1993, Occupational I,:zjury and Property Damage Summary, DOE/EH/01570-83, 
22 U.S. Department of Energy, Idaho Falls, Idaho (January-June). 
23 
24 Endangered Species Act of 1973, 16 USC 1531, et seq, 
25 
26 EPA, 1985, Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and Area 
27 Sources, NTIS PB86-124906, U.S. Environmental Protection Agency, Office of Air Quality 
28 Planning and Standards, Research Triangle Park, North Carolina. 
29 
30 EPA, 1988a, Air!Superfund National Technical Guidance Study Series, Volume II - Estimation of 
31 Baseline Air Emissions at Superfund Sites, EPA-450/1-89-002, Office of Air Quality Planning 
32 and Standards, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina. 
33 
34 EPA, 1988b, Federal Guidance Repon No. 11, Limiting Values of Radionuclide Intake And Air 

· 35 Concentration and Dose (;onversion Factors For Inhalation, Submersion And Ingestion, 
36 EPA-520/1-88-020, Office of Radiation Programs, U,S. Environmental Protection Agency, 
37 Washington, D.C. · 
38 
39 Fitzner, R. E., Weiss, S. G., and Stegen, J. A., 1994, Biological Assessment for Threatened and 
40 Endangered Wildlife Species, WHC-EP-:0513, Rev. 1, Westinghouse Hanford Company, 
41 Richland, Washington. · · 
42 
43 Gilmore, T. J., Borghese, J. V., and Newcomer, D. R., 1991, "Letter Report: Evaluation of the 
44 Effects of the Columbia River on the Unconfined Aquifer Beneath the 100-N Area/Phase 3," 
45 Evaluations of the Effects of the Columbia River on the Unconfined Aquifer Beneath- the 100-N 
46 • Area, PNL-7646, Pacific Northwest Laboratory, Richland, Washington. 
47 
48 Haz.ardous Waste_Management Act oJ-1976, RCW 70.105D, et seq. 
49 

· Preliminary Draft 8-13 November 10, 1995 



IAEA, 1992, Effects of Ionizing Radiation on Plants and Animals at Levels· Implied by Currenr 
1 Radiation Protection Standards, Technical Reports Series No. 332, International Atomic Energy 
3 Agency, Vienna, Austria. 
4 
5 Lindberg, J. W., 1994, Geology of the McGee Ranch Site, Area B: Phase II Characterization, 
6 WHC-SD-EN-TI-206, Rev. 0, Westinghouse Hanford Company, Richland, Washington. 
7 

8 Model Toxics Control Act of 1989, RCW Chapter 70.105D, et seq. 
9 

IO National Environmental Policy Act of /969, 42 USC 4321, et seq. 
11 
12 NSC, 1993, Accident Facts, 1993 Edition, National Safety Council, Itasca, Illinois. 
13 
14 Native American Graves Protection and Repatriation Act of 1990, 25 USC 3001, et seq. 
15 
16. Navy, 1995, Disposal of Decommissioned, Defueled Cruiser, Los Angeles Class and Ohio Class, 
17 Naval Reactor Plants Environmental Impact Statement, Draft, U.S. Department of Navy, 
18 Washington, D.C. (August). 
19 
20 NCRP, 1989, Comparative Carcinogenicity of Ionizing Radiation and Chemicals, NCRP 96, National_ 
21 Council on Radiation Prot~ction and Measurements, Bethesda, Maryland. 
22 
7" _.) 

24 
r _) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

NCRP, 1991, Effects of Ionizing Radiation on Aquatic Organisms, NCRP 109, National Council on 
Radiation Protection and Measurements, Bethesda, Maryland. 

NPS, 1994, Hanford Reach of the Columbia River, Comprehensive River Conservation Study and 
Final Environmental Impact Statement-June 1994, National Park Service, Seattle, Washington. 

NSF, 1993, Environmental Assessment for Construction and Operation of a Laser Interferometer 
Gravitational-Wave Observatory on the Hanford Site, National Science Foundation, Richland, 
Washington. 

PNL, 1993, Hanford Site Environmental Report for Calendar Year 1992, PNL-86S2, Pacific 
Northwest Laboratory, Richland, Washington. 

36 PNL, 1995, Hanford Site Environmental Report for Calendar Year 1994, PNL-10574, Pacific 
3 7 Northwest Laboratory, Richland, Washington. 
38 
39 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 
40 
41 Skelly, W. A., 1992, Characterization Plan for Fine-Textured Soils in the McGee Ranch Site Vicinity, 
42 . WHC-SD-EN-AP-051, Rev. 0, Westinghouse Hanford Company, Richland, Washington. 

43 
44 USACE, 1992, Superconducting Magnetic Energy Storage - Engineering Test Model (SMES-ETM) 
45 Environmental Impact Statement, U.S. Army Corps of Engineers, Mobile, Alabama.· 

-+6 
47 USACE, 1994, Preconceptual Baseline Cost Estimates for the Remediation of Hanford Past Practices, 
48 U.S. Army Corps of Engineers, U.S. Department of Energy, Richland Operations Office, 
-+9 Richland, Washington. 
50 

Preliminary Draft 8-14 November 10, 1995 



2 
3 
4 
5 
6 
7 
8 
9 

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

26 
27 
28 
29 
30 
31 
32 
33 
34 

. 35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

USB,C, 1992, 1990 Census of pJ~~1dJ1~n and Housing; Sumhi:u:/rape F_ile 3 on-CD-ROM, 
U.S. Department of Commerce, U.~. Bureau of Census, Washington, D.C. 

WAC-173-303, 1993, "Dangerous Waste Regulations," Washington Administrative Code, as amended. 

WHC, 1994, Safeguards and Security Program: 1994 Fiscal Year Work Plan, WHC-SP-1045, 
Westinghouse Hanford Company, Richland, Washington. 

WHC and USACE, 1994a, 100 D&D Subproject Baseline Summary, WestiIJ.ghouse Hanford Company 
U.S. Army Corps of Engineers, Richland, Washington. 

WHC and USACE, 1994b, RARA/UST Subproject Baseline Summary, Westinghouse Hanford 
Company and U.S. Army Corps of Engineers, Richland, Washington. 

Chapter 6 References· 

10 CFR 820, 1993, "Procedural Rules for U.S. Department of Energy Nuclear Activities," Code of 
_ _!ederal Regulations, as amended. 

10 CFR 830.120, 1994, "Quality Assurance Requirements," Code of Federal Regulations, 
as amended. 

10 CFR 834, 1993, "Radiation Protection of the Public and the Environment" (proposed), Code of 
Federal Regulations, as amended. 

10 CFR 835, 1993, "Occupational Radiation Protection," Code of Federal Regulations, as amended. 

10 CFR 1021, 1992, "Compliance with the National Environmental Policy Act (DOE)," Code of 
Federal Regulations, as amended. 

10 CFR 1022, 1979, "Compliance with Floodplain/Wetlands Environmental Review Requirements," 
Code of Federal Regulations, as amended.· 

40 CFR 1500-1508, 1978, Regulations for Implementing the Procedural Provisions of the National 
EPA (CEQ), Code of Federal Regulations, as amended. • 

American Antiquities Preservation Act of 1906, 16 USC 431, et seq. 

American Indian Religious Freedom Act of 1978, 42 USC 1996, et seq. 

Anadromous Fish Conservation Act of 1965, Public Law 89-304, as amended. 

Archaeological Resources Protection Act of 1979, 16 USC 470aa, et seq. 

Atomic Energy Act of 1954, 42 USC 2011, et seq. 

Bald and Golden Eagle Protection Act of 1972, 16 USC 668-668d, et seq. 

Clean Air Act of 1970, 42 USC 7401, et seq. 

Preliminary Draft 8-15 November 10, 1995 



\ Clea,n Water Act of 1977, 33 USC 1251, et seq. 
2 
3 Comprehensive Environmental Response: Compensation, and Liability Act of 1980, 42 USC 9601, 
4 et seq. 
5 
6 Emergency Planning and Community Right-to-Know Act of 1986, 42USC11001, et seq. 
7 
8 Endangered Species Act of 1973, 16 USC 1531, et seq. 
9 

10 Executive Order 11514, Protection and Enhancement of Environmental Quality, issued May 24,° 1977 
11 
I 2 Executive Order 11593, National Historic Preservation, issued May 13, 1971 
13 
14 Executive Order 11988, Floodplain Management, issued May 24, 1977 
15 
16 Executive Order 11990, Protection of Wetlands, issued May 24, 1977 
17 
18 Executive Order 12088, Federal Compliance with Pollution Control Standards, issued 
19 October 13, 1978 
20 
21 Executive Order 12344, Naval Nuclear Propulsion Program, issued February 1, 1982 (see also Public 
22 Law 98-525). 
23 
24 Executive Order 12580, Superfund Implementation, issued January 23, 1987 
r _) 

26 Executive Order 12856, Federal Compliance with Right-to-Know Laws and Pollution Prevention 
27 Requirements, issued August 3, 1993 
28 
29 Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations 
30 and Low Income Populations, issued February 11, 1994 
31 
32 Farmland Protection Policy Act of 1981, 7 USC 4201 to 4209, et seq. 
33 
34 Federal Facilities Compliance Act of 1992, 42 USC 6901, et seq. 
35 
36 Federal Insecticide, Fungicide,. and Rodenticide Act of 1975, 7 USC 136, et seq. 
37 
38 Federal Water Pollution Control Act of 1948, as amended. 
39 
40- Fish and Wildlife Coordination Act of 1934, 16 USC 661, et seq. 
41 
42 Hazardous and Solid Waste Amendments of 1984, 42 USC 6901, et seq. 
43 
44 Migratory Bird Treaty Act of 1918, 16 USC 703, et seq. 
45 
46 National Environmental Policy Act of 1969, 42 USC 4321, et seq. 
47 
48 ·· Narional Historic Preservation Act of 1966, 16 USC 470, et seq. 
49 
50 Native American Graves Protection and Repatriation Act of 1990, 25 USC 3001, et seq. 

Preliminary Draft 8-16 November 10, 1995 



Noise c;:ontrol Act of 1972, 42 USC 49o'no 4918, et seq. 
2 
3 Noise Pollution and Abatement Act of 1970, 42 USC 1858, et seq. 
4 
5 Nuclear Waste Policy Act of 1982, 42 USC 10101-10270, et seq. 
6 
7 Occupational Safety and Health Act of 1970, 29 USC 651, et seq. 
8 
9 Pollution Prevention Act of 1990, 42 USC 13101, et seq. 

10 
11 Religious Freedom Restoration Act of 1993, 42 USC 2000bb, et seq. 
12 
13 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 
14 
15 Safe Drinking Water Act of 1974, 42 USC 300(t), et seq. 
16 
17 Solid Waste Disposal Act of 1965, 42 USC 3251 to 3259, et seq. 
18 
19 State Environmental Policy Act of 1971, RCW Chapter 43.21C, et seq. 
20 
21 Superjund Amendments and Reauthorization Act of 1986, 42 USC 9671, et seq. 
22 
23 Toxic Substances Control Act of 1976, 15 USC 2601-2671, et seq. 
'.4 
25 WAC 173-303, 1995, "Dangerous Waste Regulations," Washington Administrative Code, as amended. 
26 
27 WAC 173-460, 1991, "Controls for New Sources of Toxic Air Pollutants," Washington 
28 Administrative Code, as amended. 
29 
30 WAC 173-480, 1986, "Ambient Air Quality Standards and Emission Limits for Radionuclides," 
31 Washington Administrative Code, as amended. 
32 
33 WAC 197-11, 1984, "State Environmental policy Act," Washington Administrative Code, 
34 as amended. 
35 
36 WAC 246-247, 1994, "Radiation Protection-Air Emissions," Washington Administrative Code, ·as 
37 amended. 
38 
39 Washington Clean Air Act of 1991, RCW Chapter 70.94, et seq. 
40 
41 Washington Growth Management Act of 1989, RCW 36.70A, et seq. 
42 
43 Washington Hazardous Waste Management Act of 1976, RCW Chapter 70.105, et seq. 
44 
45 Washington Model Toxics Control Act of 1989, RCW Chapter 70.105D, et seq. 
46 
47 Washington Water Pollution Control Act of 1945, RCW 90.48, et seq. 
+8 
49 Water Quality Act of 1987, 33 USC 1251, et seq. 
50 

Preliminary Draft 8-17 November 10, 1995 



Water. Resources Planning Act of 1965, 42 USC 1962, et seq. 
2 
3 Wild and Scenic Rivers Act of 1968, 16 USC 1271, et seq., 71:8301, et seq. 
4 
5 

Preliminary Draft· 8-18 November 10, 1995 




