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a) Lead Agency: U.S. Department of Energy (DOE) 

b) Proposed Action: Long-term stabilization and control of existing radioactive wastes and residues 
at DOE's Niagara Falls Storage Site consistent with the guidance provided in the Environmental 
Protection Agency's regulations for uranium mill tailings (40 CFR 192). 

c) For additional copies or further information on this statement and program, please contact: 

Mr. Lowell F. Campbell 
Deputy Director 
Technical Services Division 
U.S. Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge, Tennessee 37831 (615) 576-1052 

For general information on the DOE's Environmental Impact Statement process, contact: 

Dr. Robert J. Stern, Director 
Office of Environmental Guidance 
Office of the Assistant Secretary for 

Environment, Safety and Health 
1000 Independence Avenue, SW 
U.S. Department of Energy 
Washington, DC 20585 (202) 252-4600 

d) Designation: Final EIS (FE IS) 

e) Abstract: The EIS assesses and compares several alternatives for long-term management and control 
of the existing radioactive wastes and residues at the Niagara Falls Storage Site (NFSS), Lewiston, 
New York. The alternatives include: (1) no action (continued interim storage at NFSS within a 
diked and capped containment area), (2) long-term management at NFSS (improved containment, with 
or without modified form of the residues), (3) long-term management at other DOE sites (Hanford, 
Washington, or Oak Ridge, Tennessee), and (4) offsite management of the residues at Hanford or 
Oak Ridge and either leaving the wastes at NFSS or removing them for disposal in the ocean. "In 
addition to alternatives analyzed in depth, several options are also being considered, including: 
other modifications of residue form (vitrification and matrix isolation methods), modification of 
the basic conceptual designs, other contairiment design options, transportation routes, and 
transportation modes. Alternative 2 is DOE's preferred alternative. 

The radiological health effects (primarily increased risk of cancer) associated with long-term 
management of the wastes and residues are expected to be much smaller than the nonradiological 
risks of occupational and transportation-related injuries and deaths. The increased risk of 
radiological health effects is estimated to range from 0.0013 to 0.24 for workers and from less 
than 0.0000005 to 0.30 for the general public as a result of actions that would be taken under 
the various alternatives. The greatest radiological risk for workers would occur if all the 
wastes and residues were removed to Hanford, whereas the greatest radiological risks for the 
general public would occur if the wastes were removed to the ocean and the residues were removed 
to Hanford. For the preferred alternative (long-term management at NFSS), the radiological risks 
for workers are estimated to range from 0.0051 to 0.10 and for the general public from less than 
0.0000005 to 0.017--the higher risks being associated with treatment of the residues in Alterna
tive 2a. 

In comparison, the nonradiological risks are estimated to range from 0.0015 to 4 deaths and from 
0.13 to 166 injuries. Both workers and the general public would incur these risks. The preferred 
alternative (long-term management at NFSS) is estimated to result in a risk of 0.12 deaths and 12 
to 24 injuries. 

For all alternatives, DOE would plan to take perpetual care of the waste containment areas and to 
restrict site access. If controls were partially lost (e.g., the containment area was not main
tained), it is predicted that containment would still be effective for the design life (at least 
200 years and, to the extent reasonably achievable, for 1000 years). Predicted time for erosion 



of covers over the buried materials ranges from several hundred years to more than two million 
years, depending primarily on the use of the land surface. At all sites, releases of radioactive 
radon gas to the air through the earthen covers of the containment system are predicted to result 
in no significant adverse health effects. Also, at all sites, no offsite contamination of ground
water is predicted for the looo-year ~esign life. If all controls ceased, there would be risk of 
human intrusion into the contaminated materials. A l-m (3-ft) layer of riprap (rock) in the 
earthen cover for preferred Alternative 2 is intended to discourage such intrusion. An additional 
intruder barrier over the more radioactive residues, such as a slab of reinforced concrete, is 
a 1'so bei ng cons i dered. 

f) The Department has identified Alternative 2 (long-term management at NFSS) as the preferred 
alternative. Not less than 60 days after publication of the notice of availability of the Fina1 
EIS, a Record of Decision will be published in the Federal Register. 
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FOREWORD 

This Final Environmental Impact Statement (Final EIS) is issued by the U.S. Department of Energy 
(DOE). It assesses the environmental impacts of various alternatives for the long-term management of 
existing radioactive wastes and residues stored at the Niagara Falls Storage Site (NFSS) near lewisto,n, 
New York. These wastes and residues resulted from the processing of uranium ores. About 11,000 m3 

(15,000 yd3 ) of residues and 180,000 m3 (240,000 yd3 ) of wastes are stored within a diked containment 
area at NFSS. 

Although ongoing interim remedial actions involved improving the containment of the wastes and 
residues, DOE must decide how to manage these radioactive materials for the long term. Therefore, in 
accordance with the National Environmental Policy Act of 1969 (NEPA), as implemented by the regula
tions promulgated by the Council on Environmental Quality (CEQ) (40 CFR 1500-1508, November 1978) and 
DOE's implementing guidelines (45 FR 20694, March 28, 1980), DOE has prepared this Final EIS to provide 
environmental input to this decision. A Notice of Intent to prepare this FEIS was issued February 1, 
1983, and a public scoping process was conducted. The Draft EIS was issued in August 1984. Public 
comment on the Draft EIS was received both in writing and at public meetings. After considering all 
comments, DOE is issuing this Final EIS. DOE will then issue a Record of Decision not less than 
60 days following publication of ' the notice of availability of the Final EIS. 

The format of this EIS follows the suggested format in the CEQ regulations. Section I documents 
the purpose and need for a decision. Section 2 summarizes and compares alternatives and predicted 
environmental impacts. Section 3 summarizes the affected environments at NFSS and alternative sites. 
Section 4 provides detailed information on analyses of the environmental consequences of the various 
alternatives. Section 5 presents the names and professional qualifications of the persons responsible 
for preparing the statement. More detailed information and analyses are provided in several appendices. 
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SUMMARY 

The Niagara Falls Storage Site (NFSS) is located in the Town (Township) of lewiston, Niagara 
County, New York, about 30 km (19 mi) north of Buffalo. The current site is part of a former 
Manhattan Engineer District (MED) site, which in turn was part of the former lake Ontario Ordnance 
Works (LOOW). Beginning in 1944, the MED used the site for storage of radioactive residues that . 
resulted from the processing of uranium ores during development of the atomic bomb. Additional 
residues were brought to the site for several years after World War II. The U.S. Department of Energy 
(DOE) is now responsible for the site. 

Baseline conditions assumed for analysis of all alternatives for long-term management of the NFSS 
radioactive residues (from processing of uranium ores) and wastes (mostly contaminated soils) in this 
Final Environmental Impact Statement (Final EIS) are those conditions projected to exist upon com
pletion of ongoing interim remedial actions in 1986*. At that time, all radioactive residues and 
wastes will be consolidated within a diked containment area in the southwest corner of NFSS. The 
diked area will contain about 11,000 m3 (15,000 yd3 ) of residues.and 180,000 m3 (240,000 yd3 ) of 
wastes. The residues are located within a reinforced concrete structure at the bottom of the large 
pile of wastes. The residues account for less than 6% of the total volume of contaminated materials 
but almost 99% of the radioactivity. Most of the uranium was removed during processing of the ores; 
therefore, the radioactive contaminants in the residues and wastes are the naturally occuring decay 
products of uranium. The radioactivity will not diminish appreciably for thousands of years. 

Although the interim remedial actions involve improving the containment of the wastes and residues 
and will result in reducing emissions of radioactive substances from the site and providing better 
control of the site, DOE must decide how to manage the radioactive.wastes and residues for the long 
term. In addition to engineering, costs, and other considerations, environmental impacts will be 
factored into this decision. Therefore, in accordance with the National Environmental Policy Act 
(NEPA), DOE has prepared this Final EIS to assess and compare the potential environmental impacts of 
various alternatives for long-term management of the radioactive wastes and residues at NFSS. 

DOE conducted a scoping process to determine the alternatives to be analyzed, the significant 
issues to be analyzed in depth, and the issues to be eliminated from further detailed study. Based on 
public and technical scoping input, the following alternatives were defined for analysis in this EIS: 

Alternative 1: No Action--Alternative 1 would involve continued storage of all residues and 
wastes within the diked containment area in the southwest corner of NFSS. The containment area is 
surrounded by a dike and subsurface clay cutoff wall and is covered with a multilayered 1.4 m (4.5 ft) 
cap of clay and soi1.* The entire NFSS site would remain under DOE ownership and control in 
perpetuity. 

Alternative 2: Long-Term Management at NFSS in Perpetuity--DOE's Preferred Alternative 

Alternative 2a: Long-Term Management at NFSS, Modified Containment--Under Alternative 2a, further 
actions would be taken to improve the long-term containment of the wastes and residues at NFSS. Such 
actions would include removal and temporary storage of the upper layers of the interim cap and construc
tion of a long-term cap. The long-term cap would be 1.7-m (5.5-ft) thicker than the interim cap and 
would have extra clay and a layer of riprap (graded layers of gravel and rock). Only the containment 
area and a small buffer zone would be retained under DOE ownership and control in p~rpetuity. 

Alternative 2b: Long-Term Management at NFSS,Modified Containment Plus Modified Form--Under 
Alternative 2b, in addition to the improved containment system described for Alternative 2a, the 
residues would be modified physically and chemically to reduce the rate of long-term migration of 
contaminated materials from NFSS. The residues would be removed from the containment area and pro
cessed to extract potentially valuable constituents (e.g., uranium, cobalt, nickel, molybdenum, and 
lead). Once processed, the vitrified (glass) residue slag and some precipitates would be reburied in 
the diked containment area, the processing facilities would be decontaminated and demolished, and the 
entire waste-containment area would be covered with the long-term cap. Only the containment area and 
a small buffer zone would be retained under DOE ownership and control in p~rpetuity. 

*As of April 1986, the interim cap has been constructed over all of the containment area except the 
southern portion where the residues are located. In this ElS, the conceptual design for the interim 
cap included a 0.15-m (0.5-ft) sand layer between the clay and soil. A minor design modification 
eliminated this sand layer. 
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Alternative 3: Long-Term Management at Other Sites. 

Alternative 3a: Long-Term Management at an Arid Site (Hanford)--Under Alternative 3a, both the 
residues and the wastes would be excavated from the containment area at NFSS and transported by truck 
to a radioactive waste-management site (218W5 Area) on the DOE Hanford Reservation ne~r Richland, 
Washington. The residues would be packaged in large metal containers and transported on either flat
bed trailers or in shielded vans. The wastes are classified as nonradioactive under current transpor
tation regulations and would be shipped in large dump trucks. About 16,000 truckloads would be needed 
to transport the wastes and residues over 4000 km (2500 mi) to Hanford. Following transport of the 
wastes and residues to the Hanford site, the excavated areas would be filled and regraded and NFSS 
would be released for other use. At Hanford, the contaminated materials would be buried in about 
42 trenches in a manner similar to current practices for burial of other types of solid radioactive. 
wastes at the Hanford Reservation. The residues and wastes would be covered with 3 m (10 ft) of local 
earthen materials, including a layer of riprap (with any necessary modifications to ensure compliance 
with 40 CFR 192). The wastes and residues would be controlled in perpetuity. 

Alternative 3b: Long-Term Management at a Humid Site (Oak Ridge)--Under Alternative 3b, all the 
NFSS wastes and residues would be excavated and transported by "truck to the Pine Ridge Knolls site on 
the DOE Oak Ridge Reservation near Oak Ridge, Tennessee. About 16,000 truckloads would be required, 
with a transportation distance of about 1200 km (750 mi). Following transport of the wastes and 
residues to the Oak Ridge site, the excavated areas at NFSS would be filled and regraded and NFSS 
would be released for other use. At Oak Ridge, the wastes and residues would be stabilized in several 
mounds. The mounds would be covered with a long-term cap similar to the cap at NFSS for Alterna
tives 2a and 2b. The wastes and residues would be controlled in perpetuity. 

Alternative 4: Offsite Storage of Residues with Wastes at NFSS or Ocean Disposal 

Alternative 4a: Storage of Residues at Hanford/Long-Term Management of Wastes at NFSS--Under 
Alternative 4a, the residues would be excavated, packaged, and transported to Hanford as in Alterna
tive 3a. About 1,600 truckloads would be needed. The residue packages would be buried in 10 trenches 
at Hanford. The wastes would remain at NFSS and would be covered with a long-term cap identical to 
that described for Alternative 2a. The containment areas and small buffer zones at both NFSS and 
Hanford would be maintained and monitored in perpetuity. 

Alternative 4b: Offsite Storage of Residues at Hanford/Ocean Disposal of Remaining Wastes--Under 
Alternative 4b, the residues would be excavated, packaged, and transported to Hanford as described for 
Alternative 4a. All remaining wastes would be excavated, transported in bulk in dump trucks to a dock 
in the New York/New Jersey harbor area, loaded onto barges, and transported to the 106-Mile Ocean 
Waste Disposal Site (Site 106) for dispersal. After removal of all wastes and residues from the site, 
NFSS would be released for other use. Only the residue containment area and a small buffer zone at 
Hanford would be maintained and monitored in perpetuity. 

Alternative 4c: Offsite Storage of Residues at Oak Ridge/Long-Term Management of Waste at NFSS-
Under Alternative 4c, the residues would be excavated, packaged, and transported to Oak Ridge as in 
Alternative 3b. About 1,600 truckloads would be needed. The residue packages would be stabilized in 
mounds and covered with a long-term cap similar to that described for Alternative 3b. The wastes 
would remain at NFSS and would be covered with a long-term cap identical to that described for Alter
native 2a. The containment areas and small buffer zones at both NFSS and Oak Ridge would be 
maintained and monitored in perpetuity. 

Alternative 4d: Offsite Storage of Residues at Oak Ridge/Ocean Disposal of Remaining Wastes-
Alternative 4d is identical to Alternative 4c except that the NFSS wastes would be disposed in the 
ocean instead of remaining at NFSS. Ocean disposal would be the same as for Alternative 4b. After 
removal of all wastes and residues from the site, NFSS would be released for other use. Only the 
residue containment area and a small buffer zone at Oak Ridge would be maintained and monitored in 
perpetuity. 

In addition to the alternatives analyzed in depth, several options are also considered, including 
options for (1) retrieval, packaging, and loading of contaminated materials, (2) modifications of the 
residue form (including various vitrification and matrix isolation methods), (3) modifications of the 
basic conceptual containment designs, (4) other containment design concepts, (5) transportation routes, 
and (6) transportation modes. 

Implementation of any of the alternatives would permanently commit some land to use for radio
active waste management. Near-surface burial of the NFSS residues (and, in some alternatives, the 
wastes as well) would also unavoidably commit the federal government (or its successor) to perpetual 
care of the burial sites because the residues and wastes will remain hazardous for thousands of years. 
For alternatives 4a and 4c, two sites would be maintained and monitored in perpetuity. 

Implementation of any of the action alternatives would expose workers to risk of injury and death 
associated with construction and earth-moving activities, ranging from an estimated risk of 12 injuries 
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and 0.0064 deaths in the case of Alternative 2a (modified containment at NFSS) to 100 injuries and 
0.044 deaths for Alternative 3a (all wastes and residues at Hanford). Transport of the wastes and 
residues (Alternatives 3a, 3b, 4a, 4b, 4c, and 4d) would expose workers and the general public to 
injuries and deaths associated with transportation accidents, ranging from an estimated 2.5 injuries 
and 0.15 deaths for Alternative 4c (residues only to Oak Ridge) to 66 injuries and 3.9 deaths for 
Alternative 3a (all wastes and residues to Hanford). 

The radiological health impacts (primarily increased risk of cancer) would be smaller than the 
risks of occupational and transportation-related injuries and deaths. During the action period, the 
risk is estimated to range from 0.0013 additional health effects for workers in Alternative 1 (site 
maintenance workers) to 0.24 additional health effects for workers in Alternative 3a (all wastes and 
residues moved to Hanford). For the general pub1 ic, the risk is estimated to range from less than 
0.0000005 additional health effects for Alternatives 1 and 2a to 0.30 additional health effects for' 
Alternative 4b (residues to Hanford, wastes to ocean). 

For Alternative 2 (preferred alternative), the release of radioactive radon gas through the thick 
earthen cover is estimated to be about the same as that which naturally escapes from the soils in the 
area because of the natural radioactivity in all soils. The maximum increased radiation dose to a 
nearby resident is estimated to be less than 0.001 mrem/yr. This compares with 2.0 mrem/yr that such 
a person would receive if he/she moved to Buffalo, New York, because of the increase in cosmic radia
tion at the higher altitude. 

The long-term radiological risks to the general public are expected to be small. Even if site 
maintenance ceased in 200 years and there was very erosive use of the land, the number of additional 

'adverse health effects at the year 1000 are estimated to range from less than O.0000005/million 
persons/year for Alternatives 2a, 2b, 3b, 4c, and 4d (residues in the humid climate at NFSS or 
Oak Ridge) to 0.0061/mil1ion persons/year for Alternatives 4a and 4b (residues in the arid climate at 
Hanford). Long-term radiological risks to the general public are expected to be highest for Alterna
tives 3a, 4a and 4b, primarily because of the much higher releases of radon gas from the residues in 
the arid climate at Hanford. 

For all alternatives, DOE would plan to take perpetual care of the waste containment areas and to 
restrict access to the site. Even if controls were partially lost (e.g., the containment area was not 
maintained), it is predicted that containment would still be effective for the design life (at least 
200 years and, to the extent reasonably achievable, for 1000 years). Predicted time for erosion of 
the multilayered earthen covers ranges from several hundred years to more than 2 mi 11 ion years," 
depending on the use of the land surface. Given such uncertainties, there is no significant differ
ence between alternatives with respect to erosion of the covers. 

For"all alternatives, no offsite contamination of groundwater is predicted for the lo0o-year 
design life. DOE plans to implement a groundwater monitoring program in order to detect migration 
before contaminants reached the site boundary and to take any necessary corrective actions. 

Dispersal of the slightly contaminated wastes in the ocean at Site 106 (Alternatives 4b and 4d) 
is not expected to result in any signi ficant impacts on the ocean environment or to pose any 
significant radiological risk to humans. A potential institutional obstacle to implementation of 
Alternative 4b or" 4d is the need to obtain an ocean dumping permit from the U.S, Environmental 
Protection Agency and the uncertainty as to how the wastes will be classified for ocean disposal 
purposes. 

Implementation of any of the alternatives would require a commitment of money for long-term 
management of the NFSS residues, and, for some alternatives, the wastes as well. Estimated initial 
commitments for the action alternatives range from about $3.2-6.3 million for Alternative 2a (modified 
containment at NFSS) to about $130-260 million for Alternative 3a (move all wastes and residues to 
Hanford). Long-term commitments for perpetual care are estimated to range from $43, OOO/yr for 
Alternatives 4b and 4d (residues only at Hanford or Oak Ridge) to $130,OOO/yr for Alternatives 4a 
and 4c (in which two different sites must be managed). 

DOE plans to take perpetual care of the NFSS site. A 1-m (3-ft) thick layer of riprap (rock) in 
the earthen cover over the wastes under preferred Alternative 2 is intended to discourage human 
intrusion into the contaminated materials. 

Alternative 2 is DOE's preferred alternative. Maintenance and monitoring of the NFSS interim 
storage system (Alternative 1) will continue until implementation of the long-term alternative, The 
long-term alternative selected for implementation will be identified in the Record of Decision. At 
the time of implementation, DOE will determine the final design features of the waste containment 
system and the residue form. At all times, ODE will continue to keep the public as well as federal, 
state, and local officials apprised of DOE plans, actions, and monitoring results. 
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1. PURPOSE AND NEED FOR DECISION 

1.1 INTRODUCTION AND BRIEF HISTORY 

The Niagara Falls Storage Site (NFSS) is located in the Town (township) of lewiston, Niagara 
County, New York, about 30 krn (19 mi) north of Buffalo, New York (Figure 1.1). The current 77-ha 
(190-acre) site is part of a former 610-ha (1500-acre) Manhattan Engineer District (MED) site, which 
in turn was part of the former lake Ontario Ordnance Works (lOOW). Beginning in 1944, the MED used 
the site for storage of radioactive residues that resulted from the processing of uranium ores (pitch
blende) during development of the atomic bomb. Additional residues were brought to the site for 
several years after World War II. 

Subsequent to MED, responsibility for the site has been transferred to the U.S. Atomic Energy 
Commission (AEC), the U.S. Energy Research and Development Administration (ERDA), and the U.S. Depart
ment of Energy (DOE). The site is currently administered by the Oak Ridge Operations Office of DOE 
and operated by Bechtel National, Inc. It is fenced and access is limited. 

1.2 SUMMARY DESCRIPTION OF NFSS RESIDUES AND WASTES 

The baseline for analysis of all alternatives for the long-term management of the NFSS residues 
and wastes in this Environmental Impact Statement (EIS) is assumed to be the condition of NFSS projec
ted to exist upon completion in 1986 of the interim remedial actions that are currently under way.* 
At that time, all radioactively contaminated wastes (mostly soils) and residues (from processing of 
uranium ores) will be consolidated within a 3.4-ha (8.5-acre) diked containment area in the southwest 
corner of NFSS (Figure 1.2). This area will contain about 190,000 m3 (250,000 yd3 ) of contaminated 
materi a 1 s. The area wi 11 be surrounded by a di ke and subsurface clay cutoff wa 11. The cutoff is 
keyed into an existing layer of gray clay.** The containment area will have an earthen cover con
sisting of layers of clay (0.9 m [3 ft)) and soil (0.45 m [1.5 ft))--totaling 1.4 m (4.5 ft) (see Sec
tion 2~1 for conceptual design drawing).*** 

For purposes of analysis in this EIS, the NFSS contaminated materials are separated into two 
groups: (1) residues and (2) wastes (Table 1.1). The residues and wastes are described in detail in 
Section 3.1.7. The, 11,000 m3 (15,000 yd3 ) of residues consist of the K-65, the combined L-30/F-32, 
and the L-50 residues--all of which will be stored in buildings within the diked area upon completion 
of interim remedial actions (Figure 1.2). The residues account for less than 6% of the total volume 
of contaminated materials stored at NFSS but almost 99% of the radium-226 inventory. The radium-226 
concentrations in the residues range from 3,300 to 220,000 pCi/g and average 67,000 pCi/g. Radium-226 
is a naturally occurring radionuclide that results from the decay of uranium-238. Soils in the Niagara 
Falls area naturally contain about 2 pCi/g of radium-226. 

Until recently, these residues were owned by Afrimet-Indussa, Inc., an American firm incorporated 
in the' state of New York and controlled by Union Miniere, a Belgian firm. During World War II, Afrimet 
supplied the federal government with uranium ore (pitchblende) from the Belgian Congo but retained 
ownership of the residues because of the radium and other, potentially recoverable, valuable elements 
that remained in the residues after the uranium was extracted. 

Afrimet held a license from the state of New York for storage of the radioactive materials at 
NFSS and had a storage lease agreement with DOE. The lease agreement expired in' June 1983. As a 
result of DOE negotiations with Afrimet, and in consideration of common defense and security arrange
ments between the United States and the government of Belgium, Afrimet and DOE signed an agreement 

*The impacts associated with the interim activities are not covered in this EIS on long-term 
management. The interim actions are addressed in separate documents (U.S. Dep. Energy 1982a, 
1982b, 1983a, 1983b). 

**The·depth and thickness of the gray clay layer is variable, and it is not known if this layer is 
continous underneath the diked area. 

***As of April 1986, the interim cap has been constructed over all of the containment area except 
the southern portion where the residues are located. In this EIS, the conceptual design for the 
interim cap included a 0.15-m (0.5-ft) sand layer between the clay and soil. A minor design 
modification eliminated this sand layer. 
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Description 

Residuest4 

Wastest S 

Total 

1-4 

Table 1.1. Radioactive Materials at NFSSt 1 

11,000 

180,000 

190,000 

Average 
Radium-226 

Concentration 
(pCi/g)t3 

67,000 

~ 
3,800 

Radium-226 
Inventory 

(Ci) 

870 

7.8 

880 

tl All values rounded to two significant figures. See Section 3.1.7 for 
details. 

t 2 Estimated volumes. More precise estimates will be available after 
completion of interim remedial actions. 

t 3 Dry weight concentrations. 

t4 Includes K-65, L-30/F-32, and L-50 residues. During the interim 
remedial actions, the volumes of residues were found to be less than 
the estimates used in the analyses in this EIS. 

t S Includes all remaining contaminated materials, primarily slightly 
contaminated soils. 

effective July I, 1983, whereby Afrimet .will pay DOE $8 million and DOE took title to the residues a9d 
released Afrimet from its obligations with respect to the residues (U.S. Dep. Energy 1983d). ~ 

The 180,000 m3 (240,000 yd3 ) of NFSS wastes consist primarily of slightly contaminated soils tilat 
have an average radium-226 concentration of 36 pCi/g. Detailed descriptions of the NFSS residues Und 
wastes are given in Section 3.1.7. 

1.3 DECISION TO BE MADE 

Although the planned interim remedial actions involve placing the wastes and residues into a more 
secure condition and will result in markedly reduced emissions of radioactive substances from the 
site, DOE must decide how to manage the radioactive wastes and residues for the long term. In 
addition to engineering, cost, and other considerations, environmental impacts will be factored into 
this decision. Therefore, in accordance with the National Environmental Pol icy Act (NEPA), DOE 
prepared this EIS to assess and compare the potential environmental impacts of various alternatives 
for the long-term management of the radioactive wastes and residues at NFSS. The DOE decision-making 
process and supporting documents for NFSS are summarized in Figure 1.3. 

1.4 EIS SCOPING 

In accordance with regulations of the Council on Environmental Quality (CEQ) and DOE guidelines 
for implementing NEPA, the Department issued a Notice of Intent (NOI) to prepare this EIS (U.S. Dep. 
Energy 1983c) and conducted a scoping process to determine the alternatives to be analyzed in the EIS, 
the significant issues to be analyzed in depth, and the issues to be eliminated from further detailed 
study. Details of the scoping process are given in the Implementation Plan for this EIS (U.S. Dep. 
Energy 1984), and a summary is provided in Appendix G. Both technical and public scoping input were 
considered. Public input included presentations made at two public meetings held in Lewiston, New York, 
on February 17 and 19, 1983; presentations made at a public meeting held in Oak Ridge, Tennessee, on 
October 19, 1983; and letters received by DOE regarding the scope of the EIS. Technical scoping input 
was provided by Bechtel National, Inc., Argonne National Laboratory, DOE Operations Offices at Oak Ridge 
and Richland, DOE Headquarters, and state agencies (New York Departments of Environmental Conservation, 
Labor, and Health). The preliminary list of potential issues presented in the NOI was revised as a 
resu)t of the scoping process. In particular, radiological contamination of the oceanic environment 
was added as a primary issue. Further discussion is given in Appendix G regarding the reasons for 
retaining or rejecting specific issues for detailed consideration in this EIS. 

Based on the public and technical input, four basic alternatives were defined for analysis in 
this EIS: 

1. No Action--Continue interim storage of all existing wastes and residues at NFSS in the 
diked and capped containment area in the southwest corner of NFSS. 
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SUPPORT DOCUMENTS 

Series of Action Des~ription Memoranda and 
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Construction and Subcontract Documents (e:g., 
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Detailed Plans for Selected Alternative 
(including engineering design, mitigative 
measures and monitoring plans, site 
configuration plans, etc.) 

Construction and Subcontract Documents 
RCRA/CERCLA Documents (as necessary) 
Other Reports (as necessary) 

Monitoring Reports 
Corrective Action Plans, Engineering 

Evaluations, Environmental Assessments 
(as necessary) 

Figure 1.3. Niagara Falls Storage Site: DOE Decision-Making Process. 
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2. Long-Term Management at NFSS--Carry out further actions to improve the containment of 
the stored wastes and residues or, in addition to improved containment, to modify the 
form of the residues to reduce long-term migration"of contaminated materials from NFSS. 

3. Long-Term Management at Other SitesuRemove all wastes and residues from NFSS and 
transport them to another site for long-term management. 

4. Offsite StoraQe of Residues--Remove the more radioactive residues to another site and 
either leave the wastes at NFSS or remove them for disposal in the ocean. 

The first three alternatives were suggested in the NOl. Based on public and technical input to the. 
scoplng process, the fourth alternative was added. Although a preferred alternative was not identi
fied in the Draft EIS, a preferred alternative (Alternative 2, Long-Term Management at NFSS) is identi
fied in this Final EIS, as required by CEQ regulations. 

The term "long-term management" is used in this EIS instead of the term "disposal" for those 
alternatives wherein the NFSS wastes and residues will remain on land. The term disposal has a conno
tation of permanent emplacement with no further management. Because the radiol1uclides in the NF55 
wastes and residues have relatively long half-lives and the potential hazard will not diminish appre~ 
ciably for thousands of years, there will be a continuing need for management of these materials. 

"Thus, the term long-term management is used. The potentia~ environmental impacts under conditions of 
continuing management (maintenance, monitoring, and corrective actions as necessary) and under con
ditions of loss of management are assessed in this EIS. The time periods for analysis and the assump-
tions about management controls for each time period"are given in Section 4. -

1.5 RELATED FEDERAL PROJECTS 

The Department has recently prepared environmental impact statements for other programs and other 
sites under its Remedial Action Program, including: 

U.S. Department of Energy. 1983. "Final Environmental Impact Statement, Remedial Actions at the 
Former Vitro Rare Metals Plant Site, Cannonsburg, Washington County, Pennsylvania." DOE/EI5-
0096-F (2 volumes). July 1983. 

U.S. Department of Energy. 1984. "Final Environmental Impact Statement, Remedial Actions at the 
Former Vitro Chemical Company Site, South Salt Lake, Salt Lake County, Utah." DOE/EIS-0099-D. 
July 1984. 

U. S. Department of Energy. 1985. "Final Environmental Impact Statement. Remedial Actions at 
the Former Vanadium Corporation of America Uranium Mills Site, Durango, LaPlata County, 
Colorado." DOE/EIS-0111F. October 1985. 

In addition, the U.S. Nuclear Regulatory Commission and the U.S. Environmental Protection Agency 
have prepared EISs on various related programs, proposed standards, and specific sites, including: 

U.S. Nuclear Regulatory Commission. 1983. "Final Environmental Impact Statement Related to the 
Decommissioning of the Rare Earths Facility, West Chicago, Illinois." Docket No. 40-2061, 
Kerr-McGee Chemical Corporation. Office of Nuclear Material Safety and Safeguards. May 
1983. 

U.S. Environmental Protection Agency. 1982. "Final Environmental Impact Statement for Remedial 
Action Standards for Inactive Uranium Processing Sites (40 CFR 192)." Vols. 1 and 2; 
EPA 520/4/82-013-1, -2. Office of Radiation Programs. October 1982. 

U. S. Environmental Protection Agency. 1980. "Final Environmental Impact Statement (EIS) for 
106-Mile Ocean Waste Disposal Site Designation." Oil and Special Materials Control 
Division, Marine Protection Branch, Washington, DC. February 1980. 

1.6 SUMMARY OF POTENTIALLY APPLICABLE LAWS AND REGULATIONS 

Major laws and regulations that may be potentially applicable to the various alternatives are 
presented in Table 1.2. Detailed discussions of several major institutional issues associated with 
environmental regulation are given in Section 4.7 and Appendix D. Copies of DOE Orders are available 
for public inspection at the NFSS EIS public reference locations. 
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Table 1.2. Major Laws and Regulations That May Potentially Be 
Applicable to the Various Alternatives 

FEDERAL LAWS AND EXECUTIVE ORDERS 

Atomic Energy Act, as amended 

Department of Energy Organization Act 

National Environmental Polity Act 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

Clean Air Act 

Clean Water Act (Federal Water Pollution Control Act, as amended) 

Resource Conservation and Recovery Act (Solid Waste Disposal Act) 

Safe Drinking Water Act 

River and Harbor Act 

Marine Protection Research and Sanctuaries Act 

Ocean Dumping Amendments Act of 1982 

Surface Transportation Assistance Act of 1982 

Endangered Species Act 

Fish and Wildlife Coordination Act 

Archeological and Historic Preservation Act 

Archeological Resources Protection Act 

Hazardous Materials Transportation Act 

Noise Control Act 

Executive Order 12088, Federal Compliance with Pollution Control Standards 

Executive Order 11514, Protection and Enhancement of Environmental Quality 

Executive Order 11991, Relating to the Protection and Enhancement of Environmental Quality 

Executive Order 11738, Providing for Administration of the Clean Air Act and the Federal Water Pollu
tion Control Act with Respect to Federal Contracts, Grants, or Loans 

Executive Order 11807, Occupational Safety and Health Programs for Federal Employees 

Executive Order 11490, Assigning Emergency Preparedness Functions to Federal Departments and Agencies 

DOE ORDERS AND CRITERIA 

1540.1 

5440.18 

5480.1A 

5480.2 

5481.1 

5482.1A 

5483.1 

5484.1 

5484.2 

5500.2 

5700.6A 

5820.2 

Materials Transportation and Traffic Management 

Implementation of the National Environmental Policy Act 

Environmental Protection, Safety, and Health Protection Program for DOE Operations 

Hazardous and Radioactive Mixed Waste Management 

Safety Analysis Review System 

Environmental, Safety, and Health Appraisal Program (Oak Ridge and Hanford Alternatives) 

Occupational Safety and Health Program for Government-Owned Contractor-Operated Facilities 

Environmental Protection, Safety, and Health Protection Information Reporting Requirements 

Unusual Occurrence Reporting System 

Emergency Planning, Preparedness, and Response for Operations 

Quality Assurance 

Radioactive Waste Management 

Guidelines for Residual Radioactivity at Formerly Utilized Sites Remedial Action Program and Remote 
Surplus Facilities Management Program Sites (Rev. 1, July 1985) 
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Table 1.2. Continued 

STATE LAWS'" 

New York 

New York State Environmental Conservation Law 

Washington 

Plan for Implementation, Maintenance, and Enforcement of the National Ambient Air Quality Standards 
in the State of Washington 

Water Quality Standard of the State of Washington 

Tennessee 

Tennessee Air Quality Act 

Tennessee Water Quality Control Act 

"'Note: State and local transportation laws do not apply to DOE shipments of the NFSS wastes and 
residues (see details in Appendix 0). 

REFERENCES (Chapter 1) 

U. S. Department of Energy. 1982a. Action Description Memorandum, Niagara Falls Storage Site. 
Proposed 1982 Interim Remedial Action (R-I0 Pile Stabilization). Oak Ridge Operations, Technical 
Services Division, Oak Ridge, TN. April 1982. 

U. S. Department of Energy. 1982b. Action Description Memorandum, Niagara Falls Storage Site. 
Proposed Interim Remedial Action for Buildings 413 and 414. Oak Ridge Operations, Technical 
Services Division, Oak Ridge, TN. April 1982. 

U. S. Department of Energy. 1983a. Action Description Memorandum, Niagara Falls Storage Site. 
Proposed Interim Remedial Actions for FY 1983. Oak Ridge Operations, Technical Services Division, 
Oak Ridge, TN. February 1983. 

U.S. Department of Energy. 1983b. Action Description Memorandum, Niagara Falis Storage Site. 
Proposed Interim Remedial Actions for FY 1983-85 Accelerated Program. Oak Ridge Operations, 
Technical Services Division, Oak Ridge, TN. June 1983. 

U.s. Department of Energy. 1983c. Long-Term Management of Existing Radioactive Wastes and Residues 
at the Niagara Falls Storage Site: Notice of Intent to Prepare an Environmental Impact Statement 
and Conduct a Public Scoping Meeting. Fed. Regist. 48(22):4522 (February 1, 1983). 

U. S. Department of Energy. 1983d. Contract of Agreement and Settlement; Lease Agreements AT(40-1)-
2427 and AT(40-1)-2429. Effective 1 July 1983. Signed 26 August 1983 by J. LaGrone (Contracting 
Officer), Department of Energy, and V. Shick (President and Chief Executive Officer), Afrimet
Indussa Inc. 

u.S. Department of Energy. 1984. Implementation Plan for the Environmental Impact Statement, Long
Term Management of Existing Radioactive Wastes and Residues at the Niagara Falls Storage Site. 
January 1984. 



2. COMPARISON OF ALTERNATIVES 

Following is a summary comparison of the various alternatives cons.idered to be reasonably avail
able to DOE for long-term management of the NFSS wastes and residues. A description of the conceptual 
design and general technical aspects of each alternative is presented.* Further technical details-
including other engineering, management, and transportation options--are presented in Appendices C, D', 
and E of this document and in an engineering report by Bechtel National, Inc. (1984). Cost estimates 
are given in Appendix F. 

The environmental impacts associated with each alternative are summarized based on the detailed 
analyses presented in Section 4. Because of the radioactive nature of the naturally occurring radio
nuclides in the NFSS wastes and residues, all environmental impacts (both radiological and nonradio
logical) are analyzed in terms of three time frames: 

Action Period (approximately 10 years): The period during which physical actions such 
as transportation, stabilization, ocean dumping; etc., will take place. 

Maintenance and Monitoring Period (10 to 200 years): For the alternatives involving 
management on land, the period during which the wastes and residues will continue to be 
managed.** Containment structures will be maintained, radioactive releases to the 
environment will be monitored, and periodic corrective remedial actions will be tak~n, 
as necessary. Human access to the waste-management areas will be limited, and the 
federal government will continue to own the sites and use them solely for waste
management purposes. 

Long-Term Period (200 to 1000 years): Two cases, involving different degrees of loss 
of control, are assessed: 

Case A: Loss of Monitoring, Maintenance, and Corrective Actions. Monitoring, 
maintenance, and corrective actions will cease, but access will continue to be 
limited and the federal government will continue to own and use the sites solely 
for waste-management purposes. The effects of natural processes on waste contain
ment and the gradual release of radionuclides to the environment are assessed. 

Case B: Loss of All Controls. Not only will monitoring, maintenance, and correc
tive actions cease, but access, land-use, and ownership controls will cease as 
well. Human intrusion into the wastes is assumed to occur. 

The reasons for selecting these time periods and assumptions for analysis are presented in the intro
duction to Section 4. petailed discussions of possible measures to mitigate predicted impacts are 
discussed under each subject in Section 4. 

The potential environmental impacts associated with all three time periods are analyzed. The 
impacts associated with the actual implementation of an alternative can often be greater than the 
cumulative impacts associated with the disposal site for. hundreds to thousands of years. However, 
because the decision to be made is .what alternative should be implemented for long-term management of 
the NFSS wastes and residues, the various ways that the containment systems may eventually fail and 
the various pathways by which radioactive substances could be dispersed into the environment are given 
particular attention. Major factors having input into the radiological analysis are: (1) erosion and 
other physical effects on site integrity, (2) groundwater contamination, (3) biological effects on the 
containment systems, and (4) human intrusion into the contaminated materials. All of these factors 
are interrelated and, at a given time in the future, anyone of these factors could be dominant with 
respect to radiological impacts on either individuals or the general population. 

*Both technical descriptions of alternatives and predicted impacts are discussed using the verb "will." 
This should be interpreted to mean that something will occur if the alternative is implemented as 
described. 

**The federal government plans to take perpetual care of the NFSS wastes and residues. However, 
because it is unreasonable to assume that maintenance and monitoring will continue for the duration 
of time that the wastes and residues will remain radioactively hazardous (hundreds of thousands 
of years), the 200-year maintenance and monitoring period is used as a reference point for purposes 
of analysis in this ElS. If maintenance and monitoring continues longer then 200 years, costs will 
be higher (Appendix F), but impacts due to failure of the containment system will be delayed. 
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The NFSS wastes and residues are similar to mill tailings. As noted in the EPA regulations on 
mill tailings (U.S. Environ. Prot. Agency 1983), such wastes are "hazardous to man because: (1) decay 
products of radon may be involved and increase lung cancer; (2) individuals may be exposed to gamma 
radiation from the radioactivity in the tailings; and (3) radioactive and toxic materials from tail
ings may be ingested with food or water .... The first of these hazards is clearly the most important." 
The radon gas pathway will be the major contributor to population doses associated with the various 
alternatives for managing the NFSS wastes and residues. Relatively few people could theoretically use 
contaminated groundwater at the sites considered for long-term management, and impact to an intruder 
would result only if controls ceased and intrusion occ·urred. 

Descriptions of the NFSS wastes and residues, the existing environments at the various sites, and 
the transportation routes are presented in Section 3. The analysis of monetary costs associated with 
implementation of each alternative, includfng costs of maintenance and monitoring for 200 years, is 
presented in Appendix F. The technical and environmental impacts of the various alternatives are 
summarized in Tables 2.1 and 2.2. The alternatives considered are:· 

1: No action 

2a: Long-Term Management at NFSS: Modified Containment 

2b: Long-Term Management at NFSS: Modified Containment Plus Modified Form 

3a: Long-Term Management at Hanford 

3b: Long-Term Management at Oak Ridge 

4a: Long-Term Management of Residues at Hanford, Wastes at NFSS 

4b: Long-Term Management of Residues at Hanford; Ocean Dispersal of Wastes 

4c: Long-Term Management of Residues at Oak Ridge, Wastes at NFSS 

4d: Long-Term Management of Residues at Oak Ridge; Ocean Dispersal of Wastes 

2.1 ALTERNATIVE 1: NO ACTION 

2.1.1 Description 

Alternative 1 encompasses the continued storage of all 190,000 m3 (250,000 yd3 ) of residues and 
wastes within the 3.4-ha (8.5-acre) diked containment area in the southwest corner of NFSS (Figure 1.2). 
The containment area is surrounded by a dike and subsurface clay cutoff wall and is capped with 1.4 m 
(4.5 ft) of clay and soil (Figure 2.1).* The entire 77-ha (190-acre) NFSS site will remain under DOE 
ownership and control (Section 4.6.2). Monitoring, maintenance, and corrective actions, as needed, 
are assumed to continue for 200 years. Maintenance will include mowing of the surface grass cover to 
prevent tree growth on the cap, repair of all cap failures, replacement of eroded soils from the cap, 
and ditch dredging and culvert cleaning to ensure site drainage. A major technical uncertainty for 
thi sal ternat i ve is the durabil i ty of the interim cap and the frequency and extent of needed correc
tive actions in the future. There will be no action costs (e.g., no containment, improvement, excava
tion, storage, or reburial) associated with this alternative, and perpetual care costs (for monitoring 
and maintenance) are expected to be about $120,OOO/yr (Appendix F). 

2.1.2 Summary of Impacts 

Because there will be no action in this alternative, there will be essentially no impacts during 
the action period. Only minute amounts of radon-222 gas (above background levels) will be released 
from the buried wastes at NFSS (Section 4.1.2). The residues are buried so deeply that the radon-222 
(radon gas) in the residues will decay to solid decay products before it diffuses to the surface of 
the containment area. Radon-222 releases from the NFSS diked containment area during the action 
period (10 years) will result in less than 0.0000005 additional adverse health effects (primarily 
cancers--Table 2.2, Sections 4.1.2 and 4.1.4) in the exposed population of 3.8 million people. Main
tenance and monitoring workers are expected to receive a 10-year cumulative radiation dose resulting 
in 0.0013 adverse health effects (Table 2.2 and Sections 4.1.3 and 4.1.4). 

Because there will be no transportation in this alternative, there will be no transportation
related injuries and deaths. The small amount of maintenance and monitoring for the 10-year action 
period is expected to result in negligible occupational injuries and deaths (Table 2.2 and Section 4.6). 

*As of April 1986, the interim cap has been constructed over all of the containment area except the 
southern portion where the residues are located. In this EIS, the conceptual design for the interim 
cap included a 0.15-m (O.5-ft) sand layer between the clay and soil. A minor design modification 
eliminated this sand layer. 



Technical Aspect 

Ultimate location of the 
wastes and residues 

Long-term management design 

-Residue treatment 

Truck transportattion 
(residues classified as 
"radioactive"; wastes 
classified "nonradioactive") 

Estimated costs: 
Action period 
Perpetual care 

Technical Aspect 

Ultimate location of the 
wastes and residues 

Long-term management design 

Residue treatment 

Truck transportattion 
(residues classified as 
"radioactive"; wastes 
classified "nonradioactive") 

Estimated costs: 
Action period 
Perpetual care 

· Table 2.1. Summary of Technical Aspects of the Various Alternatives for Long-Term 

A lternat i ve' 1 

A 11 at NFSS 
(Lewiston, NY) 

Diked containment area 
with interim cap 

No 

No 

$l20,OOO/yr 

Alternative 4a 

Residues at Hanford; 
wastes at NFSS 

Residues in trenches; 
wastes in diked con
tainment area 

No 

Residues, 1600 trips; 
13 million miles 
round-trip, 2 years 
total 

$20 to $40 million 
$l30,OOO/yr 

Management of the NFSS Wastes and Residues 

A lternat i ve 2a 

A 11 at NFSS 
(Lewiston, NY) 

Diked containment area 
with long-term cap 

No 

No 

$3.2 to $6.3 million; 
$8S,OOO/yr 

Alternative 4b 

Residues at Hanford; 
wastes in ocean 

Residues in trenches; 
wastes dispersed in 
ocean at Site 106 

No 

Residues, 1600 trips; 
wastes, IS,OOO trips; 
43 million miles 
round-trip, 2 years 
total 

$SO to $99 million; 
$43,OOO/yr 

A lternat i ve 2b 

A 11 at NFSS 
(Lewiston, NY) 

Diked containment area 
with long-term cap 

Resource recovery and 
vitrified residue slag 

No 

$4.4 to $18 million; 
$8S,OOO/yr 

A lternat i ve 4c 

Residues at Oak Ridge; 
wastes at NFSS 

Residues in mounds; 
wastes in diked con
tainment area 

No 

Residues, 1600 trips; 
4.9 million miles 
round-trip, 2 years 
total 

$13 to $26 million; 
$l30,OOO/yr 

Alternative 3a 

All at Hanford 
2181<1S Area 
(Hanford, WA) 

Trenches 

No 

Residues, 1600 trips; 
wastes, 15,000 trips; 
130 million miles 
round-trip, 5 years 
total 

$130 to $260 million; 
$85,OOO/yr 

Alternative 4d 

Residues at Oak Ridge; 
wastes in ocean 

Residues in mounds; 
wastes dispersed in 
ocean at Site 106 

No 

Residues, 1600 trips; 
wastes, 15,000 trips; 
34 million miles 
round-trip, 2 years 
total 

$42 to $84 million; 
$43,OOO/yr 

Alternative 3b 

All at Oak Ridge 
Pine Ridge Knolls 
site (Oak Ridge, TN) 

Mounds 

No 

Residues, 1600 trips; 
wastes, 15,000 trips; 
42 million miles 
round-trip, 2 years 
total 

$67 to $130 million; 
$85,OOO/yr 
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Table 2.2. Summary of Environmental Impacts Associated with the Various Alternatives for Long-Term Management 
of the NFSS Wastes and Residues 

Environmental Impact 

Projected injuries and deaths: 

Transportation 

Occupational (nontransp.) 

Additional radiological 
health effects (primarily 
cancers) resulting from 
act ions: 

Genera 1 pub 1 i c 

Workers 

Additional radiological 
health effects (cancers) 
at year 1000 (assuming loss 
of control at 200 years and 
erosive land use) 

Time to erode cap 
(assuming loss of controls 
at year 200) 

Onsite well contamination: 

Radium-226-

At year 1000 

Time to reach maximum 
concentration 

Other chemicals 

Radon-222 gas releases from 
buried wastes and residues: 

Until year 201 

At year 1000 

Land-use commitment 

Ocean disposal impacts 

Alternative I 

None 

0.13 lnJuries, 
0.0015 deaths 

<0.0000005 

0.0013 

<0.00021 per 
million persons 
per year 

650 to 
1,100,000 years 

1,100 pCi/l 

1,800 yr 

Negligible 

A lterna t i ve 2a 

0.19 injuries, 
0.11 deaths 

12 injuries, 
0.0064 deaths 

<0.0000005 

0.0051 

<0.0000005 per 
mi 11 ion persons 
per year 

1,300 to 
2,200,000 years 

380 pCi/L 

3,600 yr 

Negligible 

Alternative 2b 

0.19 injuries, 
0.11 deaths 

24 injuries, 
0.012 deaths 

0.017 

0.10 

<0.0000005 per 
mi 11 i on persons 
per year 

1,300 to 
2,200,000 years 

42 pCi/L 
3,600 yr 

Negligible 

A lternat i ve 3a 

66 injuries, 
3.9 deaths 

100 injuries, 
0.044 deaths 

0.090 

0.24 

0.00074 per 
million persons 
per year" 

1,500 to 
1,800 years 

None 

35,000 yr 

Negligible 

A lterna t i ve 3b 

22 injuries 
1. 4 deaths 

100 injuries, 
0.042 deaths 

0.066 

0.15 

<0.0000005 per 
million persons 
per year 

2,400 to 
420,000 years 

None 

7,000 yr 

Negligible 

Negligible Negligible Negligible 29 pCi/m2/s" Negligible 

9.6 pCi/m2/s Negligible Negligible 110 pCi/m2/s* Negligible 

Temporary (NFSS) Permanent (NFSS) Permanent (NFSS) Permanent (Hanford) Permanent (Oak Ridge) 

None None None None None 



Environmental Impact 

Projected injuries and deaths: 

Transportation 

Occupational (nontransp.) 

Additional radiological 
health effects (cancers) 
resulting from actions: 

Genera 1 pub 1 i c 

Workers 

Additional radiological 
health effects (cancers) 
at year 1000 (assuming loss 
of control at 200 years and 
erosive land 'use) 

Time to erode cap (assuming 
loss of controls at year 200) 

Onsite well contamination: 

Radium-22&-

At year 1000 

Time to reach maximum 
concentration 

Other chemicals 

Radon-222 gas releases from 
buried wastes and residues: 

Until year 201 

At year 1000 

Land-use commitment 

Ocean disposal impacts 

Alternative 4a 

6.9 injuries, 
0.44 deaths 

3& injuries, 
0.018 deaths 

0.054 

0.18 

0.0061 per 
million persons 
per year" 

Hanford, 2,300 
to 2,800 yr; 
NFSS, 1,300 
to 2,200,000 yr 

Hanford, None; 
NFSS, 3.6 pCi!L 

Hanford, 35,000 yr; 
NFSS, 3,600 yr 

Negligible 

Table 2.2. Continued 

Alternative 4b 

22 injuries, 
1. 3 deaths 

85 i njuri es, 
0.038 deaths 

0.30 

0.20 

0.0061 per 
million persons 
per year" 

Hanford, 2,300 
to 2,BOO yr; 
wastes in ocean 

None 

Hanford, 35,000 yr; 
wastes in ocean 

Neqligible 

Hanford, 300 pCi!m2!s;" Hanford, 300 pCi/m2 /s* 
NFSS, Negligible 

Hanford, 1,100 pCi!m2/s;* Hanford, 1,110 pCi/m2/s* 
NFSS, Negligible 

Permanent (Hanford) Permanent (Hanford) 
Permanent (NFSS) 

None Negligible 

Alternative 4c 

2.5 injuries, 
0.15 deaths 

42 injuries, 
0.018 deaths 

0.040 

0.12 

<0.0000005 per 
million persons 
per year 

Oak Ridge, 1,800 
to 310,000 yr; 
NFSS, 1,300 
to 2,200,000 yr 

Oak Ridge, None 
NFSS, 3.6 pCi/L 

Oak Ridqe, 7,000 
NFSS, 3,600 yr 

Neqligible 

yr; 

Oak Ridge, Negligible; 
NfSS, Negligible 

Oak Ridge, Negligible; 
NFSS, Negligible 

Permanent (Oak Ridge 
Permanent (NFSS) 

None 

A I ternati ve 4d 

17 injuries, 
1. a deaths 

91 injuries, 
0.040 deaths 

0.28 

0.13 

<0.0000005 per 
mi 11 ion persons 
per year 

Oak Ridge, 1,800 
to 310, 000 ,yr; 
wastes in ocean 

None 
None 

Oak Ridge, 7,000 yr; 
was tes in ocean 

Negligible 

Oak Ridge, Negligible 

Oak Ridge, Negligible 

Permanent (Oak Ridge) 

Negligible 

"If DOE decides to implement any of the Hanford alternatives, the containment system would be designed to meet the 20 pCi!m2 /s radon 
emission guideline. For Alternative 3a (wastes and residues removed to Hanford), a release 'rate of 20 pCi!m2/s would result in· 
approximately the same dose as is calculated for the 29 pCi!m2!s release estimated for the conceptual design given in this EIS. For 
Alternatives 4a and 4b (residues only to Hanford), the dose would be approximately 10 times less than that calculated for the 
300 pCi/m2/s release. However, the total dose to the general public would still be several orders of magnitude higher than for any 
of the alternatives involving long-term management of the wastes and residues in a humid environment (at NFSS or Oak Ridge). 
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DETAIL"WEST DIkE 

~:;RAGE 
ORIGINAL GRADE 

NFSS 
ALTERNATIVE 1 

2 - 3 % SLOPE 

SOUTH 

rGRASS 

0.45 m SOIL 

NOT TO SCALE 
(Vertical Scale Exaggerated) 

CLAY CUTOFF WALL 
(VARIABLE 0.9 -7.5 m DEEP) 

TRUE SCALE 
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(1.2 -2.7 m DEEP) 

~c>0'o 8 -10% 2 -3 % SLOPE t 
~.<===================~">.~ 7.2 m HIGH 1t-.. --------270 m LONG ---------1.1· 

Figure 2.1. Conceptual Design for Interim Management of NFSS 'Wastes and Residues at NFSS, Alternative I--No Action. NOTE: As of 
April 1986, the interim cap has been constructed over all of the containment area except the southern portion where 
the residues are located: I~ this EIS, the conceptual design for the interim' cap included a O.15-m (O.5-ft) sand layer 
between the clay and soil. A minor design modification eliminated this sand layer. 
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During the maintenance and monitoring period, various physical and biological forces will tend to 
gradually diminish the integrity of the containment system (Section 4.2 and 4.3). However, the monitor
ing system will be designed to detect changes in the containment system and any increase in radioactive 
releases to the environment; corrective actions will be taken as necessary. The drainage system 
(ditches) above. and below NFSS will need to be controlled and maintained so that the containment 
system is not jeopardized (Section 4.2.1). Cumulative radiological releases, doses, and health effects 
are expected to continue to be insignificant (Table 2.2, Sections 4.1.2 and 4.1.4). Any failure of 
the containment system (expected to be less durable than under the other NFSS alternatives) will 
probably generate negative publicity with attendant social impacts (Section 4.6). 

During the long-term period, if all controls cease, the cap will continue to erode and will not 
be repaired. Complete erosion of the cap is projected to take from 650 to 1,100,000 years, depending 
primarily on the use of the land (Section 4.2.1). The integrity of portions of the cap could be 
jeopardized earlier by gullying, slumping, flooding, extended drought, severe earthquake, or biotic 
intrusion (Sections 4.2 and 4.3). At year 1000, under the most erosive land use, there will be 
increased releases of both radon-222 and particulates from the exposed wastes. Because only the 
wastes will be exposed at that time (the residues will be buried very deeply), the radon releases are 
expected to be very low (only 9.6 pCi/m2 /s--Table 2.2 and Section 4.1.2). The resulting additional 
health effects in the exposed population will be insignificant (0.00021 health effects/million persons/ 
year). 

If controls cease, a "resident-intruder" could intrude into the contaminated area, build a house 
in the contaminated materials, eat contaminated food grown in an onsite garden, and drink contaminated 
water from a well located at the edge of the contaminated area (see Section 4.1.2). By far the most 
significant radiological pathway, both in terms of dose and adverse health effects, is the inhalation 
of radon-222 gas (and its radioactive decay products) with resulting dose to the resident-intruder's 
bronchial epithelium (lining of the lung) and consequent increased risk of lung cancer. Assuming that 
the NFSS wastes and residues are not dispersed at the time of intrusion, the resident-intruder will 
incur a dose of 8,000,000 mrem/yr to the bronchial epithelium (Section 4.1.2). This dose is expected 
to result in death within a few years (excluding other causes of death). If controls are maintained 
or if a method of disposal involving greater confinement of the residues is implemented (Appendix C, 
Section C.3), the risk of this impact occurring will be decreased. 

Radiological and nonradiological (chemical) contamination of groundwater at NFSS is expected to 
be localized (Sections 4.2 and 4.4). The radium-226 concentration in water from a theoretical well 
drilled into the near-surface aquifer adjacent to the diked containment area in the year 1000 is 
projected to be about 1,100 pCi/L (Table 2.2 and Section 4.2.2). The peak concentration is expected 
to be reached in about 1800 years. Wells drilled into this aquifer have limited yield, and because of 
the extremely slow migration of contaminants from the diked containment area, only a few people (e.g., 
one family) are expected to be affected. In the long term, the subsurface clay cutoff wall is expected 
to provide little or no retardation of contaminant migration (Section 4.2.2). 

2.1.3 Mitigative Measures 

The long-term impacts can be reduced by continuing to monitor and take any necessary corrective 
actions. Impacts to a person drinking contaminated well water can be mitigated by instituting controls 
against use of well water from the near-surface aquifer on or near the NFSS containment area (Sec
tion 4.2.2). 

2.2 ALTERNATIVE 2a: LONG-TERM MANAGEMENT AT NFSS, MODIFIED CONTAINMENT 

2.2.1 Description 

Under Alternative 2a, further actions will be taken to improve the long-term containment of the 
wastes and residues at NFSS. Such actions include removal and temporary storage of the upper layers 
of the interim cap and construction of a long-term cap. The sequence of the maj~r activities is 
presented in Figure 2.2. The conceptual design for the long-term cap is presented in Figure 2.3. 
Long-term cap construction will entail enlargement of the waste containment area and will necessitate 
relocation of the central ditch. The long-term cap is 1.7-m (5.5-ft) thicker than the interim cap and 
will have 1.5 m (5 ft) of clay, 0.15 m (0.5 ft) of sand, 1 m (3 ft) of riprap (graded layers of gravel 
and rock), another 0.15 m (0.5 ft) of sand, and 0.45 m (1.5 ft) of topsoil. About 110,000 1Jj3 

(140,000 yd3 ) of fill material will have to be imported to NFSS. Other containment options are 
discussed in Appendix C. 

It is assumed that following construction of the long-term cap, the site will be maintained and 
monitored for 200 years. Only the actual waste containment area, plus a small buffer zone and service 
area totaling 16 ha (39 acres), will be retained under DOE ownership and control (Section 4.6.2). The 
remaining 61 ha (150 acres) of the NFSS will be released for other use. 
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Figure 2.2. Alternatives 2a and 2b--Long-Term Management at NFSS: Major Activities. 
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It is estimated that implementation of this alternative will cost about $3.2 to $6.3 million, and 
perpetual care costs are expected to be about $S5,OOO/yr (Appendix F). 

2.2.2 Summary of Impacts 

As in the no-action alternative (1), radiological impacts to the general publ ic near NFSS are 
expected to be insignificant for Alternative 2a (Table 2.2 and Section 4.1.2). Releases of radon-222 
gas from the diked containment are expected to be negligible (Table 2.2 and Section 4.1.2). Workers 
constructing the long-term cap will incur negligible additional adverse health effects from radiation 
exp6sures (0.0051 health effects, primarily cancers) (Table 2.2 and Sections 4.1.3 and 4.1.4). 

·During the long-term period, if controls cease at 200 years, the modified containment system will 
delay exposure of the contaminated materials. After 1000 years, even under the most erosive land use, 
there will be a cover over the contaminated materials. Consequently, doses to the general public will 
be lower than in Alternative 1 (no action)--less than 0.0000005 health effects/ million persons/yr 
(Table 2.2, Sections 4.1.2 and 4.1.4). A potential resident-intruder will receive the same high dose 
as in Alternative 1 (S,OOO,OOO mrem/yr to the bronchial epithelium--Section 4.1.2). The addition of 
the riprap layer in the cap may initiall'y discourage intrusion. 

Because fill materials will be transporteq relatively short distances to NFSS for construction of 
the long-term cap, transportation-related injuries and deaths are expected to be negligible (Table 2.2 
and Section 4.6). . 

As in the other alternatives, it is expected that maintenance and monitoring activities will 
initially offset the various physical and biological forces acting to diminish the integrity of the 
containment system. If controls cease at 200 years, it is estimated that it will take from 1,300 to 
2,200,000 years for the long-term cap to completely erode, depending primarily on land use (Table 2.2 
and Section 4.2.1). The integrity of portions of the cap could be jeopardized earlier by gullying, 
slumping, flooding, extended drought, severe earthquake, or biotic intrusion--although the risk of 
such adverse effects on the containment system are expected to be less than for the interim cap in 
Alternative 1 (Sections 4.2 and 4.3). 

As in Alternative 1, radiological and nonradiological (chemical) contamination of groundwater at 
NFSS is expected to be slow and localized under Alternative 2a. Because of the improved cap, the 
concentrat ions i i1 water from a theoret i ca 1 onsj,te we 11 at 1000 years are expected to be 1 ess than fn 
Alternative 1 (380 pCi/L for radium-226--Table ·~.2 and Section 4.2.2). The concentration of radium-226 
in the onsite well is expected to peak at a later date (3,600 years--Table 2.2 and Section 4.2.2). 

2.2.3 Mitigative Measures 

Mitigative measures for Alternative 2a are the same as those discussed for Alternative 1. 

2.3 ALTERNATIVE 2b: LONG-TERM MANAGEMENT AT NFSS, MODIFIED CONTAINMENT PLUS MODIFIED FORM 

2.3.1 Description 

In Alternative 2b, in addition to the improved containment system described for Alternative 2a, 
the residues will ~e modified physically and chemically to reduce the rate of long-term migration of 
contaminated materials from NFSS. The residues will be removed from the containment area and pro
cessed to extract valuable constituents (e.g., uranium, cobalt, nickel, molybdenum, and lead). 
Possible procedures that could be used are discussed in Appendix C of this report and in an engineer
ing report by Bechtel National (1984). Once processed, the vitrified (glass) residue slag and precipi
tates will be reburied in the diked containment area, the processing facilities will be decontaminated 
and demolished, and the entire waste-containment area will be covered with the long-term cap. The 
unused portions of NFSS will be released for other use. The sequence of the major activities for 
Alternative 2b is presented in Figure 2.2. 

Before implementation of Alternative 2b is possible, several technical questions relating to the 
residue-modification process must be resolved. More detailed chemical analyses of the residues will 
be required and laboratory experimentation will be necessary to determine the effectiveness of the 
extraction process and the long-term leachability of the slag and precipitates. A potential limita
tion to the implementation of this alternative is achievement of an acceptable level of residual 
contamination in the metals that are extracted from the residues (Appendix C). 

It is estimated that it will cost from $4.4 to $18 million to implement Alternative 2b, and 
perpetual care costs will be about $85,OOO/yr (Appendix F). 

2.3.2 Summary of Impacts 

With removal of the protective cover system and the excavation and processing of the residues, 
radon-222 and particulate releases will increase during the action period. As a result, the doses to 
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the general public and resulting health effects will be higher for Alternative 2b than for Alterna
tives 1 or 2a (Section 4.1.2). However, cumulative doses to the critical organs are expected to _ 
result in negligible additional health effects (only 0.017 health effects in the exposed population of 
3.8 million people--Table 2.2 and Section 4.1.2). During the maintenance and monitoring period and 
the long-term period, radon-222 emissions and resulting doses and health effects will be similar to 
those for Alternative 2a. Modify'ing the form of the residues will not affect radon-222 emissions from 
the containment area because, emissions from the deeply buried residues are not expected to reach the 
surface of the waste-containment area even if the residues are not modified. The long-term health 
effects to the general public will remain negligible (Table 2.2 and Section 4.1.4). Assuming that 
radon-222 emissions from the modified residues are reduced by a factor· of 10 in the long term (see 
Appendix C), a resident-intruder will receive a lower dose, amounting to 800,000 mrem/yr to the 
bronchial epithelium (Section 4.1.2). 

Because there will be more activities involved in implementing Alternative 2b, the risk of worker 
injuries and deaths, transportation-related injuries and deaths, and radiation health effects asso
ciated with occupational exposures will be higher than for the no-action alternative (Table 2.2, Sec
tions 4.1.4 and 4.6). However, such impacts will still be negligible. The NFSS containment area will 
be permanently committed to waste-management use. 

Modification of the form of the residues will not markedly reduce groundwater impacts. The 
concentrat i on of radi um-226 ina theoret i ca 1 ons ite well at year 1000 is predi cted to be about 
42 pCi/L; the time to reach peak concentrations is predicted to be the same as in.Alternative 2a--
3,600 years (Table 2.2 and Section 4.2.2). 

2.3.3 Mitigative Measures 

Mitigative measures for Alternative 2b are the same as those described for Alternative 1. 

2.4 ALTERNATIVE 3a: LONG-TERM MANAGEMENT AT ARID SITE (HANFORD) 

2.4.1 'Description 

Under Alternative 3a, both the residues and the wastes will be excavated from the containment 
area at NFSS and transported on trucks to a waste-management site (218W5 Area) on the DOE Hanford 
Reservation near Richland, Washington (Figure 2.4).* The residues will be packaged in large metal 
boxes and transported either on flat-bed trailers or in shielded vans. The wastes are classified as 
nonradioactive under current transportation regulations and will be shipped in large dump trucks. The 
possible advantages and disadvantages of various methods of removal and packaging, as well as other 
modes of transportation, are discussed in Appendices C and D. About 16,000 truckloads will be needed 
to transport all 190,000 m2 (250,000 yd3 ) of wastes and residues. Major interstate highway systems 
will be followed through 11 states, over a distance of approximately 4000 kID (2500 mi) (Section 3.5). 
Following transport of all wastes and residues to the Hanford site, the excavated areas will be filled 
and regraded, and NFSS will be released for other use. 

At Hanford, the contaminated materials will be buried in trenches in a manner similar to current 
practices for other types of solid radioactive wastes on the Hanford Reservation (U.S. Energy Res. 
Devel. Admin. 1975). Burial of the NFSS wastes and residues will require approximately 42 trenches, 
each 300-m (lOOO-ft) long, 14-m (47-ft) wide, and 4.8-m (14-ft) deep (Figure 2.5). The residues and 
wastes will be covered with 3 m (10 ft) of local earthen materials--including 0.9 m (3 ft) of exca
vated soil s, 0'.9 m (3 ft) of graded ri prap, and another 1. 2 m (4 ft) of excavated soil s. About 
150,000 m3 (200,000 yd3 ) of riprap wi 11 have to be imported to the buri a 1 site (Appendi x D). Other 
containment options are discussed in Appendix C. The waste-management site at Hanford will cover 
about 56 ha (140 acres), including 38 ha (95 acres) in the actual waste-containment area (Sec
tion 4.6.2). The sequence of these activities is presented in Figure 2.6. 

The cost to implement this alternative is expected to range from $130 to $260 million, and 
perpetual care costs will be about $85,OOO/yr (Appendix F). 

2.4.2 Summary of Impacts 

Implementation of Alternative 3a will result in increased radon-222 and particulate releases 
which will affect the general public surrounding NFSS, Hanford, and along the transportation route. 

*Analysis of alternative sites within the DOE Hanford Reservation is beyond the scope of this EIS 
(Appendix G). The DOE RiChland Operations Office has identified the 218W5 area as being a site that 
is reasonable to assume for purposes of analysis and comparison of alternatives in this EIS. It is 
an extension of a large area that is being used for disposal of wastes generated on the Hanford 
Reservation, and it is potentially available for disposal of the NFSS wastes and residues. Site
specific information is available for this site. 
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Figure 2.4. Location of the NFSS Waste-Management Site 
on the Hanford Reservation. Source: Adapted 
from Sula et al. (1982). 
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Releases during the action period will result in doses to the general public that are higher than for 
the no-action alternative (I), but the resulting radiological health effects will still be insignifi
cant (0.090 health effects in the exposed population of several million people at NFSS, Hanford, and 
along the transportation route--Table 2.2 and Section 4.1.4). Radiological health effects for workers 
are expected to be higher than for the general public (0.24 health effects) but will also be negligible 
(Table 2.2 and Section 4.1.4). During the maintenance and monitoring period, radon-222 emissions from 
the wastes and residues buried in the soil-covered trenches at the arid Hanford site will be much 
higher than emissions from the clay-covered containment area at NFSS, A radon release'rate of 
29 pCi/m2/s is predicted (Table 2.2 and Section 4.1.2).* Even though the exposed population is much 
smaller near Hanford, the higher radon-222 emissions are expected to result in a higher cumulative 
dose to the general public near Hanford (Section 4.1.2). The resulting health effects will also be 
higher, but still negligible (0.016 health effects over the maintenance and monitoring period--in a 
population of 240,000 people--Section 4.1.4). At 1000 year5, a55uming all contro15 cease at 200 years 

*If DOE decides to implement any of the Hanford alternatives, the containment system would be designed 
to meet the 20 pCi/m2/s radon emission guideline. For Alternative 3a (wastes and residues removed 
to Hanford), a release rate of 20 pCi/m~/s would result in approximately the same dose as is calculated 
for the 29 pCi/m2/s release estimated for the conceptual design given in this EIS. For Alternatives 4a 
and 4b (residues only to Hanford), the dose would be approximately 10 times less than that calculated 
for the 300 pCi/m2/s release, However, the total dose to the general public would still be several 
orders of magnitude higher than for any of the alternatives involving long-term management of the 
wastes and residues in a humid environment (at NFSS or Oak Ridge). 



NATIVE VEGETATION ~ 

HANFORD 
ALTERNATIVE 30 

1.2 m NATIVE SOILS 
0.9 m RIPRAP 

-----,,tL-- 0.9 m NATIVE SOILS 
~, ~, /-,,/'7",-'1 ,T'""/~/T"\ /-::",/-,/7;", :.-"""-::('7,/.'7./7",!. -:-~~,';-, __ :::-_T', ~ .... -;-\ -; .... 1:-":('/,-, ','"' .,r.} 

- - I .. , \11" ,', ''''/~ )/ ... , " 24m NFSS 
' "\' .-'1-_1'1'~1'1 'r1,'/I'~ 1 ,~./~ ::, -," ':.. ' • 

RESIDUE / -;-.-', I!-- ,::.- 1-::-,-:_:/ -.!.'/ - -.,'---, , WASTES AND 
' I" - , -' II -- 1 I I I' ,- , ,', "I --

PACKAGE ' \' " ,;,,- ~ I -~" ,',,- - RES I DU ES -~~\".J~\" ... \ .... 1'- \;/,"-! -1',' 
-- .. ~\ , .... I .... , ... , , ,"", -

I J-.-----:=-=I~·.~ :==-~.-I----___t.I--. __ I~m ____ .ll--.----___ _ 
, Figure 2.5. Conceptual Design for Management of NFSS Wastes 

and Residues at Hanford, Alternative 3a. 

N , .... 
w 



2-14 

(3a and 3b) 

EXCAVATE ALL WASTES 
AND RESIDUES 

(3a only) 1----------

PREPARE HANFORD 
BURIAL SITE 

KEY 

I 

TRANSPORT TO 
ARID SITE 
(HANFORD) 

BURY WASTES AND 
RESIDUES 

AT HANFORD 

MAINTAIN AND MONITOR 
WASTES AND RESIDUES 

AT HANFORD 
(for 200 years) 

RElEASE NFSS 
FOR OTHER USE 

------.,~. Activities common to 3a and 3b 

------- .. Activities in 3a only 
........................... Activities in 3b only 

(3b only) 

TRANSPORT TO 
HUMID SITE 
(OAK RIDGE) 

STABILIZE WASTES 
AND RESIDUES 
AT OAK RIDGE 

MAINTAIN AND MONITOR 
WASTES AND RESIDUES 

AT OAK RIDGE 
(for 200 years) 

PREPARE OAK RIDGE 
BURIAL SITE 

Figure 2.6. Alternatives 3a and 3b--Long-Term Management at Other Sites: 
Major Activities. 



2-15 

and assuming erosive use of the land, the radon releases will increase to about 110 pCi/m2/s. Radio
logical health effects associated with such releases are expected to be insignificant, amounting to 
0.0022 health effects/million persons/yr (Table 2.2 and Section 4.1.4). Overall, although movement of 
the NFSS wastes and residues to an arid site such as Hanford will decrease radiological risk asso
ciated with groundwater contamination (see later discussion), the total radiological risk will be much 
greater (although insignificant). 

Because of the increased size of the burial ar~a at Hanford relative to NFSS and because the 
residues will not be concentrated in one area as at NFSS, the dose to a resident-intruder's bronchial 
epithelium will be less at Hanford (400,000 mrem/yr) than at NFSS (Section 4.1.2). However, this dose 
will still result in a significant health risk to the resident-intruder. 

Because of the great depth to groundwater and the low rates of infiltration at the arid Hanford 
site, radiological and nonradiological (chemical) contamination of groundwater is not expected to 
occur for thousands of years (Sections 4.2.2 and 4.4). Peak concentrations of radium-226 in a theo
retical onsite well are not expected to be reached until 35,000 years (Table 2.2). 

Implementation of Alternative 3a is expected to result in a significant risk of lnJury and death. 
Transportation-related injuries and deaths are expected to be 66 and 3.9, respectively. Occupational 
injuries and deaths are expected to be 100 and 0.044, respectively (Table 2.2 and Section 4.6). 
Implementation of this alternative will also permanently commit a small amount of additional land at 
the Hanford Reservation to waste-management use. 

2.4.3 Mitigative Measures 

Radon release rates at Hanford could be reduced by burying the residues deeper (Section 4.1.2 and 
Appendix C). Continuation of controls would mitigate against potential loss of containment and intru
sion into the waste-management site. 

2.5 ALTERNATIVE 3b: LONG-TERM MANAGEMENT AT A HUMID SITE (OAK RIDGE) 

2.5.1 Description 

In Alternative 3b, all the NFSS wastes and residues will be excavated and transported by truck to 
the Pine Ridge Knolls site on the DOE Oak Ridge Reservation near Oak Ridge, Tennessee (Figure 2.7).* 
Approximately 16,000 truckloads will be transported over major interstate highway systems, crossing 
five states, and covering approximately 1200 km (750 mi) (Section 3.5). Following transport of all 
wastes and residues to the Oak Ridge site, excavated areas at NFSS will be filled and regraded and 
NFSS will be released for other use. ' 

The wastes and residues will be stabilized in several mounds on top of the knolls at the Pine 
Ridge Knolls site. The mounds will be covered with a long-term cap similar to that described for NFSS 
(Figure 2.8). Other containment options are discussed in Appendix C. Large amounts of fill material 
(530,000 m3 [700,000 yd3 ] of clay, rock and soil) will have to be imported to the Pine Ridge Knolls 
site to construct the containment system (Appendix D). A total of 24 ha (60 acres) will be needed at 
the Oak Ridge site, including 12 ha (29 acres) for the actual waste-containment area (Section 4.6). A 
major technical uncertainty in implementing this alternative is whether or not there will be enough 
space on top of the knolls. 

The cost of implementing Alternative 3b is estimated to range from $67-130 million, and perpetual 
care costs will be about $85,OOO/yr (Appendix F). 

2.5.2 Summary of Impacts 

During the action period, the general public at NFSS, Oak Ridge, and along the transportation 
route will be exposed to radioactive emissions from the 'NFSS wastes and residues. The decreased 
transportation distance to Oak Ridge (versus Hanford) will not significantly affect the cumulative 
population doses. Therefore, the resulting health effects will be almost identical (0.006 health 
effects--Table 2.2 and Section 4.1.4). Doses to workers, and resulting health effects will be insig
nificant and lower because of the decreased transportation distance (0.15 health effects--lable 2.2 
and Section 4.1. 4). Radon- 222 releases from the conta i nment area at Oak Ri dge are expected to be 

*Analysis of alternative sites within the DOE Oak Ridge Reservation is beyond the ·scope of this EIS 
(Appendix G). The DOE Oak Ridge Operations Office has identified the Pine Ridge Knolls site as being 
a site that is reasonable to assume for purposes of analysis and comparison of alternatives in this 
EIS. It is potentially available for disposal of the NFSS wastes and residues and it is not committed 
or proposed for disposal of wastes generated on the Oak Ridge Reservation. Site-specific information 
is available for this site. 
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Figure 2.7. Location of Potential Site for Long-Term Management of NFSS 
Wastes and Residues at Oak Ridge (Pine Ridge Knolls Site). 
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negligible, both during the maintenance and monitoring period and at 1000 years (assuming loss of 
controls at 200 years and most erosive land use--Table 2.2 and Section 4.1.2). Resulting radiological 
health effects will be insig~ificant (Table 2.2 and Section 4.1.4). 

Because of the increased size of the burial area at Oak Ridge relative to NFSS (thus lowering the 
average radionuclide concentrations in the burial area and spreading the residue conta'iners among the 
wastes), the risk to the resident-intruder is expected to be about the same as at Hanford (Sec
tion 4.1.2). 

Transportation-related injuries and deaths are expected to be slightly lower for Alternative 3b 
than for Alternative 3a (Hanford) (22 injuries and 1.4 deaths--Table 2.2 and Section 4.6), but they 
will still be significant. Occupational injuries and deaths will be about the same. Implementatio~ 
of this alternative will result in the permanent commitment of land to waste management at the Oak Ridge 
Pine Ridge Knolls Site. There are competing demands for this site for other potential developments 
(Section 4.6.2). There may be significant impact (traffic congestion and road deterioration) associ
ated with the high amount of truck traffic on local roads near Oak Ridge. In addition to the trucks 
hauling the NFSS wastes and residues, there will be about three times as many trucks hauling fill 
material for the containment system (Appendix 0 and Section 4.6.3). Peak traffic will average about 
one truck every minute on work days during two construction seasons. 

Vert i ca 1 mi grat ion of radi 0 1 ogi ca 1 and nonradi 01 ogi ca 1 (chemi cal) contami nants from the NFSS 
wastes and residues to the groundwater at ,Oak Ridge is expected to be very slow and, because of the 
larger groundwater flow, the contaminants will be diluted more than at NFSS (Section 4.2.2). It is 
predicted that groundwater contamination will not occur by the year 1000, and the concentration of 
radium-226 in a theoretical onsite well is not expected to peak until 7000 years (Table 2.2 and Sec
tion 4.2.2). No significant nonradiological contamination of groundwater is expected (Section 4.4). 

2.5.3 Mitigative Measures 

The potential impacts associated with the high volume of truck traffic at Oak Ridge might be 
mitigated to some extent by careful planning and timing of operations (Section 4.6). The intruder 
impacts can be avoided by continuing to control against intrusion. 

2.6 ALTERNATIVE 4a: STORAGE OF RESIDUES AT HANFORD/LONG-TERM MANAGEMENT OF WASTES AT NFSS 

2.6.1 Description 

Under Alternative 4a, the residues will be excavated, packaged, and transported to Hanford as in 
Alternative 3a. Only one-tenth as many truck trips, i.e., 1600, will be needed. The packages will be 
buried in 10 trenches 300-m (1000-ft) long (Figure 2.9). Much less imported fill material (37,000 m3 

[48,000 yd3 ] of riprap) will be required at Hanford. The residues will remain stored in the packages 
to allow near-term retrieval for possible processing or other disposition. About 21 ha (53 acres), 
including 9.3 ha (23 acres) for the actual waste-containment area, will be required (Section 4.6). 

The wastes will remain at NFSS and will be covered with a long-term cap identical to that 
described for Alternative 2a (Figure 2.10). About 120,000 m3 (160,000 yd3 ) of imported fill material 
will be required. DOE will maintain and monitor both the NFSS and Hanford sites. The sequence of 
major activities for Alternative 4a is presented in Figure 2.11. 

The estimated cost to implement this alternative is from $20 to $40 million, and perpetual care 
costs (for the two sites) will be about $130,000/yr (Appendix F). 

2.6.2 Summary of Impacts 

The NFSS residues account for 99% of the radionuclide inventory; thus, removal and transport of 
only the residues to Hanford will result in approximately the same radiological releases and asso
ciated impact as removal and transport of both the wastes and residues (Section 4.1.2). The general 
public and workers will incur 0.054 and 0.18 additional radiological health effects, respectively 
(Table 2.2 and Section 4.1.4). Because the buried residues will not be covered with the NFSS wastes 
in this alternative (the wastes will remain at NFSS) and because the native sandy soils that will be 
used to cover the res i dues have a hi gher radon-diffus i on coeff i ci ent than the NFSS was tes, the 
radon-222 emissions are expected to be higher, i.e., 300 pCi/m2 /s'" (Table 2.2 and Section 4.1.2). 

"'If DOE decides to implement any of the Hanford alternatives, the containment system would be designed 
to meet the 20 pCi/m2 /s radon emission guideline. For Alternatives 3a (wastes and residues removed to 
Hanford), a release rate of 20 pCi/m2/s would result in approximately the same dose as is calculated 
for the 29 pCi/m2 /s release estimated for the conceptual design given in this EIS. For Alternatives 4a 
and 4b (residues only to Hanford), the dose would be approximately 10 times less than that calculated 
for the 300 pCi/m2/s release. However, the total dose to the general public would still be several 
orders of magnitude higher than for any of the alternatives involving long-term management of the 
wastes and residues in a humid environment (at NFSS or Oak Ridge). 
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However. the expected number of additional adverse health effects associated with such releases is 
still expected to be extremely low--an additional 0.14 health effect in the exposed population of 
240,000 people during the maintenance and monitoring period (Sections 4.1.2 and 4.1.4). At the 
year 1000. assuming loss of controls at 200 years and erosive land use, the radon release rate will 
increase to 1.100 pCi/m2/s (Table 2.2 and Section 4.1.2). Resulting adverse health effects will, 
however, still be negligible--0.0061 health effects/million persons/yr (Table 2.2 and Section 4.1.4). 
The risk to a resident-intruder at Hanford will be higher in Alternative 4a than in Alternative 3a 
(dose of 1,600,000 mrem/yr to the bronchial epithelium--Section 4.1.2) because the residues will not 
be e{fectively diluted by the wastes and the average concentration of radionuclides in the waste
containment area will be higher. The risk to a resident-intruder at NFSS will be substantially 
reduced (4,300 mrem/yr to the bronchial epithelium) because only the wastes will remain at NFSS. 

Estimated transportation-related injuries and deaths will be much lower because only the residues 
will be transported (6.9 injuries and 0.44 deaths--Table 2.2 and Section 4.6). Worker injuries and 
deaths will likewise be less because the large volume of wastes will not be moved (36 injuries and 
0.018 deaths--Table 2.2 and Section 4.6). Implementation of Alternative 4a will result in permanent 
commitment of two sites to waste management. 

2.6.3 Mitigative Measures 

Radon release rates at Hanford could be reduced by burying the residues deeper or covering them 
with clay (Section 4.1.2 and Appendix C). Other mitigative me.asures are the same as those previously 
discussed for Alternatives 2a at NFSS and 3a at Hanford. 

2.7 ALTERNATIVE 4b: OFFSITE STORAGE OF RESIDUES AT HANFORD/OCEAN DISPOSAL OF REMAINING WASTES 

2.7.1 Description 

Under A 1 ternat i ve 4b, the residues wi 11 be removed, packaged, and transported to Hanford as 
described for Alternative 4a. All remaining wastes will be excavated, transported in bulk in dump 
trucks to a dock in the New York/New Jersey harbor area (Figure 2.12), loaded onto barges, and trans
ported to the 106-Mile Ocean Waste Disposal Site (Site 106) for dispersal. A more detailed descrip
tion of the ocean dumping operations is presented in Appendix E. 

Following excavation and removal of all wastes and residues from NFSS, the excavated areas will 
be filled and graded and the site will be released for other use. The sequence for the major activi
ties to be accomplished under Alternative 4b is illustrated in Figure 2.11. A potential institutional 
obstacle to implementation of Alternative 4b is the need to obtain an ocean dumping permit lrom the 
U.S. Environmental Protection Agency and the uncertainty as to how the wastes will be classified for 
ocean disposal purposes (Section 4.7). 

The estimated cost of implementing Alternative 4b is $50 to $99 million, and perpetual care costs 
for the residues at Hanford will be about $43,000/yr (Appendix F). 

2.7.2 Summary of Impacts 

During all time periods, the impacts at Hanford for Alternative 4b will be the same as those for 
Alternative 4a. During the action period, the total population doses to the general public (at NFSS, 
Hanford, the Harbor, and along transportation routes) will be greater than for any of the other 
alternatives, resulting in an expected 0.30 additional health effects (Table 2.2 and Section 4.1.4). 
This is mainly because of assumed particulate releases from the NFSS wastes as they are transported 
through the densely populated New York metropolitan area. This impact may actually be much less 
because the wastes will be covered and releases may be less than assumed. This impact is nonetheless 
insignificant considering the several million people in the exposed populations at NFSS, Hanford, the 
Harbor, and along transportation routes. Radiological doses to workers are expected to result in 
about 0.20 additional health effects (Table 2.2 and Section 4.1.4). 

No health effects associated with ocean disposal of the wastes are expected beyond the action 
period (Section 4.1.2) .. The maximum potential dose to an individual is expected to be about 
0.0072 mrem (whole body) and 0.084 mrem (bone)--Section 4.1.2). Because of the low radionucl ide 
inventory of the wastes and the effective dispersal of the wastes in the ocean, the concentrations of 
both the radiological and nonradiological contaminants associated with the wastes is expected to be 
negligible and generally indistinguishable from the naturally occurring concentrations of these 
elements in the ocean (Section 4.5 and Appendix E). 

The impacts at Hanford during the maintenance and monitoring period, during the long-term period, 
and to the resident-intruder will be the same as for Alternative 4a. 
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2.7.3 Mitigative Measures 

In addition to the mitigative measures previously discussed, the potential doses associated with 
release of particulates along transportation routes could be reduced by ensuring that the wastes are 
wen covered during transport and/or by avoiding transporting the wastes through densely populated 
areas (e.g., by going to a different harbor). . 

2. 8 ALTERNATIVE 4c: OFFSITESTORAGE OF RESIDUES AT OAK RIDGE/LONG-TERM MANAGEMENT OF WASTES AT NFSS 

2.8.1 Description 

In Alternative 4c, the residues will be shipped to Oak Ridge, Tennessee, stabilized in one or two 
large mounds on the knolls at the Pine Ridge Knolls site, and covered with a long-term cap similar to 
that described for Alternative 3b. The conceptual design of a mound at the Oak Ridge site is illustra
ted in Figure 2.13. Less imported fill material will be required at Oak Ridge (120,000 m [160,000 yd3 ]) 

and the imported fill required at NFSS will be about the same (100,000 m3 [130,000 yd3 ]--Appendix D). 
About 13 ha (3~ acres) of land will be needed, including 2.7 ha (6.7 acres) for the actual waste
containment area (Section 4.6). The procedures for managing the remaining contaminated wastes at NFSS 
will be identical to those described for Alternative 2a. The sequence of all major activities is 
presented in Figure 2.11. 

The estimated cost of implementing Alternative 4c is $13 to $26 million, and perpetual care costs 
(for the two sites) will be about $130,000/yr (Appendix F). 

2.8.2 Summary of Impacts 

During the action period, the radiological impacts to the general public will be about the same 
for Alternative 4c as for Alternative 4a (remove residues to Hanford instead of Oak Ridge)--Table 2.2 
and Section 4.1.4). During both the maintenance and monitoring period and the long-term period, the 
impacts to the general public will be the same at Oak Ridge as for Alternative 4c (in which both the 
wastes and residues are moved to Oak Ridge--Table 2.2 and Section 4.1.4). Worker radiological health 
effects will also be about the same as in Alternative 4a (Table 2.2 and Section 4.1.4). Radiological 
impacts will be negligible. The risk to a resident-intruder at Oak Ridge for Alternative 4c wi~l be 
somewhat higher than for Alternative 3b at Oak Ridge because the residues will not be effectively 
diluted by the wastes, and thus the average radionuclide concentrations in the waste-containment area 
will be higher. The dose to a resident-intruder's'bronchial epithelium will be about 2,200,000 mrem/yr 
(Section 4.1.2). The risk to a resident-intruder at NFSS will be significantly reduced because only 
the wastes will remain at NFSS (Section 4.1.2). 

All other impacts are expected to be about the same as previously described for Alternatives 2a 
(NFSS), 3b (Oak Ridge), and 4a (movement of residues only to Hanford). Groundwater impacts at NFSS 
are expected to be reduced because of removal of the residues, but groundwater impacts at Oak Ridge 
will be the same. 

2.8.3 Mitigative Measures 

Mitigative measures for Alternative 4c are the same as those previously discussed for Alterna
tives 2a (NFSS) and 3b (Oak Ridge). 

2.9 ALTERNATIVE 4d: OFFSITE STORAGE OF RESIDUES AT OAK RIDGE/OCEAN DISPOSAL OF REMAINING WASTES 

2.9.1 Description 

Alternative 4d is identical to Alternative 4c except that the NFSS wastes will be disposed in the 
ocean instead of remaining at NFSS. The sequence of major activities for Alternative 4d is illustra
ted in Figure 2.11. The estimated cost of implementing this alternative is $42 to $84 million, and 
perpetual care costs for managing the residues at Oak Ridge will be about $43,OOO/yr (Appendix F). 

2.9.2 Summary of Impacts 

During all time periods, the impacts at Oak Ridge will be the same as those discussed for Alter
nat i ve 4,- The impacts at the ocean di sposa 1 site wi 11 be the same as di scussed for A 1 ternat i ve 4b. 
The total impacts during the action period will be about the same as for Alternative 4b (Table 2.2 and 
Sections 4.1, 4.2, 4.3, 4.4, ,4.5, and 4.6). 

2.9.3 Mitigative Measures 

Mitigative measures for Alternative 4d are the same as those previously described for Alterna
tives 2a (NFSS), 3b (Oak Ridge), and 4b (wastes to ocean). 
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2.10 SUMMARY OF MAJOR UNAVOIDABLE ADVERSE IMPACTS AND IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT 
OF RESOURCES 

Implementation of any of the alternatives will permanently commit some land to management of at 
least the NFSS residues, and in some alternatives, the NFSS wastes as well. The near-surface burial 
of the NFSS wastes and residues commits the federal government (or its successor) to perpetual care of 
the burial sites because the residues and wastes will remain hazardous for thousands of years. 

Implementation of any of the action alternatives will unavoidably expose workers to risk of 
injury and death, ranging from a risk of 12 injuries and 0.0064 deaths in the case of Alternative 2a 
(modified containment at NFSS) to 100 injuries and 0.044 deaths for Alternatives 3a and 3b (all wastes 
and residues at Hanford or Oak Ridge). Transport of the wastes and residues will unavoidably expose' 
workers and the public to injuries and deaths associated with transportation accidents, ranging from 
2.5 injuries and 0.15 deaths for Alternative 4c (residues only to Oak Ridge) to 66 injuries and 
3.9 deaths for Alternative 3a (all wastes and residues to Hanford). 

An unavoidable adverse economic impact is the commitment of money to long-term management of the 
NFSS wastes and residues. Initial commitments for the action alternatives range from about $3.2 to 
$6.3 million for Alternative 2a (modified. containment at NFSS) to about $130 to $260 million for 
Alternative 3a (move all wastes and residues to Hanford). Long-term commitments for perpetual care 
are estimated to range from $43,000/yr for Alternatives 4b and 4d (residues only at Hanford or 
Oak Ridge) to $130,000/yr for Alternatives 4a and 4c (in which two different sites must be managed). 

For all alternatives, if controls cease, there will be eventual unavoidable dispersion of the 
radioactive materials to the environment. Prediction of how and when this will occur, and the result
ing environmental impact, is beyond current predictive capabilities. If it is assumed that all controls 
cease in 200 years, predicted loss of the covers over the buried materials ranges from several hundred 
years to more than two million years, depending on the use of the land surface. 

Groundwater wi 11 eventually be unavoi dab ly contami nated ina 11 a lternat ives. At theoret i ca 1 
wells located onsite next to the containment areas, radium-226 concentrations are predicted to peak 
from 1,800 years at NFSS in Alternative 1 (no action) to 35,000 years at Hanford (Alternative 3a, 4a, 
or 4b). 

2.11 SUMMARY OF OTHER TRANSPORTATION OPTIONS CONSIDERED 

There are three potential modes of transport for the NFSS residues and wastes: truck, rail, and 
barge. Truck transport of all wastes and residues was assumed for purposes of detailed analysis of 
the alternatives considered in this EIS. Barge transport has been shown to be unreasonable (Bechtel 
Natl. 1984). Several options were also considered that make use of rail transportation (Appendix 0, 
Section 0.5). These other transportation options fall into three categories: (1) site to site on 
rail, (2) rail with one or two offsite transfers between truck and rail, and (3) rail with truck 
trailers on flatcars (TOFC). It should be pointed out that even in the cases for which the rail move 
begins and ends onsite, trucks will still be required to transfer materials between the rail spur and 
the containment area or disposal location. 

The transportation options that were considered in addition to truck-only transport are shown in 
Table 2.3. Determining the best option for transporting NFSS wastes and residues from the NFSS 
containment area to the alternative disposal sites requires analysis of many complex trade-offs. The 
requirements for construction, equipment, material-handling, and mitigation, as well as potential 
environmental impacts vary among the options. These requirements and impacts are summarized in 
Table 2.3. Within each of the particular options, there are several considerations for the rail 
portion of the move that will influence the rates and environmental impacts. Among these are whether 
or not the railcars move in dedicated trains or general-manifest trains and whether or not the rail
roads own the railcars. Use of dedicated trains will affect turnaround time and routing which, in 
turn, will affect equipment costs and environmental impacts. Railcar ownership affects rail rates 
charged and capital investment required. In addition, the rates that a railroad will charge are 
uncertain because they will be influenced by the special requirements imposed for NFSS wastes and 
residues (routing, transit time, etc.), by the railroad's perception of potential hazards, and by 
concerns about adverse public reaction. The actual rates can only be determined by negotiation with 
the ra i 1 roads. 

The key environmental trade-offs for these other transportation options are: (1) the number of 
waste/residue transfers to be made--with consequent potential increased releases of radioactive materials 
to the environment as well as impacts associated with construction and decontamination/decommissioning 
of the transfer facilities, (2) the proportionate number of transport miles to be covered by truck and 
train--because of the higher per mile risks of injury and death associated with truck transport, and 
(3) the number of rail spurs to be constructed--with consequent construction impacts and dedication of 
1 and. 



Site/Options 

HANFORD 
Truck offsite to rail, 
rail to Hanford, truck to 
trenches 

Truck onsite to rail, rail 
to Hanford, truck to 
trenches 

Truck to Buffalo, NY, TOFC 
ramp; rail to Pasco, WA, 
TOFC ramp; truck to 
disposal trenches 

OAK RIDGE 

Truck offsite to rail, rail 
to Oak' Ridge Reservation, 
truck to disposal mounds 

Table 2.3. Transportation Options Using Railtl 

Facilities 

Offsite transfer facility 
at Niagara Falls with 
trailer washing facility 

Railcar washing facility 
at Hanford 

Rail spur to NFSS 

Railcar washing facility 
at Hanford 

Trailer washing facility 
at Hanford 

Offsite transfer facility 
at Niagara Falls with 
trailer washing facility 

Offsite transfer facility 
at Oak Ridge with railcar 
washing facil ity 

Trailer washing facility 
at Pine Ridge Knolls site 

Transportation 
Equipment 

Requirementst 2 

Low 

Lowest 

High 

Low 

Offsite 
Handling 

Yes 

No 

No 

Yes, two 
locations 

Mitigation 

Covers and washing 
required for both 
trailers and rail
cars 

Covers and washing 
for railcars only 

Covers and washing 
for trailers only 

Covers and washing 
for railcars and 
trailers in two 
locations 

Environmental 
Impacts 

Spills and radio
active releases 
during offsite 
handling 

Rail spur con
struction 

Similar to truck
only, less risk 
of transportation
related injury or 
death 

Spills and radio
active releases 
during offsite 
handling 

N 
I 

N 
'-J 



Site/Options 

OAK RIDGE (Continued) 

Truck offsite to rail, rail 
to Pine Ridge Knolls site, 
truck to disposal mounds 

Truck onsite to rail, rail 
to Oak Ridge Reservation, 
truck to disposal mounds 

Truck onsite to rail, rail 
to Pine Ridge Knolls site, 
truck to disposal mounds 

Truck to Buffalo, NY, TOFC 
rampj rail to Knoxville, TN, 
TOFC rampj truck to disposal 
mounds 



Site/Options 

OCEAN 

Truck offsite to rail, rail 
to rail/barge transfer, 
barge to disposal 

Truck onsite to rail, rail 
to rail/barge transfer, 
barge to disposal 

Truck to Buffalo TOFC ramp, 
rail to Elizabeth, NJ, TOFC 
ramp, truck to truck/barge 
transfer, barge to disposal 

Facilities 

Offsite transfer facility 
at Niagara Falls with 
trailer washing facility 

Rail to barge transfer 
facility with railcar 
washing facility 

Rail spur to NFSS 

Rail to barge transfer 
facility with railcar 
waShing facility 

Truck to barge. transfer 
facility with trailer 
washing facility 

Table 2.3. Continued 

Transportation 
Equipment 

Requirementst 2 

Low 

Lowest 

High 

t 1 This table summarizes information presented in Appendix 0, Section 0.5. 

Offsite 
Handling Mitigation 

Yes, two Covers and washing 
locations for trailers and 

railcars 

Yes Covers and washing 
for railcars only 

Yes Covers and washing 
for trailers only 

t 2 For actual numbers of railcars, trailers, and tractors for various project durations, see Appendix 0, Table 0.10. 

Environmental 
Impacts 

Spills and radio-
active releases 
during offsite 
handling at two 
locations 

Rail spur con-
struction 

N 
I 

Spills ~nd radio- N 
lO 

active releases 
during offsite 
handling 

Spills and radio-
active releases 
during offsite 
handling 
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Of the several options involving rail transport of the NFSS wastes and residues, none offer a 
clear advantage over truck-only transport in terms of both costs and environmental impacts. Which 
transportation option is "best" is likely to be different for each type of residue and waste and for 
each offsite disposal alternative. The costs are uncertain because rates have to be negotiated with 
individual railroads and, there are complex trade-offs between capital investments for facilities and' 
equipment and operating costs.', Fi nally, the most economi ca 1 option may not necessarily be the option 
with the least e~vironmental- impacts. A more detailed discussion of rail transportation options is 
presented in Appendix 0, Section 0.5. 
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3. AFFECTED ENVIRONMENT 

Following are descriptions of the affected environments at NFSS, the three alternative sites to 
which the NFSS wastes and residues could be taken (Hanford, Oak Ridge, or the ocean disposal site), 
and the transportation routes. 

3.1 NIAGARA FALLS STORAGE SITE (NFSS) 

3.1.1 Topography, Geology, Soils, Seismology, and Mineral Resources 

The Niagara Falls Storage Site (NFSS) is located south of Lake Ontario on the Ontario Plain that 
begins at the base of the Niagara Escarpment (Figure 1.1) and slopes gently northwest towards Lake 
Ontario. The plain is relatively flat and featureless except for a few broad shallow valleys and the 
Niagara River Valley that lead to Lake Ontario. Elevations at NFSS are uniform, ranging between 96 
and 105 m (315 and 344 ft) MSL; the lower elevations correspond to three man-made drainage ditches on 
the site and the higher elevations correspond to the top of the diked waste containment area in the 
southwest corner of the site. The natural site elevation is approximately 98 m (320 ft) MSL, 

The bedrock of the region is composed of relatively undeformed, flat-lying sedimentary rocks over 
a basement of metamorphic rock. A 270-m (900-ft) sequence of shales and siltstones of the Queenston 
Formation lies at the base of the Niagara Escarpment and comprises the uppermost bedrock unit under 
NFSS. The Queenston Formation underlies NFSS at a depth of approximately 15 m (50 ft) (Acres American 
1981). Unconsolidated glacial deposits overlie the Queenston Formation on the Ontario Plain. At 
NFSS, these deposits consist of five major stratigraphic units (Figure 3.1) (Acres American 1981; 
Wehran Eng. Corp. 1979). 

The silty-loam soils within the vicinity of NFSS belong to the Rhinebeck-Ovid-Madalin associa
tion. These soils are nearly level to gently sloping, deep, and somewhat to very poorly drained. 
They have moderately fine to fine-textured subsoils and are of medium to low value for farming. Poor 
natural drainage is the major limitation to uses such as farming or urban development (Higgins et al. 
1972). Soils within NFSS have been classified in the Niagara County, New York, Soil Survey as "made 
land" (Higgins et al. 1972). Made- land consists of areas that have been filled with stone, brick, and 
other wastes and covered with a thin mantle of soil material. The properties of made land vary widely 
over the NFSS. Under the interim actions, much of the surface soil has either been removed in site 
cleanup operations or used as borrow material to place in the diked area. 

The NFSS lies within the Central Stable Tectonic Region (Eardley 1962). Historically, earth
quakes within this region have generally been of moderate seismic intensity (VI and VII or less on the 
Modified Mercalli scale). Near NFSS in western New York and adjoining Ontario, there is a small 
seismically active area (Hadley and Devine 1974) that is associated with an earthquake event that 
occurred near Attica, New York, 40 km (25 mi) southeast of NFSS (Fox 1970). The configuration of the 
seismic zone around Attica is not well defined, but earthquakes in the Attica seismic zone appear to 
govern the maximum historical intensity at NFSS . 

. No natural resources of importance are known to exist beneath the NFSS facil ity. Although clay 
of the region has been used historically in the manufacture of bricks, no manufacturing facilities 
currently exist near NFSS. Limestone, sand, and gravel are mined and natural gas fields have been 
identified in the region; however, none of these resources has been identified or mined in the NFSS 
area itself (Erie Niagara Co. Reg. Plan. Board 1978b). 

3. L 2 Hydrology, Water Use, and Water Qua 1 ity 

3.1.2.1 Surface Water 

The natural surface drainage patterns for the NFSS area are illustrated in Figure 3.2. Histori
cally, only Fourmile, Sixmile, and Twelvemile creeks could have received runoff from NFSS. Stream
flows for Fourmile, Sixmile,. and Twelvemile creeks consist of natural surface runoff, agricultural 
drainage, and treated and institutional waste discharges (N. Y. State Dep. Environ. Conserv. 1975). 
The creeks are intermittent through much of their reaches, and they discharge into Lake Ontario. 

In the 1940s, a system of ditches was constructed (as part of the Lake Ontario Ordnance Works) to 
drain surface waters to the central drainage ditch. Sixmile Creek, which originally flowed through 
the site, was diverted to the southwestern drainage ditch just outside the southwest corner of the 
site boundary, and surface waters from the southeast area that had flowed east into Twelvemile Creek 

3-1 



GENERALIZED 
COLUMN 

THICKNESS 
(meters ),...,...,....,...,.,......( 

0-1.5 

3-6.9 

3.3-8 .. 7 

0-3.6 

0-3 

270+ 

~ .. 

ENGINEERING SOIL 
CLASSIFICATION'" 

3-2 

DESCRIPTION 

Brown or yellow-brown silt with varying percentages 
of organics. In many areas, this unit is indistin
guishab le from the underlyi ng unit. Soi 1 often con
tains·sand and gravel. Generally dry and of loose to 
medium density. . 

Predominantly brown to red-brown clay containing 
significant amounts of silt and sand, with lesser 
amounts of gravel. Portions of this unit are often 
clayey silt. Occasionally, entire unit is composed 
of clayey, silty sands and/or gravels, but these are 
generally restricted to the basal area. Soil is 
usually dry and of medium relative density. 

Gray or gray-brown clay with varying amounts of silt 
and sand. Gravel is generally small in size and dis
persed randomly. Occasionally, the sand, silt, or 
gravel becomes the dominant constituent of the soil, 
especially in the transitional zone at the base. 
Consistency is soft to medium. Unit is generally 
saturated and is slightly to moderately plastic. 

Unit is composed predominantly of gray or brown sandy 
silt. Generally a transitional zone, it can range 
from almost clean sand to silty clay. Gravel quan
tit i es vary from absent to bei ng over 50% of the 
unit. Zone is site-continuous, with rare localized 
absences due to erosion. Unit is wet. 

Red to red- brown clayey s i 1 t. Grave 1 present 
throughout, occasionally in quantity. Unit is 
common ly present where bedrock is topographi ca lly 
depressed. Soil is generally dry and has a relative 
density classed as dense to very dense. 

Queenston Formation. Red to brown-red shale and 
siltstone. Occasional lenses of green siltstone are 
common. Bedding is thin and horizontal. Upper zone 
of rock is slightly to moderately weathered, with 
some calcite replacement on the wider fractures. 
Clay is present on some weathered surfaces. 

KEY: 

~
Major Soil Types 

~Soil Type Variations 
1:1 .,/ or Transitional Soils 

GM . Si Jty qraveJs.. poorly graded gravpl·sand-si It mixtures. 
GC .' ClayE'Y gravels, poorly graded qravE'l-sand-eJay mi){tures. 
SW ... We 11 graded sands. gray£> II y sands; 1 itt 1 eo or no f i np5o. 
SP - Poorly graded sands, gravp)ly sands~ littlE' or no fines. 
SM - Silty sands, poorly gradpd s.and-silt mixtures. 

"'Soil classification based on the 
Unified Soil Classification System 

se - elayoy sands. poorly gradod sand-c lay mixturos. 
Hl - Inorganic silts and very fine sands, rock. tJour, silty 

or clayoy fino sands ... ith sHght plasticity. 
Cl'" Inorganic clays at low to medium plasticity. gravelly 

clays. sandy clays. si lty clays. loan clays. 
Ol - Organic silts and organic silt-clays of low plasticity. 
OH - Organic clays of IIIt'dium to high plasticity. 

Figure 3.1. Generalized Geologic Column of Formations Under the Niagara 
Falls Storage Site. Source: Adapted from Acres American (1981). 
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were diverted to the South-3l ditch and then to the central ditch (Aerospace Corp. 1982). The exist
ing man-made drainage system of the NFSS and surrounding area is illustrated in Figure 3.3. Site 
runoff via the central ditch discharges into Fourmile Creek. 

The lOO-year flood level within NFSS is estimated to be approximately 97 m (319 ft) MSL, and 
flooding is generally contained within the central drainage ditch (Acres American 1981; U.S. Dep. 
Housing Urban Dev. 1980). Major runoff occurs during the spring and, for most of the year, there is 
very little surface flow. Ponded water is common at NFSS during and following spring snowmen. 
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Figure 3.3. Surface Water Drainage at NFSS and in the Surrounding Areas. 
(Source: Bechtel National, Inc. (1984b) (originally modified 
from Acres American 1981). 
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In 1975; the entire length of Fourmile Creek was classified as "water quality limiting."'" 
However, since that time, the Lewiston-Porter Central Schools have discontinued their discharge to the 
creek upon connection to the Town of Lewiston Sewage Treatment Plant; and the three remaining dis
charges (Bell Aerosystems, Whitnor Chemicals, and Fourmile Creek State Park) have upgraded their 
treatment to conform to New York State criteria governing intermittent streams (N. Y. State Dep. 
Environ. Conserv. 1975). DOE has a State Pollutant Discharge Elimination System (SPDES) permit (see 
Table 4.52) to discharge to the central drainage ditch, but upon completion of the interim remedial 
actions in 1985, no further discharges are anticipated. Currently, discharges from the SCA hazardous 
wastes landfill north of NFSS are piped to the Niagara River rather than the central ditch. . 

No nonradiological water quality information is available for the NFSS drainage ditches. Prior 
to the interim actions. central drainage ditch sediments had elevated concentrations of cobalt, 
nickel, copper, barium, lithium, fluorine, and cesium. West drainage ditch sediments'had elevated' 
concentrations of sodium, cobalt, and lithium (Anderson et al. 1981). Under the interim remedial 
actions, much of these contaminated sediments were removed from the ditches and piaced within the 
diked containment area (Figure 1.2). 

Approximately 90% of the population in Niagara and Erie counties is served by surface water 
supply systems. Surface water from Lake Erie serves 65% of the population and surface water from the 
opper Niagara River serves 25% of the population. Communities north of the Niagara Escarpment (and as 
far as 80 km [50 mi] from NFSS), including Lewiston and Porter townships, receive much of their water 
from Lake Erie and the Niagara River via the Niagara County Water District (Erie Niagara Co. Reg. 
Plan. Board 1978a). 

Fourmile, Sixmile, and Twelvemile creeks are used primarily for boating and fishing (N.Y. State 
Dep. Environ. Conserv. 1975). At their confluence with Lake Ontario, both Fourmile and Twelvemile 
creeks are designated as recreational areas with public swimming sites (Erie Niagara Co. Reg. Plan. 
Board 1978a). 

3.1.2.2 Groundwater 

Within Niagara County, groundwater is present in both the surficial glacial deposits and the 
underlying bedrock. The three most significant water-bearing zones at NFSS are (1) the intermittent 
sand lenses found 3 to 6 m (10 to 12 ft) below ground surface (upper soil aquifer), (2) the brown 
gravelly sand-silt layer found 9 to 12 m (30 to 40 ft) below ground surface (lower soil aquifer), and 
(3) the weathered and fractured upper surface (about 3- to 4.5-m [9.9- to 15-ft] thick) of the 
Queenston Formation beginning about 15 m (50 ft) below ground surface (bedrock ·aquifer). None of 
these water-bearing zones are major aquifers. 

Numerous extensive sand lenses or pockets were found during trench operations for construction of 
the dike and subsurface cutoff wall around the waste-containment area in the southwest corner of the 
site (Bechtel Natl. 1984a). Borings in the east dike area encountered 2-m (7-ft) thick lenses of 
sand, grave l, and cobbles. Isolated sand and gravel 1 enses 4.6-m (15- ft) thi ck were encountered in 
the north dike area. A sand and gravel deposit more than 7-m (20-ft) thick was encountered in the 
west dike area. These lenses are recharged by percolating water. No detailed information is avail
able on the hydraulic conductivity or yield of these sand deposits. Depending on the surface moisture 
regime (rain, snowmelt, etc.), the moisture content of these sand lenses can vary from dry to satura
ted. Interconnection of the sand lenses has not been demonstrated."'''' 

Shallow wells have been drilled to the surficial unconsolidated deposits near NFSS and, although 
water supplies are limited, the wells have yields sufficient for limited use (Johnston 1964). The 
zone that contains the sand lenses is referred to as the upper soil aquifer or upper aquifer. The 
average permeability of the brown sand aquifer (lower soil aquifer) is about 2 x 10- 5 to 2 X 10-6 cmls 
(Acres American 1981). The direction of groundwater flow in this aquifer is uncertain. 

There is a network of underground pipes in the southern portion of the diked containment area. 
The location of known pipes is shown in Figure 3.4. During the interim remedial actions, these pipes 
were either removed or grouted to inhibit or prevent the potential migration of contaminated ground
water along these pipes. 

The lower soil aquifer is generally continuous and confined"''''''' by the less permeable overlying 
gray clay and underlying red till. This aquifer is recharged by leakage through the overlying 

"'''Water Quality Limiting" is defined as waters that do not meet state stream standards and would not 
be expected to meet standards even after application of "best practical treatment" required by the 
1972 Federal Water Pollution Control Act. The classification of Fourmile Creek has apparently not 
been revised since 1975. 

"''''Bechtel National, Inc., is monitoring some of the sand lenses surrounding the containment area to 
determine whether or not the suspected disconnection of the sand lenses exists. 

"'''''''This aquifer has a pizeometric surface that is above the surface elevation of the aquifer. 
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Figure 3.4. location and Fate of Underground Pipes at NFSS. Adapted from drawing of 
Bechtel National, Inc. (Drawing No. 15-DD19-C-03). 

unconsolidated deposits and by upward migration of water from the Queenston Formation. Water in this 
aquifer flows towards the northwest and discharges into Lake Ontario, the Niagara River, and local 
streams and drainage ditches. The average permeability in this aquifer is 1.3 x 10- 3 cm/s (Wehran 
Eng. Corp. 1979), and the groundwater gradient across NFSS is 0.001 (Acres American 1981). 

The major zone of groundwater movement is in the weathered and fractured zone (bedrock aquifer) 
in the upper portion of the Queenston Formation. Where the red till is absent, this aquifer is con
nected with the lower soil aquifer. At NFSS, the groundwater gradient of the bedrock aquifer is 0.001 
(Acres American 1981). Well yields from this aquifer are typically less than 0.0004 m3 /s (7 gpm). 
Well yields of less than 0.00006 m3 /s (1 gpm) are estimated for the lower unweathered sections of the 
Queenston Formation (Johnston 1964). 

The groundwater from all aquifers underlying NFSS is of low quality for drinking water (Acres 
American 1981). Groundwater from the Queenston aquifer is less alkaline than that from the upper 
aquifers. It is also more highly mineralized with higher concentrations of sulfate, chloride, calcium, 
sodium, iron, and magnesium (Johnston 1964). Trace concentrations of lead, barium, nickel, copper, 
chromium, cobalt, selenium, and zirconium have been detected in water samples collected by Battelle 
Columbus Laboratory from periphery wells on the west side of NFSS and from the waste containment area 
(Anderson et a1. 1981). Detail s of water qua 1 i ty samp 1 i ng performed in July 1981 can be found ina 
report by Acres American (1981). (Discussion of background groundwater quality relative to potential 
increases associated with burial of the NFSS wastes and residues is given in Section 4.4). 



3-7 

Groundwater is used to supply approximately 10% of the population of Niagara and Erie counties, 
primarily for small domestic and farm suppli~s in rural sections. Most of this water is obtained from 
the lockport DolomiteaquHer, which is absent north of the Escarpment at NFSS. At NFSS, only very 
sma 11 supp 1 ies can ,be obtai ned from the Queenston shale (Johnston 1964; Eri e Ni agara Co. Reg. Pl an. 
Board 19?8b). Groundwater supplies atNFSS are generally of low yield and poor quality. Only the 
Middleport area (eastern,.Niagara County) is dependent on groundwater for municipal water (Erie Niagara 
Co. Reg. Plan. Board 1978b). The upper aquifers in the glacial deposits near NFSS are sometimes 
capable of supplying adequate groundwater for domestic uses, although these supplies may be depleted 
during dry seasons. 

The results from monitoring several wells located around the containment area are presented in 
annual monitoring reports (U.S. Dep. Energy 1983c, 1983d, 1984). 

3.1.3 Climate and Meteorology 

Niagara County has a humid, continental climate that is moderated by Lakes Erie and Ontario. 
Average annual precipitation is 83 cm (33 in.), which is fairly evenly distributed throughout the 
year. Approximately 140 cm (56 in.) of snow falls, primarily between November and March (Acres 
American 1981). The wind is predominantly from the southwest. 

3.1.4 Ecology 

Western New York is considered to be within the distribution of the beech-maple forest associ
ation (VanKat 1979), but the nature of NFSS soils--i.e., deep, very poorly drained, and poorly aerated 
(Higgins et al. 1972)--suggests that, prior to agricultural development in the 1800s, the vegetation 
of the site was likely a red maple-white oak forest type adapted to these wet conditions (Braun 1972; 
Garrison et al. 1977). This is further supported by the predominance of maple, ash, and oak in the 
canopy of wooded areas of the site. 

The native and agricultural ecosystems of NFSS were completely destroyed by U.S. Army construc
tion activities during the early 1940s (Anderson et al. 1981). Since the mid-1940s, most of the site 
has been untended until recent interim remedial actions. As part of these cleanup activities, about 
two-thirds of the NFSS has now been cleared of vegetation. Prior to the interim remedial actions, two 
other terrestrial plant communities occurred at NFSS: a northern shrub community and a pasture-grass 
community (Anderson et al. 1981). It is likely that these communities were actually old-field communi
ties in the later stages of old-field succession (Mellinger and McNaughton 1975). 

The forest, shrub, and pasture grass communities provided habitat for a variety of wildlife. 
Although no quantitative wildlife surveys have been conducted on the site, mammals that have been 
observed on NFSS (Anderson et al. ,1981) and that are common to Niagara County are typical of those 
encountered in forested and shrub-dominated areas. Surveys of bird populations on and in the vicinity 
of NFSS indicate that at least 60 species breed or are thought to breed in the area. No information 
concerning amphibians and reptiles of the NFSS is available, but it is expected that species charac
teristic of the forests and agricultural communities of the area' (Shelford 1974) are present. 

No species designated as threatened or endangered under state or federal law are known to occur 
in the immediate vicinity of NFSS. However, the site is located within the distribution of a number 
of species considered endangered under the federal Endangered Species Act (Pub. L. 93-205). Among 
these are the bald eagle, American peregrine falcon, and Indiana bat (U.S. Fish Wildl. Servo 1980). 
The arctic falcon is thought to migrate through the state of New York but does not nest there. The 
local office of the U.S. Fish and Wildlife Service had no comments on the NFSS alternatives relative 
to endangered species (Hamilton 1983). 

Aquatic biota are restricted to the drainageways that carry surface runoff from the site (Fig
ure 3.3). The plant communities of the larges't ditches (central ditch, west ditch, and South-31 
ditch) were dominated by cattails and various marsh grasses (Anderson et al. 1981) prior to the 
excavation of radioactively contaminated sediments as part of interim remedial actions. Although the 
interim actions completely destroyed the cattail-marsh grass community. it is likely that this 
community will become reestablished in these drainageways within a few years. 

Little is known of the biota of Fourmile Creek. It has been reported that the creek supports a 
limited spring migration for salmonids such as coho salmon and rainbow trout (Erie Niagara Co. Reg. 
Plan. Board 1978a). The creek also supports spawning populations of northern pike and a variety of 
panfish. Fourmile Creek is also regularly stocked with chinook salmon by the New York State Depart
ment of Environmental Conservation (1981). 

3.1.5 Land Use 

The NFSS is currently enclosed by a fence and is used only for storage of radioactive residues 
and wastes. Most of the site is zoned "1-2, Industrial, no houses permitted" with the exception of 
the northwest portion of the site which is zoned "1-1 Industrial, houses permitted". 
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Land uses immediately adjacent to the site are varied. A hazardous waste disposal facility 
operated by SCAChemical Wast"e Services is located north and east of the site. A sanitary landfill 
operated. by Moderil Disposal, Inc~, is adjacent to the east side of NFSS. South of the site is federal 
government property controlled by the General Services Administration, which is used for training 

. construction equipment operators. There is also a sanitary laridfill south of the site, which is owned 
by the town of Lewiston. West of the facility is a Niagara Mohawk Power Corporation transmission line 
corridor.. Property west of the site is privately owned .. All these properties are located on land 
that was once part of the original Manhattan Engineering District site (Figure 3.5). 

TOWN OF 
LEWISTON 

PRIVATE 
PROPERTY 

NIAGARA 
MOHAWK 

SOMERSET 
GROUP 

~ BALMER ROAD 

0:: 

8 0 
0:: 

cs: 
0 

0:: 0:: 
0 
U en 
IIJ 

~ 
~ 

Z ::l 

-' -' 
0:: 
IIJ 
~ 
0 
Q.. 

X 
~ 
c( 

X 
0 
:E 

cs: 
0:: 
cs: 
C) 

cs: 
z 

PLETCHER ROAD 

TOWN OF LEWISTON 
(SAN ITARY LANDFILL) 

SCA 

(HAZARDOUS WASTE 
DISPOSAL FACI LlTY) 

• •• GS A •• . .. .. . . .. . 

SWANN ROAD 

. . . . . . . . . . 
• • USAF· • 

o 
c( 
o 
a::: 

a::: 
l&J 
~ 
Z 
l&J 
U 

a: 
l&J 
~ 
a::: 
o 
D. 

..... . . ..... . . . . . .. 

i 
N 

Figure 3.5. Current Ownership of the Original Manhattan Engineer District 
Site at the Lake Ontario Ordnance Works. 

o 
c( 
o 
a: 

a: 
IIJ 
~ 
Z 
l&J 
U 

a::: 
l&J 
~ 
a: 
o 
D. 



3-9 

Relative to the waste containment area, the nearest permanent residence is 1.1 km (0.7 mi)· south
west, there is a trai 1 er park 2.6 km (1. 6 mi) northwest on Balmer Road, the Lewi ston-:-Porter Central 
Schools are located approximately 2.4 km (1.5 m) west on Blairville/Creek Road, and SCA Chemical Waste 
Services personnel work outdoors 1.2 km (0.7 mi) to the north. During the summer, there are campers 
at the KOA campground 0.7 km (0.4 mi) southwest on Pletcher Road. Hunters occasionally use the area 
west of the Niagara Mohawk corridor. There are several residences along Pletcher and Creek roads. 

Land uses within the towns (townships) of Lewiston and Porter are predominantly rural and include 
row-crop agriculture, orchards, recreational -areas, old abandoned fields, and second-growth forests. 
Limited population growth in the area is projected~ and the area is expected to remain rural through 
the year 2000 (Table 3.1). A recreational area, Fourmile Creek State Park, is located at the con
fluence of Fourmile Creek and Lake Ontario, about 3 km (2 mi) downstream from the central drainage 
ditch (Figure 3.2). 

Table 3.1. Existing (1975) and Projected (2000) Land Uses for the Towns (Townships) of 
Lewiston and Porter and for Niagara Countyt 1 

Status Commercial/ 
of Resi- Publici 

Location Land Use dential Semipublic 

Town of Lewiston Existing 7.7 6.2 
(10,000 ha) 

Projected 8.0 6.5 

Town of Porter Existing 4.1 4.6 
(8,500 ha) 

Projected 4.2 4.8 

Niagara County Existing 6.4 2.1 
(140,000 ha) 

Projected 6.6 2.2 

t 1 All values rounded to two significant figures. 

Data from Interstate Commerce Commission (1981). 

3.1.6 Population and Socioeconomics 

3.1.6.1 Population 

Percent of Land Area 

Forest/Brush/ 
Outdoor 

Indus- Recreation/ Agri- Water/ Transpor-
trial Vacant culture Wetland· tation 

1.0 32 44 7.7 1.4 

1.0 32 43 7.7 1.4 

1.5 26 62 0.3 1.6 

1.5 26 62 0.4 1.6 

1.7 20 65 3.5 0.9 

1.8 20 65 3.6 0.9 

The primary areas of population near NFSS are the towns of Lewiston, Porter, Niagara, and Niagara 
Falls City--all in Niagara County. From 1970 to 1980, there was a small percent decline in population 
in Niagara County and the town of Porter, a small percent increase in the town of Lewiston (Mathiason 
1981), and somewhat larger population changes in the town of Niagara (+15%) and in Niagara Falls City 
(-17%) (see Table 3.2). From the avail ab 1 e data, it appears that Ni agara County and its borderi ng 
counties (Erie, Genesee, and Orleans) have been experiencing similar patterns of population change 
since 1960 (U.S. Bur. Census 1977). 

Almost three-quarters of the population of Niagara County live in urban areas. Population density 
in· Niagara County in 1980 was about 170 persons/km2 (430 persons/mi2) (U.S. Bur. Census 1982). The 
populations located within a 16-km (lO-mi) and an 80-km (50-mi). radius of NFSS are estimated at 
1,400,000 and 3,800,000, respectively, including populations of b~th the United States and Canada. 
The U.S. 1980 census data were supplied by Urban Decision Systems (1983). The Canadian population is 
based on population density data supplied by Statistics Canada Ottawa (1983). 

3.1.6.2 Economy 

The current economic situation in Niagara County and its municipalities is similar to that of 
nearby areas and the nation as a whole. Although the population of Niagara County declined 6.3% 
between 1959 and 1979, total employment declined only 0.9% over the same time period (Econ. Consult. 
Organ. 1982). This disparity reflects the national trend toward increased female labor force partici
pation rates and a strengthening of the service and retail trades (N.Y. State Dep. labor 1982). 
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Table 3.2. Population and Percent Population Change 
in Niagara County and Selected Municipalities, 

1970-1980 

1970 1980 

County 236,000 227,000 
lewiston 15,900 16,200 

Porter 7,430 7,250 

Niagara 8,370 9,650 

Falls City 85,600 71,400 

Mathiason (1981). 

Percent 
Change 

-4 
+2 

-2 

+15 

-17 

Niagara County experienced a slightly higher rate of unemployment in 1981 (9.9%) in comparison to the 
United States as a whole (7.6%) because a disproportionate number of industries in'10ca1 areas were 
particularly hard hit by the recession (N.Y. State Oep. Labor 1982--p. 11-24). Although few data are 
available to quantify Niagara County's dependence on the tourist industry, nearby Niagara Falls (12 kID 
[7.5 miJ) is an international tourist attraction .and there are many tourist-related businesses in the 
area. 

3.1.6.3 Public Facilities 

There are 16 police and 29 fire stations scattered throughout Niagara County, most of which are 
full-time protection units. Six major hospitals are located within 26 kID (16 mi) of the site, the 
closest of which is 8 kID (5 mil away. Additionally, there are 11 schools within 2.4 to 11 kID (1.5 to 
7 mil of NFSS, with a combined school enrollment in 1982 of about 22,000 ~tudents (Brado 1982). The 
Lewiston-Porter Central Schools are closest to NFSS (within 2.4 kID) and have a combined enrollment of 
just over 3000 students. 

There are several parks and recreational areas near the site. Of the 10 parks in the area, 6 are 
state-owned, 1 is owned by Niagara County, and 3 are municipal parks. Historic sites located near 
NFSS include the Frontier House (6.4 km SW), lewiston Mound (6.4 km SW), Lewiston Portage Landing 
(7.2 kID SW), and Old Fort Niagara (7.2 kID NW) (Erie Niagara Co. Reg. Plan. Board 1978a). Two primary 
attractions, the Our Lady of Fatima Shrine and the Lutz Century Farm, are located within 3.2 kID (2 mil 
of the site. None of these sites is located along the roads that will be used to transport the NFSS 
wastes and residues to other sites. 

Major highway transportation routes near the site are State Route 93 to the north, U.S. Route 104 
to the south, and the Robert Moses Parkway and State Route 18 (Blairville/Creek Road) to the west 
(Figures 1.1 and "3.2). The region is served by Consolidated Rail and the Norfolk & Southern Railroad 
(see Appendix 0). 

The 1981 traffic count data on an hourly and yearly basis along key sections of the transporta
tion routes that could be used to transport NFSS wastes to other sites are listed in Table 3.3. The 
local route to the interstate highway system (Section 3.5.1) is in a semirural area. Several private 
residences are located along the route. 

3.1.7 Radiological Characterization of NFSS Residues and Wastes 

The radiological baseline for analysis of all alternatives in this EIS is the condition of NFSS 
that is projected to exist upon completion of the scheduled interim remedial actions in 1985 (U.S. Oep. 
Energy 1982a, 1982b, 1983a, 1983b). For purposes of analysis in this EIS, the contaminated materials 
at NFSS have been divided into two groups: (1) fesidues (from processing of uranium ores) and 
(2) wastes (mostly soils). Upon completion of interim actions, all residues and wastes will be con
solidated within a 3.4-ha (8.5-acre) diked area in the southwest corner of NFSS (Figure 1.2). This 
area will contain about 190,000 m3 (250,000 yd3 ) of contaminated materials (Table 3.4) having an 
average radium-226 concentration of 3,800 pCi/g (Table 3.5). The area will be surrounded by a dike 
and subsurface" clay cutoff wall and will be capped with 0.9 m (3 ft) of clay, 0.15 m (0.5 ft) of sand, 
and 0.45 m (1.5 ft) of soil. (The depths of the various materials and cover layers are presented in 
Figure 4.3.) 

3.1.7.1 Residues 

For purposes of analysis in this EIS, the residues consist of the K-65 residues, the combined 
l-30 and F-32 residues, and the L-50 residues for a total of 11,000 m3 (15,000 yd3 ) (Table 3.4). The 



Route No. 
or Name 

Balmer 
Roadt2 

18t3 

18 

18 

104 

104 

104 
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Table 3.3. 1981 Traffic Count Data Along Sections of Potential local 
Transportation Routes 

Section 
length 

(kin) 

6.1 

2.7 

1.2 

2.8 

1.1 

0.5 

1.2 

Section Description 

From To 

1800 ft west of 
Dickersonville Road 

CR 86, Blairville Road 

Pletcher Road 

CR 9, Swann Road 

Rt. 18 

Acc. Rbt. Moses Pkwy, 
Rt. 18F 

Rt. 18 

Rt. 18 

Pletcher Road 

CR 9, Swann Road 

Rt. 104, Ridge Road 

Acc. Rbt. Moses Pkwy, 
Rt. 18F 

Rt. 18 

Rt. 265, Military Road 

Count 
Year 

1982 

1981 

1978 

1981 

1979 

1979 

1979 

Estimated for 
Count Yeart 1 

AADT DH 

530 

3,400 

3,300 

3,550 

4,800 

9,700 

14,200 

210' 

200 

260 

310 

710 

1,040 

tl AADT = Annual Average Daily Traffic; DH = Design Hourly Volume (30th highest hourly traffic 
volume in one direction). 

t 2 Data from Wilson (1982). 

t 3 These and all remaining data from New York State Department of Transportation (1982). 

residues formerly belonged to Afrimet-Indussa, an American firm incorporated in the state of New York 
and controlled by Union Miniere, a Belgian firm. As a result of a recent international agreement 
(Section I), the residues now belong to the U.S. government and are the responsibility of DOE. Upon 
completion of interim actions, most of the residues (K-65 and combined l-30/F-32) will be stored in 
Building 411 within the diked area (Figure 1.2). The.L-50 residues are stored in Buildings 413 and 
414. The residues account for less than 6% of the total volume of contaminated materials at NFSS but 
contain 871 Ci of radium-226, or almost 99% of the NFSS radium-226 inventory. The average radium-226 
concentration of these residues is 67,000 pCi/g (Table 3.5). 

K-65 Residues. The K-65 residues (stored in the bottom of Building 411 as of completion of 
interim remedial actions in 1985) resulted from the processing of high-grade African pitchblende ore 
containing 40-50% uranium oxide (Anderson et al. 1981). Most of the uranium was removed, and the 
radium was precipitated as radium sulfate in the residues. Several metal hydroxides (iron, aluminum, 
manganese) and other impurities such as precious metals (Anderson et al. 1981) were also precipitated. 
Some precious metals (e.g., gold, platinum, palladium, silver) were extracted from some shipments of 
the ore prior to processing for uranium. 

The K-65 residues exist as a wet clay containing about 30% water. Two distinct types of materials 
are present within the residues: 73% is characterized as "slimes" (particle size <37 ~m) containing 
recrystallized compounds including radium-contaminated barium sulfate (Table 3.6), and the remainder 
is sand (particle size >37 ~m). Most of the radium (average radium-226 concentration of 220,000 pCi/g) 
is found in the "slimes" fraction. Based on a gamma-ray spectral analysis of the K-65 residues 
(Anderson et al. 1981), it appears that lead-214, bismuth-214, and lead-210 are in secular equilibrium 
(see Glossary) with the parent radionuclide, radium-226. No information is available regarding the 
thorium-230 (parent radionuclide of radium-226) content of the residues, and it is thus assumed that 
the radium-226 and thorium-230 were in secular equilibrium in the pitchblende ore and that only the 
uranium was removed during processing. Therefore, because of thorium-230 decay. the radium-226 concen
trations will remain approximately the same throughout the 1000-year period during which impacts are 
analyzed in this EIS (Section 4). Anderson et al. (1981) estimated the uranium-238 concentrations in 
these residues to be between 470 to 650 pCi/g (140 to 1965 ppm). The residues contain small amounts 
of other radionuclides resulting from decay of the small amount of uranium-235 (Anderson et al. 1981). 

l-30 Residues. The L-30 residues (stored in Building 411 as of completion of interim remedial 
actions in 1985) resulted from the extraction of uranium from low-grade pitchblende containing about 
10% uranium oxide. Based on a gamma-ray spectral analysis of the L-30 residues, it appears that 
uranium-238 concentrations vary greatly, ranging from 280 to 1660 pCi/g (830 to 5000 ppm) (Anderson 
et al. 1981). The average radium-226 concentration is about 12,000 pCi/g (Table 3.5), and it appears 
that the daughters of radium-226 are in equilibrium with the parent radionuclide. 



Table 3.4. Estimated Volumes of Contaminated Materials at NFSS 
as of Completion of Interim Remedial Actions in 1985 

II. Wastes 

A. Contaminated Soil s, B. Contaminated Portions of 
I. Residues R-I0 Residues , etc. Containment Slstem 

Volumet l Volumet l Volumet 1 

Description m3 yd3 Description m3 yd3 Description m3 yd3 

K-65 3,000 4,000 R-I0 area, 1~72 cleanup 11,500 15,000 413/414 covers (over 750 1,000 
above groundt 2 L-50 residues) 

L-30/F-32t 3 6,500 8,500 
R-I0 area, 1980, below 1/5 N diket 6 3,000 4,000 

L-50 1,500 2,000 groundt 4 26,500 35,000 
1/5 S diket 6 750 1,000 

N dike area, 1982 12,000 15,500 
add'lt 5 S dike backfillt8 7,000 9,000 

N dike area, 1983-1985 30,500 40,000 1/5 interim cap over 10,500 14,000 w , 
add'lt 7 N + S diked areast 10 ..... 

N 

Bldg. 411 covert 7 9,000 11,500 

N + S dike area 10,000 13,000 
(remaining bottom)t 9 

S dike area buildings 9,000 11,500 
and rubble 

S dike area, add'l 14,000 18,000 
from other vicinity 
propertiest 8 

Subtotal 11,000 14,500 122,500 159,500 22,000 29,000 

20% Contingency NA NA 24,500 32,000 4,500 6,000 

Middlesex sands (residues) Neglig. Neglig. 

R-I0 residues 7,000 9,500 

TOTAL 11,000 14,500 154,000 201,000 26,500 35,000 

GRAND TOTALt l = 190,000 m3 (250,000 yd3 ) 



tl Rounded to nearest 500 m3 (500 yd3 ); grand total rounded to two significant figures. During the interim remedial actions, the volumes of 
residues were found to be less than the estimates used in the analyses in this EIS. 

t 2 About 11,500 m3 (15,000 yd 3 ) of contaminated soils were placed in the R-I0 area during a 1972 remedial action. Analysis of the data for 
core samples taken in 1980 (Anderson et a1. 1981) generally confirms this amount. Based on the Anderson data and an engineering drawing 
of the R-I0 area prior to commencement of interim remedial actions in 1982, there were about 18,500 m3 (24,000 yd3 ) of contaminated soils 
and residues (with radium-226 concentrations greater than 15 pCi/g) above the original grade in the R-I0 area (covering about 1.6 hec
tares or 4 acres). Subtracting the 7,000 m3 (9,500 yd3 ) of R-I0 residues, there were about 11,000 m3 (14,500 yd3 ), of contaminated soils 
above ground. 

t 3 The L-30 and F-32 residues have been combined during the interim remedial actions. 

t 4 Based on the core samples taken in 1980 (Anderson et a1. 1981) and the abovementioned drawing, there was an estimated 26,500 m3 

(35,000 yd 3 ) of contaminated soils (greater than 15 pCi/g radium-226) below the original grade. It was conservatively assumed that 
the 15 pCi/g contaminated contour approached the shape of'an upside-down wedding cake. The greatest depth of contamination was 3.75 m 
(12.5 ft). for alternatives involving removal of NFSS wastes, it is also assumed that after excavation of these contaminated soils, the 
area would be backfilled with clean soil materials such that the top 15 cm (6 in.) would not exceed radium concentrations of 5.0 pCi/g. 

t S It is assumed that the portion with radium-226 concentrations between 5 and 15 pCi/g could not be practicably separated from the portion 
with concentrations greater than 15 pCi/g. 

t 6 It is assumed that it would be practicable to selectively remove about 0.6 m (2 ft) of clay material from the insides of the dikes as 
contaminated material for shipment offsite. It is also assumed that any decision to remove such materials would be within the next few 
years such that radionuc1ides from contaminated materials stored within the diked areas would not have had sufficient time to migrate 
through the clay dikes more than 0.6 m (2 ft). 

t 7 Of the estimated 39,400 m3 (51,500 yd3 ) of contaminated materials to be cleaned up both onsite and offsite during the 1983-1985 interim 
remedial actions, about 30,600 m3 (40,000 yd3 ) would be placed in the north dike area and 8,800 m3 (11,500 yd3 ) would be placed over the 
dewatered residues in Bldg. 411. 

t 8 There are several properties in the vicinity of NFSS that were recently surveyed to determine if contaminated materials occur in 
sufficient concentrations to necessitate removal of these materials and placement within the diked areas at NFSS. Such cleanup will be 
part of the ongoing interim remedial actions, the completion of which is assumed to be the base case under the no-action alternative for 
this EIS. In addition to the space occupied by the buildings, rubble, and residues within the south diked area, there is an additional 
volume of 20,600 m3 (27,000 yd3 ) that could be filled with any materials from these vicinity properties, supplemented with uncontaminated 
(clean) fill material, as necessary, to provide a base for the interim cap over the entire diked area. Estimates for respective amounts 
of contaminated and clean fill materials will not be available until radiological survey reports have been finalized, the need for 
interim remedial action established, and preliminary engineering studies made. For purposes of analysis in this EIS, it is therefore 
assumed that 13,800 m3 (18,000 yd 3 ) will be slightly contaminated vicinity-property materials and 6,900 m3 (9,000 yd3 ) will be clean fill 
and that all of this material would have to be treated as contaminated for removal under the offsite alternatives. 

t 9 3.4 hectares minus 1.6 hectares (1980 R-I0 pile area) minus 0.2 hectares (dikes) = 1.6 hectares. 1.6 hectar~s x 0.6-meter deep (assumed 
average depth of contamination) = 10,000 m3 [8.5 acres minus 4 acres (1980 R-I0 pile area) minus 0.5 acre (dikes) = 4 acres. 4 acres x 
2-feet deep (assumed average depth of contamination) = 13,000 yd 3 J. 

t lO 3.4 hectares x 0.3 m (assume top 1.2 meters can be removed as uncontaminated materials = 10,500 m3 [8.5 acres x 1 foot (assume top 
4 feet can be removed as uncontaminated materials) = 14,000 yd3 J. 
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Table 3.5. Estimated Radium-226 Inventory in Contaminated Materials at NFSS 
as of Completion of Interim Remedial Actions in 1985 

Volumet l 

Description (m3) 

Residues 

K-65 residues 3,000 

l-30 residuest8 6,000 

F-32 residuest8 500 

l-50 residues 1 1500 

SUBTOTAL 11,000 

Wastest9 

R-10 area 1980, incl. 
R-IO residues 45,000 

Remaining contaminated 
soils, etc. 83,500 

Contaminated portions of 
containment system 22,000 

20% contingency on non-
residue materials 29 1°00 
SUBTOTAL 179,000 

GRAND TOTAL 190,000 

K-65 residues 

L-30/F-32 residues 

l-50 

TOTAL 

Dryt2 

(kg/m3) 

l,150tS 

1,240tS 

1,180tS 

1,050tS 

Density 

1,200t 10 

1,200t IO 

1,200t 10 

1,200t lO 

% of Total Volume 

1.5 

3.4 

0.8 

5.8 

1,800 

1,800 

1,800 

1,800 

1,800 

1,800 

1,800 

1,800 

Average Conc. 
(dry Wt.)t4 
of Ra-226 

(pCi/g) 

220,OOOt6 

12,000t6 

300t6 

3 1300t6 

67,000 

I 16t" 

36 

3,800 

% of Total Ra-226 Inventory 

88 

10 

0.7 

99 

Ra-226 
Inventory 

(Cl) 

775t 7 

90t7 

0.lt7 

-.2t7 
871 

7.8 

879 

tl Rounded to nearest 500 m3. Grand totals rounded to two significant figures. During the interim 
remedial actions, the volumes of residues were found to be less than the estimates used in the 
analyses in this EIS. 

t 2 Based on volumes and dry weights reported in Anderson et al. (1981). Approximately equal to 
density of dry clay as reported in Peele and Church (1941). The NFSS residues are expected to be 
similar to clays as they are composed primarily of particles smaller than 37 ~m (Litz 1974). 

t 3 Considering the particle-size distribution for the residues (Litz 1974) and the nature of the 
contaminated soils that comprise most of the wastes, it is expected that the damp residues and 
wastes will both have densities similar to wet clay (Peele and Church 1941) upon completion of 
interim remedial actions. 

t4 Damp weight concentrations (condition of residues and wastes as stored in the dikes area at NFSS 
upon completion of remedial actions) will be less. To obtain damp weight concentrations, multiply 
dry weight concentrations by a factor of 1.2 7 1.8, or 0.67. 

t S Densities based on weights and volumes as reported in Table 3-1 of Anderson et al. (1981). 
Assumed to be dry weights since the calculated densities roughtly correspond to the density 
of dry clay (1200 kg/m3) as reported in Peele and Church (1941). 

t 6 Geometric mean of data given in Anderson et al. (1981). 

t 7 Estimated inventory based on dry weights times estimated average concentrations as reported in 
Anderson et al. (1981). 

t 8 The L-30 and F-32 residues have been combined during the interim remedial actions. 

t 9 Volumes of wastes taken from Table 3.4. 

tlO Assumed density of dry clays (Peele and Church 1941); about the same as dry densities of residues. 

tIl Estimated inventory based on average concentration (dry weight) x volume x dry density. 

t 12 No data available. Because most of the soil materials cleaned up during the 1982-1985 remedial 
actions were contaminated as a result of erosion of the original R-10 residues, it is 'assumed that 
the total radium-226 inventory of these materials is no greater than half of the 1980 R-I0 pile 
inventory, or about 2.6 Ci. The average concentration of the 134,500 m3 is therefore 16 pCi/g. 
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Table 3.6, Physical Characteristics of NFSS Residues and Wastes 

Volume Percent of Particle Size (I:!m)t 1 

(m3 ) >840 840-240 240-150 150-74 74-44 44-37 <37 

1. Residues 

K-65 3,000 4.1 9.5 1.8 5.2 4.0 2.3 73.1 

L-30/F-32 6,500 17.1 7.0 1.9 5.4 3.8 5 59.7 

L-50 1,500 17.1 7.0 1.9 5.4 3.8 5 59.7· 

- - - - ------- - - - - - - - -

Percent of Particle Size (I:!m)t 2 

Volume >20 20-2 <2 
(m3 ) (sands) (s i1 ts) (clays) 

II. Wastes 

Primari ly soils 180,000 37 26 37 

t 1 Oata from Litz (1974). 

t 2 Assumed particle-size distribution based on characterization of NFSS contaminated wastes as 
primarily clayey soils. 

F-32 Residues. The relatively small amount of F-32 residues (combined with the L-30 residues in 
Building 411 as part of the interim remedial actions) also resulted from the extraction of uranium 
from African pitchblende ore. Although no spectrographic analysis appears to have been carried out 
for these residues, inventory data suggest that the uranium-238 concentration is 1300-2200 pCi/g 
(4000-6500 ppm) and the radium-226 concentration is about 300 pCi/g (Anderson et al. 1981). 

L-50 Residues. The L-50 residues (stored in Buildings 413 and 414) are the by-product of treat
ment of African pitchblende ores containing approximately 7% uranium oxide. Uranium-238 concentra
tions range from 330 to 700 pCi/g, and the radium-226 concentration is about 3300 pCi/g (Anderson et 
al. 1981). 

3.1.7.2 Wastes 

For purposes of analysis in this EIS, the "wastes" consist of all contaminated materials not 
defined as residues. The wastes total about 180,000 m3 and have an average radium-226 concentration 
of 36 pCi/g (Table 3.5). The wastes consist of two groups of materials: (1) the R-I0 pile in 1980 
and (2) the remaining wastes and contaminated portions of the containment system. 

R-I0 Pile in 1980. In 1980, the R-I0 pile consisted of one large continuous pile of contaminated 
soils and what had originally been the U.S. government-owned R-I0 residues. The R-I0 residues resulted 
from the processing of a pitchblende ore containing about 3.5% uranium oxide. In 1946, about 7,000 m3 

of these residues were placed on the ground north of Building 411. The wind and rain gradually eroded 
these residues into the ditches and other portions of the site. Radionuclides were also leached into 
the ground underneath the pil e. In 1972, some of the nearby soil s contami nated by wi nd and water 
erosion from the pile were cleaned up and pl~ced on top of the pile. Based on reanalysis of survey 
data obtained by Anderson et al. (1981), the R-lO pile in 1980 (above and below ground) contained 
approximately 45,000 m3 of contaminated materials having radium-226 concentrations greater than 
15 pCi/g (11,500 m3 from 1972 cleanup, 26,500 m3 below ground, and 7,000 m3 of the original residues). 
The average uranium-238 concentration in 1980 was 1.7 pCi/g and the average radium-226 concentration 
was 95 pCi/g (Table 3.5). 

Remaining Wastes' and Contaminated Portions of Containment System. Since 1980, contaminated soils 
and sediments have been added to the diked area around the R-IO pile. These wastes resulted from 
cleanup of onsite and offsite areas under the interim remedial actions. Portions of the containment 
system (dikes, cover, underlying soils) will be contaminated as a result of being in contact with the 
contaminated wastes (Tables 3.4 and 3.5). In addition, experience thus far during the interim remedial 
actions indicates that additional soils and cover materials (20% contingency) will probably have to be 
treated as contaminated under alternatives involving removal of the wastes to another location. The 
total amount of remaining wastes and contaminated portions of the containment system is therefore 
estimated to be 134,000 m3 • 

Because most of the remaining wastes and contaminated portions of the containment system were 
contaminated as a result of erosion and leaching from the R-I0 pile, it is assumed that the total 
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radi um- 226 inventory of these materi a 1 s is no greater than half the inventory in the 19BO R-10 pil e, 
or about 2.6 Ci. The average radium-226 concentration of these materials is therefore about 16 pCi/g 
(Table 3.5). . 

3.1. B Nonradio 1 ogi ca 1 Characteri sti cs of NFSS Res idues and Wastes 

3.1.B.1 Residues 

Concentrations of nonradiological elements in the residues are given in Table 3.7. The K-65 
residues have much less cobalt, nickel, and copper and more rare earths, palladium, molybdenum, and 
lead than do the other residues. The L-30 residues have more uranium. All the residues have a small 
amount of gold, platinum, and the other noble metals. It should be noted that broad ranges of concen
trations have been reported for lead and uranium in the K-65 resldues and for uranium, iron, copper; 
and nickel in the L-30 residues. These differences are thought to result from the heterogeneity of 
the residues rather than from uncertainties in experimental sampling techniques. 

3.1.B.2 Wastes 

The -NFSS wastes are neutral to slightly basic. The elemental composition of portions of the 
1BO,OOO m3 of wastes is given in Table 3.B. The range of concentrations represent samples from dif
ferent locations. Weighted average concentrations for the entire 1BO,OOO m3 are also shown in 
Table 3.B. Because most of the wastes are contaminated native soils, the ranges of concentrations 
occurring in uncontaminated soils (worldwide) are also given for comparison. 

In 19BO, one or more locations in the R-10 pile had concentrations of cobalt, nickel, copper, 
lead, and uranium that appear to be in excess of naturally occurring concentrations. In the central 
ditch sediments, fluorine, cobalt, nickel, barium, and uranium appear to be in excess of natural 
concentrations (Table 3.B). 

There are also organic chemicals in the NFSS wastes. During the interim remedial actions, the 
central ditch north of NFSS was excavated and radioactiv.ely contaminated sediments were placed in the 
diked containment area at NFSS. Some of the ditch sediments were contaminated with organic pesticides 
and other organic compounds (Haywood 19B3; Urbanczyk 19B3). Characterization of the organic contamina
tion is limited because only nine samples were analyzed and, for some of the samples, the analyses 
were not sensitive (high upper limits were reported). For analysis in this EIS, it is assumed that 
these organically contaminated wastes comprise 2% of the total NFSS wastes.* Estimated concentrations 
of organic chemicals are presented in Table 3.9. 

3.2 HANFORD 

The Hanford Reservation** is a large, federally owned site of approximately 1500 km2 (570 mi 2 ) 
operated by DOE. It has not been open to the general public since 1943. Except for a few hectares 
occupied by energy facilities, the Hanford Reservation has been designated as a National Environmental 
Research Park (U.S. Nucl. Reg. Comm. 19BI) and is available for environmental research that is com
patible with DOE activities at Hanford. 

The Hanford Reservation is divided into five major subareas: (1) the 100 Area, which borders on 
the Columbia River in the northern section of the Reservation and is the area where plutonium produc
tion reactors were constructed, (2) the 200 Area, which is located in the central area of the Reser
vation and is the area where the nuclear fuel, waste processing, and waste storage facilities are 
located, (3) the 300 Area, which is located near the town of Richland and is the area where the 
research and development laboratori-es and the Fuel Fabrication Facility are located, (4) the 400 Area, 
which is located north of the 300 area and is the site of the Fast Flux Test Reactor, and (5) other 
areas that are not designated under the 100, 200, 300, or 400 areas and are considered to be part of 
the 600 area (U.S. Energy Res. Dev. Admin. 1975). The northwest corner of the 200-West area (designa
ted as the 2IBW5 area) is the alternative site used for purposes of analysis in this EIS.*** A map of 

*This amounts to 3600 m3 , which is a conservatively high estimate based on the amount of material 
excavated from the ditches. 

**The name of the "Hanford Reservation" has recently been changed to the "Hanford Site." However, 
the older, more familiar name is used throughout this EIS to distinguish the large Reservation from 
the small specific site within the Reservation that is assumed for disposal of the NFSS wastes and 
residues. 

***Analysis of alternative sites within the DOE Hanford Reservation is beyond the scope of this EIS 
(Appendix G). The DOE Richland Operations Office has identified the 21BW5 area as being a site 
that is reasonable to assume for purposes of analysis and comparison of alternatives in this EIS. 
It is an extension of a large area that is being used for disposal of wastes generated on the 
Hanford Reservation, and it is potentially available for management of the NFSS wastes and residues. 
Site-specific information is available for this site. 
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Table 3.7. Concentrations of Nonradiological Elements in the NFSS Residuest 1 ,t2 

Concentration ~~Qm~ 
K-65 L-30t 3 L-50 Weighted 

Element Average Range Average Range Average Range Averaget4 

Arsenic 5 27 15-50 31 20-50 2 
Barium 30,000 6,100 1,900-20,000 20,000 15,000 
Boron 300 140 100-200 100 172 
Cadmium <5 <1 <1 2.1 
Cerium 2,000 1,200 1,000-1,500 240 200-300 1,200 
Cesium 1 1.4 1-2 0.71 0.5-1 1.2 
Chromium 100 244 200-300 140 100-200 180 
Cobalt 2,000 5,100 2,600-10,000 7,700 5,900-10,000 4,700 
Copper 500 2,300 1,100-5,000 2,400 2,000-3,000 1,800 
Fluorine 30 -- 39 30-50 50 37 
Gold 0.2 0.37 <0.2-0.7 <0.2 0.28 
Iodine 1 0.35 0.3-1 0.55 0.3-1 0.68 
Iron 5,000 25,000 10,000-66,000 20,000 19,000 
Lanthanum 2,000 1,000 220 100-500 1,100 
Lead 56,000 33,000-95,000 13,000 7,500-23,500 4,900 3,200-7,600 23,000 
Lithium 100 200 200 170 
Manganese 100 31,000 20,000-50,000 71,000 50,000-100,000 30,000 
Molybdenum 10,000 860 500-1,500 300 3,300 
Mercury 0.5 0.3 0.5 0.5 
Neodymium 1,000 160 50-500 100 390 
Nickel 3,000 17,000 6,200-50,000 24,000 20,000-30,000 14,000 
Niobium 50 24 ·20-30 14 10-20 30 
Palladium 20 3.5 2-6.2 2.4 2-3 8 
Platinum <0.5 0.32 0.2-<0.5 <0.5 0.41 
Praesodymium 2,000 55 20-150 24 20-30 590 
Selenium 100 50 39 30-50 62 
Silver <3 1 <0.5-<2 <0.5 1.4 
Strontium 500 240 200-300 240 200-300 310 
Tellurium 20 24 20-30 39 30-50 26 
Thorium 5 2.4 2-3 1.4 1-2 4.8 
Ura.nium 3,800 500-30,000 5,000 830-30,000 790 300-2,100 3,900 
Val1adi um 2,000 2,400 2,000-3,000 2,400 2,000-3,000 1,500 
Yttrium 30 39 30-50 30 35 
Zinc 100 77 30-200 200 100 
Zirconium 300 100 7l 50-100 140 

t l Adapted from Anderson et al. (1981--Appendix F and Tables 3-2, 3-3, and 3-4) and Litz (1974). 
t 2 For many elements, two or more analyses were performed. The lack of range for an entry indicates 

agreement among the analyses or that only one analysis was completed. Averages are geometric means 
of the high and low values in the range or are the single number reported. 

t 3 The small amount of F-32 residues have been combined with the L-30 residues during the ongoing interim 
remedial actions, but the resulting concentrations of elements in the combined residues will be almost 
the same as in the L-30 residues. 

t4 Weighted averages based on: K-65, 28%; L-30, 55%; L-50, 18%. 



Element 

Arsenic 

Barium 

Cadmium 

Cerium 

Chromium 

Cobalt 

Copper 

Fluorine 

Iron 

Lanthanum 

Lead 

Li thi um 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Strontium 

Uranium 

Vanadium 

Zinc 

Zirconium 

Table 3.8. Concentrations of Nonradiological Elements in the NFSS Wastes 

R-I0 Pile in 1980t 1 

Average 

1.6 

230 

0.3 

22 

24 

100 

141 

17 

14,000 

14 

51 

244 

450 

0.3 

240 

0.77 

0.23 

100 

14 

95 

4.4 

100 

Range 

0.5-5 

100-500 

5-100 

20-30 

5-2000 

20-1000 

3-100 

10,000-20,000 

2-100 

4-650 

200-300 

200-1000 

20-3000 

<0.3-<2 

50-200 

1-200 

30-300 

2-10 

10-1000 

Concentration (ppm) 

New Naval Waste Areatl 

Average Range 

1.2 

100 

0.2 

5.5 

16 

7.7 

24 

20 

31,000 

4.5 

17 

63 

450 

0.4 

16 

0.55 

0.14 

77 

5.5 

22 

10 

17 

0.5-3 

20-500 

1-30 

5-50 

2-30 

3-200 

10-50 

10,000-100,000 

1-20 

<0.4-740 

20-200 

200-1000 

5-50 

<0.3-<1 

30-200 

0.1-300 

10-50 

1-100 

3-100 

Onsite Central 
Ditch Sedimentst 1 

Average 

1.2 

500 

0.2 

14.1 

45 

55 

45 

141 
22,000 

7.1 

4.5 

95 

450 

0.3 

100 

0.55 

0.14 

122 

14 

141 

4.4 

12 

Range 

0.5-3 

50-5000 

2-100 

10-200 

10-300 

10-200 

10-2000 

10,000-50,000 

1-50 

<0.4-51 

30-300 

100-2000 

10-1000 

·<0.3-<1 

30-500 

1-200 

30-100 

1-20 

5-30 

. Weighted 
Averaget2 

Natural 
Soilt3 

(Worldwide) 

1. 4 0.1-40 

280 100-3000 

0.26 

17.7 3-170 

28 5-1500 

75 0.05-65 

99 2-250 

48 20-700 

19,000 

11 

34 

180 

450 

0.3 

170 

0.68 

0.19 

100 

13 

96 

5.2 

66 

2000-.550,000 

2-180 

2-300 

3-350 

20-10,000 

0.1-40 

2-750 

4-2000 

0.7-9 

3-500 

1-900 

60-2000 

tl Adapted from Anderson et al. (1981--Section 6, Appendix A, and Appendix I). Ranges as reported in Anderson et al. 
(1981). Averages are geometric means of the high and low values in the range or are the single number reported. 

t 2 Because these are the only wastes for which comparable elemental data are available, a weighted average for the 
total 180,000 m3 of wastes was obtained by weighting the concentrations as follows: R-I0 Pile, 60%; New Nava.l 
Waste Area, 15%; and Onsite Ditch Sediments, 25%. 

t 3 Adapted from Bowen (1979). Data from heavily polluted soils, soils near ore bodies, and serpentine soils have been 
excluded. 
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Table 3.9. Concentrations of Various Organic 
Chemicals in the NFSS Wastes 

Chemical 

PCBs 

Lindane, etc.t3 

Toxaphene 

Heptachlor 

Chlordane 

Dieldrin 

Phenol 

Benzo(a)pyrene 

Estimated Average 
Concentration in 
NFSS Wastest 1 ,t2 

(ppb) 

<26 

<10 

<13 

<10 

<10 

<10 

<10 

<10 

tl Values given are the larger of 2% of the average 
concentrations for the nine samples reported in 
Haywood (1983) and Urbanczyk (1983)--assuming 
organically contaminated wastes comprise 2% of 
the total NFSS wastes--or 10 ppb (which was the 
detection limit in the cited studies). 

t 2 The symbol < indicates that some of the sample 
concentrations were reported as upper limits. 

t 3 Includes several isomers of benzene hexachloride. 

the Hanford Reservation showing the location of the various areas, including the potential NFSS waste 
management area, is shown in Figure 3.6. 

3.2.1 Topography, Geology, Soils, Seismology, and Mineral Resources 

The Hanford Reservation is located on the Columbia River alluvial plain within the central part 
of the Pasco Basin in the Columbia Basin geologic province. The Reservation is bounded to the west 
and north by large ridges (Saddle Mountain and Rattlesnake Hills); to the east by the Columbia River; 
and to the southeast by the confluence of the Yakima and Columbia rivers (U.S. Energy Res. Dev. Admin. 
1975; Brown and Isaacson 1977). The 200-West Area is located near the west central portion of the 
Reservation on an ancestral Columbia River bar. Elevations in this area range from 200 to 220 m (650 
to 715 ft) above mean sea level. 

Most of the Reservation is underlain by coarse-grained sediments deposited by several glacial 
floods. Because of the continuously semiarid climate in this region for nearly 12,000 years, these 
surficial'sediments have been only slightly weathered. Sediments at or near the ground surface range 
from coarse boulder and cobble gravel in the extreme northern section of the Reservation to coarse 
sand in the southern section. As a result of the semiarid to arid environment, the entire Reservation 
has been blanketed by as much as 15 m (50 ft) of windblown deposits ranging from very fine sands and 
silts to coarse sands. Numerous live dunes and relict dune features also exist within the Reserva
tion. On the west side of the 200-West Area, adjacent to the Yakima and Rattlesnake hills, the 
'sediments grade into silts and fine sands (U.S. Energy Res. Dev. Admin. 1975). 

The Columbia River Plateau Physiographic Province was formed by a 3,700-m (12,OOO-ft) thick 
sequence of basaltic lava flows. Deformation of the accumulated lava created the Pasco Basin 
(U.S. Energy Res. Dev. Admin. 1975; Brown and Isaacson 1977). The major stratigraphic units under
lying the Hanford Reservation in order of decreasing depth are (Figure 3.7): (1) the Columbia River 
Basalts, which exist to depths of greater than 3200 m (10,400 ft), (2) the Ringold Formation, consist
ing of semiconsolidated sediments that were transported and deposited by the ancestral Columbia River 
and accumulated to depths of 400 m (1300 ft), (3) unconsolidated sands, silts, and gravels, and buried 
former river channels of the Hanford Formation that were carried into the area by glacial floodwaters, 
and (4) windblown silt (loess), in part weathered to clay, and fine sand that overlie part of the 
eroded surface of the Ringold Formation (U.S. Energy Res. Dev. Admin. 1975; Brown and Issacson 1977). 
The major stratigraphic units in the unsaturated zone (above the water table) underlying the 200-West 
Area are (1) windblown silt, (2) the Hanford Formation, and (3) the upper portion of the Ringold 
Formation (Figure 3.8). The thickness of the unsaturated sediments ranges from 55 to 81 m (180 to 
265 ft) beneath the 200-West Area. 
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Eastern Washington is in a region of low to moderate seismicity that lies between the western 
Washington and eastern Montana zones of considerably greater seismicity. Earthquakes with intensities 
of MM (Modified Mercalli) VII have occurred in the region (U.S. Energy Res. Dev. Admin. 1975). No 
clearcut relationships of epicenters to specific surface faults or structures capable of faulting are 
recognized in the Hanford area (U.S. Energy Res. Dev. Admin. 1975). 

No mineral resources have been identified within the 200 Area or the Hanford Reservation. 
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Source: Brown and Isaacson (1977). 

3.2.2 Hydrology, Water Use, and Water Quality 

3.2.2.1 Surface Water 

The Columbia River, which is north and east of the site (Figure 3.9), is the dominant hydrologic 
feature in the Hanford area. Flow in the Columbia River is influenced by water usage, including 
upstream reservoir projects. In the Hanford reach of the Columbia River, the water is of excellent 
quality and is used for municipal drinking at Richland and Pasco. Municipal water intakes are located 
both above and below the confluence of the Yakima and Columbia rivers. 

An ephemeral stream that drains the 200-West area, Cold Creek (Figure 3.9), has a relatively 
short reach (about 1 km in length). On rare occasions, flow is sufficient to increase the reach to 
10 km (6 mi). Cold Creek Valley ends at the Yakima River about 48 km (30 mi) southeast of the 200-West 
Area. 

The potential for flooding is generally confined to areas near the Columbia River, which is 
normally about 75 to 90 m (250 to 300 ft) below the 200-West Area. The 200-West site is about 60 to 
75 m (200 to 250 ft) above the probable maximum flood level (U.S. Army Corps Eng. 1969; U.S. Dep. 
Energy 1982d). 
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Figure 3.B. Geologic Cross Section of the 200-West Area. 
Source: Brown and Isaacson (1977). 
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3.2.2.2 Groundwater 

In the Pasco Basin, groundwater is found in both the sedimentary deposits and basalt bedrock. 
Groundwater occurs unconfined in the sedimentary deposits, although locally confined zones exist. 
Water in the basalt bedrock occurs mainly under conf.ined conditions. The general elevation and ." 
configuration of the unconfined aquifer are shown in Figure 3.10. It appears that the water table 
under the 200 Area is about 46 to 100 m (150 to 328 ft) beneath the ground surface. More moisture is 
evaporated from the ground than is recharged by precipitation, and the unsaturated zone is generally 
very dry (Brown and Isaacson. 1977). The bottom of the unconfined aquifer is not a continuous surface; 
in some areas, the bottom is the basalt bedrock and in other areas it is the silt/clay zones of the 
Ringold Formation. 

Precipitation does not directly reach the water table from the flat desert plateau (U.S. Dep .. 
Energy 1982d). The aquifer receives natural recharge from creek valleys west of the 200 Area and from 
runoff along the Rattlesnake Hills (Figure 3.9). Artificial recharge enters the aquifer from waste
processing and -disposal activities that create two groundwater mounds in the 200 Area (Figure 3.10). 
The principal direction of flow is eastward from the recharge areas to the Columbia River (Figure 3.11), 
which is a sink for groundwater discharge. 

The hydraulic characteristics of the unconfined aquifer are quite variable (U.S. Energy Res. Dev. 
Admin. 1977). The vertically averaged hydraulic conductivity for the unconfined aquifer in the 218W5 
Area ranges from 1.2 to 6 m/day (3.9 to 20 ft/day). Values for the storage coefficient ranging from 
0.0008 to 0.2 have been estimated for the Hanford area from field tests (U.S. Energy Res. Dev. Admin. 
1977), but the typical range of storage coefficient values for unconsolidated sediments is 0.05 to 
0.4. Hydraulic properties of the upper confined aquifers are presented in several reports (U.S. Energy 
Res. Dev. Admin. 1975, 1977; Brown and Isaacson 1977; Gephart et al. 1979). 

Groundwater in the Hanford area also exists in the interflow zones of the basalt flows and in 
sedimentary interbeds. The uppermost confined aquifers appear to be hydraulically connected to the 
overlying unconfined aquifer (Brown and Isaacson 1977). Recharge to the confined aquifers results 
from precipitation and streamflow in the mountains west of Hanford; and the groundwater in these 
confined aquifers has the same general west-to-east movement towards the Columbia River. 

3.2.3 Climate and Meteorology 

The climate of the Hanford site is semiarid. Most of the direct precipitation evaporates or is 
transpired by plants; the remainder becomes runoff and infiltration. The average annual precipitation 
is 16 cm (6.3 in.), of which 42% occurs during the November-January period and only 10% occurs in the 
July-September period (U. S. Energy Res. Dev. Admin. 1977). The average summer temperature is 23°C 
(73°F), and the average winter temperature is DoC (32°F). 

At the Hanford meteorological station (located between the 200-West and 200-East areas), prevail
ing winds are from NNW through NW. ,The strongest winds tend to be from the SW and gusts often exceed 
64 km/h (40 mph). Tornadoes are relatively rare and tend to be small, causing little or no damage 
when they do occur (U.S. Energy Res. Dev. Admin. 1975). 

3.2.4 Ecology 

The 200-West Area is located within an area of sagebrush/cheatgrass-Sandberg's bluegrass vegeta
tion (Uresk et al. 1977). This plant community is typical of a shrub-steppe ecosystem adapted to arid 
conditions. Community structure is dominated by low, widely spaced shrubs along with various grasses 
and forbs (between 45 and 70% of the ground surface is covered by vegetation). The lack of native 
herbaceous cover in this community tends to favor invasion of Russian Thistle (tumbleweed)--a weedy, 
introduced speci es. Wi 1 dfi res are a common occurrence on the Hanford Reservation, and fire is 
especially destructive to this plant community because big sagebrush is killed by burning and large 
perennial grasses that can survive fire are absent. Thus, recovery of herbaceous vegetation following 
fire is quite slow (U.S. Energy Res. Dev. Admin. 1975). 

Small mammals occurring on the 200 Area plateau include mice, pocket gophers, voles, rabbits, and 
coyotes (Uresk et al. 1977). Mule deer are occasionally present near the waste ponds in the 200 Area. 
Badgers a 1 so occur in low numbers on the site. It is thought that badgers burrowed into wastes in the 
nearby B-C crib disposal area during the 1950s or early 1960s (Uresk et al. 1977), allowing jack
rabbi ts access to the radi oact i ve materi a 1 s. These materi a 1 s were subsequent ly di spersed to other 
port ions of the Reservation vi a rabbit feces and wi nd or water di spers i on of loose contami nated 
materials brought to the surface by the rabbits. 

Birds are an important element of the shrub-steppe ecosystem, and 27 species are known to breed 
in this habitat on the Hanford Reservation (Uresk et a1. 1977). However, only a few species are 
considered abundant, including the western meadowlark, horned lark, sage sparrow, and black-billed 
magpie. 
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Figure 3.10. Water Table Contour Map for Hanford Area, January 1977. 
Source: Brown and Isaacson (1977). _ 
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Lizards are perhaps the most common reptile species on the 200 Area plateau (Uresk et al. 1977). 
Snake species present in the sagebrush/cheatgrass-Sandberg's bluegrass plant community include the 
w~stern yellow-bellied racer, gopher snake, and striped whipsnake. 

Invertebrates (insects, etc.) play important roles in the shrub-steppe community. Beetles and 
ants are often the major herbivores, and they play an important role in the soil communities. 

No aquatic habitat occurs in the 218W5 area at the Hanford Reservation. 

No endangered or threatened species of vascular plants are known to occur in the 200-West Area 
(U.S. Energy Res. Dev. Admin. 1975; Uresk et al. 1977). However, some endangered or threatened raptors 
use the site, including the American peregrine falcon and bald eagle which migrate across the site. 

3.2.5 Land Use 

In addition to the five subareas of the Hanford Reservation discussed in Section 3.2, an area 
located in the southwest corner of the Reservation has been reserved for long-term ecological studies 
(U.S. Energy Res. Dev. Admin. 1977). North of the Columbia River is a wildlife refuge (also located 
on the Reservation) operated by the Bureau of Sport Fisheries and Wildlife. Also to the north of the 
River is a controlled recreation area used for shotgun and bow hunting and a controlled hunting area 
east of the old Hanford townsite operated by the Washington State Department of Game (U.S. At. Energy 
Comm. 1972). . 

The land-use and zoning status of areas surrounding the Hanford Reservation are varied 
(U. S. Energy Res. Dev. Admin. 1977). Land use includes residential, commercial, industrial, agri
cultural, recreational, and undeveloped. The region is sparsely vegetated and suited primarily for 
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grazing, although large areas of land have recently been brought under irrigation. The major 
urbanized areas are the. towns of ·Richland, Kennewick, and Pasco located to the southeast of the 
Reservation in Benton, and Franklin counties. 

3.2.6 Population and Socioeconomics. 

3.2.6.1 Population 

The Hanford site is located primarily in Benton County, with portions in Franklin and Grant 
counties. Other nearby counties include Yakima and Kittitas. The closest population center is the 
city of Richland, which is located about 50 kID (30 mi) southeast of the 200-West Area. The popula
tions of four of the· five counties increased from 16 to 62% between 1970 and 1980 (Table 3.10). The 
city of Richland experienced a 28% increase over this same time period. County population densities 
in 1980 ranged from 4 persons/klD2 (Kittitas County) to 24 persons/klD2 (Benton county). The 1981 
population located within a 16-kID (10-mi) and an 80-kID (50-mi) radius of the meteorological station 
near the 200-West burial area has been estimated at ° and 258,000, respectively (U.S. Energy Res. Dev. 
Admi n. 1975). 

Table 3.10. Population Data for the Hanford ~eservation Area, 1970-1980 

Population 

County 

Benton 67,500 

Franklin 25,800 

Grant 41,900 

Yakima 145,000 

Kittitas 25,000 

City 

Richland 26,300 

tl U.S. Bureau of the Census 

t 2 U.S. Bureau of the Census 

3.2.6.2 Economy 

Population 
Density 
(no. /km2 ) 

15 

8 

6 

13 

4 

(197ob--pp. 

(1980b). 

Population 

109,000 

30,000 

48,500 

173,000 

24,900 

33,600 

49-15/49-20). 

Population 
Density 
(no./km2) 

25 

9 

7 

16 

4 

% Increase 
in 

Population 
1970-1980 

+61 

+16 

+16 

+19 

-0.4 

+28 

The economy of the counties near the Hanford area is based primarily on agriculture and on energy 
research and production. Between 1970 and 1980, the civilian labor force in the bicounty (Benton
Franklin) area increased from 38,000 to 74.,000 (U.S. Nucl. Reg. Comm. 1981). The civilian labor force 
in the area is also disproportionally represented by service industry jobs compared to other counties 
in the state. 

3.2.6.3 Public Facilities 

Because the Hanford site is a federal facility dedicated to nuclear energy research and produc
tion as well as a natural reserve, there are no population centers or public facilities such as schools 
and hospitals within an 8-kID (5-mi) radius of the 20o-West Area. However, because of rapid population 
growth in nearby Benton and Franklin counties, public services such as schools, public parks, police 
and fire protection, water supply, and sewage treatment experienced some problems in the latter part 
of the 19705. 

There have been numerous findings of archaeological and cultural resources on the Hanford Reserva
tion. Prehistoric, historic, and ethnohistoric sites are reported for the Hanford Reservation and in 
the nearby counties of Benton, Grant, and Franklin. Ethnographic settlements of the Wanapun Indians 
are reported to have persisted in the area (particularly along the Columbia River) until the establish
ment of the Hanford Atomic Works in 1943. In earlier eras, fur traders and wagon trains passed through 
the area, and several historic homesteads may have been located on the Reservation (Rice 1968). An 
archaeological survey has been conducted on a portion of the 1700 km2 Reservation by foot and automobile 
(Rice 1968). Three resource localities and 26 archaeological sites were identified, including campsites, 
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flaking floors. fishing stations. and an historic site. Additional sites have been found during 
surveys cond4cted for specific areas on the Reservation as part of investigations associated with 
particular energy projects (U.S. Nucl. Reg. Comm. 1981). Because the Reservation-wide reconnaissance 
did not identify any cultural resources in the 200-West Area, the 218W5 site has not been surveyed for 
the presence of cultural resources. The State of Washington. Office of Archaeology and Historic 
Preservation, has recommended that professional cultural resource surveys of the area be conducted 
(Wash. Off. Archaeol. Hist. Preserv. 1983). 

Th_e U.S. Department of the Interior (1980, 1983) has listed 18 properties in the National 
Register of Historic Places for the Hanford region (Table 3.11). 

Table 3.11. National Historic Places near Hanford 

location Description 

Benton County 

Paterson vicinity 

Prosser vicinity 

Prosser vicinity 

~Prosser vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Richland vicinity 

Franklin County 

lyons Ferry vicinity 

Richland vicinity 

Telegraph Island Petroglyphs: 2 mi SW of Paterson on Telegraph Island 

Benton County Courthouse: Dudley Avenue and Market Street (12-12-76) 

Prosser Steel Bridge 

Glade Creek Site: SE of Prosser 

Hanford Island Archaeological Site: 18 mi N of Richland 

Hanford North Archaeological District: 22 mi N of Richland 

locke Island Archaeological District: about 25 mi N of Richland 

Rattlesnake Springs Sites: 25 mi NW of Richland 

Ryegrass Archaeological District: in Hanford Works Reservation along 
Columbia River 

Snively Canyon Archaeological District: about 25 mi NW of Richland 

Wooded Island Archaeological Di'trict: about 7 mi N of Richland 

Paris Archaeological Site, Hanford Works Reservation 

Marmes Rockshelter: 1 mi N of lyons Ferry on W side of Palouse River, 
National Historic landmark 

Savage Island Archaeological District: ~5 mi N of Richland 

Pasco Moore, James House 

Pasco Pasco-Kennewick Bridge 

Pasco Pasco-Carnegi eli brary 

Source: U.S. Department of the Interior (1980, 1983). 

Major hi ghway transportation routes onto the Hanford reservation inc 1 ude Route 10 and State 
Route 240 (see Figure 3.20). Barges wi th up to 2700-MT (3000-ton) capac i ties can navi gate the 
Columbia River from the Paci-fic Ocean to the Hanford area. The Burlington Northern railroad currently 
operates in the Hanford area, and there is a DOE-owned railroad system on the Hanford Reservation 
(U.S. At. Energy Comm. 1972). 

3.2.7 Existing Radiological Environment 

The Hanford Reservation and vicinity contains several nuclear-related facilities that have been 
operating since 1943 (Figure 3.12). At one time, nine federal government plutonium production reactors 
were in operation, but only one remains active. Other government facilities include a reactor fuel
reprocessing plant, reactor fuel-manufacturing facilities, the DOE Pacific Northwest laboratories 
(research and development laboratories), and the Fast Flux Test Facility. Radioactive wastes are 
stored or disposed in the 100, 200, and 300 areas. Privately leased facilities include the Washington 
Public Power Supply System nuclear generating station, a radioactive waste burial site, and the Exxon 
nuclear fuel fabrication plant. 

liquid radioactive wastes are stored on the Hanford Reservation in large underground tanks, 
cribs, and evaporation ponds (U.S. Energy Res. Dev. Admin. 1975). Solid radioactive wastes are buried 
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Figure 3.12. Nuclear-Related Facilities on the Hanford Reservation. 
Source: Adapted from Sula et al. (1982). 

in trenches, the transuranic portion of which is packaged in retrievable form. The radioactive waste 
inventory at Hanford is: 183,000 m3 (530 million Ci) of high-level liquid sludge and salt cake stored 
in underground tanks; 102,000 m3 of low-level waste (1 million Ci); 193,120 m3 of solid transuranic 
wastes and between 57,200 to 500,000 m3 of soils contaminated with transuranic nuclides (160,000 Ci) 
buried in trenches; and 11,035 m3 of transuranic defense wastes in retrievable storage (U.S. Dep. 
Energy 1982f--Tables 0.3, 3.3, 3.4 and Figure 4.1). . . 

The Hanford area has an extensive environmental monitoring program to determine the contribution 
of Hanford activities to radiation levels (Sula and Blumer 1981; Sula et al. 1982). Radioactive 
emissions from Hanford nuclear-related activities during 1981 were calculated to result in a whole
body dose of 0.03 mrem/yr to an offsite maximally exposed individual; the 50-year dose commitment to 
the population within an 80-km radius was calculated to be 4 person-rem (Sula et al. 1982). The 
individual dose from natural background radiation sources in Washington is approximately 100 mrem/yr 
(Natl. Counc. Radiat. Prot. Measure. 1975). 

3.3 OAK RIDGE 

The Oak Ridge Reservation is a federally owned site of approximately 15,000 ha (37,500 acres). 
It is located about 40 km (25 mi) west of Knoxville, Tennessee. Most of the Reservation is either 
being used for ongoing programs or has been designated as a protected area (U.S. Dep. Energy 1980). 
The three major building complexes on the Reservation (Figure 3.13) include the Oak Ridge National 
Laboratory (research), the Y-12 Plant (nuclear weapons), and the Gaseous Diffusion Plant (uranium 
enrichment). The building complexes are located throughout the valley portions of the Reservation and 
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are interconnected by a system of roads. A buffer zone has been provided around each facility for 
security, safety, and future expansion purposes. Approximately 80% of the Reservation is forested 
(U.S. Dep. Energy 1982e). . 

For purposes of analysis in this EIS, it .is assumed that the NFS"$ wastes and residues will be 
managed at the Pine Ridge Kno.lls site.* This site is located in the west-central portion of the Oak 
Ridge Reservation (Figure 3.13) and is part of what is commonly known as the Exxon site. For manage
ment of the NFSS wastes and res idues, only about 40. ha (100 acres) on top of the knolls immedi ate ly 
south of Pine Ridge will be developed. The Exxon site comprises a much larger area, including a large 
buffer zone, for a proposed nuclear fuel reprocessing plant (Exxon Nucl. Co. 1977~U.S. Dep. Energy 
1980). At present, the site is no longer being considered for a reprocessing plant. 

3.3.1 Topography, Geology, Soils, Seismology, and Mineral Resources 

The Oak Ridge Reservation is located in the western portion of the Valley and Ridge Physiographic 
Province. This subregion is characterized by a series of northeast-southwest trending ridges and 
intervening valleys. The ridges are breached at irregular intervals by stream channels that otherwise 
follow the trend of the valleys. The Clinch River (Figure 3.13) borders the Oak Ridge Reservation to 
the south anp east (U.S. Dep. Energy 1979). 

North of the Pine Ridge Knolls site is Pine Ridge (Figure 3.14), which reaches elevations of 
320-340 m (1050-1100 ft). Chestnut Ridge lies south of the site and reaches an elevation of about 
300 m (1000 ft). Bear Creek Valley (elevation 240-270 m [800-900 ftJ) lies between the two ridges. 
The elevation on the Pine Ridge Knolls reaches approximately 290 m (950 ft) MSL. 

The bedrock that is exposed over most of the Oak Ridge Reservation consists of the Rome Formation 
and the Conasauga, Knox, and Chicakamauga groups, with lower and middle Paleozoic sandstones, silt
stones, shales, and cherty carbonates. Folding and faulting of these units during the late Paleozoic 
era resulted in alteration of these rock types and the creation of an imbricate pattern of units 
inclined like shingles to the southeast. Subsequent differential weathering and erosion of these 
units resulted in the trellis drainage pattern and the ridge and valley topography. In general, the 
ridges developed in areas underlain by resistant sandstone, siltstone, and the more siliceous lime
stones and dolomites. The valleys are typically broader than the ridges and have been formed in areas 
underlain by the more erodible shales and more soluble nonsiliceous limestones and dolomites. 

The Pine Ridge Knolls site is underlain by the Rome Formation and the Conasauga Group (Figure 3.15). 
About 230 m (740 ft) of continuous Rome Formation--composed predominantly of siltstone, sandstone, and 
shale (240 to 300 m [800 to 1000 ft]. in thickness)--has been observed at the site. The Conasauga 
Group overlies the Rome Formation and underlies Pine Ridge Knolls and Bear Creek Valley. The Conasauga 
Group is approximately 550 m (1800 ft) thick and is predominantly composed of shale, with siltstone 
and limestone. 

No limestone/dolomite sinks have been found within the Pine Ridge Knolls site; however, such 
solutioning is known to occur in some units of the Conasauga Group, and it is possible that solution 
cavities could form in this area in the future. No signs of developing landslides have been observed 
along the slope (Exxon Nucl. Co. 1977). 

Soils in the Ridge and Valley Province are usually strongly leached, acidic, and low in organic 
content, and they have low exchange capacities (less than 10 milliequivalents per hundred grams of 
soil) (U.S. Dep. Energy 1979). The sandstones and shales of the Rome Formation and the Conasauga 
Group geologic units that form Pine Ridge typically produce fine to very fine sandy loam soils. The 
dominant surface soils in the Pine Ridge Knolls site are Lehew stony, fine sandy loams and Apison very 
fine sandy loam (Swann et al. 1942). The Apison sandy loam is generally shallow (less than 30 cm or 
12 in.), contains much shale from the underlying parent material, and requires careful management if 
used for pasture or crops. The Lehew sandy loam overlies sandstone or shale parent material and is 
36 cm (14 in.) or greater in thickness. Drainage in this soil is excessive and the soil is charac
terized as unfit for production of crops and very poorly adapted to pasture. Both soils are suited 
for forestry .(Swann et al. 1942). 

The maximum earthquake for the region (an event with a 16% probability of occurring once in 
50 years) was predicted as having a maximum intensity of MM VI to VIII (U.S. Dep. Energy 1980). The 
Oak Ridge Reservation is crossed by two major thrust faults: the Copper Creek fault in the south
eastern part of the Reservation, and the Whiteoak Mountain fault in the northwestern part. No 

*Analysis of alternative sites within the DOE Oak Ridge Reservation is beyond the scope of this EIS 
(Appendix G). The DOE Oak Ridge Operations Office has identified the Pine Ridge Knolls site as being 
a site that is reasonable to assume for purposes of analysis and comparison of alternatives in this 
EIS. It is potentially available for management of the NFSS wastes and residues, and it is not 
committed or proposed for disposal of wastes generated on the Oak Ridge Reservation. Site-specific 
information is available for this site. 
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Figure 3.14. Topographic Features near the Pine Ridge Knolls Site. 
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evidence has been found of activity associated with these faults during the past 230 million years 
(U.S. Nucl. Reg. Comm. 1977,1982). No correlation between the minor seismic activity occurring in 
the region and known tectonic structures has been confirmed (U.S. Dep. Energy 1982e). 

The upper.beds of the Conasauga Group are used in many places in Tennessee as a source of quarry 
stone for road aggregate (U.S. Dep. Energy 1979). No mining of this formation occ,urs in Bear Creek 
Valley or Pine Ridge Knolls. 

3.3.2 Hydrology, Water Use, and Water Quality 

3.3.2.1 Surface Water 

The climate at the Oak Ridge site is humid. The average annual precipitation is 140 cm (56 in.) 
(Natl. Oceanic Atmos. Admin. 1973), of which approximately 60% is lost through evapotranspiration and 

'40% becomes runoff to surface waters and recharge to the groundwater. 

The Pine Ridge Knolls site is drained by tributaries of the Clinch River (Figure 3.16). Grassy 
Creek drains most of the site and flows southl!est along the northern edge of Chestnut Ridge. The 
easternmost portion of the site drains into Bear Creek, which flows northwesterly into East Fork 
Poplar Creek to Poplar Creek and west into the Clinch River. The Clinch River, which discharges to 
the Tennessee River, is the source of most water used in the Oak Ridge area and supplies Clinton, 
Oak Ridge, and the 'DOE facilities. Wastewaters from these areas are returned to the Clinch River. 

Clinch River flow is principally regulated by Norris Dam, located about 90 km (55 mi) upstream 
(east) of the proposed site. However, the immediate influence on river flow in the site vicinity is 
Melton Hill Dam, which is located about 8 km (5 mi) upstream from the site. Flow below the Melton 
Hill Dam has averaged 220 m3 /s (7800 cfs) since 1963. River flow in the site vicinity can be upstream, 
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downstream, or quiescent, depending on the mode of operation of dams on the Clinch and Tennessee 
rivers. Through controlled discharges, these dams have greatly reduced the potential for flooding. 
The Pine Ridge Knolls site is not located in a floodplain. ' . 

Several creeks in the Oak Ridge area have been found to contain substantial amounts of contami
nants (Marshall 1983). Mercury and other contaminants have been found in the East Fork of Poplar 
Creek. Bear Creek and White Oak Creek are also contaminated with radioactive materials. Grassy 
Creek, which drains most of the Pine Ridge Knolls site, has a mostly undeveloped watershed and is 
relatively uncontaminated. 

3.3.2.2 Groundwater 

As discuss~d previously, Pine Ridge Knolls is underlain by interbedded sandstone and shale of the 
Rome Formation and also by the more eas i ly weathered and eroded shale arid limestone of the Conasauga 
Group. The Rome Formation is a poor aquifer, with most of the groundwater occurring in the solution 
channels of the carbonate members and less of the groundwater available in fractures of the sandstones 
and shales. Groundwater in the Conasauga Group is usually found in fractures and solution cavities in 
the limestones of the upper part of the group. The yields are sufficient for domestic and industrial 
use. 

Groundwater in the Pi ne Ri dge area is generally encountered under unconfi ned conditions in 
weathered rocks and residual soils that overlie less weathered rocks (Exxon Nucl. Co. 1977). However, 
artesian conditions have been noted during periods of high water levels in relatively low-lying ground
water discharge areas. Recharge of groundwater in the area is mostly derived from local precipita
tion. Recharge occurs over the entire area and is most effective in those areas where the overburden 
soils are thin or permeable. Springs and seeps are common in the Pine Ridge Knolls area. 

Groundwater levels follow the topography of the site, and groundwater movement is from topo
graphically high areas to topographically low areas with a gradient of about 3% (Exxon Nucl. Co. 
1977). Depth to the water table varies with seasonal recharge. Onsite investigations during portions 
of one year indicated that the water table lies about 4 m (13 ft) below the ground surface (Exxon 
Nucl. Co. 1977). 

Based upon laboratory permeability tests, the maximum measured values of permeability for shallow 
residual soils from the site were found to be about 2.8 x 10-s cm/s; onsite permeability tests in 
auger holes in weathered rock and soil indicated a range of permeability values from 2.2 x 10- 5 to 
3.4 X 10-3 cm/5 (Exxon Nucl. Co. 1977). An effective porosity of 0.025 and a dispersivity coefficient 
of 0.9 m (3 ft) were determined for the areal aquifer based on the results of chloride tracer tests 
(Exxon Nucl. Co. 1977). 

3.3.3 Climate and Meteorology 

The climate at Oak Ridge is warm and humid. Summers are dominated by warm, moist air from the 
Gulf of Mexico. In the winter, cold, dry air masses from Canada are warmed as the air crosses the 
Cumberland Mountains and moves down the eastern slopes to the Oak Ridge area (U.S. Nucl. Reg. Comm. 
1977). Precipitation averages 130 cm (53 in.) annually, and the relative humidity averages 70%. The 
maximum 24-hour rainfall is about 20 cm (8 in.). Snow is infrequent, but sometimes occurs in suffi
cient quantity to hinder traffic and outdoor activities. 

Winds on the ridges blow predominately from the SW and WSW, although winds from the ENE are also 
frequent. Remnants of hurricanes and tropical storms occasionally affect the area (U.S. Nucl. Reg. 
Comm. 1977). 

3.3.4 Ecology 

The Pine Ridge Knolls site has two naturally occurring forest associations: oak-pine and oak
hickory (Nelson and Zillgitt 1969). Nearly pure stands of Virginia pine occur as successional forest, 
particularly on drier areas. Red cedar occurs occasionally in nearly pure stands, particularly on 
drier areas with limestone substrate. Cove hardwoods--including yellow poplar and white oak--occupy 
mesic, well-drained sites. Bottomland hardwoods--including sycamore, sweet gum, and elm--occur on 
less well-drained areas. Both steepness and aspect of slope have bearing on the distribution of 
forest types currently occupying the area. The oak-pine and mixed hardwood forest types probably 
represent climax vegetation on the site, and likely will not be replaced by natural succession barring 
catastrophic events that would destroy vegetation over large areas. Two 'types of catastrophic events 
apparently have had varying influence on the current status of the hardwood and pine forests. Burn
scarred trunks of hardwood trees indicate that fire has played a role in forest reproduction and 
understory vegetation. Secondly, infestations of the pine bark beetle during the past decade have 
killed pine trees and resulted in the growth of mixed pine and hardwoods (except in some areas where 
pines have been replanted). 
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A total of 251 species of birds are listed for, Knox County (Howell and Monroe 1957). Of this 
tptal, 144 are, cOnsideredas resident during all or some portion of the year, 51 as permanent residents, 
42 as winter residents, and 51 as summer ,residents; the remainder are migrants, accidentals;' and/or 
visitants. The Pine Ridge Knolls site contains a less diverse bird population because it lacks grass
land and well-developed aquatic habitats. Of 96 species of birds that have been 'observed in the area 
(Exxon Nucl. Co. 1977), 45 are permanent residents" 7 are winter residents, 38 are summer residents, 
and the remaining 6, species are believed to be present only during migration. Four species of upland 
gamebirds.pccut regularly (bobwhite, ruffed grouse, American woodcock, and mourning dove), but hunt
ing is not permitted in the area. 

The larger mammals occurring on the site are predominantly associated with forested habitat 
(e.g., whitetailed deer, cottontail rabbits, gray squirrels, opossums, striped skunks, and mink). 
Small mammals occupying the site are shrews, mice, and voles. Flying squirrels,~re also found in the 
area. " 

A diversified group of amphibians and reptiles occurs within the region. The taxonomic groups 
represented by the greatest number of species are snakes (21) and salamanders (20), followed in order 
by frogs and toads (13), turtles (10), and lizards (7). 

Five terrestrial animal species considered endangered by the U.S. Fish and Wildlife Service 
(1983) have been observed on or around the Oak Ridge Reservation. Mammal species are limited to the 
Indiana bat and the gray bat (Howell and Dunaway 1959). The Indiana bat inhabits caves and hollow 
trees, the latter habitat perhaps allowing the species to occur on the Reservation although neither 
species has been reported there (Proj. Manage. Corp. and Tenn. Val. Auth. 1975; Exxon Nucl. Co. 1977; 
U.S. Nucl. Reg. Comm. 1977; Boyle et al. 1982). Federally endangered and threatened bird species 
observed in the vicinity of the Reservation are the bald eagle (endangered, southern race; threatened, 
northern race--observed along the Clinch River), the peregrine falcon (endangered--not observed on the 
Reservation, but reported from neighboring Knox County), and the red-cockaded woodpecker (endangered-
known to occur in Cumberl and County about 80 km [50 mi] from the Reservation. Addi tiona lly, the 
eastern cougar has been sighted on the Reservation and thus should be considered part of the species 
range. However, the eastern cougar may be extirpated, with sightings actually being individuals of 
the western cougar race that have been released or escaped from captivity (Boyle et al. 1982). 

Thirteen s~ecies of terrestrial fauna known or expected to occur on the Reservation are classi
fied as endangered or threatened by the state of Tennessee (Hatcher, undated). These include the 
federally listed species above. Additional species include the Tennessee cave salamander (threatened), 
Bachman's (pi newoods) sparrow (endangered), sharp-shi nned hawk (threatened), osprey (endangered), 
marsh hawk (threatened), Bewick's wren (threatened), Cooper's hawk (threatened), and the grasshopper 
sparrow (threatened). The sharp-shinned hawk and Bachman's sparrow have been observed on the Reserva
tion and the other five bird species are expected to occur there (Kitchings and Mann 19876; Boyle 
et al. 1982; U.S. Dep. Energy 1982e). 

No listed or proposed endangered and threatened plant species occur on Pine Ridge Knolls 
(U.S. Fish Wildl. Servo 1983). However, two species that may occur on the site are under status 
review: Appalachian bugbane (Cimicifuga rubifolia) and Carey's saxifrage (Saxifraga careyana). 
Appalachian bugbane occurs in rich; sheltered, steep limestone bluffs whereas Carey's saxifrage occurs 
in wooded limestone bluffs. Both habitat types occur within Pine Ridge Knolls. Although those species 
are not legally protected under the Endangered Species Act, care should still be taken to avoid adversely 
impacting them 

None of the plant species listed as endangered by the state of Tennessee (Comm. Tenn. Rare Plants 
1978) have been found on the Reservation. Several plant species found on the Reservation are rare, 
threatened, or of special concern, 'but they are primarily found in the designated natural areas of the 
Reservation (Kitchings and Mann 1976), not on Pine Ridge Knolls site. In addition to these species, 
Kitchings and Mann (1976) have listed plant species of special interest or of limited distribution 
within the Reservation, but none of these species occurs on Pine Ridge Knolls. 

Only two bodies of water are contiguous to the Pine Ridge Knolls area, Grassy Creek and Bear 
Creek (see Section 3.3.2). Grassy Creek originates from a series of hardwater springs and has alter
nating pool and riffle habitats. It flows in a southwesterly direction and discharges into the Clinch 
River. Various bottom types include rock, gravel, sand, and mud. The creek probably serves as a 
spawning area for fish species from the Clinch River that tend to migrate to backwaters on up tribu
taries. Watercress grows in portions of this uncontaminated creek, and the phytoplankton and peri
phyton support zooplankton and a highly diverse benthic fauna. There is a diverse fish population in 
Grassy Creek '(Exxon Nucl. Co. 1977). Bluegill is the major gamefish, threadfin shad is the dominant 
forage fish, gizzard shad is dominant in weight, and carp is the dominant rough fish in number and 
weight. 

Bear Creek is larger than Grassy Creek and receives discharges from past and present disposal 
activities at the Y-12 plant (McMaster 1967). These discharges include known seepage from a series of 
disposal ponds and possible seepage or runoff from waste-burial areas. Except for some plant growth 
near the Y-12 plant, the upper portion of the stream is almost devoid of biota. The species diversity 
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is low and lndicates poor water qual1ty, ~i1t, in addition to gravel and mud, comprises a great part 
. of the substrate material. The dominant gainefish in Bear Creek is rock bass, the most abundant forage 
fish is the common shiner, and the most abundant rough fish is the white sucker (Exxon Nucl. Co. 
1977). 

3.3.5 Land Use 

The Pine Ridge Knolls site is within the corporate ,boundaries of the ,city of Oak Ridge. The city 
of Oak Ridge is located in Anderson and Roane counties, and is part of th~ Knoxville Standard Metro
politan'Statistical Area. Oak Ridge is also classified as a subregional center of the East Tennessee 
Development District. This district is rural in character with agricultural, forest, and recreational 
lands comprising 95% of the 16-county area in 1979 (U.S. Dep. Energy 1982e--Table III-I). Oak Ridge 
Reservation is located within Anderson and Roane counties, where most of the land is rural in nature. 
The Pine Ridge Knolls site is in Roane County. The land-use category breakdown for the counties is 
shown in Table 3.12. The city of Oak Ridge has expressed interest in acquiring DOE land (between 
bui ldi ng comp 1 exes) for development purposes. Proposed development i ncl udes res i denti a 1 areas, 
industrial sites, an airstrip, and disposal of city sewage sludge on forested lands (U.S. Dep. Energy 
1980). 

Table 3.12. Land-Use Data for Anderson 
and Roane Counties, Tennesseet 1 

Land-Use 
Category 

Anderson County Roane County 

Residential 

Commercial 

Industrial 

Recreational 

Agricultural 

Public and 
quasipublic 

Forested 

Oak Ridge 
Reservation 

Hectares 

3,255 

146 

134 

4,170 

22,834 

3,053 

46,567 

6,077 

Percentage 

3.8 

0.2 

0.2 

4.8 

26.5 

3.5 

54.0 

7.0 

Hectares 

2,097 

93 

413 

28,749 

33,887 

1,968 

35,126 

10,453 

Percentage 

1.9 

0.1 

0.4 

25.5 

30 

1.7 

31.1 

9.3 

tl Source: Data (hectares) from U.S. Department of Energy (1982e-
Table 111-2); data originally from East Tennessee Development 
District (1979). 

There are no federally designated national wetlands or federally maintained wildlife refuges, 
parks, or forests near the Pine Ridge Knolls site (U.S. Dep. Energy 1982e). Although there are 
several small swampy areas within the Oak Ridge Reservation, none are located on the Pine Ridge Knolls 
site. Twenty-five natural areas within the Reservation have been identified as having scientific 
value because of species composition or stage of ecological development (U.S. Dep. Energy 1982c). 
Ther~, are no unique natural or cultural areas located on the Pine Ridge Knolls site (U.S. Dep. Energy 
1980). The site is not suitable for agricultural use due to the poor soil and steep slopes. About 
5,300 ha (13,000 acres) of the Reservation has been designated as a National Environmental Research 
Park (not including the Pine Ridge Knolls site). 

In 1975, Exxon Nuclear Company, Inc., expressed an interest in the purchase or lease of a 1000-ha 
(2500-acre) site on the Oak Ridge Reservation for a proposed nuclear fuel reprocessing plant (U.S. Dep. 
Energy 1980). Although the site area is no longer being considered for a reprocessing plant, the Pine 
Ridge Knolls site is located within the proposed Exxon plant site and buffer zone area. Various 
portions of the Oak Ridge Reservation also are used for the storage and disposal of wastes, including: 
disposal of solid wastes (see Section 3.3.7) in near-surface landfills; disposal of liquid wastes in 
underground rock formations (by the hydrofracture method); and disposal of fly ash, cinders, construc
tion wastes, oil, chemical liquid wastes (treated prior to discharge), and combustible and decompos
able wastes by various disposal/storage methods (U.S. Dep. Energy 1980). West Chestnut Ridge, located 
directly south of the Pine Ridge Knolls site, has been proposed for development of a Central Waste 
Disposal Facility (CWDF) for disposal of radioactive wastes from the various facilities on the 
Oak Ridge Reservation (see Figure 3.13). 
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Interstates 40 and 75 and several local roads serve th~site (see Section 3.5 for transportation 
routes). The Norfolk-Southern and Louisville & Nashville railroads currently operate in the Oak Ridge 
region. Barges can navigate on the Tennessee River to Knoxville and on the Clinch River to Clinton. 

3.3.6 Population and Socioeconomics 

3.3.6.1 Population 

The Oak Ri dge Reservation is located in Ahderson and Roane counties, and the Pine Ri dge Knolls 
site is in Roane County. Other nearby counties inClude Knox, Loudon, and Morgan .. The·. major popula
tion centers within 80 km (50 mi) of the site include the cities of Knoxville and Oak Rilige: . According 
to Census Bureau data (Table 3.13), the populations of all five counties near the Oak Ridge ~~te . 
increased from 11.7 to 24.5% between 1970 and 1980. The population size of the cities of Knoxville 
and Oak Ridge changed only marginally during the decade of the 1970s. Population density in 1980 
ranged from 12/km2 (31/mF) for Morgan County to 243/km2 (629/mi 2) for Knox county. The populations 
located within a 16-kIn (lO-mi) and an 80-kIn (50-mi) radius of the Pine RidgeKllolls site have been 
estimated at about 54,600 and 756,700, respectively, in 1980 (Exxon Nucl. Co. 1977). 

Table 3.13. Population Data for the Oak Ridge Reservation Area, 
1970-1980 

1970t 1 

Population 
Density 

Population (no.lkln2 ) 

County 

Anderson 60,300 70 

Knox 276,300 210 

loudon 24,300 40 

Morgan 13,600 10 

Roane 38,900 43 

City 

Knoxville 174,900 

Oak Ridge 28,400 

t 1 U.S. Bureau of the Census (1970a). 

t 2 U.S. Bureau of the Census (1980a). 

3.3.6.2 Economy 

1980t2 

Population 
Density 

Population (no./kln2 ) 

67,300 78 

319,700 243 

28,600 47 

16,600 12 

48,400 53 

175,000 

27,700 

% Change 
in 

Population, 
1970-1980 

+12 

+16 

+18 

+22 

+24 

+ 0.1 

- 2.5 

The local economy is dominated by the manufacturing industry, which accounts for about 33% of all 
employment. The wholesale and retail trades/ services and government sector account for 20% and 19% 
of all employment, respectively, but the mining and government sectors are more important to the 
region than to the entire state (U. S. Dep. Energy 1982c). For example, much of the manufacturing 
employment in Anderson and Roane counties derives from government-related contract work. Because 
Knoxville is the center of commerce for the region, Knox County has the largest proportional employ
ment in all economic sectors except mining. 

3.3.6.3 Public Facilities 

There are 21 schools with an estimated 1980 enrollment of 11,000 students in the communities 
located within 16 kin (10 mi) of the Oak Ridge Reservation (U.S. Dep. Energy 1979). Facilities for law 
enforcement, health care, and fire protection in the counties surrounding the site had been considered 
more than adequate to meet the needs of the area (U.S. Dep. Energy 1982c). However, local government 
representatives have recently questioned the adequacy of health and emergency services (Peele 1984). 

The National Register of Historic Places lists 23 sites in the five-county area (Anderson, Knox, 
loudon, Morgan, and Roane),-four of which exist within about a 16-km (lO-mi) radius of the site 
(U.S. Dep. Energy 1979). Additionally, there are 45 sites of archaeological significance near the Oak 
Ridge Reservation, most of which are distributed along the Clinch River mainstream. The American 
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Museum of Science and Energy is located in Oak Ridge about 14 km (9mi) northeast of the Reservation. 
There are no known historical, architectural, or archaeological properties located on the Pine Ridge 
Knolls site that possess the qualities required for eligibility to the National Register (Tenn: Hist. 
Comm. 1977, 1983). 

Although there are no hunting areas, wildlife preserves, or sanctuaries in the immediate ,vicinity 
of the site, a waterfowl refuge is located on the Tennessee River about 16 km (10 mi) west-northwest 
of the site. About 69 ha (170 acres) of the Reservation is also used as a natural study area for eco
logical observation and experimentation. Information on recreational areas located near the Pine 
Ridge Knolls site may be found in other publ ications CU. S. Dep. Energy i979--p. 4-4; Proj. Manage. 
Corp. and Tenn. Val. Auth. 1975). 

3.3.7 Existing Radiological Environment 

Radioactive wastes have been generated at the various research and production facilities on the 
Oak Ridge Reservation since 1943. The major facilities include the Gaseous Diffusion Plant (enriched 
uranium production), the Y-12 Plant (nuclear weapons production), and the Oak Ridge National Laboratory 
(research). The inventory of solid radioactive wastes, as of 1982, included: about 6,200 m3 of solid 
transuranic wastes and 12,000 to 1,600,000 m3 of transuranic-contaminated soils having a total radio
activity of 2,100 Ci; 1,000 m3 (28,000 Ci) of defense wastes stored in buildings and lined holes in 
the ground; and 330,000 m3 (600,000 Ci) of low-level wastes, including fissile materials, trash, and 
contaminated equipment (U.S. Dep. Energy 1982f--Tables 3.3, 3.4, and 4.9, Figure 4.1). 

The Oak Ridge facilities and the radioactive waste disposal areas contribute radioactive emissions 
to the atmosphere, water, and land. Radioactivity in these media has been monitored for several years 
(Union Carbide Corp. 1981, 1982). A whole-body dose from direct radiation to a "hypothetical maximally 
exposed individual" at the boundary of the Reservation was calculated to be 6.1 mrem/yr and the cumu
lative whole-body dose to the population within an 80-km radius of the Oak Ridge facilities from 
1980-1981 effluents averaged 20.2 person-rem (Union Carbide Corp. 1981, 1982). The individual dose 
from natural background radiation sources (cosmic and terrestrial sources) in Tennessee is approxi
mately 100 mrem/yr (Natl. Counc. Radiat. Prot. Measure. 1975). 

3.4 OCEAN DISPOSAL SITE 

The 106-Mile Ocean Waste Disposal Site (Site 106) is a designated ocean waste-disposal site. The 
site is managed by the U.S. Environmental Protection Agency, who prepared a detailed description of 
the site in 1980 as part of the Final Environmental Impact Statement for designating the disposal site 
(U.S. Environ. Prot. Agency 1980--Appendix A and B). Environmental characterization studies are 
performed by the National Oceanic and Atmospheric Administration (1975, 1977a, 1977b, 1977c), who has 
research and monitori ng respons i bi 1 it i es for dumps i tes under authority of Title II of the Mari ne 
Protection, Research and Sanctuaries Act. Site 106 is 1640 km2 (478 nmi 2 ) of ocean surface over the 
lower edge of the Continental Slope and the upper edge of the Continental Rise where water depths are 
1400 m (4600 ft) to 2750 m (9020 ft) (Figure 2.12). It is used for disposal of a variety of industrial 
and municipal wastes (U.S. Environ. Prot. Agency 1980). These wastes are dumped in bulk into the 
surface waters of the site where they are dispersed by oceanic mixing processes. Containerized or 
packaged wastes are not dumped at Site 106. For purposes of analysis in this EIS, this site is being 
considered as a potential site for ocean disposal of NFSS wastes. 

3.4.1 Climate 

Weather at Site 106 has been characterized by Brower (1977). Stable summer and early autumn 
weather conditions are dominated by the Bermuda High, although occasional tropical'storms and hurri
canes occur'during late summer and fall. In winter, extreme weather is produced by storm fronts from 
the northeast and south. The frequency of high winds and waves is greatest for the months of November 
through March when winds greater than 17 m/s (34 knots) occur more than 5% of the time and waves 
higher than 2.5 m occur 25% of the time or more. During the proposed action period (May through 
October), the frequenci es of hi gh wi nds and waves are 1 ess (a frequency range of O. '2% in June to 2.9% 
in October for winds greater than 17 m/s; a frequency range of less than 3% in August to 20% in 
October for waves greater than 2.5 m in height). 

3.4.2 Open-Water Environment 

Site 106 lies in an area of complex oceanographic character between the Continental Shelf and the 
Gulf Stream (Figure 2.12). Although the surface waters of the site are often characteristic of the 
Continental Slope, regional atmosphere/ocean dynamics can drive Continental Shelf waters over the 
surface of the site. Occasionally, loops of the Gulf Stream pinch off to become large warm-core rings 
(approximately 56 km [30 nmi] in diameter) that move southwestward through the site toward Cape Hatteras. 
Warm-core rings are expected to occupy the dumpsite an average of 70 days per year (Bisagni 1976). 

Open-water biota are characteristic of the different water types that may occupy Site 106. 
Surface biota may be either colder, shallower'-water species from Shelf water; warmer oceanic forms 
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from Gulf Stream water in warm-core rings; or species from Slope water. Midwater biota include small 
fish that are day/night vertical migrants as well as squid, octopus, and jellyfish. Large fish such 
as tunas, swordfish, and sharks are seasonal migrants to the area. Three of five sea turtles from the 
area (hawksbi 11, 1 eatherback, and green) are pe lagi c in habi t and may pass through the site 
(U.S. Environ. Prot. Agency 1980). The leatherback is an endangered species and the green is a 
threatened species. Whales and dolphins could occasionally pass through the disposal site vicinity 
either as temporary res i dents or duri ng migration, based on thei r ranges (Leatherwoodet a 1. 1976). 
There are no records of sitings of marine mammals or sea turtles in the dumpsite. 

3.4.3 Sea Floor Environment 

Site 106 is located at the lower edge of the Continental Slope and the upper edge of the 
Cont i nental Ri se (Fi gure 2.12). Sediments are composed of s 11 ts and sandy si lts depos i ted under 
tranquil (Slope) or shifting (Rise) conditions (U.S. Environ. Prot. Agency 1980). Concentrations of 
suspended particulates just above the sediment surface are less than 50 to 100 ~g/L, approximately the 
same order of magnitude as concentrations at the surface «100 ~g/L). The total quantity of suspended 
particulates in a 30-m layer above the bottom is <10 to 200 ~g/cm2 (Biscaye and Olsen 1976). 

Water movements at the sediment surface appear to be very slow based on photographs of the bottom 
that do not show features associated with bottom currents (Heezen 1975, 1977). A net water velocity 
of 2 cm/s has been measured 180 kID (110 mi) northeast of Site 106. The sediment surface shows evidence 
of mixing due to activities of animals living in the sediment (infauna). These organisms are primarily 
worms and various burrowing clams. Crawling animals such as brittle stars, anemones, sea urchins, and 
sea cucumbers live on the sediment surface (epifauna). larger bottom-dwelling (benthic) swimming 
animals include 55 species of fish--the most common being eels, rattails, halosaurs, and lizard fish. 
Maximum densities of dominant benthic faunal components are epifauna, 2.5/m2; infauna, 1180/m2; and 
bottom-dwelling fish, 0.01 to 2.2/m2 (U.S. Environ. Prot. Agency 1980). 

3.4.4 Resource Use 

The U.S. Environmental Protection Agency (1980) concluded that few other resource activities 
occurred at Site 106 before its designation as a disposal site. The site is not within oil or gas 
lease areas, no shipping lanes cross it, and no mineral resources are known to occur there. Commercial 
fish or shellfish species inhabiting the site include (1) swordfish, sharks, and tunas, (2) red crab 
(larvae and adults), which are caught by trawler on the Continental Shelf, and (3) grey sole 
(juveniles), which occur as adults on the Grand Banks farther north off the coast of Canada. The only 
fishing actively known to occur in the Slope waters within 80 kID (50 mi) of the site is longline 
fishing for sharks, swordfish, and tunas (Casey and Hoenig 1977). 

3.4.5 Natural Abundance of Radioactive and Nonradioactive Materials 

Uranium and thorium radionuclides and their decay products are naturally occurring components of 
the ocean environment that enter the sea from erosion of the land masses. The decay series of the 
predominant uranium isotope uranium-238 (and its decay product, uranium-234) includes the longer-lived 
thorium-230 isotope, which is scavenged by particles and deposited on the sea floor. Thorium-230 
decay produces radium-226, which is mobilized into the pore water of the sediments and enriches the 
bottom of the overlying water column. The variations in abundance of naturally occurring radio
nuclides depends upon variations in oceanic sedimentation rates, water mass mixing, and major ocean 
circulation (Cochran 1982). Deep sea sediments are enriched in radium-226 (~20 pCi/g) whereas the 
sediment concentrations of the Continental Shelf and Slope are similar to typical inland soil concen
trations of 1 pCi/g. Site 106 sediments for which data are not available, are more likely of the 
latter concentration. Open water concentrations of radium-226 in ocean surface waters are 0.1 pCi/L 
(Goldberg et al. 1972; Cochran 1982). 

Since 1961, Site 106 has been used for disposal of industrial wastes containing elevated concen
trations of trace metals including manganese, copper, zinc, cadmium, and lead. Based on monitoring 
studies for biota, sediments, and water of the site (Natl. Oceanic Atmos. Admin. 1975; Greig and 
Wenzloff 1977), the ranges of sediment concentrations (ppm dry weight) for selected trace metals are: 
cadmium, 1.2-1.8 ppm; chromium, 16.8-28.6 ppm; copper, 13.4-37.2 ppm; nickel, 12.6-33.6 ppm; lead, 
16.0-38.8 ppm; and zinc, 33.2-65.0 ppm. 

3.5 TRANSPORTATION ROUTES 

The preferred truck transportation routes for alternatives involving offsite transportati~n of 
the NFSS wastes and/or residues (Alternatives 3a, 3b, 4a, 4b, 4c, and 4d) are described in this 
section. Route selection criteria and alternative routes are discussed in Appendix D. For purposes 
of analysis, it is assumed that interstate highways will be used, where possible, and that the most 
direct U.S. or state highways will be used where interstates are not available. A preferred route is 
the one that has the fewest people living near it (Section 0.4). Preferred and alternative routes are 
shown in Figure 3.17. The three transportation routes for offsite disposal scenarios are compared in 
Table 3.14. 
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To Hanford 
(3a, 4a, 
and 4b) 

To Oak Ridge 
(3b, 4c, 
and 4d) 

To Harbor 
(4b and 4d) 

Table 3.14. Three Transportation Routes Used to Transport the 
Radioactive Wastes from NFSS to the Final Deposition Site 

Local Roads 
Near NFSS 

12 km of local 
roads and highways 
in semi rural area 

12 km of local 
roads-and highways 
in semi rural area 

12 km of local 
roads and highways 
in semi rural area 

Interstate 

3900 km crossing 
12 states 

1300 km crossing 
5 states 

710 km wi thi n 
New York and 
possibly within 
New Jersey 

Near Final Disposal Site 

140 km of local roads and 
highways in semi rural/ 
rural area 

10 km of local roads and 
highways in semi rural/ 
rural area 

50-180 km (depending on 
final port selected) of 
interstates, major high
ways, and local roads in 
dense urban area 

Total 
One-Way 
Distance 

4100 km 

1300 km 

770-900 km 

For purposes of analysis in this ElS, it is assumed that the NFSS residues will be transported to 
the final disposal destination in steel containers on either shielded vans or flat-bed, semitrailer 
trucks (depending on the radioactivity of the material). The lower-activity NFSS wastes will be 
transported by 15-m3 (20-yd3 ) dump trucks (each truck containing only 12.3 m3 [16 yd3 ] due to weight 
limitations). Details regarding packaging and transport vehicles are given in Appendix D. 

3.5.1 Local Route from NFSS to Interstate System and Intersection with 1-90 East of Buffalo 

The wastes and/or residues will leave NFSS via the same route for all offsite alternatives (Fig
ure 3.18). From the NFSS main gate off Pletcher Road, the trucks will proceed west on Pletcher Road, 
south on Route 18 (Creek Road), and west and south on U.S. Route 104. From this point, interstate 
highways will be taken: southeast on 1-190 around Buffalo, and then east and south on 1-290 to the 
east side of Buffalo (Figure 3.19). Beyond this point, the routes vary to the three alternative sites 
(Hanford, Oak Ridge, and Harbor). 

3.5.2 Route to Hanford 

From the Intersection of 1-290 and 1-90 just east of Buffalo, the routing is as follows: south 
around Buffalo on 1-90; southwest on 1-90 along the Lake Erie coastline through Pennsylvania and Ohio 
to Cleveland; south on 1-271 to 1-80/90; west through northern Indiana to Chicago; around Chicago on 
1-294 to 1-90; northwest on 1-90 into Wisconsin; southern Minnesota, central South Dakota, north
eastern Wyoming, and southern Montana; west from Billings, Montana, on 1-90/94 through northern Idaho 
and Washi ngton to Ri tzvi 11 e; southwest on U. S. 395 to Hi ghway'240 to Ri ch 1 and; and north on Route 2 
onto the Hanford Reservation. Route 4 and other onsite roads will be used to transport the wastes the 
remaining 8 kID to the 200-West Area (Figure 3.20). The local and interstate routes to Hanford are 
summarized in Table 3.14. 

3.5.3 Route to Oak Ridge 

From the intersection of 1-290 and 1-90 just east of Buffalo, the route to Oak Ridge is as 
follows: south on 1-290 around Buffalo and southwest on 1-90 along the Lake Erie coastline to Erie, 
Pennsylvania; south on 1-79 through Pennsylvania to Charleston, West Virginia; south on 1-77 to 
Wytheville, Virginia; southwest on 1-81 to its junction with 1-40 at Dandridge, Tennessee; on 1-40 to 
Knoxville, Tennessee; around Knoxville on 1-40; west on 1-40 to State High~ay 95 (White Wing Road); 
north 7 km over the Clinch River; west on Bear Creek Road ~or about 1-2 km to the Pine Ridge Knolls 
site. The route to Oak Ridge is summarized in Table 3.14; the local route is illustrated in Fig
ure 3.21. 

3.5.4 Route to Harbor 

From the intersection of 1-290 and 1-90 just east of Buffalo, the route to the Harbor (Port of 
New York) is as follows: 1-90 to Albany (using interstates circumventing Syracuse and Utica) and 
south on 1-87 through Newburgh to 1-87/287 near the New York/New Jersey border. At this point, the 
route depends upon the final location of the barge dock to be used. The Harbor area is saturated with 
interconnecting interstates and major four-lane roads (Figure 3.22). These areas are also densely 
populated. The route to the Harbor is summarized in Table 3.14. 
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Figure 3.21. Local Route to Oak Ridge Site. 
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4. ENVIRONMENTAL CONSEQUENCES AND RISK 

The radioactivity in the NFSS residues and wastes is due to naturally occurring radionuclides, 
principally those resulting from radioactive decay of uranium-238. The decay chain presented in 
Figure 4.1 indicates the relationship between the various radionuclides in the NFSS residues and. 
wastes. The radioactive materials at NFSS result "from extraction of uranium (i.e., uranium-238, 
uranium-235, and uranium-234) from uranium-bearing ores. Thus, the amount of uranium remaining in 
the residues and wastes is quite low.~ However, there are significant quantities of thorium-230, 
radium-226, and all resultant decay products in these materials. For analysis of radiological 
impacts, it is assumed that all radionuclide from thorium-230 through polonium-210 are present and in 
secular equilibrium (lead-206 is stable). The impacts of radionuclides above thorium-230 in this 
decay chain will be negligible. 

The rate at which the radionuclides in the NFSS residues and wastes will decay depends on the 
half-life of thorium-230. In this EIS, all radionuclides are assumed to remain in secular equilibrium 
with thorium-230. The concentration of these radionuclides (in pCi/g) through ti~e, assuming that no 
dispersion occurs, is illustrated in Figure 4.2. 

Because of the nature of the NFSS radioactive wastes and residues--i.e., the long-lived, naturally 
occurring radionuclides (e.g., radium-226 has a 1,600-year half-life and thorium-230 has a 77,000-year 
half-life)--it is necessary to evaluate alternatives over long time periods. The following time 
periods are used for analysis of all alternatives: 

• Action Period (approximately 10 years): The period during which physical actions such • 
as transportation, stabilization, ocean dumping, etc., will take place. 

Maintenance and Monitoring Period (200 years): For the alternatives involving manage
ment on land, the period during which the wastes and residues will continue to be 
managed. ** Containment structures wi 11 be mai ntai ned, radi oact i ve releases to the 
environment will be monitored, and periodic corrective remedial actions will be taken, 
as necessary.~** Human access to the waste-management areas will be limited and the 
federal government will continue to own the sites and use them solely for waste
management purposes. 

Long-Term (200 to 1000 years): Two cases, involving different degrees of loss of 
control, are asSessed: 

Case A: Loss of Monitoring, Maintenance, and Corrective Actions. Monitoring, 
maintenance, and corrective actions will cease,**** but access will continue to be 
limited and the federal government will continue to own and use the sites solely 
for waste-management purposes. The effects of natural processes on waste contain
ment and the gradual release of radionuclides to the environment are assessed. 

Case B: Loss of All Controls. Not only will monitoring, maintenance, and correc
tive actions cease, but access, land-use, and ownership controls be lost as 
well.~*** Human intrusion into the wastes is assumed to occur. 

*The radium-226 content of the residues is about 870 Ci, whereas the uranium content (uranium-238, 
-235, and -234) is less than 30 Ci. The radium-226 content of the wastes is about 7.8 Ci, whereas 
the uranium content is less than 1 Ci. See Section 3.1.7 for details. 

**The federal government plans to take perpetual care of the NFSS wastes and residues. However, 
because it is unreasonable to assume that maintenance and monitoring will continue for the duration 
of the time that the wastes and residues will remain radioactively hazardous (hundreds of thousands 
of years), the 200-year maintenance and monitoring period is used as a reasonable reference point 
for purposes of analysis in this EIS. If maintenance and monitoring continues longer than 200 years, 
costs will be higher (Appendix F), but impacts due to failure of the containment system will be 
delayed. 

***Although there could be physical failures of engineered containment structures during this period, 
as well as temporary failures of access controls, it is assumed that such failures will be detected 
and impact limited because corrective remedial actions will be taken. 

*~~*The reasons for cessation of controls can range from radical changes in society to gradual loss of 
concern for potential hazards due to lack of funds. 
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a 240.000 year~ 

a 77.000 years 

a 1600 years 

a 3.8 days 

a 140 days 

Figure 4.1. Uranium-Z38 Decay Series. 

The 200- and 1000-year time frames are selected to be consistent with the time frames identified 
in regulations of the U.S. Environmental Protection Agency (EPA) for management of inactive uranium 
mill tailings (40 eFR 192) (U.S. Environ. Prot. Agency 1983). The NFSS wastes and residues contain 
the same naturally occurring radionuclides as are found in uranium mill tailings. EPA considered "the 
single most important goal of control to be effective isolation and stabilization of tailings for as 
long a time period as is reasonabl~ feasible, because tailings will remain hazardous for hundreds of 
thousands of years." Furthermore,the longevity of control is governed by the possibility of intrusion 
by man and erosion by natural forces." After considering several time periods for control, EPA required 
that "control measures be carried out in a manner that provides reasonable assurance they will last, 
to the extent reasonably achievable, up to 1000 years, and, in any case, for a minimum of 200 years." 
Uncertainties increase significantly beyond 1000 years and it would not be reasonable to require 
assurances of control for longer time periods. Because the 200- and 1000-year time periods have been 
deemed to be a reasonable basis for EPA's decisions regarding inactive uranium mill tailings, DOE 
considers the same time periods to be reasonable reference points for purposes of analysis of environ
mental impacts in this EIS supporting DOE's decision on long-term management of the NFSS wastes and 
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K-65 Res I dues . 

L-30/F-32 Residues 

L-50 Residues 

Wastes 

--------------------------Nat 1 va So I I s 

Figure 4.2. Concentration of Radionuclides in the NFSS Wastes 
and Residues, Assuming No Dispersion. 

residues. The longevity of the various containment systems 1s estimated with respect to both surface 
erosion and migration of contaminants into groundwater. The exposure to an intruder living on the 
site (if such intrusion occurs) is assessed. 

4.1 RADIOLOGICAL IMPACTS 

4.1.1 Summary of Radiological Impacts 

4.1.1.1 General Public 

The estimated radiation doses to the general public for each alternative during the action period 
(0-10 years) and the maintenance and monitoring period (10-200 years) are given in Table 4.1. Doses 
to the general public at year 1000 are summarized in Table 4.2. The action-period doses include doses 
at NFSS, at the alternative sites (Hanford, Oak Ridge, and Harbor), and along transportation routes. 
The adverse health effects that are expected as a result of these organ doses are summarized in 
Table 4.3. 
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Table 4.1. Summary of Estimated Doses to the General Public During the Action Period 
(0-10 years) and During· the Maintenance and Monitoring Period (10-200 years) 

Alterna
tive 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 

Description 

No action 

Long-term man
agement at NFSS: 
modified con
tainment 

Long-term man
agement at NFSS: 
modifi ed con
tainment plus 
modified form 

Long-term man
agement at 
Hanford 

Long-term man
agement at 
Oak Ridge 

Long-term man
agement of 
residues at 
Hanford, wastes 
at NFSS 

Long-term man
agement of 
res i dues at . 
Hanford; ocean 
dispersal of 
wastes . 

Long-term man
agement of 
residues at 
Oak Ridge, 
wastes at NFSS 

Long-term man
agement of 
residues at 
Oak Ridge; 
ocean di sper
sal of wastes 

Cumulative Doses to the General Public (person- or organ-rem)t 1 

Whole Body 

<0.001/<0.001 

<0.001/<0.001 

18/<0.001 

120/2.5 

69/<0.001 

62/23 

470/23 

43/<0.001 

450/<0.001 

Bone Lung 
Bronchial 

Epitheliumt2 

<0.001/<0.001 <0.001/<0.001 <0.001/0.0032 

<0.001/<0.001 <0.001/<0.001 <0.001/<0.001 

100/<0.001 91/<0.001 110/<0.001 

480/13 440/2.0 260/140 

370/<0.001 380/<0.001 290/<0.001 

160/120 270/19 310/1300 

460/120 1300/19 330/1300 

180/<0.001 200/<0.001 290/<0.001 

490/<0.001 1200/<0.001 310/<0.001 

tl All doses given to two significant figures, unless preceded by a less than «) symbol. 
First number is dose during action period and second number is dose during maintenance 
and monitoring period. All values are cumulative over the 10 years of the action period 
or 190 years of the maintenance and monitoring period and are reported as the 100-year 
environmental dose commitment. Cumulative doses to the general public below 0.001 person
or organ-rem are not given because doses this small are immeasurable and meaningless with 
regard to predicting detrimental health effects. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 
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Table 4.2. Summary of Estimated Doses to the General Public 
at Year 1000 (Loss of All Controls) 

Cumulative Doses to the General Public 

Alterna
tive 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 

Description 

No action 

Long-term man-
agement at NFSS: 
modified con-
tainment 

Long-term man-
agement at NFSS: 
modified con-
tainment plus 
modified form 

Long-term man-
agement at 
Hanford 

Long-term man-
agement at 
Oak Ridge 

Long-term man-
agement of 
residues at 
Hanford, wastes 
at NFSS 

Long-term man-
agement of 
residues at 
Hanford; ocean 
di spersa 1 of 
wastes 

Long-term man-
agement of 
residues at 
Oak Ridge, 
wastes at NFSS 

Long-term man-
agement of 
residues at 
Oak Ridge; 
ocean disper-
sal of wastes 

(rem/~r/million Eersons)t 1 

Whole Bronchial 
Body Bone Lung Epitheliumt2 

0.065 1.9 1.7 1.6 

<0,001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

0.39 1.7 0.33 28 

.<0.001 <0.001 <0.001 <0.001 

3.3 14 2.8 230 

3.3 14 2.8 230 

<0.001 <0.001 <0.001 0.0020 

<0.001 <0.001 <0.001 0.0020 

tl All doses given to two significant figures, unless preceded by a less than «) symbol. It is 
assumed that the million persons are evenly distributed within an 80-km radius of the waste 
management site. Cumulative doses to the general-public below 0.001 person- or organ-rem are not 
given because doses this small are immeasurable and meaningless with regard to predicting detri
mental health effects. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 
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Table 4.3. Summary of Additional Health Effects in the General Public 

Expected Number of Adverse Health Effects 
from Doses Incurred Duringt 1 ; 

Alterna
tive 

1 

2a 

2b . 

3a 

3b 

4a 

4b 

4c 

4d 

Description 

No action 

Long-term man
agement at NFSS; 
modified con
tainment 

Long-term man
agement at NFSS: 
modified con
tainment plus 
modified form 

Long-term man
agement at 
Hanford 

Long-term man
agement at 
Oak Ridge 

Long-term man
agement of 
residues at 
Hanford, wastes 
at NFSS . 

Long-term man
agement of 
residues at 
Hanford; ocean 
dispersal of 
wastes 

Long-term man
agement of 
residues at 
Oak Ridge, 
wastes at NFSS 

long-term man
agement of 
residues at 
Oak Ridge; 
ocean disper
sal of wastes 

Mai ntenance. 
Action and Monitoring 
Period Period 

(total)j2 (total )j3 

<0.0000005 <0.0000005 

<0.0000005 <0.0000005 

0.017 <0.0000005 

0.090 0.0039 

0.066 <0.0000005 

0.054 0.036 

0.30 0.036 

0.040 <0.0000005 

0.28 <0.0000005 

jl Includes fatal cancers plus gen!tic defects (see Section 4.1.4). 

t 2 Total from doses incurred during 10 years. 

t 3 Total from doses incurred during 190 years. 

Year 1000 
(per million 

persons 
per year) 

0.00021 

<0.0000005 

<0.0000005 

0.00074 

<0.0000005 

0.0061 

0.0061 

<0.0000005 

<0.0000005 
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During the action period, whole-body and lung doses will be highest for Alternatives 4b and 4d, 
primarily as a result of transport of the wastes through the densely populated New York metropolitan 
area to the ocean. Bone doses will be highest for Alternatives 3a, 4b, and 4d, primarily because of 
transport of the wastes to Hanford or to the ocean. Bronchial epithelium doses, on the other hand, 
will be comparable for Alternatives 3a, 3b, 4a, 4b, 4c, and 4d, primarily because radon-222 gas 
releases associated with excavation, transport, and reburial of the residues at Hanford or Oak Ridge 
will be similar for these alternatives. 

During the maintenance and monitoring period, doses to all critical organs will be highest under 
any of the Hanford alternatives (Table 4.1), primarily because of the greater diffusion of radon-222 
gas out of the residues in the arid climate. 

At the year 1000, assuming that controls cease, population doses per million persons per year 
will be highest at Hanford (Alternatives 3a, 4a, and 4b) and at NFSS under Alternative 1. The larger 
doses at Hanford will result primarily from greater radon-222 gas releases in the arid climate. The 
dose at NFSS under Alternative 1 will result from the predicted erosion of the cap and exposure of the 
wastes. It should be kept in mind that the doses and resultant health effects for year 1000, given in 
Tables 4.2 and 4.3, assume cessation of all controls at year 200 and development of erosive land uses 
until year 1000. Less erosive land uses and/or continuance of controls (with associated dollar costs) 
would result in lower radiological impacts. 

For all time periods and all alternatives, the doses to the general public will be insignificant 
in terms of increased risk of adverse health effects (fatal cancers plus genetic defects). Doses 
incurred during the action period will result in the greatest risk, which is estimated to be 0.30 health 
effects for the worst case (Alternative 4b); this is less than one adverse health effect in a popula
tion of several million people. 

4.1.1.2 Resident-Intruder 

If controls cease, there is potential--wherever the residues are buried--for a resident-intruder 
to inhabit the site (a person residing in a house built in the contaminated residues and/or wastes). 
The resident-intruder will incur a very large dose to his/her bronchial epithel ium from inhal ing 
radon-222 gas diffusing out of the residues. Doses associated with other pathways, such as eating 
contaminated food grown in a garden on the waste area or drinking contaminated groundwater are very 
smalt in comparison. 

The dose to the resident-intruder's bronchial epithelium will result in death within a few years 
(excluding other causes of death) in the worst cases (Alternatives 1 and 2a at NFSS). This adverse 
impact can be prevented if controls are maintained for hundreds of thousands of years to prevent 
people from building a house in the contaminated area or if a different method of long-term management 
(e.g., greater confinement) is implemented (see Appendix C, Section C.3). 

4.1.1.3 Impacts Beyond 1000 Years 

Because the NFSS wastes and residues will remain radioactive for hundreds of thousands of years, 
it is expected that eventually--on a geologic time scale--these materials will be eroded from the 
land. Prediction of when and how this will occur is beyond current predictive capabilities. Even 
within the 1000-year time frame, the predicted rates of erosion of the cover materials (assuming 
cessation of all controls at 200 years) range from several hundred years to over two million years, 
depending on the use of the land surface (Section 4.2). With increasing time, the uncertainties 
relative to degree of controls, locations of populations, environmental conditions, etc., become so 
great as to make any predictions only speculation. Given these uncertainties, no reasonable distinc
tion can be made between the various alternatives for long-term management of the NFSS wastes and 
residues for time periods beyond 1000 years. 

4.1.1.4 Workers 

The estimated radiation doses to the work force for each alternative during the action period 
(0-10 years) are given in Table 4.4. These doses will be incurred during implementation of the 
various alternatives and include activities at NFSS, along transportation routes, and at alternative 
long-term management sites. The whole-body, bone, and lung doses are highest for Alternative 3a, 
primarily due to the doses to truck drivers transporting the residues and wastes to Hanford. The 
occupational doses to these organs for other activities will be comparable for all alternatives requir
ing retrieval of the residues, i.e., all except Alternatives 1 and 2a. Similarly, the bronchial 
epithelium doses are comparable for all alternatives requiring retrieval of the residues. The adverse 
health effects that are expected as a result of these organ doses are summarized in Table 4.5. The 
likelihood of an adverse health effect (fatal cancer or genetic defect) to workers is comparable for 
all alternatives requiring retrieval of the residues, i.e., all except Alternatives 1 and 2a. 
Alternative 3a has the largest estimated likelihood of a health effect. It is estimated that imple
mentation of this alternative will result in 0.24 health effects to the work force. 
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Table 4.4. Summary of Estimated Doses to Workers During the 
Action Periodt 1 

Cumulative Occupational Doses 
~Eerson- or organ-rem)t 1 

Alterna- Bronchial 
tive Description Whole Body Bone Lung Epitheliumt2 

1 No action 2.6 3.4 3.5 1.9 

2a Long-term man- 10 14 14 7.4 
agement at NFSS: 
modified con-
tainment 

2b Long-term man- 140 410 450 360 
agement at NFSS: 
modified con-
tainment plus 
modifi ed form 

3a Long-term man- 440 690 720 340 
agement at 
Hanford 

3b Long-term man- 250 490 530 340 
agement at 
Oak Ridge 

4a Long-term man- 330 560 590 310 
agement of 
residues at 
Hanford, wastes 
at NFSS 

4b Long-term man- 360 590 630 320 
agement of 
residues at 
Hanford; ocean 
dispersal of 
wastes 

4c Long-term man- 190 420 450 310 
agement of 
residues at 
Oak Ridge, 
wastes at NFSS 

4d Long-term man- 220 460 490 320 
agement of 
residues at 
Oak Ridge; 
ocean disper-
sal of wastes 

tl All doses given to two significant figures. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 
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Table 4.5. Summary of Additional Health Effects 
to Workers D~ring the Action Period 

Expected Number 
of Adverse 

Description Health Effectst 1 

No action 0.0013 

Long-term man- 0.0051 
agement at NFSS: 
modified con-
tainment 

Long-term man- 0.10 
agement at NFSS: 
modified con-
tainment plus 
modified form 

long-term man- 0.24 
agement at 
Hanford 

Long- term man- 0.15 
agement at 
Oak Ridge 

Long-term man- O.lS 
agement of 
residues at 
Hanford, wastes 
at NFSS 

Long-term man- 0.20 
agement of 
residues at 
Hanford; ocean 
dispersal of 
wastes 

Long-term man- 0.12 
agement of 
residues at 
Oak Ridge, 
wastes at NFSS 

Long-term man- 0.13 
agement of 
residues at 
Oak Ridge; 
ocean disper-
sal of wastes 

tl Includes fatal cancers plus geneti c defects (see Section 4.1.4). 



4-10 

There will be no significant doses to workers during the monitoring and maintenance period (up to 
200 years) at all sites except Hanford. Due to the much higher releases of radon-222 gas at this 
site, workers will likely incur significant bronchial epithelium doses, amounting to a cumulative dose 
of 290 organ-rem to the bronchial epithelium over the 190-year maintenance and monitoring period . 

. This cumulative dose would be expected to result in 0.032 adverse health effects. 

There will be no occupational doses or health effects during the long term (200-1000 years) if no 
monitoring and maintenance activities occur after 200 years. 

4.1.2 Doses to the General Public 

4.1.2.1 Action Period (0 to 10 years) 

During the action period, radiological impacts to members of the general public will occur: 
(1) at NFSS and the alternative sites (Hanford, Oak Ridge, Harbor), (2) along transportation routes, 
and (3) at the ocean disposal site. 

At NFSS and the Alternative Sites. Excavation, transfer, and reburial activities will result in 
releases of radon-222 gas and radioactively contaminated particulates to the atmosphere. For this 
analysis, radon-222 releases are separated into two categories: (1) the "steady" or continuous 
releases from exposed residue and waste surfaces and (2) the "puff" or temporary releases associated 
with disturbance of these materials. 

Estimated steady radon-222 releases as well as the assumptions and values for the various para
meters used in this analysis are given in Table 4.6. The radon fluxes are estimated using a one
dimensional diffusion equation (U. S. NucL Reg. Comm. 1983a). The total releases are the product of 
the fluxes (rate per unit area) times the area covered by the contaminated materials. The higher 
rates of steady radon-222 releases at Hanford and Oak Ridge are primarily due to the greater surface 
areas associated with reburial at these sites. (Radon-222 releases will be markedly reduced after the 
NFSS wastes and residues are reburied. See later discussion.) 

When the residues and wastes are disturbed and exposed to the air (e.g., when they are excavated 
or unloaded at the alternative sites), radon-222 gas that has built up in the wastes and residues may 
be released in "puffs". Most of the radon-222 gas will be trapped inside individual particles and 
clumps of residues and wastes. This radon-222 gas will not be available for release but will decay to 
solid decay products before it can escape to the air. For this analysis, it is assumed that 20% of 
the total amount of radon-222 gas in the wastes and residues could be released in puffs. This value 
is commonly used for analyzing radon-222 releases from uranium mill tailings and is referred to as the 
emanating power (U.S. Nucl. Reg. Comm. 1980a). After the wastes and residues are again covered with 
clay, soil, etc., radon-222 releases will be markedly reduced. 

A summary of the estimated radon-222 releases associated with various activities during the 
action period is given in Table 4.7. These releases are almost entirely associated with disturbance 
and exposure of the residues. The releases at Hanford are significantly larger than the releases at 
NFSS because of the much higher releases following reburial of the residues. The releases at Oak Ridge 
are slightly higher than, but comparable to, those at NFSS. When the residues are reburied at the 
alternative sites, it is assumed that the packages will be opened briefly so that the void spaces in 
the packages above the residues can be filled to reduce the potential for future slumping of the 
earthern caps over the residues. 

There will also be releases of radioactive particulates during the action period. These releases 
will be associated with activities involving movement of the contaminated materials as well as with 
exposed residue and waste surfaces. It is assumed that control methods (such as periodic watering and 
minimization of exposed surfaces) will be used at all sites. To estimate yearly particulate release 
rates from exposed waste and residue surfaces at NFSS, a release rate of 0.27 kg/m2/mo (1.2 tons/ 
acre/mo)--which is based on experience with earth-moving activ·ities (U.S. Environ. Prot. Agency 1977a; 
Argonne Natl. Lab. 1982)--is multiplied by the exposed areas (Table 4.6) and the assumed six months of 
exposure each year. It is assumed that the contaminated materials will be covered (with the permanent 
cap) during the winter months at Hanford or Oak Ridge and that the remaining contaminated materials at 
NFSS will also be covered (with a temporary EPDM cover) each winter. As for radon-222 releases, 
almost all the particulate releases (in curies [Ci]) will be associated with the residues (Table 4.7). 
The area covered by the residues will be larger at Hanford and Oak Ridge, but the residues will be 
left in the packages and exposed only briefly while the lids are removed and the void spaces above the 
residues are filled with wastes or other earthern material.~ Therefore, it is assumed that the 

*The void space must be filled in order to avoid future subsidence problems. It may be possible to use 
containers that allow very little void space and the lids would not have to be removed. Radioactive 
releases and occupational doses could, therefore, be reduced. 



Site/ 
Alternative 

NFSS 

2b, 3a, 3b 
4a. 4b. 4c 
3a 

3b, 4c, 4d 

HANFORO 

3a, 4a. 4b 

3a 

OAK RIDGE 

3b, 4c, 4d 

3b 

HARBOR 

4b, 4d 

Table 4.6. Estimated Steady Radon-222 Releases from Exposed Residue and 
and Waste Surfaces During the Action Period (0 to 10 years) 

Material 

Residues 

Wastes 

Wastes 

Residues 

Wastes 

Residues 

Wastes 

Wastes 

Radium-226 
Conc. 

(pCi/g) 

67,000 

36 

36 

67,000 

36 

67,000 

36 

36 

Depth of 
Material 

(m) 

2.0 
6.0 

6.0 

0.8 

2.4 

0.8 

3.0 

3.0 

Surface 
Radon Fluxt 1 

(pCi/m2/s) 

3,900 

2.1 

2.1 

3,900 

2.1 

3,900 

2.1 

2.1 

Exposed 
Areat2 
(m2 ) 

170 

600 

1,500 

700 

1,600 

700 

3,100 

250 

Duration 
per Year 

(mo) 

6 

6 

6 

6 

6 

6 

6 

6 

Average Radon 
Release Ratet 1 

(Cilyr) 

10 
0.020 

0.050 

43 

0.053 

43 

0.10 

0.0083 

tl Above background. Assumes that the radon-222 diffusion coefficient for wastes and residues during the 
action period will be 0.0016 pCi/m2/s at all sites, i.e., that the wastes and residues will not dry 
out apprec i ab ly duri ng the few days it wi 11 take to excavate, transport, and rebury the wastes and 
residues. All releases are given to two significant figures. 

t 2 Assumes that the average exposed area equals 10% of the area covered by wastes or residues 
(Table 4.16) divided by the number of years to complete the activity. 





Site/ 
Alternative 

NFSS 

4a, 4c 

4b, 4d 

HANFORD 

3a 

4a, 4b 

Activity 

Excavate residues 

Construct long-term' 
cap 

Long-term management 

Excavate residues 
and wastes 

Restore site 

Release site for 
other use 

Bury res i dues 

Bury wastes 

Cap in place over 
residues 

Bury residues 

Cap in place over 
residues 

Duration 
of 

Activity 
(yr) 

2 

1 

7 

2 

1 } 7 

2 

5 

8 

2 

8 

Table 4.7. Continued 

Release Rate--
Above Background 

~Ci/:ir) 

Radon-222 Particulatest 1 

87 (puffs)t3 0.022t4 
10 (s teady)t5 

1 x 10- 8 t 2 Negligible 

88 (puffs)t7 0.022t4 
10 (s teady)t5 

Negligible Negligible 

87 (puffs)t3 0.022t8 

43 (steady)t5 

0.31 (puffs)t 6 1 x 10_5t4 
0.053 (steady)t5 

14t2 Negligible 

87 (puffs)t3 0.022t 8 

43 (steady)f; 

13ot2 Negligible 

Total Releases--Above 
Background--During 

Action Period 
~Ci2 

Radon-222 Particulatest 1 

200 0.044 

200 0.044 

370 0.044 

1,300 0.044 

Average Release Rates--
Above Background--

During Action Period 
~Ci/:ir2 

Radon-222 Particulatest 1 

20 0.0044 

20 0.0044 

37 0.0044 

130 0.0044 

~ 
I 

I-' 
IN 



Site/ 
Alternative 

OAK RIDGE 

3b 

4c, 4d 

HARBOR 

4b, 4d 

Activity 

8ury residues 

Bury wastes 

Cap in place over 
residues 

Bury residues 

Cap in place over 
residues 

Transfer wastes to 
barges 

Restore dock area 

Other uses 

Duration 
of 

Activity 
(yr) 

2 

2 

8 

2 

8 

2 

1 
} 7 

Table 4.7. Continued 

Release Rate--
Above Background 

(Ci/yr) 

Radon-222 Particulatest l 

87 (puffs)t3 0.022t8 

43 (steady)t5 

0.78 (puffs)t9 1 x 10_ 5t 4 
0.10 (steady)t5 

1 x 10_ 8 t 2 Negligible 

87 (puffs)t3 0.022t 8 

43 (steady)t5 

1 x 10_6 t 2 Negligible 

0.78 (puffs)t9 1 x 10_5t4 
0.0083 (steady)t S 

Negligible Negligible 

Total Releases--Above 
Background--During 

Action Period 
(Ci) 

Radon-222 Particulatest 1 

260 0.044 

260 0.044 

1.6 1 x 10-4 

Average Release Rates-
Above Background-

During Action Period 
(Ci/yr) 

Radon-222 Particulatest 1 

26 0.0044 

26 0.0044 

0.16 1 x 10- 5 

tl Release rates for thorium-230, radium-226, and all subsequent decay products (except radon-222 gas), which are assumed to be in 
secular equilibrium (see Section 3.1.7 for radiological description of NFSS residues and wastes). 

t 2 Release rates for long-term management activities are given in Table 4.19. 

t 3 871 Ci + 2 yr x 20% = 87 Ci/yr. 

t 4 Assuming exposed areas as given in Table 4.6 and particulate emission factor of 0.27 kg/m3/mo (1.2 tons/acre/mol (U.S. Environ. Prot. 
Agency 1977a; Argonne Natl. Lab. 1982). 

t S Steady radon-222 releases from exposed residue and waste surfaces during the action period are given in Table 4.6. 

t 6 7.8 Ci 5 yr x 20% = 0.31 Ci/yr. 

t 7 879 Ci + 2 yr x 20% = 88 Ci/yr. 

t 8 Although the exposed areas will be larger at Hanford and Oak Ridge, the residues--which account for 99% of the curie content--will be left 
in the packages and exposed only briefly after the lids are removed and the void spaces above the residues are filled with wastes or soils. 
These two factors tend to offset each other, so it is assumed that total particulate releases (Ci/yr) will be about the same as at NFSS. 

t 9 7.8 Ci + 2 yr x 20% = 0.78 Ci/yr. 
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particulate releases at Hanford and Oak Ridge will be about the same as at NFSS. Actual releases 
could be higher or lower, but because of the uncertairlties regarding control methods (such as watering 
exposed surfaces) and weather conditions during operations, no quantitative differences in particulate 
releases between NFSS and the alternative sites can be predicted. Actual releases could be lower if 
the above-mentioned control measures are effective. 

There will be no significant radiological impacts to the general public during the action period 
as a result of releases to groundwaters or surface waters. At all four sites, there is no mechanism 
for groundwater contamination beyond site boundaries during the action period (see Section 4.2, 
Geology and Hydrology). With respect to surface waters, there are no potential surface water users at 
Hanford (where discharge is to dry creekbed far from surface water) or the Harbor (where discharge is 
to brackish or salt water). In the Niagara Falls region, public water supplies are primarily from. 
surface waters upstream of NFSS and the remainder are from deep aquifers (Section 3.1). At Oak Ridge, 
releases will occur for only two summers and potential surface water users downstream are sufficiently 
far away that dilution of releases from the Oak Ridge site will result in no distinguishable increases 
above natural concentrations in surface waters or sediments. Furthermore, it is assumed that water 
treatment systems, similar to the filtration/ion-exchange system used at NFSS during interim actions 
(U.S. Dep. Energy 1983c) , will be used at all sites to keep releases as low as reasonably achievable 
below DOE operating orders for discharges to uncontrolled areas (e.g., maximum of 30 pCi/L for soluble 
radium-226). To meet the EPA federal drinking water standard of 5 pCi/L for soluble radium (applies 
to Washington and Tennessee), only a six-fold dilution is required. To meet the New York State 
standard of 3 pCi/L, a ten-fold dilution is required. At both NFSS and Oak Ridge, these dilutions 
will be attained before the creeks discharge into public surface water supplies (Lake Ontario at NFSS 
and Clinch River at Oak Ridge). 

DOE operating orders permit discharges containing up to 30,000 pCi/L of insoluble radium-226 (see 
Section 4.7.1). During the operational periods, these radium-bearing solids could collect in deposi
tional areas immediately downstream of NFSS and Oak Ridge. Therefore, after discharges have ceased, 
the downstream sediments will be surveyed and any contaminated sediments will be cleaned up to conform 
with DOE cleanup guidelines (Appendix H). Effective implementation of erosion, runoff, and sedimenta
tion controls can mitigate this impact. 

The potential radiological doses to the general public and to nearby individual members of the 
public during the action period are calculated based on the estimated radon-222 and particulate 
releases given in Table 4.7. For all radiological analyses, the current site-specific population 
distributions and meteorological conditions* are used. The locations of nearby persons assumed for 
this analysis are given in Table 4.8. The methods used to estimate these doses are described by 
Momeni et al. (1979). Results are summarized in Tables 4.9 and 4.10. 

The doses to the general public are reported in terms of the 100-year environmental dose commit
ment, which includes both the doses received during the actual releases plus the doses associated with 
the lingering traces of contamination in the environment. The environmental dose commitment (EDC) is 
defined by EPA as the sum of all doses to individuals over the entire time period that the materials 
persist in the environment in a state available for interaction with humans. A 100-year integrating 
period, rather than some longer time interval, is used because: (1) the major exposure pathways are 
dominated by doses resulting from airborne activity concentrations that decrease rapidly when the 
source vanishes (the resuspension factor has a half-life of about 50 days); and (2) for a radionuclide 
in soil, a minimum of 75% of the infinite time integral of concentration occurs within the first 
100 years. More than 75% of the 100-year EDC for each year's releases occurs within the first 
15 years, with exposure over the next 85 years contributing less than 25%. The 100-year EDCs computed 
are within about 10% of those that would have otherwise been computed based on an infinite integrating 
period. 

*In order to have several years of record for air stability data (as well as wind speed and direction), 
the STAR (Stability Array) data from the National Weather Service station closest to each site are 
used--i.e., Buffalo data for NFSS, Yakima data for Hanford, Knoxville data for Oak Ridge, and Newark 
data for the Harbor. 

It was suggested during the EIS scoping process that site-specific meteorological conditions, such as 
lake-effect inversions at 'NFSS and valley inversions at Oak Ridge, may affect dispersion of radio
nuclides and result in population doses different from those predicted in this analysis. Such 
inversions will tend to retard the dispersion of radon-222 gas and particulates, thus leading to 
higher doses to individuals near the sites but lower doses to individuals farther away. Thus, the 
major popUlation centers within the areas of analysis (within 80 kID) may receive smaller doses than 
the more sparsely populated areas near the site. Overall, total population doses may be less. A 
large degree of conservatism has been built into the analysis in that it is assumed that exposed 
individuals are outdoors whereas, in reality, people spend much of their time indoors where exposure 
to the released NFSS radionuclides will be less. In the absence of several years of site-specific 
meteorological data for these sites, the use of data from the nearest National Weather Service stations 
is considered to be appropriate for comparison of alternatives. 
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Table 4.8. Kearby Persons at the Various Sitest l 

Description 

KOA campground 
Lewiston-Porter Schools 
Trailer park. 
SCA worker 
Potential residence 

Distance 
(km) 

0.7 
2.4 
2.6 
1.2 
0.2 

Direction 

SSW 
W 
NW 
NNE 
W 

Hanford Hanford facilities 10.4 
1.0 

N 

Oak Ridge 

Harbor 

200-West burial area 
Richland potential residence 

Oak Ridge National Laboratory 
Gaseous Diffusion Plant 
Potential residence 

Barge/dock area 
Potential residence - East 
Potential residence - South 
Potential residence - West 
Potential residence - North 

38.0 

3.2 
2.7 
4.0 

Onsite 
1.0 
1.0 
1.0 
1.0 

E 
SE 

SE 
NW 
SSW 

Onsite 
E 
S 
W 
N 

tl Persons are assumed to be present and exposed to radiation and/or radio
active substances released from the respective sites. 

Table 4.9. Radiological Doses to General Public 
During the Action Period (0 to 10 years) 

Site/Alternativ~ 

NFSS 

1, 2a 

2b, 3a, 3b, 4a, 
4b, 4c, 4d 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

Cumulative Doses to the General Publict 1 

(person- or organ-rem) 

Whole 
Body 

<0.001 

18 

0.64 

0.64 

Bone 

<0.001 

100 

3.7 

3.7 

Lung 

<0.001 

91 

3.2 

3.2 

Bronchial 
Epitheliumt2 

<0.001 

110 

20 

69 

3b, 4c, 4d 11 62 55 140 

HARBOR 

4b, 4d 1.1 6.5 5.7 11 

t 1 All doses given to two significant figures unless preceded by a 
less than «) symbol. Doses are reported as the 100-year environ
mental dose commitment. Cumulative doses to the general public 
below 0.001 person- or organ-rem are not given because doses this 
small are immeasurable and meaningless with regard to predicting 
detrimental health effects. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay 
products. 
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Table 4.10. Radiological Doses to Nearby Individuals During 
the Action Period 

Dose (mrem)t 1 

Whole Body 

NFSSt3 

KOA campground 

School 

Trai lers 

SeA 

Residence 

- - - - - -------
HANFORD 

Facil it i es 

200-W 

Richland 
-------

OAK RIDGE 

National lab 

Diffusion plant 

Residence 

HARBOR 

Barge 

East 

South 

West 

North 

0.62 

0.081 

0.045 

0.74 

5.1 

- - - -

0.016 

1.9 

0.014 

0.040 

0.050 

0.077 

0.093 

0.0014 

0.0012 

0.0049 

0.0016 

- - - -

Bone 

17 

2.1 

1.1 

20 

140 

0.099 

46 

0.086 

1.0 

0.93 

1.7 

2.6 

0.037 

0.032 

0.015 

0.042 

t 1 All doses given to two significant figures. 

Bronchial 
Lung Epitheliumt2 

15 10 

1.9 1.3 

1.0 0.89 

18 11 

130 62 

- - - - -

0.075 

42 

0.041 

0.78 

0.83 

1.5 

2.3 

0.033 

0.029 

0.014 

0.038 

- - - -

1.0t4 

200t4 

0.076t4 

- - - - -

1.3 

2.4 

2.4 

2.6 

0.053 

0.040 

0.022 

0.061 

t 2 Dose resulting from inhalation of short-lived radon-222 decay 
products. 

t 3 Doses shown are for Alternatives 2b, 3a, 3b, 4a, 4b, 4c, and 4d. 
Doses for Alternatives 1 and 2a will be <0.001 mremiyr. 

t 4 These bronchial epithelium doses are for Alternatives 4a and 4b. 
The bronchial epithelium doses for Alternative 3a will be about 
30% of these values. 

Fifty-year internal dose commitments--i.e., the entire dose insult received over a period of 
50 years following intake into the body--are used to calculate doses resulting from inhalation of 
radon-222 gas and particulates. 

Potential doses to the general public during the action period (Table 4.9) will be low at all 
three sites. The doses at NFSS under the no-action and modified-containment alternatives (1 and 2a) 
will be the lowest (the contaminated materials will Aot be exposed). The doses associated with remov
ing the materials at NFSS will be about the same as reburying them at Oak Ridge, primarily because of 
a combination of somewhat similar release rates, populations, and meteorological conditions at the two 
sites. Although the release rates at Hanford will be higher (see previous discussion), the doses will 
be lower than at NFSS because of the markedly smaller and more distant population. At the Harbor, the 
release rates will be much lower than at NFSS, but there is a much larger and closer population, thus 
bringing the doses to the general public during the action period up to the level generally expected 
at Hanford. 



4-18 

The largest dose to the general public (at NFSS under Alternatives 2b, 3a, 3b, 4a, 4b, 4c, and 
4d) is extremely small compared to the doses that the same 3.8 million persons will receive over the 
same 10-year peri od from natural background sources of radi at i on (Table 4.11). For example, the 
predicted whole-body doses are similar in magnitude to having each member of that population spend the 
same period of time (10 years) at 3.5-cm (1.4-in.) higher elevation (Argonne Natl. Lab 19B2). 

Table 4.11. Comparison of Doses to the General Public at 
NFSS (Alternatives 2b, 3a, 3b, 4a, 4b, 4c, and 4d) 

to Doses from Natural Background Sources 
(During Action Period) 

Cumulative Population Dose 
at NFSS During Action Periodt 1 

(person- or organ-rem) 

18 (whole body) 

100 (bone) 

91 (lung) 

110 (bronchial epithelium) 

Dose to Same Populationt2 

from Natural Background 
Radiation for 10 years 

- (person- or ~rgan-rem) 

3,OOO,OOOt3 

4,600,OOOt3 

6,BOO,OOOt3 

12,000,000 - 23,OOO,OOOt 4 

tl All doses are given to two significant figures. Doses are reported as 
the 100-year environmental dose commitment. 

t 2 Population of 3.8 million persons. 

t 3 Conversion factors are given in a report of the National Council on 
Radiation Protection and Measurements (1975). 

t4 Based on 320 to 600 mrem/yr, assuming an outdoor radon-222 concentration 
of 0.3 pCi/L (Moses et al. 1963), an indoor concentration of 1 pCi/l 
(U.N. Sci. Comm. At. Radiat. 1977), and dose conversion factors for radon-
222 of 1000 mrem/yr per pCi/l for outdoor background conditions (infinite 
source) and 625 mrem/yr per pCi/L for indoor conditions (50% equilibrium 
of radon-222 decay products) (U.S. Nucl. Reg. Comm. 1980a). 

The doses to th-e genera 1 pub 1 i c duri ng the action peri od are smaller than the doses resul t i ng 
from other DOE activities at the Hanford and Oak Ridge reservations. At Hanford, the 1.2-rem whole
body dose compares with the 40-rem dose over the s.ame 10-year period for other DOE nuclear-related 
activities on the Hanford Reservation (Section 3.2.7). At Oak Ridge, the 16-rem whole-body dose 
compares with the 200-rem dose associated with other DOE activities over the same 10-year period 
(Section 3.3.7). 

The predicted doses to nearby individuals is also very small compared to background and other 
sources (Table 4.12). During the year of maximum exposure, the potential resident next to NFSS will 
receive a whole-body dose that is similar to spending 9 hours on a jet plane or spending the same year 
at 160-m (530-ft) higher altitude. 

For any of the alternatives involving movement of the residues and wastes (Alternatives 2b, 3a, 
3b, 4a, 4b, 4c, and 4d), there will be potential for spills at the various sites and along transpor
tation routes. The population doses associated with transportation spills are analyzed in the next 
subsection; worker doses are analyzed in Section 4.1.3. Doses to the general public associated with 
onsite spills are not explicitly analyzed. The amount of material exposed as a result of a spill will 
be small compared to the amount assumed to be routinely exposed during the action period (see previous 
discussion). Thus, the incremental amount of radon-222 and particulate releases from spilled materials 
will be insignificant compared to the releases from the routinely exposed material. The worker doses 
associated with onsite spills are discussed in Section 4.1.3.2. 

If Alternative 2b is implemented, there will be a dose to the general public associated with use 
of the materials extracted from the residues. One of the major potential limitations to implementa
tion of this alternative is the need to determine an acceptable level of residual contamination in 
these materials and whether or not a specific extraction process can be reasonably designed to meet 
the requirements (see Section 2.3.1 and Appendix C). Criteria do exist for release to the general 
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Table 4.12. Comparison of Doses to Nearest Permanent Residents at NFSS During the 
Action Period to Doses from Other Sources 

Dose During Action Period 
(mrem/10 yr) 

5.1 (whole body) 

140 (bone) 

130 (lung) 

62 (bronchial epithelium) 

Dose to Same Individual During 10-Year 
Period from Other Sources 

Equal to dose from riding 17 hours in a jet plane at 10,000 m 
(33,000 ft) because of increase in cosmic radiation with 
altitude, t 1 or 

Equal to dose from spending the 10 years at 30 m (100-ft) 
higher altitudetl 

1200 mrem received from natural sources (background)t 1 

1800 mrem received from natural sources (background)tl 

3200 to 6000 mrem received from natural sources (background)t 2 

tl Conversion factors are given in reports of Argonne National Laboratory (1982) and National Council 
on Radiation Protection and Measurements (1975). 

t 2 Assuming an outdoor radon-222 concentration of 0.3 pCi/L (Moses et al. 1963), an indoor concentra
tion of 1 pCi/L (U.N. Sci. Comm. At. Radiat. 1977), and dose conversion factors for radon-222 of 
1000 mrem/yr per pCi/L for outdoor background conditions (infinite source) and 625 mrem/yr per 
pCi/L for indoor conditions (50% equilibrium of radon-222 decay products) (U.S. Nucl. Reg. Comm. 
1980a). 

public of equipment and materials contaminated with surface radioactivity (i.e., Regulatory Guide 1.86, 
proposed ANSI N13.12); however, there are no generally accepted criteria for release to the general 
public for unrestricted use of materials containing low levels of radioactivity distributed throughout 
their volume. The potential doses associated with use of such products will be a function of the 
1 eve 1 of contami nat i on and type of· use. I n all probabil ity, if the res i dua 1 contami nat ion 1 eve 1 is 
questionable, the products will be restricted to DOE use. In any case, the doses to the general 
public associated with use of those extracted materials will be low compared to the doses associated 
with the excavation and extraction processes due to the low level of residual contamination, the 
limited number of people exposed, and the limited duration of exposure. Given these uncertainties, 
detailed analysis of doses to the general public associated with use of the extracted products is not 
warranted at this time. Such analysis would be appropriate if use of the products was actually 
proposed. . 

Along Transportation Routes. Transport of the NFSS residues and wastes will result in members of 
the general public being exposed to radiation. Radiation doses will be incurred: (1) as a result of 
direct exposure to gamma radiation emanating from radionuclides in the residues and wastes, and (2) as 
a result of release of radon-222 gas and particulates from moving trucks. The radioactive materials 
released from moving trucks can be absorbed by plants, animals, etc., and enter the food chain. Thus, 
two different radiatiori doses from transportation of the residues and wastes are estimated: (1) the 
external radiation dose resulting from gamma radiation from passing trucks, and (2) the 100-year 
environmental dose commitment resulting from release of radionuclides from trucks into the environment. 

Models developed to estimate the radiological impact of transporting uranium mill tailings are 
modified and used for this analysis (C"hen et al. 1981; Yuan and Chee 1982). The Chen et al. (1981) 
model is used to estimate external radiation doses, whereas the Yuan and Chee (1982) model is used to 
estimate doses resulting from dispersion of radon-222 gas and particulates from the transported 
residues and wastes. Waste packaging and shielding, trip distances and durations, as well as other 
perti nent input parameters are di scussed in detail in Appendi x D .. A summary of the parameters used 
for estimating radiation doses to the public from truck transportation of NFSS residues and wastes is 
given in Table 4.13. .. 

Persons exposed to external radiation can be divided into three categories: (1) persons 
surrounding the transportation route while the shipment is moving, (2) persons surrounding locations 
at which the shipment is stationary, and (3) passengers in'vehicles sharing the transportation route 
(traveling both in the same and in opposite directions). The external radiation doses for the 
alternatives requiring transport of residues and wastes are given in Table 4.14. Even though there 
will be ten times more shipments of wastes than residues and some of the residue shipments will have 
additional shielding, the external radiation doses will result primarily from transport of the 
residues. The wastes will not be classified as radioactive for transportation purposes (see 
Appendix D). 



Table 4.13. Summary of Major Input Parameters for Estimating Radiation Doses to the General Public 
Resulting from Truck Transportation of NFSS Residues and Wastes 

Average Radium-226 Stop Time Average 
Radium-226 Inventory Total One-Way per One-Way Population 

Material Concentration per Shipment Method of Number of Time Shipment· Distance Density 
Site/Alternative Transported (pCi/g) (Ci) Transport Shipments (d) (h) ( km) (persons/km2 ) 

HANFORD 

3a, 4a, 4b Residuest l 67,000 1. 6 (K~65) Packaged 1,600 6 15 4,100 110 
0.1 (L-30/F-32) 
0.043 (L-50) 

~ , 
3a Wastes 36 0.00052 Bulk 15,000 6 15 4,100 no N 

0 

- - - - - - - - "- - - .. - - - - - - - - - - - - - - - - - - - - - - - - - -
OAK RIDGE 

3b, 4c, 4d Residuest l 67,000 1. 6 (K-65) Packaged 1,600 2.5 5 1,300 100 
0.1 (L-30/F-32) 
0.043 (L-50) 

3b Wastes 36 0.00052 Bulk 15,000 2.5 5 1,300 100 
--.--- - - - - - -----. - - - - - - - - - - - - - - - - - - - - - - - - -

HARBOR 

4b, 4d Wastes 36 0.00052 Bulk 15,000 1. 25 0 1,000 2,300 

tl Extra shielding may be needed on the vans transporting the K-65 and l-30/F-32 residues (see Appendix D). 
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Table 4.14. Estimated Radiation Doses to the General Public 
Resulting from Transport of NFSS Residues and Wastest 1 

Cumulative Doses to the 

Material 
Site/Alternative Transported 

HANFORD 

3a Residues and 
wastes 

4a, 4b Residues 

- - - - - - - - - - - - - - - - -
OAK RIDGE 

3b 

4c, 4d 

- - - -
HARBOR 

4b, 4d 

- - - - -

Residues and 
wastes 

Residues 

- - - - - - - -

Wastes 

Whole 
Source of Doset2 Body 

External radiation 43 

Radioactive releases 57 

Total 100 

External radiation 41 

Radioactive releases 2.3 

Total 43 
------ - - -

External radiation 13 

Raqioactive releases 27 

Total 40 

External radiation 13 

Radioactive releases 0.65 

Total 14 

- - - - - - - - -

External radiation 1.9 

Radioactive releases 410 

Total 410 

tl All doses given to two significant figures. 

General Publict 1 

(Eerson- or organ-rem) 

Bone 

43 

340 

380 

41 

13 

54 

13 

200 

210 

13 

3.9 

17 

1.9 

300 

300 

lung 

43 

310 

350 

41 

].40 

180 

13 

220 

230 

13 

41 

54 

1.9 

1000 

1000 

Bronchial 
Epitheliumt3 

130 

130 

130 

130 

39 

39 

39 

39 

5.6 

5.6 

t 2 It is assumed that the external radiation dose to bone and lung is approximately equal to 
the whole-body dose. Doses associated with radioactive releases (e.g., radon-222 gas and 
particulates) are reported in terms of the 100-year environmental dose commitment. 

t 3 Dose resulting from inhalation of short-lived radon-222 decay products. 

Doses to the general publ ic associated with radioactive releases to the environment during 
transport are also shown in Table 4.14. It is assumed that radon-222 gas will escape from both the 
packaged residu~s and the wastes; however, particulates are assumed to be released only from the 
unpackaged wastes. The amount of radon-222 gas released is assumed to be 50% of that available for 
release* in the initial (pre-excavation) amount plus all of the radon-222 generated and available for 
re 1 ease* duri ng transport as a result of radi oact i ve decay of radi um- 226. The radon-222 gas that 
escapes will decay to solid decay products and will be deposited on the ground. The doses associated 
with these deposits are included in this analysis. 

*As noted previously, it is assumed that only 20% is available for release. 
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It is also conservatively assumed that 1%* of the wastes will be released as particulates during 
transport to Hanford. For the other alternatives, the amount released is assumed to be proportional 
to the lesser distance traveled--i.e., for transport to Oak Ridge and the Harbor, 0.32% and 0.24% will 
be re leased, respectively. * These part i cul ates are assumed to be di spersed from the transportation 
route and result in human exposure and entry into the food chain. 

The largest whole-body and lung doses to the general public will be associated with transport of 
the wastes to the Harbor, primarily because of the release of particulates into the densely populated 
area. The largest bronchial epithelium and bone doses, however, will be associated with transport of 
the residues and wastes to Hanford, primarily because of the radon-222 and particulate releases and 
the longer distance involved. Doses associated with transport to Oak Ridge will be about one-third of 
the doses to Hanford because the average population densities are approximately the same and the . 
distance to Oak Ridge is about one-third of the distance to Hanford. 

The maximum exposed individual is assumed to be an individual who spends 2 hours about 3 meters 
(10 feet) away from a truck transporting the K-65 residues. This individual will incur an external 
whole-body dose of about 10 mrem. 

During transport of the waste and residues, it is possible for an accident to occur that could 
result in the release of radioactive materials. The accident rate for trucks transporting radioactive 
materials is given as 1.06 x' 10- 6 accidents per vehicle-kilometer in a report of the U.S. Nuclear 
Regulatory Commission (1977b). Not all of these accidents would be expected to result in release of 
radioactive material. Because the residues are packaged, the likelihood, of a release occurring during 
an accident would be lower for the residues than for the wastes. In this analysis,'it is conserva
tively assumed that 20% of the accidents involving transport of the residues would result in a release 
of radioactive material and 50% of the accidents involving transport of ,the wastes would result in a 
release. Using these rates and the total distance traveled for the various alternatives, the expected 
number of accidents involving a release of radioactive materials is shown in Table 4.15. 

Table 4.15. Projected Number· of Transportation Accidents Involving 
Release of Radioactive Materialt 1 

Material 
Site/Alternative Transported 

Total 
Number of 
Shipments 

One-Way 
Distance 

( km) 

Total Distance 
(One-Way) 
Traveled 

( km) 

Potential Number of 
Accidents Involvin~ 

Release of 
Radioactive Materialt 2 

HANFORD 

3a, 4a, 4b Residues 1,600 4,100 6.6 x 106 1.4 

3a Wastes 15,000 4,100 6.2 x 107 31 
- - - - - - - - - - - - - - - - - - - - - - - ,. 

OAK RIDGE 

3b, 4c, 4d Residues 1,600 1,300 2.1 X 106 0.45 

3b Wastes 15,000 1,300 2.0 x 107 10 
- - - - - - - - - - - - - - - - - - - - - - - - - -
HARBOR 

4b, 4d Wastes 15,000 1,000 1.5 x 107 7.5 

tl All estimates are given to two significant figures. 

t 2 Based on the following assumptions: (1) accidents occur at the rate of 1.06 x 10- 6 per 
vehicle-kilometer and (2) 20% of the accidents involving residues and 50% of the accidents 
involving wastes result in release of radioactive material. 

-

-

During transport of the residues, about one accident is projected to occur that would result in 
release of radioactive material (Table 4.15). If an accident involving loss of contaminated materials 

*No data are available regarding actual releases during bulk transport of soil materials (such as the 
NFSS wastes). Adjusting for distance traveled, it has been assumed that 0.5% of coal is lost during 
transport over similar distance (Szabo 1978). Allowing for the smaller average particle sizes in 
the NFSS wastes relative to chunks of coal mixed with coal dust, it is assumed that releases during 
transport to Hanford will be 1%. If the covers over the wastes are kept secure, actual releases 
should be substantially less. 



4-23 

occurs, efforts will be taken to minimize doses to the surrounding population. Access to the affected 
area will be. controlled, and the contaminated material wil'.be cleaned up as quickly as possible. The 
cumulative radiation doses to the general population from such accidents would be small in comparison 
to that incurred from normal transport. For this reason, radiation doses to the general population 
from transportation accidents are not analyzed explicitly in this EIS. However, it is possible for 
one or a few individuals to incur a measurable dose from such an accident. A person standing 1 meter 
(3 feet) from a ruptured K-65 bin for 10 minutes will receive a dose of about 20 mrem. 

It is projected (Table 4.15) .that several accidents could occur during shipment of the wastes 
wi th subsequent re 1 ease of radi oact i ve materi a 1. However, the consequences wfl 1 be much lower for an 
accident involving the wastes than for one involving the residues. A person standing for 10 minutes 
at 1 meter (3 feet) from a spill of these materials will receive a dose of only 0.007 mrem. (Worke~ 
doses associated with transportation accidents are discussed in Section 4.1;3). 

From Ocean Disposal. Site 106 is located on the lower edge of the Continental Slope and the 
upper edge of the Continental Rise. It is isolated from human habitation and is not hydrologically 
connected to any human water supply. The dumpsite is located in an area of tranquil deposition of 
sediments; wastes deposited on the sediments will remain there. Clumps and aggregates of NFSS wastes 
are expected to be deposited within'the dumpsite, 1.6 kID or less from the dump location (Appendix E, 
Section E.4.2). 

Commercial fishing operations for bottomfish are limited to the Continental Shelf and are there
fore not present within the dumpsite boundaries (U. S. Environ. Prot. Agency 1980a). Bottomfish 
abundance is low and any desirable species are more accessible to commercial exploitation in other 
areas of the dumpsite region. Both the red crab and the grey sole (or witch flounder) are known to 
occur at the dumpsite, and juveniles of th.e grey sole have been abundant in some trawl samples in the 
vicinity of the site (Musick et al. 1975), Juveniles of this species are most likely to be found on 
the lower and upper Continental Slope (approximately 160 m to 1400 m). Adults have not been captured 
at Site 106; they are more common at depths of 90 to 330 m near Site 106. The juveniles have a greater 
tendency toward seasonal migration than the adults (Martin and Drewry 1978), and Musick et al. (1975) 
suggest that the juveniles on the Continental Slope are later found as adults on the Continental 
Shelf . 

Because commercial fishing is not practiced within the dumpsite or vicinity, no dose to the 
general public is expected. It is possible, although very unlikely, that an individual might eat fish 
from either a botton-dwelling or a surface-dwelling fish that had been exposed to elevated concentra
tions of naturally occurring radionuclides resulting from disposal of the NFSS wastes. Therefore, 
both cases are analyzed and the dose to such an individual in the worst of the two cases is estimated. 

It is possible that a bottom-dwelling grey sole juvenile living near the waste deposits at the 
dumpsite bottom could migrate to the lower Continental Shelf, there to be caught and consumed when an 
adult. If so, a person might purchase and consume a filet of that fish (1-2 kg) through a commercial 
fish dealer. Because grey sole juveniles living in the dumpsite are a very small part of a mobile and 
widely distributed species, it is unlikely that the same individual would eat a filet of fish from 
Site 106 more than once in his/her lifetime. The radium-226 content of an adult grey sole that spent 
a portion of its life near the wastes at Site 106 would depend upon the radium-226 concentration of 
water to which the fish was exposed and the rate of removal of radium-226 from the fish's flesh after 
it left the dumpsite. Analysis of movement of radium-226 from wastes deposited on the sediments of 
the dumpsite (Appendix E) suggests that dissolved radium-226 concentrations in water in the vicinity 
of the sediments will be only 0.002 pCi/L above the ambient concentration of radium-226 in seawater 
(0.1 pCi/L). The IAEA (Templeton 1979) recommends a concentration factor of 100 for radium-226 (i.e., 
100 radium-226 atoms in fish for every atom in seawater). Therefore, the radium-226 content of the 
grey sole living on or near the wastes would be increased by 0.0002 pCi/g. Because ocean fish 
naturally contain an average of 0.0016 pCi/g of radium-226, the average radium-226 concentration of 
contaminated bottomfish would be 0.0018 pCi/g. 

It also maybe possible for a person to consume a surface-dwelling fish that had been in contact 
with the NFSS wastes within the surface waters of Site 106. Highly mobile, large open-water fish such 
as swordfish, sharks, and tuna are present in the dumpsite area and are caught by commercial longline 
fishing in adjacent Continental Shelf waters. Such a fish might swim throughout the dumpsite and at a 
later time swim into an area of longline fishing. A person might obtain the flesh of these fish as 
filets (1-2 kg) from a commercial dealer. 

For brief periods' following the dumping action, until the wastes are dispersed and di luted 
(Appendix E), the concentrations of the naturally occurring radionuclides found in the NFSS wastes are 
expected to be elevated above background in the surface waters. It is conservatively assumed that the 
concentration of radium-226 in a surface-dwelling fish comes into equilibrium with radium-226 in the 
contaminated water by the time the water leaves the dumpsite (4 days). By this time, the concentra
t i on of wastes in seawater is expected to be 1 ess than 100 mg/L (Sect i on 4.5.2). Because the 
radium-226 content of the wastes is 36 pCi/g, the total radium-226 concentration in the waste
contaminated seawater will be less than 3.6 pCi/L. Because the concentration factor for radium-226 in 
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sediments is 500 (i.e., 500 radium-226 atoms in sediments to every atom in seawater), the dissolved 
radium-226 concentration in the waste-contaminated seawater will be less than 0.007 pCi/l. Using the 
previ ous 1y mentioned concentration factor of 100 for fi sh, the radi um-226 concentration of fi sh wi 11 
be increased by 0.0007 pCi/g. Thus, the fish that naturally contains 0.0016 pCi/g radium-226 will 
contain 0.0023 pCi/g radium-226. 

It is un 1 i ke 1y that anyone wi n ever consume a fi sh in which the radi um-226 concentration is 
elevated above natural concentrations be~ause commercial fishing in the dumpsite area is not frequent 
or habitual and the dumping episodes will occur only 3-5 times per month over a 2-year period. How
ever, if an individual adult human consumed 2 kg of fish filet having 0.0007 pCi/g radium-226 above 
the normal 0.0016 pCi/g, he/she would incur an incremental dose of 0.0072 mrem to the whole body and 
0.084 mrem to the bone. Doses to other organs. would be even lower. These doses are estimated using 
ingestion dose conversion factors reported iri Strenge ~nd Bander (1981). This conservatively high 
dose is ins i gnifi cant compared to the dose a person normally recei ves from natural background 
radiation. 

In conclusion, no significant radiological impact to the general public, either during the action 
period or during subsequent periods, is expected due to ocean disposal of the NFSS wastes. This 
conclusion is based on the fact that: (1) the NFSS wastes are expected to disperse in the ocean at 
Site 106, (2) Site 106 is not now or will ever likely be used for any extensive commercial fishing, 
and (3) the major radionuclide of potential concern (radium-226) is already present in the ocean and 
decreases in concentration from wastes to water. 

4.1.2.2 Maintenance and Monitoring Period (10 to 200 years) 

Maintenance, monitoring, and corrective remedial actions (as necessary) are assumed for 10 to 
200 years. The wastes and residues will be covered during this period at all three sites. Therefore, 
the primary source of radiation exposure will be via the inhalation of radon-222 gas and its short
lived decay products. 

There will be no significant population dose via the water pathway at any of the sites. At all 
three sites, maintenance of the layered cover system will prevent erosion of the contained wastes and 
residues into surface waters. Also, groundwater contamination will not be a significant pathway for 
several reasons. As discussed in Sections 3.1.2 and 4.2.2, most of the public water supply in the 
region of NFSS is from surface waters upstream of the site and the rest is from a deep aquifer that 
does not underlie NFSS. The shallow near-surface aquifer at NFSS can yield limited quantities of 
groundwater (i.e., a large sand lens yielding water for single-family use). Because leachate may 
contaminate the near-surface aquifer, it is assumed that the monitoring program will include identi
fication of any new wells and monitoring to detect a·ny contamination from NFSS. A mitigative measure 
that could also be applied is to ensure that zoning ordinances prohibit such shallow wells near 
hazardous waste facilities such as NFSS and SCA. The potential radiological impact to a theoretical 
individual drinking contaminated well water is discussed in Section 4.1.2.3 (long-term period, when 
all controls are lost). 

At Hanford and Oak Ridge, groundwater contamination will not occur during the 10- to 200-year 
time period (see Section 4.2.2). 

Calculation of doses for the maintenance and monitoring period is done in the same manner as for 
the action period. The current meteorological patterns and population distributions are used. It is 
also assumed that the relative differences in population sizes and distributions between the three 
sites will be the same in 200 years. The locations of selected nearby individuals are also assumed to 
be the same as for the action period. 

To calculate radon-222 releases from the covered residues and wastes, it is necessary to make 
several assumptions about the depths, areas, and nature of the wastes, residues, and various layers of 
cover materials. The depths of the various materials at each of the sites for each of the alterna
tives are illustrated in Figures 4.3 through 4.6 (see Section 2 for description of conceptual designs 
for each alternat.ive). '" The areas covered by the residues and wastes are shown in Table 4.16. "'''' 

The radon-222 gas will diffuse through the various layers at different rates (e.g., it will 
diffuse faster through dry sand than wet clay). The radon-222 diffusion coefficients that are assumed 
for the different materials are given in Table 4.17. Of the several physical properties of the 

"'Although 
residues 
for both 
that the 

"''''The exact 
this EIS. 

the depths of the residue slag in Alternative 2b will be less than for the unmodified 
in Alternative 2a, it is assumed for purposes of this analysis that the depths are the same 
alternatives. Any difference due to depth is assumed to be accounted for in the assumption 
diffusion coefficient for the slag is one-tenth of that for the unprocessed residues. 

placement of the residues in Building 411 differs from that assumed for the analyses in 
However, this does not significantly change the prediction of impacts as given in this EIS. 
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I, 2a, 2b 

4a, 4c 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 
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Table 4.16. Areas Covered by Residues and Wastes 

Residues and/or Wastes 

K-65 residues and overlying wastes' 

L-30/F-32 residues and overlying wastes 

Wastes only 

Total 

Wastes only 

Residues and overlying wastes 

Wastes only 

Total 

Residues 

Residues and overlying wastes 

Wastes only 

Total 

Residues 

l,700t2 

l,700t2 

29,000 

32,000 

32,000 

14,000 

81,000 

95,000 

14,000 

14,000 

62,000 

76,000 

14,000 

acres 

0.4 

0.4 

7.2 

8.0 

8.0 

3.4 

20 

23 

3.4 

3.4 

15 

18 

3.4 

t 1 Does not include areas covered by dikes and caps, areas between trenches, areas 
between residue packages, or buffer lones, service areas, etc. See Section 4.6 for 
total areas at each site. All data given to two significant figures. 

t 2 The exact placement of the residues in Building 411 differs from that assumed for the 
analyses in this EIS. However, this does not significantly change the prediction 
of impacts as given in this EIS. 

Table 4.17. Assumed Radon-222 Diffusion Coefficients for Various Materials 

Material 

Riprap (air) 

Sand 
Native soils at Hanford 
Stoney soils at Hanford 

Topsoil at NFSS or Oak Ridge 
Stoney soils at NFSS or Oak Ridge 
Drier NFSS residues and wastes at Hanford 
Stoney wastes at NFSS 

Damp clay at NFSS or Oak Ridge 
Damp NFSS residues and wastes at 

NFSS or Oak Ridge 

Representative 
% Moisture 

o 

6 

13 

25 

Radon-222 
Diffusion 

Coefficientt 1 

(cm2 /s) 

0.1 

0.022 

0.0036 

0.00016 

tl Calculated using formula given in a report of the U.S. Nuclear Regulatory Commission 
(1980a--Appendix P). 
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re"sidues,wastes, and cover materials that influence radon diffusion coefficients, the moisture content 
is the most important. The moisture content of these materials will vary not only throughout the year 
(particularly the materials near the surface) but also over time as the properties of materials 
(particularly the cap) are changed by natural physical and biological forces (Sections 4.2 and 4.3). 
These vari at ions over hundreds of years cannot be predi cted with certai nty. Therefore, for purposes 
of analysis of the conceptual designs and comparisons of the alternatives in this EIS, the materials 
are grouped into four categories and "representative" moisture contents are used to determine radon 
diffsion coefficients. 

The moisture content of the materials near the bottom will fluctuate the least. The residues at 
the bottom are expected to be saturated at about 30% moisture upon completion of the slurry/dewatering 
operations during the interim remedial actions (base case for analysis in this EIS). Therefore, th~ 
assumed 25% moisture content is conservatively low (i.e., results in a higher than expected diffusion 
coefficient) for the residues at NFSS and Oak Ridge. When the residues are taken to the arid Hanford 
site, they will also be buried under several feet of wastes and cap, but it is conservatively assumed 
that they will dry out to about 13% moisture content in the arid climate. 

The wastes are essentially the native clayey soils excavated from the NFSS area and they will be 
covered with the layered caps at NFSS and Oak Ridge. Therefore, they are not expected to appreciably 
change in moisture content, and the 25% value is within the range from hydroscopic (dry) to field 
capacity (saturated) (Brady 1974). When the wastes are taken to Hanford, they are assumed to dry out 
to about 13%. Li kewi se, the cl ay layer at NFSS and Oak Ri dge wi 11 be protected by the riprap/sand/ 
topsoil and on the average is assumed to have about a 25% moisture content. 

The representatve moisture content of the next two groups of materials are also within the ranges 
reported in the literature. The riprap layer at all sites is conservatively assumed to retard radon 
no more than air. The radon flux from the residue slag (modified form) is simply assumed to be one
tenth of that of the unmodified residues (the physical properties of the slag are not well known--see 
Appendix C). 

The radon fluxes are calculated according to the method of analysis given in a report of the 
U.S. Nuclear Regulatory Commission (1983a). The resulting calculated fluxes (Table 4.18) are several 
orders of magnitude smaller for the humid eastern sites than for the arid western site. Differences 
between the two eastern sites are well within the uncertainties due to changes in the materials over 
hundreds of years. The total radon-222 release rates associated with these fluxes and the resultant 
doses to the general public are given in Table 4.19. 

The releases at NFSS result primarily from the presence of the wastes. The residues are buried 
so deeply that the radon-222 gas diffusing from the residues decays to solid decay products before it 
has a chance to escape from the containment system (hence, modification of the residue form does not 
affect fluxes at the top of the containment area). Only the radon-222 from the wastes on top of the 
residues can escape through the cap. Even so, the release rates are extremely low. At Oak Ridge, the 
release rates are also extremely low. At Hanford, the release rates are several orders of magnitude 
higher, primarily because the diffusion rates will be higher in the drier materials at that site. 

At NFSS and Oak Ridge, the rates of radon-222 release are expected to be well below the DOE 
regulatory limit of 20 pCi/m2/s (see Appendix H). At Hanford, however, the radon-222 fluxes are 
expected to be slightly above criteria for Alternative 3a (29 pCi/m2/s) and 15 times above criteria 
for Alternatives 4a and 4b (300 pCi/m2/s). The flux is much higher for Alternatives 4a and 4b than 
for Alternative 3a because the NFSS wastes will not be moved to Hanford and placed over the residues 
in Alternatives 4a and 4b. The wastes, even though they will be much drier at Hanford then at NFSS 
and Oak Ridge, are still a better radon-222 barrier than the dry native sandy soils at Hanford. To 
bring the radon-222 fluxes at Hanford for Alternatives 4a and 4b down to the 20 pCi/m2/s criteria 
level, the trenches would have to be about 7.5-m (25-ft) deep. To reduce the radon-222 flux to the 
same low levels as predicted for the alternatives at NFSS and.Oak Ridge, the trenches at Hanford would 
have to be about 30-m (97-ft) deep (assuming backfill with the native sandy soils). An alternative to 
deeper trenches is the use of backfill material that"has a lower radon-222 diffusion coefficient 
(e.g., clay), but such material is not readily available in large quantities near Hanford. If DOE 
decides to implement any of the Hanford alternatives, the containment system would be designed to meet 
the 20 pCi/m2/s radon emission guideline. For Alternative 3a (wastes and residues removed to Hanford), 
a release rate of 20 pCi/m2/s would result in approximately the same dose as is calculated for the 
29 pCi/m2/s release estimated for the conceptual design given in this EIS. For Alternatives 4a and 4b 
(residues only to Hanford), the dose would be approximately 10 times less than that calculated for the 
300 pCi/m2/s release. However, the total dose to the general public woul~ still be several orders of 
magnitUde higher than for any of the alternatives involving long-term management of the wastes and 
residues in a humid environment (at NFSS or Oak Ridge). 

The surface radon-222 fluxes will be higher at year 1000 due to the gradual loss of cover under 
erosive land uses (see Section 4.1.2.3). Again, the only site that will exceed the DOE limit of 
20 pCi/m2/s is Hanford. At Hanford, the surface radon-222 flux will be 110 pCi/m2/s for Alterna
tive 3a and 1100 pCi/m2/s for Alternatives 4a and 4b at year 1000. 



Site/Alternative 

NFSS 

1 

2a, 2bt2 

4a, 4c 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 
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Table 4.18. Estimated Surface Radon-222 Flux 
for the Various Alternatives 

Buried 
Radioactive Material 

Surface Radon Fluxt 1 

(pCi/m2/s) 

Wastes and underlyi'ng 
K-65 residues 

Wastes and underlying 
L-30/F-32 residues 

Wastes only 

Wastes and underlying 
K-65 residues 

Wastes and underlying 
L-30/F-32 residues 

Wastes only 

Wastes only 

Wastes and underlying 
residues 

Wastes only 

Res i dues on ly 

Wastes and underlying 
residues 

Wastes only 

Residues only 

Until Year 201 

2.9 x 10-5 

2.9 x 10- 5 

2.9 x 10-5 

1.1x 10-8 

1.1x 10- 8 

1.2x 10- 8 

1.2 x 10-8 

29 

3.5 x 10- 1 

300 

7.9 X 10- 9 

7.8 x 10-9 

1. 5 x 10- 5 

At Year 1000 

9.6t2 

9.6t2 

9.6t2 

2.1 x 10-3 

2.1 x 10-3 

2.1 x 10-3 

2.1 x 10-3 

110 

3.5 

1,100 

2.2 X 10- 8 

2.2 X 10- 8 

1. 3 X 10- 2 

t 1 Assumes maintenance and monitoring efforts until year 201 and erosive land use 
(Section 4.2.1) from the year 201 through the year 1000. 

t 2 Cap is predicted to be completely eroded away and the wastes exposed at the surface 
by the year 1000. The predicted surface radon flux is, therefore, from the surface 
of the exposed wastes. 

Doses to the general public during the maintenance and monitoring period are calculated assuming 
that the average radon-222 release rates will be the same each year. In reality, there will be periodic 
increases in diffusion through the cap prior to any maintenance actions. The cumulative doses to the 
general public resulting from the radon-222 releases for 190 years are shown in Table 4.19. The 
maximum individual organ doses to permanent residents near the sites will be less than 0.001 mrem per 
year for all alternatives at all sites. 

The doses to the general public at Hanford are clearly higher than at NFSS or Oak Ridge. However, 
these doses are still inSignificant relative to the dose that the population near Hanford will receive 
over the same period of time from natural background sources of radioactivity in the environment 
(Table 4.20). 
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Table 4.19. Radon-222 Release Rates and Doses to the General Public 
During the Maintenance and-Monitoring Period (10 to 200 years) 

Cumulative Doses to the General Public 

Radon-222 (I:!erson- or organ-rem)t2 

Release Rate Whole Bronchial 
Site/Alternative (Ci/yr)tl ·Body Bone Lung Epitheliumt3 

NFSS 

1 3 x lO- s <0.001 <0.001 <0.001 0.0032 

2a 1 x 10- 8 

2b 

4a, 4c 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 

1 x 10-8 

1 x 10-8 

14 

130 

2 X 10- 8 

7 X 10- 6 

<0.001 

2.5 

23 

<0.001 

<0.001 

13 

120 

<0.001 

<0.001 

2.0 

19 

<0.001 

<0.001 

140 

1300 

<0.001 

tl Incremental release above background. Based on areas given in Table 4.16 and 
fluxes given in Table 4.18. 

t 2 All doses are given to two significant figures unless preceded by a less than «) 
symbol. Doses are reported as the cumulative 100-year environmental dose commit
ment over 190 years. Cumulative doses to the general public below 0.001 person
or organ-rem are not given because doses this small are immeasurable and meaning
less with regard to predicting detrimental health effects. 

t 3 Dose. resulting from inhalation of short-lived radon-222 decay products. 

Table 4.20. Comparison of Doses to the General Public at Hanford 
(Alternatives 4a and 4b) to Doses from Natural Background 

Sources (During Maintenance and Monitoring Period) 

Cumulative Population Dose at 
Hanford During Maintenance 
and Monitoring Periodt 1 

(person- or organ-rem) 

23 (whole body) 

120 (bone) 

19 (lung) 

1300 (bronchial epithelium) 

Dose to Same Populationt 2 

from Natural Background 
Radiation for 190 years 
(person~ or organ~rem) 

3,900,OOOt3 

5,900,OOOt3 

8,800,OOOt3 

16,000,000 - 29,OOO,OOOt4 

tl All doses are given to two significant figures. Doses are reported as 
the cumulative 100-year environmental dose commitment over 190 years. 

t 2 Population of 258,000 persons. 

t 3 Conversion factors are given in a report of the National Council on 
Radiation Protection and Measurements (1975). 

t4 Based on 320 to 600 mrem/yr, assuming an outdoor radon-222 concentration 
of 0.3 pCi/L (Moses et al. 1963), an indoor concentration of 1 pCi/L 
(U.N. Sci. Comm. At. Radiat. 1977), and dose conversion factors for 
radon-222 of 1000 mrem/yr perpCi/L for outdoor background conditions 
(infinite source) and 625 mrem/yr per pCi/L for indoor conditions (50% 
equilibrium of radon-222 decay products) (U.S. Nucl. Reg. Comm. 1980a). 
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In summary, control and maintenance of the NFSS wastes and residues in an earthen mound at NFSS 
(preferred alternative) is predicted to result in doses to nearby members of the general public that 
are extremely small compared to doses that occur in everyday life because of natural radioactivity in 
the envi ronment. For example, the predi cted maximum i ndi vi dua 1 dose of 1 ess t.han 0.001 mrem/yr (whole 
body) compares with approximately 2.0 rem/yr that the same individual would receive just by moving to 
Buffalo, New York, ·because of the increase in cosmic radiation at the 117-m (385-ft) higher altitude 
in Buffalo. The same individual would receive 3.0 mrem from riding 10 hours cross country in a jet 
plane at 10,000 m (30,000 ft) altitude. Likewise, the predicted doses of less than 0.001 mrem/yr to 
other organs compare with the fo 11 owi ng yearly doses from natural sources. (background radi at i on such 
as naturally occurring radionuclides in the soil, water, and body tissues; and cosmic radiation from 
outer space): 120 mrem/yr (bone), 180 mrem/yr (lung), and 320-600 mrem/yr (bronchial epithelium). 

4.1.2.3 Long-Term Period (200 to 1000 years) 

During the long-term period (200 to 1000 years), the primary pathway to the general public will 
again be via inhalation of radon-222 gas and its decay products. It is assumed, for purposes of 
analysis, that the covers will no longer be maintained and that they will gradually erode. Under 
Case A (land-use controls still in effect), the rates of erosion from land covered with natural 
vegetation will be slow (Section 4.2.1). In all alternatives, the residues will not be exposed. The 
covers will continue to inhibit radon-222 diffusion out of and water infiltration into the wastes 
(although not as well as during the maintenance and monitoring period--see Section 4.3 for discussion 
of biointrusion). Although the cap thicknesses will be decreasing slightly, the rates of radon-222 
release are not expected to be significantly different than during the maintenance and monitoring 
period. 

For Case B (no controls), the erosion rates under intensive use of the land (i.e., agriculture at 
NFSS and Oak Ridge and overgrazed range at Hanford--Section 4.2.1) will be much greater. Only under 
Alternative 1 will the cap be eroded away within 1000 years. Doses under Case B are estimated for the 
general public and for an individual called the "resident-intruder". Following are discussions of the 
assumptions, methodology, and results of the analysis of doses to the general public and a hypothetical 
resident-intruder at each site. 

General Public. The water pathway to the general public is not significant for the long-term 
period (to 1000 years) because of the same considerations discussed for the maintenance and monitoring 
period. For estimating doses via airborne releases, it is assumed that there will be one million 
people evenly distributed within 80 km of each site, thus focusing on the site-specific physical 
features (geology, hydrology, meteorology, containment ·system, etc.). This assumption is reasonable 
because., over such a long time period, relative population differences between sites could completely 
change (e.g., the population near the Hanford site could become larger than at the other sites). 
Therefore, for purposes of analysis, it is assumed that the populations near each site are identical 
and the doses to the general public are reported in terms of dose per million persons. 

It is also assumed that the meteorological conditions will be the same as current conditions. 
Although there may be some climatic changes over 1000 years, it is expected that the relative differ
ences between sites will remain the same, i.e., the climate at Hanford will continue to be arid and 
the climates at Oak Ridge and NFSS will continue to be humid. 

At year 201, radon-222 releases will be the same as during the maintenance and monitoring period 
(Table 4.21). At year 1000, the materials covering the waste and residues will be less thick and have 
different radon-222 diffusion coefficients due to the natural process of erosion (Section 4.2.1) and 
soil form·ation (Section 4.3). Therefore, radon-222 release rates at the year 1000 (Table 4.21) are 
calculated based on the depths of the various materials as given in Table 4.22 and the radon-222 
diffusion coefficients as given in Table 4.17. In addition to radon-222 releases, for Alternative 1 
there will be particulate releases because the cap will be completely eroded away, thus exposing the 
wastes. 

At year 201 and at year 1000, the highest doses to the general public (per million persons) will 
be at the Hanford site for Alternatives 4a and 4b. As during the maintenance and monitoring period, 
the arid climate at Hanford results in higher rates of radon-222 release with consequent higher doses 
to the general public. Exposure of the wastes at NFSS under Alternative 1 will result in population 
doses to the whole body, bone, and lung comparable to those at Hanford. The relatively large organ 
doses at NFSS for Alternative 1 are a result of particulate releases. Once th~ caps eventually erode 
at all sites, the population doses to the whole body, bone, and lung at all three sites will be 
comparable, assuming equal population distributions, because the major contributor to these doses will 
be from part i cul ate re 1 eases. The bronchi a 1 epithe 1 i um doses wi 11 be 1 arger at Hanford due to the 
drier climate which results in drier wastes, residues, and cover materials. 

Although the doses at Hanford will be significantly larger during the long term than at the other 
sites under any of the action alternatives (the doses at NFSS under the no-action Alternative 1 will 
be comparable to the doses at Hanford), the doses will still be insignificant relative to the doses 
that the populations will receive from natural background sources of radioactivity (Table 4.23). 



Table 4.21. Radon-222 Release Rates and Doses to the General Public 
at the Year 201 and the Year 1000 

At Year 201 At Year 1000 

Radon-222 Dose to the General Publict 2 ,t3 
Radon-222 Dose to the Genera 1. Pub 1 i ct2 , t 3 

Release ~organ-rem/~ear/million ~er50ns2 Release ·(organ-rem/~ear/million ~ersons2 

Si tel 
Alternative 

NFSS 

1 

2a, 2b, 4a, 4c 

Rate 
(Ci/yr)tl 

3 x 10- 5 

1 x 10- 8 

Whole 
Body Bone lung 

<0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 

Bronchial Rate Whole 
Epithe 1 i umt4 (Cilyr)t5 Body Bone Lung 

<0.001 9.8t6 0.065 1.9 1.7 

<0.001 2 x 10-3 <0.001 <0.001 <0.001 

- - - - - - - - - - - - - - ... - - - - - - - - - - - - - - - - - - - - - -
HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 

14 

130 

2 X 10- 8 

7 X 10- 6 

0.092 

0.86 

<0.001 

<0.001 

0.39 

3.7 

<0.001 

<0.001 

0.078 

0.73 

<0.001 

<0.001 

6.5 

61 

<0.001 

<0.001 

59 

500 

5 X 10- 8 

6 X 10- 3 

0.39 

3.3 

<0.001 

<0.001 

1.7 

14 

<0.001 

<0.001 

tl Incremental release above background. Same as during maintenance and monitoring period (see Section 4.1.2.2). 

t 2 Assumed populations of one million persons evenly distributed within 80 km of each site. 

0.33 

2.8 

<0.001 

<0.001 

Bronchial 
Epithe 1i umt4 

1.6 

<0.001 

- - - - -

28 

230 

<0.001 

0.0020 

t 3 All doses given to two significant figures, unless preceded by a less than «) symbol. Cumulative doses to the general public 
below 0.001 person- or organ-rem are not given because doses this small are immeasurable and meaningless with regard to predicting 
detrimental health effect~. 

t 4 Dose resulting from inhalation of short-lived radon-222 decay products. 

t 5 Incremental release above background. Based on depths of materials as shown in Table 4.22. 

t 6 . In addition to radon-222 releases, there will be particulate releases (3 x 10- 3 <;i/yr for thorium-230, radium-226, and all subse
quent decay products except radon-222 gas) from the exposed residues (the cap will have eroded away). 



Site/ 
Alternat.ive 

NFSS 

1 

2a, 2b 

4a, 4c 

Site/ 
A lternat i ve 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 
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Table 4.22. Thickness'of Various Materials at Year 1000 
(Case B, No Controls) 

K-65 Residues 

Materialt 1 

Stoney wastes 

Wastes 

Clay 

Wastes 

K-65 residues 

Stoney soil 

Clay 

Wastes 

Clay 

Wastes 

K-65 residuest 3 

Not applicable 

Residues 

Materialt 1 

Stoney soi 1 

Wastes 

Residues 

Stoney soil 

Residues 

Stoney soi 1 

Clay 

Wastes 

Residues 

Stoney soil 

Clay 

Residues 

Thicknesst 2 

(m) 

0.7 

1.9 

0.9 

3.6 

1.2 

0.7 

0.5 

3.0 

0.9 

3.6 

1.2 

Thicknesst 2 

(m) 

1.4 

1.6 

0.8 

3.0 

0.8 

0.7 

1.5 

2.2 

0.8 

0.7 

1.0 

0.8 

l-30/F-32 Residues 

Thicknesst 2 

Materialt 1 (m) 

Stoney wastes 

Wastes 

Clay 

Wastes 

l-30/F-32 
residues 

Stoney soil 

Clay 

Wastes 

Clay 

Wastes 

l-30/F-32 
residuest 3 

Not applicable 

MaterialP 

Stoney soi 1 

Wastes 

Wastes 

Not applicable 

Stoney soil 

Clay 

Wastes 

Not applicable 

0.7 

0.3 

0.45 

2.6 

2.7 

0.7 

0.5 

l.4 

0.45 

2.6 

2.7 

Thicknesst2 

(m) 

1.4 

2.4 

0.7 

1.5 

3.0 

Wastes 

Thicknesst 2 

Materialt 1 (m) 

Stoney wastes 0.7 

Wastes 4.9 

Stoney soil 0.7 

Clay 0.5 

Wastes 6.0 

Stoney soil 0.7 

Clay 0.5 

Wastes 6.0 

tl Radon-222 diffusion coefficients of various materials are given in Table 4.17. 

t 2 Thickness of various materials based on erosion rates given in Section 4.2.1 for intensive land 
uses. 

t 3 Radon-222 diffusion coefficients of K-65 and L-30/F-32 residues reduced by a factor of 10 for 
Alternative 2b (residues processed and resulting solidified slag is reburied). 
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Table 4.23. Comparison of Doses to the General Public 
at Hanford (Alternatives 4a and 4b) to Doses 

from Natural Background Sources 

Annual Population Dose 
at Year 1000t 1 ,t2 

(person- or organ-rem/yr) 

0.065 (whole body) 

1. 9 (bone) 

1. 7 (1 ung) 

1.6 (bronchial epithelium) 

at Year 1000 

Annual Dose to Same Populationt 2 

from Natural Background Radiation 
(person- or organ-rem/yr) 

80,000t3 

120,000t3 

180,000t3 

320,000 - 600,000t4 

tl All doses are given to two significant figures. 

t 2 Population is assumed to be 1 million persons evenly distributed within 
an 80-km radius. 

t 3 Conversion factors are given in a report of the National Council on 
Radiation Protection and Measurements (1975). 

t4 Assuming an outdoor radon-222 concentration of 0.3 pCi/L (Moses et al. 
1963), an indoor concentration of 1 pCi/L (U.N. Sci. Comm. At. Radiat. 
1977), and dose conversion factors for radon-222 of 1000 mrem/yr per 
pCi/L for outdoor background conditions (infinite source) and 625 mrem/ 
yr per pCi/L for indoor conditions (50% equilibrium of radon-222 decay 
products) (U.S. Nucl. Reg. Comm. 1980a). 

Resident-Intruder. The basic assumptions of the resident-intruder scenario are based on known 
and probable patterns of human activity. In this scenario, a resident-intruder--unaware of the 
presence of the wastes and/or residues--lives in a house constructed into the contaminated materials 
at a future date when the cover systems have completely eroded or been removed.* It is assumed that 
the resident-intruder (1) lives in a two-story house in which thetlasement is built into 1.5 mof 
wastes and residues, (2) consumes produce from a vegetable garden located in the contaminated area, 
and (3) obtains drinking water from a well located on the edge of the contaminated area in the direc
tion of groundwater flow. 

The two-story house has a full basement--10 m x 10 m in area and 8 m from basement floor to 
roof--with ceiling heights of 2.5 m for each floor. It is assumed that the structure provides a 
shielding factor of 0.7 for radiation from sources outside the house (U.S. Nucl. Reg. Comm. 1977a); no 
credit is taken for shielding by internal partitions. The house is ideally represented in the scenario 
as an 800-m3 volume shi e 1 ded by the externa 1 walls. It is assumed that concrete is used for the 
foundation and basement floor. Attenuation factors for radon-222 gas migration through concrete can 
range from 0.08 to 0.5 (Healy and Rogers 1978); a value of 0.3 is used for this study for both base
ment floor and below-grade walls (U.S. Nucl. Reg. Comm. 1980a). 

It is further assumed that the time spent by the resident-intruder inside the house 
ted between the basement, first floor, and second floor in the proportion ·0.1/0.3/0.6. 
expected to spend 500 hours cultivating the garden and 500 hours in the yard annually. 
from the garden is expected to account for approximately 50% of the resident-intruder's 
and he/she is assumed to drink 730 liters of contaminated well water per year. 

is distribu
He/she is 

The produce 
plant diet, 

The methods of Gilbert et al. (1983) are applied to this resident-intruder scenario to obtain 
source/dose conversion factors for the various pathways. Although the wastes and residues will be 
exposed at different times for the various alternatives (depending on when the caps are removed. or 
eroded), the year 1000 is used as a base. Under Case B (no controls), the resident-intruder scenario 
could actually occur as early as 200 years or as late as several thousand years. For Alternative 2b, 
the effective source concentrations of the residues are reduced by a factor of 10 to allow for the 
modified form. 

There are several pathways by which the resident-intruder will receive radiation doses. By far 
the most important pathway, both in terms of dose and in terms of health effects, is the inhalation of 

*It is not possible to predict when the resident-intruder scenario will occur at the three sites, nor 
the relative probabilities of intrusion, because there are too many major uncertainties with respect 
to cessation of controls and the behavior of containment systems in the long term (see Sec-
tions 4.1.1.3, 4.2, and 4.3). 
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radon-222 gas and·its decay products with resulting dose to the bronchial epithelium (U.S. Oep. Energy 
1983a; see also Table 4.30). The expected doses to the resident-intruder's bronchial epithelium are 
given in Table 4.24. 

The effective source concentration (radium-226) for estimating doses to the bronchial epithelium 
via inhalation of radon-222 gas and its short-lived decay products is based on the assumption that the 
house could be built in the residues ("hot spot") at NFSS, whereas at the other sites there will be no 
"hot spot" because of the method of reburial (residues in packages dispersed among the wastes). The 
radon-222 diffusion into the house at Hanford is adjusted for the drier materials in the arid environ
ment. The average diffusion coefficient for radon-222 in the sandy soils and wastes/residues·· at 
Hanford is assumed to be 5 x 10-2 cm2/s; that in the loamy soils and wastes/residues at NFSS and Oak 
Ridge is assumed to be 8 x 10- 3 cm2/s. 

As can be seen in Table 4.24, as long as the residues are located near the surface--no matter 
what form they are in--the radon-222 working levels (WL) in the resident-intruder's house will be 
extremely high (the working level in a house normally ranges from about 0.001 to 0.067 Wl [George and 
Breslin 1980]). As a result, the resident-intruder will receive a very large dose to his/her 
bronchial epithelium. Leaving the residues concentrated in a "hot spot" at NFSS will result in the 
highest doses. The dose to the resident-intruder will be less if (1) the form of the residues is 

Table 4.24. Dose to the Resident-Intruder's Bronchial Epitheliumtl 

Site/Alternative 

NFSS 

1 

2a 

2b 

4a, 4c 

HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 

Effective Source 
(Dry Weight) 

Concentration 
(pCi/g)t2 

67,000 (residues)t4 

67,000 (residues)t4 

6,700 (modified residues)t4 

36 (wastes)t4 

1,300 (wastes and residues)t 7 

5,200 (residues)t7 

4,000 (wastes and residues)t 7 

.18,000 (residues)t 7 

tl All values given to two significant figures. 

Working Level 
(WL) 

110tS 

110tS 

l1t S 

0.058tS 

- - - - - - - - ------

Bronchial 
Epithe 1 i um 

Doset 3 

(mrem/yr) 

8,OOO,OOOt6 

8,OOO,000t6 

800,000t6 

4,300t6 
- - - - -

400,000t9 

1,600,000t9 

480,OQOt6 

2,200,OOOt6 

t 2 The concentration of radium-226 will not decrease appreciably in 1000 years because it 
is assumed that radium-226 is in secular equilibrium with its parent radionuclide, 
thorium-230, and there will be ingrowth of radium-226 due to decay of the thorium-230. 

t 3 Dose resulting from inhalation of short-lived radon-222 decay products. 

t4 At NFSS, the effective source concentrations for estimating doses to the bron'chial 
epithelium via inhalation of radon-222 and its short-lived decay products is based on 
the assumption that the house is built in the residues ("hot spot") under Alternatives 1, 
2a, and 2b. The effective concentration for 2b is lower by a factor of ten because the 
residues will be modifieq and radon-222 will not diffuse as readily out of the residues. 

t S Based on 0.0016 WL (in the house) per pCi/g (in the source) (U.S. Dep. Energy 1983a-
Table 3.6). 

·t6 Based on dose/source conversion factor of 120 mrem/yr per pCi/g (U.S. Dep. Energy 
1983a). 

t 7 The effective source concentrations for Hanford and Oak Ridge are calculated based on 
the assumption that the contaminated materials are 1.5 m deep over the entire waste 
containment area (as given in Table 4.58). 

t 8 Based on 0.004 WL per pCi/g, adjusting for the higher diffusion rates in the drier 
residues in the arid climate at Hanford (U.S. Dep. Energy 1983a). 

t 9 Based on 300 mrem/yr per pCi/g, adjusting for the higher diffusion rates and higher WL 
in the house in the arid environment. 
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modified, (2) small packages of residues are spread among the wastes at Oak. Ridge or Hanford, or 
(3) the residues are spread over a large area at Oak. Ridge or Hanford. This conclusion is very 
sensitive, however, to the assumptions that are made about the nature and durability of the modified 
residues and about the geometry and effective dilution of the residues at the alternative sites. Only 
under Alternatives 4a and 4c will the dos,e to the resident-intruder at NF"SS be significantly reduced. 
However,' under the same alternatives, the resident-intruder at either of the other two alternative 
sites will receive a very large dose. 

The NFSS wastes and residues are both in the same category of "wastes contaminated with naturally 
occurring radionuclides" under Section IV of DOE Order 5820.2. For management 'of these materials, DOE 
is using the EPA uranium mill tailings regulations {40 CFR 192) as guidance (see introduction to 
Section 4). It is explicitly stated in the preamble to these regulations that "institutional over-. 
sight is an essential back.up to passive controls," that "it would not be safe to build habitable 
structures on the disposal sites," and that "Federal ownership of the site is assumed to preclude such 
inappropriate uses" (U.S. Environ. Prot. Agency 1983). DOE has explicitly stated in the introduction 
to Section 2 (p. 2-1) that it intends to tak.e perpetual care of whatever site is used for long-term 
management of the NFSS wastes and residues. 

If controls are effective, the resident-intruder scenario will not occur. Even if controls 
cease, the intrusion barrier (riprap layer) incorporated into the long-term cap of preferred Alterna
tive 2 is intended to deter the intruder and make the resident-intruder scenario unlik.ely to occur. 
However, to assess potential environmental .impacts so that the DOE decision-maker has full k.nowledge 
of the potential consequences of the long-term management decision, the analysis includes the potential 
'impacts that could occur if maintenance, monitoring, and controls were to cease. The resident
intruder scenario for the preferred Alternative 2 is based on several conservative assumptions, 
including: (1) both the 3-m (10 ft) earthen cap (which includes a O.9-m [3-ft] riprap intrusion 
barrier) and the approximately 3-m (10-ft) layer of wastes overlying the residues are either completely 
eroded or have been removed, and (2) the intruder's house is constructed exactly over the uncovered 
residues. It is unlik.ely that an intruder would build a house on the exact spot on the mound of 
wastes/residues where the residues are buried. 

Because of the very high doses that are predicted and because of the many other potential long
term impacts associated with the presence of the residues, DOE also identified possible modifications 
to the near-surface containment designs as well as optional design concepts (Section C.3)--some of 
which would reduce the likelihood of the resident-intruder scenario or reduce the impact to such an 
intruder (Tables C.3 and C.4). 

As a result of further discussions with EPA and New York officials, DOE has given consideration 
to an additional intruder barrier ever· the residues (in addition to the riprap layer in the cap). The 
engineering aspects and costs of several options have been investigated (Bechtel Natl. 1985). In 
order to install the additional barrier, the cap and wastes overlying Building 411 would have to be 
excavated and stored. A barrier could be constructed of reinforced concrete, asphalt, cement-stabiliz~J 
sand, cement-stabilized fly ash, or stone. Reinforced concrete would provide the only practical means 
to tie the barrier into the building walls and would provide the most positive means of deterring an 
inadvertent intruder. Construction of such a barrier is estimated to cost an additional $1.3 million 
(Bechtel Natl. 1985). 

Using the same methodology and parameter values given in Section 4.1.2.2, radon emissions at the 
top of Building 411 are estimated to be at background levels--with or without a concrete barrier-
primarily because of the intervening layer of approximately 4 m (12 ft) of damp wastes (mostly native 
clayey soils) and clay on top of the residues. This layer retards the radon emitted from the residues 
long enough for the radon to decay to solid decay products. Thus, if an intruder only intruded as far 
as the top of Building 411, he/she would not incur the very high radiation doses calculated for the 
case in which the residues are assumed to be uncovered. 

Summary. In summary, during the long-term period, even the largest doses to the general public 
at Hanford would be small relative to doses the same population would receive from natural background 
sources. Moreover, severe eros i on of the cap at NFSS woul d not lead to a s i gnifi cant dose to the 
general public. If a person intruded into the highly radioactive residues, he/she would incur a very 
high radiation dose. However, if the intended perpetual care of the site is effective, if the intruder 
is stopped by the layer of riprap in the cap of preferred Alternative 2, or if the intruder does not 
happen to construct a house immediately on top of the residues, the calculated doses would not be 
incurred and there would be no significant impact to individuals in the long term. 

4.1.3 Doses to Workers 

Implementation of any of these alternatives will require that workers be exposed to radiation and 
radioactive materials and thus incur radiation doses. The doses to workers (occupational doses) are 
given separately from the doses to the general public in this EIS because the occupational doses are 
basically voluntary whereas those to the general public are involuntary. 
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At NFSS and Oak Ridge, the only time period during which significant occupational doses will 
occur is the action period (0-10 years). Doses during the action period are discussed in detail in 
Sections 4.1.3.1 through 4.1.3.4. During the maintenance and monitoring period, doses to workers at 
NFSSand Oak Ridge are expected to be negligible. Workers will periodically be onsite to collect air 
and water samples, to inspect the condition of the ~ontainment system, to maintain the fences and mow 
the grass, to patrol the site for security purposes, and to perform other routine maintenance and 
monitoring activities. Occasionally, workers may be onsite to take remedial actions such as repairing 
any failures in the containment system. During the maintenance and monitoring period, work.ers are not 
expected to be directly exposed to the radioactive wastes or residues. Radioactive emanations, 
including radon-222 gas, from the deeply buried residues and from the slightly contaminated wastes are 
expected to be negligible at the surface of the earthen containment caps (see expected radon-222 
release rates in Section 4.1.2.2). Also, workers are expected to be onsite only for brief periods of 
time. Because of all these factors, occupational doses at NFSS and Oak Ridge during the maintenance 
and monitoring period are expected to be negligible, probably less than a total of a few rem to the 
whole body or critical organs (principally the bronchial epithelium) over the entire period. 

At Hanford, there will be significant occupational doses during both the action period and the 
maintenance and monitoring period. During the action period, doses are estimated in the same manner 
as doses at NFSS and Oak Ridge and are detailed in Sections 4.1.3.1 through 4.1.3.4. During the 
maintenance and monitoring period, workers will be onsite only briefly and will also not be directly 
exposed to the contaminated materials. However, the radon-222 gas releases from the buried materials 
at Hanford will be much higher than at NFSS or Oak Ridge (Section 4.1.2.2). Workers at Hanford will 
therefore be exposed to significantly elevated levels of radon-222 gas and its short-lived decay 
products'and will incur significant bronchial epithelium doses. Thus, worker doses at Hanford during 
the maintenance and monitoring period are estimated separately (see Section 4.1.3.5 for details). 

At all sites, there will no occupational doses in the long-term period because it is assumed that 
there will be no monitoring or maintenance activities occurring after- 200 years. 

4.1.3.1 General Assumptions and Methodology 

Occupational doses during the action period are estimated for (1) activities at NFSS, (2) trans
portation activities, and (3) activities at alternative long-term management sites and the Harbor. 
There are three major sources of radioactivity that could lead to occupational doses from these---
activities: (1) direct gamma exposure, (2) release of radioactively contaminated particulates, and 
(3) release of radon-222 gas. The first source results in an external whole-body dose whereas the 
second and third sources result in doses to internal organs via inhalation of radionuclides. The 
contribution from other pathways (e.g., ingestion of contaminated water and foodstuffs) will have a 
relatively small effect on occupational doses to internal organs. All three sources are not appli
cable to each alternative or component of the alternatives, e.g., the second and third sources do not 
apply to transportation (see Section 4.1.3.3). 

The occupational doses for direct gamma exposures resulting from activities associated with 
processing and handling the radioactive materials are calculated separately for the residues and the 
wastes. Only the workers in the immediate vicinity of the wastes or residues will receive significant 
exposures because direct gamma radiation decreases rapidly with distance from the wastes or residues. 
The occupational doses associated with inhalation of particulates and radon-222 gas (and its short
lived decay products) are also calculated separately for activities associated with the processing and 
handling of the residues and wastes. 

External whole-body doses are calculated by multiplying the length of time workers spend in 
various radiation fields by the radiation field strength and summing over the number of workers 
involved. Internal doses are calculated in a similar manner using the estimated concentrations of 
airborne radionuclides in the work environment and average rates of inhalation. Fifty-year internal 
dose commitments--i.ec, the entire dose insult received over a period of 50 years following intake 
into the body--are used in this EIS. 

Direct Gamma Exposure. Activities involving the residues will be the major source of occupa
tional doses via direct gamma exposure due to the high concentration of radium-226 and its decay 
products. Workers directly involved in handling the residues are assumed to be exposed to an average 
radiation field of 1 mrem/h. This dose rate is used to estimate the dose to the whole body, bone, and 
lung from exposure to external gamma radiation. The radiation field for certain of the residues may 
be much higher than this value--i.e., the K-65 residues may have contact exposure rates up to 300 mR/h 
or higher (Bechtel Natl. 1984a). Thus, some workers may be exposed to higher radiation fields during 
activities involving processing and handling of the K-65 residues. (The exposure rates for the other 
residues will be significantly lower because they have a much lower concentration of radium-226--see 
Table 3.5). However, efforts will be tak.en to keep the length of such exposures to a minimum to be in 
compl iance with DOE's "as low as reasonably achievable" (ALARA) philosophy. When necessary, shielding 
and remote handling equipment will be used to reduce exposure rates. The 1 mrem/h average radiation 
field is appropriate for estimating occupational doses considering the radium-226 concentration in the 
residues, the assumed engineering procedures for the various alternatives, and compliance with ALARA. 
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Workers involved in handling the wastes are assumed to be exposed to an average radiat.ion field 
of· 0.04 mrem/h. This dose rate is used to estimate the dose to the whole body, bone, and. lung from 
exposure to external gamma radiation. This average radiation field assumes handling of the wastes by 
machinery without the use of additi-onal shielding or remote handling equipment. The 0.04 mremlh 
average radiation field strength is based on an average radium-226 concentration of 36 pCilg (see 
Table 3.5) and taking credit for a small amount of shielding afforded by construction equipment. 

Inha 1 at i on of Radi oact ive Part i cul ates. lnha 1 at ion of radioacti ve ly contami nated dust wi 11 
result in workers incurring an internal radiation dose. Dust concentrations will generally be quite 
low; however, use of respiratory-protection equipment may occasionally be necessary to ensure that the 
ALARA principle is maintained. In this analysis, it is assumed that respirators are not used but 
masks will be used for activities involving excavation and packaging of the residues. The masks are 
assumed to reduce the amount of particulates inhaled by a factor of 10. 

The amount of dust in the vicinity of earth-moving activities has been estimated by NRC to be 
about 0.01 g/m3 , with 10% being in the respirable particle-size range, i.e., <101-lm in diameter 
(U.S. Nucl. Reg. Comm. 1980b). Thus, the amount of respirable dust will be about 0.001 g/m3. Wetting 
would be expected to reduce this by at least a factor of two, so the respirable dust load is assumed 
to be 0.0005 g/m3 for this analysis. The workers exposed to this airborne contamination will include 
machinery operators, laborers, and supervisory and monitoring personnel. This average concentration 
of 0.0005 g/m3 is used for internal dose estimates for all workers at NFSS and at the various alterna
tive management sites and the Harbor. A respiration rate of 20 Llmin is assumed in calculating the 
amount of dust that would be inhaled by workers (Int. Comm. Radiol. Prot. 1966). 

The average concentration of radium-226 is about 67,000 pCilg in the residues and about 36 pCilg 
in the wastes. In this EIS, ft is assumed that the concentration of thorium-230 is equal to that of 
radium-226. Therefore, for every person-hour associated with handling the residues until they are 

. packaged, workers will inhale about 4 pCi of thorium-230, radium-226, and all of its decay products 
(excluding radon-222 gas and its short-lived decay products, which are calculated separately). This 
estimate is o~tained by multiplying the average concentration of radionuclides in the residues by the 
average inh~lation rate, taking into account the reduction in particulates inhaled through use of 
air-filtering masks assumed to be used by the workers. 

For every person-hour associated with handling the wastes, it is estimated that workers will 
inhale about 0.022 pCi of thorium-230, radium-226, and all subsequent decay products (excluding 
radon-222 gas). This estimate is obtained in a manner similar to that obtained for the residues, 
i.e., multiplying the average concentration of radionuclides in the residues by the average inhalation 
rate. 

The dose conversion factors for critical organs (i.e., whole body, bone, and lung) are given as 
follows: 

Organ 

Whole Body 

Bone 

Lung 

Dose Conversion Factor 
(mrem/pCi inhaled) 

0.020 

0.57 

0.65 

These conversion factors were obtained from Appendix G of the U.S. Nuclear Regulatory Commission 
(1980a) report, using an average particle size of 5 !Sm. Thus, the internal occupational dose associ
ated with handling the NFSS residues and wastes, per worker-hour of exposure, is given as follows: 

Occupational Dose 
{mrem/worker-hour) 

Organ Residues Wastes 

Whole body 0.080 0.00044 

Bone 2.3 0.013 

Lung 2.6 0.014 

Inhalation of Radon-222 Gas and Its Short-Lived Decay Products. Radon-222 gas will emanate from 
the residues and wastes, and part of it will escape into the atmosphere. As a result, the concentra
tion of radon-222 gas and its short-lived decay products will be elevated in the ambient air. Construc
tion workers and maintenance personnel will, therefore, be exposed while on the job. The only internal 
organ that will receive a significant dose from radon-222 gas and its short-lived decay products is 
the bronchial epithelium. Average radon-222 concentrations above contaminated surfaces that emit 
radon-222 gas are extremely variable. It is difficult to correlate radon-222 concentrations in air 
with radon-222 flux from the surface or with the radium-226 concentration in the contaminated materials 
(even in the relatively rare cases when the radium-226 distribution is homogeneous). Thus, it is 
necessary to make simplifying assumptions to estimate this component of the occupational dose. 
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The bronchial epithelium dose for handling the residues and wastes is estimated as follows. The 
average occupational exposure to radon-222 and its short-lived decay products at uranium mills was 
reported to be 0.05 working level (WL) in a report of the U.S. Nuclear Regulatory Commission (1980a). 
Because the residues have a higher concentration of radium-226 than uranium mill tailings, the average 
occupational exposure to workers handling the residues is assumed to be 0.1 WL. The average occupa
tional exposure to workers handling the wastes is assumed to be 0~001 WL due to the much lower concen
tration of radium-226 in the wastes. Certain workers may be exposed to higher concentrations of 
radon-222 gas and its short-lived decay products for short periods of time. If necessary, procedures 
such as use of supplied air or ventilation will be implemented to keep doses ALARA. The occupational 
doses to the bronchial epithelium from inhalation of radon-222 gas and its short-liv~d decay products, 
per worker-hour of exposure, are given as follows based on the assumed working level for residues and 
wastes and a conversion factor of 5 rem to the bronchial epithelium per working level month (one month 
of exposure is approximately equal to 170 hours): 

Organ 

Bronchial epithelium 

Occupational Dose 
(mrem/worker-hour) 

Residues 

2.9 

Wastes 

0.029 

4.1.3.2 Occupational Doses at Various Sites During the Action Period 

The occupational doses for activities at the various locations during the action period are given 
in this section utilizing the methodology described in Section 4 .. 1.3.1 and the work force requirements 
given in Section 4.6.4 for the various sites. The occupational doses for transportation are given in 
Section 4.1.3.3. The total occupational doses for the action period for the various alternatives are 
given in Section 4.1.3.4. 

Occupational Doses at NFSS. Occupational doses at NFSS during the action period for the various 
alternatives are given in Table 4.25. These estimates are obtained using the work force estimates 
given in Section 4.6.4 and the dose conversion factors described in Section 4.1.3.1. Many of the 
activities at NFSS do not directly involve handling of the wastes and residues (e.g., site prepara
tion, field supervision). If there is a potential for radiation exposure from these activities, the 
unit dose factors given for the wastes are used to estimate occupational doses because the residues 
are initially covered beneath at least 6 m of material and, hence, radiation exposure for initial 
activities will be largely from the wastes~ In addition, most of the activities will occur in much 
closer proximity to the wastes than the residues. 

The largest component of occupational doses for activities at NFSS is from the excavation, 
packaging, and loading of the residues. Alternatives that do not require retrieval of the residues 
(i .. e., Alternatives 1 and 2a) have much lower occupational doses. The external whole-body doses 
result from direct gamma exposure; the internal organ doses result from inhalation of radioactive 
particulates and radon-222 gas. Procedures that ~ould eliminate the need for workers to be exposed to 
the residues (i.e., remote retrieval and processing) could result in much lower internal organ doses. 

Occupational Doses at Hanford. Occupational doses at Hanford associated with receipt and disposal 
of the residues (Alternatives 3a, 4a, and 4b) and wastes (Alternative 3a) are given in Table 4.26. 
When the packaged residues are received, they will be removed from the trucks and placed into trenches 
for buri a 1. The covers of the bi ns wi 11 be removed, and wastes or other earthen materi a 1 s wi 11 be 
placed on top of the exposed residues prior to backfilling the trenches. The purpose of this procedure 
is to fill the bins and thus minimize the likelihood of trench subsidence in the future.* Workers 
will be exposed to radon-222 gas and particulates from the exposed residues during these activities 
(Alternatives 3a, 4a, and 4b) and thus will incur internal radiation doses. Workers will also be 
exposed to external radiation and radioactive radon-222 gas and particulates from disposal of the 
wastes in Alternative 3a. The wastes are assumed to be emplaced in the trenches using standard earth
moving equipment. The occupational doses at Hanford are significantly lower than those at NFSS due to 
the much lower work force requirements associated with disposal activities. Alternatives 4a and 4b, 
involving receipt and disposal of only the residues, have a lower occupational dose commitment than 
Alternative 3a in which all of the NFSS residues and wastes are disposed at Hanford. 

Occupational Doses at Oak Ridge. Occupational doses at Oak Ridge associated with receipt and 
disposal of the residues (Alternatives 3b, 4c, and 4d) and wastes (Alternative 3b) are given in 
Table 4.26. Although the concept for long-term management of the NFSS residues and wastes is signifi
cantly different at Oak Ridge than at Hanford (i.e., above-ground versus below-ground disposal), the 
activities associated with emplacement of the residues and waste into the containment system will be 
similar. As at Hanford, the covers of the bins containing the residues will be removed and the bins 
filled with wastes or other earthen material prior to emplacement of an earthen cap. The wastes are 

*It may be possible to use containers that allow very little void space and the lids would not have 
to be removed. Radioactive releases and occupational doses could, therefore, be reduced. 



Alternative 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 
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Tab 1 e 4.25. Occupat i onal Dos.es at NFSS Duri ng 
the Action Period 

Occupational Doses (person- or organ-rem)t 1 

Bronchial 
Whole Body Bone Lung Epitheliumt2 

2.6 3.4 3.5 1.9 

10 14 14 7.4 

140 410 450 360 

110 300 320 250 

110 290 320 250 

100 280 300 240 

110 290 320 250 

100 2~0 300 240 

110 290 320 250 

tl All doses given to two significant figures. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 

Table 4.26. Occupational Doses at Hanford, Oak Ridge, and 
the Harbor During the Action Period 

Occupational Doses (person- or organ- rem)t 1 

Bronchial 
A lternat i ve Whole Body Bone Lung Epitheliumt2 

Hanford 

3a 51 110 120 88 

4a 26 79 86 70 
4b 26 79 86 70 

Oak Ridge 

3b 51 110 120 88 
4c 26 79 86 70 

4d 26 79 86 70 

Harbor 

4b 2.7 3.5 3.6 1.9 
4d 2.7 3.5 3.6 1.9 

tl All doses given to two significant figures. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 
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assumed to be handled with standard earth-moving equipment. Thus, the occupational doses at Oak Ridge 
will be comparable to those at Hanford. 

Occupational Doses at the Harbor. In Alternatives 4b and 4d, the wastes will be brought to the 
Harbor for loading onto a barge with subsequent disposal in the ocean. The occupational doses for 
activities at the Harbor are given in Table 4.26. These doses are significantly lower than t_hose at 
Hanford or-OakRidge because only the wastes are involved. There will be no significant doses associ
ated with disposal of the wastes once the barge has left the Harbor because the barge will be towed by 
a tugboat that will be several hundred meters away. 

The maximum exposed individual for these various sites will be a worker involved in the retrieval, 
packaging, and loading of the residues atNFSS for all alternatives except 1 and 2a in which the -
residues are not retrieved. The dose to the maximally exposed worker at alternative long-term manage
ment sites will be significantly lower. The dose to the maximally exposed individual at NFSS is 
estimated by assuming exposure to the residues for 100 of the 120 working days in a construction 
season. The annual whole-body and critical-organ doses received by this worker are: whole-body dose, 
0.86 rem; bone, 1.8 organ-rem; lung, 2.i organ-rem; and bronchial epithelium-, 2.3 organ-rem. These 
doses are below limits established by DOE for protection of workers, as given in DOE Order 5480.1A. 
The maximum individual doses for alternatives not involving excavation of the residues (i.e., Alterna
tives 1 and 2a) will be much lower--doses to the whole body and critical organs are expected to be 
less than 100 mrem. 

If an accident occurs during retrieval of the residue or wastes, workers will incur an incre
mental radiation dose. The cumulative dose to the work force would not change appreciably with such 
an accident. However, it is possible that one, or perhaps several, workers may incur radiation doses 
that are significantly larger than the average dose. Precautions will be taken to minimize radiation 
doses to the workers, e.g., use of breathing apparatus and minimization of the time spent in the 
immediate vicinity of the radioactive materials. The major source of radiation exposure will be from 
external gamma radiation because any radon-222 gas released will quickly disperse and workers will use 
breathing apparatus to minimize intake of particulates. The external whole-body dose to a worker from 
an accident associated with retrieval of the K-65 residues is estimated to be about 30 mrem, assuming 
that this worker spends 10 minutes in a 100 mrem/h field, 50 minutes in a 10 mrem/h field, and 1 hour 
in a 5 mrem/h field. Occupational doses associated with an accident involving a spill of wastes will 
be much lower. The dose to a worker will be less than 1 mrem, even assuming that such a worker spends 
several hours in the direct vicinity of such wastes. . 

4.1.3.3 Occupational Doses to Drivers Transporting NFSS Residues and Wastes 

The pri ncipa 1 pathway by whi ch dri vers wi 11 be exposed to radi at ion is from di rect externa 1 
exposure to gamma rays emanating from the radioactively contaminated residues and wastes. Doses from 
exposure to contaminated particulates and radon-222 gas will be negligible and are not considered 
further. Shi e 1 di ng may be requi red between the dri vers and the res i dues to meet the regul atory 
exposure limit of 2 mrem/h (see Appendix D). It is assumed that sufficient shielding of the residues 
is used to reduce the dose rate to an average of 1 mrem/h; the dose to the drivers transporting the 
unshielded NFSS wastes is estimated to average 0.04 mrem/h (assuming an average radium-226 concentra
t ion of 36 pCi/g and allowing for the shielding afforded by the truck body and cab). Other assump
tions used in calculating driver doses are a one-way trip length as listed in Table 4.13 and use of 
two drivers alternating driving shifts and continuously occupying the cab while the truck is moving 
from NFSS to its destination. The drivers are assumed to be in the trucks for 64 hours enroute to 
Hanford, 20 hours to Oak Ridge, and 16 hours to the Harbor_ The greatest dose to a driver on a single 
trip is 64 mrem/person during transport of a load of residues to Hanford (Alternatives 3a, 4a, and 4b). 
The cumulative doses to drivers are listed in Table 4.27. The annual external whole-body dose to the 
maximally exposed driver is estimated to be 0.64 rem for Alternatives 3a, 4a, and 4b for transport of 
res idues to Hanford and 0.48 rem for A 1 ternat i ves 3b, 4c, and 4d f(l.r transport of res i dues to Oak 
Ridge. These estimates are based on a 120-day construction season-and the transport times given in 
Table 4.13. 

If an acci dent occurs duri ng transport of the res i dues and wastes, it wi 11 be necessary for 
workers to clean up any materials that are spilled. (The two basic types of potential accidents are 
described in Section 4.1.2.1.) The dose to workers will be much greater for cleaning up spilled K-65 
residues than spilled wastes because the much higher concentration of radium-226 in the K-65 residues 
will result in much higher external radiation exposures. It is assumed that it will take two workers 
4 hours each to clean up any spilled K-65 residues and that each worker will spend about 10 minutes in 
a 50 mrem/h field, 50 minutes in a 10 mrem/h field, and 3 hours in a 5 mrem/h field. Each worker will 
receive an external whole-body dose of about 30 mrem; the total external whole-body worker dose for 
this cleanup will therefore be about 60 mrem. 

Because there wi 11 be many more shipments of wastes than of resi dues, the probabil i ty of an 
accident involving the wastes is much higher. Also, because the wastes will not be packaged, the 
probabil ity and magni tude of a spi 11 of wastes is greater. However, the radi um- 226 content of the 
wastes is much lower than that of the residues, so the doses to workers will be much less for cleaning 



Alternative 

3a 

3b 

4a 

4b 

4c 

4d 
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Table 4.27. Doses to Drivers Transporting NFSS 
Residues and Wastes 

Whole Body 

280 

88 

200 

220 

64 

83 

Cumulative Dose to Driverstl 
(person- or organ-rem) 

Bone· Lung 

280 280 

88 88 

200 200 

220 220 

64 .64 

83 83 

Bronchial 
Epitheliumt2 

tl All doses given to two significant figures. It is assumed that the 
external radiation dose to each organ is approximately equal to the 
whole-body dose. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay product. 

up spilled wastes than spilled residues. Assuming that it will take two workers 10 hours each to 
clean up spilled wastes and that each worker will receive an external whole-body dose rate of about 
0.04 mrem/h (the same as the truck driver), the external whole-body dose to each worker will be 
0.4 mrem and the total external whole-body worker dose will be 0.8 mrem. 

4.1.3.4 Occupational Doses for the Various Alternatives 

Estimates of the occupational doses for the various alternatives considered in this EIS are given 
in Table 4.28. These total doses are obtained by summing the doses for the various components of the 
alternatives given in the preceding two sections. The occupational doses are lowest for Alterna
tives 1 and 2a, which do not involve retrieval of the wastes and residues. Implementation of any of 
the other alternatives will result in significant radiation doses to the work force that are of the 
same order of magnitude as the cumulative doses to the general public during the action period. 

4.1.3.5 Occupational Doses at Hanford during the Maintenance and Monitoring Period 

Because of the relatively high releases of radon-222 gas from the burial area at Hanford during 
the maintenance and monitoring period, it is likely that workers on the Hanford site will incur signi
ficant doses to the bronchial epithelium. The estimated radon-222 fluxes at Hanford are similar to 
the fluxes measured at uranium mill tailings sites. Therefore, it is assumed that the average worker 
exposure to radon-222 and its short-lived decay products at Hanford will be similar to those at uranium 
mills, i.e., about 0.05 WL (U.S. Nucl. Reg. Comm. 1980a). At 0.05 WL, a worker will receive a dose of 
about 1. 5 organ-mrem to the bronchi a 1 epithe 1 i urn per hour of exposure. Assumi ng an average of 
250 worker-days per year for maintenance and monitoring activities at the Hanford site, and assuming 
that about half of this is spent onsite (or about 130 worker-days), the cumulative bronchial epithelium 
dose to the workers will be about 1.5 organ-rem/yr, or a total of 290 organ-rem over the assumed 
190-year maintenance and monitoring period. If maintenance and monitoring continues longer, the 
annual worker dose will continue and the total dose will increase. 

4.1.4 Estimation of Health Effects 

The significance of the estimated doses for the various alternatives may be placed in perspective 
by estimating their effects on human health. The potential health effects from exposure to low levels 
of radiation may include a small (unmeasurable) increase in the occurrence of cancer, depending on 
what particular organ is irradiated, and possible genetic effects that may occur in future genera
tions. With respect to NFSS, implementation of anyone of the alternatives is not expected to result 
in exposures to radiation that are large enough to produce either immediately observable health effects 
in any individual or long-term effects that could be identified by statistical methods in the exposed 
population (the only exception being the inadvertent resident-intruder--see later discussion). 

The probability that a unit dose of radiation will produce a deleterious effect on an individual 
(or effects on a population) is commonly referred to as a risk factor or risk estimator. Estimates of 
risk factors from exposure to radiation, for both individuals and populations, are available in a 
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Table 4.28. Occupational Doses for the Action Pedod 

occupational Doses (person- or organ-rem)t 1 

Bronchial 
Alternative Whole Body Bone lung Epi the 1 iumt2 

1 2.6 3.4 3.5 1.9 

2a 10 14 14 7.4 

2b 140 410 450 360 

3a 440 690 720 340 

3b 250 490 530 340 

4a 330 560 590 310 

4b 360 590 630 320 

4c 190 420 450 310 

4d 220 460 490 320 

tl All doses given to two significant figures. 

t 2 Dose resulting from inhalation of short-lived radon-222 decay products. 

number of publications. The National Academy of Sciences issued a report in 1960 from the Advisory 
Committee on Biological Effects of Atomic Radiation called the BEAR Report (Natl. Acad. Sci. 1960). 
In 1972, the National Academy of Sciences Advisory Committee on the Biological Effects of Ionizing 
Radiation issued a report commonly referred to as "BEIR I" (Natl. Acad. Sci. 1972). The committee was 
subsequently asked to review the risk estimators, and the results of that review were issued in the 
1980 report referred to as "BEIR III" (Natl. Acad. Sci. 1980). Other groups of experts also have 
published risk estimators for radiation exposure; for example, the International Commission on Radio
logical Protection (ICRP) and the National Council on Radiation Protection and Measurements (NCRP) 
have both studied radiation effects. The ICRP issued Publication 26 in 1977 (Int. Comm. Radiol. Prot. 
1977). In the same year, a United Nations study group (U.N. Scientific Committee on the Effects of 
Atomic Radiation, or UNSCEAR) published an extensive report that included estimates'of risks of cancer 
from ionizing radiation (U.N. Sci. Comm. Effects Atom. Radiat. 1977). 

4.1.4.1 Cancers 

The cancer risk estimates developed by various professional organizations are presented in 
Table 4.29. The values represent the estimated range of added cancer mortality (above the normal 
mortality from such cancers) per 0.5 rem of radiation to a population of one million people continu
ously exposed to external gamma radiation. Comparison of the values in Table 4.29 indicates that 
there is general agreement among the estimates developed by the three studi es. In app 1 i cat i on of 

Table 4.29. Estimated Cancer Mortality from 
Exposure to low-Level Radiation 

Source 

National Academy of Sciences 
(l980)--BEI R I II 

International Commission on 
Radiological Protection (1977) 

United Nations Scientific 
Committee on the Effects 
of Atomic Radiation (1977) 

Number of Additionalt 1 Fatal Cancers 
Estimated to Result from Continuous 
Exposure of One Million People to 

0.5 rem of External Gamma Radiation 

33-85 

50 

38-88 

tl Additional means above the normal cancer mortality. 

Source: U.S. Department of Energy (1983b). 
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these estimates, care must be taken to identify the limitations of each study. The UNSCEAR and ICRP 
approach provides average lifetime risk factors. The UNSCEAR report discusses absolute risk, or the 
number of expected cancer cases that will result from exposure of a given population. The BEIR III 
report considers both absolute and relative risk. Relative risk is the ratio of incidence of cancer 
in an exposed population to the incidence in a'control population. 

The American Cancer Society (1978) indicates that about half of all cancer cases are fatal. 
Thus, the numbers in Table 4.29 can be multiplied by 2 to estimate total incidence (not just 
fatalities, but also injury and illness). These cancers would be in addition to those normally 
expected in a population. According to the American Cancer Society, the individual risk of getting 
cancer for any member in the population is 1 chance in 4. The cure rate for these cancers ranges from 
90% to 5%, depending on the type of cancer. 

The values given in Table 4.29 are considered by many radiation protection specialists to be the 
best estimates that can be provided. Press releases have publicized radiation-effects studies in 
which the authors have indicated that the risk is much higher. For example, recent epidemiological 
studies on workers from the Portsmouth Naval Shipyards and the Hanford Reservation indicate that a 
greater risk may exist from radiation exposure than has been reported in the past. The Committee on 
the Biological Effects of Ionizing Radiation (Natl. Acad. Sci. 1980) reviewed these studies and took 
the results into consideration in making its recommendations in the BEIR III report. 

There have been no direct measurements of increased cancer for low-level radiation exposures; 
data exist only for higher-level exposures. Risks at lower doses have been estimated by assuming that 
the same dose/health-effects relationship applies to low doses as to high doses and then extrapolating 
from data taken at higher dose levels. 

Organ-risk estimators have been presented in the UNSCEAR and National Academy of Sciences reports 
for radiation exposure of organs in which radionuclides deposit selectively. Risk estimators given in 
BEIR III (Natl. Acad. Sci. 1980) for irradiation of selected organs are summarized in a report prepared 
by the U.S. Department of Energy (1983b). These risk estimators are used to estimate the likelihood 
of incurring a fatal cancer (fatal plus nonfatal) as a result of radiation exposure. These risk 
estimators are given in Table 4.30 for the four critical organs considered in this analysis. 

Organ 

Whole body 

Bone 

Lung 

Table 4.30. Estimated Cancer Mortality 
Relative to Selected Organs 

Risk Estimatort 1 

(Lifetime risk of 
cancer mortality 
per person-rem) 

120 X 10- 6 

2 X 10-6 

90 X 10-6 

Bronchial epithelium 

tl Source: U.S. Department of Energy (1983b). 

t 2 Obtained using a value of 100 additional fatal lung 
cancers per 1 million persons each exposed to 1 working
level month (WLM) of radon decay products (U. S. Dep. 
Energy 1983b). A conversion factor of 5 person-rem/ 
person-WLM is used to convert to a risk estimator per 
person-rem of exposure (U.S. Nucl. Reg. Comm. 1980a). 

4.1.4.2 Genetic Effects 

Genetic effects in subsequent generations may be estimated as a result of exposure of the parents 
to a given radiation level. The risk factor used to estimate the total of all genetic effects as 
given in BEIR III to range from 60 to 1100 total cases of genetic disorders* per one million live-born 

*Includes disorders and traits that cause serious handicaps at some time during lifetime. 
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offspring for each 1 rem per generation from low-LET'" radiation (X-rays, gamma rays, and beta 
particles), and from 180 to 3300' total cases of genetic dlsorders per one million live-born offspring 
for each-1 rem per generation of high-LET radiation (alpha particles and neutrons)_ The dose involved 
here is the gamete dose--which is calculated from the gonadal dose of the exposed individuals, their 
age and sex di stribut ion, the probabi 1 i tes of thei r havi ng children, and adjustment factors of 0.82 
and 0.18 for male and female exposures, respectively, to account for spermatogonia and oocytemuta
tional sensitivities. Because the major component of the gonadal dose for these alternatives is from 
low-LET radiation, the appropriate risk estimator for estimating genetic effects is 60 x 10- 6 to 
1100 X 10-6 genetic effects per person-rem of whole-body exposure. (The gonadal dose is approximately 
equal to the whole-body dose). A value of 250 x 10-6 (the geometric mean of the two limits) is used 
in this document. 

4.1.4.3 Risk of Adverse Health Effects for Each Alternative 

Health Effects to the General Public. Estimates of increased risks of adverse health effects to 
the general public as a result of doses incurred during the action period and the maintenance and 
monitoring period are shown in Tables 4.31 and 4.32, respectively. The risks to the general popula
tion per million persons per year at the year 1000 and the yearly risks to the resident-intruder are 
shown in Table 4.33. Adverse health effects are estimated based on the various doses to the critical 
organs multiplied by the corresponding risk estimators discussed previously. Fatal cancers and 
genetic defects are included in the total health effects. 

Doses incurred during the action period will result in the lowest health effects for Alterna
tives 1 and 2a, primarily because the NFSS wastes and residues will not be exposed in these two 
alternatives_ Implementation of Alternatives 4b and 4d, wherein the residues are shipped either to 
Hanford or Oak Ridge and the wastes are shipped to the ocean, is expected to result in the highest 
number of adverse health effects--primarily because of transportation of the wastes through the densely 
populated New York metropolitan area. However, the risk is less than one health effect in a popula
tion of several million people (total at the various sites and along transportation routes), and is 
therefore considered to be insignificant. 

During the maintenance and monitoring period, the risk of increased adverse health effects is 
highest for Alternatives 3a, 4a, and 4b (long-term management at Hanford); however, this risk is still 
insignificant, i.e., less than one health effect over a 190-year period in·a population of 258,000 
persons_ 

At the year 1000, if no one intrudes into the waste-management areas, the population dose per 
million persons per year will be highest at Hanford under Alternatives 4a and 4b*'" and at NFSS under 
Alternative 1_ However, the risk is still insignificant (0.019 and 0_0010 health effects at Hanford 
and NFSS, respectively). 

If there is a resident-intruder (Section 4.1.2.3), it is expected that such a person will have 
adverse health effects as a result of exposure to the NFSS radioactive materials. The highest risk 
will be for the resident-intruder at NFSS under Alternatives 1 and 2a wherein 0.88 health effects 
(fatal cancers) are expected for each year of bronchial epithelium dose resulting from inhalation of 
radon-222 gas and its decay products_ The number of expected health effects is lowest at Hanford and 
Oak Ridge under Alternatives 3a and 3b because the residues are assumed to be spread out among the 
wastes, thus lowering the concentration of radon-222 in the house_ Excluding other causes of death, 
the resident-intruder in Alternatives 1 and 2a would be expected to die within a few years as a result 
of exposure to the NFSS radioactive materials. 

Hea lth Effects to the Work F orce_ Est imates of increased ri s k of adverse health effects to 
workers as a result of doses incurred during the action period are given in Table 4.34. The lowest 
estimates of health effects are for Alternatives 1 and 2a in which the residues and wastes are not 
exposed_ The estimates of adverse health effects for the remaining alternatives (2b, 3a, 3b, 4a, 4b, 
4c, and 4d) are about the same because retrieval, handling, and reburial of the residues are common to 
all these alternatives and doses associated with these activities are the largest components of the 
occupational doses. The alternative with the highest estimated adverse health effects for workers is 

"'LET = Linear energy transfer, the amount of energy transferred from the radiation to tissue per unit 
path length. 

"''''If DOE decides to implement any of the Hanford alternatives, the containment system would be designed 
to meet the 20 pCi/m2/s radon emission guideline_ For Alternative 3a (wastes and residues removed to 
Hanford), a release rate of 20 pCi/m2/s would result in approximately the same dose as is calculated 
for the 29 pCi/m2/s release estimated for the conceptual design given in this EIS. For Alternatives 4a 
and 4b (residues only to Hanford), the dose would be approximately 10 times less than that calculated 
for the 300 pCi/m2/s release_ However, the total dose to the general public would still be several 
orders of magnitude higher than for any of the alternatives involving long-term management of the 
wastes and residues in a humid environment (at NFSS or Oak Ridge). 
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Table 4.3l. Estimated Additional Health Effects in the General Public As a 
Result of Doses Incurred During the Action Period 

.Number of Potential Adverse Health Effectst 1 

Fatal Cancers Associated With Total 
Whole-Body Bone lung Genetic Health 

.' Alternative Dosest2 Dosest2 Dosest2 .t3 Defectst4 Effectst5 

1 <1 x 10-7 <2 X 10-9 <1 X 10-7 <3 x 10- 1 <5 x 10- 7 

2a <1 x 10- 7 <2 X 10-9 <1 X 10- 7 <3 X 10- 7 <5 x 10-.1 
2b 2.2 x 10- 3 2.0 X 10- 4 LOx 10- 2 4.5 X 10-3 L7x 10-2 

3at6 l.4x 10-2 9.6 x 10-4 4.5 X 10- 2 3.0 x 10-2 9.0 x 10-2 

3b 8.3 x 10-3 7.4 X 10- 4 4.0 X 10- 2 L7x 10-2 6.6 x 10- 2 

4at 6 7.4 x 10-3 3.2 x 10- 4 3.1 X 10-2 L6x 10- 2 5.4 x 10-2 

4bt6 5.6 X 10-2 9.2 X 10- 4 1.2x 10- 1 l.2x 10- 1 3.0 x 10- 1 

4c 5.2 x 10- 3 3.6 x 10- 4 2.4 x 10-2 L1x 10- 2 4.0 x 10- 2 

4d 5.4 x 10- 2 9.8 X 10- 4 l.lx 10- 1 l.1x 10- 1 2.8 x 10- 1 

tl All values given to two significant figures unless preceded by a less than «) symbol. Based on 
doses to the general public given in Table 4,1. 

t 2 Based on fatal cancer rates for doses to various organs as given in Table 4.30. 

t 3 Includes fatal cancers associated with lung doses plus those associated with bronchial epithelium 
doses. 

t 4 Based on the assumption that the dose to the gonads (reproductive organs) is approximately the 
same as the whole-body dose and that the genetic defect rate is 250 x 10-6 /organ-rem. 

t 5 Total adverse health effects resulting from doses to the critical organs. 

t 6 If DOE decides to implement any of the Hanford alternatives, the containment system would be 
designed to meet the 20 pCi/m2/s radon emission guideline. For Alternative 3a (wastes and res
idues removed to Hanford), a release rate of 20 pCi/m2/s would result in approximately the same 
dose as calculated for the 29 pCi/m2/s release estimated for the conceptual design given in this 
EIS. For Alternatives 4a and 4b (residues only to Hanford). the dose would be approximately 10 
times less than that calculted for the 300 pCi/m2/s release. However. the total dose to the 
general public would still be several orders of magnitude higher than for any of the alternatives 
involving long-term management of the wastes and residues in a humid environment (at NFSS or 
Oak Ridge). 

Table 4.32. Estimated Additional Health Effects in the General Public As a 
Result of Doses Incurred During the Maintenance and Monitoring Period 

Number of Potential Adverse Health Effectstl 

Fatal Cancerst 2 Associated With Total 
Whole-Body Bone lung Genetic Health 

Alternative Dosest2 Dosest2 Dosest 2 .t3 Defectst4 Effectst 5 

1 <1 x 10- 7 <2 X 10- 9 <2 X 10- 7 <3 X 10- 7 <6 >< 10-7 

2a <1 x 10- 7 <2 X 10-9 <1 X 10- 7 <3 X 10- 7 <5 X 10- 7 

2b <1 x 10- 7 <2 X 10- 9 <1 X 10- 7 <3 X 10-7 <5 X 10- 7 

3at6 3.0 x 10- 4 2.6 x 10- 5 3.0 x 10- 3 6.3 X 10- 4 3.9 X 10- 3 

3b <1 x 10-7 <2 x 10- 9 <1 x 10- 7 <3 X 10- 7 <5 x 10- 7 

4at 6 2.7 x 10- 3 2.4 X 10-4 2.7 X 10-2 5.8 ·x 10- 3 3.6 x 10-2 

4bt6 2.7 X 10-3 2.4 x 10- 4 2.7 x 10-2 5.8 X 10-3 3.6 x 10- 2 

4c <1 x 10- 7 <2 X 10- 9 <1 X 10- 7 <3 X 10- 7 <5 X 10- 7 

4d <1 x 10-7 <2 X 10- 9 < x 10- 7 <3 x 10- 7 <5 x 10- 7 

tl All values given to two significant figures unless preceeded by a less than «) symbol. Based 
on doses to the general public over 190 years, as given in Table 4.1. 

t 2 - t 6 Same as Table 4.31. 



Table 4.33. Estimated Adverse Health Effects As a Result of Doses Incurred During the Year 1000 

Resident-Intrudert2 

General Public {health effects/million ~ersons/~ear2t1 (health effects/year) 

Fatal Cancers Associated With Fatal Cancers 
Associated With 

Alterna- Whole-Body Bone Lun~ Genetic Bronchial Epithelium 
tive Dosest 3 Dosest 3 Dosest .t4 Defectst 5 Totalt 6 Dosest3 

1 7.8 x 10-6 3.8 X 10-6 1. 9 X 10-4 1.6x IO-s 2.1 x 10-4 0.16 
2a <1 x 10- 7 <2 X 10-9 <1 X 10- 7 <3 X 10-7 <5 x 10- 7 0.16 
2b <1 x 10- 7 <2 X 10- 9 <1 X 10- 7 <3 X 10- 7 <5 x 10- 7 0.016 
3at 7 4.7 x 10- 5 3.4 X 10-6 5.9 X 10- 4 9.8 )( 10- 5 7.4 X 10-4 0.0080 
3b ·<1 x 10-7 <2 X 10-9 <1 X 10- 7 <3 X 10- 7 <5 x 10- 7 0.0096 
4at 7 4.0 x 10-4 2.B X 10- 5 4.9 X 10- 3 B.3 )( 10- 4 6.1 X 10- 3 0.032 
4bt 7 4.0 x 10-4 2.B X 10-5 4.9 X 10-3 8.3 )( 10-4 6.1 x 10-3 0.032 
4c <1 x 10- 7 <2 x 10-9 <1 x 10- 7 <3 )( 10- 7 <5 x 10- 7 0.044 
4d <1 x 10- 7 <2 X 10- 9 <1 X 10- 7 <3 )( 10- 7 <5 x 10- 7 0.044 

t l All values given to two significant figures unless preceded by a less than «) symbol. Based on doses given in Table 4.2. 
t 2 Based on doses given in Table 4.24. 

t 3 Based on fatal cancer rates for doses to various organs as given in Table 4.30. 

t 4 Includes fatal cancers associated with lung doses plus cancers associated with bronchial epithelium doses. 

t S Based on the assumption that the dose to the gonads (reproductive organs) is approximately the same as the whole body dose and 
that the genetic defect rate is 250 x IO-6/organ-rem. 

t 6 Total adverse health effects reSUlting from doses to the critical organs. 

t 7 If DOE decides to implement any of the Hanford alternatives. the containment system would be designed to meet the 20 pCi/m2/s 
radon emission guideline. For Alternative 3a (wastes and residues removed to Hanford). a release rate of 20 pCi/m2/s would 
result in approximately the same dose as is calculated for the 29 pCi/m2/s release estjmated for the conceptual design given in 
this EIS. For Alternatives 4a and 4b (residues only to Hanford). the dose would be approximately 10 times less than that 
calculated for the 300 pCi/m2/s release. However. the total dose to the general public would still be several orders of 
magnitude higher than for any of the alternatives involving long-term management of the wastes and residues in a humid environ
ment (at NFSS or Oak Ridge). 

~ 
I 
~ 
<0 
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Table 4.34. Estimated Additional Health Effects to Workers 
As a Result of Doses Incurred During the Action Period 

Number of Potential Adverse Health Effectst 1 

Alternative 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 

Fatal Cancers Associated With 

Whole-Body Bone Lung 
Dosest2 Dosest2 Dosest2,t3 

3.1 x 10- 4 6.8 X 10-6 3.5 X 10- 4 

1.2 x 10-3 2.8 x 10-5 1.4 x 10-3 

1.7 x 10-2 8.2 x 10- 4 4.8 x 10-2 

5.3 x 10-2 1.4 x 10-3 7.2 x 10-2 

3.0 x 10-2 9.8 x 10- 4 5.5 x 10,..2 

4.0 x 10-2 1.1x 10-3 5.9 x 10-2 

4.3 x 10-2 1.2 x 10-3 6.3 x 10-2 

2.3 x 10-2 8.4 x 10- 4 4.7 X 10-2 

2.6 x 10-2 9.2 x 10-4 5.1 x 10-2 

t1 All values given to two significant figures unless preceded by a 
doses to the general public given in Table 4.4. 

t 2 Based on fatal cancer rates for doses to various organs as given 

Genetic 
Defectst 4 

6.5 x 10- 4 

2.5 x 10- 3 

3.5 X 10-2 

1.1x 10- 1 

6.3 x 10-2 

8.3 x 10-2 

9.0 x 10-2 

4.8 x 10- 2 

5.5 x 10-2 

less than «) 

in Table 4.30. 

Total 
Health 

Effectst5 

1.3 x 10- 3 

5.1 x 10- 3 . 

1.0x 10- 1 

2.4 x 10- 1 

1.5x 10- 1 

1.8 x 10- 1 

2.0 x 10- 1 

1.2 x 10- 1 

1.3 x 10- 1 

symbol. Based 'on 

t 3 Includes fatal cancers associated with lung doses plus those associated with bronchial epithelium 
doses. 

t 4 Based on the assumption that the dose to the gonads (reproductive organs) is approximately the 
same as the whole-body dose and that the genetic defect rate is 250 x 10-6 /organ-rem. 

t 5 Total adverse health effects resulting from doses to the critical organs. 

Alternative 3a (0.26 health effects). For all alternatives, the expected number of health effects is 
less than one. Given the conservative assumptions used in making these estimates, it is highly 
unlikely that any individual worker will incur an adverse health effect strictly as a result of work 
activities for this program. 

There will be no significant doses or health effects to workers during the maintenance and monitor
ing period at all sites except Hanford (Alternatives 3a, 4a, and 4b). There is a likelihood for 
significant bronchial epithelium doses at Hanford during this time period due to the relatively high 
radon-222 flux from the buried materials. Maintenance and monitoring workers at Hanford are predicted 
to incur a cumulative dose of 290 organ-rem to the bronchial epithelium during the 190-year mainten
ance and monitoring period. This cumulative dose would be expected to result in 0.032 adverse health 
effects (fatal cancers). The occupational doses at NFSS at Oak Ridge are expected to be negligible 
during this time period, probably less than a total of a few rem to the whole body or critical organs 
(principally the bronchial epithelium) over the entire 190 years. Thus, it is highly unlikely that 
any individual worker will incur an adverse health effect as a result of monitoring and maintenance 
activities. 

There will be no adverse health effects to the work force during the long-term period (200-
1000 years) because it is assumed that there will be no monitoring and maintenance activities occur
ring after 200 years. If such activities continue beyond 200 years, the impacts to workers will 
cont inue. 

4.1.5 Mitigation of Radiologfcal Impacts 

The radiological impacts previously discussed were estimated based on several assumptions regard
ing engineering design, construction practices, health-physics safety procedures, compliance with 
existing regulations, and the degree of physical and institutional control for each time period. 
Following are additional measures that could be taken to mitigate the predicted radiological impacts. 

4.1.5.1 Action Period 

Ouring the action period, radiation doses to the general public near NFSS and the alternative 
sites are primarily the result of releases of radon-222 gas and particulates from the NFSS wastes and 
residues. These releases could be reduced by: (1) minimizing the amount of exposed residue and waste 
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surfaces--e.g., limiting the excavation area, (2) minimizing the amount of time the wastes and 
residues are exposed--e.g., use of temporary coverings, construction of new permanent caps at alterna
tive sites as quickly as possible, (3) minimizing disturbance of exposed surfaces--e.g., limiting 
quipment speeds, (4) wetting exposed surfaces to minimize dust, and (5) ceasing operations during 
adverse weather condi t iJlOs. 

Radiation doses to the general public along transportation routes could be reduced by: (1) using 
extra shielding around residue packages, (2) packaging the wastes to reduce the amount of material 
lost during transport, and (3) minimizing public contact with the shipment--e.g., avoiding use of 
heavily traveled roads, routing around densely populated areas, selection of another harbor for the 
ocean disposal alternativ.e so as to avoid the densely populated New York metropol itan area. 

Impacts to workers will be minimized by implementing an effective health-physics program consis: 
tent with the "as 1 ow as reasonably achi evab 1 e" (AlARA) phil osophy. Spedfi c measures to reduce 
occupational doses include: (1) minimizing the time spent in proximity of the wastes and residues, 
(2) encouraging attention to personal hygiene, (3) using protective clothing and respirators, particu
larly around the residues, and (4) using extra shielding between the workers and the residues. 

4.1.5.2 Maintenance and Monitoring Period 

During the maintenance and monitoring period, corrective actions will be taken, as necessary, to 
restore the containment system and to return any dispersed contaminated materials to the long-term 
management site. One mitigative measure would be the implementation of an intensive and extensive 
environmental monitoring system and frequent monitoring of the condition of the containment system. 
Another mitigative measure would be the construction of a containment system that is less likely to 
fai 1. 

4.1.5.3 long-Term Period 

During the long-term period, the most effective mitigative measure would be to continue mainten
ance, monitoring, and corrective actions. Another measure would be to minimize the potential for 
human intrusion into the wastes and residues by (1) institutional controls for land use that are more 
strict than are currently in place (better record controls, use of physical site markers, stricter 
legal constraints), and (2) modified containment design (additional physical barriers on top of the 
wastes and residues, burying the materials deeper, etc.). Doses to the general public could also be 
reduced by constructing modified caps that would reduce the radon-222 emissions. {Several engineering 
options are discussed in Appendix C.) 

4.2 GEOLOGY AND HYDROLOGY 

4.2.1 Site Integrity 

Following is a discussion of the physical processes affe~ting site integrity. Biotic processes 
are discussed in Section 4.3. 

4.2.1.1 Erosion 

Soil erosion, by the action of wind or water, could prove to be a major impact at NFSS and the 
alternative long-term management sites. The soil erosion process can degrade the stability of the 
protecti ve cap, and the gradua 1 loss and degradation of the barri ers placed over the wastes wi 11 
eventually allow penetration of the wastes by plant roots. The subsequent uptake, translocation, and 
accumulation of waste constituents by plants could serve to transport these materials into food chains 
and the surrounding environment. With complete erosion of the cap (or portions thereof), contaminated 
wastes and res i dues coul d a 1 so be eroded and transported into the surroundi ng envi ronment. To 
evaluate the effects of soil erosion on the integrity of the waste-containment design, potential soil 
loss is estimated for each alternative site. 

NFSS and Oak Ridge Sites. Water erosion is the principal cause of soil loss in the humid eastern 
United States (Brady 1974). In this analysis, the average annual or long-term average seasonal 
erosion for NFSS and Oak Ridge (eastern U. S. sites) are estimated using the Universal Soil Loss 
Equation (USLf) (Wischmeier and Smith 1978) according to the approach and assumptions detailed by 
Knight (1983a). The USLE yields good estimates of long-term average erosion rates on uniform slopes 
such as those at a waste-burial site (Foster 1979). It is an erosion model that can be used to 
estimate the sediment generated and displaced from a given area by sheet and rill erosion over time, 
but it does not estimate soil loss due to gully erosion. There are no accepted methods for quantify
ing gully erosion over hundreds of years. 

Soil loss (per unit area per year) due to water erosion is computed as the product of five major 
factors: 

Soil Loss = R x K x LS x C x P 
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where: R = rainfall and runoff. K = erodibility. LS = topographic, C= cover, and P = support 
practice. 

The damage of 'the cap caused by water erosion is evaluated only for the long-term period (200 to 
1000 years) (or a total of 800 years). During the initial 200-year period, it is assumed that there 
will be no net loss of soil from the cap because site maintenance activities will include addition of 
soil material to the cap to replace any materials lost. 

Vegetat i on management (1. e.. 1 and use); s the si ngle most important determi nant of the rate of 
water erosion at a waste-burial site (Knight 1983a). Thus, the range of soil loss that can be expected 
at NFSS and Oak Ridge is estimated by assuming that erosive and nonerosive land uses (agriculture and 
natural succession to forest, respectively) represent the extreme bounds of possible uses affecting. 
long-term erosion. (The diked burial at NFSS and. the mounded burial at Oak Ridge are not expected to 
be particularly well suited to either use, and the probable uses are expected to fall somewhere in 
between these two extremes--see Section 4.3.) 

The erosive land use assumes that the sites are used for 4-year crop-rotation agriculture. For 
purposes of analysis, it is assumed that the vegetative cover (C) factor for agriculture at NFSS and 
Oak Ridge corresponds to, that of a midwestern 4-year crop rotation of wheat, meadow, and corn (grown 
in two successive years) using good soil management practices (e.g., contour plantings) (Wischmeier 
and Smith 1978). 

The nonerosive land use is assumed to be local climax vegetation. The development of local 
climax vegetation through natural succession will result in a vegetation cover on the site that will 
protect the soil cap and minimize water erosion. For purposes of.analysis, therefore, it is assumed 
that the sites will be managed as grassland during the 200-year maintenance and monitoring period and 
that natural succession begins at the end of this 200-year period. At NFSS, natural succession will 
lead to the establishment of a mature beech-maple forest; due to the elevation of the burial site 
above surrounding grade, it is thought that the site will be drier than its vicinity, and thus 
succession will tend towards the beech-maple forest which occurs on well-drained, fairly dry sites of 
that area rather than the mesophytic maple-oak fOrest type that originally occurred on site. At the 
Oak Ridge site, a mature oak-hickory forest will eventually develop (Whittaker 1975). The various 
successional stages involved in the development of mature forests on these sites will influence the 
values of the vegetative cover (C) factor. Using information presented in Wischmeier and Smith 
(1978), appropriate C factors are determined for each successional stage. The successional stages 
used in this analysis are presented in Table 4.35. 

The topsoil at NFSS is assumed to be Madalin silt loam (Anderson et al. 1981), whereas that at 
the Oak Ridge site (Pine Ridge Knolls) is assumed to be Lehew loam (Luxmoore et al. 1981). It is also 
assumed that as layers of soil are removed from the cap by water erosion, the natural process of soil 
genesis (Brady 1974) alters the underlying material into a form resembling the native soils of that 
site (Section 4.3.2); Given the long period of analysis (1000 years) and the uncertainties about 
climatic fluctuations, land use, etc., it is not possible to predict whether or not the rate of soil 
erosion will exceed the rate at which the containment materials are broken down into soil. Therefore, 
it is simply assumed that the rates of erosion at all sites will be ~imilar to the rates for native 
soils. (See Section 4.3 for discussion of long-term biotic effects on integrity of containment 
systems.) 

The presence of the riprap (rock) layer is not taken into account in these estimates of long-term 
cap eros i on. The abil ity of such 1 ayers to wi thstand 1000 years of weatheri ng is hi gh ly uncertai n 
(Lindsey et al. 1982). Although such a layer wi 11 probably inhibit initial erosion rates after the 
overlying soil is eroded, the effectiveness of riprap over hun reds of years cannot be ensured. Riprap 
will eventually be broken down into soil by physical and biological forces. The rate of soil genesis 
layer will depend on climatic conditions, physical rock properties, as well as the biotic community 
that develops on the cap (Section 4.3.2). Furthermore. the riprap may be an attractive resource and 
might be removed for construction materi~ls when institutional controls are no longer in effect. 
Given such uncertainties at this' conceptual design stage of the decision-making process, the surface 
material of the cap at any given point in time is therefore assumed to be native soil, as discussed 
above. Specifications of more durable rock types (igneous rock such as rhyolites and granites, or 
metamorphic rocks, such as quartzites or granitic gneiss [lindsey et al. 1982]) and consideration of 
site-specific physical and biological factors may allow specific cap designs that will have long-term 
erosion rates that are less than those estimated in this analysis. 

During construction of the cap, the site and cap soils will be compacted to varying extents by 
trucks and heavy earth-moving equipment. Such compaction will drastically alter the physical charac
teristics of the soil such as bulk density, thereby altering the soil erodibility factor (K). However, 
it is assumed that the physical characteristics of the surface soils will gradually return to a state 
similar to that of undisturbed native soils of the same classification due to the action of (1) plant 
roots penetrating the cap surface (Section 4.3) and (2) frost heave and soil dessication. 

The average annual soil losses from NFSS and the Oak Ridge site are calculated using the para
meters described in Table 4.35. The long-term soil losses from these sites are derived by extrapola
tion of the average annual soil loss estimates and are presented in Table 4.36. Such estimates are 



Table 4.35. Land Use, Stage of Success, and Universal Soil Loss Equation (USLE) Factors Used in Estimating Water Erosion 
from the Eastern Long-Term Waste Management Sites 

Site/Alternative 

NFSS 

1 (no action) 

2a, 2b, 4a, 4c 

OAK RIDGE 

3b 

4c, 4d 

Land Use 
(Vegetation) 

Agriculture 
(4-yr crop rotation) 

Natural succession 
(beech-maple forest) 

Agriculture 
(4-yr crop rotation) 

Natural succession 
(beech-maple forest) 

Agriculture 
(4-yr crop rotation) 

Natural succession 
(Oak-hickory forest) 

Agri culture 
(4-yr crop rotation) 

Natural succession 
(Oak-hickory forest) 

Stage of 
Natural Successiont2 

Old field/meadow 

Shrub/young trees 

Early forest development 

Mature forest 

Old field/meadow 

ShrUb/young trees 

Early forest development 

Mature forest 

Old field/meadow 

Shrub 

Early forest development 

Mature forest 

Old field/meadow 

Shrub 

Early forest development 

Mature forest 

Length of 
Stage 

(years) 

800 

50 

250 

200 

300 

800 

50 

250 

200 

300 

800 

50 

250 

200 

300 

800 

50 

250 

200 

300 

R 

75 

75 

75 

75 

75 

75 

75 

75 

75 

75 

210 

210 

210 

210 

210 

210 

210 

210 

210 

210 

K 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

USLE Factort2 

LS C 

2.6 

2.6 

2.6 

2.6 

2.6 

1.8 

1.8 

1.8 

1.8 

1.8 

0.8 

0.8 

0.8 

0.8 

0.8 

1.1 

1.1 

1.1 

1.1 

1.1 

0.35 

0.011 

0.012 

O. all 

0.0001 

0.35 

0.011 

0.012-

'0.011 

0.0001 

0.35 

0.011 

0.04 

0.011 

0.001 

0.35 

0.011 

0.04 

0.011 

0.001 

t l General successional patterns developed from information in Daubenmire (1968), Whittaker (1975), and VanKat (1979). 

p 

0.5 

1 

1 

1 

1 

0.5 

1 

1 

1 

1 

0.5 

1 

1 

1 

1 

0.5 

1 

1 

1 

1 

t 2 R = rainfall and runoff factors; K = erodibility factors; LS = topographic factors; C = cover factors; P = support practice factors. All 
data from Wischmeier and Smith (1978), except K factors obtained from state soil conservation services for Madalin silt loam (NFSS) and 
Lehew loam (Pine Ridge Knolls) and LS factors estimated using Wischmeier and Smith (1978) and information describing burial site dimensions 
and structural details presented in Section 2. 

~ 
I 
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Table 4.36. Estimates of Long-Term Erosion of Earthern Covers (Caps) at Alternative Burial Sitest 1 

Site/Alternative 

NFSS 

1 (no action) 

2a, 2b 

4a, 4c 

Material 

Wastes and 
residues 

Wastes and 
residues 

Wastes only 

Primary 
Erosive 
Forcet2 

Water 

Water 

Water 

Land Use 
(Vegetation) 

Natural succession 
(beech-maple forest) 

Agriculture 

Natural succession 
(beech-maple forest) 

Agriculture 

Natural succession 
(beech-maple forest) 

Agriculture 

Cap Thickness (m) 

200 Years 

1.5 

3.2 

3.2 

1000 Years 

1. 42 

-0.4 

3.12 

1.2 

3.12 

1.2 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
HANFORD 

3a 

4a, 4b 

OAK RIDGE 

3b 

4c, 4d 

Wastes and 
residues 

Residues only 

Wastes and 
residues 

Residues only 

Wind 

Wind 

Water 

Water 

Natural succession 
(sagebrush) 

Rangeland, overgrazed 
(shrubs/annual grasses) 

Natural succession 
(sagebrush) 

Rangeland, overgrazed 
(shrubs/annual grasses) 

Natural succession 
(oak-hickory forest) 

Agriculture 

Natural succession 
(oak-hickory forest) 

Agriculture 

3 1.6 

1.4 

4.6 3.2 

3.0 

3.2 3.1 

2.2 

3.2 3.06 

1.7 

Cap Loss at 
1000 Years 

Meters 

0.08 

1.9 

0.08 

2.0 

0.08 

2.0 

1.4 

1.6 

1.4 

1.6 

0.10 

1.0 

0.14 

1.5 

Percent 

5 

>100 

3 

63 

1 

63 

47 

53 

30 

35 

3 

31 

4 

47 

tl Estimates are used to compare the relative potential for loss of containment, not the actual longevity of containment. 

t 2 Water estimates based on Universal Soil Loss Equation; wind estimates based on Wind Erosion Equation. 

Total Years 
to Erode Cap 

1,100,000 

650 

2,200,000 

1,300 

2,200,000 

1,300 

1,800 

1,500 

2,800 

2,300 

420,000 

2,400 

310,000 

1,800 
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used to compare the relative potential for loss of containment under different scenarios and are not 
intended to preditt the actual longevity of the containment system. It should be noted that the USLE 
predicted "soil loss" represents the average soil thickness removed from a sloping surface. In 
reality, it is likely that soil erosion will not be uniform across the surface of the containment 
caps. Soil eroded from the cap will be redeposited further downslope, and, ,as a result, there will be 
a continual change in the slope parameter (LS) with time as a result of the decrease in slope steep
ness and increase in slope length. Because the USLE equation cannot be used with any validity for 
slopes in excess of 18% (the outslopes of the containment caps at NFSS are 40% and 20% and the out
slope at Oak Ridge is 20%), and because of the continuous change in the slope parameter with time, the 
average slopes of the disposal sites are used in this analysis. Use of the average slope results in 
underestimation of the initial outs10pe erosion and overestimation of the initial erosion of the tops 
of the piles. However, the average slopes more closely approximate the shape of the piles in the. 
long-term period (e.g., with the side slopes longer and less steep because of deposition of eroded 
material from the top of the pile at the base of the slope). 

Changes in envi ronmental factors, such as cl imateor topographic re 1 i ef, that wi 11 undoubtedly 
occur during this period will subsequently alter the composition and structure of plant communities on 
the waste-management sites. Changes in these factors will, in turn, alter the rate of soil erosion. 
Unfortunately, current state-of-the-art modeling is not capable of predicting such changes. 

Although the constraints of the USLE (Foster 1979) limit the accuracy of soil erosion estimates 
for NFSS and the Oak Ridge site, a number of general conclusions can be made. First, there is a large 
range in the number of years it might take for the containment cap to, erode. Thus, the interim cap at 
NFSS mi ght erode as early as 650 years under agri cultura 1 use or as 1 ate as 1. 1 mi 11 i on years u'nder 
natural succession to forest. Erosion of the long-term cap might be as early as 1,300 years or as 
late as 2.2 million years. At Oak Ridge, the cap might be eroded by 1,800 years or as late as 
420,000 years. Given such great ranges because of uncertainties in future land uses, there is no 
significant difference between the two humid sites of NFSS and Oak Ridge with respect to eventual 
erosion of the caps. 

For all alternatives, cap erosion will occur much more rapidly under crop-rotation agriculture 
than under natural succession (rable 4.36). rhe principal effect of water erosion under agricultural 
land use will be a reduction in the thickness of the protective caps placed over the wastes. Complete 
erosion of the NFSS Alternative 1 cap will occur within the 200- to 1000-year period under crop
rotation agriculture. This will not only increase radon emmanation from the site, but will also 
increase the potential for plant root and burrowing animal intrusion of the wastes which will, in 
turn, allow for the subsequent uptake and translocation of radionuclides in the wastes by plants and 
the ingestion and inhalation of the wastes themselves by animals. In addition, the penetration of the 
cap by burrowing animals or plant roots will jeopardize the integrity and stability of the cover 
system. Biologic effects on the long-term stability of the cap are discussed further in Section 4.3. 
rhe impacts associated with the dispersion of the wastes into surface water supplies are discussed in 
Sections 4.1, 4.2.2, and 4.4. 

Hanford Site. In analyzing the amount of erosional losses at the arid Hanford site, the effects 
of both wind and water erosion are examined. Soil losses at Hanford due to water erosion are calcula
ted as for the NFSS and Oak Ridge sites using the USLE. Soil losses at Hanford due to wind erosion 
are computed according to the Wind Erosion Equation (WEE) (Woodruff and Siddoway 1965; Skidmore and 
Woodruff 1968; Skidmore 1983). Because soil losses at Hanford due to wind erosion are computed (using 
the WEE) to be 100 to 200 times greater than soil losses due to water erosion (using the USLE), the 
wind erosion losses are reported here. (As noted previously, the USLE equation cannot be used to 
estimate soil losses as a result of severe flooding events or gully erosion, which can be the dominant 
geormorphic force in arid climates. The possibility of such severe water erosion losses occurring at 
Hanford are discussed in Section 4.2.1.2.) 

Soil loss (per unit area per year) due to wind erosion is computed as the product of five major 
, factors: 

Soil Loss:::: f (I' K' C' L' V) 

where: I' = 'erodibility, K' :::: surface roughness, C' :::: climatic, L' :::: open-field length, and V:::: 
vegetative cover. The functional aspects of the variables of the WEE are not discussed here because 
resolution of the equation entails the use of numerous tables, figures, and equations. A detailed 
explanation of the WEE is given by Woodruff and Siddoway (1965) and Skidmore and Woodruff (1968). 

Several of the assumptions made to use the USLE for estimating water erosion loss at NFSS and the 
Oak Ridge site are also made to use the WEE for estimating wind erosion loss at the Hanford site. The 
parameters used to compute average wind erosional soil loss are presented in Table 4.37. As with the 
eastern sites, land use is the primary factor affecting erosion rates. Th~refore, erosion is estimated 
using both an erosive and nonerosive land use. The erosive land use is assumed to be overgrazed 
rangeland and the nonerosive land use is assumed to be native, undisturbed vegetation (i.e., sagebrush 
community). Also, as was the case for the eastern sites, the assumed land uses represent two extremes 
in that the burial trenches at Hanford are not expected to provide particularly good habitat for 
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Table 4.37. Land Uses, Stage of Community Development, and Wind Erosion 
Equation (WEE) Factors Employed in Estimating Wind Erosion . 
, from the Arid Long-Term Waste Management Site (Hanford) 

Stage of Length of WEE Factorsp Community Stage 
Land Use Development (y~ars) I' K' C' L' V 

Sagebrush used for Overgrazed 800 98 1.0 18.9% 1000 732 
rangeland 

Native sagebrush Developing 30 98 1.0 18.9% 1000 732 
community Mature 770 98 1.0 18.9% 1000 1742 

tl I' ::; Erodibility factor. Computed assuming 20% of the soil particles of the site's soil is 
greater than 0.84 mm in diameter. 

K' ::; Surface roughness factor. Assumes the top of the burial trench is smooth. 

C' ::; Climatic factor. Calculated according to Woodruff and Siddoway (1965). 

L' ::; Open-field length. Assumes prevailing wind is along the length of the trench. 

V ::; Vegetative cover factor. Assumes productivity of developing and· overgrazed community to 
be 41 g/m2/yr, mature community to be 80 g/m2jyr (from Uresk et al. 1977) .. 

native vegetation or rangeland. Because successional patterns are poorly understood in arid western 
ecosystems, it is assumed that 30 years is required to develop a sagebrush community (it is assumed 
that during the maintenance and monitoring period, deep-rooted plants such as sagebrush are prohibited 
from growing in the waste management area through use of herbicides or other control methods). 

It is assumed that the cap placed over the wastes at Hanford is intact at the end of the mainten
ance and monitoring period (200 years). Wind erosion is then estimated for the long-term period 
(200-1000 years). The soil at the Hanford site is assumed to be a sandy loam (Uresk et al. 1977) with 
an undisturbed bulk density of 1.5 g/cm3 . As with the erosion estimates for the two humid sites, the 
riprap layer at Hanford is assumed to be changed into soil by physical and biological weathering 
processes. As noted previously, careful selection of rock material during detailed engineering design 
may lead to erosion rates that are slower than those predicted--if the riprap layer is not removed 
after institutional controls cease. Also, as is the case for the water erosion calculations, wind 
erosion losses are calculated assuming uniform losses. In reality, losses will not be uniform. The 
predicted erosion rates are used only for comparison of the relative potential for loss of the caps 
and are not intended to precisely predict the actual longevity of the cap. Furthermore, at Hanford, 
there could even be deposition of material on top of the trenches (as is the case with dune forma
tion), thereby increasing the length of time to waste/residue exposure. 

The soil-loss estimates computed using the WEE are converted to trench-cap loss estimates follow
ing the procedure outlined in the previous subsection and are presented in Table 4.36. If controls 
cease in 200 years, the cover over the NFSS wastes and residues at Hanford may be eroded in as little 
as 1,800 years or as many as 420,000 years, depending primarily on land use. 

Mitigative Measures. During the initial 200-year maintenance and monitoring period, any loss of 
soil from the cap at any site will be replaced and cap failures will be repaired. Grass over the cap 
will help to stabilize the cap and minimize soil erosion losses during this period (see Section 4.3 
for detailed discussion of vegetation management). Regression of the sites to native climax vegeta
t i on or use of known farmi ng practices conduc i ve to soil conservat i on wi 11 s i gnifi cant ly reduce 
erosion losses in the long-term period. 

4.2.1.2 Flooding 

In addition to the average or everyday forces acting upon the storage site, severe events occur
ring within the l00o-year period of analysis are likely to stress the integrity of the containment 
systems. 

At NFSS, the potential for flooding could increase without proper maintenance and dredging of the 
existing drainage ditches or with future modifications to the drainage system both upstream or down
stream from NFSS. For example, rerouting of water into the NFSS drainage system from offsite areas 
could increase the potential for floods at the site--especially if there is no attendent modification 
of the carrying capacity of downstream culverts and ditches. Flooding could lead to saturation of the 
contaminated material s, thereby increasing the concentrations of contaminants in groundwater and 
surface water in the vicinity of the site. During the maintenance and monitoring period, all site 
drainage systems will be maintained to ensure proper drainage. Such maintenance wi1.l include dredging 
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of local ditches, culvert cleaning and repair, and control of drainage flow patterns both upstream and 
downstream from NFS5 .. 

During the long-term period, the NFSS drainage ditches will fill with sediments and the NFSS 
could become as poorly drained as it was prior to the construction of the drainage ditches. As a 
result, groundwater flow patterns may be altered. With ponding of water on the site, saturation of 
the wastes and residues is likely. Increased saturation of the waste/residue pile may also trigger 
slope failures at the outer slope of the pile (see Section 4.2.1.4 for further discussion). 

The containment area in the Oak Ridge alternatives will not be subject to severe flooding because 
of its location on the knolls. The 218W5 site for the Hanford alternatives is above the floodplain of 
the Columbia River, and severe flooding will not be a problem on the plateau area. 

4.2.1.3 Severe Erosion Events and Droughts 

Seasonally heavy rains could trigger gully erosion at both the NFSS and Oak Ridge sites. Gully 
erosion will be most likely to occur during the construction period and prior to the establishment of 
a stable vegetative cover over the piles. During the maintenance and monitoring period, gully erosion 
is assumed to be detected and repaired. Drainage control measures such as drainage swales to collect 
runoff from the pile and riprapped channels down the side slopes can be used to minimize gully develop
ment. 

Without maintenance, the effectiveness of drainage control measures will decrease during the 
long-term period. In addition, drought or fire could damage the vegetative cover. Without effective 
drainage controls and a vegetative cover, the steep outer slopes of the piles will be extremely vulner
able tO,gully erosion. This will be particularly true on the very steep outer slopes on the interim 
cap at NFSS. The long-term cap at NFSS and the cap at Oak Ridge will have less steep slopes, .but they 
will be steep enough to create a good potential for gully erosion. Unchecked, gully erosion will 
seriously jeopardize the integrity of the waste/residue pile. No quantitative methods are available 
for estimating the extent of gully erosion over the long term. 

Seasonal droughts at the NFSS and Oak Ridge sites could result in the formation of dessication 
cracks in the surface of the clay layer. During the maintenance and monitoring period and while the 
overlying layers of riprap/ sand/soil remain intact during the long-term period, such cracking should 
be minimal. During the wetter seasons, infiltrating water will moisten the clay and the cracks will 
tend to close up. As the surface layers erode during the long-term period or if there is a prolonged 
drought, the cracks will be more extensive. Radon emissions will tend to increase with cracking of 
the clay layer. However, it should be pointed out that underneath the clay layer will be the clayey 
NFSS wastes which will still serve to retard the radon emanating from the major source--the residues 
buried even deeper underneath the wastes. 

In arid climates, water erosion can be the dominant geomorphic factor. Sudden, heavy rains 
("flash floods") may be responsible for substantial sheet erosion and possibly gully erosion of the 
trench covers. However, the flat topography of the plateau, the low relief of the trench covers, and 
the distance of the disposal site from major surface drainage systems should minimize the potential 
for gully erosion at the Hanford alternati~e site. 

However, a severe drought or fire at Hanford could destroy the vegetative cover over the trenches 
and subsequent high winds could increase the rate of soi 1 loss. The presence of the O.9-m riprap 
layer may serve to reduce such losses. by acting like "desert pavement" (a stone-covered surface 
resistant to wind erosion that is naturally present in deserts). 

4.2.1.4 Slope and Cover Failure 

Because of the relative steepness of the outer slopes of the caps at NFSS and Oak Ridge (40% in 
Alternative 1 and 20% in Alternatives 2a, 2b, 3b, 4a, 4b, 4c, and 4d), the protective cap covering the 
wastes will likely eventually slump, inducing gullying and increased erosion. Although measures such 
as careful compaction of the wastes, scarification of transition surfaces (e.~., clay to sand), and 
gradual gradation of materials (e.g., clay to sand to pea gravel), can initially reduce the potential 
for slumping, they will probably not eliminate the problem on such steep slopes over hundreds of 
years. Any slope failure occurring within the initial 200 years of maintenance and·monitoring will be 
repaired. If controls cease, slope failure will result in earlier exposure and dispersion of the 
contaminated wastes/residues. Slope failure is likely to occur in the diked and mounded containment 
structures in the humid climates at NFSS and Oak Ridge. Slope failures are not expected on the low
relief trench covers at Hanford. If one of the alternatives at NFSS or Oak Ridge is selected, a 
rigorous analysis of potential slope failure will be appropriate at the detailed engineering design 
stage of the decision-making process. 

The presence of karst features (sink holes, underground caves, etc.) in the Oak Ridge area are 
indications of solution cavities that have developed in the limestone bedrock. Although there are no 
surface manifestations of such solutioning on the Pine Ridge Knolls, solutioning is known to occur in 
some units of the Conasauga Group that underlies the knolls (Section 3.3.1). Development of solution 
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cavities in the bedrock underneath the knolls could jeopardize the integrity of the piles. Subsidence 
of the piles into such a cavity would result in: (1) failure of the caps with consequent increase in 
water infiltration into the wastes and residues, (2) increase in gully erosion of the cover system 
with consequent earlier dispersion of the contaminated materials into the environment, and (3) decrease 
in the effectiveness of the cap in :retarding radon and consequent increase in radon emissions. The 
probability of such an event occurring on the Pine Ridge Knolls site is less than in other parts of 
the O.ak Ridge Reservation that are underlain by different kinds of bedrock that are more prone to 
solutioning, . 

4.2.1.5 Seismic Activity 

The possible effects of the maximum probable seismic event during the 10-year and 10- to 200-yea.r 
time frames as well as the effect of the maximum potential seismic event for the 200- to 1000-year 
time frame on the integrity of the containment structures at the Niagara Falls, Oak Ridge, and Hanford 
sites are presented in Table 4.38. Based on historic seismic records, all sites may experience very 
strong earthquakes·of at least a modified Mercalli (MM) intensity of VII (see Sections 3.1, 3.2, 

Site/ 
Alternative 

NFSS 

1, 2a, 2b, 
4a, 4c 

HANFORD 

3a, 4a, 4b 

OAK RIDGE 

3b, 4c, 4d 

Table 4.38. Potential Effects of Sefsmic Activity on Containment Structures 

Potential Impacts Associated with Three Time Framest 1 

Action Period 
(10 years) 

Possible cracking of cap 
and failure along cap 
slopes after maximum 
probable seismic event-
will be repaired 

Subsurface clay cutoff· 
wall may be damaged--will 
be repaired only if 
damage detected 

Maximum probable seismic 
event may cause slight 
ground cracking in 
trenches--will be 
repaired 

Possible subsidence of 
cap into voids between 
packaged wastes--will be 
repaired 

Possible damage to cap 
and failure of cap slopes 
after maximum probable 
seismic event--will be 
repaired 

Possible subsidence of 
cap into voids between 
packaged wastes--will 
be repai red 

Maintenance and 
Monitoring Period 

(l0-200 years) 

Possible cracking of cap 
and failure along cap 
slopes after maximum 
probable seismic event-
will be repaired 

Subsurface cl ay cutoff 
wall may be damaged--will 
be repaired only if 
damage detected 

Maximum probable seismic 
event may cause slight 
ground cracking in 
trenches--will be 

. repaired 

Possible subsidence of 
cap into voids between 
~ackaged wastes--will be 
repaired 

Possible damage to cap 
and failure of cap slopes 
after maximum probable 
seismic event--will 
be repaired 

Possible subsidence of 
cap into voids between 
packaged wastes--will be 
repaired 

Long-Term Period 
(200-1000 years) 

Cracking of cap and failure 
along cap slopes after 
maximum potential seismic 
event 

Damage to cutoff wall 

Maximum potential seismic 
event may cause slight 
ground cracking in trenches 

Subsidence of cap into 
voids between packaged 
wastes 

Damage to cap and failure 
of cap slopes after maximum 
potential seismic event 

Subsidence of cap into 
voids between packaged 
wastes 

t 1 Maximum probable seismic event assumed to be MM VI to VII for all sites, based on historical 
records (see Sections 3.1.1, 3.2.1 and 3.3.1). Maximum potential seismic event assumed to be 
one level higher than historic record, or MM VIII for all sites. 
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and 3.3).* Ground cracking or slope failure may occur but should be minimal in extent at ali sites 
for the maximum probable quake unless saturated soil conditions exist. With saturated conditions, 
slope failure may occur at NFSS and the Oak Ridge site especially along the sand/clay interfaces. 
Such. slope failures may result in the exposure and erosion of the wastes at these. two sites. No such 
slope failure is expected at the Han.ford site due to the use of burial trenches. Such seismic events 
may also facilitate settling of the material used.to fill the spaces between the waste containers and 
thereby cause limited subsidence and possible cracking of the cover material at Hanford and Oak Ridge. 
Subs i dence at these sites woul d increase radon·, re leases unt i1 the cracks caused by subs i dence are 
filled by natural erosion processes or by active maintenance. 

Although possible damage to the site structures may occur during the 200-year period, it is 
assumed that all structures or features known to have been damaged will be promptly repaired, thereby 
minimizing impacts resulting from the failure. This assumption applies primarily to repair of the cap 
because damage to the cap will be most noticeable .. Damage to the subsurface clay cutoff wall at NFSS 
may not be noticed unless monitoring wells are fortuitously located to detect a breach in the wall and 
any subsequent mi grat i on of contami nants. The slow lateral mi grat i on of groundwater at NFSS (see 
Section 3.1.2), however, lessens ,the importance of this impact in the short term (O to 200 years). 
Because no studies have been conducted to demonstrate and predict the long-term durability of a cutoff 
wall (Harris et al. 1982), the effectiveness of this structure.over 1000 years cannot be relied upon 
to restrict contaminant migration via groundwater. The analysis of groundwater contamination is 
presented in Section 4.2.2, and the impacts resulting from groundwater migration of contaminants are 
addressed in Sections 4.1 and 4.4. 

The potential for cap subsidence at Oak Ridge and Hanford may be substantially lessened by the' 
orderly arrangement of containerized waste and backfilling between the residue containers with fine 
sand or grout., With cap subsidence, infiltration of precipitation through the wastes and residues 
will increase and gully erosion of the cap may be accelerated. It is assumed that such damage will be 
repaired during the maintenance and monitoring period. 

As the time frame for analyses increases, so does the potential for more severe earthquakes for 
each area. Prediction of the severity of quakes that may occur within the 200- to 1000-year time 
frame, however, is limited by the relatively short period of record for seismic events in the 
North American Continent. For purposes of analysis, therefore, the maximum potential earthquake 
possible for the 200- to 1000-year time frame is assumed to be greater than the predictions for the 
maximum probable earthquake based on the historic records. The resulting impacts will be more severe 
and are assumed to not be repaired in the long-term period. In addition, it can be assumed that due 
to site design differences (e.g., trenches vs. waste pile). loss of containment during severe seismic 
events within the 200- to IOOO-year time frame will be less likely to occur at the Hanford site than 
at either NFSS or Oak Ridge. 

4.2.2 Groundwater Impacts. 

4.2.2.1 General Model Description 

Both radiological and nonradiological substances wi 11 be leached out of the NFSS wastes and 
residues by infiltrating water and carried into the groundwater. An individual could consume contami
nated water from a well (assumed to be located onsite next to the waste/residue area), and a popula
tion could consume contaminated water from a stream or other surface-water body that receives 
contaminated groundwater discharge, In this section, the CIS ratios (concentration of the contaminant 
in the groundwater divided by the concentration in the source [wastes and/or residues]) are determined 
for both the onsite well and the point where groundwater discharges to surface water. The impacts 
associated with releases of radiological and nonradiological contaminants to surface waters and ground
waters are discussed in Sections 4.1, 4.2, and 4.4. 

The rate of release of contaminants from the waste/residue area can be estimated by means of the 
ion-exchange model or diffusion model (U.S. Dep. Energy 1983a). In this study, the ion-exchange model 
is used because it gives a more conservative (higher) estimate. The geometry and time variation of 
the groundwater contamination are shown schematically in Figure 4.7. Precipitation striking the 
residue/waste area (waste field) infiltrates through the wastes and transports contaminants down into 
the aquifer. The waste field is assumed to be a rectangular region with dimensions Lx, Ly , and Lz· 
The geometry of the contaminated layer is assumed to be constant during migration. After the contami
nation reaches the water table, it will be diluted in the groundwater and transported to the well and 
eventually to nearby surface waters. The well is assumed to be located at the center of the edge of 
the waste field downgradient .in the groundwater flow. 

Contaminant concentrations in the groundwater at various times and places may be determined by 
solving a three-dimensional mass transport equation that includes the effects of convective transport, 
molecular diffusion, hydraulic dispersion, chemical sorption, and radioactive decay (Bear 1972; Yeh 

*No information is available to perform probablistic earthquake risk analysis for the soils upon which 
the containment systems will be founded at all three sites. Possible modes of failure are discussed. 
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Table 4.39. Parameters Used for the Calculation of 
Contaminant Concentrations in Groundwatert 1 

Parameter 

Annual precipitation 

Surface runoff coefficient 

Evapotranspiration rate 

Infiltration rate (w/o cover) 

Infiltration rate (with cover) 

Effective porosity 

Bulk density of soil 

Hydraulic gradient 

Hydraulic conductivity 

Longitudinal dispersivity 

Transverse dispersivity 

Vertical dispersivity 

Waste field dimensions 

Distance from lower 
boundary of waste field 
to water table 

Distance from water table 
to bottom of well 

Symbol Unit 

P m/yr 

C 

Et m/yr 

I m/yr 

I m/yr 

n e 

Ps kg/m3 

1 

Kh cm/s 

a L m 

aT m 

!YV m 

Lx m 

Ly m 

Lz m 

D m 

m 

NFSS Hanford 

0.89 0.16 

0.20 0.20 

0.60 0.10 

0.11 0.03 

0.04 0.01 

0.1 0.2 

1,700 1,600 

0.001 0.002 

0.000011 0.19 

1.0 3.0 

0.1 0.3 

0.1 0.3 

270 310 

120 310 

6.0 2.4 

0 65 

10 10 

Oak Ridge 

1.40 

0.15 

0.89 

0.30 

0.10 

0.025 

1,700 

0.03 

0.03 

1.0 

0.1 

0.1 

270 

270 

3.0 

4 

10 

tl Distribution coefficients and radioactive decay constants are discussed in the text. 

4.2.2.2 Hydrological Parameter Values 

The various hydrological parameters used in the model are listed in Table 4.39. The hydrologic 
parameters such as precipitation and evapotranspiration are obtained either from site-specific reports 
(Acres American 1981; Bechtel Natl. 1984a, 1984b; U.S. Nucl. Reg. Comm. 1981; Brown and Isaacson 1977; 
Exxon Nucl. Co. 1977) or from the Water Atlas of the United States (Geraghty et al. 1973). The surface 
runoff coefficients are selected for "mild" grass cover (Chow 1968) and average waste-area slope 
conditions for the containment designs presented in Section 2. The waste-field dimensions are based 
on the conceptual designs described in Section 2. 

The groundwater flow characteristics such as hydraulic gradient, hydraulic conductivity, and 
various dispersivities are obtained from site-specific reports (Acres American 1981; Bechtel Natl. 
1984a, 1984b; Brown and Isaacson 1977; Exxon Nucl. Co. 1977). At NFSS, the average hydraulic conduc
tivity of the near-surface brown sand aquifer is assumed for the entire site. (The effects of the 
intermittent sand lenses are discussed in Section 4.2.2.3.) Calculations by Bechtel eivi I and 
Minerals, Inc. (1982), and Bechtel National (l984b) indicate that the migration of contaminants in 
groundwater could be slowed by the lower-permeability clay cutoff wall surrounding the waste/residue 
areas. However, several natural processes (e.g., tree root penetration, frost heaving, dessication, 
crack development, etc.) could seriously jeopardize the integrity and durability of the cutoff wall 
over the 200- to 1000-year period. Therefore, in this analysis it is assumed that over the time frame 
analyzed, the average properties of the cutoff wall are the same as for the wastes and surrounding 
soils. Likewise, the concrete foundations of the buildings containing the residues are assumed to 
offer no significant long-term barrier to contaminant migration. 
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Whereas site investigatons at NFSS have established the presence of the groundwater table one or 
more meters (several feet) below the ground surface during the dry summer period, the fluctuation of 
the grpundwater level throughout the year has not yet been determined. Knowledge of the saturated 
conditions at NFSS-during spring snowmelt, the poor drainage of the site (Higgins et al. 1972), and 
the ponding of water on the site during snowmelt and heavy periods of precipitation suggest that zero 
depth to groundwater should be assumed during some periods of the year. This is also a reasonable 
assumption in light of the fact that some of ,the contaminated soils and residues are buried well below 
the ground surface (see Sections 2 and 3.1.7). 

There is probably little potential for undetected underground piping to facilitate the migration 
of contaminated groundwater from the wastes/residues at NFSS. During construction of the subsurface 
clay cutoff wall during interim remedial actions, all known pipes were removed or grouted to inhibit 
groundwater communication along these pathways. Any remaining undetected pipes will have to be located 
so as to discharge into a sand lens bordering NFSS in order to facilitate rapid migration of wastes 
offsite through the lens. If such a pipe is not connected to a sand lens, only limited contaminant 
migration is expected to occur through the surrounding low-permeability clay material. Migration of 
the contaminated groundwater into a discontinuous sand lens adjacent to the site will pose a health 
risk only if the sand lens is tapped by a domestic well; the potential risks associated with such an 
event are presented in Section 4.1.2.3 under the resident-intruder scenario. 

4.2.2.3 Estimates of Radium-226 in Groundwater 

With respect to groundwater contamination, the radionuclide of most concern in the NFSS wastes 
and residues is radium-226 (Gilbert et al. 1983). Concentrations of radium-226 in groundwater are 
modeled for varying thicknesses of clay in the cover materials (Table 4.40), corresponding to the 
conceptual designs discussed in Section 2. The thickness of only clay is considered because the other 
layers of sand, gravel, etc., will not significantly inhibit water infiltration into the contaminated 
materials. For each site, an estimate is also made for the case in which there is no clay cover 
because, at all sites, the cover material will deteriorate and eventually be eroded (see Section 4.2.1). 
If the sand and riprap layers in the final cap at NFSS (Alternatives 2a and 2b) and in the cap at 
Oak Ridge remain intact, these layers--combined with the steepness of the cap slopes--should promote 
cap drainage and infiltration may be less than assumed (at least while the cap is maintained for 
200 years). 

Site 

NFSS: 

No cap 

Interim cap 

Long-term cap 

- - - - - - - - -
Hanford: 

NO cap 

- - - - - - - - - - -
Oak Ridge: 

No cap 

Long-term cap 

Table 4.40. Radium-226 in Onsite Wellstl 

Clay Cover 
Thickness 

(m) 

0 

0.9 

1.5 

- -

Ot 4 

- -

0 

1.5 

- -

- -

-

-

CIS Ratiot 1 at 
Year 1000 

(pCi/L)/(pCi/g) 

3.8 

2.1 

1.0 

- - - -

Ot S 

- - - -

Ot S 

Ot S 

- - -

- - -

Maximum CIS 
Ratiot 2 

(pCi/L)/(pCi/g) 

4.0 

2.5 

1.2 

- - - -

0.55 

- - - -

0.23 

0.083 

t 1 Assumed to be located next to the waste/residue containment area. 

- - -

- - -

Time to Reach 
Maximum 

Concentrationt3 

(yr) 

1,400 

1,800 

3,600 

- -

35,000 

- - - - -

2,500 

7,000 

t 2 C is the concentration of radium-226 in the well water, and 5 is the initial concentra
tion of radium-226 in the wastes and/or residues. 

t 3 Includes the delay time for radium-226 to migrate from the bottom of the waste field to 
the water table (0 yr at NFSS, 35,000 yr at Hanford; and 230 yr [no clay] or 6,800 yr 
[1.5 m clay] at Oak Ridge). 

t 4 Native sandy soils will be used for the cover material at Hanford. A clay cover would 
dry out and become ineffective in the arid climate at Hanford. Therefore, only the no 
clay cap case is analyzed. 

t S Zero means that the waste front has not reached the specified location at t = year 1000. 
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4.3.2.1 General Effects 

Biota can affect the long-term integrity of the proposed containment systems in a variety of ways 
that are both beneficial and adverse. Beneficial biotic effects on containment systems that have 
multilayered protective caps with vegetated soil as the outermost layer include: (1) soil stabiliza
tion and erosion control and (2) physical and chemical modification of cap soils to improve tilth and 
allow for potential productive land use of the cap surface. Adverse biotic effects include plant and 
animal intrusion into the stored wastes and residues followed by mobilization and dispersal of the 
contaminated materials via both physical and biological transport pathways. 

Disturbance of the cap by burrowing animals, the creation of channels by plant roots, and the 
formation of soil aggregates by microorganisms all have the effect of decreasing soil bulk density and 
producing interconnected voids of various sizes. Such voids increase water infiltration and provide 
routes for radon to escape to the atmosphere before it can decay to solid decay products. Increased 
water infiltration into the cap can increase the likelihood of slippage or slumping of the cap 
materials, especially in the most steeply sloped (20%) perimeter areas. 

Increased infiltration may also result in more water moving through the cap layers into the 
stored wastes where accelerated leaching and contamination of groundwater can occur (see Section 4.2.2). 
These effects can be balanced by the enhanced water storage capacity of soils modified by biological 
act i vity, as we 11 as by the abi 1 ity of vegetation to absorb and transpi re 1 arge amounts of soil 
moistu-re back to the atmosphere. In the western United States, this can amount to nearly all o·f the 
annual precipitation (Hakonson et a1. 1983). 

Numerous ex amp 1 es of plant root i ntrus-i on into buried radi oact i ve wastes have been reported 
(Cline and Uresk 1979; Fitzner et al. 1979; Breed10w et al. 1982; Yamamoto 1982). When the riprap and 
other layers of the containment caps over the NFSS waste and residues have been breached by deep
rooted plant species, the uptake of radioactive and other waste constituents may take place, with 
transport of some fraction of these constituents to above-ground or near-surface plant organs (Knight 
1983b). Waste constituents can then be dispersed either directly to the atmosphere (as in the case of 
radon), to food webs via a variety of conventional herbivores (mammals, reptiles, insects, etc.), or 
vi a rather speci ali zed pathways such as the soil water-plant nectar-honeybee-honey route (Hakonson 
et al. 1983). Physical dispersal of contaminated plant parts by wind and water can also occur. 

Burrowing rodents, carnivores, ants, and termites have been reported as intruding into buried 
radioactive wastes (Fitzner et a1. 1979). Tunneling activities of animals cause soil pulverization, 
transfer of materials between layers of the containment structure, and creation of voids as tunnels 
and nest chambers. Loose soil and/or waste materials brought to the surface by burrowing activity 
will be subject to accelerated erosion ahd dispersal in the environment. Contaminated animal biomass 
entering food webs is another route of waste constituent dissemination. 

The NFSS containment alternatives and time periods are evaluated in terms of the biomodification 
and biointrusion considerations presented above. Because this is essentially an assessment of cap 
integrity under these biotic influences, it was possible to group the alternatives for assessment of 
ecol ogi ca 1 impacts--ei ther because the differences between a lternat i ves have no effect on the 
parameters being considered or because no meaningful differences could be ascertained between alter
natives in light of the complex interactions characteristic of biological systems. There are three 
major groups of alternatives as follows: 

Group l--A1ternative 1 at NFSS (1.5 m layered cap* consisting of 0.9 mclay, 0.15 m sand, 
and 0.45 m soil). This alternative is in a separate group because the cap design 
is distinctively different in that it lacks the layer of riprap and has less clay. 

Group 2--A1ternatives 2a, 2b, 4a, and 4c at NFSS and Alternatives 3b, 4c, and 4d at Oak Ridge 
(3.2 m layered cap* consisting of 1.5 mclay, 0.15 m sand, 0.9 m graded riprap, 
0.15 m sand, and 0.45 m soil). These alternatives are grouped together because 
they have identical caps and are located at the two temperate, humid eastern sites 
of NFSS and Oak Ridge. The minor differences between the two humid sites do not 
permit meaningful distinctions in biotic effects. 

Group 3--A1ternatives 3a, 4a, and 4b at Hanford (3.0 m layered cap* consisting of 0.9 m or 
2.5 m native soils, 0.9 m graded riprap, and 1.2 m soil). These alternatives are 
slight variations of the same trench cap design located at the arid western site. 

4.3.2.2 Groups 1 and 2: Alternatives at NFSS and Oak Ridge 

The Group 1 and 2 alternatives at the humid sites will have protective caps with an outermost 
soil layer 0.45 m thick underlain by 0.15 m of sand. In the Group 1 alternative, the sand will be 

*Conceptua1 designs for the various alternatives are given in Section 2. 
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underlain by 0.9 m of clay and then the NFSS wastes (interim cap--Figure 2.1). In the Group 2 alter
natives, the sand will be underlain by 0.9 m of graded riprap, another 0.15 m of sand, 1.5 m of clay, 
and then the wastes or residues (long-term caps--Figures 2.3, 2.8, 2.10, and 2.13). 

. Both the Group land 2 caps will be invaded by plant roots and animals. Initially, the effective 
rooting zone win be only about 0.6 m (0.45 soil plus 0.15 m sand), which will preclude the develop 
ment of most mature native trees (Spurr and Barnes 1973) and wi 11 be 1 imit i ng to many other plants 
except· grasses, forbs, and some shallow-rooted shrubs and small trees. Shrubs and trees will germinate 

.. and become estab 1 i shed in thi 5 soil depth but thei r growth wi 11 slow when the roots encounter the clay 
or riprap interface. The local species that are adapted to heavy soils will continue to grow through 
the clay of the interim cap. Some woody species growing on the long-term cap (over riprap) may persist 
as stunted individuals and some may die. 

Because the NFSS interim cap will contain no riprap layer, it will probably be breached first by 
plants whose roots are adapted to grow in heavy, clayey soils. As these initial intruding roots die 
and leave channels through the clay layer, other plant roots can follow. It is probable that this 
wi 11 occur early in the mai ntenance and monitori n9 peri od, perhaps even duri ng the 10-year act ion 
period. Eventually, the long-term caps at NFS~ and Oak Ridge will also be breached, probably during 
the maintenance and monitoring period, as soil settling and rock fragmentation fill the interstices 
between the riprap with particles and provide a soil pathway for plant roots (Hakonson et al. 1983). 

The early cap communities will be sl ightly more susceptible to erosion and will have poorer 
wildlife habitat than the surrounding area. The initial plant community, and the later mature com
munities that develop on either type of cap, will be particularly susceptible to drought, during which 
many individual plants may die: Following severe drought, likely to occur several times during the 
maintenance and monitoring period and numerous times during the long-term period, large areas of bare 
ground may be produced that will be subject to accelerated erosion. The stressed plant communities on . 
the caps will also be more susceptible to the adverse effects of herbivores (grazing animals and 
insects), disease, and fire than the surrounding plant communities growing on normal soils of the 
area. 

The plant communities on the caps will undergo plant succession. However, the successional 
patterns are likely to be different than those in the surrounding plant communities on normal soils. 
During the first 200 years of maintenance, this succession will be regularly interrupted by mainten
ance activities aimed at precluding or destroying large, deep-rooted plants. During the long-term 
period, after maintenance ceases, cap communities may initially "stagnate" in a grass/forb/small 
shrub/small tree stage, with a few individuals of larger tree species usually present. These young 
trees will not reach maturity because they (and some of the other plants) will die out during periods 
of drought. When adequate moisture is restored, the cycle will begin again with new seedlings 
replacing the plants that have died. During the first 300 years of the long-term period, biological 
modification of the cap layers will continue and adapted plant species will colonize the cap. 
Eventually, deep-rooted mature trees will develop on all of the NFSS and Oak Ridge caps. Continued 
soil modification, development, and settling combined with vegetation succession may result in the 
establishment of a climax forest typical of each area. However, this community will continue to be 
more susceptible to drought than a similar one on normal soils of the area. 

The clay liner of the NFSS interim cap and the additional barrier provided by the riprap layer in 
the long-term caps at NFSS and Oak Ridge will initially deter burrowing animals from intruding into 
the wastes and residues. However, as root growth modifies and disrupts these layers, mammals, ants, 
and other insects will intrude into the contaminated materials because the materials will be within 
the known tunneling depths of these organisms (Cline et al. 1982). As the thicknesses of the caps are 
reduced appreciably by erosion, the likelihood of animal intrusion will increase. 

Potential agricultural use of the cap surfaces for pasture, grain, or row crops will be initially 
limited by the 0.45 m soil thickness because many crop plants such as corn, soybeans, alfalfa, and 
other legumes require considerably deeper rooting depths for optimal growth (Mitchell 1975). However, 
agricultural activities will not be allowed for 200 years, by which time the soil formation processes 
discussed previously may lead to a deeper rooting layer. During the long-term period, agricultural 
success will depend both on the depth of the rooting layer at the time agriculture begins and on the 
rate of soil erosion losses. 

4.3.2.3 Group 3: Alternatives at Hanford 

All of the Hanford alternatives will have protective caps with an outermost native soil layer 
1.2-m thick, underlain by a graded riprap layer O.9-m thick over 0.9 or 2.5 m of native soil. No clay 
layer is included in these caps (Figures 2.5 and 2.9). Native shrub-steppe grass1and--consisting of 
grasses, forbs, and shrubs adapted to arid conditions--will be allowed to develop on the caps. These 
plants are mostly deep-rooted, with high levels of root growth activity when soil moisture is avail
able (Fitzner et al. 1979). Most of the plant biomass in these species occurs underground. Typical 
root to shoot biomass ratios are 9:1 (Caldwell and Fernandez 1975). 
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The disturbed soil cover of the completed cap will probably be initially colonized by weedy 
annual plants such as Russian thistle, Kochia, and cheatgrass. The upper 1.2 m of soiJ will be 
adequate to support a nearly normal native plant community that will become reestablished early in the 
190-year maintenance and monitoring period. Because the riprap layer will initially be a barrier to 
most root penetrations, the deep-rooted shrubs and forbs couldexperi ence moi sture stress duri ng 
periods of drought early in their development (Rickard 1983--personal communication). Soil settling, 
rock fragmentation, and the soil-pulverizing activities of burrowing animals and ants will eventually 
fill.some of the interstices between the rocks .of the riprap with soil particles and provide a pathway 
for root extension through the layer. 

Once through the riprap layer, the plant roots will penetrate quickly through the 0.9 m or 2.5 m 
of native soil underlying the riprap and will intrude into the buried wastes and residues. Continued 
penetration of the riprap layer by new roots and the death of old roots will permit small rodents 
(mice and pocket gophers), ants, and other insects to gain access to the wastes via root channels 
because the deepest wastes are well within known tunneling depths of these organisms in the loose 
sandy soils at Hanford (Cline et a1. 1982). These events are likely to occur early in the maintenance 
and monitoring period. 

Periodically, the vegetation on the caps will be destroyed by wildfire. Wildfire is a fairly 
common and often natural (l i ghtni ng-i nit i ated) occurrence in the shrub- steppe communit i es of the 
Hanford site. Although fire helps to maintain the overall vigor of the ecosystem, burned areas are 
subject to increased wind erosion for at· least one growing season following a fire (Hinds and Thorp 
1970). If the fire is extensive, seed sources within effective dispersal distances are reduced and 
the erosion-prone period is increased. 

Biointrusion and radionuclide dispersal (as described earlier) will gradually increase, with 
continued biomodification of t~e cap layers until a relative steady-state is reached that will be 
related to the biological carrying capacity of the cap ecosystem. Because of the sandy soils and the 
greater below-ground activity of both plant roots and burrowing animals at Hanford, biointrusion into 
the buried wastes and residues will probably occur sooner than at the two humid sites under the 
Group 2 alternatives. However, the presence of the riprap layer at Hanford will probably delay bio
intrusion longer than in the Group 1 alternative at NFSS (which has no riprap layer). 

4.3.2.4 Mitigative Measures 

Measures to mitigate biointrusion into the NFSS wastes and residues can be of two types: 
(1) correcting biointrusion after it occurs, and (2) delaying biointrusion. 

Corrective Measures. Durin~ the maintenance and monitoring period, measures will be taken to 
restore cap integrity if radionuclide dispersal due to the activity of plants and animals reaches a 
level of concern. Such measures could include removal of large, deep-rooted plants, herbicide appli
cation to eliminate and prevent regrowth of such plants, trapping and/or poisoning of burrowing 
animals, insecticide application to control ants and other insects, and additions to and. recompaction 
of the soil layer. 

Delaying Measures. All· the alternative caps will be affected by biomodification of the cap 
layers and biointrusion into the wastes and residues followed by dispersal of radionuclides to the 
environment. Although these events cannot be prevented, the cap designs could be modified to further 
delay biomodification and biointrusion. In particular, the outer soil layer could be eliminated, 
leaving only rock on the outer cap surface, or a chemical "biobarrier" could be built into the cap. 

Rock Cover. At NFSS and Oak Ridge, the outer 0.6 m of soil and sand could be eliminated, leaving 
the 0.9 m of riprap outermost. At Hanford, the trenches could be backfilled almost entirely with soil 
and the 0.9 m of riprap could be placed on top. Furthermore, instead of having the riprap layer 
graded from small pea gravel' to large cobbles and back to pea gravel, large cobbles could be placed 
outermost. Such rock armoring of the cap surface would provide adequate protection against water and 
wind erosion (Breedlow et al. 1982) and would greatly delay biointrusion. Within the 1000-year period, 
sediments may fill the riprap interstices and provide sites for some vegetation establishment. However, 
the resulting sparse community would have a much lower biomodification and biointrusion potential than 
the soil-covered cap. A rock-covered cap would also eliminate the increased soil erosion that will 
otherwise occur when vegetation on a soil-covered cap is reduced because of drought, disease, fire, 
herbivory, or agricultural use. 

A rock-covered cap is feasible at all three alternative sites, but careful consideration would 
have to be given to several aspects of water management in such a modified cap. Such a modification 
would also eliminate the water storage capability of the soil cover and the transpiration potential of 
the vegetation. Both of these processes can prevent a large portion of infiltrated precipitation from 
being available for downward movement through the cap and into the wastes where leaching and ground
water contamination could occur (Hakonson 1983--personal communication). The vegetation transpiration 
consideration is especially important at the arid Hanford site. At the humid NFSS and Oak Ridge 
sites, water transport through the clay layer will be very slow, and most precipitation entering the 
cap will probably flow along the clay/sand interface and out of the cap at the periphery. For this 
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reason, a modified cap would have to be carefully, constructed so that the clay, sand, and riprap 
layers toe out at ground level, andprovision should be made for erosion. control in these cap 
perimeter areas. : 

Chemical Biobarriers. ChemiCal biobarriers have been developed to prevent root intrusion through 
soil-covered, ve~etatedcap~ (Cline et al. '1982). The most effective barrier consists' of polymer 
pellets impregnati!d with a herbicide that is released slowly into the soil. The pellets would be 
placed in a layer during cap construction (probably at the sand/clay interface in the NFSS and Oak 
Ridge caps or the upper soil/riprap interface in the Ha'nford cap) to kill plant roots (but not the 
entire plant) that penetrate to that depth. The estimated effective lifetime of the chemical bio
barrier is 100 years, which would help reduce maintenance costs during the maintenance and monitoring 
period but would not'reduce biointrusion and biomodification impacts in the long-term period. 

4.4 CHEMICAL 

In addition to radionuclides, there are other chemical elements and compounds in the NFSS 
residues and wastes that could potentially contaminate the environment. Most of the elements occur 
naturally in soils and water but are in above-normal concentrations in the NFSS materials, especially 
the residues. Some elements are in concentrations sufficiently high to warrant further consideration 
regarding extraction and sale of some of these elements (Alternative 2b). The chemical nature of the 
NFSS wastes and residues is detailed in Section 3.1.8. Following are the results of analysis of 
potential chemical impacts associated with each alternative involving land disposal; chemical impacts 
associated with ocean disposal are discussed in Section 4.5. Because the potential impacts are 
closely linked to the various time periods and associated assumptions regarding control measures, the 
following discussion is divided into the three time periods (action period, maintenance and monitoring 
period, and long-term period). Other than the potential for elevated concentrations of a few elements, 
no significant chemical impacts to either surface waters or groundwaters are expected at NFSS, 
Oak Ridge, or Hanford. 

4.4.1 Action Period (0 to 10 years) 

4.4.1.1 NFSS 

Under Alternative 1 (no action), there will be no disturbance of the contaminated materials at 
NFSS. Because the cover will be actively maintained, no erosion of the contaminated materials into 
the surface water will occur. A small amount of water may infiltrate through the cover and percolate 
through the residues into the groundwater. However, because the groundwater moves so slowly (Sec
tion 4.2.2), the leachate is not expected to move outside the diked area within the action period. 

The contaminated materials may be exposed during the action period under all alternatives except 
Alternative 1. Under Alternatives 3a, 3b, 4a, 4b, 4c, and 4d, the residues--and in some cases the 
wastes as well--will be disturbed in order to transport them to other sites. Under Alternatives 2a 
and 2b, partial removal of the interim cover and construction of the long~term cover over the diked 
area may also result in· inadvertent temporary exposure of some of the wastes; wh,ile the residues and 
wastes are exposed, they will be subject to water and wind erosion. As a result, there may be slight 
increases in sediment loading in the ditches and increased deposition of windborne material on nearby 
areas. However, as was the case for the interim actions at NFSS, it is assumed that control measures 
will be employed--such as limiting the amount of exposed wastes or residues, control and treatment of 
all water, and periodic watering to minimize dust. Impacts resulting from such dispersions are there
fore expected to be negligible. 

Under Alternative 2b, there is additional potential for release of chemical contaminants to 
surface waters. The residues will be slurried from the buildings in the diked containment area and 
processed to recover valuable elements. All aqueous and gaseous wastes generated by the recovery 
process will be treated to remove contaminants before release, and all solid wastes will be returned 
to the diked area for burial. Any wastewater produced must satisfy the New York State Pollution 
Discharge Elimination System (SPDES) requirements before being discharged. 

4.4.1.2 Hanford and Oak Ridge 

Under Alternatives 3a, 3b, 4a, 4b, 4c, and 4d, burial of the packaged residues at Hanford or 
Oak Ridge will result in negligible dispersion of chemically contaminated residues. Under Alterna
tives 3a and 3b, atmospheric dispersion and surface water runoff from the wastes will occur during 
unloading and burial operations. The concentrations of the majority of nonradioactive contaminants in 
these wastes will be similar to those of most natural soils with the exception of cobalt, nickel, 
copper, lead, and uranium for which the upper limits of concentrations fO'und in NFSS waste materials 
exceed the upper limits in natural soils (Section 3.1.8). The geometrically averaged concentrations 
of these elements, however, do not greatly exceed the natural concentrations of these elements in 
natural soils. As a result, surface runoff will not carry suspended or dissolved elements ,of concern 
in concentrations greatly in excess of upper limits found in naturally occurring soils. At all sites, 
measures will be taken to minimize and control runoff from temporarily exposed waste surfaces. 
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Because of the arid climate and depth to groundwater at Hanford, no leachate from the wastes 
and/or residues is expected to reach the groundwater during the action period. At Oak Ridge, the rate 
of migration for any leachate that may be generated is too slow to reach the groundwater during this 
period. 

4.4.2 Maintenance and Monitoring Period (10 to 200 years) 

4.4.2.1 NFSS 

For all alternatives at NFSS (I, Za, 2b, 4a, and 4c), there will be no chemical impact on the 
surrounding areas. The residues and wastes will continue to lie under the maintained cover and thus 
will not be exposed to wind or water erosion. According to hydrologic modeling results, there will be 
no appreciable migration of chemical contaminants beyond the site boundary in 200 years (see Sec
tion 4.2.2). 

4.4.2.2 Hanford and Oak Ridge 

As at NFSS, maintenance and monitoring of the caps at Hanford and Oak Ridge will prevent disper
sion of contaminated material. During this period there will continue to be no chemical contamination 
of groundwater at either Hanford or Oak Ridge (Section 4.2.2). 

4.4.3 Long-Term Period (200 to 1000 years) 

For all alternatives at all sites, there will be no chemical impacts in Case A (wherein mainte
nance and monitoring cease but land-use controls remain effective). Under these conditions, there 
will be no intensive use of the waste-management areas; thus, the caps will not erode very fast and 
the wastes and residues will not be exposed to wind and water erosion (Section 4.2.1). Water infiltra
tion through the caps will increase only slightly and there will be no significant chemical contamina
tion of groundwater (see Section 4.2.2). 

However, in Case B, there may be some chemical impacts for some alternatives. The los, of all 
contro 1 s coul d 1 ead to i ntens ive use of the waste-management areas, whi ch in turn wi 11 1 ead to 
accelerated erosion of the caps, accelerated infiltration of water into the caps, and leaching to 
groundwater. In addition, wells could be drilled into contaminated groundwater next to the waste 
areas. The geological and hydrological aspects are discussed in detail in Section 4.2. Following are 
discussions of potential chemical impacts for the various alternatives at each site. 

4.4.3.1 NFSS 

Surface Waters. Within 1000 years, if NFSS is used for agriculture, the cap will erode and the 
contaminated materials wi 11 be exposed only under Alternative 1. In order to estimate chemical 
impacts resulting from erosion and leaching of contaminated materials to surface waters, it is assumed 
that a farm pond is· constructed immediately downstream of the waste-containment area. It is also 
assumed that the pile of contaminated materials is the entire watershed for the pond, that the cap has 
been entirely lost, and that 100 mg/L of suspended solids in the pond originate from the contaminated 
materials. At year 1000, only the NFSS wastes will be exposed (the residues are buried much deeper 
and will not be exposed until much later [Section 4.2]). Therefore, estimates of concentrations of 
various elements in the farm pond at year 1000 are based on the assumption that erosion and leaching 
from the wastes contribute to the concentrations in the pond. Eventually, however, the residues will 
be exposed. Therefore, concentrations in the pond are also estimated for the time at which both 
wastes and residues will be exposed. 

Dissolved and suspended solids concentrations for various elements are given in Table 4.47. The 
concentration of total suspended solids is assumed to be 100 mg/L; the suspended solids concentration 
of each element is assumed to be proportional to its concentration in the wastes. The dissolved 
concentrations are based on the natural analogue method of Gilbert et al. (1983). This method uses 
ratios of natural concentrations in soils to concentrations in water to determine concentrations in 
water if the "soils" are the NFSS wastes or the residues plus wastes (see Section 3.1.8 for descrip
tion of NFSS residues and wastes). The dissolved concentrations include contributions from both 
surface runoff and groundwater seepage into the pond. 

For most, but not all of the elements, the main contribution to the total concentration is made 
by the suspended solids. Exceptions include fluorine, mercury, selenium, silver, strontium, and 
uranium. Also, even when the residues are exposed, the total concentration of most elements is below 
0.1 ppm (100 ppb), which is at or below regulatory limits. Exceptions include lead, iron, manganese, 
and nickel. However, various sedimentation and precipitation effects may act to reduce these values. 

The values predicted by the farm pond model could be larger or smaller by a factor of 10, and 
estimates are therefore given to only one significant figure. The current state of New York SPDES 
permit concentrations are given for comparative purposes (Table 4.47). It should be noted that farm 
pond waters are generally not used for drinking water and are usually subject to less stringent 
regUlations or none at all. Also, farm ponds and other surface waters would generally have watersheds 
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Table 4.47. Concentrations of Elements of Concern in a Farm Pond 

At Year 1000 

Suspended Dissolved 

0.1 

30 

0.03 

0.6 

3 

8 

10 

5 

2,000 

1 

4 

20 

40 

0.03 

20 

0.07 

0.02 

10 

1 

10 

0.2 

6 

0.1 

6 

0.07 

0.02 

0.4 

2 

10 

24 

240 

0.03 

4 

10 

4 

0.5 

2 

0.3 

1 

30 

3 

0.5 

0.3 

0.1 

Concentration (ppb)t 1 

Tot~l 

0.2 

40 

0.1 

0.6 

3 

10 

20 

30 

2,000 

1 

8 

30 

40 

0.5 

20 

0.4 

1 

40 

4 

10 

0.5 

6 

At Time Both Residues 
and Wastes are Exposed 

Suspended Dissolved Total 

0.5 

200 

0.05 

20 

5 

70 

30 

1.7 

2,000 

20 

300 

20 

400 

0.03 

200 

0.8 

0.4 

10 

50 

40 

2 

8 

0.4 

40 

0.1 

0.6 

0.7 

20 

30 

8 

200 

0.4 

300 

10 

30 

0.5 

20 

4 

2 

40 

100 

2 

3 

0.2 

0.9 

200 

0.2 

20 

6 

90 

60 

10 

2,000 

20 

600 

30 

400 

0.5 

2.00 

5 

2 

50 

200 

40 

5 

8 

Regulatory 
Limitt2 

(ppb) 

330 

420 

100 

150 

100 

100 

4,200 

100 

100 

100 

420 

100 

100 

420 

600t3 

400 

100 

300 

t 1 Values given in parts per billion to one significant figure only. Estimates of 
dissolved elements are based on natural analogue method (Gilbert et al. 1983). 

t 2 New York SPDES permit concentrations; maximum allowed in receiving waters. 

t 3 The DOE regulatory concentration of 600 pCi/g for soluble natural uranium in 
uncontrolled areas (DOE Order 5480.1) would be the applicable regulatory limit. 

that encompass much larger areas than just the NFSS waste/residue pile, thus affording dilution of 
runoff and leachate from the NFSS wastes and residues. The concentrations based on the farm pond 
model should be interpreted as a conservative upper limit of potential concentrations in surface 
waters. 

Because of the small amounts of organic chemicals in the NFSS wastes (see Table 3.9), concentra
tions in the pond will be extremely low. If the wastes contribute 100 mg/L to the suspended sediments 
in the pond, organic suspended solids concentrations will be 0.01% of the average concen~rations in 
the NFSS wastes. These are very low values. If the dissolved components are present at the same 
concentrations or less, the total concentrations will be low. For example, PCBs will be at concentra
tions less than 0.003 ppb, which is much lower than the regulatory limit of 0.1 ppb (see Table 4.53). 

Groundwater. Leachate from the NFSS wastes and residues will eventually contaminate the ground
water. This contamination will occur sooner and reach higher levels if the caps are not maintained 
and infiltration of water through the cap and into the wastes and residues increases (Section 4.2). 
The concentrations of chemical contaminants in water from a well drilled next to the diked area at 
NFSS will be the sum of the natural background concentrations (from natural leaching of the chemicals 
from the ground) plus the contribution from leachate from the NFSS residues and wastes. 
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The contributions from NFSS wastes and residues are estimated using the source/water concentra
tion ratios estimated in Section 4.l.l (Groundwater Impacts). For "Alternatives 1, la, 4a, and 4c, the 
source concentrations of each contaminant are given in Section 3.1.8. Under Alternative lb, the 
residues will be processed to remove some valuable elements, and "the resulting slag will be solidified 
and reburied in the diked"area. To obtain the effective source concentrations for the various elements 
in this slag, the original concentrations in the residues (Section 3.1.8) are multiplied by a factor 
of 0.1 or 0.01. The factor 0.1 is used if the element of concern is not separated out by the resource 
recovery process. Thi s accounts for the as"sumed 10-fo 1 d reduction in the 1 eachabil ity of the element 
from the residue slag relative to untreated residue.* The factor of 0.01 is used if the element of 
concern is separated out by the recovery process (assuming a 90% efficient process; the remaining 10% 
is contained in the slag wastes). 

As discussed in Section 4.2.2, the concentrations in well water will also depend on the distri
bution coefficients (Kd) for each chemical. Literature values of the distribution coefficients are 
given in Table 4.48 for soils and clays and for sand. Geometric standard deviations, og, are calcula
ted for the Kd values in the table by use of literature data (Baes and Sharp 1983). The Kd values are 
uncertain by factors ranging from 1.8 for arsenic to 15 for manganese. Because there are many elements 
of concern and the Kd values have appreciable uncertainties, each element is assigned a representative 
Kd value and the hydrologic calculations are made for these representative values. This simplifi
cation is supported by the fact that for all the elements, the mean Kd values are within one geometric 
standard deviation of the assigned values. 

The concentrations of various elements in water from a well adjacent to the diked area for Alter
natives 1, 2a, and 2b are presented in Tables 4.49, 4.50, and 4.51. Estimates of contaminant concen
trations in the well water are given for two times: (1) at year 1000 and (2) at the time at which 
leachate contributions to groundwater will reach a maximum. The elements of concern are taken here to 
be the trace elements listed either in the New York State Regulations regarding discharge to ground
water (N.Y. Department of Environmental Conservation, Title 6, Part 703, 1978) or in the SPDES dis
charge permit for the NFSS interim remedial actions (Eisman 1983a, 1983b). The elements of concern 
and the corresponding maximum allowable concentrations are given in Table 4.52. Uranium is also 
included because of concern expressed by Environment Canada regarding uranium chemical toxicity 
(Alexander 1983). The lowest regulatory values are reported for comparative purposes in Table 4.49. 

For most elements of concern, the background well-water concentrations are larger than those con
tributed by leachate from NFSS contaminated materials under Alternatives 1, 2a, and 2b. Only in the 
case of lead in Alternatives 1 and 2a do the leachate concentrations make significant contributions to 
the total well-water concentrations. For Alternative 2b, the concentration contributions from the 
1 eachate are much 1 ess than the background concentrations for all elements of concern at both 
1000 years and at the time of maximum concentration (Table 4.51). The total well-water concentrations 
are slightly smaller for Alternative 2a than for Alternative 1. These differences are due to the 
additional clay in the cap under Alternative 2a, which reduces the infiltration rate into and the 
leach rate out of the diked materials. 

In Alternative I, the total well-water concentrations of cadmium, manganese, mercury, strontium, 
and zinc are higher than the regulatory limits. The high values of cadmium and mercury may be due to 
the relative insensitivity of the background analyses; the real values are probably much lower than 
the upper limits given. The background concentrations for strontium, manganese, and zinc, which are 
real values and not upper limits, are much larger than the concentrations allowed in the receiving 
waters by the SPDES Discharge Permit (Table 4.52). The values for manganese and strontium are also 
larger than the maximum allowed in groundwater. 

In general, for Alternatives 1, 2a, and 2b, the estimated impact of the diked materials at NFSS 
on concentrations of the various inorganic elements of concern in the well water is small. Because 
even these small impacts are primarily associated with the presence of the NFSS residues, the impacts 
associated with the NFSS wastes only (Alternatives 4a and 4c) will be even less and are therefore not 
specifically calculated. Furthermore, the contributions from the leachate are calculated using a 
simple ion-exchange model (Gilbert et al. 1983) that overestimates the concentrations in the well 
water. However, because the concentrations are already small, especially for the IOOO-year period of 
concern, use of a more complex model (Gilbert et al~ 1983) is not warranted. 

In addition to the inorganic elements, contamination of the well water by organic chemicals 
(e.g., pesticides) leaching from the contaminated diked materials may also occur. The estimated 
concentrati~ns of organic chemicals in the wastes are given in Section 3.1.8. The potential concen
trations of these organics in the well water under Alternative 1 are given in Table 4.53. The values 

*The hydrologic model used gives ratios of concentrations in the well water to those in the diked 
materials. These are multiplied by the average concentrations in the diked materials to obtain well
water concentrations. Reducing the ratio by a factor of 10 is equivalent to use of the original 
ratio and reducing the concentration by a factor of 10. 
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Table 4.48. Distribution Coefficients for the Elements of Concern 

Average 
Distribution Coefficient,t] 

Kd (cm3 /g) 

Soils and Clayst2 

3.3 

50 

6.7 

1,100 

3.7 

1,000 

22 

o 
1,000 

1,000 

99 

500 

150 

100 

1,000 

2.7 

110 

27 

45 

1,000 

16 

1,000 

0.33 

5 

0.67 

110 

3.7 

100 

2.2 

o 
100 

100 

9.9 

50 

15 

10 

100 

0.27 

11 

2.7 

4.5 

100 

1.6 

100 

Geometric 
Standard 
Deviation 

1.8 

2.4 

3.7 _ 

9.0 

3.0 

5.5 

15 

1.9 

3.7 

7.4 

3.6 

6.7 

Assigned Representative 
Distribution Coefficient, 

Kd ( cm3/g) 

Soils and Clayst2 

3 

50 

3 

1,000 

25 

1,000 

25 

o 
1,000 

1,000 

100 

1,000 

100 

100 

1,000 

3 

100 

25 

50 

1,000 

25 

1,000 

0.3 

5.0 

0.3 

100 

2.5 

100 

2.5 

o 
100 

100 

10 

100 

10 

10 

100 

0.3 

10 

2.5 

5.0 

100 

2.5 

100 

tl Data for arsenic, cadmium, cerium, chromium, cobalt, copper, lead, manganese, selenium, 
silver, strontium, uranium, and zinc from Baes and Sharp (1983); the values of Kd are the 
geometric means of the literature data (see also Gilbert et al. [1983--pp. 3-57 to 3-60]). 
Data for other elements from Nuclear Safety Associates (1980). 

t 2 The values for soils and clays are used for assessment of impacts at NFSS and Oak Ridge, 
whereas the values for sand are used for Hanford. 

t 3 The values are taken to be 10% of the values of soils and clays (Nucl. Saf. Assoc. 1980). 



Table 4.49. Concentrations of Various Inorganic Elements in a Well Adjacent to the Diked Materials, Alternative 1 

Element 

Arsenic 

Barium 

Cadmium 

Cerium 

Chromium 

Cobalt 

Copper 

Fluorine 

Iron 

Lanthanum 

Lead 

Lithium 

Manganese 

Mercury 

Nickel 

Selenium 

Si lver 

Strontium 

Uranium 

Vanadium 

Zinc 

Zirconium 

Average 
Concentration, 
Diked Material 

(ppm) 

4.5 

2,200 

0.5 

160 

4B 

670 

320 

17 

18,500 

150 

2,900 

180 

4,200 

0.32 

2,000 

8.5 

0.35 

130 

510 

380 

18 

76 

Contribution from 
Diked Material 

Leachatet l 

Yr 1000t2 

(ppb) 

0.34 

3.4 

0.035 

0.0021 

0.20 

0.0076 

1.3 

3.7 

0.24 

0.0020 

1. 5 . 

0.023 

2.1 

0.0002 

0.026 

0.60 

0.0002 

0.54 

0.76 

0.049 

0.076 

0.0010 

Maximllmt 2 

(ppb) 

0.38 

9.9 

0.042 

0.035 

0.45 

0.15 

3.0 

4.5 

4.0 

0.033 

6.4 

0 .. 040 

9.2 

0.0007 

0.44 

0.72 

0.0008 

1.2 

1.1 

0.083 

0.17 

0.017 

Time to Reach 
Maximum 

Concentration 
(yr) 

1,000 

6,400 

1,000 

95,000 

6,000 

95,000 

6,000 

BOO 

95,000 

95,000 

9,500 

95,000 

9,500 

9,500 

95,000 

1,000 

9,500 

6,000 

6,400 

95,000 

6,000 

95,000 

Background 
Concentrat iont~ 

(ppb) 

<6.7 

220 

<53 

2.0 

2B 

3.7 

B1 

, 1BO 

200 
<4 

13 

250 

1,200 

<270 

21 

<16 

<3.3 

4,000 

B. 7 
<2.4 

2,600 

<6.6 

Total Concentration, 
Well Water 

Yr 1000t~ 
(ppb) 

<7 

220 

<53 

2.0 

2B 

3.7 

B2 

180 

200 
<4 

15 

250 

1,200 

<270 

21 

<17 

<3.3 

4,000 

9.4 

<2.4 

2,600 

<6.6 

Maximumt 2 

(ppb) 

<7 

230 

<54 

2.0 

28 

3.7 

84 

180 

200 
<4 

19 

250 

1,200 

<270 

21 

<17 

<3.3 

4,000 

9.8 

<2.5 

2,600 

<6.6 

Lowest 
Regulatory Limit 
Concentration 

(ppb)t 1 

25 

420 

10 

100 

50 

100 

100 

.1,500 

300 

100 

25 

420 

100 

2 

100 

20 

50 

420 

600 

400 

100 

300 

t l Concentration contributions were calculated by multiplying the average diked material concentrations by the average of the ratios 
of well-water concentration/source concentration given in Table 4.43 (without cover) and Table 4.44 (with cover) for each Kd 
value. This assumes that the average cover is equivalent to a complete cover for one-half the period and no cover for the 
remainder. The resulting concentrations are then multiplied by a factor of 0.1. This factor accounts for the fact that a well 
drilled into a sand lens at the edge of the diked area will draw most water (assumed to be 90% of the total) from surrounding 
uncontaminated areas (see Section 4.2.2). 

t 2 Yr 1000 = concentration at year 1000. Maximum = maximum concentration reached at the times noted. 

t 3 values are averages of values given in Anderson et al. (19BI--Table 1-22, Appendix I) for wells N4W29 , NI0W17, and N10EIO. These 
wells on the periphery of the site are chosen to be representative of background concentrations because the radium-226 concentra
tion in these wells was low, ~ 0.1 pCi/L, for all samples drawn from the wells. The symbol < denotes that values for all three 
wells are upper limits. 

t 4 See Table 4.52 for details on.regulatory limits. 
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Table 4.50. Concentrations of Various Inorganic Elements in Water from a Well 
Adjacent to the Diked Materials, Alternative 2a 

Contribution from 
Diked Material Time to Reach Total Concentration, 
leachatet 1 Well Water Maximum Background 

Yr 100ot2 Maximumt 2 Concentration Concentrationt3 Yr 1000t2 Maximumt 2 

Element (ppb) (ppb) (yr) . (ppb) (ppb) (ppb) 

Arsenic 0.23 0.31 6,000 <6.7 <6.7 <6.7 

Barium 1.7 8.8 68,000 220 220 230 

Cadmium 0.025 0.035 6,000 <53 <53 <53 

Cerium 0.001 0.03 900,000 2.0 2.0 2.0 

Chromium 0.11 0.4 56,000 28 28 28 

Cobalt 0.005 0.13 900,000 3.7 3.7 3.7 

Copper 0.7 2.7 56,000 81 82 84 

Fluorine 2.9 3.4 4,000 180 180 180 

Iron 0.13 3.5 900,000 200 200 200 

lanthanum 0.0011 0.03 900,000 <4 <4 <4 

lead 0.78 5.5 90,000 13 14 19 

lithi um 0.001 0.034 900,000 250 250 250 

Manganese 1.1 8.0 90,000 1,200 1,200 1,200 

Mercury 0.00009 0.0006 90,000 <270 <270 <270 

Ni cke 1 0.014 0.38 900,000 21 21 21 

Selenium 0.43 0.59 6,000 <16 <16 <17 

Silver 0.00009 0.0007 90,000 <3.3 <3.3 <3.3 

Strontium 0.28 1.1 56,000 4,000 4,000 4,000 

Uranium 0.4 2.0 68,000 8. 7 9.1 11 

Vanadium 0.003 0.072 900,000 <2.4 <2.4 <2.5 

Zinc 0.04 0.15 56,000 2,600 2,600 2,600 

Zirconium 0.0005 0.014 900,000 <6.6 <6.6 <6.6 

tl Calculated for a constant cap thickness of 1.9 m (1.5 m clay + 0.2 m sand + 0.2 m riprap). 
The concentration values have been multiplied by a factor of 0.1. This accounts for the fact 
that a well drilled into a sand lens at the edge of the diked area would draw most water 
(assumed to be 90% of the total) from surrounding uncontaminated areas. 

t 2 Yr 1000 = concentration at year 1000. Maximum = maximum concentration reached at the times 
noted. 

t 3 See Table 4.49. 
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Tab le 4.51. Concentrations of Vari ous lnorgani c E1 ements in Water from a 
Well Adjacent to the Diked Materials, Alternative 2b 

Effective Average 
Concentration, 

Diked Materials 
(ppm) 

2.0 

440 

0.24 

21 

26 

71 

89 

43 

16,000 

24 

59 

160 

780 

0.26 

170 

1.4 

0.17 

92 

16 

110 

5.9 

59 

Contribution from 
Well-Water Leachatet 1 

Yr 1000t2 Maximumt2 

(ppb) (ppb) 

0.1 

0.34 

0.012 

0.00015 

0.057 

0.00050 

0.19 

7.3 

0.11 

0.0002 

0.016 

0.0011 

0.21 

0.00007 

0.0012 

0.07 

0.00004 

0.2 

0.012 

0.00078 

0.013 

0.00042 

0.14 

1.8 

0.017 

0.0040 

0.22 

0.013 

0.75 

8.6 

3.0 

0.0045 

0.11 

0.030 

1.48 

0.0005 

0.032 

0.097 

0.0003 

0.77 

0.064 

0.020 

0.050 

0.011 

Time to Reach 
Maximum 

Concentration 
(yr) 

6,000 

68,000 

6,000 

900,000 

5.6,000 

900,000 

56,000 

4,000 

900,000 

900,000 

90,000 

900,000 

90,000 

90,000 

900,000 

6,000 

90,000 

56,000 

68,000 

900,000 

56,000 

900,000 

Background 
Concentrationt3 

(ppb) 

<6.7 

220 

<53 

2.0 

28 

3.7 

81 

180 

200 
<4 

13 

250 

1,200 

<270 

21 

<16 

<3.3 

4,000 

8.7 

<2.4 

2,600 

<6.6 

tl Calculated for a constant cap thickness of 1.9 m (1.5 m clay + 0.2 m sand + 0.2 m 
riprap). The concentration values are multiplied by a factor of 0.1. This accounts for 
the fact that a well drilled into a sand lens at the edge of the diked area would draw 
most water-(assumed to be 90% of the total) from surrounding uncontaminated areas (see 
Section 4.2.2). 

t 2 Yr 1000 = concentration at year 1000. Maximum = maximum concentration reached at the 
times noted. 

t 3 See Table 4.49. 
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Table 4.52. Maximum Allowed Concentrations of 
Various Inorganic Elementst1 

Maximum Allowed Concentrations (mg/l) 

Groundwater 

Element Discharge 
Receiving 
Watert2 

SPDES 
Discharge 

Permitt 3 

Arsenic 

Barium 

Cadmium 

Cerium 

Chromium 

Cobalt 

Copper 

Fluorine 

Iron 

lanthanum 

lead 

lithium 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Strontium 

Uranium 

Vanadium 

Zinc 

Zirconium 

5.0 5.0 

tl Source: New York Department of Environmental Conservation Groundwater 
Quality Standards, Title 6, Part 703; Eisman (1983a, 1983b). 

t 2 Maximum allowable concentrations in groundwater unless exceeded by the 
natural environment. 

0.42t7 

1. 8t8 

0.40 

0.10 
0.30 

t 3 Maximum allowable concentrations in receiving water in the central drainage 
ditch under conditions of large water flow in the ditch. 

t4 Applies to hexavalent chromium only. 

t S The combined concentrations of iron and manganese shall not exceed 1.0 mg/l. 

t 6 The combined concentrations of iron and manganese shall not exceed 0.5 mg/l. 

t 7 The New York SPDES Permit has recently been modified to a limit of 0.42 mg/L 
for total iron and 0.42 mg/l for strontium (Facility Permit No. NY-OI1-0469, 
Modification date: March 9, 1984). 

t 8 DOE Order 5480.1A limit (Alexander 1983). 1% of 96-h lCso for fathead 
minnows in hardwater is 1.35 mg/l (U.S. Environ. Prot. Agency 1972). 
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Table 4.53. Well-Water Concentrations of Selected Organics Contributed by 
Leachate from NFSS Contaminated Materials, Alternative 1 

Contribution to Well Water from 
NFSS Material {eeb)t3 

Concentration in Year 1000t4 Maximumt4 Regulatory Limit 
NFSS Wastest 1 't2 ConcentrationtS 

Organics (ppb) Kd= 0 .. Kd = 1000 Kd·= 0 Kd = 1000 (ppb) 

PC8s <26 <0.0057 <3 x 10- 7 <0.0067 <5 x 10-6 0.1 

Lindane, etct S <10 <0.0022 <2 x 10-7 <0.0025 <2 x 10-6 NO 
Toxaphene 13 <0.0028 <2 x 10-7 <0.0033 <2 x 10-6 NO 
Heptachlor <10 <0.0022 <2 x 10- 7 <0.0025 <2 x 10-6 NO 
Chlordane <10 <0.0022 <2 x 10-7 <0.0025 <2 x 10-6 0.1 

Dieldrin <10 <0.0022 <2 x 10- 7 <0.0025 <2 x 10- 6 NO , 
Phenol <10 <0.0022 <2 x 10-7 <0.0025 <2 x 10-6 1 
Benzo(a)pyrene <10 <0.0022 <2 x 10- 7 <0.0025 <2 x 10-6 NO 

tl See Section 3.1.8 for details. 

t 2 The symbol < indicates that sample values are reported as upper limits. 

t 3 Concentration contributions are calculated by multiplying the average diked material concentra
tions by the average of the ratios of well-water concentration/source concentration given in 
Section 4.2.2 for clay cover and no clay cover for each Kd value. This assumes that the average 
cover is equivalent to a complete cover for one-half the period and no cover for the remainder. 
The resulting concentrations are then multiplied by a factor of 0.1. This factor accounts for 
the fact that a well drilled into a sand lens at the edge of the diked area would draw most water 
(assumed to be 90% of the total) from surrounding uncontaminated areas. 

t 4 Year 1000 = concentration at year 1000; Maximum = maximum concentration reached at any time; 
maximum for Kd = 0 and Kd = 1000 cm3/g is 800 and 95,000 years, respectively. 

t S New York Department of Environmental Conservation Groundwater Quality Standards, Title 6, 
Part 703, 9/1/78). NO = not detectable. 

t 6 Includes several isomers of benzene hexachloride. One sample value for one of the isomers 
was not an upper limit. 

are calculated using the same hydrologic model and parameters as used for the inorganic elements of 
concern (Section 4.2.2). Because Kd values are not available, estimates of concentrations are 
calculated using 0 and 1000 cm3/g as the lowest and highest possible values for Kd (Table 4.48). 
Because of the increa5ed cover thickness in Alternatives 2a, 2b, 4a, and 4c, leachate generation will 
be reduced relative·to Alternative 1. As a result, concentrations of organics in the well water will 
be approximately 70-80% of the concentrations presented in Table 4.53 for the time of maximum 
concentration. 

The organic concentrations are low and are well below the regulatory limits for the cases in 
which specific limiting concentrations are given. Although this indicates that the potential for 
organic chemical contamination is negligible, this conclusion is reached with-the caveat that the 
concentrations in the NFSS waste are not well documented (based on limited sampling, some insensitive 
analyses, and a simple assumption that 2% of the wastes are contaminated with organic chemicals). 
Also, the estimated concentrations are sensitive to the Kd values assumed; without more accurate 
values of Kd, the values for Kd = 0 and Kd = 1000 are assumed to be upper and lower limits of a range 
of possible values. Finally, for these calculations, the organics are assumed to be completely 
persistent and to not decompose appreciably for periods of 1000 years and more. With decomposition, 
the estimated concentrations of organics in well water will be reduced further. 

4.4.3.2 Hanford 

The cover will not erode during the 200- to 1000-year time period for all alernatives at Hanford 
(3a, 4a, 4b), even under intensive use of the land for grazing animals. Therefore, there will be no 
release of wastes or residues to surface waters. There will be no impact of leachate from buried NFSS 
materials on water in a well drilled at the edge of the buried materials because the leachate will not 
reach the groundwater in this period. At later times after the leachate reaches the grounwater, the 
maximum contributions to well-water concentrations of both inorganic elements and organic chemicals 
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will be about 10% of the maximum values calculated for the well at NFSS. The maximum concentration of 
any element of concern in the well water at Hanford will be ne.gligible (less than 1 ppb). The concen
trations of nonradioactive contaminants in groundwater at the point of discharge to the Columbia River 
are expected to be essentially zero .. 

4.4.3.3 Oak Ridge 

As at Hanford, there will be no releases to surface waters at Oak Ridge within 1000 years under 
all alternatives (3b, 4c, and 4d). With the exception of arsenic, cadmium, fluorine, and selenium, 
the well-water concentrat i onsof all nonradioactive chemical contami nants will be essentially zero 
during the first 1000 years. Most of the contaminants require more than 1000 years to migrate from 
the bottom of the waste/residue pile to the water table. Arsenic, cadmium, fluorine, and selenium. 
will be only slightly retarded by sorption-desorption effects and will therefore reach maximum concen
trations in less than 1000 years (Tables 4.43 and 4.44). At 1000 years after waste emplacement, the 
concentrations of these four elements in the well water will be reduced to zero. 

Maximum contributions of elements in the leachate to the groundwater at a well next to the burial 
site (Alternative 3b) and at a point of groundwater discharge to the Clinch River are given in 
Table 4.54. The times at which maximum concentrations will be reached are also presented. The maximum 
concentrations of elements of concern in the groundwater immediately under the site are expected to be 

Element 

Arsenic 

Barium 

Cadmium 

Cerium 

Chromium 

Cobalt 

Copper 

Fluorine 

Iron 

Lanthanum 

Lead 

Lithium 

Manganese 

Mercury 

Ni cke 1 

Selenium 

Silver 

Strontium 

Uranium 

Vanadium 

Zinc 

Zirconium 

Table 4.54. Maximum Contribution to Concentrations of Elements 
of Concern in Groundwater at Different 

Oak Ridge Locations, Alternative 3b 

Maximum Contribution 
from Leachate (ppb) 

At Clinch Rivert l At Site Well 

0.12 

4.4 

0.014 

0.015 

0.15 

0.065 

1.0 

1.5 

1.B 

0.01 

2.B 

0.02 

4.1 

0.0003 

0.20 

0.24 

0.0003 

0.41 

1.0 

0.04 

0.06 

0.007 

0.30 

9.7 

0.033 

0.04 

0.41 

0.17 

2.7 

4.B 

4.6 

0.04 

7.2 

0.04 

10 

O.OOOB 

0.5 

0.57 

0.0009 

1.1 

2.2 

0.1 

0.15 

0.19 

Tennessee 
Water Quality 
Criteriat2 

(ppb) 

50 

1,000 

50 

0.05 

100 

10 

50 

5,000 

Time to Reach 
Maximum Contribution (yr) 

At Clinch River At Site Well 

410 

4,BOO 

410 

110,000 

2,700 

110,000 

2,700 

200 

110,000 

110,000 

11 ,000 

110,000 

11,000 

11,000 

110,000 

410 

11,000 

2,700 

4,BOO 

110,000 

2,700 

110,000 

2BO 

4,100 

2BO 

BO,OOO 

2,300 

BO,OOO 

2,300 

100 

80,000 

BO,OOO 

B,OOO 

80,000 

8,000 

8,000 

80,000 

280 

8,000 

2,300 

4,100 

80,000 

2,300 

80,000 

t l 4800 m from the burial site. 

t 2 Source: Rules and Regulations of the State of Tennessee, Chapter 1200-4, Rule 3 as 
amended, October 22, 1982. 

t 3 National Interim Primary Drinking Water Standards (40 CFR 141). 
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well below the regulatory limits. As a result, the impact on the groundwater of concentrations of 
elements of concern resulting from burial of the NFSS wastes at Oak. Ridge will be negligible at all 
times. Under Alternatives 4c and 4d, groundwater concentrations at the well and at Clinch River will 
be even lower than under Alternative 3b. 

Similarly, toxic organics buried at Oak Ridge will have a negligible impact on groundwater. 
Those organics with Kd > 3 cm3 /g will not reach the water table in 1000 years, and the maximum values 
of the concentration contributions will be about 7% of the values for the NFSS well for Alterna
tive 2a. For those organics with Kd = 0, maximum concentrations will be reached in 570 years and will 
be the same as those for the well water at NFSS for Alternative 2a. 

4.5 MARINE 

The consequences of dumping NFSS wastes in the ocean will depend upon the fate of the NFSS wastes 
in the ocean environment. The exposure of marine organisms to turbidity and trace elements, including 
radionuclides, will depend on the location and dilution of the waste constituents. The exposure of 
humans to radionuclides added to the dumpsite (Section 4.1.2.2) will depend on their use of the marine 
environment. 

4.5.1 Disposal Site Selection 

In order to estimate the relative impacts from ocean disposal as compared to onland disposal 
alternatives, it is necessary to identify a potential ocean-disposal site. Detailed analysis of 
optional ocean disposal sites is beyond the scope of this EIS. In this EIS, the site assumed for 
ocean disposal is the 106-Mile Ocean Waste Disposal Site (Site 106), which is dedicated to disposal of 
industrial and municipal wastes (see Appendix E for detailed descriptions). Site 106 is a deep-water 
site in an area with complex hydrodynamic features. The site is within a reasonable distance of the 
Port of New York, yet in an area with little other human use of the marine environment (U.S. Environ. 
Prot. Agency 1980a). Site 106 and adjacent areas qf the Continental Slope and Rise are under study by 
the U.S. Environmental Protection Agency (EPA) and the National Oceanic and Atmospheric Administration 
(NOAA). Site monitoring studies by NOAA have provided preliminary estimates of waste dispersion and 
the impact of past disposal activities. Using Site 106 as an example in this EIS enables the use of 
empirical data as well as theoretical calculation~ to estimate the impacts of the ocean disposal of 
NFSS wastes. 

4.5.2 Waste-Fate Scenarios 

Existing models of waste dispersion in the ocean have been developed for analysis of wastes that 
are either liquid or easily dispersed solids (industrial slurrys, ash, liquid chemical wastes, drill
ing muds, sanitary wastes, and dredge spoils). In contrast, NFSS wastes are silty clays and will be 
wet, compacted, and very cohesive when they arrive at the dumpsite. Use of existing mOdels without 
reservations will result in underestimating the impact to the ocean bottom because these models treat 
waste plumes as though they were liquids, so the models predict that the wastes disperse while still 
suspended in the upper layers of the ocean. In actuality, cloddy soils will probably be poorly mixed 
with seawater and only part of the wastes will act like a patch of turbid water. The contrary assump
tion is that all the NFSS soils will remain a solid mass and sink directly to the bottom. This assump
tion would result in underestimating the impact to the surface waters of the ocean and overestimating 
impacts to the bottom of the dumpsite because some muds may be washed from the soil mass during 
disposal operations and as the mass sinks. NFSS wastes are composed primarily of soils (Section 3.1.7) 
that have particle densities of about 2.5 to 10 g/cm3 . Although some organic material will be present 
in the soil fraction of the wastes, the primary contami nated component of the soil s will be cl ay 
particles. Because the density of particles in the wastes (density = 2.6 g/cm3) is more than twice 
the density of seawater (density = 1.026 g/cm3 ), accumulation of particles at the various zones of 
rapid density change in the seawater is not considered further. Colloidal suspensions of clay in 
seawater will also be more dense than seawater and will not be permanently trapped in zones of rapid 
dens i ty change. 

Therefore, predictions of waste fate in this EIS are based on an analysis of two bounding 
scenarios (Figure 4.8): (1) all the wastes fall directly to the bottom without dilution, and (2) all 
the wastes are well mixed in the surface waters above the layer of permanent water stratification 
(pycnocline) (Appendix E, Section E.4.1). The actual impacts from NFSS wastes are expected to fall 
somewhere between these two extreme cases. . The current state of the art on mode li ng di spers i on of 
solid bulk wastes does not allow a more precise assessment than presented here. Cumulative impacts on 
surface waters (Scenario I) from repeated dumping are not expected because wastes from one dumping 
action will be diluted and carried beyond the dumpsite before the next dumping action (Appendix E). 
With respect to deposition of wastes on the ocean bottom (Scenario II), less than 0.1% of the dedica
ted waste-disposal site bottom will be affected by dumping of all the NFSS wastes (see Section 4.5.2.1). 
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Figure 4.8. Schematic Diagram of Two Bounding Scenarios Used 
for Assessment of Impacts from Ocean Disposal of 
NFSS Wastes. 

4.5.2.1 Scenario I: Waste Deposition to the Sediments 

The highest rate of exposure of marine organisms to waste constituents over the longest period of 
time would occur if the wastes descended directly to the bottom of the dumpsite without dilution 
(Scenario 1). Such behavior might be expected of wet, compacted, silty-clay soils--such as the NFSS 
wastes--which should reach the bottom within about 1.6 km of the dump location. During the dumping 
action, the falling wastes would probably smother animals (worms, etc.) living on the ocean floor. If 
all the NFSS wastes (180,000 m3 ) were deposited in layers or mounds at least 10-cm thick, no more than 
1.7 km2 of benthic surface (ocean bottom) would be covered. This is less than 0.1% of the dumpsite 
area. 

Recolonization of waste deposits by benthic animals will be limited by their sensitivity to waste 
constituents that. are dissolved in water in the pore space of the sediments. The composition of the 
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pore water in the wastes will be determined primarily by. the trace-metal composition of the wastes and 
the distribution coefficients between sediments and water. The concentrations of trace metals ,1.n the 
wastes:are compared 'with their concentrat.i'ons in the Site 106 sediments in Table4.55. Chromium, 
lead, and zinc concentrations in the wastes are not much greater than concentrations in the sediments; 
however, copper and nickel concentrations are higher. Estimates of the initial concentration of 
dissolved copper and nickel in pore waters in the NFSS. wastes are calculated by dividing the NFSS 
waste concentrations by the representative disttibutioncoefficients (from Table 4.48), yielding 
4.0 ppm for copper arid 0.17 ppm for nickel. These concentrations exceed criteria recommended for 
protection of marine life and, therefore, some animals may have difficulty recolonizing the waste soon 
after deposition. Although initial pore water concentrations for other trace metals are greater than 
the toxicity criteria, recolonization should not be inhibited by these metals because Site 106 sedi
ments naturally contain even greater concentrations than the wastes. With time, trace-element concen~ 
trations should decrease as the elements in the pore waters diffuse into waters that move over the 
deposited wastes. 

Table 4.55. Comparison of Trace Elements in Wastes and Site 106 Sediments 

Existing 
Site 106 NFSS 

Sedimentstl Wastest 2 Distribution 
Element (J.lg/g) (J.lg/g) Coefficientst3 

Cadmium 1.2-1.8 0.26 6. 7 

Chromium 16.8-28.6 28 37 

Copper 13.4-37.2 99 25 

Lead 16.0-38.8 34 99 
Ni cke 1 12.6-33.6 170 1000 

Zinc 6S.0 S.2 16 

t 1 From Greig and Wenzloff (1977). 

t 2 Average from Table 3.8 of this document. 

t 3 From Table 4.48 of this document. 

Initial 
Pore Water 

Concentration 
in Wastes 
(mg/L) 

0.04 

0.8 

4.0 

0.3 

0.17 

0.3 

t4 24-hour average, total recoverable (U.S. Environ. Prot. Agency 1980a). 

t S Reported level for chronic toxicity (U.S. Environ. Prot. Agency 1980a). 

Cri teri a Based 
on Toxicity 

(mg/L) 

<0.0001 

0.2t4 

0.004t4 

0.02t S 

0.007t4 

0.OSt4 

Caution should be used in applying data from freshwater and coastal species to deepwater species 
because the trace-metal tolerances of deepwater marine organisms are not known. Also, those organisms 
living in typical deep-sea sediments (130-570 ppm copper; 80-290 ppm nickel) or in areas of manganese 
nodules (3,920 ppm copper; 6340 ppm nickel) are expos&d to much higher concentrations of trace metals 
than are present in NFSS wastes. 

The addition of 7.8 Ci of radium-226 to Site 106 would be only a small addition to the inventory 
of naturally occurring radium-226 in the sediments of Site 106. It is estimated that the upper 10 cm 
of the Site 106 sediments contain approximately 200 to 400 Ci of radium-226, based on the assumption 
that the radium content of the Site 106 sediments is similar to soils of nearby areas of the conti
nental United States (1-2 pCi/g). The radium content of the Site 106 sediments is not known, but much 
of these sediments is derived from continental erosion. Based on calculations using the highest flux 
of radium-226 known for the oceans (Appendix E, Section E.4.2), the addition of radium-226 to water 
overlying the wastes will be less than 0.002 pCi/L in wastes undiluted by natural sediments. This is 
less than 2% of the average concentration of radium in seawater, which is 0.1 pCi/L (Joseph et al. 
1971). 

4.5.2.2 Scenario II: Waste Dispersion in the Surface Waters 

Wastes that are well mixed with surface waters during a disposal action will be dispersed in both 
vertical and horizontal directions due to the density of the soil particles, the descent of the waste
filled water, and the natural mixing action of ocean waters. Site 106 is a dedicated waste-disposal 
site; therefore, impacts to areas outside the site are estimated. 

Vertical Mixing. Because the particles are more de~se (approximately 2.S g/cm3) than seawater 
(approximately 1.0 g/cm3 ), the particles will sink due to gravity--a tendency that will be resisted by 
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the viscosity of the water, water tur,bulence, and density gradients. A simple approximation for 
determining the sinking rate of particles that are far apart is Stokes' equation. When applied to 
NFSSwastes at Site 106, Stokes'equation predicts that sand particles will settle to the bottom 
within 1.5 days, but small silt and clay particles will sink very slowly and may not settle .for many 
days (see Section E.4.2 for further:discussion) . 

. When waste particles are close together, such as in a turbid cloud, the waste and its associated 
water act like a dense fluid. The difference in density between the waste cloud and the surrounding 
water results in descent of the waste cloud, a process called convective descent. As the cloud 
descends, . it captures surroundi ng water (entrai nment) until its dens i ty decreases to that of the 
surrounding water. An estimate of convective descent for a large load of NFSS wastes indicates that 
the wastes will be carried through the seasonal thermocline* (approximately 26-30 m) but mayor may· 
not be carried below the permanent pycnoc1ine** (l00-200 m), depending on initial dilution and 
geometry of the waste mass (see Section E.4.2). In any case, convective descent is a mechanism by 
which the NFSS wastes would rapidly mix vertically in the surface water, even for very small soil 
particles with very slow sinking rates. Therefore, it is assumed that before the wastes are dispersed 
by oceanic turbulence, they are mixed to the top of the permanent pycnocline. Mixing the wastes from 
one dumping action into a volume of water that is 100 m in depth and 100 m in radius results in a 
dilution to approximately 2000· mg/l. Convective descent can result in larg·e dilutions, even without 
the effects of horizontal dispersion. 

Horizontal Dispersion. Horizontal dispersion of wastes is due to a variety of hydrodynamic 
processes that create currents and ocean turbulence. The average current in the surface waters of 
Site 106 is 11 cm/s in a south south-westerly direction, parallel to the Continental Shelf (Sec
tion E.2.3.4). Thus, wastes dumped at the center of Site 106 will be carried 37 kID to the southern 
boundary of site within 93 hours (4 days); at this time, the center of the waste mass will be at the 
site boundary. All calculations of waste dilution and dispersion are predicted for the waste mass in 
this position. As the wastes move outside the site, they will continue to be diluted, reducing 
exposure of marine organisms to the wastes. Exposure is expected only during the action period. 

The turbulence of the ocean from the motions of water ranges from as small as a few centimeters 
to tens of kilometers from large water motions associated with major ocean features, such as fronts 
between different water masses or large eddies 100 kID or more across. Such turbulence (called eddy 
diffusion) will disperse and dilute the wastes to varying degrees, depending on the strength of the 
turbulence. The rates of dispersion expected for NFSS wastes are evaluated from theoretical formula
tions of dispersion applied to data on plume dispersion of experimental dumping activities at Site 106 
(see Section E.4.3 for details). Data on experimental waste dumping are analyzed using three different 
dispersion relationships, which give a wide range of dispersion predictions. The lowest and highest 
estimates of dispersion are referred to as low mixing and high mixing in further discussions. The 
results of this analysis suggest that at the end of 4 days when the waste mass leaves Site 106, the 
patch is between 0.64 to 17 kID wide and the average waste concentrations expected at these patCh sizes 
range from 12,300 to 8,900,000 more dilute than initial waste concentrations. These dilutions result 
in waste concentrations of 100 mg/L to 0.1 mg/L, respectively (Table 4.56). 

Paul et al. (1983) have analyzed waste dispersion at Site 106 based on dispersion coefficients 
derived from long term current records at Site D, located northwest of Site 106. Their analysis 
presents concentrations of wastes in a plume resulting from frequent (100 times per day) dumping at 
Site 106. The results show that dilutions of 6,000,000 times within the dumpsite are reached under 
high-mixing conditions. Under low-mixing conditions, a dilution of 2,000,000 is reached at the edge 
of a narrow plume extending tens of kilometers south of Site 106. This range of dilution is within 
that calculated by analysis of experimental dumps. 

4.5.3 Impacts to Biota 

Suspended sediment concentrations in the slope waters in the vicinity of Site 106 are charac
teristically very low, less than 0.1 mg/L. On initial contact with seawater, the waste mass will 
contain little water, but will be rapidly mixed with seawater due to convective descent. During the 
initial phases of dispersion, planktonic organisms that are incapable of escaping the waste mass could 
be killed or damaged by high turbidity. Further dilutions by horizontal dispersion would reduce 
average waste concentrations to between 0.1 and 100 mg/L by the time the waste cloud reaches the 
boundary of Site 106. Damage to marine organisms from turbidity is not expected at the lower end of 
this range where particulates are within the range of ambient concentrations. 

*A thermocline is an area of sharp changes in water density due to changes in temperature that 
develops in the summer because of solar heating of the surface water; it disappears when the 
surface waters cool in fall and winter. 

**The permanent pynocline is an area of sharp changes in water density due to changes in salinity 
and/or temperature that prevent mixing of surface waters with deeper ocean waters. 
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Table 4.56. Waste Patch Width and Waste Dilution 
Four Days After Waste Disposal 

Average 
Patch Width, 4xo Waste Concentrationt2 

Conditions (km) Dilutiont 1 (mg/l) 

1. High Mixing 

A. Case I 2.0 . 120,000 10 

B. Case 11 3.4 350,000 4 

C. Case III 17 8,900,000 0.1 

II. Low Mixing 

A. Case I 0.64 12,300 100 

B. Case II 1.1 36,500 40 

C. Case III 1.6 77,300 20 

tl Mixing depth = 100 m. 

t 2 Initial waste concentration =. 1.3 g dry solids/cm3 . 

The effects of waste dilution by horizontal dispersion alone on trace-metal concentrations in the 
water are summarized in Table 4.57. After 4 days, two of the expected total concentrations of trace 
metals in the waste patch exceed the recommended criteria of 24-hour average concentrations for protec
tion of marine life by factors of 2.5 (copper) and 2.4 (nickel). Dilution to the toxicity criteria 
would require a dilution of 32,000 times, which would occur in a waste patch 1.03-km wide. This level 
of dilution is accomplished within 4 days under all conditions except lowest mixing; under lowest
mixing conditions, such dilution would be reached within 7 days. This comparison is conservative 
because only part of the trace metals in the waste can be measured as "total recoverable" trace metal. 
In addition, it is highly unlikely that much of the waste will remain in the surface waters for more 
than 38 hours, when all soil aggregates and sand particles larger than 0.2 mm will have been deposited 
to the sediments due to the densities of the particles. Rapid settling will decrease the quantity of 
wastes .LIpon which dispersion acts. For total concentrations of trace metals to be at or above toxicity 
criteria, 40% of the wastes would have to be completely mixed with water during the dumping operation. 
The energy necessary to mix such a high proportion of dry or damp soils into their colloidal clay 
constituents is unlikely in dispersal by gravity dump. 

4.5.4 Mitigation, Measurement, and Monitoring 

Additional studies of the cohesiveness of NFSS wastes are needed in order to use a verified 
simulation model to predict waste dispersion. These studies might include an experimental dumping of 
bulk soils because other studies of waste dispersion at Site 106 have used liquid or slurried wastes. 
Requirements for toxicity bioassay tests, monitoring, and mitigating impacts will be specified in the 
EPA Ocean Dumping Permit. 

4.6 SOCIOECONOMIC IMPACTS 

4.6.1 Introduction 

For the alternatives being considered in this EIS, no large construction work force will be 
required, few new jobs will be created, and the major engineering actions will be brief. Therefore, 
no large-scale demographic changes beginning a chain of other changes in the social and economic 
environment are expected to occur. Rather, because of the radioactive nature of the NFSS wastes and 
residues, public attitudes and perceptions will be a major factor influencing the alternatives and 
their potential socioeconomic impacts (Argonne Natl. lab 1982; Payne 1983). For example, potential 
impacts relative to land use and property values are a function of public perceptions regarding the 
potential health risks associated with the wastes and residues. Public perceptions will depend 
primarily on: (1) the sensitivity of the public to radioactive waste, hazardous waste, and environ
mental issues in general and (2) negative publicity (Nigg 1982; Argonne Natl. lab. 1982; Payne 1983). 
It is expected that pub lie sens it i vity and the potentia 1 for negati ve pub 1 i city wi 11 generally 
decrease over time. 
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Table 4.57. Dilution of Trace Metals by Dispersion After 4 Days 
(Based on Lowest Dispersion Estimate) 

Element 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Vanadium 

Zinc 

t 1 From Table 

Weighted 
Average 

Concentration 
in Wastest 1 

(~g/g) 

1.4 

0.26 

28 

99 

34 

0.3 

170 

0.68 

96 

5.2 

3.8 of this 

Ambient Average 
Dissolved Concentration in 

Concentration . Waste Patches due 
in Seawatert2 to the Wastes 

(~g/L) (~g/L, total) 

0.09 0.14 

0.014 0.026 

0.07 2.8 

0.17 9.9 

0.005 3.4 

0.005 0.03 

0.2 17 

0.04 0.068 

1.5 9.6 

0.01 0.52 

document. 

t 2 From Paul et al. (1983); 1 ~g/L = 0.980 ~g/kg. 

t 3 From U.S. Environmental Protection Agency (1980b). 

t 4 From U.S. Environmental Protection Agency (1977b). 

4.6.2 Land Use and Property Values 

4.6.2.1 Land Use 

Criteria (24-h avg.) 
for Protection of 

Aquatic Marine Lifet3 

(~g/L. total recoverable) 

508 

4.5 

18 

4.0 

25 

0.025 

7.1 

54 

150t4 

58 

The land on which the NFSS wastes and residues are buried must be considered to be permanently 
(irreversibly and irretrievably) dedicated to waste management, with all other land uses permanently 
preempted. In order to contain the NFSS wastes and residues, the land above, under, and surrounding 
the containment area must remain undisturbed. Improper onsite surface or subsurface development could 
stress engineered barriers and allow for migration of the wastes offsite. Therefore, certain onsite 
human activities (e.g., excavation or agricultural activities) must be prevented. Offsite land uses 
must also be controlled because there is a potential for offsite uses to adversely affect the isola
tion of the NFSS wastes. For example, during the long term when controls have ceased, the construc
tion of a dam near the waste site or failure to maintain drainage ditches could result in flooding of 
the waste site, thereby adversely affecting the integrity of the containment system. Therefore, some 
uses of nearby land may also be permanently preempted. 

The amount of land dedicated to waste management will be small for all the alternatives 
(Table 4.58). The greatest amount of land will be dedicated at Hanford under Alternative 3a (56 ha 
[140 acres]) and at NFSS under Alternative 1 (69 ha [170 acres]). Most of the land at Hanford will be 
in the actual waste-containment area. This area is much larger at Hanford than at the other sites 
because the radioactive materials will be buried in trenches with strips of land in between the 
trenches, thus consuming more land than when placed in large piles as at NFSS and Oak Ridge. At NFSS 
under Alternative 1, most of the land is not used for waste management but it is assumed that DOE 
takes no action and retains ownership of the entire site. Under Alternatives 2a, 2b, 4a, and 4c, it 
is assumed that DOE will release the unused portions of the site for other uses. The actual waste
containment areas at the various sites range from 3.4 ha (8.3 acres) at NFSS under Alternative 1 to 
38 ha (95 acres) at Hanford under Alternative 3a. 

At NFSS, the land is already used for waste management, and implementation of Alternatives 2a, 
2b, 4a, or 4c would simply commit the land to waste-management use. At Oak Ridge and Hanford, 
although the land use on the Reservations is currently restricted, development of the NFSS waste
management sites would permanently commit those particular parts of the Reservations to restricted 
use. At Hanford, this commitment does not appear to be a serious impact because the NFSS waste
management site is a very small addition to an existing waste-management site on the Reservation and 
waste-management sites are not scarce. At Oak Ridge, however, such commitment of a site that is also 
a prime potential industrial site may be. significant. Local citizens and governments have objected to 
such commitment of potential industrial land during the EIS scopi~g process. The Pine Ridge Knolls 
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Table 4.58. land Use at the Alternative Waste-Management SitesP 

Waste Contain-
,-' ment Areat2 Buffer Area Service Area Total 

A 1te rnat i ve Location ha acres ha acres ha acres ha acres 

1 NFSS 3.4 8.3t3 66t4 160t4 t4 t 4 69 l70tS 

2a, 2b, 4a, 4c NFSS 4.5 llt6 3.2 8t7 8.1 20 16 39t8 

3a Hanford 38 95t9 9.7 24t7 8.1 20 56 140 

4a, 4b Hanford 9.3 23t 1O 4.0 10t7 8.1 20 21 53 

3b Oak Ridge 12 29t 11 4.4 llt7 8.1 20 24 60 

4c, 4d Oak Ridge 2.7 6.7tl2 2.4 5.8t7 8.1 20 13 '33 

t 1 All numbers rounded to two significant figures. 

t 2 Includes area between trenches and waste packages, dikes, underneath cover, etc. See 
Table 4.16 for areas covered by wastes and/or residues. 

t 3 Source: U.S. Department of Energy (1983d). 

t4 Buffer zone and service area are combined. 

t S Area of current DOE site. 

t 6 Based on a 120-m x 270-m (400-ft x 900-ft) containment area in Alternative 1 plus an extra 
15 m (50 ft) all around to allow for the long-term cap (extra 1.7 m [5.5 ft]) and a 20% 
outslope on the containment area. 

t 7 Assuming a 30-cm (100-ft) buffer strip at all sites for long-term management. 

t 8 Assumes that only the waste containment, buffer, and small service areas need be retained 
under DOE ownership for long-term management. After ongoing interim cleanup actions and 
construction of a long-term cap are completed, the rest of NFSS could be released for 
other use. 

t 9 Assuming 190,000 m3 (250,000 yd3 ) of NFSS wastes and residues buried in 42 trenches 300-m 
(1000-ft) long having dimensions and spacing as shown in Figure 2.5. 

tiO Assuming NFSS residues packaged in 7360 bins 1.8 m x 1.5 m x 1.2 m (6 ft x 5 ft x 4 ft) 
and placed in 10 trenches having dimensions and. spacing as shown in Figure 2.9. 

tIl Assuming 190,000 m3 (250,000 yd3 ) of NFSS wastes and residues piled 3-m (10-ft) deep (plus 
20% contingency area) over a 0.6-m (2-ft) base of clay and sand/gravel, covered by a 3.2-m 
(10.5-ft) cap with a 20% outs lope (see Figure 2.8 for conceptual design). 

tI2 Assuming NFSS residues packaged in 5100 bins 1.B m x 1.5 m x 1.2 m (6 ft x 5 ft x 4 ft) 
bins placed in a 77 x 96 array with 0.15 m (0.5 ft) spacing between bins--with base, cap, 
and outslope as described above (Figure 2.13). 

site has been considered for private industrial development in the recent past (for the proposed Exxon 
project) and the scarcity of such sites in the hilly region has prompted local authorities to request 

. that DOE release some of the Reservation 1 and for private development. In addition to a scarcity of 
industrial sites, there is also a scarcity of waste-management sites in the region. The local cities 
have difficulty finding landfill sites and DOE needs sites to dispose of wastes from various ongoing 
DOE operations on the Reservation. Dedication of the Pine Ridge Knolls site to management of the NFSS 
contaminated materials will lessen the amount of land available for disposal of other wastes. 

The designation of a site for long-term management of the NFSS wastes and residues may affect the 
types of surrounding land-use developments. Certain surrounding land uses and their associated human 
activities may be perceived by the public as compatible or incompatible with a waste site, For 
example, the existence of a waste site may be perceived by the public (and potential developers) as 
posing a significant health risk to the public: Therefore, land uses adjacent to the site may shift 
to industrial-type development or some form of recreational rather than residential use. 

land-use impacts that could occur for the various alternatives over the various time frames are 
presented in Table 4.59. The effects on land use pertain to restricted and unrestricted site use, 
impacts to surrounding land uses, and surrounding land uses impacting the integrity of the containment 
system. 



Alternative 

2a, 2b 

3a 

3b 

Action Period 
(10 years) 

Restricted use of NFSS. 
No significant impacts to sur

rounding land uses are anti
cipated. 

Surrounding land uses should not 
adversely affect the integrity 
of the wastes. 

Same as Alternative 1, except 
improved containment measures 
should reduce the potential 
for adverse impacts. 

Unrestricted use of NFSS upon 
completion of removal of 
wastes. 

Continued restricted use of 
Hanford site. 

No significant impacts to sur
rounding land uses at Hanford 
are anticipated. 

Surrounding land uses lhould not 
adversely affect the integrity 
of the Hanford site. 

Same as Alternative 3a (except 
effects will be to Oak Ridge 
area rather than Hanford area). 

Table 4.59. Land-Use Impacts 

Impacts Associated with Three Time Frames 

Monitoring 
Maintenance, and 
Correcti ve Act.i on 

(200 years) 

Restricted use of NFSS. 
No significant impacts to sur

rounding land uses are anti
cipated. 

Surrounding land uses should not 
adversely affect the integrity 
of the wastes. 

Same as Alternative 1, except 
improved containment measures 
should reduce the potential 
for adverse impacts. 

Restricted use of Hanford site. 
No significant impacts to sur

rounding land uses at Hanford 
site are anticipated. 

Surrounding land uses should not 
adversely affect the integrity 
of the Hanford site. 

land use on NFSS potentially 
affected if residual contamina
tion causes restricted land use. 

Same as Alternative 3a (except 
effects will be to Oak Ridge 
area rather than Hanford area). 

long Term (200-1000 years) 

Case At' Case Bt2 

Restricted use of NFSS. 
Surrounding land uses could be 

adversely impacted as waste 
containment measures fail. 

Potential for surrounding land 
uses to adversely affect the 
integrity of the wastes. 

• Same as Alternative 1. 
/ 

Restricted use of Hanford site. 
Surrounding land uses at Hanford 

could be adversely impacted as 
waste containment measures 
fai 1. 

Potential for surrounding land 
uses to adversely affect the 
integrity of the Hanford site. 

Same as Alternative 3a (except 
effects will be to Oak Ridge 
area rather than Hanford area). 

Unrestricted use of NFSS re
sulting in the potential for 
human intrusion into the 
wastes. 

Surrounding land uses could be 
adversely impacted due to 
waste containment failure or 
inadvertant human intrusion 
into the wastes. 

Potential for surrounding land 
uses to adversely affect the 
integrity of the wastes. 

Same as Alternative 1. 

Unrestricted use at the 
Hanford site resulting in the 
potential for human intrusion 
into the wastes. 

Surrounding land uses at 
Hanford could be adversely 
impacted due to containment 
failure or inadvertent human 
intrusion into the wastes. 

Potential for surrounding land 
uses to adversely affect the 
integrity of the Hanford 
site. 

Same as Alternative 3a (except 
effects will be to Oak Ridge 
area rather Hanford area). 

A 
t 

\0 
o 



Table 4.59. Continued 

Impacts Associated with Three Time Frames 

Alternative 

4a (4c) 

4b (4d) 

Action Period 
(10 years) 

Restricted use of NFSS and 
Hanford (Oak Ridge). 

No significant impacts to sur
rounding land uses at Hanford 
(Oak Ridge) or NFSS are anti
cipated. 

Surrounding land uses should not 
adversely affect the integrity 
of NFSS or Hanford (Oak Ridge). 

Unrestricted uSe of NFSS upon 
completion of removal of NFSS 
wastes. 

Short-term restricted use of 
designated dock site. 

Continued restricted use at 
Hanford (Oak Ridge) site. 

No significant impacts to sur
rounding land uses at Hanford 
(Oak Ridge) are anticipated. 

Surrounding land uses should not 
adversely affect the integrity 
of the Hanford (Oak Ridge) site. 

Monitoring 
Maintenance. and 
Corrective Action 

(200 years) 

Restricted use of NFSS and 
Hanford (Oak Ridge). 

No significant impacts to sur
rounding land uses at NFSS 
or Hanford (Oak Ridge) are 
anticipated. 

Surrounding land uses at NFSS and 
Hanford (Oak Ridge) should not 
adversely affect the integrity 
of the wastes. 

Same as Alternative 3a. except 
residual contamination is 
only potential land .use 
consideration at NFSS. 

tl Assumes loss of monitoring. maintenance, and corrective action. 

t 2 Assumes loss of monitoring, maintenance, corrective action, and institutional controls. 

long Term (200-1000 years) 

Case Atl Case Bt2 

Restricted use of NFSS and 
Hanford (Oak Ridge). 

·Potential for surrounding land 
uses to adversely affect the 
integrity of the wastes at 
NFSS and Hanford (Oak Ridge). 

Surrounding land uses at the 
Hanford (Oak Ridge) site could 
be adversely impacted as waste 
containment measures fail. 

Although the magnitude of the 
impact would be reduced. sur
rounding land uses at NFSS 
could be adversely impacted 
as waste containment measures 
fai 1. 

Same as Alternative 3a. except 
no land use impacts at NFSS. 

Unrestricted use of NFSS and 
Hanford (Oak Ridge) resulting 
in the potential for hUman 
intrusion into the wastes. 

Potential for surrounding ·land 
uses to adversely affect the 
integrity of NFSS and 
Hanford (Oak Ridge). 

Surrounding land uses at the 
Hanford (Oak Ridge) site 
could be adversely impacted 
due to containment failure or 
inadvertent human intrusion 
into the wastes. 

Although the magnitude of the 
impact would b.e reduced, sur
rounding land uses at NFSS 
could be impacted as waste 
containment measures fail. 

Same as Alternative 3a, except 
no land use impacts at NfSS. 

.j:> 
I 

1.0 .... 
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For all the alternatives, the potential for significant land-use impacts is minimal during the 
action period and the maintenance and monitoring period (up to 200 years). However, if land-use 
controls cease during the long-term period (200-1000 years), surrounding land uses could be adversely 
affected as the waste-containment system begins to fail. Over time. the potential also exists for 
surrounding land uses to stress engineered barriers and allow for migration of the wastes offsite. If 
the waste site becomes unrestricted .in use, the potential exists for direct human intrusion into the 
wastes (see Section 4.1.2.3). Surrounding land uses are currently controlled on the Oak Ridge and 
Hanford reservations. However, it is possible that the current buffer zones between the various DOE 
facilities could be released to other owners for other uses in the future. Because of the-uncertainty 
of the types of land uses surrounding the waste sites over the long term, long-term land-use impacts 
can be discussed only in general terms. It should be noted that in order to maintain land-use controls 
for longer periods, dollar costs will increase. Furthermore, it is not reasonable to expect land-use 
controls to remain in effect for the hundreds of thousands of years that the NFSS wastes and residues 
will remain radioactive (see beginning of Section 4). 

Under Alternatives 1. 2a. and 2b, the wastes will remain at NFSS and land use will be restricted. 
The site area is currently zoned industrial and is bordered to the north by a hazardous waste facility 
and to the east by a landfill. Surrounding land-use patterns are well established and are not likely 
to be significantly affected by officially designating the site as a long:'term (rather than "interim") 
waste-management site. As long as use of the site remains restricted and the wastes are maintained 
and monitored, no significant impacts to surrounding land uses are anticipated. During the action 
period and maintenance and monitoring period at NFSS in Alternatives 2a and 2b, the potential for 
adverse land-use impacts will be further reduced because of the lowered potential for loss of contain
ment and resultant negative publicity. 

At NFSS in the short term, it may be more difficult to maintain active land use controls than at 
the Oak Ridge or Hanford Reservations. This is because NFSS is an isolated piece of federally owned 
property, and there will be no ongoing active federal projects after one of the alternatives is imple
mented. At the DOE Reservations, active and passive controls over the small areas containing the NFSS 
wastes and residues would be part of the larger controlled and actively managed federal Reservation. 
It should be stressed, however, that the possible control advantages of locating the NFSS wastes and 
residues on a large federal Reservation are contingent upon federal ownership and active use of the 
Reservation. If the government sells or transfers "unused" portions of the Reservations to private or 
other institutional owners and only the actual waste-management sites on the DOE reservations remain 
under government control, the long-term advantage of having the NFSS wastes and residues on a Reserva
tion will be lost. 

Under Alternatives 3a, 3b, 4b and 4d--in which all wastes and residues will be removed from 
NFSS--land-use impacts at NFSS will occur primarily during the action period (10 years). These 
impacts will be temporary and associated with construction and excavation activities at the site. 
Upon completion of these activities, NFSS will be released for other uses. Depending on the degree of 
decontamination, other uses of the site may be restricted or unrestricted. Even if the site is 
released for unrestricted use, however, potential controversy over what constitutes acceptable levels 
of residual contamination may lead to reimposition of land-use restrictions by state or local 
authorities. This has happened in the past at NFSS and other sites. Also, local zoning authorities 
may restrict uses of the site to those considered compatible with the existing use of the surrounding 
land for other waste-management activities. 

During the action period at Hanford and Oak Ridge, location of the NFSS waste-management sites 
well within the boundaries of the Reservations is expected to preclude land-use impacts associated 
with construction activities under Alternatives 3a, 3b, 4a, 4b, 4c, and 4d. 

Management of the NFSS wastes and residues at Hanford (Alternatives 3a, 4a, and 4b) should not 
adversely affect the surrounding land uses through the maintenance and monitoring period. Both nuclear 
power generation facilities and radioactive waste-storage sites are located on the Hanford Reservation, 
and these sites are committed to restricted use for the foreseeable future. As long as the federal 
government retains ownership and control of the Reservation and because of the remoteness of the 
Hanford waste-management site and restricted-use buffer zone, impacts to land uses surrounding the 
Reservation are not anticipated. However, if the federal government sells or releases portions of the 
reservation to other governmental or private entities in the future, much of the existing buffer zone 
area could be lost and result in conflictive land uses adjacent to the site where the NFSS wastes and 
residues are buried. 

The land-use impacts at Oak Ridge (Alternative 3b, 4c, and 4d) will be similar to those at 
Hanford. However, because the Oak Ridge site is not as remote as the Hanford Reservation, the 
potential for impacts to surrounding land uses is greater. 

During the action period at the Harbor, it is expected that the dock wi 11 be restricted to use 
for the transfer of the NFSS wastes to the barges. After the wastes have all been disposed at the 
ocean dumping site and the dock area has been decontaminated, no future land-use restrictions are 
anticipated. 
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4.6.2.2 Property Values 

Impacts on r.esidential property values may occur because the public may perceive the activities 
associated with long-term management of the NFSS wastes and residues as being hazardous and detri
mental to public health and safety. Property values of commercial or industrial properties, such as 
the adjacent hazardous waste facility at NFSS, are not expected.' to be affected. Res ident i a 1 property 
value impacts may be measured in terms of variations in number of days on the market or differences in 
asking versus selling price between properties near the waste-management site and properties farther 
away. 

During the scoping process at NFSS, a local real estate agent (Collins 1983) argued that the 
property values near NFSS have been adversely influenced by negative publicity about the NFSS and 
other waste sites in the area. However, a second local real estate agent (Baldwin 1983) pointed out 
that a cause-effect relationship between proximity to NFSS and residential property values cannot be 
documented because of: (1) the difficulty in separating out the influence of other nearby hazardous 
waste sites, (2) the spillover of negative publicity from other recent local environmental issues, 
(3) the difficulty in separating out the influence of national trends in the economy and housing 
market, and (4) the fact that a pattern of property value decline would be difficult to determine from 
the very small number of homes that have changed hands in the NFSS area 'in recent years. It is also 
important to point out that, in general, patterns of property values are a function of several 
historical forces, including proximity to urban areas, transportation system development, and proximity 
to other developments (residential, commercial, industrial, etc.). It should be kept in mind that 
property-value impacts associated with management of the NFSS wastes and residues may be insignificant 
compared to all these other factors. 

Although there is no clear evidence to confirm or deny any past influence of NFSS on property 
values, it has been shown that there is a correlation between perceived radiological hazards and 
short-term property value impacts (Gamble and Downing 1981). If all or some of the wastes and 
residues remain at NFSS (Alternatives 1, 2a, 2b, 4a, and 4c), there is a potential for a short-term 
(6 months to 1 year), negative impact on property values. The removal of all the wastes and residues 
from NFSS (Alternatives 3a, 3b, 4b, and 4d) may have some positive short-term impacts on property 
values in the communities surrounding NFSS, after which property-value impacts associated with NFSS 
will be negligible. Concurrently, the import of the wastes and residues to the Oak Ridge or Hanford 
sites may produce negative impacts on property values in those areas, particularly if the potential 
negative publicity is realized. It should be kept in mind, however, that private residences are 
located much farther away from the waste-management sites at Oak Ridge and Hanford than at NFSS, 
thereby decreasing the potential for property-value impacts relative to NFSS. Disposal of the NFSS 
wastes in the ocean is not expected to have an impact on property values in the Harbor area. 

In addition to potential negative property values impacts (e.g., greater number of days on the 
market and much lower selling price than asking price), there can be possible economic benefits. The 
negative impacts could occur for those residents attempting to sell or rent their homes, but these 
impacts may occur only while it is common knowledge that there is a nearby radioactive waste
management site. For those who buy at lower prices, on the other hand, their property may gain in 
value when the presence of the radioactive waste site is no longer widely publicized. Residents who 
intend to stay in the area may experience a positive impact if the assessed value of their property is 
lowered, with attendent reduction in property taxes. Residents near NFSS, for example, have claimed 
that their property values are lower because of proximity to the waste area and therefore should have 
lowered property tax assessments. 

4.6.3 Transportation 

4.6.3.1 Traffic Congestion and Road Deterioration 

Imple~entation of some of the alternatives may result in increased traffic congestion and road 
deterioration. For Alternative 1, there will be no such impact. For Alternatives 2a and 2b, only 
fill materials will be transported; for the other alternatives, both contaminated and fill materials 
will be transported. Estimated peak traffic volumes are'shown in Table 4.60. 

The greatest potential for adverse' impact is at Oak Ridge under Alternative 3b in which there 
wi 11 be about one truck every mi nute duri ng two summers. About one-fourth of the trucks will be 
hauling or returning for contaminated materials while the remainder will be hauling or returning for 

., fill materials. White Wing Road (Rt. 95) and Bear Creek Road will bear most of the traffic (Fig
ure 3.21). Trucks hauling contaminated materials will arrive from the south via White Wing Road and 
travel west on Bear Creek road to the Pine Ridge Knolls site. The trucks hauling fill material could 
arrive from any direction, depending on what suppliers are awarded contracts for the fill material. 
White Wing Road is a state highway. Most of Bear Creek Road within the Oak Ridge Reservation is the 
responsibility of DOE (the western portion through an industrial area near the Clinch River has been 
turned over to the city of Oak Ridge). 

In addition to the NFSS-associated traffic, these roads are used by workers commuting to various 
Oak Ridge facilities. They are also used to transport materials for other projects. For example, 



Table 4.60. Truck Traffic at the Various Sitest 1 

Activity/Rate of Trucks NFSS HANFORD OAK RIDGE HARBOR 

Arriving and Departing 1 2a 2b 3a 3b 4a 4b 4c 4d 3a 4a 4b 3b 4c 4d 4b: 4d 

Hauling contaminated 
res i dues: 

trucks/day 0 0 0 13 13 13 13 13 13 13 13 13 13 13 13 0 0 

trucks/hour 0 0 0 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 0 0 

Hauling contaminated 
wastes: 

trucks/day 0 0 0 50 120 0 120 0 120 50 0 0 120 0 0 120 120 

trucks/hour 0 0 0 6.2 15 0 15 0 15 6.2 0 0 15 0 0 15 15 ..,. 
I 

\J) 

Hauling fill materials: 
..,. 

trucks/day 0 150 150 28 28 170 28 170 28 44 10 10 360 82 82 0 0 

trucks/hour 0 19 19 3.5 3.5 21 3.5 21 3.5 6 1.3 1.3 45 10 10 0 0 

Peak traffic: 

trucks/day 0 150 150 63 133 170 133 170 133 107 23 23 510 95 95 120 120 

trucks/hour 0 19 19 7.8 17 21 17 21 17 14 2.9 2.9 62 12 12 15 15 

-Duration of peak traffic: 

number of years NA 1 1 5 2 1 2 1 2 2 2 2 2 2 2 2 2 

months/year NA 6 6 6 6 6 6 6 6 4 -4 4 4 4 4 6 6 

Abbreviations: NA = not applicable. 

t 1 Based on numbers given in Appendix D. 
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there have been recent traffic problems on Bear Creek Road because trucks hauling crushed rock.from 
the eastern side of the· Reservation to the former breeder reactor project on the western side of the 
Reservation cause congestion and potential accident situations during shift changes at the Y-12 complex. 
A 1 though thi s project has been cance 11 ed, there is a potential for overl ap with another project--the 
proposed central waste facility on West Chestnut Ridge across the street south of the Pine Ridge 
Knolls site (U.S. Dep. Energy 1983e). Traffic from the other facilities on the Oak Ridge Reservation 
also use White Wing and Bear Creek roads, particularly during the morning and evening rush hours. The 
cumulative impacts associated with the heavy truck traffic from implementing NFSS Alternative 3b, 
especially if combined with heavy traffic associated with other projects, will be increased traffic 
congestion, increased accidents, and accelerated deterioration of the roads. These impacts might be 
mitigated to some extent (see Section 4.6.7) •. 

At NFSS, Hanford, and the Harbor, NFSS-associated traffic will be much less than at Oak Ridge 
(Table 4.60), and the potential for adverse impacts is correspondingly less. This is somewhat depen
dent on the degree of overlap with other traffic, and the need for similar mitigative measures will 
have to be determined for the time an alternative is actually implemented. 

4.6.3.2 Deaths and Injuries Resulting from Transportation Accidents 

Transportation of contaminated and fill materials will increase the risk of human injury and 
death because of the potential for transportation accidents. Based on accident statistics for the. 
United States (rural and urban areas), the injury rate for truck accidents ;s 5.1 x 10- 7 injuries per 
kilometer and the fatality rate is 3.0 x 10- 8 per kilometer (Gay 1979). Available data do not 
separate the occupational (driver) and public components. The estimated transportation-related deaths 
and injuries associated with implementation of each alternative for management of the NFSS wastes and 
residues are given in Table 4.61. 

There will be no transportation-related deaths or injuries for Alternative 1 (no action). The 
risks of transportation-related death and injury under Alternatives 2a and 2b are insignificant 
(Table 4.61). For the remaining alternatives, all of which involve transport of all or part of the 
NFSS wastes and residues to other sites, several injuries and deaths are projected to occur. Alter
native 3a (transport of all wastes and residues to Hanford) will have the greatest risk, with an 
estimated 4 deaths and 66 injuries. Transport of all the wastes and residues to Oak Ridge entails 
about one-third as much risk because of the lesser distance involved. Almost all the potential risk 
is associ ated with transport of the contami nated mater.i a 1 s because of the greater tota 1 di stances 
involved. Even doubling of the average transportation distance for fill materials from 20 to 40 km 
will not significantly increase the relative risk associated with hauling of fill materials. Also, 
most of the risk is associated with transport of the slightly contaminated, but large, bulk wastes. 
Removal of only the residues from NFSS (Alternatives 4a and 4c) will result in only one-tenth of the 
risk incurred by removing all contaminated materials from NFSS. 

These risk estimates are based on general U. S. truck-accident death and injury rates. local 
conditions and mitigative measures could increase or decrease the actual rates. For example, if 
mitigative measures are not implemented or are not effective, the injuries and deaths associated with 
transportation at Oak Ridge (see previous discussion about traffic congestion) could be greater. On 
the other hand, extra precautions taken because of the radioactive materials may lead to accident 
rates that are generally lower than the average rates. However, although the absolute numbers may be 
slightly different, the relative risks between alternatives are expected to be about the same. 

4.6.3.3 Air Pollution 

Transportation of the contaminated and fill materials will lead to increased levels of combustion 
pollutants in the atmosphere. In a study about potential impacts associated with a clean-up activity 
involving about 20 trucks/hour (plus some construction equipment) (Argonne Nat1. lab 1982). it has 
been reported that vehicle emissions can be major contributors to local air quality degradation. This 
is especially true for rural areas where the background emissions are about one-tenth of those for 
urban areas. 

As discussed in Section 4.6.3.1, peak traffic will be greatest at Oak Ridge under Alternative 3b 
(over 60 trucks/hour). Not only will emissions be greater than those analyzed in the Argonne study 
(Argonne Natl. lab 1982), but also the roads at Oak Ridge are located in valleys where the air is 
often very stable--thus delaying dispersion of air pollutants. Depending on the amount of existing 
traffic (Section 4.6.3.1), the emissions associated with NFSS traffic could be a significant contribu
tor to air quality degradation during peak traffic periods. Even if the NFSS contribution is only a 
minor contribution in comparison to existing traffic contributions, it will exacerbate air quality 
problems during rush hours on days when there are weather inversions. Impacts can be reduced to some 
extent if the mitigative measures discussed in Section 4.6.7 are employed. 

The peak traffic, and thus the potential air pollution impacts, are less for the other alterna
tives. Implementation of Alternative 1, 2a, or 2b will cause little or no impact. The impact at 
Hanford (Alternatives 3a, 4a, and 4b) is expected to be less not only because the peak traffic will be 
less but also because local meteorological conditions will cause pollutants to be more readily 
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Table 4.61. Estimated Number of Transportation-Related 
Deaths and Injuriestl 

Alternative/ 
Type of Material 
Transported 

Alternative 1 

None 

Alternative 2a 

Contaminated 
Fi 11 

Total 

Alternative 2b 

Contaminated 
Fi 11 

Total 

Alternative 3a 

Contaminated 
Fi 11 

Total 

Alternative 3b 

Contaminated 
Fill 

Total 

Alternative 4a 

Contaminated 
Fi 11 

Total 

Alternative 4b 

Contaminated 
Fi 11 

Total 

Alternative 4c 

Contaminated 
Fi 11 

Total 

Alternative 4d 

Contaminated 
Fi 11 

Total 

Total 
Distance 

Traveledt2 

(kin) 

o 

o 
370,000 

370,000 

o 
370,000 

370,000 

130,000,000 
580,000 

130,000,000 

42,000,000 
1,800,000 

44,000,000 

13,000,000 
520,000 

14,000,000 

43,000,000 
190,000 

43,000,000 

4,200,000 
790,000 

5,000,000 

34,000,000 
460,000 

34,000,000 

Number 
of 

Deathst3 

o 

o 
O.ll 

O.ll 

o 
O.ll 

0.11 

3.9 
0.018 

3.9 

1.3 
0.054 

1.4 

0.39 
0.016 

0.44 

1.3 
0.0058 

1.3 

0.13 
0.024 

0.15 

1.0 
0.014 

1.0 

tl All values rounded to two significant figures. 

t 2 Taken from tables in Appendix D. 

Number, 
;, of 

Injuriest" 

o 

o 
0.19 

0.19 

o 
0.19 

0.19 

66 
0.3 

66 

21 
0.92 

22 

6.6 
0.27 

6.9 

22 
0.098 

22 

2.1 
0.40 

2.5 

17 
0.23 

17 

t 3 Based on truck-accident fatality rate of 3.0 x 10- 8 /km, (includes 
drivers and the public). 

t4 Based on truck-accident injury rate of 5.1 x to-7/km, (includes drivers 
and the pUblic). 



4-97 

dispersed. Implementation of any of the Hanford alternatives will, however, result in a greater net 
contribution to general air quality degradation in the United States because total emissions will be 
greater as a result of the greater distance involved. NFSS vehicle emissions in the Harbor area will 
be insignificant relative to the existing emissions in the New York metropolitan area. 

4.6.3.4 Demands on State and Local Emergency Preparedness Services 

State and local authorities charged with independently safeguarding the public may have to provide 
emergency preparedness services with respect to transport of the NFSS wastes and residues, particularly 
the residues that will be classified as "radioactive" under federal regulations (see Appendix 0.2). 
Although not legally applicable to DOE shipments, the state of New York and some local municipalities 
have enacted numerous laws in the past several years regarding the transportation of radioactive . 
materials (U.S. Nucl. Reg. Comm. 1983b). For example, one of the latest is New York's proposed Radio
active Materials Transportation Act. For the protection of public health and safety in the event of 
an accident during the transportation of radioactive materials, this Act requires the preparation of 
emergency response procedures and the training of public safety officials ... , the costs of which 
should be borne by the carriers of radioactive materials." "Some of the key provisions include: 

1. Permits for the transport of radioactive waste must be obtained from the state, the 
cost of" which will be $1,000 plus $100 per truckload (4-b). 

2. An additional $1,000 will be added to each shipment containing spent fuel or radio
active materials (4-c). 

3. Financial responsibility in case of an accident must be met by the carrier (4-d). 

4. All fees collected in accordance with RMTA shall be used for the planning, training, 
and equipment needed for emergency preparedness for accidents that may occur during the 
transport of radioactive materials (6a-c). 

Thus, for New York, as well as other states having similar provlslonS for support of emergency 
preparedness efforts through fees on radioactive waste shipments, there will be an economic loss in 
that they will have to provide a service and will not receive payments for the DOE-exempt shipments. 

4.6.4 Occupational Injuries and Deaths (Excluding Transportation) 

Implementation of each of the action alternatives will require workers to conduct activities that 
have risk of injury and death (Argonne Natl. Lab. 1982). Accidental injuries and death usually arise 
from improper use or maintenance of equipment or failure to take proper precautions particularly in 
high-risk situations. 

Preliminary estimates of the manpower requirements for three major worker categories are given in 
Table 4.62. The estimated injuries and deaths for each alternative are listed in Table 4.63, based on 
the manpower requirements and injury and fatality rates for these classes of workers. 

In general, alternatives involving the most activities relative to construction and material 
handling and processing will have the greatest risk of worker injuries and deaths. For example, 
implementation of Alternative 3a is projected to result in 100 worker injuries. This is more injuries 
than are projected for the transportation activities associated with implementation of this alterna
tive (66 injuries--Table 4.61). There is great uncertainty, however, regarding the amount of future 
remedial action that may be needed if containment systems fail during the 200 years of maintenance and 
monitoring. In reality, the number of worker injuries and deaths may be highest for those alternatives 
that have a greater probability of failure, especially Alternative 1 (see Sections 4.2 and 4.3 for 
detailed discussions of the integrity of containment systems). 

4.6.5 Population, Economy, Public Facilities, and Public Services 

4.6.5.1 Population 

Estimates of the work force required under the various alternatives (see Section 4.6.4) are 
extremely small relative to the current populations at the four sites. The impact of the estimated 
labor force on population growth and density is therefore considered to be negligible. 

4.6.5.2 Economy 

To determine the potential impacts of each alternative on the economy, there are two major issues 
that need to be considered: (1) the relationship between public perceptions and the economy, and 
(2) how the various alternatives may influence the tax base of the affected communities. 

The current economic climate at NFSS, Hanford, and Oak Ridge is a reflection of historical changes 
in the economy and the relative dependence of each community on the various economic "sectors (industry, 



Table 4.62. Estimated Work Force Requirements of the Various Sites 
During the Action Periodt 1 

Work Force Reguirement ~worker-da~sl for Each Alternative 

Activity/Site 1 2a 2b 3a 3b 4a 4b 4c 4d 

FIELD SUPERVISION, ENVIRONMENTAL 
MONITORING: 

NFSS 8,000 11,000 12,000 13 ,000 13,000 11,000 13,000 11,000 13,000 
Hanfordt 2 Nil. Nil. Nil. 13,000 Nil. 11,000 13,000 Nil. Nil. 
Oak RidgeF Nil. Nil. Nil. Nil. 13,000 Nil. Nil. 11,000 13,000 

Subtotal 8,000 11,000 12.000 26,000 26,000 22,000 26,000 22,000 26,000 

SITE PREPARATION: 

NFSSt 3 Nil. 8,000 10,000 10 ,ODD 10,000 10,000 10,000 10,000 10,000 
Hanfordt 4 Nil. Nil. Nil. 20,000 Nil. 10,000 10,000 Nil. Nil. 
Oak Ridget S Nil. Nil. Nil. Nil. 30,000 Nil. Nil. 20,000 20,000 

Subtotal Nil. 8,000 10,000 30,000 40,000 20,000 20,000 30,000 30,000 

RESIDUE RETRIEVAL/PACKAGING/LOADING, 
OR RETRIEVAL/PROCESSING/DISPOSAL, 
OR UNLOADING/DISPOSAL: 

NFSS Nil. Nil. 15,000 10,000 10,000 10,000 10,000 10,000 10,000 
Hanfordt6 Nil. Nil. Nil. 3,000 Nil. 3,000 3,000 Nil. Nil. 

~ 
Oak Ridget 6 Nil. Nil. Nil. Nil. 3,000 Nil. Nil. 3,000 3,000 I 

1.0 

Subtotal Nil. Nil. 15,000 13 ,000 13,000 13,000 13,000 13,000 13,000 CD 

WASTE RETRIEVAL/LOADING, 
OR UNLOADING/DISPOSAL: 

NFSS Nil. Nil. 500 40,OOOt 7 30,000 Nil. 30,000 Nil. 30,000 
Hanfordt8 Nil. Nil. Nil. 15,000 Nil. Nil. Nil. Nil. Nil. 
Oak Ridget 8 Nil. Nil. Nil. Nil. 15,000 Nil. Nil. Nil. Nil. 

Subtota I Nil. Nil. 500 55,000 45,000 Nil. 30,000 Nil. 30,000 

DEMOLITION OF BUILDING FOUNDA TJ ONS: 

NFSS Nil. Nil. Nil. 2,000 2,000 Nil. 2,000 Nil. 2,000 
Hanford Nil. Nil. Nil. Nil. Nil. Nil. Nil. Nil. Nil. 
Oak Ridge Nil. Nil. Nil. Nil. Nil. Nil. Nil. Nil. Nil. 

Subtotal Nil. Nil. Nil. 2,000 2,000 Nil. 2,000 Nil. 2,000 

RADIOLOGICAL SUPPORT: 

NFSS Nil. 4,000 6,000 11,000 11,000 6,000 11,000 6,000 11,000 
Hanfordt9 Nil. Nil. Nil. 6,000 Nil. 3,000 6,000 Nil. Nil. 
Oak Ridget 9 Nil. Nil. Nil. Nil. 6,000 Nil. Nil. 3,000 6,000 

Subtota I Nil. 4,000 6,000 17 ,000 17 ,000 9,000 17 ,O~~ 9,000 17 ,ODD 

FINAL CAP CONSTRUCTION/SITE CLOSURE: 

NFSS Nil. 9,000 10,000 Nil. Nil. 9,000 Nil. 9,000 Nil. 
Hanfordt lO Nil. Nil. Nil. 45,000 Nil. 12,000 45,000 Nil. Nil. 
Oak Ridget lO Nil. Nil. Nil. Nil. 45,000 Nil. Nil. 10,pOO 45,000 

SlIhtotal Nil. 9,oon 10.000 45.000 45,000 21,000 45,000 19,000 45,000 



Activity/Site 

SITE RESTORATION: 

NFSS 
Hanfordt 2 

Oak Ridget2 

Subtotal 

OCEAN OISPOSAL OF WASTES: 

Harbor 
Waste unloading/loadingtll 
Supervisory & monitoringt l2 

Ocean 
Tug & barget l3 
Supervisory & monitoring 

Subtotal 

TOTAL AT SITES 

t l Work force estimates for activities 
(1984a) and adjusted, as noted, for 
worker-days. NA = not applicable. 

t 2 Assumed to be same as at NFSS. 

Table 4.62. Continued 

Work Force Reguirement (worker-da,j!sl for Each 

la 2b 3a 3b 4a 

NA 1,000 1,000 3,000 3,000 1,000 
NA NA NA 3,000 NA 1,000 
NA NA NA NA 3,000 NA 

NA 1,000 1,000 6,000 6,000 2,000 

NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 

8,000 33,000 55,000 194,000 194,000 87,000 

at the various sites are based on estimated work force requirements 
activities at other sites. Transportation work force not included. 

Alternative 

4b 4c 4d 

3,000 1,000 3,000 
3,000 NA NA 

NA 1,000 3,000 

6,000 2,000 6,000 

6,800 NA 6,800 
1,400 NA 1,400 

2,900 NA 2,900 
0 NA 0 

11,100 NA 11,100 

170,000 95,000 180,000 

at NFSS as given by Bechtel National 
Totals given to nearest thousand 

t 3 Includes, as appropriate to each alternative, removal of all or part of the interim cap, relocation of the central ditch, construction of 
processing facilities, and other site preparation work. 

t4 Assumes twice the effort as at NFSS for wastes plus residues and same effort as at NFSS for residues only. 

t S Assumes three times the effort as at NFSS for wastes plus residues and twice the effort as at NFSS for residues only. 

t 6 Assumes that the effort required to unload and place the packaged residues into the new trenches at Hanford or the containment area at 
Oak Ridge is approximately one-third the effort required to retrieve/package/load the residues at NFSS. 

t 7 Assumes slightly more effort to excavate and load the wastes for removal to Hanford than to Oak Ridge or the ocean because of the longer 
duration of this activity for the Hanford alternative due to transportation limitations (see Appendix 0). 

t 8 Assumes that the effort to unload and dispose of the wastes, not including construction of caps and site restoration, is approximately 
one-half the effort needed to excavate and load the wastes a~ NFSS. . 

t 9 Assumes that the radiological support for reinternment at Hanford or Oak Ridge is approximately one-half of that needed to disinter at NFSS. 

t lO Effort to construct final caps and close sites at Hanford and Oak Ridge are proportioned to the effort at NFSS by the amount of backfill 
r.equirements. 

til Assumes 14 worker-days/shift x 2 shifts/day x 20 days/month x 6 months/year x 2 years. 

t l2 Assumes 3 worker-days/shift x 2 shifts/day x 20 days/month x 6 months/year x 2 years. 

t l3 Assumes 11 workers x 4 trips/month x 44 hours/trip x 6 months/year x 2 years x 8 worker-days/8 hours. 

~ 
I 

U) 
U) 



Alternative 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 
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Table 4.63. Estimated Injuries and Deaths 
(Nontransportation)t 1 

Total 
Injuries 

0.13 

12 

24 

100 

100 

36 

85 

42 

91 

- - - - - - - - - - - -
Injury Rate 

Total 
Fatalities 

0.0015 

0.0064 

0.012 

0.044 

0.042 

0.018 

0.038 

0.018 

0.040 

(no./worker-hour) 

Act i vi ty" 

Constructiont2 

Material handling 
and processingt3 

Maintenance, security, 
and monitoringt4 

'Nonfatal 

7.9 x 10- 5 

8.3 x 10- 5 

2.1 X 10-6 

Fatal 

1.5 x 10- 8 

3.3 X 10- 8 

2.3 X 10- 8 

tl Based on estimated total worker-days as given in Table 4.62, 
8-hour days, and the injury rates as given in this table. All 
numbers rounded to two significant figures. 

t 2 Average incidence rates for the construction industry as a 
whole (U.S. Dep. Labor 1977, 1978. 1979; Argonne Natl. Lab. 
1982). Applicable NFSS activities include: site preparation 
and demolition of building foundations. 

t 3 From U.S. Department of Labor (1978, 1979). Applicable NFSS 
activities include: residue retrieval/packaging/loading, 
waste retrieval/loading, construction of final cap. site 
restoration, and ocean disposal. 

t4 From U.S. Atomic Energy Commission (1972). Applicable NFSS 
activities include: field supervision/environmental monitor-
ing and radiological support. . 

manufacturing, services, etc.). Currently, there is no documentation that the existence of the NFSS 
wastes and residues in Niagara County has independently (independent of other industries in the area, 
e.g., SCA) had a negative influence on economic variables such as the distribution of industry, 
propensity of industry to move in and out of the area, or comparative measures of economic climate 
such as average household income or property value. The Niagara Falls area is much more dependent 
upon the volatile tourist industry, which is heavily influenced by negative publicity. than either the 
Hanford or Oak Ridge sites. This could theoretically lead to a differential influence on local 
·economies. However, the potential for future impacts at NFSS is moderate to low for all alternatives 
except Alternative 1 (no action) in which the potential need for future remedial actions, with attendant 
negative publicity, is higher. Even in this case, however, the effect of negative NFSS publicity 
relative to negative publicity about other hazardous waste facilities in the area may be negligible. 
Furthermore, if there is an adverse impact, it will likely decrease as negative publicity decreases. 

The Oak Ridge and Hanford sites are even less likely than NFSS to experience negative economic 
impacts associated with the NFSS wastes and residues. These communities are heavily dependent on 
federal dollars and may be less likely to be adversely affected by negative publicity about the NFSS 
wastes and residues than the tourist industry at NFSS. 

The various alternatives may differentially influence the tax base of the three communities. 
Under Alternatives 3a, 3b, 4b. and 4d, all of the waste and residues will be removed from the NFSS 
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site, thus leaving the land available for other use. If the land is sold to private landowners, then 
the NFSS property will no longer be subject to exemption from property taxes and the county and local 
school district will benefit from the tax assessments of the land and whatever buildings are built on 
it. Under Alternatives 1, 2a, 2b, 4a, and 4c, all or some of the contaminated materials will remain 
at NFSS and the land would continue to be exempt from taxes. 

4.6.5.3 Public Facilities and Public Services 

At all sites, most local public facilities and services (such as police and fire protection, 
schools, and hospitals) are not expected to be adversely impacted under any of the alternatives because 
there will be no significant increase in the populations at any of the sites. Demands on state and 
local government services (such as public health and safety monitoring, legal, and oversite) will' 
continue at NFSS. If the contaminated materials are taken to Oak Ridge or Hanford, there will be an 
.incremental demand on such services at those sites. (See Section 4.6.3.4 for discussion of demands 
placed on emergency preparedness services for transportation of radioactive materials.) 

4.6.6 Historic and Cultural Resources 

At NFSS and Oak Ridge, no impacts on historic and cultural resources are expected (see Sec
tions 3.1.6 and 3.3.6). At Hanford--before Alternatives 3b, 4a or 4b can be implemented--a survey 
will have to be conducted to determine if any archaeological resources are present at the 218W5 Area 
where the NFSS wastes and residues will be buried. If any valuable resources are discovered, appro
priate measures will have to be taken to document and preserve such resources before construction 
activities take place. Such measures are readily undertaken and the pr~sence of any archaeological 
resources will not likely lead to adverse impacts on historic and cultural resources. 

4.6.7 Mitigation of Adverse Impacts 

Following are some suggested measures to mitigate adverse socioeconomic impacts. The mitigative 
measures that will actually be implemented, after consideration by DOE, will be included in the Record 
of Decision. 

Because many of the socioeconomic impacts previously discussed are a function of public percep
tions, reducing public sensitivity and negative pUblicity will simultaneously reduce the potential for 
those socioeconomic impacts. Negative publicity and public sensitivity can be minimized by developing 
and maintaining formal and informal communication with state and local governments, interested environ
mental and citizens groups, private citizens and nearby landowners, and the local news media. This 
communication is especially important during the decision-making process and during the action period 
but should also continue into the maintenance and monitoring period as well. The affected public at 
all sites, as well as along transportation routes, should be included .. Communication should be timely, 
voluntary, accurate, and responsive to public concerns. 

Formal communication may be developed by providing scheduled periodic updates about ongoing and 
projected activities to key individuals from the above-mentioned groups. Informal communication may 
include information briefings and tours, mailings, and media updates. 

Land-use and property-value impacts can be reduced by minimizing dust, noise, air pollutants, 
traffic congestion, and negative publicity. After engineering actions are complete, continued inter
action with local planning agencies could reduce the potential for incompatible land uses to develop 
adjacent to the waste-management site. Land-use controls (e.g., restrictive covenants, zoning, etc.) 
could be exercised over both the surface and subsurface of the waste-management site as well as on 
adjacent lands. For example, at NFSS, restrictions on nearby well drilling and controls on drainage 
ditch development and maintenance could be implemented (Section·4.2). The level of government at 
which primary responsibility for these controls should lie has yet to be determined, although the 
trend had been for federal and/or state governments to maintain controls over the actual disposal 
sites. 

Transportation impacts can be minimized by voluntary cooper~tion with local and state authorities 
along transportation routes to determine the most appropriate haul routes and trip times to reduce 
traffic congestion, accident potential, and road deteoriation. At Oak Ridge, accelerated deterioration 
of Rt. 95 (White Wing Road) could possibly be mitigated by coordination with the state of Tennessee 
regarding the state plan for rebuilding that road. Contribution of federal funds to allow an earlier 
upgrading to offset the added deterioration caused by NFSS trucks could be considered. Scheduling of 
vehicle movements during off-peak traffic hours and provision of turning lanes and other safety 
measures could reduce transportation impacts. Proper maintenance of vehicles can reduce air pollution 
impacts. 

At present, there are no provisions available for DOE to negotiate in-lieu-of tax payments to the 
town of Lewiston, the town of Porter, Niagara County, or the Lewiston-Porter School D{strict. At the 
Oak Ridge and Hanford sites, DOE has Congressional authorizaton to make in-lieu-of tax payments to 
local governments. 
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DOE might also set aside a specified-amount of money to be used for maintaining and monitoring 
the NFSS wastes and residues (see Appendix F for estimated maintenance. and monitoring costs). However, 
there is currently no precedent for a federal agency to set up such a fund and special enabling legis
lation may be required. 

4.7 INSTITUTIONAL ISSUES 

Several major institutional issues have been identified as having potential bearing on the'DOE 
decision regarding selection of the alternative for long-term management of the NFSS wastes and resi
dues and procedures for implementation of the chosen alternative: (1) environmental regulations, 
(2) ocean-disposal regulations, (3) transportation regulations, and (4) funding. 

4.7.1 Environmental Regulation 

DOE has primary responsibility for managing health, safety, and environmental protection programs 
at DOE-owned, contractor-operated facilities_ With respect to most radiological matters, DOE has 
issued several operating "Orders, II pursuant to the Atomi c Energy Act, that contai n envi ronmenta 1 
guidelines for its various operations. The major orders that apply to the NFSS alternatives are 
listed in Section 1.6. However, with respect to nonradiological matters, DOE is generally subject to 
both the substantive and procedural requirements of most of the major federal environmental statutes. 

4.7.1.1 DOE Orders and Internal Guidelines 

Order 5480.1A (Environmental Protection, Safety and Health Protection Program for DOE Operations). 
DOE is in the process of revising its radiation standards for protection of the public in the vicinity 
of DOE facilities. Interim standards--effective July 1, 1985--limit the continuous dose to any member 
of the public to 100 mrem/yr for all routine DOE operations. The limit for the whole-body dose from 
the air pathway alone is 25 mrem/yr (in accordance with 40 CFR 61, Subpart H). Pending development of 
a revised Order, concentration guides presented in the current Order 5480.1A (Chapter XI--"Requirements 
for Radi ation Protect i on") wi 11 continue to be used. These radi at i on protect ion standards are 
summarized in Table 4.64. Allowable concentrations of various radionuclides in air and water, both 
onsite and offsite, are also specified in Order 5480.1A. Limits for three radionuclides of particular 
interest to the NFSS wastes and residues are given in Table 4.65. -

Order 5484.1 (Environmental Protection, Safety and Healty Protection Information Reporting 
Reguirements. For all of the alternatives, an environmental monitoring program will be implemented in 
accordance with Chapter III of DOE Order 5484.1. The program will be designed to determine: 

Whether containment and control measures to limit releases of radioactivity from the site are 
functioning as planned. 

Whether, and to what extent, environmental levels of radioactivity and other pollutants released 
from the site comply with applicable DOE guidelines. 

What is the overall impact of the site operation on the environment. 

The environmental and effluent monitoring programs will be designed to: 

Demonstrate compliance with the requirements of DOE Order 5480.1, Chapters I, XI, and XIII, and 
with the appropriate criteria specified in DOE's proposed residual-contamination and waste
control criteria for formerly utilized sites and remote surplus facilities sites (Appendix H). 

Determine background levels and contribution from DOE activities of radioactivity and other 
pollutants in the site environs. 

Determine compliance with applicable environmental quality and public exposure limits and other 
environmental commitments (e.g., those published in environmental impact statements, Records of 
Decision, or other official documents). 

An environmental monitoring report is currently prepared annually to summarize and interpret the 
levels of radioactivity and nonradioactive pollutants in the environs at each of the proposed land
management sites. Levels of pollutants are compared to applicable DOE guidelines and other standards 
and relevant parameters, such as background radioactivity. The environmental monitoring reports also 
summarize the results of monitoring to determine compliance with applicable nonradiological effluent 
standards and permit conditions. The results of any pertinent environmental surveys conducted by 
other federal, state, or local environmental protection agencies (as available) are also summarized 
and referenced in the reports. Effluent monitoring data for pollutants may be included in the report 
(a) if needed to demonstrate whether or not such effluents are in compliance with applicable effluent, 
emission, or environmental standards; or (b) if used to calculate offsite impacts. With regard to 
effluent monitoring data for radioactivity, the total' number of curies in airborne and liquid effluents 
released to the offsite environment, and the nuclides of particular local interest, are included in 
the portions of the report dealing with air and water monitoring, respectively. In instances where 
liquid effluents released to different receiving streams may result in separate routes of potential 
environmental exposure, the radioactivity discharged to each receiving stream is identified. 
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Table 4.64. DOE Radiation Protection Guidelines 
in Order 5480.1A 

Type of Exposure 

Individuals in Controlled Areas 

Whole body, head and trunk, gonads, 
lens of the eyet2, red bone marrow, 
active blood-forming organs 

Unlimited areas of the skin (except 
hands and forearms); other organs, 
tissues, and organ systems (except 
bone) 

Bone 

Forearmst4 

Handst 4 and feet 

Exposure Period 

Year 
Calendar quarter 

Year 
Calendar quarter 

Year 
Calendar quarter 

Year 
Calendar quarter 

Year 
Calendar quarter 

Dose (rem)t 1 

15 
5 

30 
10 

30 
10 

75 
25 

Annual Dose (rem)t S 

Type of Exposure 

Dose to 
Individuals at 

Points of 
Maximum Probable 

Exposure 

Individuals and Population Groups in Uncontrolled Areas 

Whole body, gonads, or bone marrow 

Other organs 

0.5 

1.5 

Average Dose to a 
Suitable Sample 
of the Exposed 

Population 

0.17 

0.5 

t J To meet the standards, operations must be conducted in such a manner that it would be unlikely 
that an individual would assimilate in a critical organ--by inhalation, ingestion, or 
absorption--a quantity of a radionuclide(s) that would commit the individual to an organ dose 
that exceeds the limits specified in this table. 

t 2 A beta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye; 
therefore, the applicable limit for these energies would be that for the skin (15 rem/yr). 

t 3 In special cases and with the appropriate approvals, a worker may exceed 5 rem/yr provided 
his/her average exposure per year since age 18 will not exceed 5 rem/yr. This does not apply 
to emergency situations. 

t 4 All reasonable effort shall be made to keep exposures of forearms and hands to the general 
limit for the skin. . 

t S In keeping with DOE policy; exposures to the public shall be limited to as small a fraction 
of the respective annual dose limits as is reasonably achievable. 

During 1979-1980, DOE requested that National Lead of Ohio (NLO), the NFSS operating contractor 
at the time, prepare an environmental monitoring report for that period. Subsequently, the NFSS 
operating contract was transferred to Bechtel National, Inc. (BNI). BNI continued the environmental 
monitoring program initiated by NLO and prepared environmental monitoring reports for 1981 and 1982. 
Any monitoring program modifications that may be necessary as a result of a decision to implement one 
of the NFSS long-term management alternatives will be summarized in the DOE Record of Decision. 

Order 1540.1 (Materials Transportation and Traffic Management). The provisions of Order 1540.1, 
including the referenced rules and regulations, will control the transportation of the NFSS wastes and 
residues for any of the offsite alternatives (see Appendix D). 

Order 5480.2 (Hazardous and Radioactive Mixed Waste Management). The provisions of Order 5480.2 
apply to all DOE operations conducted under the authority of the Atomic Energy Act of 1954 (including 
any of the alternatives considered in this EIS) that result in the generation, transportation, treat
ment, storage and/or disposal of hazardous waste. DOE is analyzing the NFSS residues and wastes to 
determine if they might be classified as hazardous radioactive mixed wastes. (See Sections 3.7 and 
3.8 for discussions of the radiological and chemical properties of the residues and wastes.) 
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Table 4.65. DOE limits for Concentration of Radionuclides in 
Effluents Released to Uncontrolled Areast l 

Onsite limit Offsite limit 
{2Cill) (ECi/l) 

Radionuclide Air Water Air Water 

Uranium-naturalt 2 

Soluble 0.07 20,000 0.003 600 

Insoluble 0.06 500,000 0.003 2,000 

Radium-226 

Soluble 0.03 400 0.003 30 

Insoluble 0.05 900,000 0.002 30,000 

Radon-222 

Soluble 100 NA 3 NA 

tl Allowable concentrations are based on DOE Order 5480.1A. NA = not 
appl icable. 

t 2 A curie of natural uranium mea~s the sum of 3.7 x 1010 disintegrations 
per second (dis/s) from U-238 plus 3.7 x 1010 dis/s from U-234 plus 
1.7 x 109 dis/s from U-235. One curie of natural uranium is equivalent 
to 3000 kg (6600 lb) of natural uranium. 

Order 5481.1 (Safety Analysis Review System). The provlsl0ns of Order 5481.1 will apply only to 
the Oak Ridge and Hanford long-term management alternatives. 

Order 5482.1A (Environmental, Safety, and Health Appraisal Program--ES&H). Order 4382.1A applies 
to all contractors performing work for DOE where DOE has established environmental, safety, and health 
control under the contractual arrangements for the work to be performed. The ES&H appraisal require
ment will apply only to the Oak Ridge and Hanford long-term management alternatives. 

Order 5820.2 (Radioactive Waste Management). Order 5820 was issued recently on February 6, 1984. 
It assigns responsibilities and mandates the procedures for various ODE radioactive waste-management 
activities. Under this Order, the NFSS wastes and residues will be classified as "wastes contaminated 
with naturally occurring radionuclides." These wastes may be. disposed at existing DOE low-level 
waste-disposal sites, at new facilities developed according to the same criteria specified for low
level waste, or at a·disposal site established under the Uranium Mill Tailings Radiation Control Act 
of 1978 (Pub. l. 95-604). Order 5820 establishes broad guidel ines for all DOE radioactive waste
management activities and facilities. The individual DOE field offices are assigned responsibility 
for developing project-specific or site-specific management criteria. 

FUSRAP/SFMP Guidelines. Concurrent with the recent development of Order 5820, DOE Oak Ridge 
Operations has developed residual contamination guidelines for specific application to DOE's Formerly 
Utilized Sites Remedial Action Program (FUSRAP) and for certain Surplus Facilities Management Program 
(SFMP) sites, such as NFSS, that are remote from other ODE production or research facilities. These 
guidelines are given in Appendix H. Contingent on approval and acceptance of these guidelines by the 
appropriate DOE authorities, the following additional guidelines may be applied to management of the 
wastes and/or residues at NFSS (Alternatives I, 2a, 2b, 4a. and 4c): 

1. Continued Interim Storage at NFSS (Alternative 1) 

a. Control and stabilization features will be designed to ensure, to the extent reasonably 
achievable, an effective life of at least 25 years. 

b.. Radon concentration in the atmosphere above facility surfaces or openings shall not 
(1) exceed 100 pCi/l (above background) at any given point. or an average concentration 
of 30 pCi/l (above background) for the facility site. or (2) exceed an average radon 
concentration of 3.0 pCi/l (above background) at or above any location outside the 
facility site. 

2. long-Term Management at NFSS (Alternatives 2a. 2b, 4a, and 4c). 

a. Control and stabilization features will be designed to ensure, to the extent reasonably 
achievable. an effective life of 1000 years and. in any case, at least 200 years. 
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b. Radon emanation to the atmosphere from facility surfaces or openings shall not (1) exceed 
. an average release rate of 20 pCi/m2 /s, or (2) increase the annual average radon 
concentration at or above any location outside the facility site by more than 0.5 pCi/L 
(above background). 

4.7.1.2 Environmental Laws 

DOE facilities are also subject to both the substantive and procedural requirements of several 
federal environmental statutes. Executive Order 12088 requires federal agencies to comply with 
applicable administrative and procedural pollution control standards established by, but not limited 
to, the following federal laws: 

Toxic Substances Control Act 
Federal Water Pollution Control Act 
Public Health Service Act, as amended by the Safe Drinking Water Act 
Clean Air Act 
Noise Control Act 
Solid Waste-Disposal Act, also referred to as the Resource Conservation 
and Recovery Act 

Where a state has been delegated administrative authority by the federal government, state require
ments are also applicable. 

The regul atory programs and enforcement authori ties for envi ronmenta 1 statutes are genera lly 
shared by the states, the U.S. Environmental Protection Agency, the U.S. Fish and Wildlife Commission 
(under the Department of the Interior), the U.S. Army Corps of Engineers, and other agencies. The 
major environmental laws that may impact a DOE decision regarding the NFSS wastes and residues are 
discussed below. 

National Environmental Policy Act of 1969, as amended (NEPA). NEPA requires that, for major 
federal actions that may significantly affect the quality of the human environment, responsible 
officials shall prepare a detailed statement on the following: 

(i) the environmental impact of the proposed action, 

(ii) any adverse environmental effects that cannot be avoided if the proposal is implemented, 

(iii) alternatives to the proposed action, 

(iv) the relationship between local short-term uses of man's environment and the mainte
nance and enhancement of long-term productivity, and 

(v) any irreversible and irretrievable commitments of resources that would be involved in 
the proposed action if it were implemented. 

DOE has determined that the provisions of NEPA can be satisfied by following the procedures outlined 
by the Council on Environmental Quality for the preparation of this Environmental Impact Statement. 

Clean Air Act. The Clean Air Act imposes certain restrictions and permit requirements on 
activities that result in the emission of pollutants to the air. Some activities associated with 
several of the alternatives will result in nominal releases of radon to the atmosphere and, during 
project action periods, particulate releases of radionuclides. For all of the alternatives except 
ocean dispersal, it is possible that air emission permits issued by the EPA under Section 112 of the 
Clean Air Act could be required. On Aprii 6, 1983, EPA proposed control standards for radionucl ides 
under 40 CFR 61, National Emission Standards for Hazardous Air Pollutants (NESHAP), that--when 
promulgated--will apply to DOE operating facilities. It is not yet clear whether these regulations 
will apply to any of the alternatives for long-term management of the NFSS wastes and residues. These 
proposed regulations would limit radionuclide emission to the amount that would not allow a dose 
equivalent- of more than 10 mrem/yr to any organ of an individual living nearby. 

Clean Water Act. Under Section 404 of the Clean Water Act, and 40 CFR 122, a discharge permit is 
usually required for waste water releases to public waters of the United States. Except for the 
no-action alternative (Alternative 1) and activities at Hanford (Alternatives 3a, 4a, and.4c), waste 
water containing both radioactive and nonradioactive constituents will be discharged to the envi
ronment. The nonradioactive parameters will be subject to concentration and/or quantity restrictions 
imposed by permits issued under the National Pollutant Discharge Elimination System (NPDES). In New 
York, the State Department of Environmental Conservation (DEC) is tully authorized to administer the 
NPDES program and, therefore, issues a State Pollutant Discharge Elimination System (SPDES) permit. 
DOE applied for and was issued a permit for the ongoing interim activities at NFSS (DEC Permit 
#NYOII0469). If one of the long-term management alternatives is selected for implementation, the 
terms of the existing permit will have to be modified and extended, as necessary, to cover the new 
project. If the alternative for long-term management at Oak Ridge is implemented, an NPDES permit 
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will have to be obtained from the EPA, Region IV, in consultation with the Tennessee Department of 
Public Health and Environment. For the Hanford long-term management alternatives, decontamination 
waste water wi 11 be handl ed by natural evaporation. If some di scharge to the Col umbi a River is 
necessary, an NPDES permit will have to be coordinated through EPA, Region X. For the vehicle and 
equipment decontamination facilities needed to implement the ocean-disposal alternative, an NPDES 
permit will have to be obtained from EPA, Region II, in consultation with the state of New Jersey. 

Marine Protection Research and Sanctuaries Act. The ocean-disposal alternative will require the 
issuance of a permit by the EPA pursuant to regulations under 40 CFR 220-229 (see Section 4.7.2 for 
further discussion). 

Resource Conservation and Recovery Act (RCRA) of 1976. DOE's long-term management of the wastes 
and residues currently at the Niagara Falls storage site will not require a permit under RCRA. 

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). DOE is conducting 
this action under the authority of the Atomic Energy Act, and it is not inconsistent with the applicable 
requirements of the National Contingency Plan. Superfund monies are not available for remedial actions 
at federal facilities. 

Endangered Species Act. Section 7 of the Endangered Species Act requires federal agencies to 
consult with the U.S. Fish and Wildlife Service and the National Marine Fisheries Service in order to 
ensure that act ions card ed out by that agency do not jeopardi ze the continued ex i stence of an 
endangered or threatened species or result in the adverse modification or destruction of critical 
habitat. Pursuant to this requirement, inquiries have been sent to the field offices of the Fish and 
Wildlife Service and to interested state agencies relative to the long-term management alternatives at 
Ni~gara Falls, Hanford, and Oak Ridge. The field office in Asheville, North Carolina, has advised 
that one endangered species, the gray bat, may be present at the Oak Ridge site, as well two plant 
species currently under status review. They have determined that, prior to implementation of any of 
the Oak Ridge alternatives, a biological assessment of the proposed Oak Ridge site alternative will be 
required to verify if these species are present on the Pine Ridge Knolls site. 

National Historic Preservation Act. Section 106b of the National Historic Preservation Act 
requires careful consideration of potential impacts to cultural resources for actions undertaken by or 
on behalf of any federal agency. For each of the long-term management alternatives, inquiries were 
sent to the respective State Hi s tori c Preservation Offi cers (SHPOs). The SHPOs in New York and 
Tennessee have advised that little potential exists for cultural resource impacts at the Niagara Falls 
and Oak Ridge sites. The State of Washington Office of Archaeology and Historic Preservation recom
mended that a professional cultural resources survey of the Hanford site be conducted prior to the 
commencement of any project action at that location. 

4.7.2 Ocean Disposal Regulation 

Ocean disposal of the NFSS wastes will be subject to U.S. Environmental Protection Agency (EPA) 
ocean dumping regulations (40 CFR 227), and DOE will have to obtain a dumping permit from EPA. The 
EPA has been revising regulations to incorporate the London Dumping Convention rules (including the 
International Atomic Energy Agency [IAEA] waste classification criteria) into U.S. law. It is not yet 
clear how the NFSS wastes will be classified for purposes of ocean disposal. Based on the analysis 
presented in Section 4.1, an individual human being is expected to receive a dose of much less than 
1 mrem/yr as a result of disposal of the NFSS wastes at Site 106 in the Atlantic Ocean. Therefore, 
the NFSS wastes may fall into a "de minimis" category. Although there is no official EPA definition, 
EPA has issued a Notice of Proposed Rulemaking as part of the environmental considerations for shallow
land burial regulations. Although EPA did not necessarily intend that the "de minimis" level for 
shallow-land burial regulations apply to ocean disposal, the general concept of a "de minimis" level 
can be applied. It is antic'ipated that, within the next year, the International Atomic Energy Agency 
will propose a definition that may be submitted to the London Dumping Convention. 

If the IAEA finalizes its definition of what constitutes "di minimis" wastes and if the EPA 
adopts the IAEA definition, it is expected that the NFSS wastes will be able to be disposed by bulk 
dispersal under a General Permit according to Annex III of the London Dumping Convention. However, if 
it is determined that Annex II' (governing dumping of radioactive wastes other than high-level wastes) 
applies, the NFSS wastes would have to be disposed in containers (such disposal is not considered in 
this EIS). If one of the ocean-disposal alternatives is selected, the EPA will determine the disposal 
requirements for the NFSS wastes when DOE applies for an ocean-disposal permit. In addition to speci
fications regarding how the NFSS wastes could be disposed, the EPA will need to designate a particular 
part of an existing ocean-disposal site or a new site for disposal of the NFSS wastes. Both the 
permitting and site-designation processes will entail extensive environmental review and public 
participation. Following are further details on the history of the ocean-disposal issue: 

Between 1946 and 1962, the United States disposed of more than 100,000 containers of radioactive 
materials at about 30 locations off the East and West Coasts. Between 1960 and 1962, the U.S. Atomic 
Energy Commission (AEC) began to phase out ocean disposal; and, in 1970, the AEC stopped issuing ocean 
disposal licenses based upon Council on Environmental Quality (CEQ) recommendation that the dumping of 
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high-level radioactive wastes in the ocean be prohibited (Roberts 1982). This CEQ recommendation was 
subsequently incorporated into the Marine Protection, Research, and Sanctuaries Act of 1972 which 
allows dumping permits to be issued only when no alternative means of disposal exists, and even then 
only if special requirements are met (Norman 1982). This requirement has effectively prohibited ocean 
disposal of U.S. wastes. The act also requires the EPA to evaluate permit applications for ocean 
disposal of materials not prohibited by the Act, including low-level radioactive waste. 

In order to develop criteria and issue. permit requests for the oC,ean disposal of radioactive 
·waste not covered under the 1972 ban, the EPA conducted a survey to evaluate the consequences of past 
U.S. ocean dumping. In concurrence with a General Accounting Office report on the same topic 
(U.S. Gen. Account. Off. 1981), the EPA concluded that past ocean dumping by the United States poses 
neither an environmental or public health hazard. 

In 1973, the United States became a contracting party to the London Dumping Convention. Annex 1 
of the convention prohibits ocean dumping of high-level radioactive wastes, and Annex II states that 
the contracting parties should take full account of the IAEA recommendations when issuing permits for 
dumping of other radioactive wastes (Hurd 1982). The EPA is currently considering the incorporation 
of the LDC rules and the IAEA definitions and recommendations for ocean dumping into the U.S. ocean 
dumping regulations. The London Dumping Convention rules also permit waste containing trace amounts 
to naturally occurring radionuclides (such as the NFSS wastes) to be dumped without being packaged. 
Members of the London Dumping Convention are complying with a voluntary ban on at-sea dumping of 
low-level radioactive wastes (packaged wastes) until October, 1985, when a report on the safety of 
at-sea disposal is expected to be completed. 

The U.S. Senate and House of Representatives have subsequently amended Section 104 of the Marine 
Protection, Research, and Sanctuaries Act of 1972 (33 U.S.C. 1431(b» to read " ... during the two-year 
period beginning on the date of enactment of this subsection [January 6, 1983] no permit may be issued 
under Title I that authorizes the dumping of any low-level radioactive waste ... " except under special 
circumstances (Surface Transportation Assistance Act of 1982, Pub. L. 97-424, January 6, 1983J). This 
moratorium was based upon the concern that radioactive waste disposal might occur before completion of 
additional research into the possible impacts associated with such disposal (Ocean Dumping Amendments 
Act of 1982; 97th Congress, Rep. 97-562, Part 1, p. 9). 

4.7.3 Transportation Regulation 

Transport of the NFSS residues ·and wastes will be subject to federal regulations. Under federal 
law, the residues will be classified as radioactive, but the wastes will be classified as nonradio
active (see Appendix D for details). Shipment of the NFSS wastes and residues will be accomplished by 
commercial carriers contracted either directly to DOE or to a DOE prime contractor acting on behalf of 
DOE. Although regulations of the NRC do not legally apply to DOE shipments, DOE's own internal 
directives (DOE Order 1540.1) impose NRC's additional safety standards. (The NRC administrative 
requirements, however, do not apply.) The regulations of the Department of Transportation (DOT) and 
Interstate Commerce Commission (ICC) will also apply to shipments of the NFSS wastes and residues. 
(Details of transportation regulations, especially as they pertain to residue and waste classifica
tion, packaging, and routing are given in Appendix D.) Shipments of radioactive materials are 
genera lly preempted from state and local regul at ions (Hazardous Materi a 1 s Transportation Act, 
PUb. L. 93-633). 

However, a state or local municipality has the option of filing with DOT for a nonpreemption 
determination (i.e., a waiver of preemption--49 CFR 107.202-107.225). A state or local requirement 
influencing the transport of radioactive materials will cease to be preempted by federal law if the 
Secretary of the Department of Transportation finds that the state or local ruling (1) provides an 
equal or greater level of public safety than the Hazardous Materials Transportation Act or regulations 
issued thereunder, and (2) does not burden commerce. Preemption determination, therefore, does offer 
the state or local area with a recourse in the case of disputes over federal preemption. It cannot be 
determined at this time whether or not certain states might file for waiver of preemption. However, 
this will not be an issue under Alternatives 1, 2a, and 2b because the wastes and residues will remain 
at NFSS. 

4.7.4 Funding 

One of the issues raised during scoping is the question of funding for long-term management of 
the NFSS wastes and residues. Funds for DOE operations are allocated by Congress on a year-to-year 
basis. Some of the funds are tied to specific programs and some are not. Currently, funding for the 
ongoing interim activities at NFSS comes from two DOE programs: the Surplus Facilities Management 
Program (SFMP) and the Formerly Utilized Sites Management Program (FUSRAP). Both of these programs 
are under DOE's Nuclear Energy Program. DOE allocates funding to specific sites, including NFSS, 
within the SFMP and FUSRAP programs. 

Funding for NFSS is also provided by payments that Afrimet-Indussa, Inc., is making to DOE as 
agreed to in the settlement signed by DOE and Afrimet on August 26, 1983 (see Section 1). Accordingly, 
Afrimet will pay DOE a total of $8 million, in several installments, by October 14, 1984. 



4-108 

Funding to implement any of the various alternatives discussed in this £IS" regardless of the 
location of the waste-management facility, will probably be obtained through the Department'sannual 
budget allocation to the Surplus Facilities Management Program. This includes funding for maintenance 
and monitoring activities. If, at some time in the future, environmental monitoring were to show 
noncompliance with then-existing criteria or standards, additional funding for corrective ac.tions will 
have to be requested. 

Although there is no precedent for a federal agency to set up a long-term maintenance and monitor
ing fund, this idea is being investigated as a possible. measure to mitigate against potential lack of 
maintenance and monitoring due to cutbacks in yearly congressional allocations. (See Appendix F for 
estimated maintenance and monitoring costs.) 

REFERENCES (Chapter 4) 

Acres American Incorporated. 1981. Hydrologic and Geologic Characterization of the DOE-Niagara Falls 
Storage Site. Prepared for NLO, Incorporated, Fernald, OH, by Acres American Incorporated, 
Buffalo, NY. September 30, 1981. 

Alexander, J.K. 1983. Status of NFSS SPDES Permit (Memorandum to Files dated April 12, 1983). 

American Cancer Society. 1978. 1979 Cancer Facts and Figures. 

Anderson, T.L., J.F. Dettorre, D.R. Jackson, and B.S. Asmus. 1981. A Comprehensive Characterization 
and Hazard Assessment of the DOE-Niagara Falls Storage Site. BMI-2074 (Revised). Prepared by 
Battelle Columbus Laboratories for the U.S. Department of Energy, Remedial Action Program. 

Argonne National Laboratory. 1982. Methods of Assessing Environmental Impacts of a FUSRAP Property
CleanuplInterim-Storage Remedial Action. ANL/EIS-16. Prepared for U. S. Department of Energy 
Formerly Utilized Sites Remedial Action Program, by Argonne National Laboratory, Division of 
Environmental Impact Studies. 

Baes, C.F., III, and R.D. Sharp. 1983. A Proposal for Estimation of Soil Leaching and Leaching 
Constants for Use In Assessment Models. J. Environ. Qual. 12:17-28. 

Baldwin, S.A. 1983. Letter (Kivi Realty, Inc., Lewiston, NY) dated August 11, 1983, to J. Olshansky 
(Argonne National Laboratory, Argonne, IL). 

Bear, J. 1972. Dynamics of Fluids in Porous Media. American Elsevier Publishing Co., Inc., New York. 

Bechtel Civil and Minerals, Inc. 1982. FUSRAP: Niagara Falls Storage Site. Analysis of Contaminant 
Migration, Phase I Report. Job No. 14501. June 1982. 

Bechtel National, Inc. 1984a. Engineering Evaluation of Alternatives for the Disposition of Niagara 
Falls Storage Site, Its Residues and Wastes. DOE/OR/20722-1. Prepared for U.S. Department of 
Energy, Oak Ridge Operations Office, Oak Ridge, TN. January 1984. 

Bechtel National, Inc. 1984b. Geologic Report, Niagara Falls Storage Site, Lewiston, New York. 
DOE/OR/20722-8. Prepared for U.S. Department of Energy. June 1984. 

Bechtel National, Inc. 1985. Building 411 Top. Estimates prepared for the U.S. Department of 
Energy, Oak Ridge Operations. June 1985. Attachment to letter from J. Nemec (Bechtel) to 
L. Keller (DOE), June 10, 1985. 

Brady, N.C. 1974. The Nature and Properties of Soils. 8th ed. Macmillan Publishing Co., New York, NY. 
639 pp. 

Breedlow, P.A., M.C. McShane, and L.L. Caldwell. 1982. Revegetation/Rock Cover for Stabilization of 
Inactive Uranium Mill ~ai1ings Disposal Sites - A Status Report. PNL 4328. Pacific Northwest 
Laboratory. 71 pp. 

Brown, D.J., and R.E. Isaacson. 1977. The Hanford Environment as Related to Radioactive Waste Burial 
GroundS and Transuranium Waste Storage Facilities. Prepared by Atlantic Richfield Hanford Company 
for the U.S. Energy Research and Development Administration. ARH-ST-155. 

Caldwell, M.M., and O.A. Fernandez. 1975. Dynamics of Great Basin shrub root systems, pp. 36-51. In 
N. F. Hadley (ed.), Environmental Physiology of Desert Organisms. Dowden, Hutchinson and Ross.-

Chen, S. Y., Y.C. Yuan, and J.M. Peterson. 1981. Estimation of radiological impact from transporta
tion of uranium mill tailings, pp. 209-228. In Uranium Mill Tailings Management - 1981. Proceed
ings of the Fourth Symposium, October 26-27,-r981, Colorado State University, Fort Collins, CO. 



4-109 

Chow, V.T. 1968. Handbook of Applied Hydrology. McGraw-Hill Book Company. New York. 

Cline, J.F., and D.W. Uresk. 
southcentra 1 Was~.i ngton. 

1979. Revegetation of disturbed grounds in the semi-arid climate of 
Health Phys. 36:289-294. 

Cline, J.F., F.G. Burton, D.A. Cataldo, W.E. Skiens, and K.A. Gand. 
Plant and Animal Intrusions of Uranium Tailings. PNl-4340. 
72 pp. 

1982. Long-Term Biobarriers to 
Pacific Northwest laboratory. 

Collins, J.F. 1983. letter (John F. Collins Realty) to S.J. Olshansky (Argonne National laboratory, 
Argonne, Il), dated March 30, 1983. 

Daubenmire, R. 1968. Plant Communities: A Textbook of Synecology. Harper and Row Publishers, Inc., 
New York. 300 pp. 

Dvorak, A.J., et al. 1978. Impacts of Coal-Fired Power Plants on Fish, Wildlife, and Their Habitats. 
FWS/OBS-78/29. Prepared for U.S. Fish and Wildlife Service, Office of Biological Services, by 
Argonne National laboratory, Division of Environmental Impact Studies. 260 pp. 

EAL Corporation. 1984. Analysis Report to Eberline Instrument Corporation. November 19, 1984. 

Eisman P. 1983a. Letter (New York Department of Environmental Conservation), plus attachments, dated 
February II, 1983, to E. Keller (Oak Ridge Operations, Oak Ridge, TN). 

Eisman, P. 1983b. letter (New York Department of Environmental Conservation), plus attachments, 
dated October 19, 1983, to E. Keller (Oak Ridge Operations, Oak Ridge, TN). 

Exxon Nuclear Company, Inc. 1977. Nuclear Fuel Recovery and Recycling Center. XN-FR-33. Environ
mental Report, Docket No. 50-564. Vols. 1 and 3. 

Fitzner, R.E., K.A. Gano, W.H. Rickard, and L.E. Rogers. 1979. Characterization of the Hanford 
300 Area Burial Grounds. Task 113. Biological Transport. PNL 2774. Pacific Northwest Laboratory. 
86 pp. 

Foster, G.R. 1979. Sediment yield from farm fields: the Universal Soil ·loss Equation and onfarm 208 
plan implementation, pp. 17-24. In Universal Soil Loss Equation: Past, Present, and Future. 
Soil Sci. Soc. Am. Spec. Publ. No.-S. 

Gamble, H.B., and R.H. Downing. 1981. Effects of the Accident at Three Mile Island on Residential 
Property Values and Sales. Prepared for Division of Safeguards, Fuel Cycle and Environmental 
Research, U.S. Nuclear Regulatory Commission. NRC FIN B7078. April 1981. 

Gay, W.F. 1979. National Transportation Statistics. DOT-TSC-RSPA-79-19. U.S. Department of 
Transportation. August 1979. [As cited by Rao et al. (1982).) 

George, A.C., and A.J. Breslin. 1980. The distribution of ambient radon and radon daughters in 
residential buildings in the New Jersey-New York area, p. 1272. In T.F. Gesell and W.M. Lowder 
(eds.), Natural Radiation Environment III. CONF-780422 (Vol. 2).-Proceedings of a symposium 
held at Houston, Texas, April 23-28, 1978. 

Geraghty, J.J., D.W. Miller, F. Van Der Leeden, and F.L. Troise. 1973. Water Atlas of the United States. 
Water Information Center, Port Washington, NY. 

Gilbert, T.L., P.C. Chee, M.J. Knight, J.M. Peterson, C.J. Roberts, J.E. Robinson, S.Y.H. Tsai·, and 
Y.C. Yuan. 1983. Pathways Analysis and Radiat50n Dose Estimates for Radioactive Residues at 
Formerly Utilized MED/AEC Sites. ORO-832. Prepared for U.S. Department of Energy, Oak Ridge 
Operations, Oak Ridge, TN, by Division of Environmental Impact Studies, Argonne National 
laboratory, Argonne, IL. 

Greig, R., and D. Wenzloff. 1977. Final report on heavy metals in small pelagic finfish, euphasid 
crustaceans and apex predators, including sharks, as well as on heavy metals and hydrocarbons 
(C 15 ) in sediments collected at stations in and near Deepwater Dumpsite 106, pp. 547-564. In 
Baseiine Report of Environmental Conditions in Deepwater Dumpsite 106, Volume III: Contaminent 
Inputs and Chemical Characteristics - Appendix. NOAA Dumpsite Eval. Rep. 77-1; PB-272 580. 
National Oceanic and Atmospheric Administration, Rockville, MD. June 1977. 

Hakonson, T.E. 1983. Personal communication (Environmental Science Group, los Alamos National 
laboratory, los Alamos, NM) to R. Hinchman (Environmental Research Division, Argonne National 
laboratory, Argonne, Il). 



4-110 

Hakonson, T.E., J.F. Cline, and W.H. Rickard. 1983. Biological intrusion barriers for large volume 
waste disposal sites, pp. 289-308. In Proceedings of Symposium on Low-Level Waste Disposal. 
NUREG/CP-0028;CONF/820911, Vol. 3. U.S. Nuclear Regulatory Commission, Office of Nuclear 
Materials, Safety and Safeguards. 

Harris, V.A., J.Y. Yang, M.C. Bynoe, J.S. Warkentien. 1982. Accident Mitigation: Slurry Wall 
Barriers. Argonne National Laboratory. 

Healy, J.W., and J.C. Rodgers. 1978. A Preliminary Study of Radium Contaminated Soils. LA-7391-MS. 
Los Alamos Scientific Laboratory, Los Alamos, NM. 

Higgins, B.A., P.S. Puglia, R.P. Leonard, T.D. Yoakum, and W.A. Wirtz. 1972. Soil Survey of Niagara 
County, New York. U.S. Soil Conservation Service. 

Hi nds, W. T., and J. M. Thorp. 1970. Estimates of wi nd eros i on over newly burned sand surfaces, 
pp. 1.4-1.5. In Pacific Northwest Laboratory Annual Report for 1970. BNWL-1550, Vol. I, Part 2. 

Hurd, M. 1982. Statement (Associate Assistant Administrator for Wastes, U.S. Environmental Protec
tion Agency) before the Subcommittee on Oceanography, Subcommittee on Fi·sheries and Wildlife 
Conservation, and the Environment Committee on Merchant Marine and Fisheries, U.S. House of 
Representatives, March 18, 1982. 

International Commission on Radiological Protection. 1966. Deposition and Retention Models for 
Internal Dosimetry of the Human Respiratory Tract. Prepared by ICRP Task Group on Lung Dynamics. 
Health Phys. 12:173-207. 

International Commission on Radiological Protection. 1977. Recommendations of the International 
Commission on Radiological Protection (Adopted January 17, 1977). ICRP Publ. 26. Pergamon 
Press, Elmsford, NY. 

Joseph, A.B., P.F. Gustafson, I.R. Russell, E.A. Schuert, H.L. Volchok, and A. Tamplin. 1971. Sources 
of radioactivity and their characteristics, pp. 6-41. In Radioactivity in the Marine Environment. 
National Academy of Sciences, Washington, DC. --

Kelmers, A.D., and F.G. Seeley. 1983. Geotechnical Studies for the Formerly Utilized Sites Remedial 
Action Program (FUSRAP) Site Management: Chemical Support. Progress Reports for the Period 
February 16 - March 15, 1983 and March 16 - April 15, 1983. Oak Ridge National Laboratory, 
Chemical Technology Division, Oak Ridge, TN. 

Knight, M. J. 1983a. The Effect of Soil Erosion on the Long-Term Stabil ity of FUSRAP Near-Surface 
Waste-Burial Sites. ANL/ES-18. Prepared by Argonne National Laboratory for the U.S. Department 
of Energy Formerly Utilized Sites Remedial Action Program. 

Knight, M.J. 1983b. Uptake by Plants of Radionuclides from FUSRAP Waste Materials. ANL/ElS-18. 
Prepared by Argonne National Laboratory, Argonne, IL, for the U.S. Department of Energy Formerly 
Utilized Sites Remedial Action Program. 22 pp. 

Lindsey, C.G., loW. Long, and C.W. 8egej. 1982. Long-Term Survivability of Riprap for Armouring 
Uranium Mill Tailings and Covers: A Literature Review. NUREG/CR-2642; PNL-4225. Prepared for 
U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory ResearCh, by Battelle Pacific 
Northwest Laboratory, Richland, WA. 

Luxmoore, R.J., T. Grizzard, and M.R. Patterson. 1981. Hydraulic Properties of Fullerton Cherty Silt 
Loam. Soil Sci. Soc. Am. J. 45:692-698. 

Martin, F.D., and G.E. Drewry. 1978. 'Development of Fishes of the Mid-Atlantic Bight. Volume VI: 
Stromateidae through Ogcocephalidae. FWS/OBS-78112. U.S. Fish and Wildlife Service. January 
1978. 

Mitchell, R.L. 1975. Crop Growth and Culture. Iowa State University Press, Ames. pp.188-191. 

Momeni, M.H., Y. Yuan, and A.J. Zielen. 1979. The Uranium Dispersion and Dosimetry (UDAD) Code. 
Version IX, A Comprehensive Computer Program to Provide Estimates of Potential Radiation Exposure 
to Individuls and to the General Population in the Vicinity of a Uranium Processing Facility. 
NUREG/CR-0553; ANL/ES-72. Prepared for Office of Standards Development, U.S. Nuclear Regulatory 
Commission, Washington, DC, by Division of Environmental Impact Studies, Argonne National Laborator,. 
Argonne, Ilo 

Moses, H., H.F. Lucas,·Jr., and G.A. Zerbe. 1963. The effect of meteorological variables upon radon 
concentrations three feet above the ground. J. Air Pollut. Control Assoc. 13:12-19. 



4-111 

Musick, J.A., C.A: Wenner, and G. R. Sedberry. 1975. Archibenthic andabyssobenthic fishes of Deep
water Dumpsite 106 and adjacent area, pp. 229-269. In Baseline Investigation of Deepwater 
Dumpsite 106 (May 1974). NOAA Dumpsite Eval. Rep. 75-1. National Oceanic and Atmospheric 
Administration. December 1975. 

National Academy of Sciences. 1960. The Effects of Atomic Radiation. Summary Reports. BEAR Report. 
Advisory Committee on the Biological Effects of Atomic Radiation, National Research Council, 
Washington, DC. 

National Academy of Sciences. 1972. The Effects on Populations of Exposure to low levels of Ionizing 
Radiation. BEIR I Report. Report of the Advisory Committee on the Biological Effects of Ionizing 
Radiation, National Research Council, Washington, DC. . 

National Academy of Sciences. 1980. The Effects on Populations of Exposure to low levels of Ionizing 
Radiation. BElR III Report. Report of the Advisory Committee on the Biological Effects of 
Ionizing Radiation, National Research Council, Washington, DC. 

National Council on Radiation Protection and Measurements. 1975. Natural Background Radiation in the 
United States. NCRP Report No. 45. Washington, DC. 

Nigg, J.M. 1982. The Media and Environmental Hazards: The Problem of Formulating Social Definitions 
of Risk. Paper presented at the annual meeting of the Society for the Study of Social Problems, 
San Francisco, CA, September 3-6, 1982. 

Norman, C. 1982. U.S. considers ocean dumping of radwastes. Science 215:1217-1219. 

Nuclear Safety Associates Inc. 1980. Comparison of Alternatives for long-Term Management of High
level Radioactive Waste at the Western New York Nuclear Service Center. Prepared by Nuclear 
Safety Associates Inc., Bethesda, MD, for Argonne National laboratory, Argonne, IL. Appendix IIIC. 
September. 

Paul, J.F., V.J. Bierman, Jr., H.A. Walker, and J.H. Gentile. 1983. Application of a Hazard Assess
ment Research Strategy for Waste Disposal at Deepwater Dumpsite 106. Draft submitted for 
publication (March 1983). 

Payne, B.A. 1983. Public response as an element of a social environment: direct, feedback, and 
interaction effects. Submitted to Environmental Impact Assessment Review, April 13, 1983. 

Roberts, L. 1982. Ocean dumping of radioactive waste. BioScience 32(10):773-776. 

Skidmore, E.L. 1983. Wind erosion calculator: revision of residue table. J. Soil Water Conserv. 
3B: 110-112. 

Skidmore, L L., and N. P. Woodruff. 196B. Wind Erosion Forces in the United States and Their Use in 
Predicting Soil Loss. U.S. Dep. Agric. Agric. Handb. No. 436. 42 pp. 

Spurr, S.H., and B.V. Barnes. 1973. Forest Ecology. 2nd. ed. Ronald Press, New York. pp. 266-271. 

Strenge, D. L., and T.J. Bander. 1981. MILDOS - A Computer Program for Calculating Environmental 
Radi at i on Doses from Urani um Recovery Operations. NUREG/CR- 2011; PNL - 3767. Prepared for the 
U.S. Nuclear Regulatory Commission, Washington, DC, by Pacific Northwest Laboratory, Richland, WA. 

Swann, M.L, W. Roberts, LH. Hubbard, and H.C. Porter. 1942. Soil Survey of Roane County, Tennessee. 
U.S. Department of Agriculture, Bureau of Plant Industry. 

Szabo, M. F. 1978. Env i ronmenta 1 Assessment of Coa 1 Transportation. EPA-G00/7-78-08l. Prepared for 
the U.S. Environmental Protection Agency by PEDCo Environmental, Inc., Cincinnati, OH. May 1978. 

Templeton, W. L. 1979. Radiological Aspects of Seabed Dumping in the Deep Oceans. Proceedings of the 
Third NEA Seminar on Marine Radioecology. Nuclear Energy Agency. 

United Nations Scientific Committee on the Effects of Atomic Radiation. 1977. Sources and Effects of 
Ionizing Radiation. UN Publ. No. E.77.IX.I. Report to the General Assembly, United Nations, 
New York. 

Uresk, D.W., R.E. Fitzner, L.L Rogus, and W.H. Rickard. 1977. Biotic Components. In: L.L Rogers 
and W.H. Rickard (eds.). Ecology of the 200 Area Plateau Waste Management Environs: A Status 
Report prepared by Battelle Pacific Northwest Laboratories for the U.S. Department of Energy. 

U.S. Atomic Energy Commission. 1972. Operational Accidents and Radiation Exposures Experienced 
Within the USAEC, 1943-1970. WASH-1192." 



4-112 

U. S. Department of Agri culture. 1981. Soil Survey cif Anderson County, Tennessee. Soil Conservat i on 
Service with the Tennessee Agricultural Experiment Station. 

U. S. Department of Energy. 1983a. Pathways Ana lys i sand Radi at i on Dose Est imates for Radi oact i ve 
Residues at Formerly Utilized MED/AEC Sites. ORO-832. March 1983. 

U.S. Department of, Energy. 1983b. 
Sites Remedial Action Program. 

Radiological Guidelines for Application to DOE.'s Formerly Utilized 
ORO-831. March 1983. 

U.S. Department of Energy. 1983c. Action Description Memorandum. Proposed Interim Remedial Actions 
for FY .1983. February 14, 1983. 

U.S. Department of Energy. 1983d. Action Description Memorandum. Proposed Interim Remedial Actions 
for FY 1983-85 Accelerated Program. 

U.S. Department of Energy. 1983e. Notice of Intent (Central Waste Disposal Facility at Oak Ridge). 
November 15, 1982. 

U.S. Department of Labor. 1977. Chartbook on Occupational Injuries and Illnesses in 1975. Report 501. 
Washington, DC. 

U.S. Department of Labor. 1978. Chartbook on Occupational Injuries and Illnesses. Report 535. 
Washington, DC. 

U.S. Department of Labor. 1979. Occupational Injuries and Illnesses in 1977: A Summary. Report 561. 
Washington, DC. 

U.S. Environmental Protection Agency. 1972. Water Quality Criteria. 

U.S. Environmental Protection Agency. 1977a. Compilation of Air Pollution Emission Factors. AP-42. 
·Research Triangle Park, NC. 

U.S. Environmental Protection Agency. 1977b. Multimedia Environmental Goals for Environmental 
Assessment. Volume II. MEG Charts and Background Information. EPA-600/7-77-136b. November 1977. 

U.S. Environmental Protection Agency. 1980a. Final Environmental Impact Statement (EIS) for 106-Mile 
Ocean Waste Disposal Site Designation. February 1980. 

U.S. Environmental Protection Agency. 1980b. Water quality criteria documents; availability. Fed. 
Regist. 45(231):79318-79379 (November 28, 1980). 

U.S. Environmental Protection Agency. 1983. Standards for Remedial Actions at Inactive Uranium 
Processing Sites, 40 CFR 192. Fed. Regist. 48(3):590-609 (January 5, 1983). 

U.S. General Accounting Office. 
Overemphasized. EMD-82-9. 

1981. Hazards of Past Low-Level Radioactive Waste Dumping Have Been 
October 21, 1981. 

U. S. Nuclear Regulatory Commission. 1977a. Calculation of Annual Doses to Man from Routine Releases 
of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I. 
Regulatory Guide 1.109 Office of Standards Development. 

U.S. Nuclear Regulatory Commission. 1977b. Final Environmental Statement on the Transportation of 
Radioactive Material by Air and Other Modes. Docket No. DR-7l, 73 (40 FR 23768). ~UREG-0170, 
Vol. 1. Office of Standards Development. December 1977. 

U.S. Nuclear Regulatory Commission. 1980a. Final Generic Environmental Impact Statement on Uranium 
Milling. Vol. 1. Summary and Text; Vol. 2, Appendices A-F; Vol. 3, Appendices G-V. NUREG-0706. 
Office of Nuclear Material Safety and Safeguards. U.S. Nuclear Regulatory Commission, 
Washington, DC. 

U.S. Nuclear Regulatory Commission. 1980b. 
Reference Low-Level Waste Burial Ground. 

Technology, Safety and Costs of Decommissioning a 
NUREG/CR-0570. 

U. S. Nucl ear Regul atory Commi ss ion. 1981. Draft Envi ronmenta 1 Statement Related to the Ope rat i on of 
WPPSS Nuclear Project No.2. NUREG-0812. July. 

U.S. Nuclear Regulatory Commission. 1983a. Final Environmental Statement Related to the 
Decommissioning of the Rare Earths Facility, West Chicago, Illinois. Docket No. 40-206l. NUREG-09·o 
Office of Nuclear Material Safety and Safeguards. May 1983. 

U.S. Nuclear Regulatory Commission. 1983b. Information Report on State Legislation. NUREG/BR-0025. 
Office of State Programs. December IS, 1983. 



VanKat, J.L. 1979. 
Inc., New York. 

4-113 

The Natural Vegetation of North America: 
261 pp. 

An Introduction. John Wiley and Sons, 

Whittaker, R.H. 1975. Communities and Ecosystems. 2nd ed. Macmillan Publishing Co., Inc., New 
York. 385 pp. 

Wischmeier, W.H., and D.O. Smith. 1978. Predicting Rainfall Erosion Losses - A Guide to Conservation 
Planni ng. Agri cultura 1 Handbook No. 537. Prepared for the U. S. Department of Agriculture by 
Science and Education Administration, Washington, DC. 58 pp. 

Woodruff, N.P., and F.H. Siddoway. 1965. A Wind Erosion Equation. Soil Sci. Soc. Am. Pro. 29(5):602-
608. 

Yamamoto, T. 1982. A Review of Uranium Spoil and Mill Tailings Revegetation in the Western United 
States. U.S. For. Servo Gen. Tech. Rep. RM-92. 20 pp. 

Yeh, G.T. 1981. AT123D: Analytical Transient One-, Two-, and Three-Dimensional Simulation of Waste 
Transport in an Aquifer System. ORNL-5602. Oak Ridge National Laboratory, Oak Ridge, TN. 
88 pp. 

Yuan, Y.C., and P.C. Chee. 1982. Estimation of radiological impact from transportation of uranium 
mill tailings. Part II: dispersion and dosimetry, pp. 165-174. In Uranium Mill Tailings 
Management - 1982. Proceedi ngs of the Fifth Sympos i um, Dece.mber 9-10, 1~82, Colorado State 
University, Fort Collins, CO. 



5. LIST OF CONTRIBUTORS 

This Environmental Impact Statement has been prepared by the U.S. Department of Energy (DOE) with 
contractual assistance from Argonne National Laboratory (ANL). The Assistant Secretary for Policy, 
Safety, and Environment has reviewed this document and approved' it for publication. James K. Alexanqer, 
Oak Ridge Operations Office, was the technical monitor for DOE. Pamela Merry-Libby was the project 
1 eader for ANl. 

5.1 LIST OF PREPARERS 

Name and Affiliation 

TECHNICAL STAFF, ANL 

Paul A. Benioff 

Jean E. Bogner 

Ping C. Chee 

Sue Ann Curtis 

Ray R. Hinchman 

Mark J. Knight 

Pamela Merry-Libby 

S.J. Olshansky 

John M. Peterson 

Education/Expertise 

Ph.D. Chemistry 
8 yr experience in environ

mental impact assessment, 
18 yr experience in chemistry 

M.S. Geology 
15 yr experience in engineering 

geology, hydrogeology, and 
environmental geology 

Ph.D. Health Physics 
8 yr experience in radiological 

health physics assessment 

Ph.D. Anthropology 
11 yr experience in socio

economic and cultural 
resources assessment; 

17 yr experience in 
archaeology 

Ph.D. Botany 
12 yr experience in environ

mental impact assessment, 
including 9 yr experience in 
reclamation/rehabilitation 
research 

M.En. Applied Ecology 
8 yr experience in environ

mental assessment of energy
related projects 

B.S. Biology 
14 yr experience in environ

mental assessment of energy
related projects 

Ph.D. Sociology 
5 yr experience in sociological 

assessment 

M.S., P.E. Nuclear Engineering 
11 yr experience in nuclear 

programs, including 7 yr 
in environmental assess
ment 

5-1 

EIS Contribution 

Chemical description of NFSS 
wastes/residues, chemical 
impacts, engineering of modified 
form, cost analyses 

Containment options 

Radiological impact analyses 

Discussion of archaeological 
and cultural resources at 
Hanford 

Ecology impacts 

Erosion impacts, ecology of 
affected environments 

Project Leader 

Population and socioeconomic 
description of existing envi
ronments; socioeconomic impacts 

Engineering, transportation, 
and radiological analysis 



5-2 

Name and Affiliation Education/Expertise 

TECHNICAL STAFF. ANL (Continued) 

William E. Pfanenstiel M.A. Public Health 

Elizabeth A. Stull 

Ronald C. Sundell 

Roger L. Tobin 

Steven V.H. Tsai 

William S. Vinikour 

Seymour Vogler 

W. Sedgefield White 

Margery C.B. Winters 

Dimis J. Wyman 

Yu-Chien Yuan 

. TECHNICAL STAFF, DOE 
James· K. Alexander 

8 yr experience in assessment 
of envi ronmenta lly related 
pub 1 ic health 

Ph.D. Zoology 
12 yr experience in environ

mental impact assessment 

M. Urban Planning 
9 yr experience in environ

mental and land use assess
ment 

Ph.D. Industrial Engineering 
12 yr experience in trans

portation modeling and· 
analysis 

Ph.D. Civil Engineering 
9 yr experience in hydrologic 

analysis and environmental 
assessment 

M.S. Biology (environmental 
emphasis) 

12 yr experience in environ
mental impact assessment and 
aquatic research 

B.S. Chemistry 
39 yr experience in nuclear 

fuel reprocessing, waste 
management, and asssessment 
of environmental impacts 
of coal utilization 

Ph. D. Limnology 
12 yr experience in environ

mental assessment and 
aquatic ecology 

M.S. Physical Geography 
6 yr experience in geologic 

analysis and environmental 
assessment 

M"S. Botany, 
M.A. Library Science 
11 yr experience in technical 

edit ing 

Ph.D. Nuclear Engineering 
10 yr experience in radiological 

impact assessment of nuclear 
facil ities 

M.S. Civil Engineering, 
M.S. Public Administration 
12 yr experience in government 

environmental programs 

EIS Contribution 

Transportation and waste 
characterization 

Ocean disposal site description 
and marine impacts 

Description of existing land use 
and impacts to land use 

Rail transportation options 

Description of existing hydro
logy and hydrologic impact 
analyses 

Discussion of endangered species 
at Oak Ridge 

Engineering options 

Description of existing ecology 
at Oak Ridge 

Assistant Project L~ader, 
description of existing geology, 
geological impacts, site 
integrity analyses 

Overall editorial responsibility 
for preparation of EIS 

Radiological impacts 

Discussion of institutional 
issues 



\ 
) 

5.2 LIST OF REVIEWERS 

Name and Affiliation 

ANL 
Thomas L. Gilbert 
Senior Physicist 

Charles Luner 
Chemi st 

Gary J. Marmer 
Physicist 

Anthony J. Policastro 
Mechanical Engineer 

Robert W. Vocke 
Ecologist 

BECHTEL NATIONAL, INC. {Oak Ridge, Tennessee) 

Beverly Ausmus 
Envi ronmenta 1 Engi neeri ng Supervi sor 
Advanced Technology Division 

Russel B. Barber 
Technical Manager 
FUSRAP 

V. Herman Bauer 
Facilities Engineer 
FUSRAP 

William Goldsmith 
Radiation Engineering Supervisor 
Advanced Technology Division 

Mark G. Jones 
Project Engineer 
FUSRAP 

Jerry Kuhai da 
Environmental Supervisor 
FUSRAP 

DOE, OAK RIDGE OPERATIONS OFFICE 

James K. Alexander 
Project Engineer 
Technical Services Division 

Marianne M. Heiskell 
Traffic Management Specialist 

Charles H. Seehorn 
Attorney 
Chief Counsel's Office 

Stan S. Steif 
Environmental Engineer 
Safety and Environmental Control Division 

5-3 

Area of Expertise 

Radiological Assessment 

Environmental Impact Assessment 

Environmental Impact Assessment 

Environmental Transport Modeling 

Waste Management and Environmental Impact 
Assessment 

Ecology, Environmental Health, Environmental 
Assessment 

Civil Engineering and Management 

Civil Engineering and Design 

Radiation Control and Radiological Assessment 

Civil/Structural Engineering and Management 

Geologic/Hydrologic Analysis, Environmental 
Impact Assessment 

Environmental Impact Assessment 

Transportati on 

Institutional Issues 

Environmental Engineering and Assessment 



Name and Affiliation 

DOE, RICHLAND OPERATIONS OFFICE 

Robert M. Carosino 
Attorney· 
Office of Chief Counsel 

Paul F.X. Dunigan, Jr. 
Program Engineer 
SFMP 

Donald R. Elle 
Chief 
Radiological and Environmental Safety 

Branch, Safety and Quality Assurance 
Division 

Gayland T. Orton 
Program Engineer 
Waste Management Division 

J. Michael Usher 
Program Engineer 
SFMP 

DOE, HEADQUARTERS 

Steven Miller 
Attorney 
Office of the General Counsel 

Gail Turi 
Division of Remedial Action Programs 

Steve Woodbury 
Office of Environmental Compliance 

5-4 

Area of Expertise 

Institutional Issues 

Waste Management and Environmental Assessment 

Environmental Assessment 

Engineering, Waste Management 

Waste Management 

Institutional Issues, Laws and Regulations 

Waste Management 

Environmental Impact Assessment, Environmental 
Laws and Regulations 



Environmental Protection Agency 
ATTN: Dr. W. Alexander Williams 
401 M Street, S.W. 
Mail Stop A-I04 
Washington, DC 20460 

Environmental Protection Agency, 
Region II (5) 

ATTN: Ms. Chri~tine Yost 
26 Federal Plaza 
New York, NY 10278 

Environmental Protection Agency (10) 
ATTN: Mr. Allan Hirsch, Director 
Office of Federal Activities 
Washington, DC 20460 

Environmental Protection Agency, 
Region IV (3) 

ATTN: Mr. Charles Jeter, 
Regional Administrator 

345 Courtland Street, N.E. 
Atlanta, GA 30365 

Environmental Protection Agency, 
Region X 

ATTN: Mr. John Spencer, 
Regional Administrator 

1200 6th Ave. 
Seattle, WA 98101 

Office of Management and Budget 
ATTN: Mr. Richard Brozen 
Executive Office Building 
Washington, DC 20503 

Advisory Council on Historic 
Preservation 

1522 K Street, N.W. 
Washington, DC 20005 

Council on Environm~ntal Quality 
722 Jackson Place, N.W. 
Washington, DC 20006 

Department of Agriculture 
ATTN:· Di rector, Offi ce of 

Environmental Quality 
Washington, DC 20250 

Department of Commerce 
Deputy Assistant Secretary, 

Environmental Affairs 
Washington, DC 20230 

Department of Health and Human 
Services 

ATTN: Di rector 
Office of Environmental Affairs 

. Washington, DC 20201 

APPENDIX A. DISTRIBUTION LIST 

FEDERAL AGENCIES 

A-I 

Department of Housing and Urban Development 
ATTN: Mr. Richard W. Lippold 
107 Delaware Avenue, Statler Building 
Buffalo, NY 14202 

Department of Housing and Urban 
Development 

ATTN: Di rector 
Office of Environmental Quality 
Washington, DC 20410 

Department of the Interior 
Fish and Wildlife Service 
Ecological Services 
ATTN: Mr. T. Talley, 

Field Supervisor 
Post Office Box 845 
Cookeville, TN 37502 

Department of the Interior 
ATTN: Director 
Environmental Project Review 
Washington, DC 20240 

Department of the Interior 
Fish and Wildlife Service 
ATTN: Mr. Lee Barclay 
100 Grange Place, Room 202 
Cortland, NY 13045 

Department of the Interior 
Fish and Wildlife Service 
Portland Regional Office 
500 N.E. Multnomah St. 
Suite 1692 
Portland, OR 97232 

Department of Transportation 
ATTN: Director 
Office of Environmental Quality 
Washington, DC 20690 

Department of Transportation, Region III 
ATTN: George D. Bond, II 
434 Walnut Street, Suite 1000 
Philadelphia, PA 19106 

Department of Transportation 
ATTN: Mr. LaMar Baker, Regional 

Representative of the Secretary 
1720 Peachtree Road, N.W., Suite 515 
Atlanta, GA 30309 

Federal Emergency Management Administration 
1725 I Street, N.W. 
Washington, DC 20036 

Food and Drug Administration 
Bureau of Radiological Health 
ATTN: Mr. John C. Villforth 
Rockville, MD 20857 



Geological Survey 
Office of the Director 
U.S. Geological Survey National Center 
12201 Sunrise Valley Drive 
Reston, VA 22092 

National Science Foundation 
1800 G Street, N.W. 
Washington, DC 20006 

EPS--Ontario Region 
Environmental Canada 
25 St. Clair Avenue, East, 7th Floor 
Toronto, Ontario 
Canada M4T 1M2 

Ms. Shiela Twoze 
Canadian Embassy 
1746 Massachusetts Ave., N.W. 
Washington, DC 20036 

The Honorable Albert Gore, Jr. 
United States Senate 
393 Russell Building 
Washington, DC 20515 

The Honorable William H. Boner 
U.S. House of Representatives 
107 Cannon'House Office Building 
Washington, DC 20515 

The Honorable Alfonse D'Amato 
United States Senate 
Washington, DC 20510 

The Honorable John J. Duncan 
U.S. House of Representatives 
2456 Rayburn House Office Building 
Washington, DC 20515 

The Honorable Daniel Evans 
United States Senate 
SH702 Hart Senate Office Building 
Washington, DC 20510 

The Honorable Tom Foley 
U.S. House of Representatives 
1201 L"ongworth House Offi ce Buil di ng 
Washington, DC 20510 

The Honorable Slade Gorton 
United States Senate 
SH513 Hart Senate Office Building 
Washington, DC 20510 

The Honorable John J. LaFalce (15) 
U.S. Representative 
New Federal Building 
Buffalo, NY 14202 

The Honorable Stanley N. Lundine 
U.S. House of Representatives 
Washington, DC 20515 

A-2 

Nuclear Regulatory Commission (5) 
ATTN: Mr. John G. Davis, Director 
Office of Nuclear Materials Safety 

and Safeguards 
Washington, DC 20555 

Tennessee Valley Authority (3) 
ATTN: Mr. Charles Dean, Chairman 
400 Commerce Building 
Knoxville, TN 37902 

CANADIAN AGENCIES 

Mr. J. Viirland 
Niagara River Coordinator 
Ministry of the Environment 
West Central Region 
119 King Street, West 
12th Floor, Box 2112 
Hamilton, Ontario 
Canada L8N 3Z9 

U.S. CONGRESS 

The Honorable Sid Morrison 
U.S. House of Representatives 
1434 Longworth House Office Building 
Washingtqn, DC 20515 

The Honorable Daniel P. Moynihan 
United States Senate 
Washington, DC 20510 

The Honorable James R. Sasser 
United States Senate 
Federal Building, 716 U.S. Courthouse 
Nashville, TN 37203 

The Honorable Tom Bevill 
Chairman, Subcommittee on Energy and 

Water Development 
Committee on Appropriations 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable James T. Broyhill 
Rankin'g Minority Member 
Committee on Energy and Commerce 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable John D. Dingell 
Chairman, Committee on Energy 

and Commerce 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Pete V. Domenici 
Chairman, Subcommittee on Energy Research 

and Development 
Committee on Energy and Natural Resources 
United States Senate 
Washington, D.C. 20510 



The" Honorable Wendell H. Ford 
Ranking Minority Member 
Subcommittee on Energy Research and 

Development 
Committee on Energy and Natural Resources 
United States Senate 
Washington, DC 20510 

The Honorable Don Fuqua 
Chairman, Committee on Science and 

Technology 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Mark O. Hatfield 
Chairman, Subcommittee on Energy and 

Water Development 
Committee on Appropriations 
United States Senate 
Washington, DC 20510 

The Honorable J. Bennett Johnston 
Ranking Minority Member 
Committee on Energy and Natural 

Resources 
United States Senate 
Washington, DC 20510 

The Honorable J. Bennett Johnston 
Ranking Minority Member 
Subcommittee on Energy 

and Water Development 
Committee on Appropriations 
United States Senate 
Washington, DC 20510 

The Honorable Marilyn Lloyd 
Chairman, Subcommittee on Energy Research 

and Production 
Committee on Science and Technology 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Manuel Lujan, Jr. 
Ranking Minority Member 
Committee on Interior and Insular Affairs 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Manuel Lujan, Jr. 
Ranking Minority Member 
Subcommittee on Energy and the 

Environment 
Committee on Interior and Insular Affairs 
U.S. House of Representatives 
Washington, DC 20515 

A-3 

The Honorable James A. McClure 
Chairman, Committee on Energy and 

Natural Resources 
United States Senate 
Washington, DC 20510 

The Honorable Carlos J. Moorhead 
Ranking Minority Member 
Subcommittee on Energy Conservation 

and Power 
Committee on Energy and Commerce 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable John T. Myers 
Ranking Minority Member 
Subcommitt~e on Energy and Water 

Development 
Committee on Appropriations 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Richard L. Ottinger" 
Chairman, Subcommittee on Energy 

Conservation and Power 
Committee on Energy and Commerce 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Morris K. Udall 
Chairman, Committee on Interior 

and Insular Affairs 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Morris K. Udall 
Chairman, Subcommittee on Energy 

and the Environment 
Committee on Interior and 

Insular Affairs 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Robert S. Walker 
Ranking Minority Member 
Subcommittee on Energy Research and 

Production 
Committee on Science and Technology 
U.S. House of Representatives 
Washington, DC 20515 

The Honorable Larry Winn, Jr. 
Ranking Minority Member 
Committee on Science and Technology 
V.S. House of Representatives 
Washington, DC 20515 

NATIONAL ENVIRONMENTAL GROUPS 

Mr. Dave Berick 
Environmental Policy Center 
317 Pennsylvania Avenue, S.E. 
Washington, DC 20003 

Environmental Action, Inc. 
1346 Connecticut Ave., N.W. 
Room 731 
Washington, DC 20036 

Farallon Foundation 
P.O. Box 9 
Bolinas, CA 94924 

Friends of the Earth 
530 7th Street, S.E. 
Washington, DC 20003 

Ms. Marlo Hollingsworth 
Center for Law and Social Policy 
1751 N Street, N.W. 
Washington, DC 20036 



Mr. Tad Mondale 
Greenpeace, U.S.A. 
2007 R Street, N.W. 
Washington, DC 20009 

National Audubon Society 
950 Third Avenue 
New York, NY 10022 

National Resources Defense Council, Inc. 
1725 I St.. N.W. 
Washington, DC 20006 

National Wildlife Federation 
1412 16th Street, N.W. 
Washington, DC 20036 

The Oceanic Society 
Magee Avenue 
Stanford, CT 06902 

A-4 

Mr. W. Paul Robinson 
Southwest Research and Information 

Center 
P.O. Box 4524 
Albuquerque, NM 87106 

Sierra Club Radioactive Waste Campaign 
78 Elmwood Avenue 
Buffalo, NY 14201 

Mr. Brooks Yeager 
Sierra Club 
330 Pennsylvania Avenue, S.E. 
Washington, DC 20006 

G. Yuan 
Natural Resources Defense Council 
25 Kearny Street 
San Francisco, CA 94108 

STATE AND LOCAL GOVERNMENT - NEW YORK 

The Honorable Carl H. Acome 
Vil·l age of Youngs town 
240 Lockport Street 
Youngstown, NY 14174 

Mr. David J. Kzymir, Clerk 
Niagara County Legislature 
59 Park Avenue 
Lockport, NY 14094 

Mr. Paul Brucato 
Village of Lewiston 
145 North 4th Street 
Lewiston, NY 14092 

The Honorable John Daly 
2201 Pine Avenue 
Niagara Falls, NY 14301 

Mr. Steven J. Doleski 
State of New York 
Department of Environmental Conservation 
600 Delaware Avenue 
Buffalo, NY 14202 

Erie County Board of Health 
95 Franklin Street 
Buffalo, NY 14202 

Erie County Department of Environment 
and Planning 

ATTN: Environmental Management Council 
975 Franklin Street, Room 1678 
Buffalo, NY 14202 

Erie County Legislature 
ATTN: T.M. Reynolds 
25 Delaware Avenue 
Buffalo, NY 14202 

Ms. Joan Gipp 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

Mr. Ronald C. Johnston, Supervisor 
Town of Porter 
120 Lockport Street 
Youngstown, NY 14174 

Mr. Richard Kolke 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

Mr. Richard T. Lee 
Congressman LaFalce's Office 
Federal Building 
Buffalo, NY 14202 

Mr. Robert Lee 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

Mr. Dan Levy 
Environmental Protection Bureau 
Department of Law 
2 World Trade Center 
New York, NY 10047 

Lewiston Building and Zoning Inspector 
923 Elliot Drive 
Lewiston, NY 14092 

Lewiston-Porter Central High School 
Youngstown, NY 14174 

Mr. James J. Lombardi, Supervisor 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

The Honorable Matthew J. Murphy 
131 East Avenue 
Lockport, NY 14094 

Mr. Jack Nasca (6) 
Department of Environmental Conservation 
State of New York 
50 Wolf Road, Room 514 
Albany, NY 12233 

New York Department of Environmental 
Conservation (4) 

ATTN: Mr. Robert F. Flacke, Commissioner 
of Environmental Conservation 

50 Wolf Road 
Albany, NY 12233 



New York Department of Labor (3) 
ATTN: Mr. Philip Ross 
Industrial Commissioner 
Building 12, State Office Campus 
Albany, NY 12240 

New York Department of Public Health (3) 
ATTN: .Dr. David Axelrod, 

Commissioner of Health 
Empire State Plaza, Tower Building 
Albany, NY 12237 

New York Department of Transportation (2) 
ATTN: Mr. William C. Hennessey 

Commissioner of Transportation 
Building 5, State Office Campus 
Albany, NY 12232 

New York State Assembly 
ATTN: Environmental Conservation Committee 
State Assembly Post Office 
Albany, NY 12248 

New York State Energy Research and 
Development Authority 

ATTN: J. Spath 
Empire State Plaza 
Albany, NY 12223 

Niagara County Environmental 
Management Council 

59 Park Avenue 
Lockport, NY 14094 

Niagara County Health Department 
5467 Upper Mountain Road 
lockport, NY 14094 

Niagara County Planning Board 
59 Park Avenue 
Lockport, NY 14084 

A-5 

Mr. Alvin Ogg 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

Mr. Joseph Pillittere 
New York State Assembly 
138th A.D. 
1700 Pine Avenue 
Niagara Falls, NY 14301· 

Mr. Thomas Pryce, President 
Lewiston-Porter Board of Education 
4061 Creek Road 
Youngstown, NY 14174 

Mr. John P. Spath 
New York ERDA 
Town Rockefeller Plaza 
Albany, NY 12223 

The ~onorable Marilyn Toohey 
Village of Lewiston 
145 North 4th Street 
Lewiston, NY 14092 

Town Clerk 
Town of Porter 
120 Lockport Street 
Youngstown, NY 14174 

Town Clerk 
Town of Lewiston 
1375 Ridge Road 
Lewiston, NY 14092 

Mr. Larry W. Chapman, Supervisor 
Town of Pendleton 
6570 Campbell Boulevard 
Lockport, NY 14094 

PUBLIC GROUPS AND INDIVIDUALS - NEW YORK 



A-6 



A-7 



A-8 



A-9 

STATE, LOCAL, AND TRIBAL GOVERNMENT - WASHINGTON 

Mr. Frederick S. Adair 
Senior Research Analyst 
House Energy and Utilities Committee 
Olympia, WA 98502 

Mr. Max E. Benitz 
State Senator 
Member, State Energy Utilities 

Committee 
Route 2, Box 2521 
Prosser, WA 99350 

Mr. Warren A. Bishop 
Chairman, Nuclear Waste 

Advisory Council & Board 
Washington State Department 

of Ecology, Mail Stop PV-ll 
Olympia, WA 98504 

City of Pasco 
Planning Department 
412 W. Clark 
Pasco, WA 99301 

Mr. Gary Crutchfield 
Pasco City Manager 
P.O. Box 293 
Pasco, WA 99301 

Mr. Curtis Eschels 
Chairman, EFSEC 
4224 Sixth Ave. SE 
Bldg. I, PV-ll 
Lacey, WA 98504 

Mr. Lynn Frank 
Director, Oregon DOE 
Labor & Industries Bldg. 
Salem, OR 97310 

Ms. Shirley Hankins 
State Representative 
2120 Duportail #8 
Richland, WA 99352 

The Honorable Booth Gardner 
Governor 
State of Washington 
Olympia, WA 98504 

Mr. Jay Holman, Manager 
Port of Benton 
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Executive Director 
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State of Tennessee 
Department of Transportation 
ATTN: Mr. Robert E. Farris, 

Commissioner 
James K. Polk Building, Suite 700 
Nashville, TN 37219 

State of Tennessee (5) 
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ATTN: Mr. James E. Word, 

Commissioner 
150 Ninth Street 
Nashville, TN 37203 
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APPENDIX B. GLOSSARY 

ABSORBED DOSE--The amount of energy absorbed in any material from incident radiation. Measured in 
rads, where 1 rad equals 100 ergs of energy absorbed in 1 gram of matter. 

ACTION PERIOD--For this EIS, the action period includes the 10-year period during which physical 
actions such as transportation, stabilization, ocean dispersal, etc., will take place. 

ACTIVITY--A measure of the rate at which radioactive material is undergoing radioactive decay; usually 
given in terms of the number of nuclear disintegrations occurring in a given quantity of material 
over a unit of time. The special unit of activity is the curie (Ci). 

ALLUVIUM--All material deposited permanently or in transit by streams. 

ALPHA PARTICLE--A particle emitted from the nucleus during the radioactive decay of certain nuclides. 
It consists of two protons and two neutrons bound together; it is identical to the nucleus of a 
helium-4 atom. 

AQUIFER--A water-bearing layer of permeable rock or soil that will yield water in usable quantities to 
wells. Confined aquifers are bounded on top and bottom by less-permeable materials. Unconfined 
aquifers are bounded on top by a water table. 

ARTESIAN AQUIFER--An aquifer that is confined so that its hydraulic head rises above the top of the 
aquifer unit; thus, an artesian water body is one that is confined under hydraulic pressure. 

BACKGROUND RADIATION--In this EIS, background radiation includes both the natural and man-made (e.g., 
fallout) radiation in the human environment. It includes cosmic rays and radiation from the 
natura lly radi oact i ve elements that occur both outs i de and ins i de the bodi es of humans and 
animals. For persons living in the United States, the individual dose from background radiation 
ranges from about 80 to 200 millirems per year. 

BASIN--See SEDIMENTARY BASIN. 

BEDROCK--A solid rock formation usually underlying one or more other loose formations. 

BENTHIC--Refers to the bottom of a body of water. 

BETA PARTICLE--A particle emitted from the nucleus during radioactive decay. Beta particles are 
easily stopped by a thin sheet of metal or plastic. Large amounts of beta radiation may cause 
skin burns, and beta emitters are harmful if they enter the body. 

CONTAINMENT--Confining the radioactive wastes within prescribed boundaries, e.g., within a waste 
package. 

CUMULATIVE RADIATION DOSE--The total dose resulting from repeated radiation exposures of the same 
organ or the whole body over a period of time. 

CURIE--A measure of the rate of radioactive decay. One curie is equal to 37 billion disintegrations 
per second (3.7 x 1010 dis/s), which is approximately equal to the decay of one gram of radium. 

CUTOFF WALL--A low-permeability, engineered subsurface structure designed to minimize groundwater flow 
.in direction perpendicular to the wall. 

DECAY CHAIN (DECAY SERIES)--The nuclides in the sequence of radioactive decay from one nuclide to 
another until a stable (nonradioactive) nuclide is reached. The uranium-238 decay chain starts 
with natura lly radi oact i ve urani um- 238 and ends wi th stable 1 ead-206. The term "decay" is also 
referred to as "disintegration" or "transformatiori~" 

DECOMMISSIONING--To remove a facility from service and reduce or stabilize radioactive contamination. 

DECONTAMINATION--The selective removal of radioactive material from a surface or from within another 
material. 

DEMOGRAPHY--Study of human population--size, density, distribution, and vital statistics (e.g., age, 
sex, and ethnicity). 
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DISCHARGE--In groundwater hydrology, water that issues naturally or is withdrawn from an aquifer. 

DISPERSAL--Act or result of scattering a material in the environment. 

DISPERSION--The continuous variation in the concentration of a pollutant or tracer as it moves through 
a porous medium. Refers to the rate of" mixing and transport of the pollutant in the medium 
(e.g., atmosphere, groundwater, etc.). 

DISPOSAL, RADIOACTIVE WASTE--Emplacement of radioactive waste in a manner considered permanent and for 
which further management is not provided. 

DISTRIBUTION COEFFICIENT (Kd)--Ratio of the concentration of a constituent absorbed on soil particles 
to the concentration of the dissolved constituent in water. 

DOSE--Total radiation delivered to a specific part of the body, or to the body as a whole. 

DOSE COMMITMENT--The dose that an organ or tissue would receive during a specified period of time 
(e.g., 50 or 100 years) as a result of intake (as by ingestion or inhalation) of one or more 
radionuclides from one-year's release. 

DOSE EQUIVALENT--A term used to express the amount of effective radiation when modifying factors have 
been considered. It is the product of absorbed dose (rads) multiplied by a quality factor and 
any other modifying factors. It is measured in rems (roentgen !quivalent ~an). 

DOSE RATE--Radiation per unit=time (i.e. t rem per minute, rem per hour) as it is being delivered to 
the body. 

EFFLUENT--Liquid, gaseous, or solid discharges into the environment generated by a process or procedure. 

EPICENTER--The point on the surface of the earth above the focus of an earthquake. 

EXPOSURE, RADIATION--The amount of ionization produced in air by X-rays or gamma rays, measured in 
roentgens (R). A person standing for one hour in a one-roentgen-per-hour (1 R/h) radiation field 
of X-rays or gamma rays will incur a dose equivalent of about 1 rem. 

FAULT--A fracture or fracture zone along which there has been displacement of the sides relative to 
one another, parallel to the fracture. 

FLOODPLAIN--The portion of a river or stream valley that periodically is inundated. The 100-year 
floodplain is the area that is likely to be inundated once in 100 years. 

FRACTURE--Breaks in rock formations due to structural stresses. Fractures may occur as faults, shears, 
joints, or planes of fracture cleavage. 

GAMMA RADIATION--Penetrating high-energy, short-wavelength, electromagnetic radiation (similar to 
X-rays) emitted during radioactive decay. Gamma rays are very penetrating and require dense 
materials (such as lead or uranium) for shielding or to be stopped. 

GEOHYDROLOGY--The study of the character, source, and mode of occurrence of underground water. 

GENETIC EFFECTS OF RADIATION--Effects of radiation on subsequent generations as a result of damage to 
the genetic structure of the exposed individual. 

GROUNDWATER--Usually considered to be the water within the zone of saturation below the soil surface. 

GROUT--A mortar fluid combined with liquid to provide a matrix for sealing an area. 

HALF-LIFE--The time it takes for half the atoms of a quantity of a particular radioactive element to 
decay into another form. Ha If-l ives of different isotopes vary from mi 11 i onths of a second to 
billions of years. 

HORIZONTAL ACCELERATION--A measure of earthquake severity, expressed as surface movement in terms of 
acceleration due to gravity (g). 

HYDRAULIC CONDUCTIVlTY--The quantity of water that will flow through a unit cross-sectional area of 
porous material per unit of time under a hydraulic gradient of 100 at a specific temperature. 

HYDRAULIC GRADIENT--The change in static head per unit of lateral distance in a given direction. 

HYDROLOGIC--Pertaining to study of the properties, distribution, and circulation of water on the 
surface of the land, in the soil and underlying rocks, and in the atmosphere. 
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IMMOBILIZATION--Treatment and/or emplacement of the wastes so as to impede their movement. 

IMPERMEABLE LINER--Material placed on the bottom and sides of a waste" impoundment to contain the waste 
material. No liner is completely impermeable, but many synthetic materials are relatively 
impermeable compared to natural earth liners. 

INDIVIDUAL DOSE--The radiation dose received by an individual in the vicinity of an activity involving 
the handling of radioactive material. 

INFILTRATION RATE, SOIL--The rate at which water enters the surface layer of soil. 

INSTITUTIONAL CONTROL--Management by any governmental or other organized body. Institutional controls 
may include: record keeping, limitations on land ownership and use, maintenance and security 
activities, monitoring, or other enforced restrictions. 

INTERIM REMEDIAL ACTION--Operations for which (a) monitoring and human control are provided and (b) 
subsequent action involving treatment, transportation, or final disposition is expected. 

INTRUSION--Any action by a person that brings that person in contact with all or part of radioactive 
wastes so as to produce a radiation dose to that person or to others. 

ION EXCHANGE--Replacement of ions adsorbed on a solid, such as a clay particle, or exposed at the 
surface of a solid by ions from solution, usually in natural water. The phenomenon is known to 
occur when natural water moves through clays, zeolitic rocks, and other materials of the earth's 
crust. 

ISOTOPE--Nuclides having the same atomic number but different mass numbers. 

LEACH--To remove or separate soluble components from a solid by contact with water or other liquids. 

LITTORAL--Belonging to, inhabitipg, or taking place on or near the shore of a body of water. 

LONG-TERM PERIOD--For this EIS, the period between the completion of the maintenance/monitoring period 
(200 years) and 1000 years. Loss of various site controls are assumed during this period. 

MAINTENANCE/MONITORING PERIOD--For this EIS, the period during which the wastes and residues will 
continue to be managed and containment structures will be maintained. 

MANAGEMENT, RADIOACTIVE WASTE--The act of managing or controlling radioactive waste. In this EIS, the 
term "long-term management" {s used instead of the term "disposal" for those alternatives wherein 
the NFSS wastes and residues will remain on land. Because the radionuclides in the NFSS wastes 
and residues have long half-lives and the potential hazard will not diminish appreciably for 
thousands of years, there will be a continuing need for management of these materials. 

MODIFIED MERCALLI (MM) INTENSITIES--Descriptions of ground effects of an earthquake in the absence of 
instruments. The MM scale describes a range of observations and bodily sensations characterizing 
12 different levels of ground shaking. The MM scale is nonlinear. 

OLD-FIELD SUCCESSION--The progressive changes in vegetation and animal species structure and community 
processes that follow the abandonment of cropland or pasture. 

OVERBURDEN--All material (loose soil, sand, gravel, etc.) that lies above bedrock. 

ORGANIC CHEMICAL--Carbon compounds, especially those in which hydrogen is attached to carbon, whether 
" derived from living organisms or not. 

ORGAN DOSE--The radiation dose to a specific organ. 

PERMEABILITY--The relative ease with which a porous medium can transmit a liquid under a hydraulic 
gradient. In hydrology," the capacity of rock, soil, or sediment for allowing trye passage of 
water. 

PERSON-REM--The sum of the individual radiation dose equivalents received by members of a certain 
group or population. It may be calculated by multiplying the average dose per person by the 
number of persons exposed. For example, a thousand people each exposed to one millirem 
(1/1000 rem) would have a collective dose of 1 person-rem. 

PIEZOMETRIC SURFACE--The surface defined by the levels to which groundwater will rise in tightly cased 
wells that tap an artesian aquifer. 

PLANT COMMUNITY--Any assemblage of plant populations living in a prescribed area or physical habitat. 
An organized unit having characteristics additional to its individual and population components. 
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POPULATION DOSE--Summation of the doses received by all individuals in a specified population in the 
vicinity of an activity involving the handling of radioactive material. 

POROSITY--That property of a rock or soil that enables the rock. or soil to contain water in voids or 
interstices, usually expressed in percentage or as a decimal fraction of void volume as compared 
to total volume. . 

RADIONUCLIDE--An unstable nuclide that undergoes radioactive decay. 

RAD--Unit of absorbed dose; acronym for radiation ~bsorbed .Qose (see ABSORBED DOSE). 

RADIATION--A very general term that covers many forms of particles and energy, from sunlight and radi.o 
waves to the energy that is released from ins i de an atom. Radi at i on can be in the form of 
electromagnetic waves (gamma rays, X-rays) or particles (alpha particles, beta particles, protons, 
neutrons). 

RAOIOISOTOPE--An unstable isotope of an element that spontaneously loses particles and energy through 
radioactive decay. 

RADIOLOGICAL CONVERSION FACTORS--

SI Units Conventional Units 

Dose Gray (1 Gy = 1 J/kg = 100 rad) rad 

Dose equivalent Sievert (1 Sv = 100 rem) rem 

Activity Becquerel 
(1 Bq = 1 tis = 2.703 x 10-11Ci) Ci (Curie) 

RADIUM-226--A radioactive solid produced by the decay of thorium-230. It is an alpha emitter and is 
hazardous when it gets into the body. Radium-226 has a half-life of 1600 years and can accumulate 
in certain parts of the body such as bone. 

RADON-222--A radioactive gas produced by the decay of radium-226. It is hazardous mainly because its 
solid decay products can be deposited in the lungs where they decay in a matter of minutes, 
emitting alpha radiation that irradiates nearby tissue. Radon-222 has a half-life of 3.8 days. 

RECHARGE--In hydrology, a source or means for replenishment of water withdrawn or discharged from an 
aquifer. 

REGULATION--A law promulgated by an administrative agency or regulatory commission. Federal agencies 
and commissions obtain their power to promulgate laws from the U.S. Congress; state agencies and 
commissions obtain such power from their respective state legislatures. 

REM (~OENTGEN iQUIVALENT ~AN)--A quantity used in radiation protection to express the effective dose 
equivalent for all forms of ionizing radiation. It is the product of the adsorbed dose in rads 
and factors related to relative biological effectiveness. 

RESIDUES--For this EIS, the K-65, L-30/F-32, and L-50 residues that resulted from the processing of 
uranium ores. 

RETRIEVABLE--Radioactive material in a safe storage mode, packaged and secured in such a way that 
subsequent removal can be done easily, with minimum environmental impact and personnel exposure. 

RISK--Assuming the factors can be quantified, risk equals the consequences per event multiplied by the 
probability of the event's occurrence. 

ROENTGEN (R)--Unit of exposure. One roentgen is the amount of gamma rays or X-rays required to produce 
one electrostatic unit (esu) of charge of one sign (either positive or negative) in one cubic 
centimeter of dry air under standard conditions. Named after Wilhelm Roentgen, a German scientist, 
who discovered X-rays in"1895. 

RUNOFF--All rainfall and snowmelt that does not soak into the ground, does not evaporate immediately, 
or is not used by vegetation, and hence flows over the land surface. 

SCOPING--The process of determining the range of actions, alternatives, and impacts to be considered 
in an EIS. 

SECULAR EQUILIBRIUM--In a radioactive decay series, the state that prevails when the ratios between 
the amounts of successive members of the series remain constant over time. 
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SEDIMENTARY BASIN--A geologically depressed area that has thick'sediments in the interior and thinner 
sediments at the edges, 

SEEPAGE--Any water or liquid effluent that flows through a porous medium (e.g., water lost through the 
bottom of a containment area). 

SElSMIC--Havi ng to do with the geology of earthquakes and extendi ng to predi ctf on of earthquake 
frequency and severity. 

SHIELDING--A material interposed between a source of radiation and people for protection against the 
danger of radiation. Commonly used shielding materials are concrete, water, and lead. 

SOLIDIFICATION--For this EIS, conversion of the radioactive residues to a stable solid. 

SOLUTION CAVITlES/CHANNElS--Cavi ties or channels formed in carbonate rocks-- such as limes tone, 
dolomite, and marble--caused by the chemical solutioning of the rock along fractures, joints, 
etc. 

SOMATIC EFFECTS OF RADIATION--Effects of radiation that are limited to the exposed individual, as 
distinguished from genetic effects that may also affect subsequent unexposed generations. 

SOURCE TERMS--The quantity of radioactive material (or other pollutant) released to the environment at 
its point of release (source). 

SPECIFIC ACTIVITY--The activity per unit volume of a pure substance (see ACTIVITY). 

STORAGE--For this EIS, retention of waste in some type of man-made device in a manner permitting 
retrieval. 

STORAGE COEFFICIENT--The amount of water in storage released from a column of aquifer with a unit 
cross section under a unit decline of head. 

STRATUM-- Sedimentary bed or 1 ayer, regardl ess of thi ckness, of homogeneous or gradat i ona 1 rock 
material, 

TECTONIC--Of, pertaining to, or designating the process causing, and the rock structures resulting 
from, deformation of the earth's crust. 

THORlUM-230--A radioactive solid produced by the decay of uranium-238. It has a half-life of 
77 ,000 years. 

TILL--Unstratified glacial deposits consisting of clay, sand, gravel, and boulders intermingled. 

TRACE ElEMENTS--Chemical elements that normally are present in minute (trace) quantities. Includes 
metals such as chromium, zinc, cadmium, and copper, and nonmetals such as selenium, boron, and 
arsenic. 

TRANSMISSIVITY--Volume of water flowing through a unit width of aquifer of given thickness under a 
unit gradient (1 m vertically for each 1 m laterally) and at the viscosity prevailing in the 
field. Mathematically, it is the product of permeability and aquifer thickness. 

TRENCH, SHALLOW-LAND BURIAL--A long, narrow excavation with unsupported walls, into which solid radio
active wastes are emplaced and covered with excavated earth. 

URANIUM--A naturally occurring radioactive element that consists of 99.2830% by weight uranium-238, 
0.7110% u.ranium-235, and 0.0054% uranium-234. 

WASTES--For this EIS, all contaminated materials (primarily soils) not defined as residues. 

WASTE IMMOBIlIZATION--Process of converting waste to a stable solid form that 'is relatively insoluble. 

WATERSHED--An area of land that drains into a water body. Watersheds are separated by divides. 

WATER TABLE--The upper surface of the zone of water saturation in the subsurface at which the pressure 
is equal to atmospheric pressure--the upper surface of an unconfined aquifer. 

WELL YIELD--The rate at which a well yields water. 

WHOLE-BODY DOSE--The radiation dose to the entire body. 
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WORKING LEVEL (WL)--Any combination of radon-222 aecay products in 1 liter of air that will result in 
the ultimate emission of 0.21 erg of alpha energy is defined as 1 WL. It is based on the 0.21 erg 
of alpha energy that would be emitted by the decay products of 100 pCi of radon-222 in 1 liter of 
air, where the decay products are in radiological equilibrium with the parent. 



APPENDIX C. ENGINEERING OPTIONS 

The alternatives analyzed in this EIS are based on several conceptual designs that span the range 
of alternatives available to the DOE decision-maker. Within each alternative are several steps 
towards the ultimate long-term management of the NFSS wastes and residues. At each of these steps,. 
there are several options available,' only a few of which are included in the definition of those 
alternatives in this EIS. Following are discussions of engineering options for: (1) retrieval, 
packaging, and loading of the contaminated materials (Section C.l), (2) modification of the form of 
the residues, including possible recovery of valuable resources (Section C.2), and (3) containment of 
the wastes and residues (Section C.3). Transportation options are discussed in Appendix D. 

In developing engineering options, the two types of radioactive materials at NFSS must be 
considered: 

(1) Wastes--180,OOO m3 of contaminated soils (including the R-10 residues, see Section 3.1.7), 
having an estimated average radium-226 concentration of 36 pCi/g and a total of 7.8 Ci 
of radium-226 

(2) Residues--ll,OOO m3 of residues from the processing of uranium ores, having an average 
radium-226 concentration of 67,000 pCi/g and a total of 870 Ci of radium-226 

Upon completion of interim remedial actions in 1985 or 1986, the assumed baseline· for analysis in 
this EIS, all the radioactive materials will be in a diked containment area at NFSS. The residues 
will be buried from 7.7- to 10.7-m deep in concrete building foundations and covered over with wastes. 
The wastes and res i dues wi 11 be covered by an interim cap of cl ay, sand, and soi 1. Deta il ed descri p
tions of the radiological, physical, and chemical nature of the NFSS wastes and residues are given in 
Sections 3.1.7 and 3.1.8. Description of the NFSS site upon completion of interim remedial actions is 
given in Sections 1 and 2.1. 

C.l RETRIEVAL, PACKAGING, AND LOADING OF CONTAMINATED MATERIALS 

Before the wastes can be moved (as proposed for Alternatives 3 and 4), portions of the interim 
cap must be removed and set aside as uncontaminated fill material. The lower portion of the clay in 
the cap is assumed to be contaminated because of its proximity to the wastes and will be treated as 
being part of the wastes (see Section 3.1.7). Before the residues can be retrieved (Alternatives 2b, 
3a, 3b, 4a, 4b, 4c, and 4d), the portion of the interim cap over that part of the diked area contain
ing the residues must first be removed and set aside as fill material. Then the wastes overlying the 
residues (see Figure 2.1) must be removed (and either stored for later replacement in the diked area 
or transported to an alternative site, depending on the alternative selected). 

C.l.l Movement of the Wastes 

The NFSS wastes are only slightly contaminated, and they can be excavated and loaded directly 
onto transport vehicles. No packaging is required. Standard earth-moving equipment such as bull
dozers and front-end loaders can be used for excavating and loading. 

C.l.2 Movement of the Residues 

The res i dues mi ght be retri eved for one- of two reasons: (1) to remove them to an a lternat i ve 
site for disposal, or (2) to treat them for recovering valuable resources and/or changing their 
physical form. There are two basic options for removing the residues from their location in the old 
foundations of Buildings 413, 414, and 411 (see Figure 1.2): ·(1) mechanical movement using conven
tional earth-moving equipment, and (2) removal as a slurry. These OptioflS are discussed ;n the 
following subsections; changing the physical form of the residues is discussed in Section C.2. 

C.l.2.1 Conventional Mechanical Movement of the Residues 

The residues could be moved by mechanical means similar to those used for moving the wastes, 
i.e., uranium mining techniques. Special operating techniques would be used to minimize exposure of 
workers to radiation (Nuexco 1982). Operator cabs on equipment would be environmentally controlled by 
utilizing special air filtration, regulating temperature, and maintaining air pressure in the cab at 
50% above outside air. All equipment would have built-in radiation shielding. In order to allow 
movement of such machinery, parts of the building foundations would have to be demolished. Only the 
portion of the residues actually being excavated would be uncovered at any point in time. 

C-1 
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If the residues were to be removed to an alternative site, they could be loaded directly into 
large containers such as the bins described in Appendix D. If the residues were to be processed, a 
conveyor might be suitable for moving the residues to a nearby processing facility. 

C.l.2.2 Removal cif Residues as a Slurry 

Removal of the residues as a slurry could be accomplished by hydraulic mlnlng techniques such as 
those described by Bechtel National (1984). High-pressure water jets would be used to force the 
residues into a slurry (approximately 30% residue by weight). At NFSS, the slurry would be pumped to 
a process building where it would be discharged into a thickener for settling of the suspended residue 
particles and then to a dryer where more water would be removed by evaporation. The material from the 
dryer could be placed in containers, such as 55-gal drums, for shipment offsite or transferred to a' 
residue-processing facility. The supernatant liquid from the thickener could be re-used for further 
hydraulic mining. The entire slurry-mining, drying, and packaging process would be remote-controlled 
to minimize radiation exposure of workers. Also, because of the much higher activity levels in the 
K-65 residues (average of 220,000 pCi/g radium-226), a water layer would be placed over the residues 
and slurrying would take place under water. 

C.l.2.3 Evaluation of Options for Residue Movement 

The advantages and disadvantages associated with the two options for retrieval, packaging, and 
loading of the residues are summarized in Table C.l. Movement of the residues by conventional 
mechanical methods is the option selected for analysis of environmental impacts for alternatives 
involving removal of the residues to alternative sites. This option has the advantage of being less 
complex than the slurry-mining/drying process and requires less initial preparation (e.g., no construc
tion of special drying/packaging facilities). Loading into large containers is required because the 
bulk, damp soil material cannot be readily loaded into small packages, such as 55-gallon drums, by the 
large earth-moving equipment. Also, by using large containers with easily removable lids, void spaces 
above the residues can be readily filled with other earthen material (or wastes) at the alternative 
sites so as to minimize long-term subsidence in the burial caps. The conventional mechanical method 
also has the advantage of not requiring watering and resultant dewatering of the slurried residues, 
which is energy-consuming and would require control and treatment of large volumes (millions of 
gallons) of water before eventual discharge to the central ditch would be allowed. 

Table C.l. Comparison of Options for the Retrieval and Packaging of NFSS Residues 

Comparison per Method of Retrieval and Packaging 

Parameter Conventional Slurrying 

Complexity 

Initial preparation 

Overall radon-222 release 

Equipment needs 

Work force requirements 

Occupational doses 

Packaging ease 

Transportation requirements 

Disposal requirements 

Cleanup requirements 

Less 

Less 

About the same 

Modified earth-moving equipment 

More 

About the same 

About the same (large bins, 
damper material) 

May be slightly greater (30% 
moisture in residues) 

Fewer containers, easier to 
handle, easier to fill 
void spaces 

Minimal (decontamination of 
equipment and disposal of 
small volumes of decon
tamination water) 

More 

More 

About the same 

Slurry equipment, remotely 
controlled drying and packaging 
equipment 

Less 

About the same 

About the same (55-gal drums, 
drier material) 

May be less (15% moisture in 
residues) 

More containers, more handling, 
more difficult to fill void 
spaces 

More required (disassembly and 
decontamination of equipment 
and building, cleanup and 
disposal of large volumes of 
slurry water) 



C-3 

Some disadvantages of the conventional mechanical option are as follows. This option might 
require that modifications be made to standard earth-moving equipment to reduce exposure of equipment 
operators to direct radiation and to radon-222 gas and particulates. Also, even though large 
containers would be used, there might be some difficulty in loading the damp (30% moisture) clayey 
materials into the containers. Furthermore, the total weight of residues to he transported would be 
greater than in the slurry option because the residues would be essentially saturated with water (at 
30% moisture) rather than dried to approximately 15% moisture. Because of vehicle weight limitations, 
this could result in additional trips to remove packaged residues to alternative sites. Finally, more 
workers would be in close proximity to the residues and more dust-control measures would be required 
than for the slurry option. 

Retrieval of the residues by the slurry method is assumed for analysis of Alternative 2b, which 
involves processing of the residues for resource recovery followed by reburial of the radioactive 
waste slag. Because the residues must be slurried at some point in the wet chemical extraction 
process (see Section C.2.1), it is assumed that the residues 'would be retrieved using the slurry 
method. This is the method that was selected for transferring the F-32 and l-30 residues to the east 
bay of Building 411 and the K-65 residues from the tower (Building 434) to the west bay of Building 411 
during the interim remedial actions (Bechtel Natl. 1982). 

It is likely that overall radon-222 emissions using the slurry method would be about the same as 
for the conventional mechanical method. Although water is generally a good radon-222 barrier, agita
tion of the slurry might result in radon-222 releases that were higher than during mechanical excava
tion of the damp residues (which have a relatively low radon-222 diffusion coefficient). Also, the 
slurried residues would be dried to a greater extent prior to shipment (15% moisture) than for exca
vation by mechanical means (30% moisture), and the release of radon-222 from these drier residues 
would be greater. 

If the residues were to be removed to an alternative site, the slurry method has the advantage of 
less total weight to ship because the residues would be drier (15% instead of 30% moisture). However, 
the drier residues would have a much higher radon-222 diffusion coefficient (Section 4.1.2) and, 
although the containers would have tight lids in both options, some radon-222 gas would still escape 
and total releases during transport might be similar. Also, although remote loading of drier residues 
into smaller containers might be easier at NFSS, the unloading and placement into a disposal area at 
an alternative site might require more effort because more containers would be involved. Also, if the 
lids of each drum were not removed to allow filling of void spaces created in the containers as the 
residues settled during transport, potential long-term containment problems due to cap subsidence 
could be exacerbated. Finally, the facilities used to dry and package the residues would have to be 
decontaminated and demolished, and portions might have to be disposed as contaminated rubble. 

C.2 MODIFICATION OF RESIDUE FORM 

The NFSS residues amount to 6% of the volume of contaminated materials at NFSS but account for 
99% of the radionuclide inventory. One alternative for the long-term management of the residues is to 
modify their form so that they or their constituent radionuclides may not be as easily dispersed into 
the environment. Modification of the large volume of very slightly contaminated wastes is not 
considered because the reduction of potential long-term dispersal would be negligible. 

There are several options for achieving a modified form, one of which is recovery of some of the 
metals in the residues. Other options are direct vitrification of the residues, in-situ vitrifica
tion, and solidification in bitumen, resins (e.g., urea-formaldehyde), or concrete. The slag from the 
metal recovery process and the products of these other solidification techniques could be returned to 
the containment area at NFSS. The several advantages and disadvantages for each option are discussed 
below. 

C.2.1 Resource Recovery leading to Modified Form 

Based on current analyses of the NFSS residues, the residues contain a wide assortment of metals 
(Section 3.1.8)--some.of which may be present in commercially significant amounts. Recent commercial 
values for metals (per unit weight) suggest that recovery of uranium, cobalt, nickel, molybdenum, and 
lead might be advantageous (See Table F.4). The ranges of resource values represent the ranges in 
metal contents found by different analyses. It is not known at present whether these variations 
represent statistical errors in carrying out the analyses or real inhomogeneities in the residue 
piles. The total average value of metals in significant concentrations may be about $5.5 million; of 
this total, uranium represents 40%, cobalt 22%, nickel 17%, and molybdenum 12%. The R-IO residues, 
which are included in the NFSS wastes, have little resource value (Section 3.1.8). 

C.2.1.1 Description 

One process for recovering metals from the residues, consisting of three basic stages, has been 
described by Bechtel National (1984). In stage 1, the residues would be leached with a carbonate
bicarbonate solution to solubilize the uranium and separate it from the bulk material; molybdenum 
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would also be leached out of the residues and carried along with the uranium as impurities. In stage 2, 
the carbonate solution would be treated with sodium hydroxide to precipitate sodium diuranate (Na2U207). 
After separation of the precipitate and supernatant, the precipitate would be dissolved in sulfuric 
acid. This solution would then be treated with ammonia to yield a precipitate of ammonium diuranate 
(yellowcake). After filtration, washing, and drying, the yellowcake would be suitable for further 
processing in the fuel cycle. In stage 3, the leached and dried residue from the carbonate leach 
would be fed to an electric furnace. Sufficient activated carbon would.be added to reduce lead oxides, 
carbonates, and sulfates to metals at a temperature of 1300-1500o C. Molten lead would form at the 
bottom of the furnace crucible and would contain the noble metals silver, palladium, platinum, and 
gold. About one hour after reduction was complete, the slag containing the remaining materials would 
be poured into a second furnace. More activated charcoal would be added to reduce, at 1500oC, the 
remaining metal compounds countaining nickel, iron, cobalt, and copper. Iron sulfide would be added 
to yield a metal sulfide matte. Lime or soda ash could be added to reduce the viscosity of the slag. 
The remaining slag, predicted to contain most of the radium and comprising about 50% of the original 
waste volume, would be transferred to a ladle and then poured into a mold for subsequent disposal. 
Bechtel National (1984) estimates a 90% extraction efficiency for this recovery process. 

C.2.1.2 Evaluation of Resource Recovery Option 

The advantages and disadvantages of the resource recovery option are summarized in Table C.2. 
One advantage of this option is that sale of the recovered metals could yield sufficient revenue to 
partially or perhaps completely offset the cost of the recovery operation. The amount of cost offset 
would depend on the concentrations of metals in the residues, the actual efficiency of the recovery 
process, and the uni t value of these meta 1 s. All of these factors are qui te uncerta i n. Another 
advantage of such a recovery scheme is that the economic value of the residue slag remaining after the 
valuable metals have been removed is negligible, thus markedly reducing any potential for future human 
intrusion to remove the residues for attempted recovery of the contained metals (with resultant 
potential for release of radioactive contaminants). 

In the above-mentioned process, the vitreous slag is presumed to contain most of the radioactivity. 
Such a slag would be expected to have very low leach rates and radon-222 emanation rates when compared 
to other modified forms. Without further testing of the process and the slag, these rates are very 
uncertain (see further discussions in Section C.2.3). 

The above-mentioned resource recovery process woul d have to be demonstrated on a 1 aboratory 
scale, and such research and development activities could turn out to be quite expensive. Several 
aspects of the residue processing would have to be examined, espe~ially the efficiency of the extrac
tion process, the purity of the products, and the physical and chemical characteristics of the various 
waste products. 

It must first the shown that the recovery efficiency will be high. Otherwise, the monetary 
advantages of such a process are reduced or lost. The process as currently outlined only separates 
the meta 1 s into two major groups: the noble meta ls (go 1 d, s i 1 ver, platinum, and pa 11 adi um) and the 
transition metals (iron, cobalt, nickel, and.copper). After the major separations were demonstrated, 
some developmental work would be necessary to provide for separations within each group. Work would 
also be necessary to verify the separation into the two groups because some copper or other transition 
metal might be reduced along with the lead in the first reduction step. 

Second, it must be shown that the radioactivity of the recovered metals will be sufficiently low 
that the metals can be used in ordinary commerce. * Inadequate deconbamination of the recovered metals 
would make it difficult, if not impossible, to sell them in normal commerce. If the radioactivity of 
the recovered metals cannot be reduced to acceptable levels by further treatment, the recovery process 
could result in two types of hazardous waste materials--contaminated valuable metals and the vitrified 
slag. 

Third, the characteristics of all waste products from the process must be determined, especially 
with regard to their radioactive content. This includes gases vented to the atmosphere from drying 
and smelting operations, waste water, and solid wastes (including the slag). Of particular note is a 
waste lime precipitate generated in the uranium purification phase of the recovery scheme (Bechtel 
Natl. 1984). If this precipitate--which would be discarded along with the slag into the waste
containment area at NFSS--contains an appreciable amount of radioactivity as radium-226, then the 
advantages of the vitrified slag in reducing radioactive emissions are much reduced. Such a precipi
tate would not be effective in reducing leaching or radon-222 emanations. Experiments would be 
necessary to determine the probable radioactive content of this precipitate. Also, the vitreous slag 
produced would have to be tested to determine if both the leach rate and radon-222 emanation rate are 

*Although there are criteria for release to the general public of equipment and materials having radio
actively contaminated surfaces (e.g., U.S. Nuclear Regulatory Commission Guide 1.86 and proposed ANSI 
standard N13.12), there are no generally accepted criteria for unr~stricted use of materials con
taining low levels of radioactivity distributed throughout their volume. 



C-5 

Table C.2. Comparison ot" Options for Preparing a Modified Form 
for the NFSS Residues 

Parameter 

Resource recovery 

Residue handling 
required 

Leach ratet 1 

Radon-222 emanationt2 

Radiation resistance 
of materi a lt 3 

Simp 1 icity 

Sffluent treatment 

Parameter 

Resource recovery 

Residue handling 
required 

Leach ratet l 

Radon-222 emanationt2 

Radiation resistance 
of materialt 3 

Simpl i city 

Eftl uent treatment 

With Prior 
Resource Recovery 

Yes 

Yes 

Much less 

Much less 

Excellent 

Complex (total 
process needs 
demonstration) 

Offgases, water 

Asphalt/Bitumen 

No 

Yes 

Less 

Much less 

Good 

Some processes 
complex 

Water 

Vitrification 

Furnace Heating 

No 

Yes 

Much less 

Much less 

Excellent 

Simple 

Offgases 

Matrix Isolation 

Cement 

No 

Yes 

About the same 

Same 

Good 

Very simple 

Negligible water 

Cement Kiln 

No 

Yes 

Much less 

Much less 

Excellent 

Simple 

Off gases 

Urea
Formaldehyde 

No 

Yes 

Less 

Questionable 

Questionable 

Simple 

Watert4 

In-Situ 

No 

No 

Much less 

Much less 

Excellent 

Simple (but 
difficult to 
verify complete 
vitri ficat ion) 

Offgases 

Compared to unmodified residues. 
contamination may be minimal. 

Depending on site characteristics, reduction in groundwater 

Compared to unmodified residues. 
radon-222 releases at the surface 

Depending on containment system characteristics, reduction in 
of the waste-management area may be negligible. 

t 3 Resistance of the modified material to radiation-induced breakdown, especially in the product 
that incorporates the K-G5 residues. 

t4 For NFSS residues, neutralization of NazC03 is required, yielding salts and waste water. The 
presence of salt could compromise stability and leach resistance. 
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indeed low and characteristic of other vitrified materials. There are studies that show that direct 
v·itrification of uranium mill tailings (which are similar to the NFSS residues) at 12000 C yields a 
reduction in radon-222 emanation by a'factor of from 100 to 1000 (Dreesen et al. 1981). The long-term 
(thousands of years) physical and chemical stability of the slag relative to water leaching would also 
have to be determi ned. ." 

Results from leaching experiments (Bechtel, Natl. 1984) indicates that molybdenum (-33%) will 
leach along with uranium in carbonate-bicarbonate solutions whereas vanadium will not. A procedure 
for separating uranium from molybdenum thus becomes necessary. This separation has been considered 
for the case of high molybdenum ores (Costa et al. 1971). Separation of the molybdenum ;s desirable 
because this element accounts for 1Z% of the potential market value of the resources in the residues. 

Other processes have been proposed for recovery of some of the metal values of uranium mill 
tailings (litz 1974). One process is aimed at isolating the radium, thus reducing the amount of waste 
yielding high.levels of radon-222. This is accomplished by having an initial acid leach step (Williams 
et al. 1981). These tests show that barium and radium may be solubilized and then precipitated from 
the tailings with concentrated sulfuric acid. Sulfuric acid leaching is also capable of removing 
uranium-238 and thorium-230, which are radium-226 precursors, from the tailings. Such an approach 
offers the advantage of concentrating the radium-226 and its precursors into a small package for waste 
management. 

C.2.2 Vitrification 

Another option for treatment of the NFSS residues is vitrification. This is a process whereby 
the residues would be partially or completely melted to obtain a vitreous (glass) slag-like material. 
Vitrification methods require high temperatures and large amounts of energy to melt the contaminated 
residues. The residues could be removed and vitrified or left in place and vitrified (in-situ vitri
fication). (The option of recovering valuable resources before vitrification has been discussed 
previously in Section C.2.1.) 

C.2.2.1 Electric Furnace Fusion 

The residues could be fused using an electric-resistance-furnace fusion technique. The molten 
material would be poured into containers or molds. The cooled product, which is a composite of a 
glass phase and crystallites, could then be buried (Bechtel Natl. 1984--Appendix B). The electric 
energy and power requirements for such a process are considerable. Vitrification of the 11,000 m3 of 
residues would require about 26,000 MWh of electric energy, assuming a requirement of 275 kWh/metric 
ton of residues (Bechtel Natl. 1984) .. 

C.2.2.2 Rotary Kiln 

An alternative method of vitrification involves use of a coal-fired rotary cement kiln to sinter 
the contami nated materi a 1 s. An ana lys is of the use of thi s method at a site in Cannonsburg, 
Pennsylvania, yielded a net cost of $43.25/ton sintered. This included purchase of a used kiln (no 
salvage value because of contamination), labor, the cost of delivered coal, flue-gas desulfurization, 
and contingencies (Thode and Dreesen 1981). Application of this cost to the NFSS residues (assuming 
that the residues have a total weight of 13,000 MT) yields a total cost of $620,000 to sinter the 
residues in a cement kiln. 

C.2.2.3 In-Situ Vitrification 

In-situ vitrification would be the conversion of the residues into a durable glass waste form 
through melting by joule heating, i.e., passing of an electric current through the molten residues. 
Development and testing of this technique has proceeded from an engineering scale with a 50-kg block 
product to a pilot scale yielding a 10-ton block mass (Oma et al. 1983). Currently, effort is focused 
on the conceptual design of a large-scale unit that will yield a solidified block of 175 tons. 

Engineering- and pilot-scale tests have been carried out in which up to 25,000 kg have been 
solidified to a depth of 1.5 m. To carry out the vitrification, a set of graphite electrodes is 
placed in holes in the ground with a predetermined spacing between the electrodes. Graphite is placed 
on the ground between the electrodes to form a conductive path. An electric current is passed between 
the electrodes, yielding temperatures high enough to melt the contaminated material. Deeper molten 
masses are achievable at the expense of longer operating times. To accommodate gaseous effluents, a 
large hood is placed over the melting zone, maintaining a vacuum.seal to collect the off-gases and 
direct them to the offgas treatment system. 

Cost estimates for in-situ vitrification range from $116 to $179 per m3 . Thus, for the 11,000 m3 

of NFSS residues, vitrification is estimated to cost approximately $2 million. For the bulk of the 
residues in Building 411, with a total area of 3200 m2 , in-situ vitrification might be accomplished in 
280 days with an energy requirement of 20 million kWh. 
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C.2.2.4. Evaluation of Vitrification Options 

The advantages and· disadvantages of vitrification options are summarized in Table C.2. The main 
advantage of vitrification is that the vitreous product is more stable relative to leaching, structural 
change, and radon-222 emissions. Leach tests using a Soxhlet extractor with samples of vitrified soil 
gave le~ch rates that were about the same as those for Pyrex glass (1 x 10- 5 g/cm2 ·d) and were less 
than one-fifth the values obtained for bottle glass (Oma et a1. 1983). Burial (17 years) of glass 
containing radioactive strontium, cesium, ruthenium, and cerium below the water table resulted in 
leach rates of about 7 x 10- 10 g/ cm2 ·d (Walton and Merritt 1980). 

Other experiments have shown a large decrease in leach rate as the leach time increased (Dukes 
et a1. 1980). Glass, ceramic, and concrete waste forms can sustain damage produced by amounts of . 
radiation greatly in excess of that which even the most radioactive (K-65) residues will give, even 
for periods of many thousands of years (Permer and McDonnell 1980). Tests on 100- to 200-g samples of 
uranium mine tailings vitrified at 1200°C showed good radon-222 retention, with radon-222 reduction 
factors ranging from 22 to 1400. Reduction factors were much higher for fines than for sands (Dreesen 
et al. 1981). It is expected that the above experimental data would be applicable to either the 
vitrified residues or to the vitreous slag produced in the resource recovery scheme. Also, complete 
melting to produce a slag or glass would be expected to be more effective than heating just enough to 
bind the residue particles together. 

A particular advantage of the in-situ vitrification technique is the avoidance of handling the 
res i dues. Most of the current cap and overlyi ng wastes woul d have to be removed (1 eavi ng about a 
0.5-m cover of wastes) and then in-situ vitrification could be carried out. At the conclusion of 
vitrification, the removed cover materials could be returned. Two drawbacks of vitrification by 
electric resistance heating are the production of offgases that must be treated to remove radioactive 
and nonradioactive pollutants and the large electric energy and power requirements. An additional 
disadvantage is the difficulty of verifying that all of residues have in fact been vitrified. 

Vitrification of the residues by use of a coal-fired cement kiln could be done for about one
quarter the cost and in one-quarter the time compared to vitrification by electric resistance heating 
(assuming the cost/ton figures given in the literature [Thode and Dreesen 1981J are realistic). How
ever, carrying out such a process at NFSS would require extensive auxiliary activity. Large amounts 
of coal would have to be brought in and stockpiled and appreciable amounts of fly ash and scrubber 
sludges would require disposal. 

Finally, vitrification without prior resource recovery has the disadvantage that the potential 
valuable resources in the residues would be more difficult to extract at some future date from the 
vitrified residues than from the untreated residues. Also, all vitrification methods involving 
removal of the residues require eventual decontamination and demolition of the vitrification facilities. 

C.2.3 Matrix Isolation Methods 

Matrix isolation methods consist of mlxlng the radioactive material with some other material that 
hardens into a solid. This solid material can then be buried. The solid matrix reduces the mobility 
and leachability of the radioactive materials. Matrix-binding materials that have been used include: 
asphalt or bitumen, cements (with or without additives such as vermiculite or sodium silicate), and 
po lymers (such as urea-formaldehyde) (Holcomb 1978). Such methods have been used routinely for 
shorter-lived low-level radioactive wastes. 

C.2.3.1 Bitumen or Asphalt 

In the processes that use bitumen or asphalt, the radioactive material is mix~d with commercial 
emulsified asphalt or molten base asphalt, and the temperature is raised to evaporate the water. The 
resulting molten material flows into containers (or pits) where it solidifies. Various methods of 
mixing the bitumen with the radioactive materials and evaporating the liquid are used: the stirred 
evaporator batch process (in which mixing and evaporation are done batchwise in a heated tank with 
stirring), the emulsified bitumen process (in which the waste is mixed with bitumen and surface active 
agents, heated, and then dried), the film evaporator process (in which water evaporation from the 
bitumen waste mixture takes place as the mixture flows as a film down the walls of a heated tube), and 
the screw extrusion process (in which the waste and preheated bitumen are mixed and transported to 
waste containers by screw extruder-driers) (Holcomb 1978). A cold-mix process using a cationic 
asphalt emulsion and a flocculant, which requires no heat to expel the water, has also been considered 
by Bechtel National (1982). This process is especially suited for small-sized particles because a 
chemical bond is formed between the residues and asphalt whereas a physical bond is formed in the 
"hot-mix" methods. Bechtel National (1982) has estimated that the cost of applying a cold-mix asphalt 
process to the NFSS residues, including hydraulic slurry mining, would be approximately $6.2 million. 

C.2.3.2 Cement 

Portland cement, with or without additives, can be mixed with radioactive waste. Typical 
processes use 1-2 kg of cement for every liter of waste. Vermiculite and· sodium silicate are often 
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used as additives to improve the properties of the final product. Sodium silicate also greatly 
reduces the setting time (to as low as 10 seconds). and the volume of the final product is less than 
that obtained without use of the additive. Other additives include clays and polymers (Holcomb 1978; 
Arora et al. 1980; Bechtel Natl. 1982--Appendix 0). Bechtel National (1982) has estimated that the 
cost of the cement process for the NFSS residues would be about $3.7 million. 

C.2.3.3 Resins 

Another process consists of mlxlng the waste with a urea-formaldehyde resin and a polymerizing 
catalyst in either a mixer or in the final receptacle. The solidification process can take place 
either at ambient temperatures or at elevated temperatures (GOaC). The resultant p~oduct, although 
solid, does not really solidify the waste; rather the long-chain molecules of the polymer form a 
matrix with voids that trap the waste (Holcomb 1978; Bechtel Natl. 1982). 

C.2.3.4 Evaluation of Matrix Isolation Options 

Each of the matrix isolation methods has advantages and disadvantages for use at NFSS (Table C.2). 
First, waste water produced in the various processes would have to be treated before discharge. Waste 
water would be produced in processes using bitumen or cement, although use of sodium silicate as an 
additive would greatly reduce the amount of or eliminate the waste water produced (Arora et al. 1980). 

Asphalt or bitumen has the advantage of good coating and adhesion characteristics and is essen
tially insoluble in water. Bitumen is chemically inert, has relatively high resistance to ionizing 
radiation, and the leach rate of its product can be 100 to 1000.times less than for cement-stabilized 
materials (Holcomb 1978; Bechtel Natl. 1982). One disadvantage is that some of the processes for 
mixing are complex ind require strict temperature control. Also, accidental fires can occur when 
heating bitumen (except in the cold-mix process), and waste water is produced that must be treated. 

There are several advantages in using cement as a stabilizer. The cement process is cheap, 
mixing is simple, equipment costs are low, and no heating is required. Also, the chemical and physical 
properties of cement are well known. Cement has good radiation shielding properties and is more 
radiation resistant than bitumen. The disadvantages in using cement involve the final product. It is 
relatively bulky and heavy, does not greatly reduce radon-222 emanation, and is quite leachable by 
groundwater or percolating rainwater (Holcomb 1978; Bechtel Natl. 1982). 

Processes using urea-formaldehyde polymer are simple and the technology is well developed; also 
the process reduces leachability. However, polymerization requires an acid environment, the solidi
fied product has questionable long-term stability properties, and the radon-222 emanation reduction is 
questionable. Also, use of this process at NFSS would require neutralization of all the sodium 
carbonate in the residues by addition of large amounts of acid. As a result, the stabilized product 
and waste water would contain large amounts of salts. This could cause probJems regarding the 10n9-
term leachability and stability of the product. 

C.3 CONTAINMENT OPTIONS 

C.3.1 Introduction 

There are several options for the design of engineered containment systems for long-term manage
ment of the NFSS residues and wastes. Three basic conceptual containment designs at three different 
sites are analyzed in this EIS: 

1. Burial at NFSS in the diked containment area (Alternatives .1, 2a, 2b, 4a, and 4c). 

2. Trench burial at the 218W5 Area on the Hanford Reservation (Alternatives 3a, 4a, and 
4b). 

3. Mounded burial at the Pine Ridge Knolls site on the Oak Ridge Reservation (Alterna
tives 3b, 4c, and 4d). 

Figures illustrating these conceptual designs are given in Section 2. 

There are several engineering options that might be substituted for the above-mentioned conceptual 
designs. These options can be divided into two groups: (1) modification to the basic conceptual 
designs, and (2) optional design concepts. Because of the long half-lives of the radionuclides in the 
NFSS wastes and residues (Section 4), these materials will remain radioactive for thousands of years 
(see Section 4).· Therefore, the fo 11 owi ng di scuss i on focuses on compari son of vari ous conta i nment 
designs with respect to long-term impacts, particularly the impacts that are important through geologic 
time. These impacts include: radon-222 emissions, leaching of radionuclides (especially radium-22G) 
to groundwater, erosion (including potential downslope mass movement), and potential detrimental 
effects on a resident-intruder (see Section 4.1.2). Consideration of short-term impacts, costs, and 
institutional issues are beyond the scope of this analysis of design options. Such factors are con
sidered for the basic conceptual designs analyzed in the main body of this EIS. 
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The design options discussed in this appendix all focus on increasing the effectiveness and 
duration of containment systems. Other options that are beyond the scope of this analysis are designs 
that focus on "planned dispersion" to the environment (Cartwright et al. 1981; Gilbert et al. 1983). 
Because of the extremely long duration of the radiological hazard associated with wastes containing 
naturally occurring radionuclides, it has been suggested that contaiment systems might be designed 

.that take into account the dispersion of the contaminated materials through geologic time. Systems 
could conceivably be designed so that the rates of eventual dispersion and release to the environment 
would be slow, probable flow paths would be well defined, and dilution of radionuclides would be 
maximal--resulting in potentially lower long-term radiological impacts to humans. 

C.3.2 Modifications to the Basic Conceptual Designs 

Modifications to the basic conceptual designs include changes in dimensions, changes in materials, 
or additional features to retard radon emissions, leaching of radionuclides to groundwater, erosion, 
or impacts to a potential resident-intruder (Table C.3). For the long term, it is assumed that the 
near-surface materials at Hanford are unsaturated whereas the near-surface materials at NFSS and Oak 
Ridge, both located in areas of humid climate, are saturated. The subsurface clay cutoff wall at NFSS 
and the lower capillary barrier at Oak Ridge are assumed to have negligible effects through geologiC 
time. Breaching of the cover materials is assumed for the resident-intruder scenario. 

There are often trade-offs between potential long-term impacts (see Table C.3). For example, 
when sites are located in areas of humid climate, some modifications such as thicker, higher caps to 
retard radon emissions may cause increased hydraulic gradients--resulting. in increased surface runoff, 
increased erosion rates, and possible leachate springs at the containment area perimeter (Hughes 
et al. 1971; Johnson and Cartwright 1980). 

A major concern by commenters on the Draft EIS was the potential impacts to a resident intruder. 
The NFSS wastes and residues are both in the same category of "wastes contaminated with naturally 
occurring radionuclides" under Section IV of DOE Order 5820.2. For management of these materials, DOE 
is using the EPA uranium mill tailings regulations (40 CFR 192) as guidance (see introduction to 
Section 4). It is explicitly stated in the preamble to these regulations that "institutional over
sight is an essential backup to passive controls," that "it would not be safe to build habitable 
structures on the disposal sites," and that "Federal ownership of the site is assumed to preclude such 
inappropriate uses" (U.S. Environ. Prot. Agency 1983). DOE has explicitly stated in the introduction 
to Section 2 (p. 2-1) that it intends to take perpetual care of whatever site is used for long-term 
management of the NFSS waites and residues. If controls are effective, the resident-intruder scenario 
will not occur. Even if controls cease, the intrusion barrier (riprap layer) incorporated into the 
long-term cap of preferred Alternative 2 will deter the intruder and make the resident-intruder 
scenario unlikely to occur. 

As a result of further discussions with EPA and New York officials, DOE has given consideration 
to an additional intruder barrier over the residues in Building 411 (in addition to the riprap layer 
in the cap). The engineering aspects and costs of several options have been investigated (Bechtel 
Natl. 1985). It is assumed'that such a barrier would be constructed at the time of installation of 
the final cap. This would allow time for further consolidation of the residues that were transferred 
to Building 411 during 1984-1985 and are currently being dewatered. The interim placement of about 
10 m (30 ft) of slightly contaminated wastes plus the interim cap over the residues will provide 
surcharge that will cause some settling of the residues. Prior to such settling, major extra costs 
would be required to construct an additional intruder barrier over Building 411 that could carry the 
unsupported weight of the overlying wastes and cap. 

In order to install the additional barrier, the cap and wastes overlying Building 411 would have 
to be excavated and stored. A barrier could be constructed of reinforced concrete, asphalt, cement
stabilized sand, cement-stabilized fly ash, or stone. Reinforced concrete would provide the only 
practical means to tie the barrier into the building walls and would provide the most positive means 
of deterring an inadvertent intruder. Construction of such a barrier is estimated to cost an 
additional $1.3 million (Bechtel Natl. 1985). 

C.3.3 Optional Design Concepts 

The advantages and disadvantages of some optional design concepts for containment of the NFSS 
wastes and residues are presented in Table C.4. In general, above-ground, near-surface, or 
intermediate-depth containment designs could be developed (Gilbert et al. 1983). It should be noted 
that these optional designs could be implemented at other sites in the general area near NFSS, the 
218W5 Area at Hanford, and the Pine Ridge Knolls Site at Oak Ridge. 

C.3.3.1 Options at NFSS 

At NFSS, trench disposal would result in the residues and wastes being placed completely in the 
zone of saturation (they are currently only partially within the zone of saturation). Radon emissions 
might be slightly reduced due to an increased saturation of the wastes and residues and the clay 
cover. Leaching rates of radionuclides to groundwater might be increased slightly because all of the 



Site/ 
Alternative 

NFSS 

1, 2a, 2b, 

4a, 4c 

HANFORD 

Design Type 

Table C,3, Advantages and Disadvantages of Modifications to the Basic Conceptual Designs 
for Long-Term Management of NFSS Wastes and Residues 

Modification 

Radon-222 
Emissionst l / 

Uni t AreaITime 

Rate of 
Leaching 

of Radionuclides 
to Groundwatert 2 

Erosion Rates/ 
Potential for 

Downslope 
Mass Movementt 2 

Diked'disposal Less steep side slopes NC/MCt 4 

NC/MC 

Increased Decreased 

Steeper side slopes (increased cap 
thickness) 

Increased area of residue/waste fill 

Improved subsurface permeability 
barrier 

Improved intruder barrier 

Additional intruder barrier on 
top of Building 411 

NC/MCt S 

NC/MC 

NC/MC 

NC/MC 

Decreased Increased 

Increased Decreased 

Decreased NC/MC 

Decreased Decreased 

NC/MC NC/MC 

Detrimental 
Effectst3 .on 

Resident-Intruder 

NC/MC 

NC/MC 

DecreasedtS 

Decreasedt7 

NC/MCt8 

NC/MCt8 

------ - - - - - - - - - -. - - - - - - -

3a, 4a, 4b Trench burial Diversion ditches intersecting riprap 

Deeper trenches (thicker fill, fewer 
trenches) 

NC/MC 

Decreased 

NC/MCt 9 NC/MCt IO NC/MC 

Increased barrier between trenches or 
increased area of residue/waste fill 

Addition of subsurface permeability 
barrier 

More impermeable cover 

More permeable cover 

Improved intruder barrier 

NC/MCt ll 

NC/MCt II 

Decreased 

Increased 

Decreased 

NC/MCt 9 

NC/MCt 9 

NC/MCt9 

NC/MCt9 

NC/MCt 9 

NC/MCt 9 

- - - -

NC/MCt 1O Increased 

NC/MCt IO Decreasedt6 

NC/MCt 1O NC/MC 

NC/MCt 1O NC/MC 

NC/MCt 1O NC/MC 

NC/MCt IO NC/MCt 8 

- - - - - - - - - - - - - - - - - - -

n 
I ..... 

0 



Site/ 
A lternat i ve 

OAK RIDGE 

3b, 4c, 4d 

Design Type 

Mounded disposal 

Table C.3. Continued 

Modification 

Steeper slopes (increased cap 
thickness) 

Increased area of residue/waste 

More permeable cover 

More impermeable cover 

Improved intruder barrier 

fi 11 

Radon-222 
Emissionst l / 

Unit AreaITime 

NC/MCt 11 

NC/MCt II 

Increased 

Decreased 

NC/MC 

Rate of 
Leaching 

of Radionuclides 
to Groundwatert 2 

Decreased 

NC/MC 

Increased 

Decreased 

Decreased 

Erosion Rates/ 
Potential for 

Downslope 
Mass Movementt 2 

Increased 

Decreased 

Increased 

Decreased 

Decreased 

Detrimental 
Effectst 3 on 

Resident-Intruder 

NC/MC 

Decreasedt6 

NC/MC 

NC/MC 

NC/MCt 8 

tl Change in rate from base case assuming all other factors constant--especially, assumes no exhumation of buried residues or wastes. 

t 2 Change in potential rate from base case, assuming all other factors constant. Only the rate of leaching from the wastes and residues is 
considered here. This should not be interpreted as being synonymous with increased or decreased impact. Impacts to humans will also depend 
on peak concentrations in groundwater, the time interval over which concentrations in groundwater are elevated, and the number of people (if 
any) using the contaminated water. . 

t 3 Assumes intrusion into residues/wastes (see Section 4.1). 

t 4 NC/MC = No Change/Minimal Change. 

t 5 Assumes that the residues would still be buried deeply enough so that radon-222 gas from the residues would decay before it reached the 
surface of the containment system (Section 4.1). 

t 6 Although impacts to a resident-intruder would decrease because the wastes/residues would cover a larger area, thus lowering the average 
radionuclide concentrations in the containment area, the larger area might lead to a higher potential for such intrusion to occur. 

t 7 Due to decreased peak concentrations of radionuclides in water obtained from a well drilled next to the containment area. 

t 8 Although impacts to the intruder would remain the same, the potential for intrusion would be lowered until the improved barrier were broken, 
down by natural forces. ' 

t 9 Assumes the semiarid climate at Hanford remains for long geologic time spans. The rate of leaching is extremely low in the base case 
(Section 4.2). 

t lO Due to the generally low relief of trench covers at Hanford site. 

til Assumes that the depth of the cover material is the same. 

n 
I ..... ..... 



Table C.4. Advantages and Disadvantages of Optional Design Concepts for Long-Term Management of the NFSS Wastes and Residues 

Erosion Rates/ 
Radon-222 Rate of Leaching of Potential for Detrimental 

Emissionst l / Radionuclides to Downslope Effectst3 on 
Location Optional Design Concept Unit Area/Time Groundwatert 2 Mass Movementt 2 Resident-Intruder 

NFSS Trench disposal 

Disposal in excavated bedrock caverns 

Hydrofracture/grout injection 

Concrete bunkers or vaults 

"French system" 

NClMCt 4 ,t 5 NCiMC 

Decreased Decreased 

Decreased Decreased or NC/MC 

NC/MC or NC/MC 
increased 

NC/MC NC/MC 

HANFORD Diked disposal area Increased 

Decreased 

NC/MCt 8 

NC/MC 

OAK RIDGE 

Disposal in excavated bedrock caverns 

Disposal in excavated bedrock caverns 

Disposal in natural bedrock caverns 

Hydrofracture/grout injection 

Disposal in surface pits, quarries 
(assume unlined) 

Disposal in engineered valley fill 

Trench disposal 

Decreased 

Decreased 

Decreased 

NC/MC 

Decreased 

NC/MC 

- - - - - - - - - - - - - - - - -
NC/MC 

Increased (due to solution 
channels) 

Decreased 

Increased 

Increased 

Increased 

Change in rate from base case assuming all other factors constant--especially, assumes no exhumation of 

Change in potential rate from base case, assuming all other factors constant. Only the rate of leaching 
considered here. This should not be interpreted as being synonymous with increased or decreased impact. 
depend on peak concentrations in groundwater, the time interval over which concentrations in groundwater 
people (if any) using the contaminated water. 

t 3 Assumes intrusion into wastes and residues (see Section 4.1). 

t 4 NC/MC = No Change/Minimal Change. 

-

Decreased 

Decreased 

Decreased 

NC/MC or 
increased 

NC/MC 

Increased 

Decreased 

- - - - -
Decreased 

Decreased 

Decreased 

Decreased 

Increased 

Decreased 

- - - - -

Decreasedt6 

Decreasedt 7 

Decreasedt7 

NC/MC 

NC/MC 

Increased 

Decreasedt7 

-------
Decreasedt7 

Decreasedt7 

Decreasedt 7 

NC/MC 

NC/MC 

Decreasedt6 

buried residues or wastes. 

from the wastes and residues is 
Impacts to humans wi 11 a 1 so 

are elevated, and the number of 

t 5 Assumes that the residues would still be buried deeply enough so that radon-222 gas from the residues would decay before it 'reached the 
surface of the containment system (see Section 4,1). 

t 6 Although impacts to a resident-intruder would decrease because average radionuclide concentrations in the containment area would be lower, 
the larger area might lead to a higher potential for such intrusion to occur. 

t 7 Potential for intrusion is less. Also, although intrusion might occur, residence in the wastes/residues would not be likely. 

t 8 Assumes that the semiarid climate at Hanford remains for long geologic time spans. The rate of leaching is extremely low in the base 
case. 

n 
I ..... 

N 
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contaminated materials would be within the zone of saturation. However, the long-term impact would be 
minimal because hydraulic gradients are very low. The potential for erosion would be reduced because 
of reduced slope angles and slope lengths. Voorhees et al. (1983) have suggested that eventual 
erosion of the cover material must be assumed in cases of slopes greater than 3-5°. In the trench 
disposal option, the cover could still be breached by a resident-intruder. Disposal in excavated 
bedrock caverns.would remove the residues and wastes from the. near-surface environment. At NFSS, such 
disposal would probably be below the Queenston Formation in deeper, more impermeable Paleozoic or 
older rocks. H()wever, the definition of local and regional flow systems in such environments is 
difficult, exploration and develop~ent costs escalate rapidly, and construction of the excavated 
disposal system would have to be carefully controlled to avoid creating hydraulic pathways from upper 
water-bearing zones down into the disposal cavern. 

As a result of comments on the Draft EIS, other optional design concepts for NFSS were considered, 
including: (1) deep well injection or hydrofracture/grout injection, (2) storage in concrete bunkers 
or vaults, and (3) the "French system". 

Deep Well Injection or Hydrofracture/Grout Injection. The U.S. Environmental Protection Agency 
suggested that DOE consider deep-well injection. However, deep~well injection is not technically 
feasible for the sol id NFSS residues. Furthermore, no new permits for deep well injection of any 
hazardous materials are being granted by the state of New York. 

A method called hydrofracture/grout injection has been suggested by the New York Department of 
Health. This option would entail drilling holes and forcing water under'high pressure down into a 
shale rock or other low-permeability formation to create fractures. The residues would be mixed with 
cement and other additives to form a grout and then injected under pressure down the drill holes and 
into the fractures that have been created in the shale. The grout would then solidify in the rock 
formation. 

This option was identified for the DOE Oak Ridge Reservation in the Draft EIS (Table C.4) because 
there has been such a disposal operation for intermediate-level radioactive wastes at the Reservation 
(Nat 1. Res. Counc. 1985). The hydro fracture/grout ; nject ion operations at Oak Ri dge cea.sed after the 
state of Tennessee promulgated its new underground injection control regulations that require DOE to 
obtain a permit for DOE operations. DOE has evaluated whether or not its operations can meet the new 
regulations and has decided not to apply for a permit to resume operations. A National Research 
Counci 1 (1985) report conc 1 uded that di sposa 1 of certai n types of rad; oact i ve wastes vi a the hydro
fracture/grout injection method can be acceptable. However, the report also notes than an extensive 
research program would be necessary to support any future hydrofracture operations at Oak Ridge or 
other sites. . 

Hydrofracture/grout injection is not considered to be a viable option for the Niagara Falls area. 
This alternative was rejected for disposal of high-level wastes at the West Valley site, located south 
of Buffalo, New York, because it has several serious shortcomings: "there are prospects for future 
drilling in the West Valley area for natural gas, and extensive drilling in the area near the shale 
beds could lead to eventual leakage of radioactivity from the shale beds; some question remains about 
the type of fractures that would be produced in the shale at West Valley (possibly extending beyond 
the impermeable shale into other types of water-bearing rocks); and if the disposal teChnique were 
judged to be inadequate for West Valley wastes at some future date, the wastes would be in an 
irretrievable form that would not allow corrective measures to be taken" (U.S. Dep. Energy 1982). An 
extensive drilling characterization and feasibility study would have to be undertaken to determine if 
the Niagara Falls area is suitable for hydrofracture/grout injection of the NFSS residues. 

In addition, hydrofracture has several major disadvantages at whatever site such operations might 
take place, including: (1) the residues would be in an irretrievable form, and corrective actions 
could not reasonably be taken if unacceptable groundwater impacts were detected in the future, (2) there 
is s~me question about the type and extent of fractures that would be produced--possibly leading to 
injection of the residue grout beyond the intended formation or providing pathways for radionuclide 
migration into water-bearing rocks, and (3) future drilling (for hydrocarbons, water, etc.) could lead 
to leakage of radioactivity from the shale bed. 

Storage in Concrete Bunkers or Vaults. Storage in above-grade concrete bunkers or vaults is not 
specifically analyzed in this EIS. Such storage would offer the following advantages: (1) the vaults 
would be more visible in the sense that they would look like buildings rather than mounds of dirt, 
thus possibly serving as a short-term reminder that the contaminated materials are "stored" or 
"managed" rather than di sposed, and (2) they mi ght afford a better opportunity to collect and monitor 
any leachate and might be easier to repair, if necessary. However, vaults could offer the following 
disadvantages: (1) they would not provide "passive" containment and would be more costly to construct 
and maintain, (2) airborne radioactive gaseous releases (radon) might be higher (unless a thick 
earthen cover was placed over the vaults or unless they were deeply buried--thus negating the possible 
advantages of visibility and leachate collection and increasing costs even more), (3) in the long 
term, greater visibility could be a disadvantage because the likelihood of human intrusion might be 
increased if the vaults were above- grade and not covered with di rt (if they were below-grade and/or 
covered with dirt, intrusion might be delayed more), (4) because concrete is not expected to be any 
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more durable over thousands of years than multilayered engineered earthen covers, the vaults would 
probably offer no significantly greater long-term containment relative to contamination of ground
water, and (5) if controls were lost and the vaults did not have an earthen cover, loss of containment 
due to physical forces (such as weathering) or human intrusion might occur sooner. 

The preferred Alternative 2 is essentially a variation of a concrete vault/tumulus system. If 
implemented, the residues (which account for 99% of the radioactivity) would be buried in the basement 
of a rei nforced-concrete bui 1 di ng beneath a mound of wastes and a thi ck earthen cap. DOE is also 

. considering an additional intruder barrier (e'-g., a reinforced-concrete slab over the building--see 
discussion in Section 4.1.2.3). 

The "French System". It was suggested by EPA that DOE consider the "French system". For con- . 
taminated materials similar to the NFSS wastes and residues (i.e., uranium mill tailings), the French 
use a management system that is similar to that recommended by the EPA for uranium mill tailings in 
the United States--specifically. containing the wastes in a large pile at their current locations 
(Pradel 1982). This is the alternative that DOE prefers for the NFSS wastes and residues (Alter
native 2). For low-level wastes, the French use a tumulus system wherein the most hazardous wastes 
are placed in a solid form at the bottom of the containment system (Van Kote 1982). This is similar 
to all NFSS alternatives wherein the more hazardous residues are located at the bottom of the mound. 
In Alternative 2b, the residues would also be solidified and replaced at the bottom of the mound. DOE 
has not determined whether or not the residues should be solidified. If DOE decides to implement 
Alternative 2, a later decision will be made at the time of implementation regarding whether or not 
the residues should be solidified. (See Figure 1.3 for details of the DOE decision-making process.) 

C.3.3.2 Options at Hanford 

Optional design concepts for the Hanford area include a diked disposal area (such as is currently 
the case at NFSS) and deeper subsurface burial in excavated caverns. In an area such as Hanford--with 
a semiarid climate; high rates of evapotranspiration; and erodible, poorly consolidated surficial 
materials--diked disposal would lead to increased radon emissions, increased erosion, and increased 
detrimental effects on the resident-intruder (the smaller containment area would lead to higher 
average radionuclide concentrations in the containment area). Deeper subsurface burial, possibly in 
excavated caverns in relatively impermeable zones in the Columbia River basalts, would generally lead 
to decreases in the variables considered in Table C.4. The Columbia basalts have been studied 
extensively relative to possible location of a deep geologic radioactive waste repository in these 
rocks. A detailed geologic simulation model has been developed to examine the long-term impacts of 
such disposal (Foley et al. 1982). 

C.3.3.3 Options at Oak Ridge 

Optional design concepts for the Oak Ridge site include various types of deeper subsurface burial-
including excavated bedrock caverns, natural caverns, surface pits and quarries, and an engineered 
valley fill. In general, the use of subsurface openings made specifically for the purpose of burial 
of NFSS residues/ wastes would offer the most long-term advantages. Disadvantages associated with the 
other options include extensive networks of solution cavities around pre-existing caves, creation of 
relief fractures and blasting cracking around quarry sites, and a high proportion of permeable materials 
around gravel pits. The engineered valley fill option consists of lifts of residues/wastes placed in 
a terraced valley fill with provisions for subsurface and surface drainage. An advantage to this 
design type is that natural processes of colluviation (deposition in valleys from erosion of highlands) 
would tend to increase surface cover over the wastes/residues through geologic time. Disadvantages 
center mainly on the potential for breaching of the cover by periodic flooding and the potential for 
leaching of radionuclides to surface water. 

C.3.4 Discussion 

When cons i deri ng any modifi cat ions to the bas i c conceptual des i gns or opt i ona 1 des i gn concepts 
for long-term management of the NFSS residues and wastes, there are three major geologic factors that 
are frequently interacting and must be evaluated: (1) the hydrogeologic environment surrounding the 
wastes and residues (including local and regional flow systems and physicochemical properties of earth 
materials), (2) the placement of the disposal site in a geomorphic setting where fluvial, mass-wasting, 
and other processes may be active through geologic time (such as on top of a knoll), and (3) the 
seismotectonic framework of the burial site (which influences the long-term stability and integrity of 
the site). Four major interacting long-term impacts related primarily to the first two geologic 
factors are of major importance in evaluating the relative advantages and disadvantages of containment 
systems through geologic time. These impacts are: radon-222 emissions, leaching rates of radio
nuclides to groundwater, erosion rates, and impacts to a potential resident-intruder. Often, a design 
option that offers an advantage with respect to one impact also offers a disadvantage with respect to 
another impact. 

Selection of any design modifications or optional design concepts for further consideration 
depends on subsequent analysis of factors not considered herein (e.g., near-term impacts and costs). 
A detailed subsurface investigation, laboratory testing, and engineering analyses would also be 
necessary. 
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APPENDIX D. TRANSPORTATION OF NFSS WASTES AND RESIDUES 

0.1 INTRODUCTION 

All, or portions of, the NFSS contaminated materials will be shipped to other sites if Alterna-. 
tive 3a, 3b, 4a, 4b, 4c, or 4d is implemented (Table D.l). In Alternative 3, all 190,000 m3 of the 
residues and wastes will be moved to either Hanford, Washington, (3a) or Oak Ridge, Tennessee (3b). 
In Alternative 4, the 11,000 m3 of residues will be moved to either Hanford (4a, 4b) or Oak Ridge (4c, 
4d), whereas the 180,000 m3 of wastes will either remain at NFSS (4a, 4c) or be transported to the 
New York/New Jersey harbor area for ocean disposal (4b, 4d). 

Detailed descriptions of the NFSS residues and wastes are given in Section 3.1.7 of this report. 
The residues have a much higher concentration of radium-226 than do the wastes (Table 0.1). For 
transportation purposes, the NFSS residues will be classified as low-specific-activity (lSA) radio
active wastes. The NFSS wastes, on the other hand, are only slightly contaminated and do not·need to 
be classified as r~dioactive for transportation purposes. (Details on transportation regulations and 
waste classification are provided in Section 0.2.) 

Table 0.1. Summary of Alternatives Involving Transport of NFSS 
Residues and Wastes to Other Sitest l 

Destination 

Hanford 

Oak Ridge 

NY/NJ harbor areat 2 

-------

Contaminated 
Material 

K-65 res i dues 

L-30/F-32 residues 

L-50 residues 

Subtotal 

Wastes 

Total 

NFSS Volume 
Material of 

Distance to be Material 
( km) Alternative Transported (m3 ) 

4100 3a, 4a, 4b Residues 11,000 

3a Wastes 180,000 

1300 3b, 4c, 4d Residues 11,000 

3b Wastes 180,000 

770-1000 4b, 4d Wastes 180,000 

- - - - - ------ - - - - - - - - - - - -

3,000 

6,500 

1,500 

11,000 

180,000 

190,000 

Average 
Radium-226 

Concentrationt3 

. (pei/g) 

220,000 

12,000 

3,300 

36 

Packaging 

Bins 

Bins 

Bins 

None 

Type of Transport 
Vehicle 

Shielded vans 

Shielded vans 

Low-boy, semi
trailer, flat
bed trucks 

Dump trucks 

t l All values rounded to two significant figures. 

t 2 From the barge dock in the New York/New Jersey harbor area, the wastes 
will be transported on barges to the ocean dump site. See Section 2.7 
and Appendix E. 

t 3 From Table 3.5. 

0-1 
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There are three potential modes of transport for-the NFSS residues and wastes: truck, rail, and 
barge. Barge transport has been shown to be unreasonable (Bechtel Natl. 1984), primarily because of 
the much greater distances involved and because of the need for truck transport at both ends, thus 
necess i tat i ng two addit i ona 1 transfers. Rail transport may be feasible (see Sect; on D. 5), but 
transport of bulk radioactive materials similar to the NFSS residues and wastes is currently accom
plished primarily by truck. There may be some advantages in shipping the large volume of NFSS wastes 
and residues by rail rather than truck (e.g. ,fewer number of shipments) but there are also disadvan
tages (see Section 0.5). For· purposes of defining the major alternatives in this EIS, truck transport 
is assumed for all NFSS wastes and residues. If DOE decides to implement one of the transportation 
alternatives, the relative merits and costs of rail versus truck transport will be given more detailed 
consideration. 

There are several alternative truck routes to the three sites. The preferred routes are described 
in Section 3.5; the criteria for choosing routes and descriptions of alternative routes are given in 
Section D.4. To the extent possible, all NFSS residues and wastes will be shipped on interstate 
highways. 

A detailed discussion of truck transportation--including the bases for determining numbers of 
shipments, duration of shipments, and other parameters needed for the environmental impact analysis in 
this EIS--is provided in Section D.3. Barge transportation for the ocean disposal alternatives is 
described in Appendix E. 

0.2 TRANSPORTATION REGULATIONS 

D.2.1 Federal 

The transportation of radioactive materials is subject to the regulations and jurisdiction of 
many federal, state, and local authorities. Four federal agencies have jurisdiction over shipments of 
radioactive materials: 

The Department of Transportation (DOT) has primary responsibility for issuing regula
tions for the safe transportation of ~ll hazardous materials, including radioactive 
materials. The DOT regulations apply to all shippers and carriers of radioactive 
materials except for shipments made on federal government vehicles. 

The Nuclear Regulatory Commission (NRC) issues additional regulations for certain 
highly radioactive materials such as spent nuclear fuel and high-level wastes. Those 
regulations apply to all NRC licensees.* The NRC regulations also apply in certain 
cases to commercial carriers. 

The Interstate Commerce Commission (ICC) regulates rates, charges, and conditions of 
truck and rail services operating in interstate commerce. The role of th ICC in inter
state commerce is diminishing as a result of gradual deregulation of the transportation 
industry. 

The Department of Energy (DOE) exerts operational control of the shipment activities of 
its "government-owned" contractors. Except for shipments made on government-owned 
vehicles, all DOE shipments are subject to DOT regulations. By the DOE's own internal 
directives, the additional safety standards imposed by NRC also apply to DOE shipments, 
although the administrative requirements of NRC do not apply. 

Providing for adequate control of radiation is a requirement that must be met when transporting 
the NFSS residues. Radiation control limits are met by providing the necessary shielding to reduce 
external radiation levels to within allowable limits. Because the NFSS residues will probably be 
shipped in vehicles consigned for exclusive use, the following dose limits specified in 49 CFR 
Part 173.441 apply**: 

1000 mrem/h at any point on the accessible external surface of a package (closed 
transport vehicle). 

200 mrem/h at any point on the accessible external surface of a package (open transport 
vehicle). 

*The Afrimet residues were formerly owned by Afr;met-Indussa and were under a state of New York 
license (New York is an NRC agreement state). As a result of recently concluded negotiations with 
Afrimet-lndussa, DOE assumed ownership of the residues and, thus, they are no longer subject to a 
New York license. 

**These regulations apply only to shipments of residues. The NFSS wastes are not considered to be 
radioactive for transportation purposes. See later discussion. 
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200 mrem/h at any point on the external surface of the vehicle. 

10 mrem/h at 2 m (6.6 ft) from the sides of the vehicle. 

2 mrem/h in any normally occupied position in the vehicle. 

Recently revised regulations were issued by the Department of Transportation on MarchIO, 1983 
(U.S. Dep. Transp. 1983a); these regulations went into effect on July 1, 1983. In Section 173.403 (y) 
of revised 49 CFR Part 173, radioactive material, for transportation purposes, is defined to be any 
material that has a specific activity greater than 0.002 ~Ci/g (2000 pCi/g). 

The NFSS residues contain between 3,300 and 220,000 pCi/g of radium-226 (dry weight basis) as. 
well as small amounts of uranium and other radionuclides. Assuming secular equilibrium between the 
radium-226 and its decay products, and noting that the residues will be shipped damp, the total 
specific activity of the residues, as transported, will range from 22,000 to 1,500,000 pCi/g.* All 
the residues will be classified as low-specific-activity (lSA) materials because they are physical and 
chemical concentrates of uranium ores {49 CFR 173.403 (n»; the residues will therefore be shipped as 
radioactive materials. 

The NFSS wastes have an average radium-226 concentration of about 36 pCi/g and, using the same 
assumptions as for the residues, the estimated total specific activity of the wastes is about 240 pCi/g. 
Thus, these wastes could be transported as nonradioactive materials. However, due to heterogeneities 
in the wastes, some mixing of the wastes may be necessary to ensure that the individual shipments do 
not exceed a total specific activity of 2000 pCi/g. 

Another major federal regulation concerning transport' of the NFSS wastes and residues is the 
gross vehicle weight limit of 36,000 kg (80,000 lb) (Pub. l. 97-424, Highway Improvement Act of 1982), 
which applies to all states. 

0.2.2 State and local 

Several state and local governments have issued regulations and passed statutes that impose 
restrictions on shipments of radioactive materials. The U.S. Congress has, by statute, given DOT 
preemptive regulatory authority over state and local jurisdictions in the matter of transportation of 
radioactive materials. The U.S. Supreme Court has recently upheld this preemptive authority in a case 
where the city of New York filed suit against DOT, challenging DOT's regulatory authority (U.S. Supreme 
Court 1984). 

Although state or local regulations regarding the transport of radioactive materials are preempted 
by federal law (Federal Materials Transportation Act, Section 12, Title I, of Public law 93-633), a 
state or local municipality has the option of filing with the Department of Transportation for a 
nonpreemption determination (i.e., a waiver of preemption). A state or loc?l requirement influencing 
the transport of radioactive materials will cease to be preempted by federal law if, upon application 
for the nonpreemption determination, the Secretary of the Department of Transportation finds that the 
state or local ruling (1) provides an equal or greater level of public safety than the Hazardous 
Materials Transportation Act or regulations issued thereunder, and (2) does not burden commerce. 
Preemption determination, therefore, does offer the state or local area with a recourse in the case of 
disputes over federal preemption. 

The NFSS residues will be classified as radioactive, but the NFSS wastes will be classified as 
nonradioactive materials under existing federal regulations. Although DOE shipments of NFSS wastes 
will also not be legally subject to state and local regulations, as a matter of comity (courtesy), 
DOE attempts to comply with state and local general transportation regulations. 

0.3 PACKAGING AND VEHICULAR REQUIREMENTS FOR NFSS RESIDUES AND WASTES 

0.3.1 General 

It is assumed that the NFSS residues will be packaged prior to transportation to ensure compli
ance with regulations for transporting radioactive materials. There are a variety of packages that 
could be used to transport the NFSS residues, including 55-gallon drums and various-sized boxes. For 

*Assuming secular equilibrium between the radium-226 and its decay products, the total specific 
activity is approximately 10 times the radium-226 activity. Taking into account the increased weight 
of damp residues, another multiplier of 0.67 is applied (see Table 3.5). loss of radon-222 gas and 
contributions from other radioactive elements such as uranium-238, -234, and -235 are not expected 
to significantly affect the estimated total specific activity. 



0-4 

purposes of analysis in this EIS, it is assumed that large steel boxes will be used, specifically the 
Mark-III bins that are used for transport and disposal of low-level radioactive wastes at Argonne 
National Laboratory. These bins are sturdy (made of 12-gauge welded steel), watertight (gasketed), 
certified for transport of LSA materials (meet DOT requirements of "strong and tight" packaging), of 
suitable size (1.2 m x 1.5 m x 1.8 m [4 ft x 5 ftx 6 ft), could be filled with the NFSS residues 
using conventional construction equipment,* and could be easily loaded and unloaded from transport 
vehicles using cranes. Use of these containers also offers the advantage of enabling retrieval of the 
residues within a few (10 to 20) years should this be desired. 

Three types of vehicles are assumed to' be used to transport the NFSS residues and wastes 
(Table 0.2): shielded vans, flat-bed semitrailer trucks, and dump trucks. The shielded vans (for 
transport of the K-65 and L-30/F-32 residue packages) are standard vans that can be modified to allow' 
the bins to be easily loaded and unloaded and to allow for varying amounts of shielding to reduce the 
radiation levels outside of the van. The most stringent radiation limit of 10 mrem/h at 2 m (6.6 ft) 
from the side of the vehicle can be met by using vans equipped with lead shielding (Bechtel Natl. 
1984). These vans will have canvas tops for ease of loading and unloading using cranes. The 200 mrem/h 
limit for the top of the van will be met by adding an extra 2 cm (0.75 in.) of steel shielding on top 
of the bins containing the K-65 residues (Table 0.2). No special shielding is required for the L-50 
residues, so they will be transported in the bins on flat-bed, semitrailer trucks. 

Table 0.2. Shipping Status of NFSS Wastest 1 

Average Average 
Concentration Ra-226 

(dry wt. ) lnven'tory Shielding Material Density of Ra-226 per Shipment Number of Number of 
Transported (kg/m3) (pCi/g) (Ci) Top Side Bins Truck Trips 

Residues: 

K-6S l,BOO 220,000 1.6 Yes Yes 2,000 500t2 

l-30 and F-32 1,800 12,000 0.10 No Yes 3,900 960t 2 

l-SO 1,800 3,300 0.043 No No 850 ~t3 

Subtotal 1,600 

Wastes: 1,800 36 0.00052 No No NA 15,OOOt4 

TOTAL 16,000 

t 1 All values rounded to two significant figures. 

t 2 Assumes use of shielded vans with payload (reduced by shielding) of about 14,000 kg 
(30,000 lb) (Chern-Nuclear Systems 1983), or 4 bins per van. 

t 3 Assumes use of low-boy, semitrailer, flat-bed truck weighing 14,500 kg (32,000 lb) when 
empty and able to carry 6 bins per trip. 

t4 Assumes use of dump trucks covered with canvas and having a gasketed seal for the rear end. 
Each vehicle has an empty weight of 15,000 kg (32,000 lb) and can carry a payload of 
22,000 kg (48,000 lb) of NFSS wastes. 

The NFSS wastes will not be classified as radioactive materials for transportation purposes and 
therefore will be transported in the most expeditious manner. It is assumed that these wastes will be 
transported in lS-m3 (20-yd3) dump trucks having gasketed seals on the rear end and canvas covers on 
top to minimize potential loss of the contaminated soils during transport. Gasketed trucks are assumed 
in order to avoid having to use and dispose of plastic liners. 

It is assumed that all vehicles will be obtained from commercial operators and dedicated to NFSS 
operations (i.e., exclusive use for transporting these materials, returning empty to NFSS for another 
load). When necessary, extra shielding will be added to protect the driver. All vehicles will be 
decontaminated if necessary, according to the limits specified in 49 CFR Part 173.443 (U.S. Dep. 
Transp. 1983a), primarily by washing with water. 

*Shielding on the equipment would be provided, as needed, to protect equipment operators. 
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0.3.2 Residue Packaging and Transportation 

The lead-shielded vans for residue transport are assumed to weigh approximately 23,000 kg 
(50,000 Ib). Because the interstate vehicle weight limit is 36,000 kg (80,000 Ib) (Pub. L. 97-424), 
each van can carry about 14,000 kg (30,000 Ib) of NFSS payload per trip. Each·Mark-III bin has a 
volume capacity of 3.4 m3 (4.4 yd3 ), a container weight of 340 kg (750 Ib), and a maximum weight 
capacity of 3600 kg (8000 Ib) (including container weight). Additional steel shielding for the top of 
a bin containing K-65 wastes weighs 280 kg (630 Ib). Assuming a residue density of IBOO kg/m3 

(3000 Ib/yd3 ), each bin could therefore carry a maximum of 3000 kg (GOOO Ib) or 1.7 m3 (2.2 yd3 )* of 
K-G5 residues. To meet the payload restrictions for the van (14,OOO kg or 30,000 Ib), however, each 
van will carry a maximum of 4 bins loaded with 2800 kg (GI00 Ib) or 1.5 m3 (2.0 yd3 ) per bin. There
fore, approximately 500 truck trips will be required to transport the 3000 m3 (4000 yd3 ) or 2000 bins 
of K-G5 residues from NFSS. 

No additional steel shielding on top of the bins will be required for the L-30/F-32 residues, so 
each van can carry a maximum of 4 bins loaded with 3000 kg (6100 Ib) or 1.7 m3 (2.2 yd3 ) of L-30/F-32 
residues and meet payload limitations. Approximately 960 truck trips will be required to remove the 
6500 m3 (B500 yd3 ) or 3900 bins of L-30/F-32 residues. 

Because of their lower specific activity, the L-50 residues will not require lead shielding 
during transport and will be transported on flat-bed, semitrailer trucks. Assuming an empty flat-bed, 
semitrailer truck weighs 15,000 kg (32,000 Ib) a~d ·has a payload of 22,000 kg (48,OOO lb), 6 Mark-III 
bins filled to their design weight limit can be loaded on each truck. Thus, each bin will contain 
1.B m3 (2.4 yd3 ) and each shipment will contain approximately 11 m3 . Assuming a total L-50 volume of 
1,500 m3 (2,000 yd3 ), 140 truck tr"ips will therefore be required to remove the 850 bins of L-50 
residues from NFSS for a combined total of 1600 truck trips for all residues. 

0.3.3 Waste Transportation 

The NFSS wastes will be transported in 15-m3 (20-yd3 ) dump trucks. Assuming the empty weight of 
the truck is 15,000 kg (32,000 Ib) with a payload of 22,000 kg (4B,000 Ib), and assuming a waste 
density of 1,800 kg/m3 (3,000 lb/yd3 ), one truck can carry at maximum weight 12 m3 (16 yd3 ) of waste 
per trip (allowing for an average 15% increase in volume with handling). Approximately 15,000 truck 
trips will therefore be required to remove the wastes from NFSS (Table 0.2). 

During implementation of any of the action alternatives, an additional small amount of radio
active waste will be produced (e.g., contaminated clothing, filters, gloves). These wastes will be 
treated to minimize their volume and will be disposed with the NFSS residues. These additional wastes 
are not covered expl icitly in this EIS because their volume wi 11 be very small relative to the 
residues and wastes. 

0.3.4 Time and Equipment Needs 

About 16,000 truck trips will be required to transport all wastes and residues from NFSS. The 
equipment and time required to transport the contaminated materials from NFSS to Hanford or Oak Ridge 
under Alternatives 3a and 3b are listed in Table 0.3. Assumptions made in performing the calculations 
of the values in Table 0.3 include: a weather-restricted work period of 6 months each year consisting 
of 120 working days; a daily transport di stance of 730 km (450 mi); and round- trip trave 1 times 
(including loading/unloading) of 12 days to Hanford, Washington, and 5 days to Oak Ridge, Tennessee. 
A contingency of enough trucks to cover one additional working day has been included in the totals to 
serve as replacements for vehicles out-of-service or requiring maintenance. It is assumed that it 
will take 2 years to ship the residues to either Hanford or Oak Ridge. It is also assumed that it 
will take 5 years to complete transport of the wastes in Alternative 3a (Shipping to Hanford) and 
2 years in Alternative 3b (shipping to Oak Ridge), limited primarily because of the number of dedicated 
trucks required. Thus, implementation of Alternative 3a is limited by the 5 years needed to transport 
the wastes. The requirements associated with completing this activity in different time periods are 
also shown in Table 0.3. 

The vehicle and time requirements to implement Alternatives 4a, 4b, 4c, and 4d are listed in 
Table 0.4. For this analysis, it is assumed that it will take 2 years to implement Alternative 4a, 
4b, 4(, or 4d. The requirements associated with completing this activity in different time periods 
are also shown in Table 0.4. 

*Volumes quoted represent preexcavation volumes. With excavation and handling of residue materials, 
volumes may be expected to increase by as much as 30% (Peele and Church 1941). 
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Table 0.3. Truck Requirements for Shipment of NFSS Residues and Wastes 
in Alternatives 3a and 3bt1 't3 

Round trips 

Rate: 

Departing NFSS 

trucks/day 

trucks/hour 

Departing and 
arriving at NFSS 

trucks/day 

trucks/hour 

Dedicated trucks 
requiredt2 

Material transported: 

m3 /yr 

m3 /mo 

m3 /wk 

2 yr 

16,000 

68 

8.5 

140 

17 

880 

96,000 

16,000 

3,700 

Total distance travelled (km) 

Hanford, WA 

3 yr 4 yr 

16,000 16,000 

45 34 

5.7 4.3 

90 68 

1.1 8.6 

580 440 

64,000 48,000 

11,000 8,000 

2,500 1,800 

130,000,000 

Destination. 

Oak Ridge, TN 

5 yr 2 yr 3 yr 4 yr 

16,000 16,000 16,000 16,000 

27 68 45 34 

3.4 8.5 5.7 4.3 

54 140 90 68 

6.8 17 11 8.6 

350 370 240 180 

38,000 96,000 64,000 48,000 

6,400 16,000 11,000 8,000 

1,500 3,700 2,500 1,800 

42,000,000 

5 yr 

16,000 

27 

3.4 

54 

6.8 

150 

38,000 

6,400 

1,500 

t1 Assumes (1) 190,000 m3 of total contaminated material transported (see Table 0.1); (2) 6-month 
(120-day) transport season; (3) 8-hour working day; (4) round-trip travel time of 12 days to 
Hanford, and 5 days Oak Ridge. 

t 2 Includes a I-day excess contingency of trucks to cover repairs and maintenance. 

t 3 All values rounded to two significant figures. 

0.4 ALTERNATIVE TRUCK ROUTES 

0.4.1 Route Selection Criteria 

Guidelines listed in regulations on the routing of radioactive materials indicate that transpor
tation of the NFSS residues will be restricted to certain routes to minimize the radiation risk to the 
general public (U.S. Oep. Transp. 1981). The routes selected for the various transportation alterna~ 
tives in this EIS are based on the more restrictive transportation routing guidelines applicable for 
II route-contro 11 ed quanti t i es" of radi oact i ve materi a 1 s, even though it may not be necessary to meet 
these restrictive guidelines (U.S. Oep. Transp. 1983a, 1983b). These more stringent requirements 
require transporters of radioactive materials to be confined to the interstate highway system, unless 
otherwise specified by the states. Interstate Beltways or state-designated bypass routes are to be 
used around large metropolitan areas where possible. The restriction to interstate highways results 
from national average highway accident data being lower for interstates than on any other class of 
roadway; analyses also indicate that the radiological risk to the public from transporting radioactive 
materials on interstates is lower than that on other highways (U. S. Oep. Transp. 1981). Vehicles 
transporting radioactive materials can deviate from the interstate system for emergencies, for obtain
ing fuel and repairs, and for travel to and from off-interstate pick-up and delivery sites. 

Three alternative routes to each destination (Hanford, Oak Ridge, Harbor) are identified. Because 
only county-level population data are readily available, the average population density for each route 
is determined by calculating the means of the mean population density for each county through which 
the route passes. The preferred route is the one that has the fewest people living near it. Preferred 
routes are described in Section 3.5. 

0.4.2 Alternative Routes to Arid Site (Hanford) 

Alternative Route 1 to Hanford (Figure 0.1) consists of taking 1-94 west from Wisconsin rather 
than 1-90. The route then traverses central Minnesota, North Dakota, and Montana and merges with the 



Table 0.4. Truck Requir~ments for Shipment of NFSS Residues to Hanford or Oak Ridge and the Wastes 
to the New Yrrk/New Jersey Harbor· Area in Alternatives 4a, 4b, 4c, and 4dt' 't3 

I. Destination 
Hanford, WA 1 Oak Ridge, TN New York/New Jersex Harbor Areat3 

1 yr 2 yr 3 yr 14 yr 5 yr 1 yr 2 yr 3 yr 4yr 5yr 2 yr 3 yr 4 yr 5 yr 

Round trips 1,600 1,600 1,600 
I 
1,600 1,600 1,600 1,600 1,600 1,600 1,600 15,000 15,000 15,000 15,000 

Rate: 
Depart! ng NFSS 

trucks/day 13 6.7 4.4 3.3 2.7 1.3 6.7 4.4 3.3 2.7 61 41 31 25 
trucks/hour 1.6 0.8 0.6 0.4 0.3 1.7 0.8 0.6 0.4 0.3 7.7 5.1 3.8 3.1 

Departing and 
arriving at NFSS 

trucks/day 26 13 8.8 6.6 5.4 2.6 13 8.8 6.6 5.4 120 82 62 50 0 , ....., 
trucks/hour 3.2 1.6 1.2 0.8 0.6 3.4 1.6 1.2 0.8 0.6 15 10 7.6 6.2 

Dedicated trucks 
requiredt 2 180 87 57 43 35 70 36 24 18 15 170 110 84 68 

Haterial transported: 
m3 /yr 11,000 5,500 3,700 2,800 2,200 11,000 5,500 3,700 2,800 2,200 90,000 60,000 45,000 36,000 
m3 /mo 1,800 920 610 460 370 1,800 920 660 460 370 15,000 10,000 7,500 6,000 
m3 /wk 640 320 210 160 130 640 310 210 160 130 3,500 2,300 1,700 1,400 

Total distance 
trave 11 ed (kin) 13,000,000 4,200,000 30,000,000 

t' Assumes (1) 11,000 m3 of residues and 180,000 m3 pf remaining residues, soils, and rubble transported (see Table D.l); (2) 6-month (120-day) transport season; 
(3) 8-hour working day; (4) round-trip travel time of 12 days to Hanford; 5 days to Oak Ridge; and 2.5 days to the Harbor. 

t 2 Includes I-day excess of trucks to cover losses d~e to repair and maintenance. 
t 3 All values rounded to two significant figures. 
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preferred route again at Billings, MT. Alternative Route 2 (Figure 0.1) to Hanford departs from the 
preferred route south of Chicago, Illinois, and continues on 1-80 through Illinois, Iowa, Nebraska, 
and Wyoming to Salt Lake City, Utah; northwest on 1-84 through Idaho to Stanfield, Oregon; north on 
Route 395 across the Columbia River; north on Route 14 to Kennewick; and west on Route 12 to Richland 
where it again merges with the preferred route. 

0.4.3 Alternative Routes to Humid Site (Oak Ridge) 

Alternative Route 1 (FigureD.l} to Oak Ridge consists of taking 1-90 along Lake Erie southwest 
to Cleveland; south on 1-271 to Akron; south on 1-77 through southern Ohio to Charleston, West Virginia, 
where it rejoins the preferred route. Alternative Route 2 (Figure 0.1) involves taking 1-271 south 
around Cleveland and continuing southwest on 1-71 to Cincinnati, Ohio; south on 1-75 through central· 
Kentucky to Knoxville, Tennessee, where it rejoins the preferred route. 

0.4.4 Alternative Routes to New York/New Jersey Harbor Area 

Alternative Route 1 to the Harbor (Port of New York) consists of taking 1-90 east of Buffalo, 
1-81 south from Syracuse, and Route 17 and 1-87/287 from Binghamton into the Port of New York. Alter
nat i ve Route 2 consi sts of conti nui ng on 1-81 through Bi nghamton to Scranton, Pennsyl vani a; 1-380 
southeast to 1-80; and 1-80 east through northern New Jersey to the Port of New York. 

0.5 RAIL TRANSPORTATION 

There are several options for transporting the NFSS wastes and residues that could make use of 
use of rail transportation. Determining which of these rail options is "best" requires analysis of 
several complex trade-offs and the "best" option is likely to be different for each type of waste and 
residue and for each offsite disposal alternative. Evaluating the monetary costs of transportation 
for each option (including construction costs and environmental impact mitigation costs) also requires 
analysis of several factors. In particular, the rates that a railroad would charge are uncertain 
because they would be influenced by the special requirements imposed for NFSS wastes and residues 
(routing, transit time, etc.), by the railroad's perception of potential hazards and by concerns about 
adverse pub 1 i c reaction. What the actual rates woul d be can only be determi ned by negot i at i on wi th 
the railroads. In addition to the monetary costs, the environmental impacts of each of the rail 
options must be considered. The most economical option may not necessarily be the best with regard to 
environmental impacts. 

0.5.1 Transportation Options Using Rail 

There are three basic groups of options for using rail to transport NFSS wastes and residues to 
disposal sites. These groups, which are defined by the type of equipment used for offsite transport 
of NFSS wastes and residues, are: (1) site to site on rail, (2) truck to offsite loading to rail, and 
(3) truck to trailer-on-flatcar (TOFC) to truck. 

For site to site transport on rail, a rail spur would have to be constructed into NFSS. In this 
case, the wastes and residues would be trucked onsite to the onsite rail spur and loaded directly to 
railcars. The wastes would remain in railcars until they reached the disposal site, where they would 
again be loaded onto trucks for transport to the burial trenches (Hanford) or mounds (Oak Ridge). The 
required rail connection to NFSS would be approximately 8 km (5 mi) in length. In the case where no 
rail spur is constructed to NFSS, the wastes and residues would be trucked to an offsite loading 
facility in the Niagara/Buffalo area. Rail transport from the offsite loading facility to the disposal 
site could be accomplished in two ways: (1) the wastes and residues could be transferred to railcars 
for shipment to the disposal site and final transport on trucks to the disposal trenches or mounds, or 
(2) the truck trailers could be loaded onto flatcars for a TOFC move and, for final delivery, the 
trailer.s would be trucked to the disposal site. This latter option would make use of existing TOFe 
ramps near the origin and destinations. Upon completion of transport to an alternative site, all 
loading and transfer facilities would have to be decontaminated. 

The NFSS wastes are chosen to illustrate these options because the wastes make up most of the 
transportation requirements. Figure 0.2 shows the operations required to load NFSS wastes to bulk
handling railcars, or gondolas, both with and without a rail spur constructed to NFSS. Figure 0.3 
shows the operations at the disposal sites if the wastes arrive in gondolas. Figure 0.4 shows the 
operations at NFSS and at the disposal sites if TOFC rail transportation is used. 

All options using rail require trucks to some extent, and, except for the TOFC option, they also 
require transferring the wastes from truck trailer to railcar at or near NFSS. If this transfer 
occurs offsite, the environmental considerations of constructing, operating, and decontaminating an 
offsite loading facility must be taken into account. If the transfer occurs onsite at NFSS, the 
environmental considerations of constructing a rail spur must be considered. Also for these options, 
transfer back to truck is required at the disposal site to move the wastes and residues from the 
railcars to the final disposal location (e.g., into the trenches at Hanford or onto the knolls at 
Oak Ridge), except for the ocean-disposal alternative in which direct loading ~nto barges could be 
used. At Oak Ridge, there is a trade-off to be considered between costs and impacts of rai 1 spur 
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construction and costs and impacts of a relatively long truck move to the disposal area. Rail access 
to the actual disposal site is already available at Hanford. 

Within each of the particular options, there are several considerations for the rail portion of 
the move that will influence the rates and environmental impacts. Among these are whether or not the 

. railcars move in dedicated trains or general-manifest trains and whether or not the railroads own the 
railcars. Use of dedicated trains will affect turnaround time and routing which, in turn, will affect 
equipment costs and environmental impacts. Railcar ownership affects rail rates charged and capital 
investment required (see Section 0.5.2). . 

The purpose of the preceding discussion is to ill~strate the interdependency of all decisions and 
show the effect that the choice of transport mode has on other operational costs and environmental. 
impacts. In the following discussion of rail options and the trade-offs that must be considered, the 
rail options are categorized into three groups by their offsite transportation requirements. These 
groups are: (1) from NFSS to the disposal site by rail; (2) from NFSS to offsite transfer by truck, 
then by rail to the disposal site; and (3) from NFSS to the nearest TOFC ramp by truck, then by rail 
to a TOFC ramp near the disposal site, and then to the disposal site by truck. 

0.5.1.1 Site to Site on Rail 

For bulk transport of NFSS wastes, gondolas designed for clamshell loading and unloading will 
most likely be used. Each gondola has a capacity of 91 MT (100 tons) and will be equipped with 
removable fiberglass covers. Other possibilities are side-dump or bottom-dump hopper cars. However, 
because of the moisture content required for dust control, the wastes would probably not be free
flowing enough for bottom-dump cars. In both of these cases, more expensive unloading facilities 
would be required, but use of such facilities would result in faster unloading rates. 

The K-65 and L-30/F-32 residues will be packaged in Mark-Ill bins (see Section 0.3). These bins 
will need additional shielding during transport and could be palletized or blocked for fork-truck 
loading to shielded boxcars. An alternative to boxcars would be use of a shielded, covered gondola so 
that the bins could be loaded with a crane~ however, this would require bins less than 1.2-km (4-ft) 
high. The L-50 residues will also be packaged in Mark-Ill bins but will not require any additional 
shielding. These could be loaded onto flatcars using a crane or fork-truck. The cars could move in 
either manifest or dedicated trains. Dedicated trains would provide much faster turnaround times and 
therefore would reduce the number of cars required. 

Both the Hanford and Oak Ridge Reservatio.ns have rail access. Access to the Pine Ridge disposal 
site on the Oak Ridge Reservation may require construction of a rail spur of approximately 11 km 
(7 mi) in length in order to move the railcars close to the disposal site and reduce the impacts of 
onsite trucking. Rail service is available to the Perth Amboy Port area for direct loading to barges 
for the ocean-disposal alternative. 

0.5.1.2 Truck to Offsite Loading to Rail 

If a rail spur is not built to.NFSS, an offsite loading facility would have to be constructed. 
The wastes will be transported to the facility using trucks and safeguards as described in Section 0.3, 
and they will be transferred by clamshell or other bulk transfer equipment to gondolas. Containment 
safeguards will have to be provided at the transfer facility. The K-65 and L-30/F-32 residues will be 
transported to a transfer point in shielded vans as described in Section 0.3. There they will be 
transferred to shielded boxcars or shielded gondolas using appropriate material-handling equipment 
(fork-lifts or cranes), with shielding provided on the equipment as needed to protect the equipment 
operators. The L-50 residues will be transported to a transfer point on flat-bed truck trailers, and 
they will be transferred to flatcars using a crane. A similar transfer back to truck will be required 
for the final move to the disposal site. 

~.5.1.3 Truck to Trailer-on-Flatcar to Truck 

In the truck to TOFC to truck rail option, all wastes and residues will be packaged and loaded on 
truck trailers as described in Section 0.3. The trailers will be moved to a TOFC ramp, loaded onto 
flatcars, and transported by rail to a TOFC ramp near the disposal site. There they will be off
loaded from the flatcar and trucked to the disposal site. TOFC ramps are located in Buffalo, New York, 
for loading from NFSS. Near the Oak Ridge site, ramps are located in Knoxville, Tennessee; and near 
the Hanford site, there is a ramp located in Pasco, Washington. A ramp in Elizabeth, New Jersey, is 
convenient to the Port of New York area for the ocean disposal alternative. 

0.5.2 Comparison of Rail Options 

Determining which rail option is best depends on many trade-offs. The transportation costs, 
equipment requirements, material-handling costs, environmental impacts, and mitigation costs vary 
among the options. The rates that would be charged by the railroads for NFSS wastes and residues are 
uncertain and would require negotiation. These rates would also depend on car ownership and whether 
dedicated trains or general-manifest trains were used. The various factors affecting components of 
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the total monetary cost of the rail transportation options are summarized in Table 0.5. Many of these 
factors have an effect on more than one of the cost components and on other factors (see Figures 0.2 
through 0.4). 

In the following discussion, the major considerations for the basic transportation options for 
the NFSS wastes and residues are summarized, including comparison of the advantages and disadvantages 
that must be traded off against the transportation rates negotiated with the carriers. The advantages 
and disadvantages of options for transporting NFSS wastes are listed in Table 0.6. The 'major trade
off between onsite loading to rail and offsite loading to rail is between the costs and environmental 
impacts of constructing a rail spur from Niagara Falls to NFSS and the costs and environmental impacts 
of operating an offsite transfer facility·plus the cost of the additional trucking equipment required. 
The major trade-off between onsite loading to rail and TOFC is between the impacts and costs of rail, 
spur construction to NFSS and the higher equipment requirements and possibly higher rates of TOFC. 
The major trade-off between offsite loading to rail and TOFC is between the costs and environmental 
impacts of ofts ite materi a 1 handl i ng and the poss ib ly hi gher transportation rates and equi pment 
requirements of TOFC. The major advantage of TOFC over direct truck is lower labor costs. 

The advantages and disadvantages of the rail options for transportation of the K-65 and L-30/F-32 
residues are listed in Table 0.7. Again, the trade-offs between direct rail and the other options 
are: (1) in the case of truck/rail, rail spur construction costs, impacts, and handling considera
tions, and (2) in the case of TOFC, transportation rates and equipment requirements. The environ
mental problems associated witn offsite transfer of packaged residues would be less than those asso
ciated with the bulk-handled wastes. 

The advantages and disadvantages for the L-50 residues are listed in Table 0.8. In this~case, 
handling the packaged wastes offsite presents no problem; thus, either direct rail (if a rail spur 
were built to handle,NFSS bulk wastes) or truck/rail would most likely be preferable to the higher 
equipment needs and possibly higher rates of TOFC or direct truck. 

0.5.3 Transportation Equipment Requirements 

In comparing the equipment requirements for the rail options, trucks and trailers required for 
onsite transfer of materials are not included because these requirements will depend on site-specific 
decisions. If a rail spur to NFSS is not built, then the tractors and trailers used to move the 
materials to the offsite loading location would also handle onsite movements. However, even if the 
rail spur is built, some equipment would be required to move the materials from'the containment area 
to the onsite loading facility. The requirements for onsite movement at Oak Ridge will depend on 
whether or not the rail spur is extended. In the case of TOFC (and truck), the equipment requirements 
for offs ite transportal i on are suffi ci ent for any ons ite movements because the tractor tra i 1 ers can 
move from the containment area at NFSS and to the disposal area at either Hanford or Oak Ridge. 

0.5.3.1 Site to Site on Rail 

For the direct rail option, only railcars are required for offsite transport. Gondolas would be 
used for the NFSS wastes, boxcars or covered gondolas for the K-65 and L-30/F-32 residues, and flat
cars for the L-50 residues. A 91-MT (100-ton) gondola has a volume carrying capacity of approximately 
52 m3 (70 yd3 ). Transporting all the NFSS wastes would require 3200 car trips. Standard boxcars have 
a load carrying capacity of 64 MT (70 tons). Carrying 14 bins per car would allow for 16,000 kg 
(35,000 lb) of shielding per car. Transporting all the K-65 and L-30/F-32 residues would require 
about 420 car trips. A standard flatcar has a nominal capacity of 70 MT (77 tons) and could carry 
18 fully loaded bins. Transporting the L-50 residues would require 47 car trips. The equipment 
requirements for shipments to Hanford and Oak Ridge for Alternatives 3a and 3b are shown in Table 0.9. 

0.5.3.2 Truck to Offsite Loading to Rail 

In addition to the rail equipment required for direct rail as described above, the truck to 
oftsite loading to rail option also requires tractors and trailers to transport the wastes and 
residues from NFSS to an offsite loading facility in or near the city of Niagara Falls, New York. 
This would require, in addition to the 3665 railcar trips, approximately 16,000 truck trips. However, 
these truck trips are short and, therefore, the equipment requirements are low (see Table 0.9). 

0.5.3.3 Truck to Trailer-on-Flatcar to Truck 

The equipment requirements for TOFC include semitrailers in numbers sufficient to make the number 
of truck trips required to transport the wastes and residues. However, because the turnaround time 
for a dedicated train would most likely be shorter than the turnaround time for trUCk, the number of 
trailers required would be smaller than required for using trucks only. In ad_dition, one rail flatcar 
is required for every two semitrailers for the rail portion of the trip. The flatcars have a nominal 
capacity of 70 MT (77 tons) and are 16 m (52 ft) in length. A standard 15-m3 (20-yd3 ) dump trailer is 
5.5 m (18 ft) in length. Longer vans and flat-bed trailers used for residues could be matched ,with 
dump trailers to accommodate their longer lengths, if necessary. Truck tr'actors would be required at 
each end to move the trailers between the TOFC ramps and the sites. The equipment requirements for 
the TOFC option are shown in Table 0.9. 
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Table 0.5. Factors Affecting Transportation Costs 

Construction 
Costs 

Rail spurs 

Offsite loading 
facil ities 

Truck washing 
facilities 

Railcar washing 
facilities 

Rolling Stock 
Requirements 

Type of shipment 
Bulk 
Boxcar 
Flatcar 
TOFC 
Truck 

Turnaround times 

Cleanup schedule 

Rates Charged by 
Carriers 

Type of shipment 
Bulk 
Boxcar 
Flatcar 
TOfC 

• Truck 

Classification of 
material 

Distance 

Special requirements 
Routing 
Turnaround times 
Dedicated trains 
Special handling 

Ownership of 
equipment 

• Perceptions of 
potential problems 

Operating and 
Handling Costs 

Transfer costs 
Bulk 
TOFC 
Crane 
Fork-truck 

Railcar washing 

Truck washing 

Truck shielding 

Railcar shielding 

Environmental 
Mitigation 

Construction 
Rail spur 

• Offsite loading 
facilities 

Routing 

Shielding 

Truck washing 

Railcar washing 

Offsite transfer 

Table 0.6. Summary Comparison of Rail and Truck Transportation Options for NFSS Wastes 

Optiont 1 

Rail--Onsite loading and 
unloading 

Rail--Truck to offsite 
loading 

TOFC--Truck to nearest 
TOFC ramp 

Truck 

t1,OFC = trailer-on-flatcar. 

Advantages 

• No offsite material handling 

• No rail spur construction 

Material handling minimized 
No offsite material handling 
No rail spur construction 

Material handling minimized 
No offsite material handling 
No rail spur construction 

Disadvantages 

Requires rail spur construction 

Material handling doubled 
Offsite material handling 

• Liners, covers, and gaskets 
required for both truck trailers 
and railcars 

Higher equipment requirements 

Highest equipment requirements 
Highest labor requirements 
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Table 0.7. Comparison of Rail and Truck Transportation Options 
for NFSS K-65 a~d L-30/F-32 Residues 

Optiont1 

Rail--Onsite loading and 
unloading 

Rail--Truck to offsite 
loading 

TOFC--Truck to nearest 
TOFC ramp 

Truck 

t1TOFC trailer-on-flatcar. 

Advantages 

Minimum handling 
Minimum shielding (railcar 

only) 

No rail spur construction 

Minimum -handling 
Minimum shielding (trailer 

only) 
No rail spur construction 

Minimum handling 
Minimum shielding (trailer 

only) 
No rail spur construction 

Disadvantages 

• Requires rail spur construction 

Both truck trailers and railcars 
require shielding 

Radiation protection required at 
offsite transfer facility 

Higher equipment requirements 

Highest equipment requirements 
Highest labor requirements 

Table 0.8. Comparison of Rail and Truck Transportation Options for NFSS l-50 Residues 

Optiont 1 

Rail--Onsite loading and 
unloading 

Rail-·Truck to offsite 
loading 

TOFC--Truck to nearest 
TOFC ramp 

Truck 

t1TOFC = trailer-on-flatcar. 

Advantages 

• Minimal loading onsite 

No rail spur construction 

No rail spur construction 

• No rail spur construction 

Disadvantages 

Requires rail spur construction 

Minimal loading offsite 

Higher equipment requirements. 

Highest equipment requirements 
Highest labor requirements 
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Table 0:9. Offsite Transportation Equipment Requirements for 
Rail Options for Alternatives 3a and 3b 

Tri~s Reguired ~er Destination 

Hanford Oak Ridge 
Option 

Di rect Rail 

Ra il carst 1 

Semitrailerst2 

Tractorst2 

Truck/Rail: 

Rai lcarst 1 

Semitrailerst3 

Tractorst 3 

TOFC: 

Railcarst 4 

Semitrailerst4 ,t 5 

TractorstS 

2 yr 

150 

150 

17 

17 

272 

601 

57 

3 yr . 4 yr 

100 75 

100 75 

11 9 

11 9 

180 136 

398 301 

38 29 

5 yr 2 yr 3 yr 4 yr 

60 105 70 53 

60 105 70 53 

7 17 11 9 

7 17 11 9 

108 170 90 68 

239 386 210 160 

23 46 30 24 

t 1 Assumes dedicated unit train travel times with round trip of 10 days for Hanford 

5 yr 

42 

42 

7 

7 

54 

126 

18 

(6 travel, 4 loading and unloading) and 7 days for Oak Ridge (3 travel, 4 loading and 
unloading). 

t 2 Onsite equipment to move from containment area to rail spur or from rail spur to 
disposal location is not included. 

t 3 Assumes 4 round trips per day between NFSS and loading location. No onsite equipment 
is included to move from rail spur to disposal locations. 

t4 Assumes dedicated unit train travel times with round trip of 8 days (6 travel, 
2 loading and unloading) to Pasco, Washington, and 5 days (3 travel, 2 loading and 
unloading) to Knoxville, Tennessee. 

t 5 Assumes.3 round trips per day between NFSS and the Buffalo TOFC ramp, 2 round trips 
per day between Hanford and the Pasco TOFC ramp and 3 round trips per day between 
Oak Ridge and the Knoxville. TOFC ramp. 

0.5.4 Routings for Rail and Trailer-on-Flatcar 

0.5.4.1 Direct Rail Routings 

Niagara Falls is served by Conrail, and both the Norfolk Southern (NS) and CSX systems have 
trackage rights between Niagara Falls and Buffalo, New York. All three of these railroads have 
trackage rights on lines on the north side of Lake Erie through Canada to Detroit, Michigan. In some 
cases, this route is part of the most direct route, but it was eliminated from consideration because 
of the sensitive nature of the material being transported. 

The Oak Ridge disposal site is served by a rail spur connected to the louisville and Nashville 
(l&N) line about 2 km (1.2 mi) south of Dossett, Tennessee. The l&N is part of the CSX system so it 
is reasonable for shipments from NFSS to Oak Ridge to be made entirely on the CSX system. A likely 
routing on the CSX system from Niagara Falls to Oak Ridge (1365 km [852 mi) is shown in Figure 0.5.* 
The Hanford site is served by a Burlington Northern (BN) rail line out of Richland Junction. Because 
the BN cannot originate shipments out of Niagara Falls, an interline is necessary with another origi
nating carrier. Figure 0.6 shows a likely route for shipments '~riginated by Conrail with an interline 
with the BN at Gary, Indiana (4322 km [2698 mi»; Figure 0.7 shows a likely route for shipments 
originated by the NS system with an interline in Peoria, Illinois (4308 km [2689 mi); and Figure 0.8 
shows a route originating on the CSX system with an interline at Chicago (4619 km [2883 mi). The 
Port of New York area is served by' Conra il; Figure 0.9 shows a Conrail route from Ni agara Fa lls to 
Perth Amboy, New Jersey (658 km [411 mi). 

*The Oak Ridge Reservation is also served by a rail spur connected to the Norfolk Southern Railroad 
line west of Dossett. Shipments, therefore, could be made from Niagara Falls on the Norfolk Southern. 
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0.5.4.2 Trailer-on-Flatcar Routings 

The closest TOFC ramps to Niagara Falls are those operated by Conrail, Grand Trunk, and NS in 
Buffalo, New York, Ramps are operated in Knoxville, Tennessee,· by Southern (part of the NS system) 
and by Seaboard (part of the CSX system). Therefore, for TOFC shipments from Buffalo to Knoxville, 
the NS system is the logical choice. Figure 0.10 shows a likely routing for such a move on the 
NS system (1344 km [839 mi]). The BN system operates a ramp near the Hanford site at Pasco, Washington. 
Figure 0.11 shows a routing from Buffalo to Pasco for TOFC shipments originating at the Conrail ramp 
in Buffalo, with an interline in Gary, Indiana (4276 kID [2669 mil). Figure 0.12 shows a routing from 
Buffalo to Pasco for TOFC shipments originating at the NS ramp in Buffalo, with an interline in Peoria, 
I11 i noi s (4263 km [2661 mf]). Conra i1 operates a ramp in El i zabeth, New Jersey, whi ch woul d be 
convenient for shipments to the Port of New York area. Figure 0.13 shows a routing on the Conrail· 
system from Buffalo to Elizabeth, New Jersey (623 km [389 mi]). 

0.5.5 Regulations 

The effect of carrier tariffs and operating restrictions on shipments of NFSS wastes and residues 
is uncertain. The nation's railroads have been engaged in litigation with industrial and governmental 
shippers of radioactive materials for over 10 years. The Interstate Commerce Commission has ruled 
against the carriers in each case, and the federal courts have upheld the shippers. However, the rail 
carriers are still persistent in their demands for special trains and higher freight rates for transport 
of radioactive materials. Further litigation is likely, although the railroads have apparently given 
up their alleged right of refusal to carry shipments of radioactive materials. 

Although the NFSS wastes are not classified as radioactive for transportation purposes, the 
published rates for transport of bulk materials--such as sand and gravel--probably will not apply. 
The NFSS wastes will require special handling and also may be perceived by the railroads as presenting 
potential hazards or problems to the general public. Therefore, special constraints and tariffs on 
shipments of NFSS wastes are likely to be imposed. The residues are defined as radioactive and, 
therefore, the special tariffs for these materials will apply. 

0.6 TRUCK REQUIREMENTS FOR FILL MATERIALS 

It is assumed that all fill material will be transported to the sites by 15-m3 (20-yd3 ) dump 
trucks. Assuming the empty weight of the truck to be 15,000 kg (32,000 Ib), a payload of 22,000 kg 
(48,000 lb), and a density of 1,800 kg/m3 (3,000 Ib/yd3 ) for all fill materials, one truck can carry a 
maximum weight of 12 m3 (16 yd3 ) of fill per trip. The fill requirements for Alternatives 2a, 2b, 3a, 
3b, 4a, 4b, 4c, and 4d and the number of truck trips required to transport this fill are presented in 
Table 0.10.. The fill requirements are greatest for Alternative 3b (long-term management of both 
residues and wastes at Oak Ridge). The vehicle requirements to implement all alternatives are presented 
in Table 0.11. 
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Table 0.10. Fi 11 

Site/Alternative Clay 

NFSS 

2a, 2bt 4 47,000 

3a, 3b, 4b, 4dt S 

4a, 4ct6 57,000 

Hanford 

3at 6 

4a, 4bt 7 

Oak Ridge 

3b 290,000 

4c, 4d 65,000 

.... 

0-23 

...•.... 
".' 

NJ 

Conrail Route from Buffalo, New York, 
to Elizabeth, New Jersey. 

Requirements and Transportation Requirementst 1 

Fi 11 Reguirements (m3 )t2 

Sandi 
Gravel Soi 1 Riprap Total 

14,000 5,900 41,000 110,000 

20,000 20,000 

14,000 5,900 41,000 120,000 

150,000 150,000 

37,000 37,000 

72,000 54,000 no,ooo 530,000 

16,000 12,000 24,000 120,000 

tl All values rounded to two significant figures. 

Number of 
One-Way 

Truck Tripst3 

9,200 

1,700 

10,600 

13 ,DOD 

3,100 

44,000 

9,800 

t 2 Assuming containment designs and waste-containment areas as described in Sections 2 and 4.6. 

t 3 Assuming average truck capacity of 12 m3 (16 yd3 ). 

t4 Additional materials needed to construct the long-term cap, assuming that the clay and soil 
in the interim cap can be used in the long-term cap. 

t S Fill materials needed to restore grade in containment area. 

t 6 Additional materials needed to construct the long-term cap, plus 11,000 m3 of clay needed to 
fill void left by removed residues. 

t 7 Only riprap is needed at Hanford because the native soils excavated from the trenches will 
be used as backfill. 
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Table D.ll. Truck Requirements for Hauling Fill Materia1t 1 

NFSSt2 Hanfordt2 Oak Ridget2 

2a, 2b 
3a, 3b 
4b, 4d 4a, 4c 3a 4a, 4b 3b 4c, 4d 

Round trips 

Rate of trucks arriving 
and departing: 

trucks/day 

trucks/hour 

Dedicated trucks 
requiredt 4 

9,200 

150 

19 

52 

1,700 10,000 

28 170 

3.5 21 

10 57 

13,000 3,100 44,000 9,800 

44 10 360 82 

6 1.3 45 10 

17 4 120 28 

Material transported: 

m3 /yr .110,000 20,000 120,000 31,000 7,400 260,000 59,000 

m3 /mo 18,000 3,400 20,000 5,200 1,200 44,000 9,800 

m3 /wk 4,500 800 5,000 1,200 290 10,000 2,300 

Total distance 
travelled (m) 370,000 68,000 400,000 520,000 120,000 1,700,000 390,000 

tl Assumes that fill materials will be obtained within a 
values rounded to two significant figures. 

32-km (20-mi) radius of the site. All 

t 2 Assumes that it will take 1 year to complete fill operations for Alternatives 2a, 2b, 3a, 3b, 
4a, and 4c at NFSS; 2 years for Alternatives 3b, 4c, and 4d at Oak Ridge; and 5 years for 
Alternatives 3a, 4a, and 4b at Hanford. 

t 3 Assumes a 6-month (120-day) construction season, 8-hour working day, and 2.5-hour round-trip 
loading/travel time for all sites. 

t 4 Includes 10% excess contingency of trucks to cover repairs and maintenance. 
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APPENDIX E. OCEAN DISPOSAL 

E.l INTRODUCTION 

This appendix presents technical analyses and data used to assess the impacts of Alternatives 4b 
and 4d, which propose onland storage of NFSS residues and'dispersal of the remaining wastes in the 
ocean. The residues represent only 6% of the NFSS contaminated materials but contain 99% of the 
radium-226 inventory (872 of 879 Ci). The remaining wastes--i.e., excavated materials and residues 
from the R-I0 area and excavated contaminated soils and containment systems--represent 94% of the 
volume (179,000 m3 ) of contaminated materials at NFSS but only 1% (7 pCi) of the radium-226 inventory. 
The average activity of radionuclides in these wastes is 36 pCi/g, which is 20-40 times the radium-226 
content of uncontaminated soils. Further details on waste composition are presented in Sections 3.1.7 
and 3.1.8. 

The analyses used in this appendix are based on existing techniques for evaluating the fate of 
both radioactive and nonradioactive wastes in the sea. Both the data and methods are available in 
published reports, journal articles, and books. The purpose of this study is to provide scenarios of 
waste fate that could be used to compare the radiological risk of Alternatives 4b and 4d with the 
other alternatives for long-term management of NFSS wastes and residues. 

E.2 DUMPSITE CHARACTERISTICS 

Implementation of Alternatives 4b and 4d will result in on1and disposal of the NFSS residues at 
Hanford or Oak Ridge and permanent disposal of the NFSS wastes in the ocean. In this EIS, the site 
assumed for ocean disposal is the 106-Mile Ocean Waste Disposal Site (Site 106) managed by the 
U.S. Environmental Protection Agency (Figure E.l). 

E.2.1 Location 

Site 106 is a designated waste-disposal site located between 38°40' N to 39°00' N latitude and 
72°00' W to 72°30' W longitude, which bounds 1300 km2 (430 nmi 2 ) of ocean surface lying over the lower 
Cont i nenta 1 Slope and Upper Continental Ri se where water depths range from 1440 to 2750 m (Fi g-
ure E.l). Si te 106 is 110 nmi southeast of the entrance to New York Harbor and 90 nmi east of Cape 
Henopen, Delaware (U.S. Environ. Prot. Agency 1980). 

E.2.2 Disposal Activities 

Site 106 has been used for waste disposal since 1961, and in 1973 the site was given interim 
designation as an industrial waste site by the U.S. Environmental Protection Agency, which prepared an 
environmental impact statement for final site designation in 1980 (U.S. Environ. Prot. Agency 1980). 
By 1978, the site had received 5,100,000 MT of chemical waste, 102,000 MT of sewage sludge, 287,000 MT 
of digester residue, and an unspecified quantity of munitions wastes that was dumped on the northwest 
corner of the site. Since 1978, waste disposal at Site 106 has decreased to 272,000 MT in 1981 (Paul 
et a1. 1983). Other waste-disposal activities in the vicinity of Site 106 include the dumping of 
41,400 Ci of low-level radioactive wastes contained in drums from 1951 to 1956 and from 1959 to 1961 
at a location 10 nmi to the south (U.S. Environ. Prot. Agency 1980). 

Passage of the Marine Protection, Research and Sanctuaries Act of 1972 required that permits for 
ocean disposal of wastes be issued only if no other alternative disposal method were available. Thus, 
the number of parties disposing of wastes declined from 150 to 13 in 1978. During this period, 
average annual dump rates were 163,000 MT/yr, with peak dumping activity of 779,100 MT in 1978. These 
wastes included elevated concentrations of the trace metals cadmium, chromium, copper, lead, mercury, 
nickel, and zinc. The concentrations of metals in wastes dumped at Site 106 are presented in 
Table E.l. The' quantity of trace metals dumped varied greatly from year to year, with maximum mass 
loading rates of: cadmium, 19,503 kg/yr; chromium, 99,960 kg/yr; copper, 3,695 kg/yr; lead, 
15,336 kg/yr; mercury, 1,626 kg/yr; niCkel, 11,579 kg/yr; and zinc, 52,540 kg/yr (Table E.2). Furthe~ 
discussion of disposal at Site 106 is found in the site designation EIS (U.S. Environ. Prot. Agency 
1980) and Anderson and Dew1ing (1981). The institutional issues associated with ocean disposal at the 
NFSS wastes are discussed in Section 4.7.2. 

F-l 
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Table E.1. A~erage Metal Concentrations in Wastes at the 106-Mile Site 

Natural Concentration in Wastes (l:!9/L) 
Seawater American Cyariamid DuPont-Edge Moor Concentration 

Metal (lJg/L) Mean Range Mean Range 

Arsenic 2-3 620 20-2,600 140 5-525 

Cadmium 0.15 4 1-150 320 20-900 

Chromium 1 550 45-4,900 270,200 52,600-900,000 

Copper 3.0 350 1-4,100 3,250 4-7,400 

Lead 0.03 120 1-1,000 40,540 2,700-76,000 

Mercury 0.05-0.19 30 1-200 30 <1-500 

Nickel 5-7 1,100 145-6,400 29,060 200-65,000 

Zinc 10 560 7-5,150 100,960 110-530,000 

- - - - - - - - - ------ ------
Natural Concentration in Wastes (~g/L) 
Seawater DuPont-Grasselli Mixed Industries Concentration 

Metal (lJg/L) Mean Range Mean Range 

Arsenic 2-3 7 1-30 30 1-130 

Cadmium 0.15 170 3-700 3,200 20-15,600 

Chromium 1 330 10-3,500 21,170 4-170,000 

Copper 3.0 3,150 25-154,700 10,900 1-115,000 

Lead 0.03 900 10-4,900 8,840 8-62,000 

Mercury 0.05-0.19 7 <1-20 300 21-3,830 

Nickel 5-7 730 30-2,000 4,900 20-31,500 

Zinc 10 540 30-2,700 163,800 15-1,400,000 

Source: U.S. Environmental Protection Agency (1980). 

Table E.2. Total Annual Mass Loading of 
Trace Metals from Waste Disposal 

Mass Loading ~kg/~r2 
Trace Metal 1973 1974 1975 1976 1977 1978 

Cadmium 211 5,516 19,503 213 812 168 
Chromium 677 696 705 215 73,845 99,960 
Copper 1,011 603 826 535 3,695 1,863 
Lead 251 933 1,086 928 15,336 13,010 
Mercury 45 14 1,626 964 10 11 

Nickel 420 355 785 571 8,009 11,579 
Zinc 12,125 15,803 7,279 3,231 23,382 52,540 

Data from U. S. Environmental Protection Agency (1980). 



E.2.3 Hydrodynamic Characteristics 

E.2.3.1 Major Oceanographic Features 

E-4 

Site 106 is located in an area of considerable hydrodynamic complexity, due to movement of major 
regional oceanographic features. The site lies between shelf waters overlying the Continental Shelf 
to the west and the Gulf Stream to the south and east (Figure £.2). The characteristic water of the 
site, slope water, is a mixture of waters from the Continental Shelf and Gulf Stream and is separated 
from them by sharp gradients in temperature and salinity. The sharp transitions between water masses, 
called fronts, inhibit mixing between adjacent water masses; however, at the same time, fronts are 
energetic areas of convergence and turbulence. Both shelf/slope and slope/Gulf Stream fronts are 

,highly mobile and undulatin'g, and may move out over the Continental Slope beyond the vicinity of ' 
Site 106 (Figure E.3). The shelf/slope front may also pinch off tongues of water that form isolated 
lenses in the slope waters. The average shelf/slope front is located at the edge of the Continental 
Shelf (200 m isobath), varying about 50 km on either side of that position. In general, the front 
tends to move offshore during winter and onshore during summer. 

The boundary between slope water and the Gulf Stream is also highly mobile because the Gulf 
Stream meanders with increasing amplitude from Cape Hatteras to an area southwest of Georges Bank 
where the looping meanders may pinch off and form large-scale (100-km) anticyclonic eddies. Because 
,these features are composed of interleaved layers of colder shelf and slope waters around a central 
core of water derived from the Sargasso Sea, they are called warm-core rings. The rings are very 
energetic, with high water velocities (30-140 cm/s). Warm-core rings move slowly to the southeast 
(3-15 km/d) until they dissipate or merge with the Gulf Stream in the vicinity of Cape Hatteras. 
Site 106 is in the path of warm-core ring movement along the Continental Slope (Figure E.4). It is 
estimated that rings occupy Site 106 approximately 20% of the time (70 days per year) (Bisagni 1976; 
Bisagni and Kester 1981). 

E.2.3.2 Water Masses 

From water temperature and salinity data, Goulet and Hausknecht (1977) distinguish nine water 
types in the area of Site 106 (Figure E.5). Four of the water types have narrow and distinctive 
ranges of temperature and salinity representing major regional water masses. These four--the North 
Atlantic deep water, western North Atlantic water, North Atlantic central water, and deep slope 
water--are subsurface waters found below the permanent pycnocline* separating surface waters from 
deeper waters. ,Five of the water types are varieties of surface waters, called water categories. 
Three of the categories are related to place of origin: shelf water, slope water, and Gulf Stream 
water; the fourth category is related to mixing in warm-core rings: eddy water; and the fifth category 
is related to place of origin and seasonal weather: summer shelf water. Figure E.6 is a schematic 
diagram showing the relative position of water types during passage of a warm-core ring. 

E.2.3.3 Water Stratification 

Water stratification is the result of regions of sharp changes in water density with depth 
(pycnoclines). Two such features are characteristic of the dumpsite region: a seasonal thermocline 
that develops during summer heating of the surface waters, and a permanent pycnocline that separates 
surface waters from deeper waters. The seasonal thermocline is a relatively shallow feature that 
develops in slope and shelf waters during the spring and summer. Selected depth profiles of tempera
ture and salinity are presented in Figures E.7 and E.8. The seasonal thermocline is evident from 
sharp decreases in temperature in a depth range of near-surface to 50 m (June) or 30 to 50 m (October). 
During winter months (November to April), the temperature profiles of the upper 100 m do not show such 
temperature declines. The permanent pycnocline is evident in both the temperature and salinity dia
grams as an area of sharp temperature decrease and s 1 i ght sal i nity increases begi nni n9 at 100 m. 

E.2.3.4 Currents 

Analyses of currents in the region of Site 106 come from two sources. Woods Hole Oceanographic 
Institution has operated current meters at Site D (Figure E.9), 198 km northeast of Site 106, in an 
area of the upper Continental Rise similar to the lower portions of Site 106. Ingham et a1. (1977) 
have ana 1yzed these data, ca 1 cu1 at i ng average current speed and di rect i on (Table E. 3). Average 
currents are greatest in the upper waters and decline with depth. Current direction was generally to 
the west, which is parallel to the bottom contours at Site D. Extrapolating these data to Site 106 
results in the assumption that average currents of similar magnitude flow to the southwest in the 
vicinity' of Site 106. This assumption is supported in a summary by Warsh (1975) of these and other 
current measurements in the vicinity of Site 106. 

~A pycnocline is an area of sharp changes in water density due to changes in salinity (halocline) and/or 
temperature (thermocline). 
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The U.S. Environmental Protection Agency has operated current meters at a site used for low-level 
radioactive waste disposal known as the Atlantic 2BOO m Site. This site occupies an area of 350 km2 

that is centered at 38°30'N and 72°06'W--coordinates near the southern boundary of Site 106. Current 
meters deployed at 5.1 m and 96 m off the bottom measured average currents at the bottom "that were 
southwesterly at 3-4 cm/s. Variability in currents results from low-frequency variability attributed 
to trapped topographi c Rossby waves, i nterna 1 osci 11 at ions due to hurri canes, and tides. Maximum 
motions were on the order of 20 cm/s, great enough to suspend fine-grained sediments. However, speeds 
above 18 cm/s occurred less than 1% of the time (Hamilton 1982). 

E.2.3.5 Sediments 

The bot tom topography of Site 106 is illustrated in Fi gure E. 10. The sha 11 ower northeastern 
corner of the site contains the lower portion of Mey, Hendrickson, Tom's, and Tom's Middle canyons-
which transect the Continental Slope. The average slope in this area is 4% compared to the relatively 
flatter southeastern portion of the site where the average slope is 1%. Sediments are silts and 
sands, with si lts predominating (U. S. Environ. Prot. Agency 1980). The boundary between the lower 
Continental Slope and upper Continental Rise shows some evidence of past erosion, but erosion was not 
evident in observations made with submersibles. The upper Continental Rise appears to have been an 
area of tranquil deposition for at least 1000 years (Heezen 1975). Biscaye and Olsen (1976) reported 
that the percent of fine sediment on the bottom surface of the lower slope and upper rise was greater 
than 80%, wi th several patches of sedi ments contai ni ng 40-80% fi nes withi n Site 106. Suspended 
sediments at 10 m above the bottom were less than 100 ~g/l. 

E.3 DESCRIPTION AND TECHNICAL ASPECTS 

The various facilities and actions involved in the ocean disposal operation are summarized in 
Table E.4. DOE will seek a permit from the EPA to dispose of the NFSS wastes at Site 106. The dock 
will be located in the Port of New York, which encompasses an area from Sandy Hook and Raritan Bay on 
the south to the New York/New Jersey and New York/ Connecticut state lines on the north (Figure E.l). 
Dock facilities for loading NFSS wastes for marine transport will be secured by contract with the 
owner/operator of the facility. " 
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Table E.3. Vector Average Currents from Meters Deployed 
by Woods Hole Oceanographic Institution Near Site D 
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Cumulative Record Vector Average 
Meter Depths. (m) Length (days) Currents 

0-20 261 11 cm/s at 2980 

20-60 205 6 cm/s at 3040 

60-150 385 8 cm/s at 271° 

150-600 326 2 cm/s at 2980 

900-1100 249 3 cm/s at 284 0 

1900-50 above bottom 574 2 cm/s at 2780 

Source: Ingham et al. (1977). 



E-ll 

72-!K)'W 72-00'W 

3'-30'N 39·30'N 

SITE 106 

3S-30'N 38·30'N 

72-~'W 7Z-00'W 

Figure E.IO. Bathymetry in the Vicinity of Deepwater 
Dumpsite 106. Source: Bisagni (1977). 
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Disposal site 

Berthing 

Barges 

Tug 

Table E.4. 

Waste handling 

Waste receiving 

Truck cleanup 

Utilities services 

ACTIONS 

Waste delivery 

Barge loading 

Barge trips 

Duration between barge trips 

Round trip time to site 

Dumping action time 
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S~mmary of a Conceptual Design for Ocean Disposal 
of the NFSS Wastes 

DESCRIPTION 

Site 106, 196 km (106 mi) SE of New York Harbor 

Dock in Port of New York, constructed of bulkhead with 
earth fill 

Three, bottom-dump type, each with a capacity of 
2600 rn3 (3400 yd3 ) 

Ocean-going for barge tow 

2 crawler cranes with 1.S-m3 (2-yd3 ) clamshell buckets 

Waste bin, 3S0-m3 (4S0-yd3 ) capacity 

Decontamination pad, water-treatment .facility 

Water, electricity 

DESCRI PTIONS 

61 trucks delivering 690 m3 (920 yd3 ) per day 

120 m3 (150 yd3 ) per hour by clamshell bucket 

3-5 per month (1-2 barges per tow) 

2.5 to 6 days 

44 hours at 9 km/h (5 knots) 

Less than 30 minutes 

NFSS wastes will be delivered to the dock in 15-m3 (20-yd3 ) capacity trucks, each truck contain
ing about 12 m3 (16 yd3 ) of wastes due to weight limitations (see Appendix D) .• Ocean-disposal 
activities will last for 2 years, with a 6-month season (May-October) in which 61 truckloads of waste 
(approximately 690 m3 ) are shipped each working day. Dock operations will continue for 2 shifts, from 
7 a.m. to 10 p.m., in order to allow flexibility in scheduling arrivals and departures. On arriving 
at the dock, the trucks will dump their load into a large bin that will be lined with EPDM so that any 
runoff or other accumulated water can be collected for disposal. After dumping their load into the 

. bin, the trucks will be decontaminated. Activities at the dock will be confined to an area within 
about 100 m (330 ft) of the waste bin. 

All runoff and other water will be collected, settled to remove partic~lates, treated to remove 
dissolved contaminants, and then discharged into the waters near the dock. Fugitive dust emissions 
from the bin and barges will be controlled by keeping the surface of the wastes moist. Upon termina
tion of the contract for the dock facility, when all the NFSS wastes have been disposed at Site 106, 
the dock area and equipment will be surveyed and decontaminated. 

Three bottom-dump barges will be dedicated to this action to allow continuous waste loading at 
the dock and to provi de contingency waste-storage capacity at the dock. The barges will have a 
capacity of 4100 MT (4500 tons), which is equivalent to 2600 m3 (3400 yd3 ) of wastes. Wastes will be 
loaded on the barge from the bin with clamshell buckets operated by two crawler cranes. 

The barges will be towed to sea by an ocean-going tug secured on contract. The barge route to 
the dumpsite will be through the channels of the Port of New York to Ambrose Light and along the 
Ambrose-Hudson Canyon traffic lane to the vicinity of the dumpsite (Figure E.1). Dumping will occur 
at a sector of the dumpsite determined by the EPA. The barge bottom will open up while the barge is 
under tow, and the NFSS wastes will be released into the water. After the wastes are dumped, the 
barges will be decontaminated by washing down with hoses at the ocean dumpsite. 

A round-trip time of 44 hours is expected for the disposal action. The frequency of trips to 
Site 106 will be determined by the rate of waste delivery to the dock. At a delivery rate of 690 m3 

(900 yd3 ) per day, disposal trips are expected every 4 days on the average, ranging from 2.5 to 6 days. 
Use of three barges will provide waste-storage space to allow 5- to 6-day delays in barge operations 
without impeding waste-removal activities at NFSS. The three barges can hold about 11 days of waste 
delivery. Barge operations will be suspended from November through April when the probability of 
extreme weather is high (Section 3.4). 

A total of 26 to 28 people will be involved in the disposal action--including dock, tug, and 
barge workers, and supervisory and monitoring personnel. In addition, regulatory agency personnel may 
occasionally be aboard the tugs as observers. 
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£.4 WASTE-FATE SCENARIOS 

E.4.1 Physical Processes Related to Waste Fate 

The NFSS wastes will be carried to the dumpsite in a barge with a split-type hull. Wastes will 
be dumped by opening the hull while the barge is being towed, and it is assumed that the wastes will 
leave the barge quickly, perhaps in a single mass. The fate of the wastes after the dump wi 11 depend 
on 'their mechanical properties as well as ocean mixing processes. 

NFSS wastes will be composed primarily of soils that have been excavated and recompacted several 
times during the site cleanup period. These soils are a heterogeneous mixture of topsoils and sub
soils with variable contents of clays, silts, and sands (Anderson et al. 1981). Some portions of the 
wastes may be very sandy, whereas other portions may' be very clayey. In addition, organic matter in 
surface soils may contribute to a very different soil texture than inorganic subsoils. NFSS soils on 
the average contain 37% clays, 26% silts, and 37% sands. Clays make soils sticky (wet) or cloddy 
(dry) and decrease the rate of water movement. Clayey clumps or clods will be resistant to mixing 
with water because water will be slow to penetrate them, and they will sink because their density 
(1.8 g/cm3 ) is greater than that of-seawater (1.024 g/cm3). 

Sands and humus make soils friable, more easily broken into small soil aggregates. The sodium 
content of seawater shoul d tend to destabil i ze aggregates by di srupt i ng the bonds between soil 
particles and organic matter. Very small soil particles, plucked by turbulence from the soil clumps 
and aggregates, could become well mixed with seawater and sink slowly due to their small particle size 
(see Section E.4.2). The forces that will tend to mix the wastes with water are turbulence due to the 
wake of the barge and tug, oceanic turbulence at the sea surface, and water turbulence at the surface 
of waste clumps that are sinking through the water. No method is available to directly calculate the 
breakup of soil aggregates or clumps into individual soil particles, even if the texture and aggrega
tion of NFSS soils were known and the effect of seawater on the soils was described. 

Even if all the soil particles mix thoroughly with seawater at the instant they enter the water, 
it is not clear whether they would remain in the surface waters or sink to deep depths. Concentra
tions of particles in water raise the density of the water so that it tends to sink, a process called 
convective descent. Baumgartner (1970) has presented a simplified calculation for estimating convec
tive descent of a waste cloud of solids dumped from a barge. The method assumes that the barge load 
is dumped instantaneously, forming a slurry with seawater. The initial size of the waste mass is 
assumed to be small in comparison to the depth of the water, but as the mass sinks, its volume grows 
as it entrains (captures) seawater at a rate proportional to its mean velocity. Currents are ignored 
in this model; they are expected to increase the dilution and decrease the descent rate of the cloud. 
The formulation of this analysis is: 

Z max 

where: 

Z max 

R 

the depth of cloud descent, 

initial radius of the waste mass, 

initial difference in density between the 
surrounding water and the waste mass, and 

vertical density gradient. 

Applying this model to NFSS waste disposal achieves the following results. The radius of the 
waste mass is not known because a barge is long (150 m) and narrow (16 m). Therefore, a calculation 
is made for each dimension, and the predicted depth of cloud descent is assumed to be somewhere 
between these two va 1 ues. The wet was tes in the barges have a dens ity of 1600 kg/m3 (1.6 g/mL) 
whereas the density of seawater at the surface of the site·is 1024 kg/m3 (1.024 g/mL) (Table E.5). 
Thus, ~p is equal to 576 kg/m3. Because the density of water at 100 m is 1028 kg/m3 and the density 
of water at the surface is 1024 kg/m3 (Table E.5), the density gradient is 0.04 kg/m4. For a waste 
cloud with a radius of 8 m, Z is: max 

Z max 
3.8 (8 m)3/4 (576 kg/m3)1/4 

(0.04 kg/m4)1/4 
150 m 
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For a waste cloud with a radius of 80 m, Zmax is: 

_ 3.8 (80 m)3/4 (576 k9/m3)1/4 = 
Zmax - . (0.04 kg/m4 )1/4 

1,100 m 

Even if the wastes were diluted 10-fold during the dump to a density of 0.090 kg/m3 before they began 
their descent, Zmax would be: 

Z = 3.8 (6 m)3/4 (66· k9/m3 )1/4 = 88 m 
max (0.04 kg/m4 )1/4 

where: ~p = 66 kg/m3 and R= 6 m; 

or, 
3.8 (80 m)3/4 (66 kg/m3)1/4 

= - - = 647 m 
(0.04 k9/m4)1/4 

where: ~ = 66 kg/m3 and R = 80 m. 

This analysi.s illustrates that, if wastes are completely mixed with water during dumping opera
tions, small portions of the waste mass that are well mixed with water will lose the·ir momentum due to 
convective descent while still in the surface waters above the permanent pycnocline. Even if a small 
initial waste mass is of high density, convective descent would barely carry the wastes through the 
permanent pycnocline. However, if the waste mass left the barge as a single large mass, as described 
in this action, convective descent should carry the mass to the intermediate or lower waters of the 
dumpsite, even if the wastes are initially diluted by additional seawater. 

The assessment used in this analysis is based on two waste-fate scenarios, as defined in Sec
tion 4.5.2. The first scenario assumes that all the wastes sink directly to the bottom o·f the dump
site without mixing. This scenario is used to assess impacts from disposal of wastes to the sea 
floor. The second scenario assumes that all wastes are immediately mixed in the surface waters (from 
the surface to the upper boundary of the pycnocline). This scenario is used to assess impacts from 
dispersion of wastes in the upper layers of the dumpsite. 

Table E.5. Estimated Seawater Viscosity and Density Used for 
Stokes' Equation Calculation of Settling Rates of 

NFSS Waste Particles at Site 106t l 

Depth Interval Temperature Salinity Viscosity Density 
(m) (OC) (%) (poise)t2 (g/mL)t3 

0-10 22 35.00 0.0105 1. 024 
10-20 18 35.20 0.0115 1. 025 
20-30 14.5 35.33 0.0122 1.026 
30-40 14 35.40 0.0126 1.026 
40,..50 13.5 35.53 0.0126 1. 027 
50-60 13 35.00 0.0129 1.027 
60-70 12.5 35.73 0.0133 1. 028 
70-100 12 35.73 0.0133 . 1. 028 

100-200 9 35.4 0.0140 1.028 
200-300 8 35.13 0.0142 1. 028 
300-400 5.5 35.0 0.0144 1. 028 
400-500 4.5 35.0 0.0144 1. 028 
500-600 4.5 35.0 0.0144 1.028 
600-700 4.3 35.0 0.0144 1. 028 
700-900 4.0 34.9 0.0180 1.028 
900-1000 4.0 34.9 0.0180 1. 028 

1000-2000 3.75 34.9 0.0180 1.028 
2000-2500 3.00 34.9 0.0171 1. 028 

t l Derived from tables of Walton Smi th (1974) using data for temperature 
and salinity in July from Figure L8. 

t 2 1 poise = 1 g/cm·s. 

t 3 1 g/mL = 1000 kg/m3. 
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E.4.2 Scenario I. Waste Deposition to the Sediments 

Scenario I analyzes a case in which it is assumed that all the wastes sink directly to the bottom 
of the dumpsite without mixing. The waters of Site 106 are 1750- to 2750-mdeep, with average current 
speeds of 2-11 cm/s (11 cm/s at the surface and 2 cm/s in deeper water). It .is unlikely that sinking 
of NFSS soils will fall to the sediments directly under the location of the dump due to the effects of 
currents on particle movement. The sinking rate of the soil will be determined by soil density, water 
density, size and geometry of soil clumps, and turbulence due to passage of the soil particles. 

Sinking of particles that are small, such as soil particles, has been approximated by several 
formulae, one of which is the Stokes' equation. This equation assumes that particles are spheres and 
small enough «0.2 cm) so that drag due to friction and turbulence is negligible. Other equations. 
used to predict particle settling rates for shapes other than spheres result in smaller settling 
velocities than predicted by Stokes' equation for particles larger than 0.01 cm (Graf 1971), and the 
differences increase with particle size. 

Although NFSS soil particles are not perfect spheres or smooth-surfaced, the application of 
Stokes' equation to calculate theor.eti"cal setting rates of NFSS wastes is still valid because the soil 
fractionation method used to determine the size range of soil particles ·is based on measurements of 
thei r sett 1 i ng rates (Day 1965). Thus, the data on the percent of soi 1"s in each size class are 
actually the proportion of soils that act as though they are perfect spheres of uniform density 
(p = 2.65) in that .size class, The particle-size composition of NFSS soils, which indicates a c1ay
loam soil type, are listed in An·derson et a1. (1981). On the average, clays represent 37% by weight 
of the soils, silts represent 26%, and sands represent 37%. 

Stokes' equation defines the settling velocity as the result of a downward force due to the 
negative buoyancy of the particles that is resisted by the viscosity of the medium. Stokes' equation 
is: 

where: v = settl ing velocity, 

g acceleration due to gravity, 

p :: p density of the particles, 

p :: m density of the medium, 

r = radius of the particle, and 

~ viscosity of the medium. 

Settling rates for NFSS waste particles through the water column at Site 106 are calculated based 
on a representative physical description of Site 106 oceanography (Table E.5) obtained from a profile 
of average temperature and salinity for July for an area adjacent to Site 106 (Marsden Square 116, 
Subsquare 91, in Warsh [1975]). These data are representative of conditions that will be found during 
the NFSS dumping action. From these data, seawater density and viscosity are determined from standard 
tables of relative density and viscosity (Walton Smith 1974). 

Settling rates for NFSS wastes at sea surface density and viscosity are a function of soil 
particle size. Settling rates are: ;;;0.003 cm/s for clay particles «0.002 mm); from 0.003 to 
0.17 cm/s for silt particles (0.002-0.02 mm); from 0.17 to 13 cm/s for fine-grained sand particles 
(0.02-0.2 mm); and from 13 to 3600 cm/s for coarse-grained sand particles (>0.2 mm). 

Settling rates at different depths are presented in Table E.6 for clay particles (0.002 mm), silt 
particles (0.02 mm), and fine sand particles (0.2 mm). These estimates indicate that settling rates 
are higher in the surface waters and decrease with depth. This effect is due to increasing density 
and viscosity of seawater at greater depths. Total descent times for particles are calculated by 
dividing settling rates into depth intervals and then summing over the entire water column (Table E.7). 
These results show that fine sand could sink to the bottom in 38 hours, due only to the density of the 
part i c 1 es. 

It is not possible to directly calculate the sinking of soil clumps and aggregates because there 
is no information on their size, shape, or roughness. These characteristics will cause their sinking 
rates to be less than predicted by Stokes' equation for particles larger than 0.2 mm. However sinking 
of large clumps and clods of NFSS wastes should be no less rapid than the largest particle for which 
the Stoke's equation can reasonably be used, and particles of this size (0.2 mm) would sink to the 
sediments of the dumpsite in 38 hours. 
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Table E. 6. Settling Rates 'of Waste Particles at Site 106 

Depth Sett li n9 Rates {cm/s~ Eer Size of Particles 

(m) 0;002 mm 0.02 mm 0.2 mm 

0 0.00034 0.034 3.4 

10 0.00034 0.034 3.4 

20 0.00031 0.031 3.1 

30 0.00029 0.029 2.9 

40 0.00028 0.028 2.8 

50 0.00028 0.028 2.8 

60 0.00027 0.027 2.7 

70 0.00027 0.026 2.6 

100 0.00027 0.026 2.6 

200 0.00025 0.025 2.5 

300 0.00025 0.025 2.5 

400 0.00025 0.025 2.5 

500 0.00025 0.024 2.4 

600 0.00025 0.024 2.4 

700 0.00025 0.024 2.4 

900 0.00020 0.020 2.0 

1000 0.00020 0.020 2.0 

2000 0.00020 0.020 2.0 

2500 0.00020 0.020 2.0 

Table E.7. Descent Time to Depth for 
Waste Particles at Site'106 

Depth Descent Times (h) Eer Size of Particles 

(m) 0.002 mm 0.02 mm 0.2 mm 

10 820 8 0.08 

20 1,700 17 0.17 

30 2,700 27 0.27 

40 3,700 37 0.37 

50 4,600 46 0.46 

60 5,700 57 0.57 

70 6,700 67 0.67 

100 9,800 98 0.98 

200 21,800 210 2.1 

300 32,000 320 3.2 

400 43,000 430 4.3 

500 54,000 540 5.4 

600 66,000 660 6.6 

700 77,000 770 7.7 

900 105,000 1000 10 

1000 120,000 1200 12 

2000 260,000 2600 26 
2500 330,000 3800 38 



E-17 

Graf (1971) has presented curves of settling velocity versus particle diameter for different 
equations and particle shapes. Atparticle sizes larger than 0.2 mm, settling velocities depart from 
the predictions of Stokes' equation. Settling rates for nonspherical particles 10 mm in di.ameter, 
such as small clumps of soil, are on the order of 40 to 100 cm/s. At this velocity, particles would 
reach the bottom of the dumps ite in 0.8 to 2 hours. Duri ng thei r descent to the bottom of the dump
site, the clumps or clods will be translocated by currents. During a 0.8- to 38-hour descent time, 
clumps and clods would be deposited from within 0.3 to 1.6 krn of the dump location under average 
currents such as given in Table E.3; 

Radionuclide concentrations in wastes deposited on the ocean floor would be essentially undiluted 
as long as waste deposits were thick enough to prevent mixing with uncontaminated sediments by the 
stirring action of burrowing animals, a process called bioturbation. Based on radionuclide distribu
tions in sediment cores, Cochran (1982) estimates that sediment mixing depths are 7 to 15 cm and 
mixing rates range from 1 x 10-9 to 15 x 10- 9 cm2 /s in the deep sea (1600-5040 m). Waste deposits 
greater than 7 to 15 cm thick would, therefore, not be appreciably diluted by bioturbation and the 
radium-226 concentration would therefore remain close to the original 36 pCi/g. Waste deposits less 
than this thickness would be diluted with underlying sediments by bioturbation activities. 

It is unlikely that wastes from repeated dumps will land at the same spot on the bottom of 
Site 106 because barge location and current strength and direction will be somewhat variable. Maximum 
areal coverage of the dumpsite sediments would occur if each waste dump were deposited in a different 
area and if the sediments spread laterally as 'they descended through the water. If wastes were 
deposited an average of 7 cm (the minimal depth of bioturbation) over an area of 2.6 krn2 , less than 
0.2% of the area of Site 106 would be covered with wastes. 

Trace elements, including radium-226, in the wastes will enter the water filling the pores of the 
waste deposit and move into the water above the waste. In order to directly calculate the quantity of 
trace elements entering the bottom waters of the dumpsite, it is necessary to know the flux of each 
element from the sediment, the rate of water movement over the surface of the waste pile, and the 
distance the water moves over the waste pile. The amount of an element such as radium-226 entering a 
given volume of water moving over the waste pile is then equal to the flux from the sediments multi
plied by the length of the waste pile and divided by the rate of water movement over the waste pile. 

The fluxes of trace metals from soils such as NFSS wastes in seawater are not known. However, an 
approximation can be obtained from the work of Cochran (1979) who developed a model based on the 
radionuclide disequilibria sediment cores from various deep-sea ocean environments. From this model, 
Cochran calculated the radium-226 fluxes (release of radium-226 through the sediment surface) from 
sediments to water as 0.04 to 0.1 pCi/cm2 ·yr. The largest flux was from a core in the Pacific Ocean 
where the sediment radium-226 concentration was in excess of 25 pCi/g (solids) .. At this location, 
sedimentation rates were very low « 0.5 cm/l000 yr). In the Mid-Atlantic, flux rates were low and 
higher sedimentation rates were higher (> 1.0 cm/lOOO yr). Although sedimentation rates at Site 106 
are probably high due to the site's proximity to the Continental Shelf and Slope, the wastes will not 
be covered by new sediments for some time after waste deposition. Therefore, the largest flux 
reported by Cochran (1979) is the most appropriate value for estimating movement of radium-226 from 
the sediments to the overlying waters. 

Fluxes of radium-226 similar to the largest calculated by Cochran (1979) would be required to 
raise the concentration of radium-226 in the bottom waters of the dumpsite a measurable amount above 
background, even if radium-226 mixed only in a layer of water l-m deep. Actually, the·depth of the 
near-bottom water is probably 20-50 m. The contamination of bottom water moving over the waste piles 
from radium-226 flux from the wastes is calculated based on the assumption that a front of water 
1 meter in depth moves over a waste pil e that has been depos ited 0.3-1.6 krn from the dump 1 ocat ion. 
The length of the waste pile is therefore 1.3 km. (The other dimensions of the waste pile are 
irrelevant to the calculation--see previous discussions). Data from current moorings at the 2800 m 
radioactive waste-disposal site just south of Site 106 indicate that average current speed within 5 m 
of the bottom are 3-4 cm/s (Hamilton 1982). At a rate of travel of 3 cm/s, the front of bottom water 
would take 12 h to pass over the wastes. The greatest radium-226 flux measured by Cochran was 
0.1 pCi/cm2 'yr, which is equal to 0.1 pCi/m2 ·h. As a cubic meter of water (1 m2 by 1 m high) traveled 
over the deposited wastes for 12 hours, it would receive less than 2 pCi/m3 (0.002 pCi/L) of radium-
226. The average natural radium-226 content of sea water is 0.1 pCi/L (Joseph et al. 1971); there
fore, the predicted radium-226 content of bottom water flowing over the waste would be raised only 2% 
above natural concentrations. 

E.4.3 Scenario II: Waste Dispersion in Surface Waters 

Because it cannot be determined what portion of the NFSS wastes will be well mixed with seawater 
and whether well-mixed wastes will be carried to deeper waters below the pycnocline by convective 
cloud descent, Scenario II analyzes a case in which it is assumed that all the wastes remain in the 
surface waters. It is also assumed that the wastes are well mixed with seawater from the surface to 
the upper edge of the pycnocline (100 m) by convective cloud descent shortly after being dumped. The 
wastes will form a patch that will move with the currents and be dispersed by the mixing processes of 
the sea. 
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Many physical oc~anographic features contain energy in turbulent motions that mix water. Some of 
these features occurring at Site 106 are currents, waves, small-scale eddy diffusivity, fronts, and 
warm-core rings (Section E.2). 

Pritchard et al. (1971) have reviewed theoretical formulations for two-dimensional horizontal 
dispersion in the sea. The solutions to the formulations propose that the variance, 02 (mean square 
distance of particles from the center of the waste mass), should be proportional to time to the second 
(t2) or third (t3 ) power. Such solutions indicate that the strength of the diffusive processes 
increase with the size of the diffusing patch. Pritchard et al. (1971) report an analysis by Okubo 
(1962) where regression of the variance (02) versus time (t) for experimental data of dispersion in 
the ocean gives the relationship between variance and time to be: 

0 2 = 0.006 x t 2. 5 

This ,relationship suggests that waste-patch spreading in the ocean would be somewhat less than that 
predicted by the "4/3rds law of diffusion" (diffusion coefficient is a function of width of the patch 
to the 4/3 power), which is equivalent to 0 2 = f(t 3 ). 

The variance (02) of the waste-patch distribution is related to the di~tribution of wastes in a 
cross section of a waste-patch center. Solutions to diffusion equations result in a normal or 
Gaussian distribution of wastes across a waste patch; therefore, the Gaussian parameter 0 2 (variance) 
is used to indicate the distribution of waste concentrations across the width of a waste patch. ' 

The Gaussian distribution (Figure E.n) is described by two parameters: the mean (x), which 
identifies the center of the distribution; and the standard deviation (0 = sigma), which defines the 
spread of the curve away from the center of the distribution. The standard deviation (0) is the 
square root of the variance (02). The equation for any point (x, y) on the Gaussian distribution is: 

where: yx = height of the curve at any point along the abcissa, 

x = position of the point on the abcissa relative to the mean (x), 

o = standard deviation, and 

x = mean or center of the distribution, located somewhere on the 
abcissa. 

The Gaussian distribution represents the concentration of wastes in a cross section through an 
area containing wastes. Concentrations (y ) a~e plotted against distance (x) across the waste-filled 
area. The center of the wastes is designa\ed x = 0, and distance is mEtasured to either side of that 
point. Waste concentrations are highest at the center of the wastes (x).and decrease with distance 
away from that point. The decrease in waste concentration with distance is defined by o. When 0 is 
small, the curve is narrow and high; when 0 is large, the curve is wide and low. The location of 0 on 
the x axis is the point where 34.13% of the area under the bell-shaped cur've is enclosed between x = 0 
and x = 0 (or -0 as in Figure E.ll). 

With a Gaussian waste distribution, the waste concentrations within a waste cloud are at a maxi
mum in the center and decline toward the edge. The observed boundaries of waste-filled areas are 4 to 
4.3 times o. With time, dispersion processes cause the wastes to spread (0 increases), reducing the 
concentration of the wastes throughout the cloud. If the wastes spread in only one direction, the 
proportion of wastes (y) at the cloud center (x = x) will be: 

y = 1 

0.J2rl 

because e-(x-x)2/202 becomes 1. 

1 

°w°!J.271 
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Figure E.11. The Gaussian, or Normal, Distribution as Applied to Waste Dispersion. 

For wastes of total weight of Q dispersed in a water volume with a depth of h, waste concentration per 
unit volume at the waste cloud center (Vt ) at time (t) is: 

Q 

Csanady (197B) has used a one-dimensional Gaussian relationship to estimate the standard devia
tion (0) across a waste plume using experimental observations of the decreases in maximum waste concen
tration in the wake with time. Two sets of data were analyzed: one in which the standard deviation 
(0) of the wake was 42 m at 4BO min, the other in which the standard deviation was 24 m at IBO min. 
Kohn and Rowe (1981) present data from two other experimental barge dumps where wastes were discharged 
into long plumes. Maximum concentrations within the plumes decreased 4.3 times in 17 hours in one 
plume and 2.4 times in 17 hours in the other plume. Using Csanady's (1978) method, the standard 
deviations (Q) of the plumes would be 51.5 m and 2B.7 m, respectively. From these calculations, 
various dispersion constants can be calculated for different forms of the dispersion relationships 
presented by Pritchard et al. (1971) (Table E.B), and upper and lower bounds can be placed on waste
patch dispersion (Table E.9). 

Using these data on dispersion of waste plumes, dispersion constants are derived for the different 
forms of dispersion equations presented by Pritchard et al. (1971). These constants describe the 
growth of a waste cloud or plume through time and are used to estimate waste dilution due to disper
sion for NFSS wastes. Because Site 106 is a dedicated industrial and municipal waste-disposal site, 
impacts to biota within the site are compatible with the designated use of the site and these impacts 
are controlled by stipulations in the disposal permit. Therefore, only impacts to areas outside the 
dumpsite are evaluated here. Immediately after disposal, the wastes will be moved by the currents 
toward the site boundary. Wastes dumped at the center of the site would have to travel 37 km to reach 
the nearest (southern) boundary of the site. Because average current speeds in the surface are 
11 cmls (Table E.3), the wastes could reach the edge of the dumpsite in 93 hours or about 4 days. The 
standard deviations of wastes across waste clouds are presented in Table E.9; after 4 days, the 
expected limits of the width of waste clouds are 0.6 to 1.6 kID under low mixing conditions and 2 to 
6B km under high mixing conditions (Table E.I0). 

The limits of the range of dilutions under these conditions depend on both the width of the waste 
cloud and the depth to which mixing occurs. For wastes mixed to the pycnocline (100 m), the range of 
dilutions and waste concentrations expected are presented in Table E.10. 
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Table E.8. Dispersion Constants for Experimental Waste Dumps 

Case I: 

0 2 = Kl(t2) 

Ke a (ll) 

Case II: Okubo's 
Regression: 

Constant 

Kl = 

0 2 = K2 (t2. 5) K2 = 

Ke a (l1.2) 

Case I II: 4/3rds -1 aw" _ 

0 2 = Ka (t 3) Ka = 

K a (l1.3) 
e 

Table E. 9. 

Csanadi: {1978) Kohn and 

Plume 1 Plume 2 Plume 1 
o = 42 m 0= 24 m o = 51. 5 m 

t = 480 min t = 180 min t = 1020 min 

0.02 0.04 0.007 

0.001 0.004 0.00003 

0.00007 0.000005 0.0000001 

Standard Deviation of 0 in the Waste Patcht 1 

Rowe (1981) 

Plume 2 
0= 28.7 m 

t = 1020 min 

0.002 

0.00001 

0.00000004 

Highest Mixingt2 Lowest Mixingt2 

Case I Case II Case II I Case I Case II Case II I 
Kl = K2 = Ka = Kl = K2 = Ka = 

t (days) 0.02 0.0001 0.00007 0.002 0.00001 0.00000004 

1 
(86,400 s) 0.12 0.18 2.1 0.039 0.047 0.051 

2 0.24 0.35 6.0 0.077 0.11 0.14 

4 0.49 0.84 17 0.16 0.27 0.41 

8 0.98 2.0 48 0.31 0.63 1.2 

16 2.0 4.7 140 0.62 1.5 3.3 

32 3.9 11 390 1.2 3.6 9.2 

64 7.8 27 1100 2.5 8.5 26 

128 16 64 3100 5.0 20 74 

tl Patch width = 4xo. 

t 2 From the plume experiments described in Table E.8. 
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Table E.I0. Waste Patch Width and Waste Dilution 
Four Days After Waste Disposal 

Average 
Patch Width, 4xo Waste Concentrationt2 

Conditions (kin) Dilutiont 1 (mg/L) 

1. High Mixing 

A. Case I 2.0 120,000 10 

B. Case II 3.4 350,000 4 

C. Case III 17 8,900,000 0.1 

II. Low Mixing 

A. Case I 0.64 12,300 100 

B. Case II 1.1 36,500 40 

C. Case III 1.6 77 ,300 20 

tl Mixing depth = 100 m. 

t 2 Initial waste concentration = 1.3 g dry solids/cm3 . 

These estimates of waste dilution appear to be very conservative, based on the work of Paul 
et al. (1983) who have performed a risk assessment related to disposal of municipal or industrial 
wastes at Site 106. Primary emphasis of the study was the interaction of dispersing contaminants 
(copper and PCBs) with biological resources. Statistical analysis of long-term current data from 
Site 0 was used to develop spatial probability distributions that describe contamination fields, areas 
in which the wastes could be found. Two cases were postulated: a high-mixing case developed from 
winter data for Site 0 and a low-mixing case where the coefficient of variation in current velocity 
was one-tenth the high-mixing case. Assumed oceanographic conditions were a uniformly mixed surface 
layer (no seasonal thermocline) above a permanent pycnocline at 100 m through which there was no 
vertical flux of materials, either by settling of waste particles or other oceanographic processes. 
Concentrations were calculated for total contaminants and the separation into dissolved and particulate 
forms was ignored. 

In cases of both high and low mlxlng, the rate of movement of the center of the waste mass was 
the same because average current speed was the same from between 38°40'N to 39°0o'N; after 30 days, 
the center of mass had progressed southwestward to approximately 36°00'N latitude. Under high-mixing 
conditions, the waste distribution spread rapidly, expanding to include parts of the Continental Shelf 
after 10 days. Under low-mixing conditions, the waste distribution after 30 days was still limited to 
the Continental Slope and Rise (Paul et al. 1983--Figures 9 and 10). 

Waste distributions for high and low mixing conditions were also calculated for continuous daily 
waste disposal at Site 106, equiyalent to 100 dumps of sewage sludge per day. Oilutions of 6,000,000-
fold were reached in the immediate vicinity of the dumpsite under high mixing conditions, whereas a 
narrow tongue of wastes extending southwest of the site underwent 2,000,000-fold dilution. These 
estimates of waste dilution are 'within the range of estimates derived from analysis of experimental 
waste dumps presented in Tables E.8 and E.9. 
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APPENDIX F. COST ESTIMATES 

F.1 INTRODUCTION 

Estimates of the costs of carrying out each of the alternatives for the wastes and residues at· 
NFss are given in this Appendix. The costs are given in 1981-1982 dollars, and, therefore, no infla
tion cost escalation is included even for actions that last for several years. Because of the large 
uncertainties involved, the total costs for the action period for each alternative are given to two 
significant figures only. More significant figures are kept for intermediate costs to avoid cumula
tion of roundoff errors. 

Many of the costs for activities are figured using unit costs. These include subcontractors' 
overhead and profi t. Because unit costs obtai ned from the 1 iterature are gi ven in Engl ish units, 
amounts of materials presented in all tables except F.1 and F.4 are also given in these units. Both 
metric and English units are used in the text. The general contractor's markup (which includes 
management support) is included as part of overhead and is·taken as 22% of the total cost of the 
action period (exclusive of land disposal costs) (Means Co. 1982). The other component of overhead 
cost is that associated with maintenance, monitoring, surveillance, and engineering during the. action 
period. To estimate this component, the number of person-years assigned by Bechtel National (1984) to 
maintenance, monitoring, surveillance, and engineering is multiplied by $61,OOO/person-year. This 
cost per person-year is obtained by dividing Bechtel's estimate of the cost for surveillance, con
struction, and management by the estimated number of person-years required for these activities in 
Alternative 2 (Bechtel Natl. 1984). 

Maintenance, monitoring, and surveillance costs for the 200-year period following site closure 
are very uncertain because of the lack of experience for such long periods of time for containment 
systems having the types of design considered for the NFsS alternatives. For Alternatives 2a, 2b, 3a, 
and 3b, the maintenance and monitoring costs are assumed to be $85,OOO/year. This figure is higher 
than Bechtel's estimate of $20,000/year for the 195-year period beginning 5 years after site closure 
(Bechte 1 Nat 1. 1984). A range of $59, ODD/year to $99, OOO/year is obtai ned by appropri ate ly scali ng 
EG&G Idaho (1983) cost estimates of extended care following closure of commercial low-level radio
active waste sites to the amount of wastes and residues stored at NFSS. This·range results from the 
fact that the NFSS waste volume is intermediate between the sizes of the two sites considered by EG&G 
Idaho. Scaling up from the smaller site (85,000 m3 ) gives the high figure of $99,OOO/year and scaling 
down from the larger site (424,000 m3 ) gives the low figure of $59,000/year. The $85,000/year estimate 
assumed herein is closer to the high value because the amount of NFSS wastes is closer to the size of 
the small site. 

For Alternatives 4a and 4c, there are two sites to maintain and monitor: NFSS containing the 
wastes and Hanford or Oak Ridge containing the residues. Maintenance and monitoring costs at NFSS are 
expected to be the same as for A lternat i ves 2a and 2b. However, at Hanford and Oak Ri dge,. the mai n
tenance costs are expected to be lower because of the reduced area needed to store the residues, 
whereas the monitoring costs should remain the same. Because of these factors, ma~ntenance and 
monitoring costs will be set at $85,000/yr at NFsS and $43,000/yr at Hanford or Oak Ridge. This gives 
a total of $128,OOO/yr maintenance and monitoring costs for Alternatives 4a and 4c. 

For Alternatives 4b and 4d, with residue~ only stored at Hanford or Oak Ridge, the maintenance 
and monitoring costs are set at $43,000/yr. 

Cost estimates for a 200-year extended care period can be presented as a cost per year, as a 
total amount needed over the 200-year period, or as a sinking fund that vanishes at 200 years. A cost 
of $85,OOO/year amounts to a payout of $17,000,000 over 200 years. It can be provided by a sinking 
fund of about $2,820,000--assuming a real interest rate of 3% (Bechtel Natl. 1984). For costs of 
$128,000/yr and $43,000/yr, the corresponding payouts are $25,600,000 and $8,600,000 and-sinking funds 
are $4,226,000 and $1,420,000. The cost of a perpetual care fund is approximately equal to the cost 
of a 200-year sinking fund. . 

The unit disposal costs at Hanford should be less than at Oak Ridge because Hanford has a large 
waste-disposal facility that will not require much expansion to accommodate the NFSS wastes and/or 
residues. Also, wastes are disposed in trenches and covered with excavated materials, and riprap is 
the only imported material. At Oak Ridge, a new waste-disposal site must be opened with the resultant 
expenses. Also, the wastes would be covered with a relatively expensive engineered cap built from 
imported materials. 

F-1 



F-2 

These factors will be accounted for herein by assuming the following unit disposal costs: for 
Hanford, the cost is assumed to be that for a large facility, $3.40/ft3 (in 1981 dollars), that 
disposes of 1 x 106 m3 (3.6 x 107 ft3) of wastes over 30 years. For Oak Ridge, the cost is assumed to 
be that for a medium-sized facility, $S.SO/ft3 (in 1981 dollars), that disposes of 4.2 x 105 m3 
(1.5 x 107 ft3) of wastes in 30 years'(for a small facility that disposes of 8.5 x 104 m3 [3 x 106 ft3] 
of wastes over 30 years, the unit cost is given as $16.90/ft3) (EG&G Idaho 1983). 

There are many cost uncertainties, some of which are common to all alternatives whereas others 
apply to only a few of the alternatives. Cost uncertainties common to all alternatives include such 
factors as (a) frequency of cap repair, (b) lack of exact knowledge of basic unit costs of varfous 
activities and needed materials, (c) hauling distances, (d) work force requirements for support 
activities such as engineering and maintenance, monitoring, and surveillance activities during the' 
action period, and (e) other costs associated with overhead, and (f) delays due to problems of 
coordination with radiological surveys, decontamination, and other health-physics procedures. Also, 
unexpected problems may arise or some phase of the activity may be completed sooner than expected. 

These uncertainties are sufficiently large that many small factors affecting the costs were not 
included, e.g., the dependency of unit cost on where in the United States the activity is carried out. 
Geographic cost multiplying factors were ignored because their variation is small compared to the 
uncertainties in the estimated costs. 

Cost uncertainties are accounted for herein by estimating an action period cost and then using 
the estimate to determine a range in which the' true cost should lie (in 1981-1982 dollars). For most 
alternatives, the lower and upper points of the range are taken to be 75 and 150%, respectively, of 
the estimate. For some alternatives with more uncertainties--such as Alternative 2b, the range is 
1 arger. 

F.2. SUMMARY 

A summary of the estimated costs for various activities c~rried out in the action period for the 
different alternatives is presented in Table F.1. The most costly activity is transportation, 
especially where the wastes are involved. Oisposal on land is also expensive and appears to be more 
expensive than ocean disposal (compare Alternatives 4b and 4d with either 3a or 3b). Overhead costs 
vary a lot between the alternatives because they depend on the cost of and time spent on other 
activities in the action period. Figure F.1 illustrates the ranges of costs during the action period 
and the total payout costs for the 200-year maintenance and monitoring (extended-care) period. 

F.3 ALTERNATIVE 1 

In Alternative 1, no action will be taken other than long-term (200-year) maintenance, monitor
ing, and surveillance of the interim cap. The annual cost is assumed herein to be $85,000 (see 
Section F.1) plus the additional amount needed to maintain the interim cap. The annual cost for 
interim cap maintenance is given by Bechtel National (1984) as $35,000 for Alternative 1. The total 
annual cost of extended care is therefore assumed to be $120,000/year. This amounts to a total payout 
of $24,000,000 over 200 years and can be provided by a sinking fund (at 3% real interest) of $4,000,000. 

F.4 ALTERNATIVE 2a 

The main activities during the action period will consist of relocating the central ditch and 
Lutts Road, removing and storing the interim cap, and constructing the long-term cap. It is assumed 
that about 350 m (1150 ft) of the ditch and Lutts Road will have to be moved. Using an average cross
sectional area of 35 m2 (41.7 yd2 ) for the ditch (Bechtel Natl. 1984), a volume of about 12,200 m3 

(16,000 yd3) must be excavated and backfilled. The rate for excavating the new ditch and backfilling 
and air tamping for compaction of the old ditch are taken as $1.88/yd3 and $4.92/yd3, respectively 
(Means Co. 1982). For Lutts Road, it is assumed that about 3,100 m3 (3,700 yd2 ) of new road will be 
paved at a cost of $5.30/yd2 (Means Co. 1982). 

All 16,400 m3 (21,500 yd3) of topsoil and 5,500 m3 (7,200 yd3 ) of sand will be removed from the 
interim cap and stored for later use in constructing the long-term cap. The cost of removal by bull
dozer is taken as $2.34/yd3 (Means Co. 1982). 

For materials needed to construct the long-term cap, the costs of buying, hauling 8 km (5 mil to 
the site, spreading by bulldozer, and compacting are as follows: clay, $9.80/yd3 ; sand, $9.80/yd3 ; 

soil, $11.85/yd3; and riprap, $19.45/yd3 (Means Co. 1982). Volumes of the needed materials are given 
in Table O.lD. The cost of replacing the interim cap materials was taken to be that of removing the 
cap plus an additional $2.13/yd3 for compaction (Means Co. 1982). 

Overhead is calculated as described in Sectiun F.1. Maintenance, monitoring, and surveillance 
costs are computed using a work force requirement of 32 person-years. This includes engineers but not 



Activity 

Central ditch relocation 

Interim cap removalt l 

NFSS site restoration 

Residue excavation 

Residue processing 

Residue storage (Bldg. 411) 

Transportation 

Long-term cap construction 

Land disposal 

Ocean disposal 
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Table F.l. Summary of Costs for the Alternatives 

Costs (in thousands of dollars) 

Alternative 1 Alternative 2. Alternative 2b Alternative 3a 

128 

67 

1,670 

128 

156 

700 

4,720 

700 

1,860 

168 

550 

3,360 

114,OOOt3 

22,800 

A lternat i ve 3b 

168 

550 

3,360 

34,800t 3 

37,000 

Overhead 2,360 6,100 

-5,540 

8,800t 4 

4,400-18,000 

31,200 13,200 

Credit for metal recovery 

Cost for action periodt2 

Cost range 

4,200 

3,200-6,300 

170,000 89,000 

130,000-260,000 67,000-130,000 

Extended care: 

Annual costs 

Total payout (200 years) 

Sinking fundt 5 

120 

24,000 

4,000 

85 

17,000 

2,800 

85 

17,000 

2,800 

Costs (in thousands of dollars) 

85 

17,000 

2,800 

Activity Alternative 4a Alternative 4b Alternative 4c Alternative 4d 

Central ditch relocation 

Interim cap removalt l 

NFSS site restoration 

Residue excavation 

Residue processing -

Residue storage (8ldg. 411) 

Transportation 

Long-term cap construction 

Land disposal 

Ocean disposal 

Overhead 

Credit for metal recovery 

Cost for action periodt 2 

Cost range 

Extended care: 

Annual costs 

Total payout (200 years) 

Sinking fundt 5 

128 

153 

3,360 

11,100 

1,980 

1,320 

8,620 

27,000 

20,000-40,000 

128 

26,000 

4,200 

231 

550 

3,360 

37,700 

1,320 

6,750 

15,600 

66,000 

50,000-99,000 

43 

8,600 

1,400 

tl Includes removal of residue overburden where·-applicable_ 

t 2 Rounded to two significant figures. 

t 3 Includes excavation of wastes. 

t4 Includes credit for metal recovery. 

128 

153 

3,360 

3,440 

1,980 

2,140 

5,570 

17,000 

13,000-26,000 

130 

26,000 

4,200 

231 

550 

3,360 

30,100 

2,140 

6,750 

12,800 

56,000 

42,000-84,000 

43 

8,600 

1,400 

t 5 The cost of a perpetual care fund is equal to the cost of a 200-year sinking fund (within 
the two significant figures reported here). 

85 

17,000 

2,800 
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management as given by Bechtel National (1984) for Alternative 2. The unit cost used is $61,000/person
year. 

The costs for Alternative 2a are summarized in Table F.2. The total cost estimate for the action 
period is $4~200,000. The cost estimates summarized in Table F.2 are subject to many uncertainties, 
including the unit costs for the various activities--which depend on the methods used to carry out the 
activities and on hauling distances. Also, there are uncertainties in the vol~mes of mate~ials to be 
excavated, moved, and compacted as well as contingencies that might arise, etc. It is expected that 
the action period cost in 1982 dollars wi 11 range from 75 to 150% of the estimate, or $3,200,000 to 
$6,300,000. 

Table F.2. Summary of Costs for Alternative 2a 

Relocation: 
Central Ditch 

Excavating, 16,000 yd3 @ $1.88/yd3 

Backfilling, compacting, 16,000 yd3 @ $4.92/yd3 

Lutts Road new paving, 3,700 yd2 @ $5.30/yd2 

Subtotal (Relocation) 

Interim Cap Removal, 28,700 yd3 @ $2. 34/yd3 

Long-Term Cap Construction: 
Clay, 61,500 yd3 @ $9.80/yd3 

Sand, 18,300 yd3 @ $9.80/yd3 

Soil, 6,500 yd3 @ $11.85/yd3 

Riprap, 35,000 yd3 @ $19.45/yd3 

Interim cap materials: 
Replace 
Compaction, 28,700 yd3 @ $2.10/yd3 

Subtotal (Long-Term Cap Construction) 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance, 

32 person-years @ $61,000/person-year 

Subtotal (Overhead) 

TOTAL FOR ACTION PERIDOt} 

Extended Care: 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest rate)t 2 

tl Rounded to two significant figures. 

$30,000 
$78,000 
$20,000 

$128,000 

$67,000 

$603,000 
$180,000 
$78,000 

$681,000 

$67,000 
$60,000 

$1,669,000 

$1,864,000 

$410,000 

$1,952,000 

$2,362,000 

$4,200,000 

$85,000 
$17,000,000 
$2,800,000 

t 2 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 

F.5 ALTERNATIVE 2b 

For Alternative 2b, the same activities will be carried out in the action period as for Alterna
tive 2a. In addition, the wastes and clay overlying Buildings 411, 413, and 414 will be removed; the 
residues will be moved to an onsite processing plant where commercially valuable metals will be 
extracted; and the remaining residues will be converted to slag. The slag will be stored in 
Building 411, the wastes replaced, and the long-term cap constructed. 

About one-quarter of the clay in the interim cap, or 8,400 m3 (11,000 yd3 ) (Bechtel Natl. 1984), 
will be removed to expose the wastes over the buildings. Removal costs are taken to be $2.34/yd3 

(Means Co. 1982). All the wastes, clay, and contaminated soils over and in Buildings 411, 413, and 
414 must be removed. The removal cost for this 20,600 m3 (27,000 yd 3 ) of materials is taken to be 
$2.34/yd3 (Means Co. 1982). Using the estimate of Bechtel National (1984), it is assumed that 
14 person-years are needed to remove the residues by hydraulic mining. The unit cost is taken to be 
$50,000/person-year. This is an average for skilled workers over 35 trades and includes the sub
contractors' overhead and profit (Means Co. 1982). For processing the residues, the total setup cost 
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of the equipment is taken to be $2,000,000 (Bechtel National 1982--Table G-1). This includes the cost· 
of the equipment as well as labor, rent, electricity, piping, instrumentation, and miscellaneous 
costs. The setup cost for hydraulic mining ($190,000) is also included in this figure. 

The main operating costs are considered here.in to be labor and electricity costs for smelting. 
Electricity costs can be crudely .estimated from an energy requirement of 250 kWh/ton of re~idues 
(Bechtel Natl. 1984), a residue weight (including 15% water) of 15,000 MT (16,500 tons), and.an elec
tricity cost of $0.06-0.07/kWh (Skarim 1983--personal communication). Labor costs are calculated 
assuming that 49 person-years (Bechtel Natl. 1984) at $50,OOO/person-year (Means Co. 1982) are needed 
to process and immobilize the residues. The cost of moving and storing the residues as pieces of slag 
is assumed to be the same as the cost of hydraulic mining of the residues. 

Construction of the long-term cap for Alternative 2b will invo·lve the same activities as for 
Alternative 2a as well as replacement of the removed wastes and clay over the residues and in the 
interim cap. Replacement costs are assumed to be the same as removal costs plus an extra $2.10/yd3 

(Means Co. 1982) for compaction. To compensate for the volume loss resulting from vitrification of 
the residues, 5,500 m3 (7,200 yd3 ) of new clay will be needed at $9.80/yd3 (Means Co. 1982). 

Overhead is calculated as described in Section F.1. Maintenance, monitoring, and surveillance 
costs are calculated assuming a work force requirement of 70 person-years (Bechtel Natl. 1984-
Alternative 4) at $61,000/person-year. Long-term maintenance, monitoring, and surveillance costs 
following completion of the proposed action should be the same as for Alternative 2a. 

A summary of the costs for Alternative 2b is presented in Table F.3. The credit for metal 
recovery is calculated from the component credits outlined in Table F.4. The total net cost estimate 
for the action period is $8,800,000 (Table F.3). 

The cost estimates for Alternative 2b (Table F.3) are more uncertain than those for Alternative 2a. 
Most of the increased uncertainty originates in the cost estimate for the recovery process. For 
example, the process as proposed by Bechtel has not been tried on a pilot scale and does not include 
steps for removal of molybdenum. Also, the estimate of credit for metal recovery (Table F.4) is quite 
uncertain. The commercial value of metals varies widely from year to year and the assumption of a 90% 
recovery for the metals may be quite optimistic. In addition, the recovered purified lead will be 
quite radioactive (due to the presence of lead-210 with a half-life of 22 years) and may have to be 
stored for hundreds of years before it can be sold. As a crude guess, it is estimated that the value 
of $8,800,000 given in Table F.3 could be high or low by a factor of 2. This gives a range of 
$4,400,000 to $18,000,000. 

F.6 ALTE~NATIVE 3a 

The actions in Alternative 3a will consist of complete removal of the interim cap, excavating and 
packaging the residues, and transporting the residues and wastes (without packaging) to Hanford for 
disposal. The Niagara Falls site will be reclaimed and released for public use. Interim cap removal 
will involve removal of 55,000 m3 (72,000 yd3 ) of material (Bechtel Natl. 1984) at a unit cost of 
$2.34/yd3 (Means Co. 1982). The residues will be excavated and packaged in Mark-3 bins. For packag
ing, 6,750 bins (Table 0.3) will be required at a cost of $384/bin (Ditch 1983--personal communication). 
Recent information (Cheever 1984--personal communication) on costs for a few bins used to transport 
wastes to New Brunswick Labs give a cost of $416/bin. However, because a large number of bins are 
needed for the NFSS residues, it is expected that the cost/bin could be reduced for large quantities. 
Also, costs are ~iven here in 1981-1982 dollars. Excavation and packaging costs for the residues are 
assumed to be the same as Bechtel's cost estimate for hydraulically mining the residues, or $770,000 
(Bechtel Natl. 1984). The cost of simple ·excavation and packaging of 11,000 m3 of material is much 
less than $770,000 (Means Co. 1982). However, the fact that the material is radioactive would be 
expected to increase the cost substantially. The 180,000 m3 (236,000 yd3 ) of wastes will be loaded 
directly onto dump trucks at a cost of $2.34/yd3 (Means Co. 1982). 

For the 8,000 km (5000-mi) round-trip distance to Hanford, the residues will be transported in 
shielded vans or flatbed trucks and the wastes will be transported in unshielded dump trucks. Both 
types of vehicles are assumed to return empty (Appendix D). The cost of transport is assumed to be 
$1.37/mile (EG&G Idaho 1983), which gives a round-trip cost of $6850 per shipment.* The number of 

*Even if it is possible to arrange a lower price for transport of the residues based on the one-way 
trip distance, the transportation costs will not be lowered much. The reason is that the dump trucks 
used to transport the wastes will be slightly contaminated and will probably have to return empty. 
Because of the large number of truck trips and the locations of the alternative sites, carriers may 
not be amenable to negotiating one-way prices. Even if the cost of transportation could be lowered 
by negotiating lower prices (or by using other transport modes--Appendix D), the overall cost of the 
offsite alternatives would not be reduced by more than a few percent. This is well within the error 
of these cost estimates. 
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Table F.3. Summary of Costs for Alternative 2b 

Relocation (Alternative 2a) $128,000 

Interim Cap Removal: 
Clay, 11,000 yd3 @ $2.34/yd3 

Alternative 2a 

Subtotal (Interim Cap Removal) 

Removal of Residue Overburden: 
Wastes, clay, and soil, 27,000 yd3 @ $2. 34/yd3 

Residue Removal: 
Hydraulic mining, 14 person-years @ $50,000/person-year 

Residue Processing: 
Equipment setup 
Operating costs: 

Electricity, 4100 MWh @ $65/MWh 
Labor, 49 person-years @ $50,000/person-year 

Subtotal (Residue Processing) 

Slag Moving, Storing 

Long-Term Cap Construction: 
New clay, 7,200 yd3 @ $9.80/yd3 

Residue overburden: 
BacHi 11 
Compaction, 27,000 yd3 @ $2.10/yd3 

Subtotal (residue overburden) 

Alternative 2a 

Subtotal (Long-Term Cap Construction) 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance, 

70 person-years @ $61,000/person-year 

TOTAL FOR ACTION PERIOD 

Credit for Metal Recovery 

NET COST FOR ACTION PERIODt l 

Extended Care (Alternative 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t2 

tl Rounded to two significant figures. 

$26,000 
$67,000 

$93,000 

$63,000 

$700,000 

$2,000,000 

$267,000 
$2,450,000 

$4,717,000 

$700,000 

$70,000 

$63,000 
$57,000 

$120,000 

$1,634,000 

$1,864,000 

$8,265,000 

$1,817,000 

$4,270,000 

$6,087,000 

$14,352,000 

$5,575,000 

$8,800,000 

$85,000 
$17,000,000 
$2,800,000 

t 2 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 
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Table F.4. Components of Credit for Metal Recovery 

K-65 L-30/F-32 l-50 
Avg. Avg. Avg. 

Metal $/kgt l ppmt2 kgt3 103 $ ppm kgt3 103 $ ppm kgt3 103 $ 

Uranium 45 3,800 11,800 531 5,000 36,000 1,620 790 1,100 50 
lead 0.50 56,000 14,000 57 13;000 94,000 47 4,900 6,600 3.3 
Gold 13,300 0.2 0.62 8 0.37 2.7 36 <0.2 0.27 3.6 
Platinum 12,500 <0.5 1.5 6 0.32 2.3 29 0.5 0.68 8.5 
Pa 11 adi um 3,400 20 62 211 3.5 25 85 2.4 3.2 10.9 
Copper 1. 74 500 1,550 3 2,300 16,500 29 2,400 3,200 5.6 
Cobalt 22.9 2,000 6,200 142 5,100 36,700 840 7,700 10,400 238 
Nickel 5.8 3,000 9,300 54 17,000 122,400 710 24,000 32,400 188 
Molybdenum 17 10,000 31,000 --2ll 860 6,200 ~ 300 400 6.8 
Subtotals 1,539 3,501 515 

Total Credit: $5,545,000 

t 1 From Bechtel National (1984) . Molybdenum value is from U.S. Bureau of Mines (1980). 
t 2 From Table 3.7 of this report. 
t 3 Average dry weights of the K-65, l-30/F-32, and l-50 residues were obtained from Table 3.5 of this report as 

3450 MT, 8,000 MT, and 1,500 MT, respectively. A 90% recovery factor (Bechtel Natl. 1984) is also included. 

trips needed to transport the residues and wastes is given in Table 0.3. Disposal costs are assumed 
to be $3.40/ft3 (see Section F.1). 

Although state fees for transport of the NFSS residues are not applicable to DOE shipments, such 
fees are often used to fund state emergency preparedness efforts (Section 4.6.3.4). For these cost 
analyses, the state of New York fees of $1,000 for the transport permit plus $100 per truckload are 
included as an example. Actual costs may be higher or lower, depending on whether or not DOE negotiates 
payments to offset the costs of state emergency preparedness efforts. 

The cost of reclaiming and releasing NFSS is assumed to be $550,000 (Bechtel Natl. 1984). Over
head is calculated as described in Section F.1. Maintenance, monitoring, and surveillance activities 
are taken to require 84 person-years (Bechtel Nat1. 1984--Alternative 8) at $61,OOO/person-year. 
Long-term maintenance, monitoring, and surveillance costs that apply to the Hanford site only are 
assumed to be the same as those for NFSS under Alternative 2a. 

The costs for Alternative 3a are summarized in Table F.5. The main contribution to the 
$170,000,000 for the cost for the action period is the direct cost of truck transport, $114,000,000. 
Consequently, most of the uncertainties in the total cost estimate arise from uncertainties in the 
cost of this activity. Because transport by truck of all sorts of loads under differe'nt conditions is 
very common, the cost estimates should not be too uncertain. However, the disposal and overhead costs 
are more uncertain. Thus, the range in which the true total cost should lie can probably be set at 
75% to 150% of $170,000,000, or $130,000,000 to $260,000,000. 

F.7 ALTERNATIVE 3b 

Alternative 3b differs from Alternative 3a in that the residues and wastes will be disposed at 
Oak Ridge rather than at Hanford and will be disposed in piles covered with caps rather than in 
trenches. The costs for all activities are the same for Alternative 3b as for Alternative 3a, except 
transportation and disposal costs. Transportation costs are less because of the shorter round-trip 
distance, 2,400 km (1500 mi). The cost of $1.37/mile (EG&G Idaho 1983) is the same as for Alterna
tive 3a. The unit disposal cost is taken to be $5.50/ft3 at Oak Ridge (see Section F.1). 

Overhead costs are calculated in the same manner as for Alternative 3a. Maintenance, monitoring, 
and surveillance activities will require 76 person-years (Bechtel Natl. 1984--Alternative 5) at 
$61,OOO/person-year. Extended care costs are assumed to be the same as for Alternative 3a. 

The costs for Alternative 3b are summarized in Table F.6. As for Alternative 3a, the main contri
butions to the action period cost estimate of $89,000,000 are transportation ($34,260,000) and disposal 
($36,960,000). Uncertainties in the cost estimates should be about the same as those for Alterna
tive 3a. Thus, the range will be from 75% to 150% of the estimate, or $67,000,000 to $130,000,000. 
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Table F.5. Summary of Costs for·Alternative 3a 

Interim Cap Removal, 72,000 yd3 @ $2.34/yd3 

Excavation, Packaging: 
Residues: 

Bins, 6750 @ $384/bin 
Excavate, fill bins 

Subtotal (residues) 

Wastes, 236,000 yd3 @ $2.34/yd3 

Subtotal (Excavation, Packaging) 

Transportation:t 1 

Residues: 
K-65, 500 trips @ $6,850/trip 
l-30/F-32, 960 trips @ $6,850/trip 
L-50, 140 trips @ $6,850/trip 

license fees: 
K-65 ~ l-30/F32, 1,460 trips @ $100/trip ~ $1,000 

Subtotal (Residues, incl. license fees) 

Wastes, 15,000 trips @ $6,850/trip 

Subtotal (Transportation) 

NFSS Site Restoration 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance, 

84 person-years @ $62,OOO/person-year 

Subtotal (Overhead) 

Disposal at Hanford, 6.72 x 106 ft 3 @ $3.40/ft3 

TOTAL FOR ACTION PERIODt 2 

Extended Care (Alternative 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t3 

$2,592,000 
$770,000 

$168,000 

$3,362,000 

$552,000 

$3,914,000 

$3,425,000 
$6,576,000 

$959,000 

$147,000 

$11,107,000 

$102,750,000 

$113,857,000 

$550,000 

$118,489,000 

$26,067,000 

$5,124,000 

$31,191,000 

$22,848,000 

$170,000,000 

$85,000 
$17,000,000 
$2,800,000 

tl Costs are calculated assuming that the trucks return empty. 

t 2 Rounded to two significant figures. 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 

F.8 ALTERNATIVE 4a 

Many of the activities during the action period for Alternative 4a will be the same as those for 
Alternative 2b or 3a. Costs for relocation of the central ditch and Lutts Road and for removal of the 
interim cap and wastes over the residues are assumed to be the same as for Alternative 2b. Costs for 
excavation, packaging, and transportation of the residues are assumed to be the same as for Alterna
tive 3a. Construction of the long-term cap at NFSS is the same as for Alternative 2b except that 
5,500 m3 (7,200 yd3 ) of new cl ay at $9.80/yd3 is needed to fi 11 the space 1 eft by remova 1 of the 
residues (the other 5,500 rn3 is already accounted for in Alternative 2b). The unit disposal cost is 
assumed to be the same as for Alternative 3a. 

Overhead costs are calculated in the same manner as for Alternative 3a. Maintenance, monitoring, 
and surveillance activities are assumed to require 81 person-years (Bechtel Natl. 1984--Alternative 12) 
at $61,000/person-year. Costs for extended care for the 200-year period following the action period 
are taken to be $128,000/yr (see Section F.l). 
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Table F.6. Summary- of Costs for Alternative 3b 

Interim Cap Removal (Alternative 3a) 

Excavation, Packaging (Alternative 3a) 

Transportation:t 1 

Residues, 1,600 trips at $2,055/trip 
License fees (Alternative 3a) -
Wastes, 15,000 trips @ $2,055/trip 

Subtotal (Transportation) 

NFSS Site Restoration (Alternative 3a) 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance, 

76 person-years @ $61,OOO/person-year 

Subtotal (Overhead) 

Disposal at Oak Ridge, 6.72 x 106 ft 3 @ $5.50/ft3 

TOTAL FOR ACTION PERIODt 2 

Extended Care (Alternatve 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t3 

$168,000 

$3,914,000 

$3,288,000 
$147,000 

$30,825,000 

$34;260,000 

$550,000 

$38,892,000 

$8,556,000 

$4,636,000 

$13,182,000 

$36,960,000 

$89,000,000 

$85,000 
$17,000,000 
$2,800,000 

t 1 Costs are calculated assuming that the trucks return empty. 

t 2 Rounded to two significant figures. 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 

Table F.7. Summary of Costs for Alternative 4a 

Relocate Ditch, Lutts Road (Alternative 2b) 

Remove Interim Cap, Wastes over Residues (Alternative 2b) 

Excavate, Package Residues (Alternative 3a) 

Transport, License Residues (Alternative 3a)t1 

Construct Long-Term Cap (NFSS) 
Clay, 7,200 yd3 @ $9.80/yd3 

Alternative 2b 

Subtotal (Construct Long-Term Cap) 

Subtotal 

Overhead: 
General contractor (22% of overhead} 
Maintenance, monitoring, and surveillance, 

81 person-years @ $61,OOO/person-year 

Subtotal (Overhead) 

Disposal at Hanford, 389,000 ft 3 @ $3.40/ft3 

TOTAL FOR ACTION PERIODt 2 

Extended Care (Alternative 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t3 

tl Costs are calculated assuming the trucks return empty. 

t 2 Rounded to two significant figures. 

$128,000 

$153,000 

$3,362,000 

$11,107,000 

$71,000 
$1,904,000 

$1,975,000 

$16,725,000 

$3,680,000 

$4,941,000 

$8,621,000 

$1,323,000 

$27,000,000 

$130,000 
$26,000,000 
$4,200,000 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 
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The costs for Alternative 4a are summarized in Table F.7. The main contributions to the action 
period cost of $27,000,000 are transportation of the residues ($11,107,000) and overhead $8,892,000. 
The uncertainties in the cost estimate for Alternative 4a should be roughly similar to those for 
Alternatives 3a and 2a. Consequently, the range for the true cost can probably be set at from 75% to 
150% of the estimate, or $20,000,000 to $40,000,000. 

F.9 ALTERNATIVE 4b 

In Alternative 4b, the residues will be shipped to Hanford as in Alternative 4a. However, the 
wastes will be disposed in the ocean, and the NFSS site will be restored and released. Interim cap 
removal costs and NFSS restoration costs are the same as for Alternative 3a. The cost of removing tne 
wastes from over the residues is the same as for Alternative 2b. The costs of excavation, packaging, 
transportation, and disposal of the residues at Hanford are the same as for Alternative 4a. 

For ocean disposal, the wastes will be transported 1,000 km (625 mi) to a dock in the Port of 
New York, unloaded into a bin at dockside, and loaded by clamshell bucket cranes into barges at 120 m3 

(150 yd3 ) per hour (Appendix E). The same type of trucks will be used for transporting the wastes in 
Alternative 4b as in the other alternatives. An estimated 15,000 trips are required at a cost of 
$1.42/mi1e for a round-trip distance of 2,000 km (1,250 mi). The 180,000 m3 (236,000 yd3 ) of wastes 
are loaded onto the barge at a cost of $4. 34/yd3 (Means Co. 1982). 

The cost of ocean disposal 160 km (100 mi) offshore by barge and tug was given as about 
$10/dry ton ina 1977 report (L itt 1 e 1977). Use of the annual percent increases in consumer pri ce 
index (U.S. Bur. Census 1983) to convert to 1982 dollars gives a value of about $16/dry ton or' 
$17.60/dry MT. The total weight of wastes can be determined from the data in Table 3.5. It is also 
assumed that four monitoring trips at a cost of $480,000 per trip (Little 1977) (corrected to 
1982 dollars) occur during the disposal. 

The general contractor component of the overhead costs is determined as 22% of all costs, except 
residue disposal at Hanford. Maintenance, monitoring, and surveillance costs are calculated assuming 
that the number of person-years requi red is the same as for A lternat i ve 4a. Extended care costs are 
set at $43,000/year (Section F.1). The costs for Alternative 4b are summarized in Table F.8. Uncer
tainties in the total action period cost estimate of $65,000,000 are assumed to be the same as those 
given for Alternative 4a, namely 25% lower to 50% higher. This gives a cost range of $49,000,000 to 
$98,000,000. (The fact that the cost estimates for ocean disposal of wastes are more uncertain than 
those for retaining the wastes at NFSS does not have much effect because the cost of this activity is 
only 10% of the total.) 

F.10 ALTERNATIVE 4c 

AlternatiNe 4c is the same as Alternative 4a except that the residues will be shipped to Oak Ridge 
for disposal. The costs or unit costs are the same as those for Alternative 4a or 3b. Maintenance, 
monitoring, and surveillance activities are assumed to require 62 person-years (Bechtel Natl. 1984-
Alternative 11) at $61,000/person-year. Extended care costs are assumed to be the same as for Alter
native 4a. 

The costs for Alternative 4c are summarized in Table F.9. The total cost for the action period 
is estimated to be $17 ,000,000. The uncertainty ranges are assumed to be the same as for 
Alternative 4a--i.e., from 75 to 150% of the estimate, or $13,000,000 to $26,000,000. 

F.l1 ALTERNATIVE 4d 

Alternative 4d during the action period are a composite of the activities for 
In particular, the residues will be treated as in Alternative 4c and the 
in Alternative 4b. Maintenance, monitoring, and surveillance activities are 
as for Alternative 4c, and extended care is assumed to cost the same as for 

The activities for 
Alternatives 4b and 4c. 
wastes will be treated as 
assumed to ~ost the same 
Alternative 4b. 

The costs for Alternative 4d are summarized in Table F.IO. The total cost during the action 
period is $56,000,000. The uncertainty factors should be the same as for Alternative 4b, resulting in 
a cost range of $42,000,000 to $84,000,000. 
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Table F.8. Summary of Costs for Alternative 4b 

Remove: 
Interim cap (Alternative 3a) 
Wastes over residues (Alternative 2b) 

Subtotal (Remove) 

Excavate, Package Residues (Alternative 4a) 

Transportation:t 1 

Residues (incl. license fees) (Alternative 4a) 
Wastes, 15,000 trips @ $I,775/trip 

Subtotal (Transportation) 

Ocean Disposal of Wastes: 
Barge loading, 240,000 yd3 @ $4.34/yd3 

Barge towing, dumping, 215,000 MT @ $17.60/MT 
Monitoring trips, 4 @ $480,OOO/trip 

Subtotal (Ocean Disposal of Wastes) 

NFSS Site Restoration (Alternative3a) 

Subtotal 

Overhead: 
Genera 1 contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance 

(Alternative 4a) 

Subtotal (Overhead) 

Residue Disposal at Hanford (Alternative 4a) 

TOTAL FOR ACTION PERIODt 2 

Extended Care (Alternative 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t3 

$168,000 
$63,000 

$231,000 

$3,362,000 

$11,107,000 
$26,625,000 

$37,732,000 

$1,042,000 
$3,784,000 
$1,920,000 

$6,745,000 

$550,000 

$48,620,000 

$10,596,000 

$4,941,000 

$15,637,000 

$1,323,000 

$66,000,000 

$43,000 
$8,600,000 
$1,400,000 

t 1 Costs are calculated assuming that the trucks return empty. 

t 2 Rounded to two significant figures. 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 
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Table F.9. Summary of Costs for Alternatlve 4c 

Relocate Ditcn, Lutts Road (Alternative 4a) 

Remove Interim Cap, Wastes over Residues (Alternative 4a) 

Excavate, Package Residues (Alternative.4a) 

Transport, license Residues (Alternative 3b)t1 

Construct Long~Term Cap (Alternative 4a) 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance monitoring, and surveillance, 

6l person-years @ $61,OOO/person-year 

Subtotal (Overhead) 

Disposal of Residues, 389,000 ft3 @ $5.50/ft3 

TOTAL FOR ACTION PERIODt2 

Extended Care (Alternative 2a): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t3 

$128,000 

$153,000 

$3,362,000 

$3,435,000 

$1,975,000 

$9,053,000 

$1,992,000 

$3,782,000 

$5,774,000 

$2,139,000 

$17,000,000 

$130,000 
$26,000,000 
$4,200,000 

tl Costs are calculated assuming that the trucks return empty. 

t 2 Rounded to two significant figures. 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 

Table F.10. Summary of Costs for Alternative 4d 

Remove Interim Cap, Residue Overburden (Alternative 4b) 

Excavate, Package Residues (Alternative 4c) 

Transport, license Residues (Alternative 4c)t 1 

Transport Wastes (Alternative 4b)t 1 

Ocean Disposal of Wastes (Alternative 4b) 

NFSS Site Restoration (Alternative 4b) 

Subtotal 

Overhead: 
General contractor (22% of subtotal) 
Maintenance, monitoring, and surveillance 

(A lternat i ve 4c) 

Subtotal (Overhead) 

Disposal of Residues (Alternative 4c) 

TOTAL FOR ACTION PERIODt 2 

Extended Care (Alternative 4b): 
Annual cost 
Total payout (200 years) 
Sinking fund (3% real interest)t 3 

$231,000 

$3,362,000 

$3,435,000 

$26,625,000 

$6,745,000 

$550,000 

$40,948,000 

$9,008,000 

$3,782,000 

$12,791,000 

$2,139,000 

$56,000,000 

$43,000 
$8,600,000 
$1,400,000 

tl Costs are calculated assuming that the trucks return empty. 

t 2 Rounded to two significant figures. 

t 3 The cost of a perpetual care fund is equal to the cost of a 200-year 
sinking fund (within the two significant figures reported here). 
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APPENDIX G. SeOPING 

G.l SeOPING PROCESS 

As part of its Surplus Facilities Management Program (SFMP) and Formerly Utilized Sites Remedial 
Action Program (FUSRAP), the Department of Energy (DOE) issued a Notice of Intent (NOI) on February 1, 
1983, in the Federal Register (U.S. Dep. Energy 1983a) that an environmental impact statement will be 
prepared to assess the environmental impacts of several alternatives for the long·-term management of 
existing radioactive wastes and residues stored at ODE's ·Niagara Falls Storage Site (NFSS) as of 
completion of interim remedial actions in 1985.* The NOI was mailed directly to federal, state 
(New York, Tennessee, and Washington),· and local governments and agencies; to Representative LaFalce's 
NFSS Oversight Committee; and to the general public. 

In accordance with regulations of the Council on Environmental Quality (CEQ) and DOE guidelines 
for implementing HEPA, the Department conducted a scoping process to determine the alternatives to be 
analyzed in this EIS, the significant issues to be analyzed in depth, and the issues to be eliminated 
from further detailed study. The results of the scoping process are given in the DOE Implementation 
Plan for this EIS (U.S. Dep. Energy 1984). Following is a brief summary. 

Public input to the scoping process included: 

Presentations made at two public meetings held at Lewiston-Porter High School, Lewiston, 
New York, on February 17 and 19, 1983 

Presentations made at a public meeting held at the Museum of Science and Energy, Oak 
Ridge, Tennessee, on October 19, 1983 

Letters received by DOE regarding the scope of the EIS 

A list of the persons and organizations who commented during the public scoping process is given 
in Table G.l. About half the public comments were from government organizations and half were from 
organized public-interest or environmental groups. Very few private citizens offered comments. 

Technical input to the scoping process included: 

Preliminary engineering evaluation of several alternatives for the disposition of NFSS 
residues and wastes by Bechtel National, Inc. (BNI) 

Meet i ngs, correspondence, and telephone communi cat ions between Argonne Nat i ona 1 
Laboratory (ANL) and BNI regarding estimates of volumes and levels of contamination of 
the various wastes and residues at NFSS 

Meetings and correspondence between ANL and the DOE operations offices at Oak Ridge, 
Tennessee (DOE-OR), and Richland, Washington (DOE-RL), regarding locations and concep
tual designs for long-term management of the NFSS wastes and residues at the DOE Oak 
Ridge and Hanford Reservations 

Meetings, correspondence, and review of alternatives and issues by FUSRAP and SFMP 
program managers at DOE-OR, DOE-RL, and DOE Headquarters (DOE-HQ) 

Preliminary evaluation by ANL of technical options and conceptual designs for barge 
transportation and ocean dispersal of the NFSS wastes based on previous studies by ANL, 
Sandia National Laboratories (SNL), and BNI 

Preliminary evaluation by ANL of technical options and development of conceptual 
designs for an additional fourth alternative of offsite storage of the residues (see 
discussion below) 

Meet ings with New York State agencies (Departments of Environmental Conservation, 
Labor, and Health) 

*The impacts associated with the interim activities wilt not be covered in the EIS on long-term manage
ment. The interim actions are addressed in separate documents (U.S. Dep. Energy 1982a, 1982b, 1983b, 
1983c). There is a possibility that some of the interim actions may not be compieted until 1986. 
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Table G.l. Public Seoping Input 

PRESENTATIONS· AT SCOPING MEETINGS 

February 17: 1. Richard T. Lee, Representative for Congressman John LaFalce 
(lewiston) 2. Robert Naum, Citizen's Oversight Committee 

February 19: 
(lewiston) 

October 19: 
(Oak Ridge) 

3. Robert E. Lee, Town of lewiston 
4. James McElfish, Attorney for Town of Lewiston 
S. Danielle DeGolier, Citizens Against Pollution 
6. Terry Kuehn, Representative for Assemblyman Murphy 
7. Richard Rooker, Niagara County Board of Health 
8. Raymond Vaughn 
9. Walter Klabunde 

10. Steven R. Nathanson, No lOOW COmPittee 
11. Steven Doleski, New York Department of Environmental Conservation 
12. Terry Mudd, Representative for Assemblyman Pillittere 
13. Calvin C. Schultz, Town of lewiston Supt. of Highways 

1. Al MacBain, Member of Parliament, Canada 
2. Kathleen lima, Greenpeace 
3. Calvin C. Schultz, Lewiston Supt. of Highways 
4. C.W. Shonnard 
S. John Daly, New York State Senator 
6. Dian.e D'Arrigo, Sierra Club 
7. Alfred Guilinette, Sierra Club Radioactive Waste Campaign 
8. Margherita Howe, Operation Clean, Ontario, Canada 
9. Robert Franki 

10. Darwin Langlois 

1. Frances Pleasonton 
2. Charles Coutant, City of Oak Ridge Environmental Quality Advisory Board 
3. Gary Davis, American Environmental Association 
4. John Williams 
5. Barry McConnell 
6. John Oabbs 
7. John Peele, Member of the Roane County legislature 
8. Susan Williams 
9. Jim Young 

10. Harold Jernigan, Member of the Oak Ridge City Council 
11. Russ Driver 

CORRESPONDENCE 

During Scoping at NFSS 

1. Irwin D.J. Bross, Director of Biostatistics, Roswell Park Memorial Institute 
2. Joseph F. Drayton, Director, New York Department of labor, Division of Safety and Health 
3. Glen H. Spain, General Counsel, Farallon Foundation 
4. Carol Hongerson, Coalition on West Valley Nuclear Wastes 
5. D. Pascoe, Manager, Environmental Contaminants Division, Environment Canada 
6. Shirley J. Quarantillo. School District Clerk. Lewiston-Porter Central School 
7. Gerald F. Schuur. Niagara Falls Area Chamber of Commerce 
8. Paul P. Hamilton. Field Supervisor. U.S. Department of Interior. Fish and Wildlife Service 
9. Diana D'Arrigo and lisa Finaldi, Sierra ClUb 

10. Richard E. Cunningham, Director, Division of Fuel Cycle and Material Safety, U.S. Nuclear Regulatory Commission 
11. Anne Norton Hiller, Chief, Environmental Impacts Branch, U.S. Environmental Protection Agency 
12. Christopher Roosevelt, President, The Oceanic Society 
13. James M. McElfish, Attorney. Town of lewiston. NY 
14. Donald H. Henry, Karen Graf; et al., Operation Clean, Inc. 
15. Karen Graf 
16. louis M. Concra, Director, Division of Regulatory Affairs, New York Department of Environmental Conservation 
17. Clifton E. Curtis, Center for law and Social Policy 
18. Glyn G. Caldwell, Center for Environmental Health. Department of Health and Human Services 

During Scoping at Oak Ridge and Hanford 

1. John W. Peele. Member of the Roane County legislature 
2. Kenneth E. Yager, Roane County Executive 
3. Donald W. Moos, State of Washington Department of Ecology 
4. Allen W. Neel, East Tennessee Development District 
5. M.T. Bruner, Tennessee Department of Health and Environment 
6. C.H. Dean, Chairman, TVA 
7. Sheppard N. Moore. USEPA Region IV 
8. M. lyle lacy III, City Manager, Oak Ridge, TN 
9. Herbert l. Harper, Tennessee Historical Commission 

10. Dan Sherry, Tennessee Wildlife Resources Agency 
11. V. Gary Henry, U.S. Fish and Wildlife Service, Asheville, NC 
12. Robert G. Whitlam. State of Washington Office of Archaeology and Historic Preservation 
13. P.T. Perdue 
14. Irwin D. Bross, Biomedical Technology, Inc. 
15. Kenneth S. Warren 
16. Harry C. Francke 
17. R.F. Perkins 
18. James M. McElfish, Attorney for Town of lewiston. NY 
19. Susan Williams 
20. Renee P. Bender 
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G.2 ALTERNATIVES 

]n addition to the alternatives given in the NOI, a fourth alternative involving offsite storage 
of only the NFSS residues was suggested during the scoping process. Further technical input has 
confirmed the reasonableness of evaluating such an alternative. These residues account for almost 99% 
of the total radium-226 inventory at NFSS but less than 6% of the total volume of contaminated 
materials. Removal of the relatively small volume of residues from NFSS would eliminate·most of the 
potential long-term radiological hazard from NFSS. This fourth alternative was therefore added for 
analysis in this EIS. 

Within each of the four basic alternatives, numerous subalternatives could have been constructed 
out of the various options for long-term management sites and designs, transportation modes, etc .. 
Permutat ions of all options woul d have created an unwi e 1 dy set of a lternat i ves for ana lys i sand 
comparison. Therefore, combinations of options covering the range of alternatives to be considered by 
the DOE decision-maker were selected for analysis. Discussions of options that were dismissed from 
detailed study are summarized in Appendices C and 0 of this EIS. 

G.3 ISSUES 

Based on the scoping input, several issues were determined to be beyond the scope of this EIS: 

1. Use of NFSS for management of other wastes--This is no longer being considered by DOE. 

2. NEPA compl iance for Afrimet lease settlement--DOE has determined that settlement of the 
Afrimet leases (U.S. Dep. Energy 1983d) was an action which, in and of itself, will have a 
clearly insignificant impact on the quality of the human environment. No further NEPA 
compliance is necessary (U.S. Dep. Energy 1983e). 

3. Comparison of various regulations--As provided under the Atomic Energy Act (as amended), DOE 
is exempt from regulation by states and other federal agencies with respect to radiological 
aspects of DOE operations. DOE develops its own regulations ("Orders") for general applica
tion to DOE operations. Development of such Orders is not part of the currently proposed 
action and is therefore beyond the scope of this E1S. A summary of applicable orders is 
given in this EIS. 

4. Psychological impacts--In a case involving the proposed restart of one of the Three Mile 
Island reactors, the U.S. Supreme Court held that analysis of psychological impacts is 
beyond the intent of NEPA (Supreme Court of the United States 1983). 

5. Impacts of past operations at NFSS and Oak Ridge--The impacts of the various alternatives on 
the existing environment are assessed in this EIS. However, in the above-mentioned Supreme 
Court decision, it was stated that "NEPA is not directed at the effects of past accidents 
and does not create a remedial scheme for past federal actions." Therefore, a detailed 
analysis of past operations is considered to be beyond the scope of this EIS. 

6. Cumulative effects of all past, present, and future operations at the DOE Oak Ridge 
Reservation--DOE has determined that this issue is beyond the scope of this EIS. Cumulative 
effects are addressed only insofar as there are projected interactions with other existing 
DOE activities on the Reservation. 

7. Global impacts of ocean disposal--DOE has determined that the global impacts of any of the 
alternatives, including ocean disposal, are clearly beyond the scope of the current decision 
and the current EIS. The spatial impacts of ocean disposal are considered to the point that 
impacts become insignificant. 

8. Other disposal sites--Two specific and reasonably available sites on DOE Reservations are 
included in the alternatives to be analyzed in this EIS. Only DOE-owned sites are currently 
available for disposal of wastes from DOE operations. Long-term management of the NFSS 
wastes and residues on non-DOE sites is not an alternative reasonably available to DOE. 
Other DOE Reservations are not considered because the Hanford Reservation is representative 
of an arid site and the Oak Ridge Reservation is representative of a humid site--thus allow
ing comparison of two.sites spanning the range of sites available to the DOE decision-maker. 

9. Processing residues at a uranium mill to recover valuable elements--Uranium mills are 
designed to recover uranium. Extra equipment is needed to recover the other valuable elements 
in the NFSS residues. Thus, it is more reasonable to consider an alternative wherein such 
equipment is installed at NFSS rather than shipping residues to another unequipped site. 

10. Lack of public participation in the DOE decision-making process and distrust of federal 
officials--This is a very broad social issue that is beyond the scope of this EIS. DOE has 
received both oral and written comments from the public during the scoping process for this 
EIS and intends to hold a public meeting after the Draft EIS has been issued. 
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11. Inequitable distribution of risks, potential precedent for allowing disposal of other 
Manhattan Project wastes, and concern that the site chosen for management of the NFSS 
wastes and residues may develop a bad image as a dumping ground for the nation's nuclear 
wastes--These are also broad social issues that are addressed via other political and legal 
institutions and are beyond the scope of this EIS. 

Ana lys is of both the oral and wri tten pub 1 i c scopi ng comments i ndi cated that concerns about 
potential radiological health effects, especially those associated with various pathways through the 
environment, were the issues of greatest concern. Although not raised as a primary issue by the 
public, impacts associated with potential human intrusion into the contaminated materials was retained 
as a primary issue because of past experience at uranium mill tailings sites (where people have 
intruded into the contaminated residues). 

Based on public scoping input, radiological contamination of the oceanic environment was added as 
a primary issue. This issue was one of the major concerns of the organized public-interest and environ
mental groups. Although these groups basically recommended that ocean disposal be eliminated as an 
alternative, technical input indicated that such an alternative is technically feasible and may be 
available to the DOE decision-maker in the near future. A two-year moratorium on disposal of radio
active wastes in the ocean is scheduled to expire before the NFSS alternatives can be implemented, ·and 
EPA is considering revising its ocean dumping regulations. Ocean dispersal of high-volume bulk 
wastes--such as dirt, sludges, and industrial effluents--is common practice in the northeastern United 
States. The 106-Mi le Site, located over the continental slope southeast of New York harbor, is an 
EPA-approved dumpsite for high-volume bulk wastes similar in composition to the trace-contaminated 
NFSS wastes. The radioisotopes of concern in the NFSS wastes occur naturally in the ocean and are the 
same as those carried to the sea by erosion of the land masses. Thus, ocean disposal was retained as 
a reasonable alternative to the long-term maintenance and monitoring that will be required if the NFSS 
wastes are managed by near-surface containment on land. 

A few public commentors desired analysis of synergistiC effects associated with radiological 
pollutants from the NFSS wastes and residues and chemical pollutants from other hazardous waste 
facilities (e.g., the SCA facility north of NFSS or other DOE facilities on the Oak Ridge Reservation). 
There is essentially no scientific evidence for synergistic effects between radionuclides and the many 
potential chemicals, and there is no projected interaction with existing facilities. In addition, DOE 
considers assessment of synergistic effects with chemical releases from future facilities near each 
alternative site to be beyond the scope of this EIS. 
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A. INTRODUCTION 

APPENDIX H. 

U.S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(Rev. 1, July 1985) 

This document presents U.S. Department of Energy (DOE) radiological protection guidelines for 
cleanup of residual radioactive materials and management of the resulting wastes and residues. It is 
applicable to sites identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and 
remote sites identified by the Surplus Facilities Management Program (SFMP).* The topics covered are 
basic dose limits, guidelines and authorized limits for allowable levels of residual radioactivity, 
and requirements for control of the radioactive wastes and residues. 

Protocols for identification, characterization, and designation of FUSRAP sites for remedial 
action; for implementation of the remedial action; and for certification of a FUSRAP site for release 
for unrestricted use are given in a separate document (U. S. Dept. Energy 1984). More detai led 
information on applications of the guidelines presented herein, including procedures for deriving 
site-specific guidelines for allowable levels of residual radioactivity from basic dose limits, is 
contained in a supplementary document--referred to herein as the "supplement" (U. S. Dept. Energy 
1985). 

"Residual radioactivity" includes: (1) residual concentrations of radionuclides in soil material,** 
(2) concentrations of airborne radon decay products, (3) external gamma radiation level, and (4) surface 
contamination. A "basic dose limit" is a prescribed standard from which limits for quantities that 
can be monitored and controlled are derived; it is specified in terms of the effective dose equivalent 
as defined by the International Commission on Radiological Protection (ICRP 1977, 1978). Basic dose. 
limits are used explicitly for deriving guidelines for residual concentrations of radionuclides in 
soil material, except for thorium and radium. Guidelines for residual concentrations of thorium and 
radium and for the other three quantities (airborne radon decay products, external gamma radiation 
level, and surface contamination) are based on existing radiological protection standards (U.S. Environ. 
Prot. Agency 1983; U. S. Nuc 1. Reg. Comm. 1982). These standards are assumed to be cons i stent with 
basic dose limits within the uncertainty of derivations of levels of residual radioactivity from basic 
1 imits. 

A "guideline" for residual radioactivity is a level of residual radioactivity that is acceptable 
if the use of the site is to be unrestricted. Guidelines for residual radioactivity presented herein 
are of two kinds: (1) generic, site-independent guidelines taken from existing radiation protection 
standards, and (2) site-specific guidelines derived from basic dose limits using site-specific models 
~nd data. Generic guideline values are presented in this document. Procedures and data for deriving 
site-specific guideline values are given in the supplement. 

An "authori zed 1 imi t" is a 1 eve 1 of resi dua 1 radi oact i vity that must not be exceeded if the 
remedial action is to be considered completed. Under normal circumstances, expected· to occur at most 
sites, authorized limits for residual radioactivity are set equal to guideline values. Exceptional 
conditions for which authorized limits might piffer from guideline values are specified in Sections 0 
and F. A site may be released for unrestricted use only if the residual radioactivity does not exceed 
guideline values at the time remedial action is completed. Restrictions and controls on use of the 
site must be established and enforced if the residual radioactivity exceeds guideline values. The 
applicable controls and restrictions are specified in Section E. 

*A remote SFMP site is one that is excess to DOE programmatic needs and is located outside a major 
operating DOE research and development or production area. 

**The term "soil material" refers to all material below grade level after remedial action is completed. 
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DOE policy requires that all exposures to radiation be limited to levels that are as low as 
reasonably achievable (ALARA). Implementation of ALARA policy is specified as procedures to be applied 
after authorized limits have been set. For sites to be released for unrestricted use, the intent is 
to reduce res idua 1 radi oacti vity to 1 eve 1 s that are as far below authori zed 1 imi ts as reasonabl e 
considering technical, economic, and social factors. At sites where the residual radioactivity is not 
reduced to levels that permit release for unrestricted use, ALARA policy is implemented by establishing 
controls to reduce exposure to levels that are as low as is reasonably achievable. Procedures for 
implementing ALARA policy are described in the supplement. ALARA policie~, procedures, and actions 
must be documented and filed as a permanent record upon completion of remedial action at a site. 

B. BASIC DOSE LIMITS 

The basic limit for the annual radiation dose received by an individual member of the general 
public is 500 mrem/yr for a period of exposure not to exceed 5 years and an average of 100 mrem/yr 
over a lifetime. The committed effective dose equivalent, as defined in ICRP Publication 26 (ICRP 
1977) and calculated by dosimetry models described in ICRP Publication 30 (ICRP 1978), shall be used 
for determining the dose. 

C. GUIDELINES FOR RESIDUAL RADIOACTIVITY 

C.l Residual Radionuclides in Soil Material 

Residual concentrations of radionuclides in soil material shall be specified as above-background 
concentrations averaged over an area of 100 m2 . If the concentration in any area is found to exceed 
the average by a factor greater than 3, guidelines for local concentrations shall also be applicable. 
1hese "hot spot" guidelines depend on the extent of the elevated local concentrations and are given in 
the supp 1 ement. 

The generic guidelines for residual concentrations of Th-232, Th-230, Ra-228, and Ra-226 are: 

- 5 pCi/g, averaged over the first 15 cm of soil below the surface 

- 15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm below the surface 

These guidelines take into account ingrowth of Ra-226 from Th-230 and of Ra-228 from Th-232, and 
assume secular equilibrium. If either Th-230 and Ra-226 or Th-232 and Ra-228 are both present, not in 
secular equilibrium, the guidelines apply to the higher concentration. If other mixtures of radio
nucl ides occur, the concentrations of individual radionucl ides shall be reduced so that the dose for 
the mixtures will not exceed the basic dose limit. Explicit formulas for calculating residual concen
tration guidelines for mixtures are given in the supplement. 

The guidelines for residual concentrations in soil material of all other radionuclides shall be 
derived from basic dose limits by means of an environmental pathway analysis using site-specific data. 
Procedures for deriving these guidelines are given in the supplement. 

C.2 Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products shall apply to existing 
occupied or habitable structures on private property that are intended for unrestricted use; structures 
that will be demolished or buried are excluded. The applicable generic guideline (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, and reasonable effort 
shall be made to achieve, an annual average (or equivalent) radon decay product concentration (including 
background) not to exceed 0.02 WL.* In any case, the radon decay product concentration (including 
background) shall not exceed 0.03 WL. Remedial actions are not required in order to comply with this 
gui~eline when there is reasonable assurance that residual radioactive materials are not the cause. 

C.3 External Gamma Radiation 

The average level of gamma radiation inside a building or habitable structure on a site to be 
released for unrestricted use shall not exceed the background level by more than 20 ~R/h. 

*A working level (WL) is any combination of short-lived radon decay products in one liter of air that 
will result in the ultimate emission of 1.3 x 10 5 MeV of potential alpha energy. 
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C.4 Surface Contamination 

The following generic guidelines, adapted from standards of the U.S. Nuclear Regulatory Commission 
(1982), are applicable only to existing structures and equipment that will not be demolished and 
buried. They apply to- both interior and exterior surfaces. If a building is demolished and buried, 
the guidelines in Section C.l are applicable to the resulting contamination in the ground. 

Radionuclidest2 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, Ac-227, 
1-125, 1-129 

Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 1-133 

U-Natural, U-235, U-238, and 
associated decay products 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others noted above 

Averaget 3 ,t4 

100 

1,000 

5,000a 

Allowable Total Residual Surface 
Contamination (dEmilOO cm2 )tl 

Maximumt 4 ,t5 Removablet 4 ,t6 

300 20 

3,000 200 

15,00Da 1,ODDa 

15,000~-y 1,ODO/l-y 

tl As used in this table, dpm (disintegrations per minute) means the rate of emission by radio
active material as determined by correcting the counts per minute measured by an appropriate 
detector for background, efficiency, and geometric factors associated with the instrumentation. 

t 2 Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the 
limits established for alpha- and beta-gamma-emitting radionuclides should apply independently. 

t 3 Measurements of average contamination should not be averaged over an area of more than 1 m2 . 

For objects of less surface area, the average should be derived for each such object. 

t 4 The average and maximum dose rates associated with surface contamination resulting from beta
gamma emitters should not exceed 0.2 mradlh and 1.0 mradlh, respectively, at 1 cm. 

t 5 The maximum contamination level applies to an area of not more than 100 cm2 . 

t 6 The amount of removable radioactive material per 100 cm2 of surface area should be determined 
by wiping that area with dry filter or soft absorbent paper, applying moderate pressure, and 
measuring the amount of radioactive material on the wipe with an appropriate instrument of 
known efficiency. When removable contamination on objects of surface area less than 100 cm2 

is determined, the activity per unit area should be based on the actual area and the entire 
surface should be wiped. The numbers in this column are maximum amounts. 

D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY 

The remedial action shall not be considered complete unless the residual radioactivity is below 
authorized limits. Authorized limits shall be set equal to guidelines for residual radioactivity 
unless: (1) exceptions specified in Section F of this document are applicable, in which case an 
authorized limit may be set above the guideline value for the specific location or condition to which 
the exception is applicable; or (2) on the basis of site-specific data not used in establishing the 
guidelines, it can be clearly established that limits below the guidelines are reasonable and can be 
achieved without appreciable increase in cost of the remedial action. Authorized limits that differ 
from gutdelines must be justified and established on a site-specific basis, with documentation that 
must be filed as a permanent record upon completion of remedial action at a site. Authorized limits 
differing from the guidelines must be approved by the Director, Oak Ridge Technical Services Division, 
for FUSRAP and by the Director, Richland Surplus Facilities Management Program Office, for remote 
SFMP--with concurrence by the Director of Remedial Action Projects for both programs. 

E. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Res i dua 1 radi oact i vity above the gui de 1 i nes at FUSRAP and remote SFMP sites must be managed in 
accordance with applicable DOE Orders. The DOE Order 5480.1A requires compliance with applicable 
federal, state, and local environmental protection standards. 



The operational and control requirements specified in the following DOE Orders shall apply to 
interim storage, interim management, and long-term management. 

a. 5440.18, Implementation of-the National Environmental Policy Act 

b. 5480. lA, Environmental Protection, Safety, and Health Protection Program for DOE 
Operations 

c. 5480.2, Hazardous and Radioactive Mixed Waste Management 

d. 5480.4, Environmental Protection, Safety, and Health Protection Standards 

e. 5482. lA, Environmental, Safety, and Health Appraisal Program 

f. 5483.1, Occupational Safety and Health Program for Government-Owned Contractor-Operated 
Facilities 

g. 5484.1, Environmental Protection, Safety, and Health Protection Information Reporting 
Requirements 

h. 5484.2, Unusual Occurrence Reporting System 

i. 5820.2, Radioactive Waste Management 

E.l Interim Storage 

a. Control and stabilization features shall be designed to ensure, to the extent reasonably 
achievable, an effective life of 50 years' and, in any-case, at least 25 years. 

b. Above-background Rn-222 concentrations in the atmosphere above facility surfaces or 
openings shall not exceed: (1) 100 pCi/l at any given point, (2) an annual average 
concentration of 30 pCi/L over the facility site, and (3) an annual average concentra
tion of 3 pCi/L at or above any location outside the facility site (DOE Order 5480.1A, 

. Attachment XI-I). 

c. Concentrations of radionuclides in the groundwater or quantities of residual radioactive 
materials shall not exceed existing federal, state, or local standards. 

d. Access to a site shall be controlled and misuse of onsite material contaminated by 
residual radioactivity shall be prevented through appropriate administrative controls 
and physical barriers--active and passive controls as described_bY the U.S. Environ
mental Protection Agency (1983--p. 595). These control features should be designed to 
ensure, to the extent reasonable, an effective life of at least 25 years. The federal 
government shall have title to the property. 

E.2 Interim Management 

a. A site may be released under interim management when the residual radioactivity exceeds 
guideline values if the residual radioactivity is in inaccessible locations and would 
be unreasonably costly to remove, provided that administrative controls are established 
to ensure that no member of the public shall receive a radiation dose exceeding the 
basic dose limit. 

b. The administrative controls, as approved by DOE, shall include but not be limited to 
periodic monitoring, appropriate shielding, physical barriers to prevent access, and 
appropriate radiological safety measures during maintenance, renovation, demolition, or 
other activities that might disturb the residual radioactivity or cause it to migrate. 

c. The owner of the site or appropriate federal, state, or local authorities shall be 
responsible for enforcing the administrative controls. 

E.3 Long-Term Management 

Uranium, Thorium, and Their Decay Products 

a. Control and stabilization features shall be designed to ensure, to the extent reasonably 
achievable, an effective life of 1,000 years and, in any case, at least 200 years. 

b. Control and stabilization features shall be designed to ensure that Rn-222 emanation to 
the atmosphere from the waste shall not: (1) exceed an annual average release rate of 
20 pCi/m2/s, and (2) increase the annual average Rn-222 concentration at or above any 
location outside the boundary of the contaminated area by more than 0.5 pCi/L. Field 
verification of emanation rates is not required. 

c. Prior to placement of any potentially biodegradable contaminated wastes in a long-term 
management facility, such wastes shall be properly conditioned to ensure that (1) the 
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generat i on and escape of bi ogeni c gases will not cause the requi rement in paragraph b 
of this section (E.3) to be exceeded, and (2) biodegradation within the facility will 
not result .in premature structural failure in violation of the requirements in para-
graph a of this section (E.3). . 

d. Groundwater shall be protected in accordance with 40 CFR 192.20(a)(2) and 192.20(a)(3), 
as applicable to FUSRAP and remote SFMP sites. 

e. Access to a site should be controlled and misuse of onsite material contaminated by 
residual radioactivity should be prevented through appropriate administrative controls 
and physical barriers--active and passive controls as described by the U; S. Environ
menta 1 Protection Agency (1983--p. 595). These controls shoul d be designed to be 
effective to the extent reasonable for at least 200 years. The federal government 
shall have title to the property. 

Other Radionuclides 

f. Long-term management of other radionuclides shall be in accordance with Chapters 2, 3, 
and 5 of DOE Order 5820.2, as applicable. 

F. EXCEPTIONS 

Exceptions to the requirement that authorized limits be set equal to the guidelines may be made 
on the basis of an analysis of site-specific aspects of a designated site that were not taken into 
account in deriving the guidelines. Exceptions require approvals as stated in Section D. Specific 
situations that warrant exceptions are: 

a. Where remedial actions would pose a clear and present risk of injury to workers or 
members of the general public, notwithstanding reasonable measures to avoid or reduce 
ri sk. 

b. Where remedial actions--even after all reasonable mitigative measures have been taken-
would produce environmental harm that is clearly excessive compared to the health 
benefits to persons living on or near affected sites, now or in the future. A clear 
excess of environmental harm is harm that is long-term, manifest, and grossly dispro
portionate to health benefits that may reasonably be anticipated. 

c. Where the cost of remedial actions for contaminated soil is unreasonably high relative 
to long-term benefits and where the residual radioactive materials do not pose a clear 
present or future risk after taking necessary control measures. The likelihood that 
buildings will be erected or that people will spend long periods of time at such a site 
should be considered in evaluating this risk. Remedial actions will generally not be 
necessary where only minor quantities of residual radioactive materials are involved or 
where residual radioactive materials occur in an inaccessible location at which site
specific factors limit their hazard and from which they are costly or difficult to 
remove. Examples are residual radioactive materials under hard-surface public roads 
and sidewalks, around public sewer lines, or in fence-post foundations. In order to 
invoke this exception, a site-specific analysis must be provided to establish that it 
would not cause an individual to receive a radiation dose in excess of the basic dose 
limits stated in Section B, and a statement specifying the residual radioactivity must 
be included in the appropriate state and local records. 

d. Where the cost of cleanup of a contaminated building is clearly unreasonably high 
relative to the benefits. Factors that shall be included in this judgment are the 
anticipated period of occupancy, the incremental radiation level that would be effected 
by remedial action, the residual useful lifetime of the building, the potential for 
future construction at the site, and the applicability of remedial actions that would 
be less costly than removal of the residual radioactive materials. A statement specify
ing the residual radioactivity must be included in the appropriate state' and local 
records. 

e. Where there is no feasible remedial action. 
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APPENDIX I. ENGLISH/METRIC EQUIVALENTS 

Multiply 

Acres 

Cubic feet (ft3 ) 

Cubic yards (yd3 ) 

Degrees Fahrenheit (OF) - 32 

Feet (ft) 

Gallons (gal) 

Gallons (gal) 

Inches (in:) 

Miles (mi) 

Nautical miles (nmi) 

Pounds (lb) 

Square feet (ft2) 

Square yards (mi2) 

Square miles (mi2) 

Tons, short (t) 

Tons, short (t) 

By 

0.4047 

0.0283 

0.76455 

5/9 

0.3048 

3.7854 

0.0038 

2.540 

1. 6093 

1. 8520 

0.4536 

0.0929 

0.03613 

2.590 

9.0718 x 102 

0.9072 

I-I 

To obtain 

Hectares (ha) 

Cubic meters (m3 ) 

Cubic meters (m3 ) 

Degrees Celsius (OC) 

Meters (m) 

Liters (l) 

Cubic meters (rn3 ) 

Centimeters (em) 

Kilometers (kin) 

Kilometers (kin) 

Kilograms (kg) 

Square meters (m2) 

Square meters (m2) 

Square kilometers (km2) 

Kilograms (kg) 

Tons, metric (MT) 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

FISH AND WII.DI.IFE SERVICE 
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U.~. O~9Art~~~t or tne:qy 
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Fobtu~ry 2~, 19!! 
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the ~IDg.rl Fall. atOt~9' aite. ~iD9arD County, Uew York. 
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to ~.~po~er 3"1 {u~1in~ t'~rJtr~lntl w~ or~ not able to 
p .. rticip:lt~ in !ol~o'''''-\!' s~opi:"l; "'Ictivitio:!'s. Houever, W~ wou11 
lik.F '':0 t".!c. j','ol '": -:O;:,/:lC t:,:""" :!r·~f~ :TS fo: review and co~:nent on 
t~:" ?'!:tir.·J:'1": !i3' "'!"':t '! .. '] if.: ':':~~'J~~":S. 

~i~c~rely you:a. 

r?Jt?J!~ 
P,ul P. HD~tl:on 
rotP.]·, Sup1!'r' .. ilor 

i ) .. '.' ...... ~'"'\ 
~ ~ N.w York St.t. Ollie. 0' P.rks. Recr •• tlon .nd HI.torie P .... rv.tlon 
~ ! Tt"i£: GO\"H"V" Nel~oFJ A Roc.~el(!lIe' e.,......pue Slate Piau. 
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Hr. Lowell F. Campbell 
Deputy Director 

April 26. 1983 

Technical Services Division 
Department of Energy 
Oak Ridge OperationB 
P.O. BOI( E 
Oak Ridge. TN 37830 

Dear Hr. Campbell: 
Nia9ara FallB Storage Site(NFSS) 
LewiBton. Nia9ara County(DOE) 

Thank you for submitting the above referenced pro~ 
ject to the State Historic Preservation O!ficer(SHPO) 
The SHPO has provided comments on this project in a 
Harch 10. 1983 letter to Bechtel National, Inc. (copy 
attached) • 

If you have any questions. please contact the 
project review staff at 518 474~3176. 

CAF:mr 
Ene. 

Sincerely. 

( /. 18L~~ c£Zjj;;' I 

y;_.:j Stephen J. Raiche 
Director 
Historic Preservation Field 

Services 

cc: Raymond Berube 
Robert L. Rudolph 

.l, (:.:,. '.:"1".' 
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N~w Yor.; SII't Office 01 P,rks. Recre.tion and Hi,Ioric Pr.serv.tion 
1~E- G~\'e''':' ~'~'~~n J. ROC~.t:file· EmpIFt Sled': F:~4:c; 
:';.:-:,' 61,.. c·O ~ Albc:~y New Yo'", lZC'3& 

Mr. ~obert L. ~udolph 
Projec:t 'lanager - FUSAAP 
Bec:htel National, Inc:. 
P.O. Box 350 
Oak ~idge, Tenn. 37830 

Dear Hr. Rudolph: 

':arc:h 10, 1983 

Niagara Falls Storage(OOEl 
Lewiston, Niagera County 

The State Historic: Preservatio~ Offic:er (SHPOl has 
revi€"ec the above projec:t in ac:c:orcanc:e with the 
Advisory Council on Historic Preservation's regulations, 
"Protec:tion of Historic: an~ Cultural ?ro?erties," 36 erR 
SOC. • 

Based upon this review, it is the opinion of the 
SHPO that this projec:t will have no effec:t upon c:ulturel 
resourc:es inc:luded in or eligible for inc:lusion in the 
~ational Register of Historic: Plac:es. 

Should you have any questions, please c:ontac:t the 
projec:t review staff at 518-474-3176. 

Sinc:erely, 

Ann Webster Smith 
Deputv Co~~issioner for 

Historic Preservation 

I •• .1, Y'IU,,'" 
( ... ·\f·'''"· 

OFFIC[ OF ARCHA[OlOGY AND HISTORIC PRESERVATION 
'" w", '"","",y-lnt A~. ",." • ~ W,slwWron SII!!I,WJ • (1Q6J·7Jj-«J" 

S.pt_b.r 29, ,1983 

Hr. Low.ll F. Ca.pb.1l ,. DeputJ Director 
Tecbnic.l S~rvice. DiyilioD 
Deoparl.enl of [aerlY 
Oak RidSp OpProtioal 
P.O. Box E 
Oak Rid,e, TN 31831 

De .. Hr. Ca~bel1: 

Lo, Rdereace:" 4)0-F-DOE-02'" 

Re: DOE'S IIIAGARA FALLS STOJtAG[ 
SIT[ RADIOACTIVE WAST[ 
IlANAGDIEJIT . PROJECT " 

We b.ve reviewed lbe .. leri.,I. forwlrded to UI for "be .bo-;,e ·refer
eaced project. A lelrcb of our records, :l.atludia.· t.bl' N.lti,oa.l ~.D,d 
Stale ReSht ... of Hhtoric PIlCea ond tbe W .. bia,toa State Arcb •• o
IOlicI) aDd Hi.lorie Sitel laveatoriel. tadicltel tbe proj.c,t ,1"1'1 b •• 
not be-I'D IUl'veyed for tbe preleDce of cultural ·re.ouree.:. We recOIl
.end profe .... ion.l c~l\'4r.l l'eaOUfCe '''rYey' of' ~\he projeC'\ '1"1'. be 
cODduct.ed. 

Ple .. e feel fre. to eoataet III if v. POa be of aay furtber a .. "uaee. 

dj 

Si';c.rely, 

RobertG. \/biU .. , Pb.D; 
Arcbaeololht 

"COII 1 ...... "' ... 
[)ro,-n,,-

c
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'~~-;-")' ,'I.e:..~' : 
Unilt'Ct Sl:ll<'~ D<'p;,rlllll'nl (If Ih" Inl!'rim 

II~II ~'n "IUIUII 51 HI 1(.1 

.~~.-

"'~:,' 
-.::.~." 

[""~SI.l"',11 ~PlClI:~ t'lll1l OHI( l 
PLAHAI ~nll"~I;, ROO\I A'~ 

r.o ~OI'll1 rRL~rH nROAIl A\'[~n 
A~H[\'ILLL, ~(lHTIIlAROLI~A 28801 

September 2f" 1983 

I'Ir. loooell F. Campbell, Deputy Director 
Technical Services Division 
Department of Energy 
Oak Ridge (lperat ions 
P. O. 80. [ 
Oak Ridge, Tennenee 37831 

Re: 4-2-83-941 

Dear I'Ir. Campbell: 

We hIVe reviewed the proposed .ltemathe to relocate some or III of the 
radioactive wastes .nd residues currently stored at the Niagara Fa'ls 
Storage Site near lewiston, New York .t • new faclllty buOt on the 
Department of Energy's Oat, Ridge Operat Ions Reurvetlon In Anderson County, 
Tennessee, IS reouested by letter of September 13, 1983, received September 
14, 1983. 

Federally' hted Endangered (E) Indlor Threatened (T) and/or species 
proposed for lhting IS Endangered (PEl or Threltened (PT) 1liiy occur In the 
area of influentt of this Iction. 

To facilitate cOlllP'iance with Section 7(c) of the Endangered Species Act of 
1973, IS amended, (Act) Federal .gencies or designated non-Federal 
representatives are required to obtain froon the rlsh Ind Wildlife Service 
infol'1lllltion concerning the possib'e presence of Iny species, listed or 
proposed to be lhted, which Ny be present in the Impact area of • proposed 
.... ior Federal action signiflcant'y Iffecting the quality of the human 
environment. Therefore, WI! are fumhhlng you the followin9 list of species 
which lI1ay be present In the concerned area: 

MAIt'AL S 
Gray bat - l'Iyoth grlnscens (E) 

In .ddition to lhted .nd proposed Endangered .nd Threatened speCies, there 
Ire species which, .lthough not now 'hted or offlclilly proposed for 
I1sting .S Endangered or Threatened, Ire under status review (SR) by the 
Service and ... y be lhted .t SOllIe thlt In the future. Stltus review species 
Ire not legally protected under the Endlngered Species Act Ind the 
bio'ogical ISsessllfnt requirements do not IPP'y to them. However, WI! wou'd 
appreciate Iny efforts you lIight Nt. to avoid Idversely illpacting thPfll. 
The following speci.s under status review Ny occur within the project Irea:· 

PLANTS 
Appalachian bU9bane - Cimiclfuga rubifolla 
Carey's saxlfrage - SUlfraga careyana 

Section 7(c) and regulations being prepared to Imp'ement Section 7(c) Ilso 
require the federal agency or the deslgnahdnon-Federa' representitiYe 
proposing a major Federal action to conduct and subm1t to the Sentice I 
biological I5sessment to dete""lne the effects of th propoll' on listed and 
proposed Endangered and Threatened species. The blo'oglca' Issessment shall 
be complpted within 180 days after the date on which Initiated or within a 
time fr~me mutually agreed upon between the Igency and the Service and 
before initiating the proposed .ctlon. If the blo'oglca' ISsesSlllent Is not 
begun within 90 days, this list IlUst be verified Infonnally (via phone) with 
us prior to Initiation of your Issessment. Ife do not fee' that we ca~ 
adequately assess the effects of the proposed action on listed and proposed 
Endangered and Threatened species or Critical Habitat without a comp'ete 
assessment. When conducting a biological assessment, the Federa' Igencyor 
the desi gnated non-Federa' represen~at Ive nil t, et a IIlnlmum: 

,. C(lnduct a SCientifically sound on-site Inspection of the area .ffected 
by the action, which IIUSt, unleSS othentlse directed 'by the' Service, 
Include a detailed survey of the Irea to determine If listed or 
proposed species are present or occur seasonally and whether sultab'e 
habitat ulsts within thelrea for either expanding theextstlng 
population or potential relrltroductlO,n of popu'atlons; 

2. Interview recognfled experts on the specles,.t Issue, 'Inc'udlng those 
within the Fish and Wildlife Service, the National IIIrlneFisherles 
Service, state conservation Igencies, unlverslties,lridotherswho lilY 
have data not yet found in scientific literaturei 

3. Re.iet' literature and other scientific data to determine the species' 
distribution, habitat needs, and other blologlcalrequlrementsi 

4. 

5. 

6. 

7. 

Review and Ina'y:e the effects of the Ictlon DI1,'·thespeclts,'In ,terms 
of Individuals and populaHons, Including consideration of the 
cumulative effects of the action on· the species and habitat; 

Ana'yn alternative Ictions that 1liiy provide conservation lIfuureSi 

Conduct a"1. studies necessary to fulfil' the requirements of (1) 
through (51 above; 

Review Iny other relevant Inforliltlon_ 

Should you require additional Inforliltion on this subject, p'ease contact 
I'Ir. Gary Henry, Mr. Robert Currie, or 1'15. Nora Murdock In the Asheville 
Endangered SpeCies FI.'d Office, ns 672-0321, conwnerd., 704/258-2850, 
ext. 321. 

After the ISsessment hIS been cOll!P'eted Ind reViewed, It Is the 
responsibility of the Federa' Igency to determine If ,theproposedlctlon 
"may .ffect" Iny of the 1 hted species or Crlt lea' Hablt.ts or If It Is 

c... 
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likely to jeoperdhe the continued e.istence of proposed SrHi.s or result 
in the destruction or ed"ne ,aodHication of any. trititel Habitat proposed 
for such species. If the determinltion is "may aff.ct" for list.d species 
the F.deral IgEncy must request in writing formal consultltion from this 
office. R.Quests for formal consultation must include: (1) I description 
of the action to be considered. (2) a description of the specific .rn thlt 
NY be Iffected by the action; (3) I descri~tion of Iny listed species or 
Critical Hlbitlt thlt lI\IIy ~e Iffected by the Iction; (4) I description of 
the ... nner in which the action may Iffect .ny listed species or Critical 
Ha~itat Ind In assessment of any cumullthe effech; (5) reports including 
any environ.-ental Impoct statement. environmental 85sessment. or biological 
assessments prepar.d. Ind (6) .ny other releyant IVllllble Information on 
the action, the Iffected list.d specl.s. or Critical Habitat. 

In addition, if the proposed ICtlon 15 likely to jeopardize thE continued 
e.istence of p.opos.d Endangered or Tt.reatened species or result in the 
destruction or adyene modification of propos.d Critical Habitat, thE 
Feder.l .gency must confer with this offlc. for Isshtante in Identifying 
Ind resolving potential conf1ich It In early stag. In the pl.nnlng process. 

If thh proposed Iction is not I Njor Federll Iction slgnlflclntly 
Iffectlng the qUlllty of the human environment, the requirements of 
Section 7(c), I. •.• species list, biological ISsessment, do not apply. 
However, the requirements to (1) d.tennlne If the propos.d ectlon "IIIaY 
Iffect" list.d specie, or Critical Habitats, (2) d.t.rmine If the proposed 
Ictlon is likely to jeopardize the contlnu.d .. ht.nc. of proposed specl.s 
or result In destruction or adyerse modification of propos.d Critical 
Habitat, (3) request formal consultation for "lI\IIy .ffect" Ictlons, and (4) 
confer with th is offl ce If the proposed .ct I on Is 11 ke ly to jeopardize the 
cant Inu.d e.htence of proposed Endangered or Threltened specl.s or result 
In the des truct Ion or adyerse IIlOdlf; cat i on of rroposed Crlt I cal Hlbita' are 
still applicable. 

Attention h Iho direct.d to Section 7(d) of the Act, which underscores the 
requirement that the feder,l Ig.ncy and/or the pennit or lic.nse applicant 
shall not IIIBke any irr.versibl. or Irretrievable comnitment of resources 
during the consultation period which. in eff.ct. would deny the formulation 
or impl .... ntation of reasonable and prudent alt.matives r.garding th.ir 
ect\on~ on any I \sled Endangered or Threatened species. 

If we can be of further assistance, please advis •• 

Sincerely yours, 

V~G:Zry~ 
Acting Field Supervisor 
Endangered Species field Office 

cc: 
IIr, 80b Hatch.r, 1I1ldlife Res. Agency, Nashville, TN 
Program Administrator, TN Heritage Pr09ram. Nashville, T" 
Director, fWS. Washington; DC (AFAlO[S) 
R.9ional Olr.ctor, F'loIS, Atllnta, GA (ARO-FA/S£) 
field Sup.ryisor, rs. flIS. Coohylll., TN 
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TENNESSEE WILDLIFE RESOURCES AGENCY 

S.ptemb.r 26, 198~ 

[LLINGTON AGRICULTURAL C[NTE R 

P. O. 90K 40" 7 
NASHVILLE, TEN"'[SS[[ 37204 

Hr. L. r. Campb.ll, Deputy Director 
Technical Services Division 
Oak Ridg. Op.ratio"" Offic. 
U. S. D.partm.nt of En.rgy 
P. O. Box t 
Oak Ri dg., T.nn.ea.. ,.,8~ 

At: Scopillg Com.nte for tboDtIS for lIi~a FallJI Storage Site 

Dear Hr. Campb.ll: 

111. T.nn ....... WildUfe Ruourc ... A3.ncy baa received ""d r .... iew.d th. 
... tnjals Bent to u .. r.gardinG the upcomiDg Niagara FallJI Storage Site 
tIS. In the ahort t.,.." at l.ast, we would exp.ct minimal wildlife 
impacts if the disposal ait. wer. locat.d at the Oak IIiclge .ite. Hov.v.r, 
th.re are ... ry •• rious potential buman b.alth problems that, if by remote 
chanc. th.y vere incurred, would also aff.ct vildUfe populations. 

Tou vill probably find frOID your endangered specie .. cODtacta that the 
endanE.red Bald Eagl. ls found in the project area. Since the question 
of compatibility of this project with the hWDlUl envireM.nt ia paramoUIlt 
bere, the 1om.diate di .. turban .. of wi ldU f~ babi tat would b. minimal, and 
any hnediate impacts could b. mitigated without gr.at proble""" ve do DDt 
feel that it is appropriate for U8 to COaaDent further at tbis time. We 
wi 11 monl tor the com.nb that com. from the Department of Heal tb and 
Environment. Should the need ariee for this Asency to comment 1n connec
tion with those- human health .. tters, ve rill do eo. When the DEIS 1s 
diatributed, we lDIIy have coaaenta regardin,g the habitat disturbance asSoc
ielted ·wi th proposed ",ute burial. 

Thank you for off.ring U8 thiB opportunity to com.nt. 

Sincerel,.. 

TDfflESSEt VIIDLIn: RESOORCES AlItNCY 

ee'!o 
Wildlife 10 Fiah EDrlro_taUst 

DS:jaf 

cc: !like Webb 
Bob Ripl.y 
Bill Tamb.rt 

The State of Tennessee 

TENNESSEE HISTORICAL COMMISSION 
701 BROADWAY, NASI1VILLE 37203 

e1~/u.,·871fi 

Lowell Call1'bell 
Oak Ridge Operations 
P.O. 80. [ 

Septeniler 23, 1983 

Oak Ridge, Tennessee 37831 

Re: ooE's Niagra Falls Storage Site 
Radioactive Waste Management Project 

Dea r Mr. Can¢e 11 : 

'The above referenced project has been reviewed by our office with regard 
to Section 106 of the National Historic Preservation Act and related 
historic preservation regulations, 

Historic and archaeological resources in the project area have been 
previous ly identified under a Cultural Resource Survey of the Exxon 
Nuclear facility in 1975. 

Enclosed Is a copy of the State Historic Preservation Officer's 
opinion on the significance of those resources when we reviewed the 
proposed Nuclear Fuels Recovery and Recycling Center. 

No further compliance action is needed at this time unless the project 
area Is enlarged or project plans are changed. 

Thank you for your cooperation in this matter. 

Sincerely, 
,( .. ../ U 

Jl.-4 k' ~ vC/.""",.(.
~ 

Herbert L. Harper, 
Executive Di rector and 
Deputy State Historic 

Preservation Officer 

HLH:jd 
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TENNESSEE HISTORICAL COMMISSION 
'701 WtOAOWAY, "",,-s..-tV..u 37a03 

It5l742-6711 

1Ir. D. A. lrodnick 
D1YlI1Db of bvirollMbtal ~ct 

Studi .. 
Ar?>M. Kational Laboratory 
9700 South ca .. Avanue 
Ar90bII •• Il11no1o 60439 

OCtabu 6.1977 

!Ia. Bi.toric and Arc:b .. olO'1ical lI .. o~c., in tho Nucl .... 
Fuel, Recovery and bcyc:l1nq Center, Roan. County, 
Te.nn •• I", Iap&c t Az..a 

D .... 1Ir. lro4.DicJt. 

In "Ipon.. to your leetu ot S.pteabe.r 11 aDd. in acc:ord&.nce vi tl'I ouzo 
reopon.ibiliti •• und ... tbo Kational Biotoric P"'.<Vltion Act (PI. 19-6651 
Section 106. and t..he Adv180ry CouncU on 811toric Pr •• arntJ.oD'. pEO .... 
cedur •• tor the protection of hi.to.:'i.:.l and cultural propertJ. •• (36 
CTR 'art 800), the Stat. B.iltoric Pre.erntion Ofticer and hi. leatt have 
"viewed th. prop"ed projec:t punl and the re.ul tal ot iapect aru 
archa.,1091eal and. h.btor1c&1/&rchitectur.l r •••• rch. 

S~ific.lly. the "vi,,,, 1. baled on lntomat1on and opini.an. contained 
in the tollovt.nq docu-entll 

&nviro...ntal Il.oport. KFRUC. Dock.t 50-564. Exxon Nucl .... Co. 
XN-FIIOJJ !lav. 0 

CUlt~ol !laOO\IZC. S...-..y ot th8 Exxon Nucle ... Facility. Oak IUd,". 
Te.nn ..... ' May 1975, Georv' F. Flelder, Jr. 

Project Kep IUPPUed by Exxon .uclau on Sopt_ 13. 1977 

Thay _ro rovi._ by .yool! aDd IOeorv. r1.1ckr. SllPO .tAft archaoolO'1l1t. 
It lhollld be noted thlt tho ori'l'inal proj.ct .urvoy ...... do by Hr. Fielder 
when he W.I _ployed .1 a r •• u.rc:h archAeoloqi.t .t the University at 
Tenn ..... , knoxv1Ue. 

It 11 our opinion thAt none .ot the buUd1nql rec:ord.d in t.he ar ..... t 
the crita.ri. tor 1nclu..1on in the Rational Reqi.tar of at.torie Pl.c ••. 
In .dd1tion. Done of the bulld.iD9 lite. 01' r--.J.n. '4Znnt inclUliion •• 
hi.torie arch&eol09ical .it •• c!ue to • lack of lpecific hi.torical or 
cultural precon41t1c:." that ~uld be lUtuy to produce. body ot .i9" 
niticant archa.,loqical data. 

Althouqb none of the 109 bu1141.nql pr.M.nt ar •• in our opinion. eliqibla 
tor tn. National Re1iiltar, !JoI;cn Nucl •• r .hould .xplor. the polli.bil1t1 •• 

Kr. D. A. Br:odnick 
OCtober 6, 1977 
Paqa two 

ot ... Jt1nq eo •• ot th_ .vailable to civic o~ public _'l.nei .. fo~ .... in 
interpretAtiv •• xhibit •. Th. Oak IUdq. Children'. " ...... o~ tho 
Univonity of TOM ..... public ... bor.t\a in Oak IUdq ..... two 'UIN .. tad 
contact •• 

ro~ pnhiltodc ped04 ... cha.olo'lical lit •• vn. inw.ti'l_tad in til. 
project uea ac!jacant to the Clinch IUvo~. Thr •• of th ••• o1t ••• 40REU5, 
4CRl:lJ9. and 40RE140. do not contain .l1ftici.nt conta,,=al intormation to 
u.k. tllc:21 eliqible tor inelulion in the N&tion.al Re<9:..t.~. The touzth, 
40RElJ8. hal not b •• n t •• t.d .l1fticienUy to allow _ d.t.Rl1nation ot 
.1 iq i.bil1 ty to be ... d •• 

Hov.ver, based OD project intoraation contAined. in the Env1rol'1llental Report 
and other 1nformat.1on auppli.d. to th1. ottice tJy Exxon Nuclear, non. ot the 
recorded archAeolQCJical lit •• ar. lOCAted in .r .... t.n.t vill b. 41rectly 
aft.cted by con.truc~on activities that &1" inclu.ded \DIde" tMI current 
license application. Sit. 40RElla ... y b. affected tJy fu.tUZ'. conlt.ruc:tion, 
but a d.t .... ination of .liqibility .hollld be d.torrad ""til .uch tiJI ... 
a .pecific apect .valuetion i. prepared. 

In l1.lD'UUtion, it il the opinion ot the sea:. Hi.toric Pl'."rvation Offieer, 
that th.r. u. no known hi.toric.l, an:hitectural r or archaeoL091cal 
proper tie. located in tho project ilnpact .... thot po ..... the '{\IAUth. 
required for .li'l'ibU1ty to tho National Ro'l'i.tu ot Hiltoric Pllc ... 

Thank you for yo~ coor4ination with thi. otuc •• 

Your. for a better t.c:Imorrov, 

Horbert L. Harper 

c... 
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APPENDIX K.COMMENTS AND RESPONSES 

K.1 INTRODUCTION 

The Draft Environmental Impact Statement (DEIS), "Long-Term Management of the Existing Radio- -
active Wastes and Residues at the Niagara Falls Storage Site" (00E/EIS-OI09D), was issued by the 
U.S. Department of Energy (DOE) for public review and comment on August 17, 1984. Copies of the 
letters of comment received during the review period are reproduced in this Appendix K of the Final 
Environmental Impact Statement (FEIS). Appendix K contains comments, responses, and corrections and 
additions to the OEIS. A total of 42 letters were received; 22 people gave oral comments, of which 
10 repeated these comments in letters. In addition, DOE has had further discussions with the 
U.S. Environmental Protection Agency and the state of New York. The substance of each additional 
comment is presented at the beginning of the response to the appropriate original written comment. 
Additional new comments are presented following all other responses to a particular comment letter. 

Most commenters expressed preference ~or or against specific alternatives. Residents of New York 
were generally in favor of removing at least the residues to Tennessee. Residents of Tennessee and 
Washington were generally opposed to having any of the wastes or residues moved to their states. 

Appendix K includes Topical Comments and Responses (Section K.2), Written Comments and Responses 
(Section K.3), Oral Comments and Responses (Section K.4), a list of references cited, and an index to 
topics receiving frequent comment. The topical comments have been summarized from various comments 
dealing with one particular area of concern, and the oral comments have been summarized from three 
public meetings held regarding the OEIS. 

Each topical comment/response is identified by number--e.g., Topical Comment I, Topical Response 1. 
Each letter or oral presentation has been assigned an identification (10) designation as follows. The 
first part of the 10 consists of either the first three to five letters of the surname of an individual 
or a three- to five-letter acronym of an organization that provided the written or oral comments. 
(For persons with the same surname, the first initial of the forename is included as the last initial 
of the 10.) The second part of the 10 consists of one of the consecutive numbers assigned in each 
letter or oral presentation. For example, the letter received from John LaFalce, Congressman, 32nd 
District, has been identified by the 10 designation LAFAL, and the individual comments are designated 
by LAFAL-1, LAFAL-2, etc. Where appropriate, a written response has been provided for each comment, 
and these responses are designated by the same IDs as the comments to which they refer--i.e., LAFAL-1, 
LAFAL-2, etc. 

A list of the 10 designations for all comments and responses is provided at the beginning of 
Sections K.3 and K.4. 

K.2 TOPICAL COMMENTS AND RESPONSES 

Two topics that received frequent comment are (1) other alternatives, and (2) groundwater impacts 
at NFSS. In this section, each of these topics has been summarized as a Topical Comment and this 
comment summary is fo 11 owed by a Topi ca 1 Response. The Topi ca 1 Responses are a 150 referred to in 
responses presented in Sections K.3 and K.4. The Topical Comment summaries are followed by a list of 
commenters who addressed the particular topic. (See tables at beginning of Section K.3 and K.4 for 10 
designations for commenters.) -

TOPICAL COMMENT 1: OTHER ALTERNATIVES 

Several commenters expressed the opinion that the near-surface methods for long-term management 
analyzed in detail in the EIS are not sufficient, not acceptable, or not suitable for long-term manage
ment of the NFSS contaminated materials, particularly for the residues. Others believe that some 
other alternatives should be given more consideration, such as (1) deep-well injection or hydrofracture' 
grout injection, (2) storage in concrete modules or vaults, (3) an additional intruder barrier, and 
(4) the "FrenCh system". One reason given for these recommendations is the potential impacts to a 
resident intruder if controls ceased in the future. [NYOEC-8, -9; NYOH-1, -2, -5, -9; RAUCH-6; 
USEPA-4, -20, -28; WDEC-5; WEFS-4] 

TOPICAL RESPONSE 1: OTHER ALTERNATIVES 

The NFSS wastes and residues are both in the same category of "wastes contaminated with naturally 
occurring radionuclides" under Section IV of DOE Order 5820.2. For management of these materials, DOE 
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is using the EPA uranium mill tailings regulations (40 CFR 192) as guidance (see introduction to 
Section 4). It is explicitly stated in the preamble to these regulations that "institutional over
sight is an essential backup to passive controls," that "it would not be safe to build habitable 
structures on the disposal sites," and that "Federal ownership of the site is assumed to preclude such 
inappropriate uses" (U.S. Environ. Prot. Agency 1983). DOE has explicitlY stated in the introduction 
to Section 2 (p. 2-;) that it intends to take perpetual care of whatever site is used for long-term 
management of the NFSS wastes and residues." 

If controls are effective, the resident-intruder scenario will not occur. Even if controls 
cease, the intrusion barrier (riprap layer) incorporated into the long-term cap of preferred Alter
native 2 will deter the intruder and make the resident-intruder scenario unlikely to occur. However, 
to assess potential environmental impacts so that the DOE decision-maker has full knowledge of the. 
potential consequences of the long-term management deciSion, the analysis in the EIS lncludes the 
potential impacts that could occur if maintenance, monitoring, and controls were to cease after 
200 years. The resident-intruder scenario for the NFSS alternatives is based on several conservative 
assumptions, including: (1) both the 3-m (10 ft) earthen cap (which includes a 0.9-m [3-ft] riprap 
intrusion barrier) and the approximately 3-m (10-ft) layer of wastes overlying the residues are either 
completely eroded or have been removed, and (2) the intruder's house is constructed exactly over the 
residues. It is unlik.ely that an intruder would build a house on the exact spot on the mound of 
wastes/residues where the residues are buried. The results of the analysis indicate that a resident 
intruder would receive a very high radiation dose because the residues have an average radium-226 
concentration of 67,000 pCi/g (they would need to be packaged and shielded for shipment to another 
site). 

Because of the very high doses that are predicted and because many of the other potential long
term impacts are associated with the presence of the residues, DOE also identified possible modifi
cat ions to the near-surface contai nment desi gns as well as opt i ona 1 desi gn concepts (Section C.3)-
some of which would reduce the likelihood of the resident-intruder scenario or reduce the impact to 
such an intruder (Tables C.3 and C.4). These other alternatives (options) are compared in terms of 
four key long-term factors (radon emissions, leaching to groundwater, erosion rates, and detrimental 
effects on a resident-intruder) relative to ,the conceptual designs for near-surface management 
analyzed in detail in the main body of the EIS. As noted in Section C.3.4, other factors--e.g., 
short-term impacts; costs; and the need for detailed subsurface investigations, laboratory testing, 
and engineering analyses--would also have to be considered if optional design concepts were to be 
considered further. 

Following is a discussion of the four major alternatives that commenters mentioned as possibili
ties for further consideration: (1) deep well injection ,or hydro fracture/grout injection, (2) storage 
in concrete bunkers or vaults, (3) an additional intruder barrier, and (4) the "French system". 

Deep Well Injection or Hydrofracture/Grout Injection 

The U.S. Environmental Protection Agency suggested that DOE consider deep-well injection. However, 
deep-well injection is not technically feasible for the solid NFSS residues. Furthermore, no new 
permits for deep well injection of any hazardous materials are being granted by the state of New York. 

A method called hydrofracture/grout injection has been suggested by the New York Department of 
Health. This option would entail drilling holes and forcing water under high pressure down into a 
shale rock or other low-permeability formation to create fractures. The residues would be mixed with 
cement and other additives to form a grout and then injected under pressure down the drill holes and 
into the fractures that have been created in the share. The grout would then solidify in the rock 
formation. 

This option was identified for the Oak. Ridge Reservation (1able C.4) because there has been such 
a disposal operation for intermediate-level radioactive wastes at the DOE Oak. Ridge Reservation (Natl. 
Res. Counc. 1985). The hydrofracture/grout injection operations at Oak Ridge ceased after the state 
of Tennessee promulgated its new underground injection control regulations that require DOE to obtain 
a permit for DOE operations. DOE has decided not to apply for a permit to resume operations at this 
time. The National Research Council (1985) report concluded that disposal of certain types of radio
active wastes via the hydrofracture/grout injection method can be acceptable. However, the report 
also notes than an extensive research program would be necessary to support any future hydrofracture 
operations at Oak. Ridge or other sites. 

Hydrofracture/grout injection is not considered to be a viable option for the Niagara Falls area. 
1his alternative was rejected for disposal of the high-level wastes at the nearby West Valley, 
New York., site because it has several serious shortcomings: "there are prospects for future drilling 
in the West Valley area for natural gas, and extensive drilling in the area near the shale beds could 
lead to eventual leakage of radioactivity from the shale beds; some question remains about the type of 
fractures that would be produced in the shale at West Valley (possibly extending beyond the impermeable 
shale into other types of water-bearing rocks); and if the disposal technique were judged to be 
inadequate for West Valley wastes at some future date, the wastes would be in an irretrievable form 
that would not allow corrective measures to be taken" (U.S. Oep. Energy 1982c). An extensive drilling 
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characterization and feasibility study would have to be undertaken to determine if the Niagara Falls 
area is suitable for hydrofracture/grout injection of the NFSS residues. 

In addition, hydrofracture has several major disadvantages at whatever site such operations might 
take place, including: (1) the residues would be in an irretrievable form, and corrective actions 
cou 1 d not rea so nab 1 y be taken if unacceptable groundwater impacts were detected in the future, 
(2) there is some question about the type and extent of fractures that would be produced--possibly 
leading to injection of the residue grout beyond the intended formation or providing pathways for 
radionuclide migration into water-bearing rocks, and (3) future drilling (for hydrocarbons, water, 
etc.) could lead to leakage of radioactivity from the shale ·bed. 

Storage in Concrete Bunkers or Vaults 

Storage in above-grade concrete bunkers or vaults was not specifically analyzed in the EIS. Such 
storage would offer the following advantages: (1) the vaults would be more visible in the sense that 
they would look like buildings rather than mounds of dirt, thus possibly serving as a short-term 
reminder that the contaminated materials were "stored" or "managed" rather than disposed, and (2) they 
might afford a better opportunity to collect and monitor any leachate and might be easier to repair, 
if necessary. However, vaults could offer the following disadvantages: (1) they would not provide 
"passive" containment and would be more costly to construct and maintain, (2) airborne radioactive 
gaseous releases (radon) might be higher (unless a thick earthen cover was placed over the vaults or 
unless they were deeply buried--thus rlegating the possible advantages of visibility and leachate 
collection and increasing costs even more), (3) in the long-term, greater visibility could be a dis
advantage because the likelihood of human intrusion might be increased if the. vaults were above-grade 
and not covered with dirt (if they were below-grade and/or covered with dirt, intrusion might be 
delayed more), (4) because concrete is not expected to be any more durable over thousands of years 
than multilayered engineered earthen covers, the vaults would probably offer no significantly greater 
long-term containment relative to contamination of groundwater, and (5) if controls were lost and the 
vaults did not have an earthen cover, loss of containment due to physical forces (such as weathering) 
or human intrusion might occur sooner. 

The preferred Alternative 2 is essentially a variation of a concrete vault/tumulus system. The 
residues (which account for 99% of the radioactivity) are buried in the basement of a reinforced
concrete building beneath a mound of wastes and a thick earthen cap. DOE is also considering an 
additional intruder barrier (e.g., a reinforced-concrete slab over the building--see later discussion). 

Additional Intruder Barrier 

As a result of further di scuss ion with EPA and New York offi ci a 1 s, "DOE has gi ven further con
sideration to an additional intruder barrier over the residues (in addition to the riprap layer in the 
cap). The engi neeri ng aspects and costs of several options have been investigated (Bechte 1 Nat l. 
1985). It is assumed that such a barrier would be constructed at the time of installation of the 
final cap. This would allow time for further consolidation of the residues that were transferred to 
Building 411 during 1984-1985 and are currently being dewatered. The interim placement of about 10 m 
(30 ft) of slightly contaminated wastes plus the interim cap over the residues will provide surcharge 
that will cause some sett ling of the res i dues. Pri or to such sett ling, major extra costs woul d be 
required to construct an additional intruder barrier over Building 411 that could carry the unsupported 
weight of the overlying wastes and cap. 

In order to install the additional barrier, the cap and wastes overlying Building 411 would have 
to be excavated and stored. A barrier could be constructed of reinforced concrete, asphalt, cement
stabilized sand, cement-stabilized fly ash, or stone. Reinforced concrete would provide the only 
practical means to tie the barri.er into the building walls and would provide the most positive means 
of deterring an inadvertent intruder. Construction of such a barrier is estimated to cost an 
additional $1.3 million (Bechtel Natl. 1985). 

Radon emissions at the top of Building 411 are estimated using the same methodology and parameter 
values given in Section 4.1.2.2. These emissions are estimated to be at background levels, with or 
without a concrete barrier, primarily because of the intervening layer of approximately 4 m (12 ft) of 
damp wastes (mostly native clayey soils) and clay on top of the residues. This layer retards the 
radon emitted from the residues long enough for the radon to decay to solid decay products. 

The "French System" 

It was suggested by EPA that DOE consider the "French system". For contaminated materials similar 
to the NFSS wastes and residues (i.e., uranium mill tailings), the French use a management system that 
is similar to that recommended by the EPA for uranium mill tailings in the United States--specifically, 
containing the wastes in a large pile at their current locations (Pradel 1982). This is the alternati~e 
that DOE prefers for the NFSS wastes and residues (Alternative 2). For low-level wastes, the French 
use a tumulus system wherein the most hazardous wastes are placed in a solid form at the bottom of the 
containment system (Van Kote 1982). This is' similar to NFSS Alternative 2b wherein the more hazardous 
residues would be solidified and replaced at the bottom of the containment system. DOE has not decideC 
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whether or not the residues should be solidified. If DOE decides to implement Alternative 2, a later 
. decision will be made at the time of implementation regarding whether or not the residues should be 

solidified. (See Figure 1.3 for detalls of the DOE decision-making process.) 

Conclusions Regarding Other Alternatives 

DOE will consider an additional intruder barrier over the residues.·· DOE has concluded, ·for the 
reasons discussed above, that the other suggested alternatives are not reasonable·and do not warrant 
further detailed consideration at this time. 

TOPICAL COMMENT 2. GROUNDWATER IMPACTS AT NFSS 

Severa 1 comments were made concerni ng potential groundwater contami nat i on at NFSS if the wastes 
and residues remain at NFSS. Commenters raised Questions about the clay in the caps, the cutoff wall, 
and the gray clay layer beneath the containment area. Other commenters wanted more information 
regarding the geologic conditions at NFSS, the computer model used for the analysis, and the predicted 
groundwater contamination at the site boundary. [NYDEC-15, -17, -24, -25; USDOI-1, -6, -10; USEPA-21, 
-22, -23, -24, -25, -26, -27J 

TOPICAL RESPONSE 2. GROUNDWATER IMPACTS AT NFSS 

The layer of clay in the existing interim cap (Alternative 1, no action) and the additional clay 
in the preferred long-term cap (A lternat i ves 2a and 2b) are expected to reduce (but not e 1 imi nate) 
water infiltration into the buried wastes and residues (Section 4.2.2) and radon gas emissions from 
the buried materials (Section 4.1.2). The existing clayey soils beneath the containment area are 
expected to retard (but not eliminate) migration of radionuclides and other chemicals from the wastes 
and residues (Sections 4.2.2 and 4.3). Because the clay layers (including the so-called "gray clay 
1 ayer") are known to contai n sand 1 enses, the average hydraul i c properties of the underlyi ng c1 ayey 
materials are assumed to be between the properties of clay and sand in this EIS (Table 4.39). 
Furthermore, it is conservatively assumed that over the long term, the average properties of the 
cutoff wall are the same as for the surrounding soi1s--i.e., that the cutoff wall offers no signifi
cant additional long-term barrier. The reasons for these assumptions are given in Section 4.2.2. 

The clays are not chemically inert. They differentially adsorb the various chemicals and radio
nuclides. Hence, different distribution coefficients--the ratio of the concentration of a constituent 
adsorbed onto soil particles to the concentration of the dissolved constituent in water (or a measure 
of how tightly a substance is bound to the clay partic1es)--are used in the analysis (Table 4.48). 
Furthermore, for radium-226, the radionuclide of most concern with respect to groundwater contami
nation, the distribution coefficient used for the analysis is at least ten times less than laboratory 
tests have indicated for the soils at NFSS (footnote in Section 4.2.2.3)--thus leading to prediction 
of faster migration than may actually occur. 

At NFSS, the near-surface soils are known to be seasonally saturated. Therefore, in the analysis, 
it is conservatively assumed that the wastes and residues are saturated and are sitting immediately on 
top of saturated soils throughout the year (assumed zero depth to groundwater for the hydrological 
model ing--Tab1e 4.48). The analysis further assumes that the groundwater moves horizontally to a 
theoretical onsite well located immediately next to the contaminated materials. 

Groundwater is used very little in the NFSS area, and most .of the groundwater that is used is 
obtained from a geologic formation located south of the Niagara escarpment but not north of the 
escarpment where NFSS is located (Section 3.1.1). However, individuals are occasionally able to find 
sand lenses in the near-surface unconsolidated glacial deposits '(in the clayey soils) that yield 
enough water to supply the needs of about one family.· Sand lenses are known to occur in the contain
ment area at NFSS. Because it cannot be ascertained whether or not there are large sand lenses next 
to the containment area without digging up the entire site, it is assumed for the EIS analysis that a 
large sand lens is located immediately adjacent to the containment area and that leachate from the 
NFSS wastes and residues will migrate into such a sand lens. It is furthermore assumed that a well 
will be drilled into this lens, that it will yield sufficient water, and that groundwater from this 
well will be used for drinking water in the future if controls cease. 

The analysis indicates that the concentrations of radium-226 (Table 4.42) and some other chemicals 
(Tables 4.49 and 4.50) at the theoretical onsite well could exceed the current regulatory standards in 
the future (see Table 4.49 and text in Sections 4.2.2.3 and 4.4.3.1). Therefore, if the wastes and 
residues are to remain at NFSS, it will be necessary to prohibit the use of water from shallow wells 
on the NFSS site. If the large sand lens does not exist, if no one accidently locates a well and uses 
the water from such a lens, or if the perpetual controls that DOE intends to exert continue, then 
there will be no impact on humans from drinking contaminated groundwater. If the average properties 
of the soils, wastes, and residues are better than those assumed in the analysis (e.g., lower hydraulic 
conductivity and higher diffusion coefficient), then the migration of contaminants will be slower. 

As a result of comments on the Draft EIS, further analyses have been performed for preferred 
Alternative 2 at NFSS (Section 4.2.2.3).' Using the same values for the input parameters as given in 



K-5 

the Draft ElS. (e.g., distributioncoeHicient for radium of 100 cm3 /g and average-soil permeability of 
-10- 5 cm/s}, it is predicted that no offsite contamination will "occur at a theoretical well located at 
the si.te boundary northwest of the containment area within the 1000-year design life of the containment 
system. 

When less conservative values are used for the most sensitive parameters (i. e., distribution 
coefficient for radium of 500 cm3 /g and average soil permeability of 10-7cm/s), it is predicted that 
there will again be no offsite contamination for the lOOO-year design life of the containment system 
and peak concentrations in the theoretical onslte well will decrease by a factor of about 5. 

All available information on the geologic and hydrologic conditions at NFSS is summarized in 
Section 3.1. As required by CEQ regulations, only the details necessary to support the analysis are_ 
given and the rest of the information is incorporated by reference. Copies of the major references 
have been made available to the EPA, state of New York, DOE public reading rooms, and local libraries. 
Where there is uncertainty about the geologic and hydrologic conditions, conservative--but realistic-
assumptions are made in the analyses, as described above. 

Details regarding the computerized groundwater model are also given in reports that are incor
porated by reference. As noted in Section 4.2.2.1, the two most sensitive parameters are distribution 
coefficient and hydraulic conductivity. Discussion of why the use of more sophisticated groundwater 
models is unwarranted and would not result in more accurate prediction of :impact5 is given in Sec
tion 4.2.2.1. DOE will conduct more groundwater ,,!odeling in conjunction with the development of 
detailed engineering designs for whatever alternative is selected. The resu.lts of this modeling -will 
be incorporated or referenced in an engineering report on the detailed waste containment design for 
the alternative that DOE decides to implement (see Figure 1.3). 

In this EIS, a three-dimensional transport model is used to project contaminant concentrations at 
specific locations in the aquifer (i.e., onsite well, nearest major surface water body, halfway between 
the two, and NFSS site boundary--Section 4.2.2). The results indicate that for the assumed modeling 
conditions, maximum contaminant concentrations would occur in a well located next to the waste/residue 
containment area. For Alternative 2a (modified containment at NFSS), radium-226 concentrations in the 
theoretical onsite well are expected to peak in 3,600 years. At the site boundary, no contamination 
is expected withi n the 1000-year des i gn 1 ife of the contai nment system. At a poi nt ha lfway to 
Lake Ontario (4,000 m), no contamination is expected for at least 32,000 years (the point at which the 
computer program was aborted). 

K.3 WRITTEN COMMENTS AND RESPONSES 

In this section, copies of the letters of comment received during the review period are reproduced 
in full. The letters have been arranged alphabetically under each state. The letters and specific 
responses are placed side by side as much as possible so that the reader can easily locate the specific 
response to a given comment. The IDs for the letters of comment are listed below in the order that 
they appear in the document: 
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New York 

BROSS 

BURD 

DALY 

DEVAN 

LAFAL 

LTB 
NYDEC 

NYDH 

NCEMC 

NCHD 

NCPHC 

PILL! 

PORT 

Irwin D. Bross, Biomedical Metatechno10gy, Inc., Eggertsville 

Cary and Henrietta Burdick, Youngstown 

John B. Daly, Senator, 61st District 

Edward C. DeVantier, Lewiston 

John L. LaFalce, Congressman, 32nd District 

Lewiston Town Board 

New York Department of Environmental Conservation 

New York Department of Health, Office of Public Health 

Niagara County Environmental Management Council 

Niagara County Health Department 

Niagara County Legislature, Public Health Committee 

Joseph T. Pillittere, Assemblyman 

Town of Porter, Youngstown 
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TVA 

TWAC 

WARR 

YAGER 

Washington 
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WDES 

WDSHS 

WEFS 

WOAHP 

WSPRC 

Other 

ENCAN 

ISBH 

ONT 

PDER 

USDOI 

USEPA 

USHR 

VCE 
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James ~auch, Williamsvill~ 

Lee Simonson, Niagara County Legislator 

F. Delmar Bender, Oak Ridge 

W.J .. Cook, Sevi~rville 

Ruby G. Luckey, Mayor, City of Kingston 

P.T. Perdue, Oak Ridge 

Linda (Mrs. E. Bruce) Rowland, Norris 

Helen G. Ruley, Oak Ridge 

Cyd Ryman, Oak Ridge 

Nellie Shropshire~ Morristown 

Jean Spach, Oak Ridge 

Tennessee Department of Health and Environment, Nashville 

Tennessee Valley Authority, Knoxville 

Tennessee Wilderness Action Council, Oak Ridge 

Helen Scott Warren, Oak Ridge 

Kenneth E. Yager, Roane County Executive 

Washington Department of Ecology 

Washington Department of Emergency Services 

Washington Department of Social and Health Services 

Washington Energy Facility Site Evaluation Council 

Washington Office of Archaeology and Historic Preservation 

Washington State Parks and Recreation Commission 

Environment Canada, Environmental Protection 

Indiana State Board of Health 

Ministry of the Environment, Province of Ontario 

Pennsylvania Department of Environmental Resources 

U.S. Department of the Interior 

U.s. Environmental Protection Agency 

U.S. House of Representatives, Committee on Science and Technology 

Virginia Council on the Environment 
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BDO:'v1EDICAL ~'iETATtECCiNOLOGV, INC~· 
109 MAYNARD DR., EGGERTSVILLE, NY 14226 

(716)-832-4200 

August 25, 1984 

Mr. L. F. Campbell 
Deputy Director, Technical Services Division 
Oak Ridge Operations Office 
U.S. Department of Energy 
P.O. Box E 
Oak Ridge TN 37830 

Dear Mr. Cambell: 

Enclosed is a copy of my comments on the August 1984 
DEIR ori the cleanup of the Niagara Falls Storage Site which 
I am submitting to you as per your memo of August 17, 1984. 

In accordance with the attached instructions to your 
memo, I am requesting time at the meeting of September 19, 
1984 in Lewiston, New York. I might wish to present or 
amplify the points in the enclosed comment. 

Very .in=e:tJ~!{_ _ 
l . Bros s, /1.;:fotT'~..J 

P;esident 
iomedical Metatechnology Inc. 
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BIO:"1EDICAL ~'U;TATrECCiNOLOGY, INC. 
109 MAYNARD DR .• EGGERTSVIlLE. NY 14226 

(716)·831·4100 
August 25, 1984 

Mr. L. F. Campbell 
Deputy Director, Technical Services Division 
Oa~ Ridge Operations Office 
V.S. Department of Energy 
P.O. Box E 
Oak RidSe TN 37830 

Dear Hr. Cambell: 

This co~ment on the ~EIS of DOE's Niagara Falls 
Storage Site is in response to your memo of August 17, 
1984. It reviews the health effects estinates in 
DOE/£IS-OI09D (August 1984). It demonstrates that, when 
the DOE esti~ates are corrected for two serious errors, 
there are hundreds of ·Potential Adverse Health Effects· 
in most options. This is far too many to be environmentally 
acceptable from a public health standpoint. 

The basic issue here is ·Official Science" vs. "normal 
science" estimates. "Official Science" is supported by 
DOE and other federal agencies and its estimates must be 
in line with the policies of these agencies irrespective 
of the facts. In contrast, ·normal science" estimates are 
determined by the scientific facts, particularly by 
biostatistical-epidemiological studies of human populations 
actually exposed to low-level ionizing radiation. 

Since 1955, the "Official Science" policy is that 
"low-level radiation is harmless". The policy was 
originally set by the Eisenhower Administration to protect 
the programs for atmospheric testing of nuclear weapons. 
As a direct result of this policy, hundreds of Atomic 
Veterans and Utah civilians suffered disabilities or deaths 
from the officially "harmless· fallout. DOE presented the 
same estimates used at Lewiston in a Utah" federal court 
case to ·prove· that the leukemia in Utah children could 
not have been due to the fallout. Judge Bruce Jenkins, 
after carefully considering the facts for more than a 
year, ruled that the leukemias were caused by the fallout 
and that the federal government was liable for damages. 
The negligence of DOE in failing to inform the public of 
the radiation risks in Utah is being repeated in the Draft 
Environmental Impact Statement (DEIR) under review. 
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In the YaJe ~ournal of Biology and Medicine (54, 
317-328, 1981-), my paper (with Deborah Driscoll) cites 
more than 30 studies of human populations actually 
exposed to low level radiation where serious health hazards 
were found in the data. As its title indicates (-Direct 
Estimates of Low-Level Radiation Risks of Lung Cancer at 
Two NRC-compliant Nuclear Installations: Why Are the New 

BROSS-l [ Risk Estimates 20 to 200 Times the Old Official Estimates?-) 
the DOE risk estimates must be corrected upward by a factor 
of 100 or more. It should be noted that these estimates by 
standard statistical methods of normal science, do not 
involve the extrapolations from_ animals to humans or from 
high doses to low doses that invalidate the Official 
Science estimates. 

Official Science estima~es of exposures are almost as 
bad. When NRC estimated the exposures from the clean-up 
at Three Mile Island Unit 2 (TMI-2), my critique of the 
EIS noted that Official Science habitually underestimates 
exposures by factors of 10 to 1000. In this instance, 
the original estimate of the lower limit had been reached 
by actual badge doses BEFORE the actual clean-up was 
even started. Hence NRC was forced to revise its estimates 
upward by a factor of 10 in a revised EIS. However this 
is still a gross underestimate. Conservatively, Official 
Science estimates of exposure need to be raised by a factor 
of 100 to be at all realistic. 

BROSS-2 ( -Total Health Effects- as estimated by Official Science 
have to be corrected by a factor of 100 for exposure and by 
another factor of 100 for health risks. This means that 
they must be corrected by a factor of 10000 if a realistic 
assessment of the environmental health effects is desired. 
Hence the DOE estimates of August 1984 can be corrected to 
be in line with normal science and the facts (rather than 
1n line with Official Science and agency policies) by 
simply multiplying by 10000. 

Por example consider option 3b. Prom Table 4.31 there 
would be 660 -Total Health Effects· in the -General 
Public-. From Table 4.32 there would be almost no 
additional health effects to the public during the 
maintainence and monitoring period. However from Table 
4.34 there would be 1500 ·Total Health Effects· to workers 
during the -Action Period·. Thus by DOE's own estimates 
there would be 2160 -Total Health Effects-. Since these 
are very serious effects such as cancers or genetic 
defects, this is unacceptable from a public health 
standpoint. 
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BROSS-1 The risk estimators used in the EIS are proposed by the major radiation protection organi
zations including the United Natiohs Scientific Com~ittee on the Effects of Atomic Radiation; 
National Academy of Sciences, Committee on the Biological Effects of Ionizing Radiation; 
National Council on Radiation Protection and Measurements; and International Council on 
Radiological Protection. In preparing the recommended estimators, these organizations 
review and give thorough consideration to numerous related scientific investigations, 
including the work of those who propose significantly high risk estimators. 

BROSS-2 The radiation exposure is estimated by computer modeling. The numerical simulation incor
porates detailed site-specific information, e.g., meteorological conditions, population 
distribution, soil properties, work forc~ and schedule, and characteristics of the radio
active wastes. The evaluation in this EIS is considered to be state-of-the-art and adequate 
as a basis for evaluation of impacts and comparison of alternatives. Some of the computer 
codes--UDAD or its simplified version, MILDOS (Momeni et al. 1979; Strenge and Bander 1981)-
have been used by the U. S. Nuclear Regulatory Commission for its generic environmental 
impact statement on uranium mill operations and by DOE in assessing environmental impacts of 
activities under DOE's Uranium Mill Tailings Remedial Action Program. 
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[

In addition to the standard underestimation, other 
very serious health effects--particularly to the Canadian 
population--have been ignored in this DEIS. These 
include: 

BROSS-4 [ . (1) Only m. utageni~ effec.ts causing mortality. have been 
consider~d by Official Science. However normal science has 
also found a wide range of radiation-induced morbidity. 
Taking these other illnesses and disabilities into account 
might require multiplication by another factor of 10. 

BROSS-5 

BROSS-6 

BROSS-7 

(2) Dor has a long and d{sgraceful record of 

[

mismanagement of the difficult job of nuclear clean-ups. 
At the Niagara Falls Storage Site, spills will go directly 
into the drinking water for much of the Canadian 
population. The high levels of radon (and daughters) at 

[

this site mean that DOE mismanageMent could easily produce 
an environmental catastrophe. Catastrophic risks have 
been ignored and'only routine risks considered in the DEIS. 

(3) Toxic chemicals from the nearby Hyde Park dumpsite 
are leaking into the Niagara gorge. These toxics (and 
those of other leaky Niagara Falls dumpsites) are known to 
be mutagenic. My studies have shown striking synergistic 
effects when Chemical and radiological ~utagens are 
combined. This deadly synergism has been ignored by DOE 
in the DEIS. If it continues to be ignored in the 
management of the clean-up, the health effects could be 
disasterous in Canada. 
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BROSS-3 Site-specific population distributions were used in calculating potential population doses. 
At NFSS, the Canadian population was included (see Sections 3.1.6, and 4.1). 

BROSS-4 Because of the characteristics of the NFSS wastes and residues, the radiation exposure to. 
human beings is predicted to be a very small fraction of natural background radiation. With 
such low radiation exposures, no effects have ever been observed. For instance, the most 
sensitive acute effect due to radiation is blood changes. Although blood changes have been 
observed in individuals with gamma-ray doses as low as 14 rem, they usually do not appear 
until doses of 75-50 rem are experienced. By comparison, the maximum individual whole-body 
dose estimated for a member of the general public during long-term management of the NFSS 
wastes and residues is 0.001 rem (Section 4.1.2.2). As noted previously, the incremental 
radiation doses associated with any of the alternatives for management of the NFSS wastes 
and residues is a very small fraction of natural background doses: 

BROSS-5 Spills will not "go directly into the drinking water for much of the Canadian popul,tion." 
As discussed in Section 4.1.3, it is expected that spills of the solid wastes and residues 

- (or the slurried residue in Alternative2b) can be readily cleaned up. Workers involved in 
the cleanup are expected to receive the highest doses. Both onsite spills and transportation 
accidents are discussed in Sections 4.1.3.2 and 4.1.3.3. If a spill were for some reason 
not immediately cleaned up, the spilled material might be washed into the ditches. It is 
expected that the contaminated materials would not migrate very far down the ditches for 
several years because only about 3.2 km (2 mi) of the central ditch was contaminated after 
the R-10 residues were placed in an uncontrolled pile and exposed to weathering for about 
30 years pri or to the 1982-1985 interim remedl a 1 actions. Fi na lly, as noted in Sec-
tion 4.1.2.1, it is expected that there would have to be routine, controlled discharges in 
any of the alternatives involving removal of the wastes and/or residues. After the actions 
were completed, the sediments downstream of the site would have to be resurveyed and any 
contaminated sediments cleaned up. Therefore, dry releases of wastes or residues offsite, 
whether from spills or from routine discharges, would be cleaned up and impacts would be 
insignificant while the contaminants remained in the ditch that is under DOE conrol. (See 
also Responses RAUCH-9, USDOI-3). 

BROSS-6 Both routine risks and accidents have been considered in the EIS (see Response BROSS-5). No 
catastrophic accidents are expected, nor have any specific catastrophic scenarios been 
identified by members of the public or other government agencies. The estimated radon 
releases given in the EIS are based on several conservative assumptions (Sections 4.1.2.1 
and 4.1.2.2) and are expected to actually be lower than predicted. As can be seen in Sec
tion 4.1.2.1, the doses resulting from releases during the action period (when releases are 
expected to be highest) are insignificant compared to the doses either the general population 
or individuals will receive from natural background sources of radiation. 

BROSS-7 Synergistic effects (whether beneficial or harmful) of exposures to radiation and chemicals 
in the environment have not been studied extensively. However, there have been studies of 
the comparative effects of radiation and chemicals (Int. At. Energy Agency 1980; Alacevic 
1980; DeSerres and Shelby 1981). Given the unknown kinds and extent of chemical mixtures in 
the environment, now or in the future, and the extremely low incremental radiation doses 
associated with the proposed actions (compared to natural background radiation), it is not 
reasonable to attempt any detailed analysis of potential synergistic effects associated with 
the various alternatives for long-term management of the NFSS wastes and residues at this 
time. (See also Responses USEPA-7, -31.) 
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In sum, this DEIS gives a completely unrealistic 
assessment of the actual environ~ental hazards of this 
extremely dangerous clean-up operation. DOE mismanagement 
can often be traced to its unrealistic view of the health 
hazards of 'low-level radiation. For instance, its failure 
to appreciate radiation hazards leads it to take shortcuts 
that endanger the health a~d safety of workers and the 
public. When the DOE estimates of health effects are 
corrected to make them more realistic, thisDEIS shows 
that the options here have unacceptable public health 
risks. 

[

In this DEIS, DOE makes no attempt to deal with the 
specific and special hazards at this site or to produce a 
realistic environ~ental assessment that would protect. the 
public health and safety. Unfortunately, if citizens 
reject this DEIS, DOE will simply ignore them (as it has 
bas ignored the rulings of Judge Jenkins). Since in 
practice there may be no way to appeal DOE decisions in 
U.s. courts, the only legal recourse may be for Canada to 
ask for an injunction from an international court. The 
DOE options will almost certainly result in serious 
'contamination of international waters by radiological 
mutagens, a violation of treaties between the u.S. and 
Canada. 

V7'?incer::y yo~s, 

~~-'h· r'./)/1')1 
vv...<.c-. t, 

It 1n D. Bross, Ph.D. 

a~ / r" 
, I 

/ 
President 
Biomedical Hetatechnology Inc. 
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BRoSS-B The specific hazards associated with the NFSS residues and wastes are analyzed in detail in 
Section 4 of the EIS. The major hazards are associated with direct human exposure to the 
contaminated materials concentrate~ within the containment system~ Hazards associated with 
expected releases outside the NFSS site are expected to be insignificant and much less than 
the incremental radiation hazard that individuals would incur if, for example, they moved to 
Buffalo, New York (because of increased cosmic radiation at higher altitudes). 

Suggested measures to mitigate potential impacts are identified throughout the document. 
Specific measures that could mitigate potential impacts to the public health and safety have 
been noted throughout the EIS. Those that DOE will be committed to"for the specific alterna
tive chosen will be identified in the Record of Decision. 
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Hr. Lowell Campbe", Deputy Director 
U.S. Department of Energy, Oak Ridge Operations 
Technical Services Division 
P. O. Box E 
Oak Ridge. TN 37831 

Dear Mr. Campbell: 

October 2. 1984 

We found it quite difficult to digest all the material in the DOE/EIS-01090 
and fully understand it. The one thing we know for sure is how it affects 
us--we are constantly in fear because our health and lives are at stake. 
Our property is also worthless and nobody in their right mind would buy a 
home next to a radioactive storage site. Unfortunately for us. we were not 
aware a problem existed at the time we purchased our home or else we would 
have made a different decision. 

The report speaks of costs. but how can you put a dollar value on people's 
health and peace of mind. The government wastes money on many foolish 
things. Here. where we have a very critical situation the government 
worries about the clean up and maintenace costs. In this instance. money 
should not even be a factor in the decision making process. 

[

We strongly feel all the radioactive material and the residues should be 
. moved to Oak Ridge. where the control and maintenance of that facility 

is equipped to handle this problem. We can't help but feel that the 
government has already made their decision and is just giving us this 
opportunity to speak because they have to follow certain steps to pro
tect themself legally. That's great for the government. but what 
recourse do people like us have? We are at the mercy of the decision
makers. who of course. do not live next door to constant threat. 

Sincerely. 

Cary & Henrietta Burdick 
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The concern about property values is noted. This subject is discussed in Section 4.6.2.2. 

Recommendation for Alternative 3b is noted and is being considered. This comment, along 
with those from other commenters, was taken into consideration in determining the preferred 
alternative. 



.JOHN a D4LY 

K-18 

THE SENATE 

STATE OF" NEW "'ORK 

September 21, 1984 
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Mr. Lowell F. Campbell, Deputy Director 
Technical Services Divsiion 
Oak Ridge Operations Office 
Departmen~ of Energy 
P. O. Box E 
Oak Ridge, Tenn. 3783 

Dear Mr. Campbell: 

I would like to offer my comments on the Draft Environmental 
Impact Statement (DEIS) regarding the Niagara Falls Storage 
Site in Niagara County., 

Our county presently has the only two repositories in New York 
State for hazardous chemical waste. In addition, we must 
endure the existing radioactive waste stored for the past forty 
years at the Niagara Falls Storage Site. It seems to me that 
the citizens of the area bear an intolerable burden for the 
rest of society. 

Your department can alleviate some of that burden by removing 
all of the radioactive material from the Lewiston site. Environ
mentally, I believe that this is the most appropriate measure. 
OVer the long run, it will prove to be the most economical option. 

However, considering the history of the Department of Energy 
activities at the storage site, I must realistically join the 
Lewiston Town Board to support alternate 4c of the DEIS. 

I am hopeful that your department will carefully consider the 
impact that the storage site has had on our community. It seems 
appropriate at this time to heed the input from the community 
which has borne the brunt of a radioactive site for over forty 
years. 

Sincerely, 

~~?~ 
cc: To~ewiston Supervisor 

Lewiston Councilmen 
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Preference for Alternative 3a or 3b and recommendation for Alternative 4c are noted. This 
comment, along with those from other commenters, was taken into consideration in determining 
the preferred alternative. 



Mr. L.F. Campbell 
Dept. of Energy 
Oak Ridge, TN 37830 

Dear r-:r. Campbell, 
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September 12,1984 

The attached letter was sent to the Niagara 

Gazette to be used in their "Letters to the Editor". I am a board 

DEVAN-l [rne::Jber of 

safety of 

the Lewiston-Porter Board of Education, and the future 

our school is my main concern. 

Si~C~relY, . 1_ . 
f: ctt';7~t<'1 (,A U~ 

Edward C, DeVantier 
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DEVAN-1 Concern about the Lewiston-Porter School is noted. Potential radiation doses to an 
individual at the Lewiston-Porter school are given in Section 4.1. 
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An environmental inpact study has been published concerning 

the Niagar~ Falls Storage Site (L.D.D.W.). Nine al~ernatlves 

for the future use of this site have been suggested. Although 

these options can be debated at length, one major point must be 

kept in mind: If any radioactive wastes are allowed to remain, 

the L.D.D.W. will be permanently committed to ra'dioactive waste 

rr.anagernent. 

To many, the L.O.O.W. site is an isolated and remote piece 

of property. In reality, within a 10 mile radius, there are 

[

over 100,000 residents. Also, 11 schools with 22,000 students 

lie within 7 miles of this site. More than just the Town of 

Lewiston will be affected. 

The report states that there are no plans to bring new 

wastes to the site. Although this may be the current view of 

the Department of Energy, it is a fact that the Oak Ridge, 

Tennessee dumpsite has a limited amount of room for radioactive 

disposal purposes. Sooner or later, the Government will need 

additional space. 

The people of Niagara County have suffered long enough 

from the effects of our many dumpsites. It's about time we 

stopped being the dumping ground for the Nation. 

Hopefully, the Department of Energy will realize our 

plight and see how we've suffered in the past. We should 

not be subjected to more condemnation of our land. 

Edward C. DeVantier 
Lewiston. N.Y. 
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DEVAN-2 Potential impacts to the local population and nearby individuals are discussed in 
Section 4.1. 

DEVAN-3 Concerns are noted. DOE does not intend to bring new wastes to NFSS. 
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CONTACT: RICHARD T. LEE fOR RELEASE: 9/19/34 

COMMENTS ON DRAFT ENVIRONHENTAL IMPACT STATEMENT 

BY 

THE HONORABLE JOHN J. LaFALCE 

AT SEPTEMBER 19 .. 1934 PUBLIC HEARING 

IN 197<L THE NIAGARA FALLS STORAGE SITE BECAME A f1ATTER OF MAJOR 

CONCERN TO THE RESIDENTS OF THIS AREA AND MYSELF. I HAVE REPEATEDLY 

SOUGHT THE DECONTAMINATION AND DECOMMISSIONING OF THE SITE. THAT IS 

TO SAY THAT ALL RADIOACTIVE MATERIALS WOULD BE REMOVED AND THE SITE MADE 

SAFE FOR USE EY THE PUBLIC. DURING THE ENSUING YEARS .. CONSIDERABLE 

EFFORT AND SIGNIFICANT FUNDS HAVE BEEN EXPENDED ON SURVEYS .. DESIGN WORK 

AND CONTAINMENT OF THE RESIDUES AND WASTES. IN CONJUNCTION WITH THIS 

WORK, STUDIES HAVE BEEN CONDUCTED AND OPTIONS FORMULATED FOR THE LONG 

TERM MANAGEMENT OF THE SITE. 

THE ALTERNATIVES RANGE FRJM NO ACTION TO COMPLETE REMOVAL OF THE 

WASTES AND RESIDUES. WHILE VIRTUALLY ALL AREA RESIDENTS .. INCLUDING 

MYSELF .. WOULD PREFER COMPLETE REMOVAL .. UPON REVIEWING THESE ALTERNATIVES 

(IN COLLABORATION WITH MY OVERSIGHT COMMITTEE) .. IT APPEARS THAT 

ALTERNATIVE 4C .. WOULD ACCOMPLISH 99% OF OUR ORIGINAL GOAL AT A COST 

SIGIUFICANTLY SMALLER THAN THE COST OF TOTAL REMOVAL OF ALL !'IASTES AND 

RESIDUES. HOWEVER .. THERE ARE CERTAIN ASPECTS OF ALTERNATIVE 4C THAT 

f1UST BE ADDRESSED. CONSIDERATION MUST BE GIVEN TO MODIFICATION OF THE 

ALTERNATIVE FOR IT TO BE CONSIDERED AS A REASONABLE SUBSTITUTE FOR THE 

PREFERRED COMPLETE REMOVAL OF ALL WASTES AND RESIDUES. 

u ~ "" .. ~50t= of R"lJIL~ru .. , 'til'" W.u.hmglott. 0 C Ml!>,. (:'1.121 22'S 3231 _ Main POS1 Oftt4,;f' Budd,n~ N,,,,ql'~ F~II~. fIj y 1430~ 1711,' 2&J 9976 
N,."w h"""dl Hutldu.t, Buttlt'o. NY 141m. 17101 tIo'60",6 _ "edt-I.JI Bu,ln"'H RUC~h·'."" V l.a61J. 1716' 2hJ &4]4 
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Recommendation for Alternative 4c is noted. This comment, along with those from other 
commenters, was taken into consideration in determining the preferred alternative. 
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I CONCUR WITH THE STATEMENT ON PAGE 4-33 OF THE DE1S WHICH SAYS 

THAT THE PROBABILITY OF MAINTAINING ACTIVE LAND USE CONTROLS MAY PROVE 

TO BE MORE DIFFICULT AT THE NIAGARA SITE THAN AT OAK RIDGE OR HANFORD. 

THIS LEADS TO MY CONCERN THAT THE R-IO RESIDUES WILL NOT BE PROPERLY 

STORED FOR THE LONG TERM. AS YOU KNOW~ THESE RESIDUES HAVE BEEN 

INCLUDED IN THE WASTES THAT WOULD REMAIN ON THIS SITE. THE R-IO RESIDUES 

HAVE A MUCH HIGHER CONCENTRATION OF RADIUM AND OTHER LONGER HALF-LIFE 

MATERIALS THAN DO THE WASTES. 

IT IS MY UNDERSTANDING THAT THE R-IO RESIDUES AS OPPOSED TO THE 

SOILS CONTAMINATED BY THE R-IO RESIDUES ARE LOCATED IN A STRATA OF A 

PARTICULAR AREA OF THE R-IO PILE. HENCE. IT IS POSSIBLE THAT THESE COULD 

BE SHIPPED OUT WITH THE OTHER RESIDUES. THIS WOULD RESULT IN THE 

REMAINING MATERIALS TRULY BEING IN THE WASTE CATEGORY AND BE COMPATIBLE 

WITH LONG TERM MANAGEMENT IN THE DIKED CONTAINMENT· AREA. 

IF~ HOWEVER~ IT IS NOT CONSIDERED FEASIBLE TO REMOVE THE R-IO 

RESIDUES FROM THE SITE~ THEN I BELIEVE THAT CONSIDERATION MUST BE GIVEN 

TO A DEEP BURIAL BETWEEN GEOLOGICAL BARRIERS AT THE NIAGARA SITE. THIS 

COULD BE ACCOMPLISHED BY DIGGING A DEEP WELL WITHIN THE CLAY DIKE AREA. 

WE MUST REMEMBER THAT WE ARE LOOKING AT A 200 YEAR CONTAINMENT DESIGN 

AND A RESIDUE ~ITH A RADIOACTIVE HALF LIFE OF ALMOST 30~~OO YEARS. WE 

MUST FULLY CONSIDER TAKING STEPS THAT WILL PROTECT FUTURE GENERATIONS. 

~INALLY~ THE PLANS FOR PERPETUAL MAINTENANCE OF THE DISPOSAL SITES 

MUST BE ELABORATED IN MUCH GREATER DETAIL. THE RELATIVELY SHORT HISTORY 

OF THIS SITE ALREADY DEMONSTRATES THAT THE PRIORITIES AND ATTENTION OF 

THE ATOMIC ENERGY COMMISSION AND ITS SUCCESSORS SHIFT OVER THE YEARS AND 

ADEQUATE PERPETUAL CARE OF SHALLOW BURIAL MOUNDS ON A SMALL ISOLATED SITE 

CANNOT BE GUARANTEED BY THE EXISTING GOVERNMENTAL INSTITUTIONS. THIS 

FURTHER REINFORCES MY CONCERN FOR CONSIDERATION OF REMOVAL OR DEEP BURIAL 

OF THE R-IO RESIDUES. 
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LAFAL-2 About 7,000 m3 of the original R-I0 residues were placed on the ground north of Building 411 
in 1946. Wind and rain erosion in subsequent years spread some of the R-I0 residues to 
surrounding areas. A cleanup effort was carried out in, 1972 that resulted in 11,000 m3 of 
contaminated soils being placed on the remaining resi'dues. As of 1980, the R-IO pi le was 
spread over an area of 1.6 ha (4 acres) and contained about 45,000 m3 of contaminated 
materials (including below-surface contamination) with an average radium-226 concentration. 
of about 96 pCi/g and a total radiu!JI-226 inventory of 5.2 Ci (Section 3.1.7). In the EIS, 
the R-I0 res i dues are cons i dered to be part of the wastes. ," 

The options proposed by Congressman LaFalce are: (I) shipping the R-IO residues to another 
site, or (2) burying the R-I0 residues in a deep pit ("well") excavated within the clay 
diked area at NFSS. Following is a summary of the costs and benefits of these options. At 
this point in time, it is difficult to physically define the R-I0 residues. Assuming that 
the volume is somewhere between 7,000 m3 (the original volume) and 45,000 m3 (the 1980 R-I0 
pile volume), removal of the R-I0 residues could cost an additional $2.9 to $18 million for 
excavation, shipment, and reburial at Oak Ridge and $5.8 to $37 million for excavation, 
shipment and reburial at Hanford. This would result in a further reduction of the radio
nuclide inventory at NFSS by less than 1% (removal of the K-65, L-30/F-32, and L-50 residues 
would eliminate 99% of the radionuclide inventory from NFSS [see Table 1.1]). Shipment of 
the R-I0 residues would increase transportation-related risks of injury and death by a 
factor of 2 to 5 over shipment of the other residues alone (shipment of 18,000-56,000 m3 vs 
11,000 m3 ). These costs are probably underestimates because additional survey work would 
have to be done to locate and define the R-10 residues. Erosion and previous activities on 
and around the pile were such that it is probable that a distinct layer of R-I0 residues 
could not be located. Excavation and control costs would also be higher, if the R-10 
residues were segregated from the rest of the wastes. 

With respect to' the suggested option of burying the R-10 residues in a deep pit, the costs 
are expected to be considerable, particularly if the pit is deep and must be lined. lhe 
benefits are insignificant. The major radiological impact of concern, release of radon gas, 
is expected to be insignificant if all the wastes (including the R-IO residues) are left at 
NFSS (Section 4.1). Deeper burial would simply reduce the already insignificant radon 
releases. This option poses an additional problem in that the deeply buried R-10 residues 
would be below the water table. 

In conclusion, the two options proposed by Congressman LaFalce appear to offer little or no 
long-term environmental benefit but would markedly increase short-term costs and environmenta: 
impacts compared to either removal of the other residues from NFSS or containment at NFSS as 
described in the EIS. Management of the R-10 residues at NFSS by stabilizing them underneath 
a long-term cap is DOE's preferred alternative (2). This type of management is consistent 
with the management of uranium mill tailings under the EPA regulations (40 CFR 192) that DOE 
is using for guidance in the NFSS case. 

LAFAL-3 The plans for perpetual monitoring and maintenance will be covered in more detail for the 
specific alternative chosen in the Record of Decision. (See also Responses NYDEC-5, -24; 
PEELE-3; USEPA-28.) 
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IN SUMMARY" WHILE I WOULD PREFER Cor1PLETE REMOVAL" I ALSO BELIEVE 

THAT A MODIFIED ALTERNATIVE 4-c WOULD BE AN ACCEPTABLE ALTERNATIVE TO 

MEET THE LONG TERM NEEDS OF OUR COMMUNITY. THIS MEANS" PREFERABLY" 

REMOVAL OF ALL THE RESIDUES, INCLUDING R-IO, OR, IF THAT CANNOT BE 

DONE, REMOVAL OF ALL OTHER RESIDUES AND DEE.P BURIAL OF THE R-IO RESIDUES. 
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The Lewiston Town Board. at a special meeting held 
August 27. 1984. reviewed the various alternatives available 
to it in the handling of radioactive residues stored at the 
Lake Ontario Ordnance Works (LOOW).in the Town of Lewiston. 

Ideally. the Board would prefer Alternative 3a. which 
calls for complete removal of everything from the LOOW site. 
However. knowing that the cost of this alternative would be 
prohibitive. we have agreed to support Alternative 4c, which 

. would eliminate most of the hazardous materials at a relatively 
low cost while securing the bulk of the remaining material safely 

and cost-effectively. 

In its choice of Alternative 4c, the Town has the 
staunch support of a number of Niagara County agencies, 
including: 

1. Niagara County Health Department 
2. Niagara County Board of Health 

We have also been assured of the firm backing of Niagara County 
Legislature. 

In selecting Alternative 4c, the Lewiston Town Board also 
took into consideration the fact that resulting possible injuries 

and/or deaths are estimated at an absolute minimum. 

The Town of Lewiston has suffered socially, economically, 
and health-wise by having dangerous material stored at the 

LOOW site. We want this threat to our citizens removed, and 
would urge the DOE to act immediately to clear up this life
threatening situation. It's hardly necessary to point out that 
decisions and actions takn now could affect Lewiston citizens 

LTB-2 a thousand years hence. Besides asking implementation of Alter
native 4c. the Lewiston Town Board seeks assurance from the 
DOE that no other material will be brought to the LOOW site 
at some future date. 

We would appreciate your assistance in complying with 

these requests -- in the interest of the health, safety and 

welfare of the townspeople of Lewiston. 
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Preference for Alternative 3a and support for Alternative 4c are noted. This comment. along 
with those from other commenters. was taken into consideration in determining the preferred 
alternative. 

DOE does not intend to bring other material to NFSS. 
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HIGHLIGHTS OF MEETING RE DRAFT EIS FROM DOE ON LOOW SITE 8-27-84 

1. VARIOUS COUNTY AND GOVERNMENTAL .AGENCIES REPRESENTED. ALSO 
PRIVATE CITIZENS IN ATTENDANCE. 

2. COUNTY SUPPORT GUARANTEED TO TOWN. 

3. TO~~ OFFICIALS STATE PREFERENCE FOR 3a ~~ICH CALLS FOR RE~10VAL 
or ALL MATERIAL FROM LOOW SITE. HOWEVER, DUE TO HIGH COST 
THEY FELT IT UNLIKELY THEIR REQUEST WOULD BE HONORED AND IT 
WAS BETTER TO SETTLE FOR LESS (4c) WHICH THEY FELT DOE WOULD 
AGPXE TO. . 

4. DISCUSSION ON SERIOUS IMPACT STORAGE or DANGEROUS ~~TERIALS 
HAS HAD ON TOWN -- ECONOMICALLY, HEALTH-WISE, SOCIALLY. 
COULD HAVE REPURCUSSIONS ON GENERATIONS TO COME. 
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New York State Department of Environmental Conservation 

50 Wolf Road, Albany, New York 12233-0001 

U.S. Department of Energy 
Technical Services Division 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge, TN 37830 

November 9, 1984 

Attention: E.L. Keller. Director 

Subject: Draft Environmental Impact Statement 
Long-Term nanagement of the Existing 
Radioactive Wastes and Residues at the 
Niagara Falls Storage Site 
DOE/EIS-0109D, Dist. Category UC-70A 

Gentlemen: 

Henry G. Williams 
Commissioner 

The State of New York has completed its review of the 
subject Draft Environmental Impact Statement (DEIS) as pre
pared by the Department of Energy and issued in August 1984. 
This Draft Environmental Impact Statement was distributed 
by the Department of Environmental Conservation to cognizant 
state agencies for review and comment. The enclosed comments 
comprise the coordinated reply for the State of New York. 

NYDEC-l Alternate Number 1. the no action alternative, 
continues interim storage at the Niagara Falls Storage Site 
with a diked and capped containment area. Thus, radioactive 
material with a half-life of greater than 100,000 years will 
continue to be stored in a flood plain that will experience 
floods on a 200 year basis. This "Alternative" does not 
appear to be acceptable since it is contrary to federal 
criteria concerning shallow land burial within a flood plain. 

On a related issue, the DEIS fails to identify the 
NYDEC-2 preferred alternative. Since the Impact Statement process 

under NEPA is intended to open federal decisions affecting 
,the environment to public review and since the DEIS should 
be written such that it is readily understandable by the 
general public, the preferred alternative should be 
identified in the DEIS and not circumvented till the final 
EIS is issued. 
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In subsequent correspondence, the New York State Department of Environmental Conservation 
indicated that: 

"In response to comments on the location of the proposed storage site, within the 
floodplain, and on the probability of erosion of the caps, the representatives of DOE 
stated that these circumstances have been recognized and will be corrected by a site 
maintenance program. The EIS for the subject project must contain specific wording 
indicating that the DOE is planning to maintain the site in perpetuity to correct the 
geological deficiencies of the site." 

As shown in Section 3.1.1, NFSS is located on the flat and poorly drained Lake Ontario 
plain. Ditches were constructed in the 1940s to drain the NFSS area, and these ditches fill 
with water after precipitation events and snowmelt. As noted in Section 4.2.1.2, the flood 
level in the ditch near the containment area will depend on many factors, including the 
extent of the offsite drainage area that is or may be routed into the ditch and the mainte
nance of the culverts and ditches. 

If DOE decides to manage the wastes and residues at NFSS under preferred Alternative 2, it 
will be necessary to reroute the central drainage ditch and to maintain the drainage system 
(ditches) above and below NFSS so that the containment system is not jeopardized (Sec
tion 2.1.2). Discussion of the potential impacts that will occur if the drainage system is 
not maintained is given in Section 4.2.1. These impacts will be taken into consideration in 
making the decision regarding where and how to manage the NFSS wastes and residues for the 
long term. 

DOE is using t.he federal regulations for uranium mill tailings (U.S. Environ. Prot. Agency 
. 1983) as guidance in deciding how to manage the NFSS wastes and residues. In the preamble 
to the EPA regulations, it is specifically stated that "diking or other flood protection 
control [should be] given first consideration rather than moving piles, when there is a risk 
from floods." The Probable Maximum Flood (PMF) event based on the Probable Maximum Precipi
tation (PMP) event is being determined and will be incorporated into a report on design of 
the interim cohtainment system. The report will be available before the Record of Decision 
(see Figure 1.3). If the decision is made to implement the long-term Alternative 2, special 
consideration will be given to the design and relocation of the central drainage ditch as 
well as the design of the sides of the containment area. (See also Response USEPA-7). 

NYDEC-2 The CEQ regulations state that the agency [DOE] shall "identify the agency's preferred 
alternative or alternatives, if one or more exists, in the draft statement and identify such 
alternat ive in the final statement unless another law prohibits the expression of such 
preference" [40 CFR 1502.14(e)]. Now that the Draft EIS has been reviewed by federal, 
state, and local officials and the general public, DOE has selected Alternative 2 as the 
preferred alternative, and it is s'o identified in this Final EIS. (See also Response 
USEPA-l. ) 
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NYDEC-3 A major general concern is ~he~her or not the 
Depar~men~ of Energy is embarking on a policy requiring tha~ 
radioac~ive ~astes. residues. e~c. mus~ remain ~i~hin the 
boundaries of the par~icular s~a~e in ~hich they are 
presen~ly s~ored. Such a policy could impac~ unfairly 
aga i ns~ the sma 11 e.r s~a ~es. An Env i ronmen ~a 1 1 mpact Sta~emen~ 
pursuan~ to the National Environmen~al Policy Ac~ is necessary 
before such a policy can be implemented since such a major 
federal ac~ion could have a significant impac~ on ~he environmen~. 

Previous comments concerning the scoping of the subjec~ 
Environmen~al lmpac~ S~atemen~ ~ere submit~ed to the Depar
~men~ of Energy by le~ter on March 11. 1983. Our commen~s 
~ere only par~ially addressed in ~he DElS since ~~o of ~he 
four commen~s submitted. numbers 2 and 4. do no~ appear to 
have been considered in the ins~an~ documen~. 

Thank you for ~he oppor~uni~y to review this 
S~a~emen~. We reques~ that you give our commen~s your 
u~mos~ a~~en~ion. 

PN:djp 
cc: Dr. Rober~ J. S~ern 

Sincerely. 

C; Pt .~l-.' \~' ~~'-
Louis M. Concra, Jr. 
Direc~or 

Division of Regula~ory Affairs 

2 
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NYDEC-3 DOE has no policy requlrlng that radioactive wastes for which DOE is responsible, must' remain 
within the boundaries of the particular state in which they are currently stored. Removal 
to DOE sites in other states (e;g., Oak Ridge, Tennessee, and Hanford, Washington) are major 
alternatives considered in this EIS. The environmental impacts associated with removal to, 
and long-term management in, another state relative to the potential impacts associated with 
long-term'management at NFSS are being considered in making the decision. 

The interim remedial actions at NFSS were funded under two DOE programs: the Formerly 
Ut i1 i zed Sites Remedi a 1 Action Program (FUSRAP) and the Surplus Facil it i es Management 
Program (SFMP). The DOE policy for FUSRAP waste disposal is outlined in a letter from 
Energy Secretary Hodel (1983) to Governor Evans (excerpt follows). 

"FUSRAP waste does not typi ca lly qual Hy as low-l eve 1 radi oact ive waste under the 
definition contained in the Nuclear Waste Policy Act of 1982. Rather, FUSRAP waste 
generally qualifies as byproduct material as defined in Section 11(e)(2) of the Atomic 
Energy Act of 1954, as amended. To the extent that certain FUSRAP waste may qualify as 
low-level waste, it is the policy of the Department of Energy (DOE) that its disposal 
remains the responsibility of the Department. 

The Department normally will dispose of such wastes by stabilization in place, if 
technically and environmentally feasible, or at a DOE disposal site. However, the 
limited capacity of existing DOE disposal sites, the costs associated with transpor
tation of bulky waste materials, and the· resistance of indiviual States to receiving 
FUSRAP waste from another State is expected to limit the use of such disposal sites to 
only small quantities of FUSRAP waste material. 

When neither stabilization in place nor use of an existing DOE disposal site is 
practical, the DOE will look to the States to select a location for establishment of a 
suitable DOE FUSRAP disposal site. At the discretion of the States, a regional 
low-level waste site could be considered for this purpose to avoid establishment of a 
separate, additional DOE site. 

The Department is anxious to work closely with the States to develop satisfactory 
solutions for disposal of FUSRAP wastes." 

Comment 2 from the March II, 1983, letter is as follows: 

2. The community impact of alternative 3 should consider SCA Chemical Services, Inc. 
as part of the community. ,Removal of the DOE site as a buffer between SCA and the 
public may reduce the desirability of SCA for continued hazardous waste disposal 
including future incinerator operation. 

Comment 2 is addressed in Section 4.6.2 (Land Use and Property Values). As noted, surround
ing land-use patterns are well established, and removal of the NFSS wastes and residues will 
probably, not affect surrounding land use. Local zoning authorities could restrict'uses of 
the NFSS site to those considered compatible with the existing use of the surrounding land 
for other waste management activities. 

Comment 4 from the March II, 1983, letter is as follows: 

4. The following air issues should be addressed in the DEIS: 

concentration/containment/mitigation of both radioactive and non-radioactive 
dust from the site from both remediation and storage activities; 

• concentration/containment/mitigation of radon emissions from the site from both 
remediation and storage activities; and 

dispersion modeling of off-property impacts from airborne contaminants using 
appropriate model(s). 

Comment 4 is addressed in Section 4.1 (Radiological Impacts). Radiological hazards from 
releases of radon and contaminated particles to the air are calculated using appropriate 
models for the action period, the maintenance and monitoring period, and the long-term 
period. Mitigative measures are also discussed. It is expected that the measures to 
control dust because of the potential radiological hazard will reduce dust levels to far 
below those normally encountered during similar construction activities. To the extent that 
the amount of dust is less than that assumed in this EIS, the impacts will be less than 
predicted. 
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Comments of the 

State of Neu York 
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Draft Environmental Impact Statement Related to 

Long-Term Management of the Existing Radioactive 

Wastes and Residues at the Niagara Falls Storage Site 

(DOE/EIS-0109D) Dist. Category UC-70A, Publishe6 August 1984 

November 9, 1984 



NYDEC-4 

NYDEC-5 

NYDEC-6 

NYDEC-7 

NYDEC-8 

NYDEC-9 

K-40 

1. g~n~r!! gQ~~~n~ 

[

The DEIS does not address what remedial work would be 
done at the HFSS. Should other storage alternatives be 
selected? The impact of such remedial work on ambient air 
levels should be discussed. 

2. g~D~r!! gQ~~~n~ 

(

Engineering details of managing the materials on site 
should be discussed. including provisions for groundwater 
and air monitoring. The possibility of incorporating an 

(
impermeable plastic liner as part of the cap should be 
examined. 

3. g~n~r!! gQ~~~n~ 

[

There should be consideration of whether uncontaminated 
clay suitable for cap construction can be obtained from 
within the existing 190 acre site. If suitable fill can be 
obtalned on site. transportation impacts on local roads 
would be lessened. 

Shallow land burial, and above-ground disposal are the 
only disposal options seriously considered in the EIS. 
While ocean disposal is discussed, it is not permitted at 
this time. The DEIS then compares costs and impacts of 
these disposal methods at three different sites. Since the
wastes and residues are not homogeneous, 99% of the activity 

[

is concentrated in 6% of the volume. The DEIS should 
consider the NFSS wastes in two or three categories and 
examine various disposal methods for each category 
independently. Disposal alternatives which provide a higher 
degree of containment integrity, such as disposal via shale 
fracturing, should be considered. 

[

The doses calculated for the resident intruder, 8,000 
rem/year to the bronchial epithelium from breathing Rn-222 
and up to 5 rem/year whole body equivalent from drinking 
contaminated water, imply that the shallow land or surface 
disposal burial options are not acceptable and that 
alternative disposal methods need to be examined. 

2 
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NYDEC-4 As noted inSect ion 1.1. the impacts associ ated with the interim remedi a 1 actions. are not 
covered in this ElS. Potential impacts associated with the interim activities (such as . 
release of radioactive particulates and gases to the atmosphere) were previously analyzed 
(U.S. Dep. Energy (l982a. 19B2b. 1983a. 19B3b). These potential impacts. including air 
quality impacts. were considered in making decisions regarding the interim remedial actions 
and were found to be "clearly insignificant". The EIS foctJses on the decision to be made 
now--specifically. long-term management of the NFSS wastes and residues. The state of 
New York has been routinely informed of all interim remedial actions and has received copies 
of the above-mentioned DOE documents. (See also Summary and Responses NYDH-2. -8.) 

NYDEC-5 The details of the interim groundwater and air monitoring at NFSS (and general aspects of a 
program that is suggested if the preferred Alternative 2 is implemented) are being developed 
and will be available for the Record of Decision (figure 1.3). The state of New York will 
continue to be apprised of the ongoing monitoring program and results, and will also be 
advised of any changes that are contemplated if DOE decides to leave the materials at NFSS. 
As required by the CEQ regulations [1505.2(c)]. the Record of Decision will state "whether 
all practicable means to avoid or minimize environmental harm from the alternative selected 
have been adopted, and if not, why they were not. A monitoring and enforcement program 
sha·ll be adopted and summarized where applicable for any mitigation." (See also Responses 
LAFAL-3, NYDEC-24, PEELE-4, USEPA-28.) 

NYDEC-6 In the engineering evaluation report of alternatives (Bechtel Natl. 1984), a synthetic 
membrane (EPDM) on top of the wastes was considered. Such a membrane was dismissed from 
further consideration for several reasons: (1) it would serve as a major potential slippage 
plane (i.e., infiltrating water would saturate the overlying clay which would then tend to 
sljp off the membrane), (2) it would offer no long-term (1000-year) advantage for either 
reducing water infiltration or radon emissions (such fabrics are guaranteed to last for only 
about 20 years), (3) it would offer little or no short-term advantage relative to radon 
emissions (the major source of radon--the residues--would be buried so deeply beneath the 
overlying wastes that the radon from the residues would decay to solid decay products before 
it had a chance to escape from the containment system (Section 4.1.2.2). 

NYDEC-7 Clay suitable for the 1-m (3-ft) clay layer in the interim cap (Alternative 1, no action) 
did not exist at NFSS and had to be obtained from offsite borrow areas. One borrow area was 
located between the site and Creek Road north of Pletcher Road, and the other was located 
south of Swan Road between Harold and Porter Center roads (Figure 3.2). If DOE decides to 
implement one of the long-term alternatives at NFSS, the additional clay for the long-term 
cap will also have to be obtained from offsite borrow sources. 

NYDEC-8 The NF SS wastes and res i dues are both in the same category of "wastes contami nated wi th 
naturally occurring radionuclides" under DOE Order 5820.2 (Section 4.7.1.1). Options for 
long-term management, particularly of the residues--which have higher activity than the 
wastes, are discussed in Appendix C, Section C.3. One optional design concept identified in 
Appendix C is disposal as a grout into fractured shale bedrock (hydrofracture). (Appendix C, 
Table C.4). (See more detailed discussion in Topical Response 1.) 

NYDEC-9 The opinion that the potential impacts to an intruder, if controls cease, warrant further 
cons i derat i on of a lternat i ve di sposa 1 methods is noted. DOE wi 11 cons i der the i dent if i ed 
impacts to an intruder, the options that could lessen the likelihood of this particular kind 
of impact, all other potential impacts, costs, and other factors in making its decision. As 
discussed in Section 4.1.2.3 and Topical Response 1, DOE is considering an additional intruder 
barrier on top of Building 411. If a person were to intrude down to the top of Building 411 
and no further, radon emissions at that point would be at background levels because the 
intervening layer of slightly contaminated wastes and clay is expected to retard the radon 
emanating from the residues long enough for the radon to decay to solid decay products. 
Thus, the impacts to such an intruder via the air pathway would be negligible. 
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NYDEC-IO The EIS uses an annual individual dose of 500 mrem/year 

NYDEC-ll 

as a basis for developing decon~amina~ion and 
decommissioning cri~eria. In view of ~he fac~ ~ha~ cri~eria 
under considera~ion by EPA. NRC and DOE propose dose limi~s 
~ha~ range from 1 ~o 25 mrem per year. i~ appears ~ha~ 
~he proposed cri~eria are no~ consis~en~ wi~h curren~ 
~hinking on ~his issue. The use of Lhe 500 m~em per year 
limiL will only lead Lo fuLure need for deconLaminaLion of 
~he siLe (as happened previously in ~he case of Lake On~ario 
Ordnance Works excess proper~ies). 

7. ~~~~r~! gQ~~~~~ 

[ 

The residen~ inLruder scenario considers Lhe K-65 
residues as if ~hey were blended uniformly inLo ~he en~ire 
volume of con~amina~ed ma~erials. In~rusion in~o ~he K-65 
residues resul~s in much higher doses ~o ~he in~ruder. 

6. ~~~~r~! gQ~~~~~ 

NYDEC-12( The DEIS makes reference ~o ~he New York's RadioacLive 
Ma~erials Transpor~a~ion Ac~". While such legisla~ion was 
proposed, iL has no~ been enac~ed. 

NYDEC-13 The K-65 residues should no~ be subjec~ ~o several 
handlings, bu~ packaged and ~ranspor~ed elsewhere for 
disposal. The recen~ a~~emp~s Lo ~ransfer ~hese residues 
from ~he ~ower by wa~er mining me~hods and slurry ~ransfer 
indicaLe ~haL ~his will be harder ~han originally 
envisioned. Use of ~he same ~echniques ~o la~er remove 
Lhese residues from ~he mound s~rucLure will also be as 
difficulL and furLher complica~ed by problems in managing 
Lhe waLer flows creaLed wi~hin Lhe mound iLself. Since Lhe 
~ransfer will probably no~ be compleLed before win~er. DOE 
should consider packaging and shipping Lhe remaining 
residues in Lhe ~ower ~o a DOE disposal si~e ra~her than 
~ransfer ~o Lhe mound. 

10. ~~~~r~! ~Q~~~n~~ 

NYDEC-14[ The DEIS con~ains many indicaLions Lha~ ~he Niagara 
Falls si~e possesses characLerisLics LhaL will adversely 
effec~ any long-Lerm s~orage of radioacLive wasLes. 

3 
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NYDEC-10 The criteria for residual contamination and waste control (Appendix H) is a separate DOE. 
decision and applies to many DOE sites, of which NFSS is only one. As noted in Appendix G 
(p. G-3), development of the various DOE orders is not part of the currently proposed action 
and is therefore beyond the scope of thi s EI S. The gui de 1 i nes shown in Appendi x Hare 
included, as required by CEQ regulations, because they are applicable to all the alterna
tives that are being considered for long-term management of the NFSS wastes and residues. 
The residual contamination guidelines that would be applied if the wastes and residues were 
to be removed from NFSS are identical to the soil concentrations in the EPA regulations for 
residual contamination at mill tailings sites. (See also Responses NYDEC-26; USEPA-35, 
-36. ) 

NYDEC-11 The resident-intruder scenario for the NFSS alternatives (1, 2a, and 2b) assumes that the 
house is constructed in the "hot spot" area where the residues are buried. For the 
resident-intruder scenario at NFSS, the average concentration of the residues provides a 
sufficiently conser~ative analyiis (Table 4.24). It is not assumed that the residues are 
blended with the entire volume of contaminated materials or with each other. Most of the 
residues, including the K-65 residues, will be contained within the Building 411 foundation-
which occupies only about 3,400 m2 or 10% of the waste/residue area at NFSS (Table 4.16). 
The analysis is conservative because it assumes that the 1-m (3-ft) layer of rock riprap is 
breached. It is also unlikely that a resident-intruder would choose to build a house on the 
exact spot on the mound of wastes/residues where the residues are buried. It is even more 
unlikely that the intruder would choose the smaller spot where the K-65 residues are located. 
In the extremely unlikely event that a house were constructed on only the K-65 residues, the 
doses would be about four times larger than the doses given in Table 4.24. The resident
intruder scenario incorporates many conservative assumptions and leads to the conclusion 
that the impact to a resident-intruder would be significant. Thus, the need to maintain 
perpetual control of the site is very important and will be considered in making the 
decision on long-term management of the residues. An additional intruder barrier over the 
residues is also being considered. (See Topical Response 1.) 

NYDEC-12 The EIS has been corrected by addition of the word "proposed". 

NYDEC-13 Removal of the K-65 residues from the tower (Building 434) to the Building 411 foundation is 
complete. There are two basic methods by which these residues could be retrieved from 
Building 411 and packaged for transport to another site: conventional mechanical means and 
removal as a slurry (Appendix C, Section C.1.2). The advantages and disadvantages of these 
two methods are compared in Table C.1. Movement of the residues by conventional mechanical 
methods (not slurry) was the option selected for analysis in the EIS for alternatives 
involving removal of the residues to other sites. 

NYDEC-14 The characteristics of each of the sites considered for long-term management of the NFSS 
wastes and residues--as well as all potential impacts (short-term and long-·term), costs, and 
other factors--will be taken into consideration in reaching a decision. 
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11. g~~~r~! ~Q~~~n~ 

(; 

I~ is s~a~ed in many places in ~he 
ma~erial ~ha~ will con~ain ~he was~es. 
chemically iner~ ui~h ~espec~ ~o clays? 

DEIS ~ha~ clay is ~he 
Are ~hese was~es 

NYDEC-16 [ '"i~iga~ing measures for flood plain eleva~ions and 
surface erosion should be described in ~he final EIS ~o 
address our concerns for ~his proposed ac~ion if ~he NFSS is 
adop~ed as ~he preferred permanen~ s~orage si~e. 

12. §~~~iQn !~~ 

NYDEC-17 [ I~ is s~a~ed t.ha~ ~he clay layer. under ~he 6.5 acre 
con~ainment area is no~ known to be continuous. For use as 
a. long-~ermstorage facility that would indicate tha~ i~ 
cannot be considered to act as a con~ainment area. 

NYDEC-18 The description of the Niagara Falls si~e s~at.es ~ha~ 
the average elevation of the site is approximately 98 me~ers. 
I~ is also s~a~ed in ~his repor~ ~ha~ the 100~year flood 
plain is a~ 97 me~ers. This indica~es a knowledge ~ha~ ~he 
si~e will flood during ~he longer period flood even~s (i.e. 
~he 500 and 1000 - year floods) as ~hese flood plains are 
always a~ a grea~er eleva~ion. In an area where 90~ of ~he 
popula~ion depends on surface wa~er. a flood will dis~ribu~e 
~he was~es ~o ~he public wa~er supply. 

14. ~~£~iQ~ 1~1~!~~ 

NYDEC-19 ~ The dose assessmen~s are performed for only 1000 years 
as indica~ed in sec~ion 4.1.1.3. Due t.o ~he long half-lives 
of ~he radionuclides involved. ~he risk of harm from ~he 
residues will con~inue essen~ially unaba~ed for more ~han 
100.000 years. 

15. Eigl:!r~ 1~~ 

NYDEC-20 This graph illus~ra~es tha~ it will be at leas~ 150.000 
years before ~he radioactivity of ~he wastes and residues 
decay ~o background levels. In con~rast wi~h this decay 
period is the 200 year period of proposed institutional 
control. This period is much ~oo shor~ for waste of this 
~ype, par~icularly when disposed of on ~he surface at a 
location uhich was glaciated only 12.000 years ago. 

4 
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NYDEC-15 It is not stated that clay will contain the wastes. There is a layer of clay in the exist~ 
ing interim cap (Alternative 1, no action), and additional clay will be added if Alterna
tive 2 is implemented. This layer is expected to substantially reduce (but not eliminate) 
water infiltration down into the buried wastes and residues (Section 4.2.2) and radon gas 
emissi.ons (Section 4.1.2). The existing clayey soils beneath the containment area are 
expected to retard (but not eliminate) migration of radionuclides and other chemicals from 
the wastes and residues (Sections 4.2.2 and 4.3). Clays are not chemically inert, and they 
differentially adsorb the various chemicals and radionuclides. Hence, different distribu
tion coefficients are used in the analyses (Section 4.2.2.3 and Table 4.48). (See more 
detailed discussion in Topical Response 2.) 

NYDEC-16 See Response NYDEC-1 for discussion of floodplain at NFSS. Mitigative me.asures for erosion 
are discussed in Section 4.2.1. 

NYDEC-17 Because the clay layer cannot readily be proven to be continuous, the EIS analysis of 
potential groundwater impacts at NFSS included two major conservative assumptions: (1) the 
average hydraulic properties of the underlying clayey material are between the properties of 
clay and sand (e.g., hydraulic conductivity is assumed to be 0.000011 cm/s), and (2) a large 
sand lens, capable of supplying sufficient flow to a well, is located immediately adjacent 
to the containment area (Section 4.2.2.3). As a result of further discussions with EPA, 
additional analyses were performed for the preferred Alternative 2 (Section 4.2.2.3). No 
offsite contamination is expected within 1000 years. (See also Topical Response 2.) 

NYDEC-18 See Responses NYDEC-1, USDOI-3, and USEPA-7. 

NYDEC-19 The EIS notes that the radionuclide concentrations will continue essentially undiminished 
for 100,000 years (Figure 4.2). The reasons for selecting the 1000-year time frame for 
analysis are consistent with EPA regulations and are given in the introduction to Section 4. 
(See also Responses NYDEC-20, -22; USDOI-2; USEPA-8; WDSHS-2.) 

NYDEC-20 The 200-year control period is used for purposes of analysis only. Because of the impacts 
that could occur if controls are lost, the federal government plans to take perpetual care 
of the NFSS wastes and residues (see footnote on p. 2-1). (See also Responses NYDEC-19, 
-22; USDOI-2; USEPA-8; WDSHS-2.) 
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NYDEC-Zl The evaluation of the long term effect of erosion a~ 
the Niagara Falls site is based on predictions calcula~ed by 
~he Universal Soil Loss Equa~ion. This equation does not 
account fOT discrete event.s but only addresses average erosion 
rates that may be expected assuming predictable land uses. 
Long-term uniform erosion has never proven to be the major 
problem with cap integrity. The formation of cracks and 
gulleys, which the USLE does not address, would probably 
breach the cap before it is eroded. 

NYDEC-ZZ Again referring to the comment on Section-3.1 concerning 

NYDEC-Z3 

the proximity to the long-period flood plain elevations, the 
report says "severe events occurring within the 1000-year 
period of analysis are likely to stress the integrity of the 
containment systems." If this is already known. why has 
this site been submitted for consideration? Clearly. the 
lack of long-term integrity of the containment system should 
be a disqualifying criteria in siting if it cannot be 
mitigated. 

lB. ~~~~!Qn 1~~~!~~ ~~Y~r~ grQ§!Qn gY~n~§ ~n~ 
~rQ~gb~§ 

~ 
It is stated in paragraph two "Unchecked. gully 

erosion will seriously jeopardize the integrity of the 
waste/residue pile." After the very short. 200 year duration 
institutional control as compared to the waste's radioactive 
decay period. the wastes will be introduced to the environment 
by this process. Reanalysis is required. 

NYDEC-Z4~ It is stated "Damage to the subsurface clay cutoff wall 
at NFSS may not be noticed unless monitoring wells are 
fortuitously located ...... A rigorous and through monitoring 
program is usually planned and included as a part of the 
environmental assessment to eliminate the need for reliance 
on fortune. 

5 

of 
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NYDEC-21 The evaluation of long-term effects of erosion includes calculations based on the Universa~ 
Soil Loss Equation (USLE) and consideration of several nonquantifiable factors such as 
flooding, gully erosion, other severe erosion events, slope and cover failure, and seismic 
activity (Sections 4.2.1.2 through 4.2.1.5). The formation of cracks is taken into con
sideration by assuming conservatively low average moisture contents for the various layers 
of the cap (Section 4.1.2.2). The effects of gulleys are taken into consideration by apply
ing the worst-case results of the USLE for erosive land use to the radiological analyses in 
Section 4.1, the hydrological analyses in Section 4.2.2, and the chemical analyses in Sec
tion 4.3. The estimates for perpetual-care costs (Appendix F) include costs for periodic 
maintenance to repair gully erosion. The perpetual-care costs for the no-action alterna
tive (1) are higher than for the preferred containment alternatives (2a, 2b) because of the 
expected more frequent need for repairs due to erosion of the interi," cap. 

NYDEC-22 Severe events are likely to stress the integrity of any near-surface containment system at 
any site. These factors will be taken into consideration in developing the detailed long
term containment design. The stresses on the containment system will have adverse impact 
only if controls cease and the site is not maintained (Section 2.10). Thus, DOE is com
mitting to perpetual care. As noted in the introduction to Section 4, DOE is using the EPA 
mill tailings regulations as guidance in making the decision on long-term management of the 
NFSS wastes and residues. The EPA regulations require that control measures be carried out 
in a manner that provides reasonable ensurance that they will last, to the extent reasonably 
achievable, up to 1000 years and, in any case, for a minimum of 200 years. (See also 
Responses NYDEC-1, -19, -20; USDOI-2; USEPA-8; WDSHS-2.) 

NYDEC-23 The probability of gully erosion affecting the integrity of the containment systems at all 
sites (Section 4.2.1) will be taken into consideration in making the decision. As noted in 
Section 2.10, containment will eventually be lost at all sites--relative to the duration of 
the hazard--if controls cease. This is also true for all sites where long-lived radioactive 
wastes (e.g., uranium mill tailings) and chemical wastes (e.g, the adjacent SCA site) are 
managed near the earth's surface. If controls do not cease, containment systems can be 
repaired. DOE plans to take perpetual care of the containment system and to restrict site 
access. 

NYDEC-24 A monitoring program will be designed to provide reasonable ensurance that migration of 
contami nants wi 11 be detected. Such a program wi 11 be pa rt of whatever a 1 ternat i ve is 
implemented. Conservative assumptions are made for the groundwater analysis in the EIS. 
(See also Responses LAFAL-3, NYDEC-5 [regarding monitoring), USEPA-28, and Topical 
Response 2 [regarding groundwater at NFSS].) 
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·20. E~g~ 1=2~ 

NYDEC-25 U On page 4~60. a statement is made that t.he uat.er t.able 
at. NFSS approaches t.he ground surface at. cert.ain seasons of 
t.he year. The impact. of t.his int.rusion by grounduat.er into 
t.he mound and subsequent. leaching and transport off site is 
not. adequat.ely a~dressed. 

NYDEC-26 Residual soil and surface cont.aminat.ion limit.s in 

NYDEC-27 

Appendix H are not. as rest.~ict.ive as t.hose being used 
elsewhere in Neu York by DOE. such as at t.he NL sit.e in 
Colonie, where DOE agreed t.o a limit. for U~23B of 35 pCi/gm 
averaged over t.he first 5 cm of soil. The same basis should 
apply in the table on H-2. and all entries should be 
adjust.ed t.o reflect. t.he risks equivalent t.o those agreed t.o 
by DOE for U-23B. 

22. I~Ql~ Qn Q~ B=~ 

~ 
Residual surface cont.aminat.ion limit.s 

table on H-3 are higher than those allowed 
We feel t.he Part. 16 levels should apply. 

6 

proposed in t.jle 
in 10 NYCRR 16. 
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Mr. S. Woodbury -2- 11/2/94 

NYDH-2 l NEPA re~i.w for the actions now in proqreHG at NFSS? 

NYDH-3 Fourthly, our concern that DOE ~ay seek to dilute the K-65 residuel 
must be ~ntioned again. Doles to the inadvertent intruder would be 
.V~~ gr~atcr than those obtaine~ 1n the PElS (which aven now are unac
ceptably qres';.) Ahould he encounter only the K-65 residuell. But through
out the OtIS, diepcGa1 a1ternativ68 .lye evaluated on the baeis of ha\'ing 
all reai~ue8 all a 81ng1e unit. Does such nn approach to dOBe asse5sment 
indicate that OOE plans eventually to hlen~ the reeidues? 

Ene!. 

Thank you tor your considerate at';.ention to these auestions. 

Sincerely, 

~'f\\ :~~ 
• I John H. Mat.ua:elt, Fh.D. 
~ Director 

Rad1ological ScJencp.s I~boratory 
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It is not assumed in the EIS that the K-65 residues are diluted, and DOE does not intend to 
blend the residues. For the estimates of radon emissions, transportation impacts (e.g., the 
need for packaging and shielding), and doses to workers, it is specifically assumed that the 
K-65 residues are distinct and separate from all other residues and wastes. As discussed in 
Topical Response 1 and NYDEC-ll, a reasonably conservative intrusion scenario was analyzed. 
Because of the unacceptable impact that would occur if someone intruded into the residues 
(or uranium mill tailings), perpetual control of such sites is a necessity. (See also 
Responses NYDEC-ll, NYDH-l.) 
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MEVIEW OF l>ROFOSE:O ALTERNATIVES roR DISPOSAl. or NFSS IIESIDUES 

A review of recent .nd proposed regulatory actiona ShOWB that the U.S. 

~partment of Energy (00£) h •• not performed an adequato evaluDtion of altern

ative dillposal option. for all the -residue. at Nf'SS. In addition to the 

dericiwncies found from a requlatory .tandpoint. DOE ha. failed to include a5 

disposal alternatives for the X-6S residue. at NFSS any eonsideration of ita 

developing plane to decommission the DOe facilities at Fernald. Ohio where 

the bulk of the X-6S r.sid~es are stored. The two 1lsue~ are discuseed below 

in 1II0ra detail. 

Alte~ix~ Disposal aptions for lIesid~es 

Althou9h new U.S. Nuclear Regulatory commissi~~ (NPC) regulatio~l. l~R 

l>art 61, for disposal of low-level wast •• generated by NP.C licensee. are not 

binding on DOE, they will be used extensively nationwide to meet the require

menta of the Lo~-Level Waste Policy Act of 1980. Thua, all three of the 

recipient states considere~ 1n the OEIS are likely to evaluate DOE's di.posal 

plans in the context of NRC'I req~l.t!ons. 

The NRC requires that all radioactive waste other than hiqh-leve! waste 

(which lIIust be di~posed in a deep 9colo~ic repository) be classified into One 

.of five cat~gorie. -- "non-radioilctive", ClasseS A. S, or C. and "greater-than

Class e". Futthermo:r:e. the NRC con8iders inappli cable the use of di lution as 

a mechanism for achieving a lower cla5sificatioll for categorized waItes. The 

NRC re9uletionl do not at this time contain reference to 226Ra , the predominant 

radiological haz3rd in the NFSS residues, hut luch a reference is being developed 

in response to numeroull requests from the statee. 

Applying the clAaeification Iystem in 10crR Part 61, the x-65 residues at 

NFSS would be "greater-than-Class C" waste, while the L-JO and L-sn residues 

would be Clasl C waste. As "greater-than-Class C" ~a~te, the X-65 residues 

require greater-confinement disposal and to not aooear to be ac~ePtab2e for 

Shallow-land burial or above-ground disposal, the only alternatives eval~at~d 

in the "ElS. Even the L-)O and L-SO rl':sid:Jps would he improl"-'!rly pOlckll:)r·1 if 

disposed under the alternative. proposed in the DtIS. 

Therefore. Ve believe that ~ of the rermll~ent d18~sal alternatives con

aidered in ~he OEIS ~d~quately addre,ses dispusa~ of the resi6ues. e,pecially 

the K-6S residu.s. Furthermore. the Statl': consider~ inaooropriate any inte:im 

storAge methodD vhich will dilute any of the resid~e~ to a lower classification. 

DOE's uee in the O£lS of blended residllea aD II source ter", for dose SSSe!;5:ne!lt 

h.ightl':r.s our concern that DOt is pllln!linq to uSP dilution to reduce its 

obliqatiot'ls. 
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In subsequent correspondence, the New York Department of Health indicated that: 
"Althou~h the waste classification system of 10 CFR 61 does not include Ra-226, advice 
of the USNRC for comment on that radionuclide has been sought. The US NRC has assured 
that the amended 10 CFR 61 will include reference to Ra-226. DOE has previously been 
provided the results of NRC's recommended method of classification of Ra-226 until 
amended 10 CFR61 is published. It appears that DOE has chosen to ignore that earlier 
correspondence .... DOE appears to have created a dichotomy when we compare this comment 
[USEPA'Response 29J to that [DOE's draft response] for NYDH-4 .... In NYDH-4, DOE does 
not choose to use 10 CFR61 (which does apply to byproduct material) but here decides to 
not use RCRA, because NFSS wastes are byproduct material. In a response to earlier 
comments by NYDH staff, DOE stated that 'NRC does not have the authority to regulate 
Radium-226'. NYHD staff is under the impression that NRC does indeed regulate byproduct 
material. NYDH staff does not believe that DOE can have it both ways." 

DOE is using the EPA uranium'mill tailings regulations (40 CFR 192) as guidance in making a 
decision regarding long-term management of the NFSS wastes and residues. The low-level 
waste regulations (10 CFR 61) do not provide guidance for management of the NFSS wastes and 
residues. Regulation 10 CFR 61 does not apply to byproduct material. 

See detailed discussion of other alternatives in Topical Response I. DOE has not stated 
that it will dilute the residues and does not intend to do so. 
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fh~ State'8 position on this qu.stion appears ~o be bolstered by our under

,tanding that the U.S. Environmental. ~rotection Aqency (EPA). under its broad 

Conqre88ional mandat~ for aettinq applicable environment~l standards. intends 

within the next year to promulqate standarda for low-level radioactive waste 

disposal (4OCFR Part ·193). The new EPA standards are likely to apply to 

natura~ly-occurrinq and acc.l.ra~or-produced radioactive materi.la (HARM) a8 

"ell •• t.o NRC-licen8ed low-level waste 1n much the sszne way •• do both the 

.xi.tin; and forthcominq NRC regulationl. 

Failure by DOE to include a comparable waRte claa.ifjeation aystem 1n 

Order 5820.2 invalidates the diaposal alte~ativas presentad in the DEIS. 

Oriqin an~Eo8al of X-65 Residues 

The !C-65 residues at Nf"SS ""e.ra ~ 'lenerated by Manhattan Enqin.erin<; 

Divi8ion programs in New York. lnatead, they were shipped from Hallinkrodt 

Chemical Company operation8 1n St. Louis, Mo. and are cnly a amall fraction 

of the total &~unt of K-65 reaidue. now in storage. ~he ~ulk of the K-6S 

residues are now stored at DOE'. Fernald, Ohio aite (748 Ci of 226Ra in 

3,891 tona of residues at NFSS and 1.652 Ci 1n 9,690 tons at Fernald). W. 

un~er8tand that DOE intend. to decommis.lon the Fernald aite in the near future. 

DOE chose to tranSfer and atabilice the K-65 re.idue. at NFSS on the baRis 

of an internal evaluation report .rather than including those operation. in the 

PElS. The configuration of the K-65 reaid~e~ once the interim storage opera

tion. 18 complete aeverely affects the fut~re considerat!ons of disposal al

ternatiVes. For e~ample. once the K-65 residues are in Building 411. among and 

under the other residues and wa£tes, the likelihood is greatly diminished that 

they might be treated and disposed with their ai~ter wastes at FClnald. 

Thus, the State believes that the alternatives considered in the D~lS for 

dispoaal of the K-65 resid".s at J'JFSS have been improperly selected by DOE. 

The fiscal costs and radiation risk. of the disposal altern~tiv.s in the OtIS 

are critiCAlly influenced by the option selected for interim wtorage. yet the 

atorag~ options were not ma~e a part of the NEPA procels. The fiscal costs 

and radiation risks of the di.PO,al alternatives for NiSS residues will be 

~arkedly .ffeeted by the disposal method ~electe~ for the K-6S wastes at 

Fernald, blOt such a consideration may be prosc::ibe! by the·· fonn in which the 

!C-65 residue!> are stored at NrSS -- &9111n a pl·ocess ."hich violates the ,pi ri t. 

J! not the letter, of the NEFA procels. 

The State reque~ts that OOE withdraw from it' clans for temporary entomb

ment the K-65 rea1due~ at NrS5, at least until it ccmFle~es ita plans Cor the 

K-65 residues at Fernald. 
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DOE is. using the mill tailings regulations· (40 CFR 192) as guidance in deciding how to 
manage the NFSS wastes and residues for the long term. The EPA's rules on low-level radio
active wastes (40 CFR 193) have not yet been proposed. When standards are promulgated, DOE 
will review the possible applicability to the NFSS wastes and residues. DOE Order 5820.2 is 
not the subject of this EIS or this decision. (See also Response NYDH-1.) 

The residues at both NFSS and Fernald were generated as a result of support for the national 
war effort. As noted in Response NYDH- 2, DOE cons i ders any future deci s ions about the 
Fernald site ~o be independ~nt of the decision about the NFSS site. DOE does not yet have 
any definite plans or proposals for the Fernald site. (See also Response NYDH-2, -9.) 

In subsequent correspondence, the New York Department of Health indicated that: 
"here, and in other parts of the DOE document, reference is made to how DOE has 
'routinely informed' state agencies 'about the interim remedial action'. DOE fails to 
note that the State has objected each time to DOE's plans for the interim remedial 
action, and that DOE has chosen to ignore the state's protests to interim remedial 
storage." 

As discussed in Response NYDH-2, DOE concluded that the interim handling of the K-65 residues 
would not markedly affect or effectively preclude from future consideration options for the 
long-term management of the K-65 residues. ·When DOE makes a decision regarding the long
term disposition of the NFSS K-65 residues, the Record of Decision will note the factors, 
including consideration of the potential environmental impacts delineated in this EIS, that 
led to the decision. The New York Department of Health has been routinely informed about 
the interim remedial actions. 

NYDH-9 See Responses NYDH-2 and -8 and NYDEC-13. 

NYDH-10 In subsequent correspondence, the New York Department of Health indicated that: 
"A [NYDH] staff member who serves on a National Academy of Science Panel studying 
burial practices at Oak Ridge National Laboratory has had occasion to review the data 
concerni ng hydrofracture experiments at ORNL. He states that there is nothi ng in the 
results of those tests which would cause the degree of alarm towards hydrofracture that 
DOE seems to project in its comments. The advice of three geohydrologists who were 
panel members has been sought, but further comment can only be made after the NAS 
report has been submitted to DOE .... " 

See Topical Response 1. 
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September 14, 1984 

Hr, Lowell Campbell, Deputy Director 
Technical Services Division 
U,S. Department of Energy 
Oak Ridge Operations 
P,O. Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Campbell: 
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BO.· ... \'I£ R'. SOLE'}' 
O .. i .... . 

ROSALDL. PERR}' 
JA.\/ES A. SACCO 
£'~/ah'~ R,,w,..,..'oru"U 

JOSEPH S. t'RSO 
u#nJh,.lh""ftUl" 

(7J6) ",33·67£J 

The Niagara County Environmental Management Council has reviewed the Draft Environ
mental Impact Statement for the Department of Energy's Niagara Falls Storage Site 
and provides the following comments, which we would like to present at the Public 
Hearing - September 19th, 1984. 7:30 p.m. in Lewiston. 

We support alternative 4c for the long-term management of the existing radioactive 
wastes and residues at the Niagara Falls Storage Site, which is in support of the 
Town of Lewiston's position. However, in reviewing the report we question why a 
combination of the alternatives cannot be utilized in attaining the management 
objectives. We suggest that the processing to extract valuable constituents from 
the wastes and residues by physical and chemical modification (Alternative 2b) be 
utilized in combination with Alternative 4c to reduce the amount of material to be 
transported off site, thus minimizing potential transportation problems. 

We have a concern that the estimates of deaths and injuries resulting from trans
portation and construction accidents are misleading. These figures· are derived 
from general accident statistics for the United States, not data on radioactive 
materials/waste transportation and construction which should be readily available, 
We believe that with the implementation of a sound construction and transportation 
plan inclusive of extra precautions and safety measures, that the accident 
statistics attributed to directly working with the radioactive waste will be much 
lower than estimated. 

Sin,·,"Y. ~ 

~o€f:Ch'i~ 
Niagara County Environmental Management Council 

cc: James Lombardi, Town of Lewiston Supervisor 

DIme 

Richard Shanley, Niagara County Legislator. Chairman 
Ronald Perry, Niagara County Legislator 
James Sacco, Niagara County Legislator 
Lee Simonson. Niagara County Legislator 
Philo Brooks. Niagara County Legislator 
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NCEMC-1 Support for Alternative 4c is noted. This comment, along with those from other commenters, 
was taken ,into consideration in determining the preferred alternative. 

NCEMC-2 If management at another site were preferred, the suggested processing of the residues prior 
to shipment could reasonably be considered. An engineering assessment of this option can be 
found in a report of Bechtel National (1984). The environmental impacts during the action 
period are expected to be similar to those for Alternative 2b. During the long-term period, 
impacts at the Hanford site would be reduced to the extent that solidification of the 
residues would result in reduced radon emissions. At the Oak Ridge site, impacts are 
expected to be similar to those for Alternative 4c because the overall radon emission from 
the containment area would not be appreciably affected, if at all. Such a combination 
alternative would be more costly than 4c and the nvaluable constituents n might be worthless 
(as in Alternative 2b) if residual radioactivity precluded sale of the recovered materials 
(Section C.2.1.2). (See also Responses KADR-1, RAUCH-7.) 

NCEMC-3 For the alternatives involving transport of both the NFSS wastes and residues (Alterna
tives 3a, 3b, 4b, and 4d), it is believed that the transport injury and death rates are 
fairly accurate because the wastes account for 90% of the transportation and would be trans
ported as nonradioactive material in bulk form similar to construction materials. For those 
alternatives involving transport of the residues only (Alternatives 4a and 4c), extra 
precautions taken because of the radioactive nature of the residues could possibly reduce 
the death and injury rates. However, data are lacking to predict what percentage reduction 
in deaths and injuries might occur. (See also Responses USDOI-7; VCE-I, -2; WDES-I; WEFS-5.) 
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U\. Lowell F. CampbeU, Vepu.ty V.cAecto"l 
Techn.i.c.a..l SeAvicu V~vu,~on 
V~ Ridge OpeAa~ion6 O£lice 
Vepailtment 06 EneAgy 
P06t 066~ce Bo~ E 
Oak ~~ge., Tenn~ee. 37&31 

Ve-u U\. Campbe.U: 

SeptembeA 4, 1984 

FRANCIS J. CLIFFORD, M.D 
Commiuiovr 

GEORGE J. ]I.'EEDLE 
P~blic H.aJrh Admi1l"trlltOt 
I7J 61 43~·6J 2! 

JOHN A. KEHOE 
A .... ranr Comm."ionn 
(7J/i1 314·jJ77 

Th£. N.w.g-ua COWlt.y BolVtd 06 HeaLth /uu; ilece~ved and du,CI.lMed a.t Length, .the 
VJta6t fnv.cAonmenUl Impact Sta.tement; Long TeAm J.Wutgement 06 .the f~.v..ung 
R.a..d iDac.t.i. Ve Wa..6U and Jl.U~uu a.t th£. N .w.gaJul. F a,lu StD"l/1ge S.ae., da.Ud 
Augu.-6t 19'4. 

Id£D.ll!J, and pile.6eAabl!l, altvLnative. 3-a; JtemDva,l 06 a,lt. -tu.i..duu and 
~tu will long ~e.Nn management ai Ha.n60"ld, Wa..6h~gton, would be ctllVl..i£.d oU>!, 
The BolVtd 06 He.a.1.t.h, ile.a.1..i..z.&1g tha.t th.i..!1 .i6 ./i.i.Jnpt.y not econom.i..co.U!J p!lac.t.i.ca..t, 
.6uongly UilgU tha.t a,lwna..t.i.ve 4-c: "066 4.ae. ./itoMlge 06 !lU~uU a.t Oak ~.u:ige., 
Tenn~ee, long teAm mano.gement 06 IUl.4U a.t N~g-ua. F~ StDJlage S.i;te" be 
du~gnaftd by V. 0 • f. 4.6 t.he long tvtm /IUlJ'l4geme.n.t piI ogJlAm 60Jl .the Jlatf.i.oa..cti ve 
!lU~UUl a.nd &aL6tu a.t tnt N.ia.g-ua. Fa,ll./i StDJla.ge s.ae.. 

Wdh OUil Jtecogn.i..zed Va./it amount.6 06 .indu.-6UW &aL6tu, the notoJl.i.ou.-6 
Love. CC1IUl1, a.nd the. Lake OntaJt-iD O"ld.i.na.nce wo-tlu, now C4U.ed .the N.iagaJLa fo.lL6 
StcILage S.ae., we .ir. N~gMa Ccu.'1~lj fr.Llve had calL moJle than OWl .6haJte. 06 ecologic. 
a.nd env.cAonmenta.l .uv..uU.6. The Boa.Jtd unan.i.Jnou.-6ly 6e.W that dUl~na.t.i.on and 
.i.Jnpl eme.n.ta.t..ion 06 a,lwna.t.ive. 4 -c u. .i.Jnpvta.tive.. 

PMP ••• pa.l 
V.U.U -ibu.t.i.on 4hee.t a.ttach£.d 

VeAy tJtuly yOUil4, 

~J_.·c .'" ?x. ':f; .. ' D 6 

Pa.tJt~c~ M. Powell 
Public He.a.Uh V.cA ec.tM 6 
SeCJIet.uy, Boa.Jtd 06 He.a.1.t.h 
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Preference for Alternative 3a and recommendation for Alternative 4c are noted. This comment, 
along with those from other commenters, was taken into consideration in determining the 
preferred alternative. 

Opinion is noted. DOE will consider it in making a decision. 
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NIACARA COUNTY LECISLATURE 

·FROM: PUELIC HVt.LTH CO:.t~:r'I'TEE DA TE : SEPT. 04. 1984 RESOLUTION' 351-E -------------------------------------------
APPROVED AS TO FORM 
NIAGARA CO. ATTORNEY 

LEGISLATIVE ACTION 
Approved: Ayu Noe. -1L 

COHMIT'rEE ACTION 
~\l. r"?3"~if 

Rejected: Aye.::: Noe. 
By __________ ~ ________ _ Referred: __________________ __ 

NCPHC-l ( 

~~EREAS. the United States Department of Energy has released a 
dTa~t Environmental Impact Statement regarding the long te~ management 
of existing vastes and residues stored at the Niagara Falls Storage Site 
(o~he,Jise known as the Lake Ontario Ordinance Works) located in the Tovn 
o~ Lewis~on, and 

WHEREAS. several alterna~ives vere presented in this state~ent, 
ranging fror.: taking "no action" to complete removal of the vastes. and 

\lHE.llEAS. it appears that the alternative known as "4c" offers 
a reasonable and acceptable solution to the waste storage probler.: presently 
existing at the Niagara Falls Storage Site. since it proposes to remcve the 
cost toxic residues from the Site vhi1e safely covering and maintaining the 
re=sining wastes at the Site, now. therefore, be it. 

R~SOLVED, that upon considering the health and econor.:ic i~~lic~ticns 
o~ each alternatiVe presented in the DOE draft Environmental Impact State~e~t, 
the Niagara County Legislature formally supports the adoption of Alternative 
"!.c" , and be it further 

RESOLVED. that the Niagara County Legislature state its position at 
the p~blic hearing to be held on September 19, 1984. at 7:30 p.m •• at the 
lewiston-Perter Senior High School, and be it further 

RESOLVED, that the Niagara County Legislature seek a vide and united 
effort in geining approval for Alternative "4c" and respectfully urges 
pa:-ticipfltion at the hearing in support of Alternative "4c" by U. S. Senators 
Hoynihan and D'Amato. Congressl!:an LaFalce. Stflte Senator Daly. Assemblymen 
Pillitte!"p. ar:d Hurphy. theTovn of Porter, the Lewiston-Porter Board of 
Educatio~. United States and Canadian enviro~~ental groups and all other 
interested parties, and be it further 

F.ESOLVED. that copies of this resolution be sent to all of the abo\"e 
mention~d parties, other interested parties vhom the Clerk of the Legislature 
feels should be advised of same. ~he President of the United States, the 
Secretary cf Energy a~d to the TO\llJ of Lewiston, lIew York. 

l.Srpah 
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NCPHC-l Support for Alternative 4c is noted. This comment, along with those from other commenters, 
was taken into consideration in determining the preferred alternative~ 
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ASSEMBLYMAN JOSEPH T. PILLITTERE 

STATEMErn GIVEN BEFORE THE DEPARTMENT OF ENERGY REGARDING 

THE DRAFT ENVIRONMENTAL STATEMErlT or! THE ~lIAGARA FALLS 

STORAGE SIlL 

SEPTEMBER 19 J 1984 
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THANK YOU FOR THIS OPPORTUNITY TO SPEAK AT THIS PUBLIC HEAPING 

REGARDING LONG-TERM MANAGEMENT OF EXISTING PADIoACTIV: WASTE STORED 

AT THE FORMER L.O.O.W. SITE ON BALMER ROAD IN LHIISTON. 

I N ITS AUGUST 1984 J DRAFT ENVI RoNME~nAL I ~PACT STATEMENL THE 

D.o.E. PROPOSED NUIE ALTERNATIVES FOR LONG-TERM MA~~Ar,EMENT OF TilE SITE. 

THE ALTERNATIVES RMlGED FROM NO ACTION J TO THE TOll\L REMOVAL OF 

THE RADIO-ACTIVE WASTES AND RESIDUES. 

THE LEWISTO~ Tmm BOARD AND THE NIAGARA COUNTY LEGISLATURE AND 

COUNTY DEPARTMENT OF HEALTH HAVE EACH RECOMMENDED THAT ALTERNATIVE 4-C 

BE H1PLEMENTED. 

I WOULD LIKE TO OFFER MY POSITION REGARDING THIS CHOICE.. 

IN PREVIOUS TESTIMONY J Drl A NUMBER OF OCCASIONS BEFORE THE U~ITED 

STATE DEPARTMENT OF ENERGY .. THE UNITED STATES ENVI RONMENTAL PROTECTIOrl 

AGENCY AND THE NEW YORK STATE DEPARTMENT OF ENVIRONr.ENTAL CONSERVATION J 

1 HAVE CONSISTENTLY REPEATED MY SUPPORT FOR THE TOTAL CLEA';-DP OF THE 

L.O.O.W. SITE AND THE COr.PLETE REMOVAL OF ALl. CONTAr-UNATED foIATERIALS. 

THIS POSITION I HAVE EP.sED UPON THE PROXIMFY OF THE SITE TO THE 

LEWISTON -PORTER CENTRAL SCHOOL .. RESIDENTIAL AREAS J 4 .. 6 & 12 MILE 

CREEKS J THE IHAGARA RIVER AND WE GREAT LAKES UATERSHED. 

IT IS CLEAR THAT THIS SITE SHOULD NEVEP HAVE BEEN CHC'SEN FOR THE 

STORAGE OF RADIO-ACllVE MATERIALS IN THE FIRST PLACE. 

. ':'. 
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PAGE 2. 

HOWEVER REALIZING THE D.O.E. WILL PICK otl A COST BASIS RATYER 

THAN THE MOST ENVI RONMENTALLY SOUND BASIS 1 • THE LEWISTON TOWN BOARD1 

AND THE NIAGARA COUNTY LEGISLATURE HAVE SOUGHT MY SUPPORT FOR ALTER

NATIVE 4-C. 

THIS ALTERNATIVE WOULD REMOVE 99% OF THE MOST RADIOACTIVE 

RESIDUES TO OAK RIDGE Arm HOPEFULLY END 40 YEARS OF FEDERAL GOVERU1-:ENT 

NEGLECT. 

PILll-l IN ADDITION TO THE ABOVE MENTIONED REASONS THE FEDERAL GI)VERNt"iENT'S 

40 YEARS OF MISr-tANAGEMENT OF THE SITE LEAVES ME LITTLE CONFIDENCE IN 

ANY PRoposALS PUT FORTH BY THE D.O.E. FOR MANAGEMENT OF THEIR 

FACILITY ON A LONG TERM BASIS. 

IT IS OBVIOUS BY STUDYING THE EXAMPLE OF THE LOOW SITE THAT 

EXPEDIEtlCY AND ECONOMY WERE ALWAYS THE PRINCIPAL DETERMINANTS OF THE 

FEDERAL RADIO-ACTIVE WASTE STORAGE AND DISPOSAL PROGRAM. 

AS A RESULT J OUR ENVIRONMENT HAS CONTINUED TO SUFFER. 

IT IS MY EXPECTATION1 THAT THE D.O.E. WILL CHOSE FROM ITS PROPOSALS 

ON A COST-EFFECTIVE BASIS 1 RATHER THAN THE MOST ENVIROW1ENTAL SOUND 

BASIS. 

PILll-2 IN CONCLUS I ON J I PERSONALLY CONTI NUE I N MY BELIEF THAT COMPLETE 

REMQVAL OF ALL RADIO-ACTIVE WASTES AND RESIDUES IS THE ONLY DESIREABLE 1 

ENVIRONMENTALLY SOUND ALTERNATlVEI HOWEVER THE LEWISTON TOWN BOARD 

AND THE NIAGARA COUNTY LEGISLATURE HAVE GIVEN THEIR SUPPORT TO 

ALTERNATiVE 4-C. 
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PllLI-l lack of confidence is noted. DOf will take this into consideration in reaching a decision. 

PILLI-2 Suppprt for Alternatives 3a and 3b is noted. This comment, along with those from other 
commenters, was taken into consideration in determining the preferred alternative. 
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PAGE 3 

I MUST ACKNOWLEDGE THE LOCAL JURISDICTIOU OF THESE MUNICIPALITIES 
IN THIS MATTER. 

THANK YOU ....... 
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PORT-l 

Septe~be~ '3, 1ge4 

Niagara Count~ Legislature 
CC':;~~h:;:I:re 

Lock~o~t, New Yo~k '4094 

~dr Count~ Legislators: 
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TOWN of PORTER 
120 lOClCf'OItT ST. 

YO\.JNCSTOWN ..... Y. 14174 

[

In reference to Resolution tJ5'-84 adopted b~ the NJagara Count~ Le~Jslature 
pertaJnJng t~ the Lake Ontarlo OrdJnance Works and sup~or~Jng the adoptJon 
cf ~lternatlve -4c-, the Town Board of the Town o~ Porter has gone on record 
~n glving its full :rupport to thJS resolution at Jts regular ceetJr.g held on 
Septe~ber '0, 1984. 

Very truly your:r, 

~ 
. / 

I • . -7. . /~<r·~./ 
• , ~.'I •• _ • .;t .. w...c ,-

P.£':;' L. HAI."SON 
TOh'" CLERK 

cc: ='o"'n of "'i 1 son 
To",n of Le"'Jstcn"""" 
Village of Youngs!own 
Village of LewJston 
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Support for Alternative 4c is noted. This comment, along with those from other commenters, 
was taken into consideration in determining the preferred alternative. 



Mr. Lowell Campbell 
Technical Service~ Division 
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US Dept. or Energy, Oak Ridge Operations 
PO Box E 
Oak RIdge, Tenn. ~7B~1 

Dear Deputy Director Ca~pbell: 

9/l~/B4 

Theile ~om.':lentf\ concern the NIagAra FAlls Storl<ce Site anc 
the usefulnes~ of the draft document, DOE/ElS-Ol09D, 1n arrivinc 
at 8 ~cientifically vslid resolution of t~e isr.ue~ involved. It 
would appear that the mere l~suance of a VElS Enti~fys the 
requirel:lents of NEPA (l~ationRI Environr.lental Policy Act, 19t:f1)!'or 
you people at DOE. I don't belie~e the document fulfill~ the 

RAUCH-l 1n>,ent of NEPA for the specific reH~ons outlined below. Furtherl:l:"!"e. 
YOUl' ~elf-!'erving di!l!lissol of several important I!~ue~ CI.~jJ. 11-3) 
as beInG ~eyonc the scope of this EISt Is not valld. For e7.p.l:Iple. 
your detero!nation thAt the politically expedient settlel:lcnt of the 
~fr1l:1et le9ses (for B million dollar!) 1s an act10n havinc e 'cleor]~ 
insignificent impAct on the q"IB1Hy of the hu:nan envIr'onl:lent' ar,::'! 
requirin~ no furtper ~~PA co~pl1ance is ridIculous. It shoulc be 
the ~ubject of a court actIon by New York StAte (see enclosure!). 

RAUCH-2 [ 6.nother l!~ue im~roperl:v ruled out i~ the ir.:pc:cts of pP.~t 
c~e!"etion~ et NFSS and Oak Riege. Th1s issue i~ Intil:lAt~ly r~J(tc= to 
tho p':bI1c~! distrust of fede!"Fl orflci&lr end lACk of pub11c 
pA~ticlpp.t10n In the ~O~ cecl~lon-mskin~ process (i~fue 10. alro 
ruled out). Fro~ W~Bt we do know of DOE's end it~ precece~!ors 
P&st actions, t~ey have been chAracter1zed by recklessne~f bnth in 

RAUCH-3 reEsrd to worker and public protection as well as environl:lf'ntpl 
protection meaEures. It is r.uite cleAr to me thAt th~ for~ of th~ 
inter1m re~edi~l action~ .111 tave an effect on the lon~-tp~m 
msnaeel:lent options, and yet this !ubject i~ i8nore~. Y~r eXRI:l~]c. 
as a result of the 197,'remecial 8ctione' it h&s now been ceter:::~nc~ 
to be bot practicable' to separate the R-lO residues from other 
waste~ in the north d1ked area. I contend t~8t t~iE action 1~ 
a del1berate atte~t on tlJe part of DOE to downgrade the clsf:dfl
c6tion of ~.4 x 10 kg of residues (contplnlnc ~ubst8nti~ Amounts 
of r~clum. thor1um, anc 605 lbs of U-238, amonc others) to a 
classlflcatlon of 'waste', thereby ennbl1ng (accorcln~ to DOE 
guidellnc~) a more expedient, less secure dispOSAl met~od to 
be used. 

RAUCH-4 [ Global Imoacts of ocean disposal is another area incorrectly 
dismiesed. Hecent findings of plutonIum b10-accumulation In fish 
in the PacifIc OceAn off San Franc1sco are alarl!l1ng and call to 
queetion the VAlidity of the theoret1cal Machinations used 1n 
ap;>enc1x E. 

The followIng are specific eo~ment8 on the deficlencie~ of 
the VElS. 



--"---::. 

K-73 

RAUCH-1 Opinion about NEPA compliance on the transfer of the Afrimet residues to federal ownership 
is noted. The determination to place the Afrimet residues in interim storage in Building 411 
was done for the purpose of getting the residues in a more controllable configuration (rather 
than storage in the tower or in the open). This determination was not influenced by "owner
ship." As noted in Appendix G, DOE has determined that settlement of the Afrimet leases was 
an action that, in and of itself, will have a clearly insignificant impact on the quality of 
the human environment and that no further NEPA compliance is necessary. 

RAUCH-2 As stated in Section G.3, the U.S. Supreme Court has ruled that "NEPA is not directed at the 
effects of past accidents and does not create a remedial scheme for past federal actions" 
(U.S. Supreme Court 1983). 

RAUCH-3 Opinion is noted. The potential impacts associated with the interim remedial actions are 
discussed in reports of the U.S. Department of Energy (1982a, 1982b, 1983a, 1983b). 

RAUCH~4 Potential bioaccumulation of the radionuclides from the NFSS wastes are addressed in Sec
tions 4.1.2.1, 4.5, and Appendix E. Based on worst-case analyses, it is concluded that the 
concentrat ions of natura lly occurri ng radi onucl ides coul d theoret i ca lly be rai sed by an 
insignificant amount in the bodies of only a few fish. No evidence for potential global 
impacts is indicated. 
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(1) Waste CharacterizatIon and ClA~~lflcatlon: 
The waste~ and re~ldue~ are inadequately chArActerized as 

to their contents. 'No informatIon 1s RvailAbl~ regardlnp the 
thorlum-230 content of the residues' states paGe 3-11. Thorium h.~ 
• half-lIfe of 77,000 years and yet there ie no description of 
1ts quantIty or physIcal propertIes, such AS water solubIlIty. 
Page 3-11 continues 'Tr.e residues contaIn sm91l amounts of otter 
radlonucllce! resulting from decay of the amAll amount of U-235'. 
Just ~hat are these small amounts? Is the one percent of the worlc'~ 
known supply of radium (the amo,unt cont&,!necl In lWS:' W8St£,~). the 
a:nount being con,daerea for' ocean dl spospl, a small amount? 

TIlis calls ~o question the ~hole waste cla!siflcatlon system. 
A law unto Itself, the DOE Issued order 5820 on Febru&ry e, 1984. 
TM! oreer etates that .the KFSS .!lstes and reEidues wlll be 
clRsslflec 8S 'W8!tes contacinated with neturelly occurrln~ radIo
nuclides,' and further, that these WAstes mAy be dIs~osed of at 
e.xIstlnr, DOE l~Yi-level wAste-dIs;losal sItes. In aacHton, 'DOI.: 
field offIces are a!!lgned responsibilIty for cevelop1ne prcject
specIfic or sIte-specifIc mRn~rement crite~ia.' Th!! Ie a cfipricious 
atte~pt by DOE to re-c18~sify uranIum and thorlu~ tal1in~~ And 
~s~te~ as low-level waste~. Low-level rF.dloactlve ~Rste (LLP.W) 
as defIned in NRC lOCFR€l specIfIcally e~cluce~ by-product 
mAterial as defined in section lle(2) of the Atomic Enerey Act, 
i.e. ur&nlu~ or thorIum t£ilings and wpste. The ~pw Y~rk StAte 
LL~W '!.aneFement Study, A?rll, 1984, ~tates thllt 'Ursnium mll1 
t8Ilinr,~, Alcng wIth Former1~ ~tillzed SIte Pe~eciRl Action 
Prorren (FVS~AP) westes Are ~ufficlently different in tazp.rd, 
reeulation and volume to be excluded fro~ the focus of thi~ re~ort.' 
The stuey further !t&te! tt.At the 'State Energy Office doe~ n~t 
belIeve the ter!!llnolo~y is co:n;:>letely a;:>:lroprip.te •••• Some LIP\'i 
can be more r~cloactlvE thnn eo:ne FL~~, And c~n be lcn~er lived. 
i'~e belle\'e the ter.n 'lcl'i-1evel' racloactlve WAste I~ nlsu!'ec In trl~ 
conte~t and Congre~~ and the S?G stoul~ ~ive !er!ou~ con!lder~tlo~ 
to ~cvel~pln~ neE terminolOGY ~hlch mo~e appropriately reflectr the 
hp.zarCs involved.' (pare 7, E.xec~tive Sunmary) I heartily concu~ 
",.1 t!"' th!! a s ~es sment. '[Trani um/thorl um ts 111 np;s, transurf;n! C!, 
recju:n, Cs-137 , Sr-90 ••• do not bel~ng in a low level ",.a!te 
cateGcry, in any a:nount. Nor 00 they belong in a lane bu~lp.l site. 
Once agaIn, (~ee letter of 3/25/84) I Call upon the state offIcials 
to intercede In this c9tter on be!,alf of the re~Idents of Ne~ York. 

(2) Groundwater Im~ect!: 
Pa~e 2-11 states that modification of the residues (I.e. 

vitrifIcation) will not markedly reduce rrouncwater Imp~ct~, and 
yet results reported In C-7 inclcate a 1000-fold decrease in rAcon 
release Rfter vitrifIcatIon. Should one assume a sImIlar decrellse 
in raclum-lenchlne fo11owine vitrIfication, could one not Rleo 
as!ume A siGnificant decline in groundwater contAmInation, es~eci~!ly 
if such maesee were etored In engIneered modules~ Page 2-2~ stote~ _ 
that groundwater wIll be contamInated eventually In ell alternr.tIves, 
but 'prediction of hoy; and when ttl! wIll occur, Ilnd the res·;lting 
environmental impact, Ie beyond current predictive cap~bll1tle •• ' 
I do not think it unreasona~le, with the foreboine In minc, to 
reque~t an alternative to the Alternetives presentee In the D~lS, 
which would provide a !ub~tantial1y greqter de~ree of 1~olat10n 
of the reriduee. I fine the deecrlption, on pAr~ 4-15, of Rllow
able radium releases during operAtIons pnrtlcularly cavalier ~nd 
repugnant. . 
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RAUCH-5 For purposes of analysis (Section 4, p. 4~1);-it is con~ervatively issumed that all radio
nuclides from thorium-230 through polonium-210 are present and 1-0 secular equilibrium 
(lead-206 is stable). This assumption accounts for the continued presence of radium-226 at 
undiminished concentrations for hundreds of thousands of years (Figure 4.2). During 
transfer of the K-65 residues (the primary so.urce of radioactivity at NFSS) from the tower 
to Building 411, samples were taken. These samples were analyzed' for radionucl ides in the 
uranium-238 decay series. The results are not yet available. To the extent that the K-65 
residues are depleted in thorium, the analysis of impacts in the EIS is conservatively high. 

Thorium is much less soluble than radium; therefore, the- groundwater analysis focuses on the 
movement of radium. 

The small amounts of uranium-235 and its decay products result from the typically small 
amount of uranium-235 found in the ore. Anderson et al. (1981) indicate that the 
uranium-235 decay chain accounts for less than 1% of the total radioactivity. 

RAUCH-6 As noted in Appendix G,development of DOE Orders is not part of the currently proposed 
action and is therefore beyond the scope of this EIS. The NFSS wastes and residues are not 
placed in the low-level waste category; rather they are placed in the category of wastes 
contaminated with naturally occurring radionuclides (Section 4.7.1). The commenter's 
opinion about the unsuitability of land disposal for these types of wastes is noted. There 
are many sites that have the same kinds of wastes (mill tailings sites), and DOE is managing 
NFSS in the same manner that EPA has recommended for mill tailings sites. (See also Topical 
Response 1.) 

RAUCH-7 As discussed in Section C.2, there are several uncertainties about the resource recovery/ 
residue solidification process, including radioactive content of the residue slag and lime 
precipitate and leachability of the slag and precipitates. As noted in the analyses (Sec
tion 4.1.2), reduction of radon emanation from the residues gains nothing in terms of radon 
emissions from the containment area. Reduction of leachability of the residues reduces the 
concentration in groundwater. A tenfold reduction was assumed for the analysis. The actual 
reduction could be higher if most of the radioactivity is in the slag and if the long-term 
behavior of the slag (over hundreds of thousands of years) is similar to other vitrified 
products. The actual reduction could be less if a significant portion of the radioactivity 
was in the precipitates and/or if the vitrified slag broke down significantly over the long 
term. (See also Responses KADR-l, NCEMC-2.) 

RAUCH-8 Several options involving substantially greater degrees of isolation of the residues are 
discussed in Section C.3. 

RAUCH-9 The discussion in Section 4.1.2.1 notes that a water treatment system, similar to the 
filtration/ion-exchange system currently used during the interim remedial actions, will be 
used at all sites during the action period to keep releases as low as reasonably achievable 
and within applicable regulations and standards. (See also Response BROSS-5.) 
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DilutIon and release rates In pCI/L are glIbly outlIned, but no 
IndIcation of total activIties released to ~urf8ce waters Ie given. 
No total volume fIgures are gIven. 

(3) RacIo1or,lcal Assessment: 
Throughout the DEIS, radIo1oe1ca1 effects attrIbutable to 

radIum and racon exposure are clscus~ed. But no di£cusslon 1~ 
gIven of t~e publIc hcelth And envIronmental effects attrlbutfble 
to the thoriuD and other radionuclide content of the wp.ste~ and 
re~ldues. Or has DOE determIned the effects of say ttorluM-2~O 
(t~, 77,000 years) to be neglIgIble! 

(3) VItrIficatIon: 
It would at>pear frc·mthe analy~h p.lven on C-6 that 

vitrificat10n e~t>loyinb the electric furnace re!ult~ in the 
most unIform, ~teble proQuct at a cost of appro7.i~&tely 3.€ 
Million K~·.:I. This sr.ould be the method of choice. In-~1tu 
process would consume 20 million KWH w1th Ii ttle E;Uarrantee of 
producing 8 st8~le product. 

In conclusion, 85 a health professional w~ose sole interest 
In tt.is matter 1s the Maintenance of public health anc ?revp.nt.1on 
of envIronmental degradatIon, I make the folloy;in:: recorn:nenc~:tlon::. 
The residues, including the ~-IO pile, should be fused in an ele=tr~c 
furnace snc stored in enrineered storqge facIlIty dedicatee to 
lon~-ter~ inst!tutionsl control. The contAminated soils, wa!te~, 
5~ould be packAged and stored In a simIlar facIlity or at R s1te 
sucr. as P.anford In a D~nner ensuring long-term environmental 
isoletion. no further consideration should be Riven to ocean 
cu~?lng of the wq!te! or lane bu~1al of the re!idues. 

SIncerely, 

<t~ Ko.~c( 
Jal:les ~auch 

Enclo~ure8 
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RAUCH-I0 It is expected that most of the water released will result from. controlled collection 
of precipftation runoff water from the areas of exposed wastes and residues. The vorume 
released during the interim remedial actions has been about 16 million L/yr (4.5 million 
gal/yr). Radionuclide concentrations have been well below DOE operating limits. 

RAUCH-11 See RAUCH-5. Thorium-230 is included in all calculations. 

RAUCH-12 Opinion on electric furnace vitrification is noted. This comment", along with those from 
other commenters, was taken into consideration in Qetermining the preferred alternative. 

RAUCH-13 Recommendations on vitrification of the R-IO residues, packaging of the remaining wastes, 
and no further consideration of ocean disposal of the wastes or land burial of the residues 
are noted. No response necessary. 
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SEPT. 19. 1984 

_ STATEMENT BY LEE SIMONSON 
NIAGARA COUNTY LEGISLATOR AND DESIGNATED SPOKESMAN FOR 

THE NIAGARA COUNTY LEGISLATURE 

GOOD EVENING: 

MY NAl-IE IS LEE SIMONSON AND 11M THE COUNTY LEGISLATOR FOR 

THIS AREA -- 1 HAVE ALSO BEEN DESIGNATED BY THE NIAGARA COUNTY 

LEGISLATURE TO BE ITS SPOKESMAN HERE TONIGHT. 

THE NIAGARA COUNTY LEGISLATURE WHOLEHEARTEDLY SUPPORTS 

ALTERNATIVE 4c AS DESCRIBED IN THE DRAFT ENVIRONMENTAL IMPACT 

STATEMENT. 

TO VERY BRIEFLY SUMMARIZE OUR OPINION. ALTERNATIVE 4c 

OFFERS A REASONABLE AND ACCEPTABLE SOLUTION TO THE PROBLEMS 'WE 

HAVE FACED AS A COMMUNITY IN REGARD TO THE RADIOACTIVE STORAGE 

SITE. WHILE 4c DOES NOT OFFER US THE IDEAL SITUATION OF HAVING 

THE CONTAMINATED MATERIALS COMPLETELY AND PERMANENTLY REMOVED 

FROM THE SITE. IT DOES PROVIDE FOR THE ELIMINATION OF THE MOST 

HAZARDOUS WASTES AT THE MOST REASONABLE COST TO THE FEDERAL 

GOVERNMENT. 

REALISTICALLY. THERE MAY BE SOME IN THE FEDERAL GOVERNMENT 

THAT FEEL THAT ALTrnNATIVE 4c IS THE MOST THAT LEWISTON AND 

NIAGARA COUNTY CAN HOPE FOR -- HOWEVER. FOR THE RECORD. WE DO 

NOT VIEW ALTERNATIVE 4c AS THE MOST 'WE CAN HOPE FOR -- WE VIEW 

IT AS THE LEAST WE EXPECT. ANY ALTERNATIVE THAT PROVIDES 

NIAGARA COUNTY WITH LESS IS TOTALLY UNACCEPTABLE. 

SIMPLY. WE ARE NOT HERE THIS EVENING ASKING THE FEDERAL 

GOVERNMENT FOR THE MOON. THE SUN AND THE STARS. WE HAVE TRIED 

TO PUT OURSELVES IN SHOES OF THE FEDERAL GOVERNMENT AND HAVE 

TRIED TO BE REALISTIC IN OUR ENDORSEMENT OF 4c. 
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SIMON~l Support of Alternative 4c is noted. This comment. along with those from other commenters. 
was taken into consideration in determining the preferred.alternative. 
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THIS CDMMUNlTY WOULD LIKE TO SEE ALL THE RADIOACTIVE 

MATERIALS REMOVED -- POSSIBLY THFltE ARE THOSE IN THE FEDERAL 

GOVERNMENT THAT WANT ALL THE RADIOACTIVE MATERIALS TO STAY. IN 

EFFECT. WE SEE 4c AS AN ACCEPTABLE COMPROMISE. 

WE HAVE CDMPROMISED OUR POSITIONS IN AN EFFORT TO EXPEDITE 

THE DISPOSITION OF THESE HAZARDOUS WASTES. FRANKLY. WE ARE NOT 

IN THE MOOD TO DRAG THIS ISSUE OUT -- WE HAVE NO DESIRE TO 

HAGGLE IN THE COURTS -- WE HAVE NO INTEREST IN MOUNTING A 

PUBLIC CAMPAIGN TO PUT PRESSURE ON THE FEDERAL GOVERNMENT TO 

ACCEPT AN ALTERNATIVE THAT IT SIMPLY DOES NOT WANT TO ACCEPT. 

RATHER, THE COUNTY LEGISLATURE WOULD LIKE TO SEE THIS ISSUE 

BEHIND ALL OF US AND WE BELIEVE ALTERNATIVE 4c IS THE FASTEST. 

SAFEST. MOST ECDNOMICAL AND BEST WAY TO DO JUST THAT. WE LOOK 

UPON ALTERNATIVE 4c AS SOMETHING WE CAN LIVE WITH AND SOMETHING -

THE FEDERAL GOVERNMENT CAN LIVE WlTH. 

WE URGE THE FEDERAL GOVERNMENT TO IMPLEMENT 4c AT THE 

EARLIEST POSSIBLE DATE AND PLEDGE OUR CDOPERATION. 

THE NIAGARA COUNTY ENVIRONMENTAL MANAGEMENT COUNCIL. OUR 

ENVIRONMENTAL ADVISORS FOR THE COUNTY LEGISLATURE. HAS SOME 

ADDITIONAL COMMENTS THAT WILL BE ADDRESSED THIS EVENING. 

MEANTIME, PLEASE ACCEPT OUR APPRECIATION FOR YOUR ATTENTION 

TO THIS MATTER, AND AGAIN, WE LOOK FORWARD TO A QUICK AND 

SUCCESSFUL COMPLETION OF THE PROJECT AS DESCRIBED IN 4c. 
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ATTACHED TO THIS STATEMENT, PLEASE FIND A COpy OF THE 

RESOLUTION PASSED BY THE NIAGARA COUNTY LEGISLATURE WHICH IS 

UNANIMOUS IN ITS POSITION. 

THANK YOU. 

Lee Simonson 

Niagara County Legislator 

Box 57 

Lewiston, New York 14092 
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NIAGARA COUNTY LEGISLATURE 

FROK: PUBLIC HEALTH COl-~!ITTEE nATE: SEPT. 04, 1984 RESOLUTION' 3S1-E --------------------------------------
APPROVED AS TO FORK 
NIAGARA CO. ATTORNEY 

By _____________________ __ 

LEGISLATIVE ACTION 
Approved: Aye. ~oe. ~ 
Rejected: Ay •• --- Noe. 
Referred: --------------------

COKHITTEE ACTION 
~\i' e· 1. 3 . 'l'f 

~~EREAS, the United States Department of Energy has released a 
dra~t Environmental Impact Statement regarding the long te~ management 
of existin£ vastes and residues stored at the Niagara Falls Storage Site 
(othe,~ise knovn as the Lake Ontario Ordinance Works) located in the To~n 
o~ Leviston, and 

~HEREAS, several alternatives vere presented in this state~ent, 
ran£ing fror:. taking "no action" to complete removal of the vastes, and 

~1HE.~EAS, it appears that the alternative kno",n as "I.c" offers 
a reasonable and acceptable solution to the vaste storage proble~ presently 
existing at the Niagara Falls Storage Site, since it proposes to re~cve the 
!:lost toxic residues from the Site \/hile safely covering and maintaining the 
re~aining ",astes at the Site, no"" therefore, be it 

F.~SOLVED, that upon considering the health and econor:.ic i~~lic~tions 
o~ each alternative presented in the DOE draft Environmental Impact Statenent, 
the ~iagara County Legislature formally supports the adoption of Alternative 
"~c". an~ be it further 

RESOLVED, that the Niagara County Legislature state its position at 
the p~blic hearing to be held on September 19, 1984, at 7:30 p.m., at the 
Leviston-Pcrter Senior High School, and be it further 

RESOLVED, that the Niagara County Legislature seek a vide and unite~ 
effort in ie-ining approval for Alternative "4c" and respectfully urges 
pa:-ticipation at the hearing in support of Alternative "4c" by U. S. Senators 
Moynihan and D'Amato, Congress~an LaFalce, State Senator Daly, Assembl~~en 
Pillitterp. ar.d lI,urphy, the Tolltl'o! Porter, the Leviston-Porter Board of 
Education, United States and Canadian environmental groups and all other 
interested parties. and be it further 

RESOLVED, that copies of this resolution ,be sent to all of the abo· .. e 
mention~d parties. other interested parties VhOD the Clerk of the Legislature 
feels should be advised of same, the President of the United States, the 
Secretary of Energy a~d to the Tolltl of Leviston. lie", York. 

1.61pah 



K-83 



BEND-l 

BEND-2 

BEND-3 

K-84 

Hr. L. F. Campbell 
Deputy Director, Technical Services Division 
Oak Ridge Operations Office 
U.S. Department of Energy 
P.O. Box E 
Oak Ridge, Tennessee 37830 

Dear Hr. Campbell: 

October 3, 1984 

(
The Oak Ridge a.rea is not suitable or desirable for the storage of any 

radioactive waste. Oak Ridge is surrounded by water. Poplar Creek is on the 
north, the Clinch River is on the other three sides. Smaller streams drain 
from within the area.' This water eventually flows into the potable water 
supply for cities dovnstream·. The Environmental Statement agrees that Oak 
Ridge has a humid climate with a 53-inch annual rainfall. To quote the Envi
ronmental Statement: "ground water will eventually be unavoidably contaminated 
••• in all alternatives." 

(

Let us realize that nuclear wastes are generated in specific locations 
in the production of goods and materials for the entire nation, not for the 
benefit of one location. Therefore, it benefits us all to store, if we must 
store, the wastes in loca.tions which will be best for us all. 

I submit that DOE's Nevada Operations Office is interested in storing 
wastes and is currently storing wastes at its SOO,OOO-acre Nevada Test Site. 
From their pamphlet we learn that "large isolated areas make NTS suitable for 
the disposal of low level radioactive wastes from the nation's defense pro
grams. Low Nevada rainfall prevents percolation of the 'radioactivity to the 
water table several hundu:d feet below." Also, "The NlS has potentially suit
able geologic formations available with deep water tables, low water flow and 
long flaw paths to eventual discharge areas. The NTS land is controlled by 
DOE, and already requires long-term radiological monitoring because of past 
nuclear weapons testing. The NTS has a substantial work force experienced in 
drilling and mining." 

When we compare the 35,000 acres at Oak Ridge, only part of which is 
"reservation," with the SOO,OOO acres at NTS, we realize how limited our 
choices of storage sites here are. NTS has a large area with low population 
density around it. DOE has a commitment to maintain control of the area con
taminated by weapons testing, so storage of more waste would not impose an 
additional burden. 

- ,.. r. ~, .. 
, .') 
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Opinion against Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

Opinion about national responsibility for the radioactive wastes generated is noted. DOE 
will take this into consideration in reaching a decision. 

Opinion about the suitability of DOE's Nevada Test Site for long-term management of the NFSS 
wastes and residues is noted. It is expected that the potential impacts and costs for 
implementing long-term management at the Nevada Test Site would be similar to those for the 
Hanford alternatives analyzed in detail in the EIS. A Nevada Test Site alternative would 
have the same shortcomings as those associated with the Hanford alternative, including high 
transportation risks and higher radiation risks associated with higher radon emissions in an 
arid environment. DOE determined that, because of these similarities, it was unreasonable 
to assess disposal at the Nevada site as a separate alternative. (See also Response KLAB-l.) 

/ 
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Hr. L. F. Campbell 2 October 3, 1984 

We, as residents of Tennessee, do not want our beautiful, healthy, sur
roundings further degraded. We see DO necessity to store any wastes, chemi
cal, radioactive, whatever, in. our area with the knowledge that such storage 
would detrimentally affect us all. 

~i~relY your~ 
T·~~'\-. 
F. Delmar Bende . 
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THIS IS A RETYPED VERSION OF THE ORIGINAL HANDWRITTEN LETTER OF COMMENT FROM 
W.J. COOK. IT HAS BEEN RETYPED TO PROVIDE BETTER CLARITY FOR PRINTING. THIS 
IS A VERBATIM COPY. 

[

Your record on the disposal of hazardous waste (i.e. the mercury contamination 

of important watersheds in east Tennessee) has not been satisfactory. You 

should not consider the use of the facility for radioactive hazardous waste. 

Do not dump hazardous nuclear waste in our ecosystems. I will continue to 

halt any attempts to increase waste 9isposal in our area. 

WJ Cook 
Rt 8 Box 202 
Sevierville. TN 37862 
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Opinion against Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 



ViceM.yor 
Roy Gullett 

September 20, 19~A 
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CITY OF KINGSTON 
Ruby Luckey, Mayor 

Cumberland Street. Kingston. TN 37763 
(615) 376·6584 or 376·6981 

Council members 
Wolter Ford 
Curt is Leffew 
Martin Skinner 
DonWaody 
Martha Wyatt 

Co::cen~E opposin.: additional stora.:;e of radioactive waste at t::e Oak Ridge Fleservation 

RADI~:TlVE lJASTES, A NECESSARY EVIL: NO ONE WAl'ITS IT - IN THEIR STATE 00 IN 

'reEIR NEIG:!BOR.':OCD. THE )I.AYOR AND CITY COUNCIL OF TP.E CITY OF KINGSTON, ON 

LUCKE-l SEP7D5ER 11, 1954, PASSED.A RESOlli'I'ION AS FOlJDolS IN PART: "BE IT RESOLVED 

T..J.AT THE CITY COUNCIL GO ON RECORD AS '·OPPOSING J.J;"y J.J;"D ALL EFFORTS TO BRING 

RADIOJ.CTlVE WASTE )I.ATERIAlS FF!G! oorsIDE T.-:E STATE OF TEfoI1iESSEE TO STORE IN 

FlOAllE Cor,,1;J'Y, TEt--m:SSEE." end q\:ote. IT IS RECCX:;NlZED BY EVERYQ:\E T.-iAT TriE 

DEFJJi"Y.Er;J' OF Et:ERGY IS COt-r:RONTED WI':I; A MOST DIFFICULT Dl:l..:Y.!\A, THAT OF PRO-

VlDING 5TOPJ..GE SITER FOR RADIOACTIVE WASTES. RADIOJ.C7IVE WASTE STORAGE IS A 

FF!IG::7E!,ING PROSPECT. IT PRESEt-7S POTi:l-TIAL DAliGER TO THE HEAl..T!O AND LIFE OF 

F.W.ANS M>D or:~R l1\1'.ABITJ.J;"TS OF THE AIJ!, WA'!'ERS, J.J;1l EART:~. IT IS MY FEAR TEAT 

)I.M"Y OF lS, n;::U1ln'G MY FAY.n.y, WSO ?.AVE UVED AND WORKED IN AND AROt:~m OAK 

FlIOCE FOR OVER FOFl-;Y YEARS I lit. VE BECor-s CCt'.PLt.CDIT ABOLT THE DANGERS OF Rft.DlOACTlVE 

)I.A':'TEP.s. 1-:AIry OF TIlE DA1mERS AP.E YET TO BE DISCOVER:t:;) - OTnERS ARE ALREADY 

JIJ:o.:r:. ¥oY CONCERf\S ?.AVE n~::F.EASED IN T.-iE l.J.ST TEN DAYS A£ I HAVE STUDIED 'l'nE 

DOE'S REPO.'q! or: TIIE ENVlROl1MEJ,':AL IMFACT Fan T::E PRJPOSED CONSTRUCTION OF A 

FACILITY roo DISPOSAL OF 1.OoI-LEVEL RADIOACTIVE WASTE III THE Of\K Jmr..E JiESEFlVATION. 

IF BUILT I IT CO-1POUlt'DS THE PROBlEMS TO BE REALIZED FRCJo! THE ADDITIONAL DANGERS OF 

TRANSPORTING RADlOAC'!'IVE WASTES FF!~ TrlE STATE OF NEW 'YORK, THE NIAGARA FAIJ.S 

STORAGE SITE. 
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Resolution against Alternatives 3b, 4c, and 4d is noted. This comment, along with those 
from other commenters, was taken into consideration in determining the preferred alternative. 
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IN AI>DmON TO THE PRESl:NT HOlDING PONDS AND 0l"HElt STMAGE SITES IN THE OAK 

RIDGE RESERVATION" :FIVE STATES. HlESENTLY HAVE RADIMCTlVE WASl'£ FACIUTIES(DOE)" 

ANI> T:-mEE STATES SUPPORT CCMlERCIAl. FACIUTIES. MY Qt'ESTION IS, "IS IT 

FEASIBLE THAT THE EXISTING FACIUTIES BE lITIUZED IN T"riE STORAGE OF T:-iE :u::M

LEVEL RADIOACTIVE WASTES AND FOR T"r:E :rtrrURE BUIU> THE NECESSARY STORAGE SITES 

IN AREAS WHIC? ARE Nor LOCATED NEAR CITIES AND OL"R WATERWAYS? 

IN CLOSING, I worlD LIKE TO QUOTE 'NO STATU-SNTS TAKEN FFlet'! TliL CWDF ENVlROr,-

TnE TEhi:ESSEL DEPA.'tl.D-!Eh'T OF MEALT"rl AND ENVIRONMENT II'; 1983, STATES, "THE PRESENT 

HOlDING PO:"OS IN OAK RIDGE ARE LEAKING INTO BEAR CREEK, THEREBY RESULTING IN 

DISCliARGES TO THE WATERS OF THE STATE OF TENNESSEE." 

SEcO!;n QUOTE: .. 

4.; ctlMIJl.A';I'IVE IY.PACTS "ALT!lOUGRNor PLANNED,T"rlERE IS A POTENTIAL FOR OVERlAP 

WITH ANOTnER PROJECT, 'l'i":E DISPreAL OF NIAGARA FALlS STORAGE SITE WASTES AT THE 

PINE RIDGE KNOllS Sl'I'E (U.S. DEPARTMENT OF ENERGY 19~). IF THE NFS? PROJECT IS 

IY.PlEMEh'TED WITH DISPOSAL OF THE 'WASTES AT THE OAK RIDGE RESERVATION, 0l\'E TRUCK' 

HAULING RADIMCTIVE WASTES WILL BE BROUGHT INTO ORR EVERY "MINUTE DURING 'NO 

Suw.ERS (THE CWDF PROJECT WOOUl INVOLVE ABOUT 2 TRUCKS PER HOUR PER 8-HOUR SHIF'X 

FOR T:-!E FIRST Ii YEARS. TinJS, THE CUMULATIVE TRANSPORTATION IMPACT WOUlD RESULT 

IN INCREASED TRAFFIC CONGESTION, INCREASTED ACCIDENTS, AND ACCELERATED DETERIORA

TION OF THE ROADS, :ffilMARILY DUE TO THE NFSS (NIAGARAFAUS STORAGE WASTE) PflOJECT: 

AS STATED IN THE BEGINNING, NO em: WANTS IT, BUT Pl.EASE DON'T HAKE us THE GARBAGE 

HEAP FOR THE WHOLE C~Y. 
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i;:-;EF-EAS it ~.3S been repcrted tl'.at a proposal has been 
~3ce ~o bring r3c':':3ctive waste material froro Niagra Falls, 
!:~W "::>rk and s~:>re S".Jch ma~erials in the Grassy Creek area of 
Rcar.~ C,unty, Te~:.essee; and, 

A~~REAS Gra:5J Creek enpties i~to the Clinch River above 
KH.~ s~on and the Cou~= i1 is concernec that such stc.ra.e will 
cre~~e ~~ envi=o~~e~:al "~zard w~ich will adversely a!!ect this 
cc=;.:~':'ty 

:.<:.\; THERU'ORE be it resolved U:at the City Cour.cil go on 
record as opposing ar."j , all efforts to bring radic·acti'Je waste 
~3:e=i31s from outside the State of Ten~essee to store in Roane 
Coun~y, Tennessee 

Copies of t"~s resolution are to be forwarded to proper 
go~err~enta1 bocies and elec~ed officials, 

......"...... ;q I . I . -'--' '.}- ';'/ 
City l:ierk 

This~day of Sept~ber 1984 
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"r. L.E. C~~pb~ll, D~puty Dire:tQr 
Technical Service. Di.i.ion 
Oak Ridge O~erations Office 
U.S.Department Of Energy, P.O.Box E 
Oak Ridge,Tn. 37£30 

De~r Sirl 

I ha~e read the Draft En~iron~ental Impact State~~nt 

(DOE:EIS-Ol09D) and wish to comment on .ome of the provisions. 
The temporary storage provided at Lewiston, N.Y. is sufficient 
for the immediate future, but appears to bave obj~ctions for a 
perman~nt storage. The various anti-nuclear groups insist on 
assurances of zero migration under all foreseeable conditions. In 
the case of uranium and radium, in particular, this assurance 
could not be given. Further,this .ite, in common with all land 
disposal., would require perpetual care and serveilance to 
prevent div~rsion .t some future time. The principal real hazard 
to storage of these materials is their employment in the 
construction of human habit~tions, either.s construction 
materiels or as fill under buildings. 

The second alternative, the removal of the materi.ls to the 
deep ocean, off the continental shelf, is by far the safest 
approach to permanent storage. The radiochemistry of the sea has 
been carefully documented by Oak Bidge's famous Hungarian
Dr. Elizabeth iona, among others. For the isotopes of uranium and 

.thorium alone, the .ea is the .afest repository. The small amount 
of uranium still present in the residues is quite soluble in sea 
water and will make an insignificant contribution to the amount 
already there. The thorium familylincluding the thoriums in the 
uranium family) are insoluble in sea water and will, like the 
thoriums created in the decay of uranium, precipitate to the 
bottom of the .ea, where it will decay, by the route of radium, 
to lead. iadium is virtually insoluble in sea water, and any 
amount added from the land would be in.ignificant to the amount, 
at near .aturation, pre.ent in .ea water. 

The foregoing .ethod is the .ost logical of the method. 
described, but politics is not logical. There are a .lot more 
people in New York St.te than there are in the State of 
Tennessee, and in the world of politic., this is relevant. The 
second removal option, to a preselected site in Oak iidge, must 
be considered. viable option. With provisions siml1lar to tho.e 
.ade for temporary storage .t NFSS, these clay hill.ides can be 
made to .tore the.e uranium residue. at lea.t as long a. their 

1 



PERD-1 

PERD-2 

. PERD-3 

K-95 

This potential hazard is analyzed in Section 4.1 (resident-intruder scenario). 
in the EIS. this scenario leads to the greatest potential radiological impact. 
Topical Response 1.) 

As discussed 
(See also 

Recommendati.on for ocean disposal (Alternatives 4b and 4d) is noted. This comment, along 
with those from other commenters. was taken into consideration in determining the preferred 
alternative. 

Opinion about Oak Ridge being as suitable as NFSS for long-term management of the NFSS 
wastes and residues is noted. This comment, along with those from other commenters, was 
taken into consideration in determining the preferred alternative. 
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lpr~sent repository. As I tried to point out at a m~eting of Oak 
iidge City Council earlier in the year, these materials would 
requir~ permanent isolation. The half-life of radium-220 is 1000 
years and since the thorium-230 parent is nearly in equilibrium, 
there will be ebout 2 kilograms of radium equivalent in the 

(

repository for about half • ~illion years. Should the Oak iidge 
site b~ chosen, the City should be compensated for about 16 acre. 
taken out of the tax base permanently. Further, since permanent 
security is required, provision should be made for an adjacent 

(
commercial low-level repository owned by the city, and controlled 
by the U.S.Government. There are presently about 10 radioactive 
waste repositories in the city, containing all members of the 
uranium family and all known fission products. There should be 
one that is legal and under control of the City. Unless something 
is done in this country soon, the city fathers of a good many 
U.S. citi~s will come to realize with a shock that the city dump 
is radioactive ! 

(

The Hanford option is the least attractive, because of the 
sheer volume of waste that would n~ed to be transported aero •• 
the U.S. In this respect, Oak 2idge has relatively direct rail 
conn~ctions and would thus be more attractive. Of the land 
repositories, the high elevation above the water table and d~sert 
conditions .ake the storage at Hanford attractive. 

Th~ radiochemistry has been worked out for .any 
the prop~r storage of these radioactive •• terials, 
fission product.. It i. politits that i. preventing 
storag~ of these products and re.idues. 

Sin~erely Yours, 

r?-.(f{P~ 
P.T.Perdue 

Copyl Oak iidge City Council 

2 

year. for 
including 
the saf~ 
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Opinion is noted regarding the need to compensate the city of Oak Ridge if Alternative 3b; 
4c, or 4d is selected. DOE will take this into consideration in reaching a decision. 

Opinion about providing for an adjacent commercial low-level repository is noted. DOE will 
take this into consideration in reaching a decision. 

Opinion is noted that the Hanford alternatives (3a, 4a, and 4b) are the least attractive. 
Thi 5 comment, along with those from other commenters, was taken into cons i derat ion in 
determining the preferred alternative. 
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THIS IS A RETYPED VERSION OF THE ORIGINAL HANDWRITTEN LETTER OF COMMENT FROM 
LINDA ROWLAND. IT HAS BEEN RETYPED TO PROVIDE BETTER CLARITY FOR PRINTING. 
THIS IS A VERBATIM COPY. 

Sept. 23 

Dept. of Energy. 

[

As a resident of Anderson County and mother of 2 children I would 

like to voice my sincere and strong objection to bringing anymore nuclear 

waste into the Oak Ridge area. Bringing nuclear waste that is already stored 

in the Niagera Falls area to Anderson County is much too costly and dangerous. 

One of my objections to the use of nuclear power plants is that no fool-

proof method of waste storage has been devised. 

Please do not consider the Oak Ridge area for any more nuclear storage. 

Sincerely. 

Linda Rowland 
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Objection to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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Mr. Lowell F. Campbell 
U. S. Dept. of Energy 
Oak Ridge, Tn 37830 

Dear Mr. Campbell: 

K-IOO 

September 20, 1984 

[

After reviewing the August 1984 DEIS re NFSS I wish to go 
on record as opposing the storage of the NF waste in Oak Ridge, 
Tn. from the financial, health and traffic standpoint. Such a 
consideration to make the deposit here is incomprehensible. 

(

My thought is that each state should assume the responsibility 
of its own nuclear waste and using the ocean as a dump site 
should be an absolute no. It should occur to our scientists 

[

that the inhabitants of this globe have been here for a long 
time and should expect to continue living on this earth for gen
erations to come. They should take that into consideration 
before creating the hazards that they persist in doing. 

~~uif:'~ 
344 Louisiana Ave. 
Oak Ridge, Tn. 37830 
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RULEY-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into ~onsideration in determining the preferred alternative. 

RULEY-2 Opinion about each state being responsible for its own waste and opposition to ocean disposa' 
are noted. DOE will take this into consideration in reaching a decision. 

RULEY-3 Opinion about considering the hazards that are being created is noted. DOE will take this 
into consideration in reaching a decision. 
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THIS IS A RETYPED VERSION OF THE ORIGINAL "HANDWRITTEN LETTER OF COMMENT FROM 
CYD RYMAN. IT HAS BEEN RETYPED TO PROVIDE BETTER CLARITY FOR PRINTING. THIS 
IS A VERBATIM COPY. 

I make this statment as an individual, not as a member or representative 
of EQAB (Environmental Quality Advisory Board to the city of Oak Ridge). 

Over all the DEIS regarding the NFSS is very good. I thank you (DOE) for 
the time and effort made to compile even the Draft EIS. 

I make only minor pOints. 

Several options were considered. Among these were depositing the mine 
tailings & other low level wastes in the ocean, site 106, with negligible 
effect. The option of resourse recovery and modification of form were also 
cons i dered. However nei ther of these were cons i dered for Oak Ri dge-- i n 
combination. 

RYMAN-l ( I suggest you consider depositing the low level rad wastes in the ocean, 
thus, taking care of 96% or most of the volume. 

RYMAN-2 

" RYMAN-3 

RYMAN-4 

RYMAN-5 

Then I suggest that we try some resourse recovery before form modification 
by vitrification for the remaining higher level rad-wastes. 

Unfortunately, I have no facts to support my belief that resourse recovery 
can be done. How much, if anything, was recovered before vitrification of 
some rad wastes & storage in the old salt mines near Kansas City? If it were 
to happen, where would form modification take place? 

[ 

I was astounded by the costs of perm-care at Niagara Falls. Are costs 
so high because someone would need to check on the site periodically and the 
government has no one there? 

C Concerning the selected Oak Ridge site--Who chose it? Why? Was it 
merely because there was sufficient data on that land site? 

[

The argument that wastes would be deposited on only 40% of the land of 
the site and that the rest of the site would be useable is faulty, because of 
irregular configuration of the deposits and the need for buffers (Figure 3.14). 
Thus most, or all, of the Pine Ridge Knolls site would not be suitable for 
other commerical interests. 

Thank you. 
Si ncere ly, 

Cyd Ryman 
443 East Drive 
Oak Ridge 
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RYMAN-I Opinion for ocean disposal (Alternatives 4b and 4d) is noted. This comment, along with 
those from other commenters, was taken into consideration in determining the preferred 
alternative. 

RYMAN-2 Opinion for resource recovery followed by vitrification of the residues is noted. The 
technical aspects and environmental implications of this alternative are discussed in more 
detail in Appendix C, Section C.2. The Kansas City operation dealt with high-level wastes 
containing radionuclides that are different than the naturally occurring radionuclides in 
the NFSS residues. 

RYMAN-3 The estimated costs of permanent care at NFSS (for the preferred Alternative 2) would be the 
same as at Oak Ridge or Hanford (Table F.l)--amounting to about $85,OOO/yr. This amounts to 
about 9 person-months of effort and is primarily for monitoring, periodic surveillance, and 
occasional maintenance. 

RYMAN-4 As noted in Section 2.5.1, the Pine Ridge Knolls site was identified by the DOE Oak Ridge 
Operations Office as being a site that is reasonable to assume for purposes of analysis and 
comparison of alternatives in this EIS. It is potentially available for disposal of the 
NFSS wastes and residues and site-specific information is available on this site so it can 
be analyzed. 

RYMAN-5 There is no statement in the EIS that only 40% of the land would be used at the Pine Ridge 
Knolls site and that the rest of the area could be used for other purposes. As shown in 
Table 4.58, about half of the acreage needed would be for a buffer zone and service area. 
(See also Responses TDHE-5; USEPA-32; WALK-I, -3; YAGER-2.) 
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THIS IS A RETYPED VERSION OF THE ORIGINAL HANDWRITTEN LETTER OF COMMENT FROM 
NELLIE SHROPSHIRE. IT HAS BEEN RETYPED TO PROVIDE BETTER CLARITY FOR PRINTING. 
THIS IS A VERBATIM COPY. 

Sirs 

(..,t,: feel we have more than our share of polution and do not need any trans-

from other locations. We have the right to preserve our enviroment ~ere 

in Tennessee the same as any other state. 

Nellie Shropshire 
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SHROP-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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THIS IS A RETYPED VERSION OF THE ORIGINAL HANDWRITTEN LETTER OF COMMENT FROM 
JEAN SPACH. IT HAS BEEN RETYPED TO PROVIDE BETTER CLARITY FOR PRINTING. THIS 
IS A VERBATIM COPY. 

September 23 

Dear Sirs, 

[ 

I want to be counted among those opposed to storing any extra nuclear 

waste in Oak Ridge. We are already doing a poor job with our local by products. 

We don't need anyone else'~ waste. 

Jean Spach 

ADDRESS ON ENVELOPE: 

Spach 
226 Hendri x Dr. 
Oak Ridge, TN 37830 
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SPACH-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONMENT 

October 5, 1984 

Mr. L. F. Campbell 

lur •• " 0' E" ... 'Dft....nt 
T.E.A.lU. BUILDING 

no NINTH AVENUE. NOATH 
NASHVILLE. TENNESSEE 37203 

Deputy Director, Technical Services Division 
Oak Ridge Operations Office 
U. S. Department of Energy 
P.O. Box E 
Oak Ridge, Tennessee 37830 

Re: Long-Term Management of the Existing Radioactive \\'astes and Residues at 
the Niagara Falls Storage Site - Draft Environmental Impact Statement 
(DEIS) 

Dear Mr. Campbell: 

Detailed comments. on the above referenced document by our Divisions of 
Radiological Health and Air Pollution Control are attached. As of this writing, two 
other Divisions have not completed their review. However, because previous 
obligations will keep the person coordinating our review and comments out of town 
until October 9, we wish to document the current position of the Tennessee 
Department of Health and Environment with this letter. Any additional detailed 
comments will be forwarded at the very first opportunity. 

We have noted the positions of local residents and officials as delivered at the 
September 20, 1984, public hearing in Oak Ridge. \\'ith empathy and due respect 

[

for the apparent concerns of residents in the: Niagara Falls Storage Site area, we 
must agree with Oak Ridge area residents. Events of the past few months have 
revealed that the Department of Energy (DOE) at its Oak Ridge site already has a 
sufficient number of waste disposal problems to deal with for the forseeable future. 

The prOblems that we, the U. S. Environmental Protection Agency, and DOE's Oak 
Ridge staff c1Jrrently face are of considerable complexity and magnitude. \I'e are 
convinced that DOE is committed to cleaning up "sins of the past" and to 
compliance with existing environmental statutes now and in the future in Oak 
Ridge. However, this effort will involve continuing dedication to the task, hard 
work, and time from DOE, government officials at all levels, local residents, and 
the news media. Furthermore, this effort will take millions of dollars. The DEIS 
estimates that the costs of alternatives involving Oak Ridge or Hanford are at least 
an order of magnitude higher than for those involving Niagara Falls. V'e would 

( prefer that the monies in the differential be used to research and address known 
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Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

Preference for spending money to solve the problems at Oak Ridge rather than moving the NFSS 
wastes and residues is noted. DOE will take this into consideration in reaching a decision. 
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Mr. L. F. Campbell 
October .5, 1984 
Page Two 

K-110 

and potential problems in Oak Ridge. '1'e also must acknowledge and point out the 
increased risk to public health and safety po:.ed merely by the transport of this 
material a ..... ay from its present location to another distant location. 

( 

'1'e feel strongly that DOE's preferred option should not involve any of the 
alternatives proposed at Oak Ridge. In fact, in the best interests of Tennesseans, 
we feel that legal action would have to be one of our considerations in the event 
that DOE should decide in favor of one of the Oak Ridge alternatives. 

The opportunity to offer comment in this important matter is most certainly 
appreciated. Should further discussion be needed please feel free to contact this 
office. 

Sincerely, 

Michael T. Bruner, Dr. P. H. 
Assistant Commissioner 
Bureau of Environment 

MTB/TKC/ca/l/) 

Attachments 
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Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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DRH Comments on review of DRAFT EIS 
(DOE/EIS-oI090) long-term Management of 
the Existing Radioactive \J.'aste and Residues 

at the Niagara Falls Storage site 

TDH£-4 ( Summ.", Page yi

TDHE-5 [ Page. - ',ltem ._2 -

Pine Ridge Knolls are proposed as site for above ground 
storage in mounds. Why not the Central Waste Disposal 
Facility on West Chestnut Ridge or, if the Knolls are better, 
use that site for C\J.'OF. 

Radium -226 appears to be the primary source of the 
radioactivity. Oak Ridge was not established and to our 
knowledge has not been used, for naturally occuring· 
radioactive material waste handling. Why start now?? 

TDHE-6 ( Page 2-15, Item 2.5.2 - Impact of erosion of Knoll when trees are removed is not 
discussed. 

TDHE-7 ( 

TDHE-B [ 

TDHE-9 [ 

TDHE-IO 

2. 

3. 

Why are there to be no Radium-222 releases at Oak 
Ridge if caps are similar to those proposed for 
alternative I, at NFSS? 

Migration of contaminants is controlled by a great 
number of factors apparently not considered here. 
A conclusion of slow migration is not supported at 
this point and should not be made. 

I did not recognize anything in this document that presented a compelling reason to 
do-anything with this material, i.e, alternative I, or at most alternative 2a is the 
option to take. All of them presented some degree of hazard. These seemed to 
have the least. 

On page 3-30 of the Niagra Falls OEIS it says, "The Pine Ridge Knoll site 'is 
underlain by the Rome formation and the Conasauga Group (Figure 3.15). About 
230 m (740 h) of continuous Rome Formation ••• has been observed at the site." 

However, on page 2-8 of the Chestnut Ridge OEIS (OOE/EIS-o II 0-0) it says, "Of 
the four major strata-Conasauga Group, Knox Group, Chicamauga Group, and 
Rome formation--only the Knox Group and the Conasauga Group have 
characteristics that are considered suitable for placement of a waste-disposal 
facility (Lee et a!. 1983; lominect et al. 1983)." 

The Niagra Falls OEIS does not have either reference in any chapter. 

The full references are: 

lee, D. W., R. H. Ketelle, and l. H. Stinton. 1983. Use of DOE Site 
Selection Criteria for screening Low-level Waste Disposal Sites on 
the Oak Ridge Reservation. ORNL/TM-8717. Prepared by Oak Ridge 
National laboratory, Oak Ridge, TN, for the Low-Level Waste 
Management Program, U. S. Department of Energy. September 1983 

Lominick, T. F., D. W. Byerly, and S. Gonzales. 1983. Evaluation of the 
ORNL Area for Future Waste Burial Facilities. ORNL/TM-869.5. Oak 
Ridge National Laboratory. 

This must be addressed if alternative 3b, IIc, or 4d is developed further. 
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TOHE-4 Because of the large volume of wastes to be generated at Oak Ridge and the large volume of 
the NFSS wastes and residues, DOE believes that two sites would be needed. 

TOHE-5 Oak Ridge is being considered as an alternative because it is a ODE site and the NFSS wastes 
and residues are a DOE responsibility. It is not the preferred alternative. (See also 
Responses RYMAN-4; USEPA-32; WALK-I, -3; YAGER-2.) 

TOHE-6 The impact of erosion when trees are removed is discussed in Sections 4.2 and 4.3. 

TOHE-7 The cap at Oak Ridge is similar to the long-term cap at NFSS (Alternatives 2a and 2b),"not 
the Alternativ.e 1 (no-action) cap. Radon-222 releases are discussed in detail in Sec
tion .4.l.2.2). 

TOHE-8 Many factors affecting the long-term migration of radionuclides into groundwater at Oak Ridge 
are discussed in detail in Section 4.2.2. As noted in Section 4.2.2.1, the most sensitive 
parameters are hydraulic conductivity and distribution coefficient. (See also Responses 
USEPA-38, -40.) Using a conservatively high number for the average hydraulic conductivity 
and conservatively low numbers for distribution coefficients, slow migration is predicted 
(Section 4.2.2). Based on all available information, the conclusion of slow migration is 
supported. 

TOHE-9 Opinion for Alternatives 1 and 2a is noted. This comment, along with those from other 
commenters, was· taken into consideration in determining the preferred alt~rnative. 

TDHE-I0 The information given in the two additional references, which are site-screening studies for 
the Oak Ridge Reservation, was considered by DOE Oak Ridge Operations in selecting the 
alternative-site for consideration in this EIS. 
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APC Comments on review of DRAFT EIS 
(DOE/EIS-DI090) long-term Management of 
the Existing Radioactive \\'aste and Residues 

at the Niagara Falls Storage site 

It appears the only real possibility of air. impact from the option of storage of DOE 
Niagara Falls waste at Oak Ridge could be fugitive emissions from handling cover 
materials (rock and dirt). This handling includes excavation loading, transport 
unloading and placement. Although the draft statement does not specify what 
precautions will be taken to assure a negligible impact, the statement mentions 
that truck traffic will increase during the project; DOE recognizes there will be 
some impact. 

I expect that jf reasonable precautions are taken in the rock and dirt handling there 
will be-negligible air impact. 1 believe it is appropriate for the Division to 

(

comment that we do not anticipate a prOblem developing but want to assure that 
the matter of reasonable fugitive dust control be considered even jf not 
comprehensively addressed. ~. 

TKC/ca/l/2 
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TDHE-11 Radiological impacts are estimated assuming typical construction activities and associated 
particulate releases (Section 4.1.2). As noted, dust conttol measures would be employed, 
such as periodic watering and minimization of exposed surfaces, and actual particulate 
releases might be lower than those assumed in the EIS analysis. (See also Response USEPA-13). 
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TENNESSEE VALLEY AUTHORITY 

KNOXVILLE. TENNESSEE 37aOZ 

SEP 20 i984 

Hr. ·Lo~ell F. Campbell, Deputy Director 
Technical Services Division 
U.S. Department of Energy 
Oak Ridge Operations 
Post Office Box E 
Oak Ridge, Tennessee 37831 

Dear Hr. Campbell: 

Thank you for the opportunity to revie~ and comment on the document. 
If you have questions or comments, please contact John R. Thurman at 
(615) 632-6656 (FTS 856-6656). . 

Martin E. Rivers, Director 
Environmental Quality 

An EQual Opportunity Employer 
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Opinion for Alternative 2a is noted. This comment, along with those from other commenters, 
was taken into consideration in determining the preferred alternative. 
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Mr. L. F. Campbell 
Deputy Director, Tech Servo Div. 
Oak Ridge Operations Office. U. S. DOE 
P.O.Box E. Oak Ridge. TN 37830 

Dear Mr. Cam~bell: 

KENNETH S. WARREN, Chairman 
lOS Evans Lane 

Oak Rid,e, Tennesstt 37830 

Phone(6JS)483~n 

483-1027 

October 4. 1984 

We wish to make a few comments on the draft Environmental 
Impact Statement. Long-term Management of Existing Radioactive 
Wastes and Residues at the Niagara Falls Storage Site. Lewiston. 
New York. Our remarks will be confined generally to the plan 
which would involve using a site near Oak Ridge. Tennessee 
as the final dumping ground for the NFSS radioactive wastes. 

A number of health problems presently exist in the environs 
of Oak Ridge. Tennessee. These are: 

(I) 2.4 million pounds of mercury are been lost to the 
environment and is now contaminating local ground waters. 

(2) Radionuclides in the air near Oak Ridge are currently 
above EPA standards. 

(3) The Oak Ridge plants currently serve as a dumping ground 
for over 7.570.000 cubic feet of low-level military wastes. 

(4) Although the Safe Drinking Water Law prohibits injection of 
contaminants into an underground sou~ce of drinking water. now 
EPA has released permits to three chemical industries for 
injecting chemical wastes into the entire Knox aquifer. 
comprising about 124 cubic miles in volume. 

(5) Inventory personnel have disclosed that 100 pounds of 
uranium are missing. according to their records. Until 
this uranium 1s located • we must assume that it may eventually 
show up in the environment. also. The tendency to suppress 
pertinent information must be acknowledged. 

The history of radioactive waste practices reveal~niversal 
off-site migration of radioactivity and shoddy burial techniques. 
Borings cannot adequately characterize a proposed burial site. 
~gration of wastes 1s poorly understood~ and there is no way 
to permanently control slumping and shifting 1n a burial ground. 
In view of the problems that already exist. wastes should be 
preserved at the NFSS rather than bro~ght to Oak Ridge. 

J.,-~ ~.P~. ~ ... 
~ Q ,."'(\ 

~A.If~ 
-fo-r -- TWA c-
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Opinions regarding existing health problems at Oak Ridge and preference for Alternative 1, 
2a, or 2b are noted. These comments, along with those from other commenters, were taken 
into consideration in determining the preferred alternative. 
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Hr. L.F.Campbell 
Deputy Dir •• Tech Services Div. 
Oak Ridge Operations Office. D.O.E. 
P.O. Box E, Oak Ridge. TN 37830 

Dear Sir: 

After perusal of the DEIS on 8 Disposal Facility for Law-Level 
Radioactive Waste (DOE!EIS-OII0-D) and attendance at the September 
public hearing, I would like to express my protest to the concept of 
moving wastes and residues from the NRSS for the following reasons: 

1. Hazard to the workers and to the public which would develop 
during the moving. 

2. Expense, which will eventually be billed to the taxpayer. 

3. Contamination of ocean waters, a valuable resource, which is 
already being contaminated much too rapidly. 

Please include this letter with other testimony which may be 
published in the future on this subject. Thank you for the opportunity 
to submit a written comment. 

Very truly yours, 

Helen Scott Warren 
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Opposition to Alternatives 3a, 3b, 4a, 4b, 4c, and 4d is noted. This comment, along with 
those from other commenters, was taken into consideration in determining the preferred 
alternative. 
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Enrvliw orr ..... 
~7.·117. 

Accounm.," ~ Do:pt. 

'Ta·IIU 

YAGER-I [ 

YAGER-2 

YAGER-3 

Office of the County Executive 
aoA"[ COU"TY COUlt'MOU'[ 

KIIiGSTOIi. UIIIIUSE[ J771) 

September 20, 1984 

COMMENTS 

waste or 

(NFSS). 

OF KENNETH E. YAGER, ROANE COUNTY EXECUTIVE, RELATIVE 
TO THE DRAFT ENVIRONMENTAL IMPACT STATEMENT (DEIS)/LONG 
TERM MANAGEMENT ,OF EXISTING RADIOACTIVE WASTE AND RESIDUE 
AT THE NIAGARA FALLS STORAGE SITE (DOE:1984). 

I oppose storing in Oak Ridge (Roane County) any of the 

residue presently found at the Niagara Falls Storage Site 

The proposed site for the storage of any NFSS waste and/or 

residue, is drained by tributaries of the Clinch River, principally 

Grassy Creek, Bear Creek, and the East Fork of Poplar Creek. The 

Clinch River flows through Roane County to Kingston, where it merges 

into the Tennessee River. The Tennessee River provides water for 

Kingston, and recreational opportunities for thousands of swimmers 

and fishermen. 

It is easy to see why many people throughout Roane County 

who depend on the Tennessee River for water, or for recreational 

purposes would be affected by the radioactive contamination. 

Moreover, this particular site is suitable for industrial 

development, and the location of the proposed site in Roane County 

would completely take the property out of consideration by 

industrial prospects. 

It is the Departrnent of Energy's stated goal that Roane 

County become self-sufficient to a point that it no longer would 

depend on DOE's federal assistance payments. A policy of taking 

the NFSS waste and dumping it in Roane County is contrary to that 

goal and would make it more difficult to become truly self-sufficient. 

I do not support any effort that would make Roane County 

the -dumping ground" for waste already located at the Niagara Falls 

site. Leave the waste where it is rather than contaminate other 

areas of the country, and increase the risk of contamination in five 

other states, by transporting it almost a thousand miles, from New 

York to Tennessee. 

Thank you. 
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YAGER-1 Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

YAGER-2 These subjects are discussed in Sections 4.1, 4.2.2, 4.3 (water contamination), and 4.6 
(industrial land use). (See also Responses RYMAN-5; TDHE-5; USEPA-32; WALK-I, -3.) 

YAGER~3 Opinion that management of the NFSS wastes and residues at Oak Ridge would be contra~ to 
the goal of making Roane County self-sufficient is noted. DOE will take this into considera
tion in reaching a decision. 
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JOH' SPELl .... \ .. " 
Governor 

WDEC-I ( 

SHU OF WASHNG10N 

DEPARTMENT OF ECOLOGY 
"LlII Slop P\'·71 • OI)""'PliJ. WiJ;hingron 9850-1 • (xx,,4S!HJOOO 

Mr. lO,'1ell Campbell 
Deputy Director 
Technical Services Division 
U.S. Department of Energy 
Oak Ridge Operations 
P. O. Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Campbell: 

October 4, 1984 

Thank you for the opportunity to review the draft Environmental Impact 
Statement (EIS) for "long-Term Management of the Existing Radioactive 
Wastes and Residues at the Niagara Falls Storage Site". 

In accordance with the state's responsibilities under NEPA, this 
agency has coordinated the review of your document with other state 
agencies. This letter, along with the enclosed agency comment 
letters, constitutes the State of Washington response to your EIS. 

To briefly summarize the state's position, there are a number of 
issues identified in the enclosed letters which have not been ade
quately addressed in the draft EIS. These issues need to be dis
cussed in the final EIS. The state's review of potential impacts and 
alternatives leads us to conclude that none of the alternatives in
volving disposal at Hanford should be selected. 

We look forward to receiving the final EIS when it is issued. If you 
have any questions, please contact Ms. Carol Jolly (206/459-6224). 

DWM:pk 

Enclosures 

cc: Governor John Spellman 
State Agencies 
Carol Jolly, WDOE, lO~1 level Nuclear Waste 
Greg Sorlie, WDOE, Environmental Review 

.... - ~. 

DON>J.D W MOOS 
Oorl'C1or 
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Opinion against Alternatives 3a, 4a, and 4b is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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JOHN SPEUM-.N 
Governor 

[)()NAlO W. MOOS 
Dr!'<tOf 

WDEC-2 

STATE Of WASHINGTON 

DEPARTMENT OF ECOLOGY 
Mail Slop PY-11 • OIyrrpid. W"shil'l8ton 98504 • (206) 4S9-6aXJ 

October 3. 1984 

Mr. Lowell Campbell 
Deputy Director 
Technical Services Division 
U.S. Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge. TN 37830 

Dear Mr. Campbell: 

The ~ashington Department of Ecology (~~OE) appreciates the opportunity to 
co~ent on the Draft Environmental Impact Statement (DElS) on Long-Term 
Management of the Radioactive Wastes and Residues at the Niagara Falls 
Storage Site (NFSS). 

In light of the inclusion of three alternatives that would entail burial of 
part or all of the wastes and residues on the U.S. Department of Energy's 
Hanford Reservation near Richland. WIlOE has a strong interest in the 
evaluation of the impacts described in the DElS. Our review of the impacts, 
as described in the document, leads us to conclude that none of the alter
natives reflecting Hanford disposal should be selected by U.S.DOE as its 
preferred alternative. 

In virtually every category of effect, Hanford is the least supportable 
alternative discussed: 

• 

"During the action period, the risk is highest for workers 
if all wastes and residues are moved to Hanford: (Page i) • 

"Long-term radiological risks to the general public are 
expected to be highest for Alternatives 3a, 4a, and 4b 
[those involving Ha~ford disposal) primarily because of the 
much higher releases of radon gas from the residues in the 
arid climate at Hanford" (Page vii). 

"Initial commitments for the action alternatives range from 
about S3.2 to S6.3 million for Alternative 2a (modified 
containment at NFSS) to about S130 to S260 million for 
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Opinion against Alternatives 3a, 4a, and 4b is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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Hr. Lowell Camp"bell 
October 3. 1984 
Page 2 

• 

Alternative 3a (Illove all wastes and residues to Hanford)" 
(Page 2-25). 

Total one-way distance to transport wastes and residues 
range from zero if they remain at NFSS to 4100 km (through 
12 states) if they are moved to Hanford (Page 3-42) • 

"The largest bronchial epithelium and bone doses. however. 
will be associated with transport of the residues and wastes 
to Hanford. primarily because of the radon-222 andparticu
late releases and the longer distance involved" (Page 4-21). 

"Implementation of any of the Hanford alternatives will. 
however. result in a greater net contribution to general air 
quality degradation in the United States because total 
emissions will be greater as a result of the greater 
distance involved" (Page 4-94). 

The Department of Ecology is aware of the substantial quantity of low-level 
radioactive waste from U.S.DOE's Surplus Facilities Management Program that 
is already projected for Hanford disposal. According to DOE/NE-0017/2. 
"Spent Fuel and Radioactive Waste Inventories. Projections. and 
Characteristics." 3.171 m' of low-level waste from California and over 
58.280 m3 of waste from Washington are to be added to the 15.400 m' of 
waste from Pennsylvania's Shippingport reactor buried at Hanford. It seems 
to us not only environm"entally unsound. but also inequitable. to add the 
190,000 m3 of Niagara Falls wastes and residues to this total. 

"'DOE also wishes to emphasize a deficiency in the DEIS that we believe will 
require attention in the Final Impact Statement. On Pages 4-103 and 4-104. 
the DEIS addresses the issue of federal facilities being subject to the 
Resource Conservation and Recovery Act (RCRA). It states that "U.S. DOE 
will implement all appl:l cabl e requirements of RCRA for whichever NFSS 
alternative is implemented." 

It is our view that--based on the information in Tables 3.7. 3.8. and 
3.9--the residues could be classed n~ Extremely Hazardous WAstes and the 
wastes as Dangerous Wastes under ~ashington's hazardous waste regulations. 
However. the information in the DEIS is insufficient to make such a deter
mination. Verification of waste hazard will require testing for [P Tox
icity and corrosivity and analysis of organic and carCinogen content. Such 
data"should be included in the Final [IS. 

We are aware that U.S.DOE and the U.S. Environmental Protection Agency 
(U.S.EPA) are currently attempting to define the types of mixed hazardous 
and radioactive waste that will be subject to RCRA regulation. Should the 
Niagara Falls residues and/or wastes be classed as "byproduct" wastes and 
excluded from state dangerous waste regulation, it is our view that the 
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Opinion about the addition of the NFSS wastes and residues to the Hanford Reservation being 
inequitable is noted. DOE will take this into consideration in reaching a decision. 

As noted in Section 4.7.1.2, DOE is analyzing the NFSS materials. Results of the EPA toxicity 
test (EAL Corp. 1984) indicate that the residues fail this test, particularly with respect 
to lead (see lead concentrations in Table 3.7). However, because the NFSS materials are 
classified a "byproduct" material under the Atomic Energy Act of 1954, as amended, they are 
exempt from RCRA under .40 CFR 261.4(4). The chemical constituents of the NFSS wastes and 
residues are defined and analyzed in Section 3.1. 8. Based on this analysis, it is not 
necessary to conduct corrosivity tests or to analyze the organic and carcinogenic content of 
the wastes and residues. Potential impacts associated with the chemicals in the residues 
are addressed in Section 4.4 and will be considered in making the decision regarding 10ng
term management of the NFSS materials. (See also USEPA-2, WDSHS-3.) 

Opinion about the level of management of the residues/wastes not being commensurate with the 
hazard is noted. If a decision is made to manage the NFSS wastes and residues at Hanford, 
DOE will have discussions with the state of Washington to clarify the state's views on 
acceptable levels of protection for the residues and wastes and the conceptual design. (See 
also Topical Response 1.) 
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WDEC-5 I level of protection afforded by the intended disposal technique viII not be 
\ commensurate with the waste's inherent hazard. 

We trust that other state agencies' comments will complement the preceding 
statements and help U.S.DOE prepare a Final EIS that lays a firm foundation 
for making a sound decision. 

LLB:bh 

Lynda L. Brothers 
Assistant Director 
Office of Hazardous Substances 

and Air Quality Control 
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WDES-l 

D[PARTM[NT or EM[RG[NCY SrRVI([~ 

Ms. Barbara Richie 
NEPA.Coordinator 
Environmental Revi~w Section 
Department of Ecology 
Mail Stop PV-ll 

Dear Ms. Richie: 

S~pt~mber 7, 1984 RECEIVED 

$~-P 11 1984 
Ol~~~:"'[NT Of ECOLOGY 
f.!II'IRONM[STAl P.EVIEW 

The Department of Emergency Management has reviewed the draft Environ
mental Impact Statement (DOE/EIS-OI09D) for long term management of 
radioactive wastes and residue currently stored at the U.S. Department 
of Energy's Niagra Falls storage site. This agency's comments on the 
draft statement are limited to the Hanford disposal options. 

The Department of Emergency Management acknowledges that the ~.S. Depart
ment of Energy has outlined the transportation risks connected with 
moving wastes and residues from Niagra Falls to Richland, Washington. 
However, we believe that if any of the Hanford options are chosen as 
the long term management strategy, the Department of Energy should care
fully spell out in detail in the final impact statement what means it 
will utilize: 

1) to mitigate transportation accidents involving any vehicles 
carrying waste or residues, and 

2) to interface with state and local governments on emergency 
response to any transportation accident involving such waste 
or residues. 

These concerns are not adequately addressed in the draft statement and 
need to be discussed in detail in the final impact statement. 

Il~ 

Director 
Plans and Preparedness Division 

JMT:cb 



WDES-l 

K-133 

DOE has now determi ned that the preferred a lternat i ve is to 1 eave both the wastes and 
residues at NFSS (Alternative 2). If DOE decides to implement one of the alternatives 
involving transport of the contaminated materials to Hanford or Oak Ridge, measures to 
mitigate transportation accidents and to interface with local governments regarding 
emergency response will be summarized in the Record of Decision. (See also Responses NCEMC-3; 
USDOI-7; VCE-I, -2; WEFS-5.) 

-.. -";::. 
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D[PARTM[NT or SOCIAl A~D He ALlH S[RVICES 

September 24, 1984 

TO: Nancy P. Kirner, Supervisor 
Radioactive Materials Unit 

FRO~:: Joe Stohr. Manager -:rs 
Uranium Mills Program 

SUBJECT: COMl>IENTS ON DEIS FOR NIAGARA FALLS STORAGE SITE 

The DEIS issued by the U.S.D.O.E. attempts to evaluate nine alternatives 
for disposal of radioactive wa~te and residue~ resulting from the 
processing of

3
uranium ores. There are approximately 11,000 m3 of re~idues 

and 1BO,OOO m of contaminated wastes. The residues contain uranium 
daughters in equilibrium with average Ra-226 concentrations of 67.000 
pei/g. The wastes include soils conta~inated by pitchblende ores and 
sediments from dikes surrounding the stored residues. The average 
Ra-226 concentration is 36 pCi/g in these wastes. 

A brief description of the nine alternatives evaluated in the DEIS 
includes: 

1) No action. 

2a) Long-Term Management at NFSS: Modified Containment. 

2b) Long-Term Management at NFSS: Modified Containment plus Modified Form. 

3a) Long-Term Management at Hanford. 

3b) long-Term Management at Oak Ridge. 

4a) long-Term ~'anagement of Residues at Hanford, Waste at NFSS. 

4b) Long-Term Management-of Residues at Hanford, Ocean Dispersal of \J:astes. 

4c) long Term Management of Residue~ at Oak Ridge, Waste at NFSS. 

4d") Long-Term Management of Residues at Oak Ridge, Ocean Dispersal of \.aste5. 

After reviewing the estimated potential environ~ental and economic im~acts 
each of the~e alternatives represent, I would recomnend Alternative 2a or 2b. 
With the exception of the no action alternative, these two plans are the lea5t 
expensive and present the lowest probability of hazard to wor~ers and the 
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WDSHS-l Recommendation for Alternative 2a or 2b is noted. This comment, along with those from other 
commenters, was taken into consideration in determining the preferred alternative. 
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general public. In both of these alternatives there will be at least 
3 meters of cover including 1.S meters of clay used as an impermeable 
cap over the wastes stored at NFSS. This should provide adequate 
stabilization while retarding contaminant migration through groundwater 
and radon emanation from the tailings. In addition. Alternative 2a could 
be accomplished within the next Several years because of the availability 
of funding. The other alternatives would require obtaining additional 
funds and could take five to ten years. 

The 180.000 m3.of contaminated wastes show concentrations of nonradiological 
elements at levels similiar to natural soils. The low concentrations of 
uranium daughters are the primary contaminants. ·The residues however. 
contain high concentrations of toxic metals such as copper. nickel and lead 
as well as the high concentrations of radioisotopes. Analysis of both 
types of wastes for organic chemicals resulted in· estimated average concen
trations less than 26 parts per billion or below detection limits. Therefore. 

(

because these wastes and residues were the direct result of the processing 
of uraniu~ ores. they should be disposed of in a manner as consistent with 
the standards of 40 eFR 192 as site-specific conditions allow. 

(

In reference to my last comment. the DEIS does not address specifically the 
requirements of RCRA for groundwater monitoring. lined impoundments or the 
measurement of 375 hazardous constituents which are all part of the 40 eFR 
192. They do however. estimate impacts over 1000 years and design the cover 
for maintenance of integrity over 1000· years. both of which are parts o~ 
40 eFR 192. 

The DEIS estimates that in carrying out any of the alternatives presented, 
the short-term risks of occupational and transportation related lnJuries 
and death are larger than the long-term radiological health impacts, 
(cancer risks). This is an important argument for leaving the wastes 
where they are and expending efforts towards stabilization on site at the 
NFSS Facility. 

[
Also. under "Major laws 
pages 1-6 and 1-7 there 

JS:pm 

••• Applicable to the various alternatives on 
is no mention of RCW 70.98. 
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WOSHS-2 As stated in the EIS, DOE is using the 40 CFR 192 standards as guidance in making the 
decision about the NFSS wastes and residues. (See also Responses NYOEC-19, -20, -22; 
USDOI-2; USEPA-8.) 

WDSHS-3 New information indicates that the residues fail the EPA EP toxicity test (EAL Corp. 1984). 
Potential impacts associated with the chemicals in the NFSS materials are addressed in 
Section 4.4 of the EIS and will be considered in making the decision on long-term management 
of the NFSS materials. (See also Responses USEPA-2; WDEC-4, -5.) 

WDSHS-4 The reference to the results of the impact analysis in the EIS and the opinion about the 
preferability of Alternative 1, 2a, or 2b are noted. No response necessary. 

WDSHS-5 RCW 70.98 (Revised Code of Washington, Title 70, Section 98) is not applicable to DOE, per 
the Atomic Energy Act. 
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STAn or WASHNGTON 

ENERGY FACILITY SITE EVALUATION COUNCIL 
~;I Slop PY-l1 • OIyrrpu. W"~lon 9850-1 • (]()6) 45fJ-6.190 • (5C.ItNJ 585-6490 

October 1. 1984 

Ms_ Barbara Ritchie, NEPA 
Coordinator 

Department of Ecology 
Mail Stop PV-ll 
Olympia. WA 98504 

Dear Ms_ Ritchie: 

The following constitutes my comments concerning the Draft 
Environmental Impact Statement prepared by the U.S. Department 
of Energy (August, 1984) on the Long-Term Management of the 
Existing Radioactive Wastes and Residues at the ~iagara Falls 
Storage Site. 

WEFS-l 

(1) The sweeping assumptions throughout the DEIS that the 
Hanford Reservation is a waste disposal facility are 
open to serious question. At section F.l the DEIS 
states that because Hanford has a "large waste dis
posal facility" it will not require much expansion 
and thus be less costly. My question is, What large 
waste disposal facility? Simply because there is a 
large land area at Hanford does not automatically 
make it a waste disposal facility. 

The Hanford Reservation was established as a re
search and production facility. There are wastes 
which these processes create ana which must be dis
posed of in some acceptable manner. That is ~uite 
another matter than desi~nating Hanford as a 'large 
waste disposal facility. At the minimum, such a 
significant change would require an extensive evalu
ation and consultation process before it could be 
implemented; certainly it cannot be accomplished by 
a unilateral declaration in a DEIS. 

At repeated points in the DEIS reference is made to 
Hanford as an arid site which constitutes a positive 
condition for waste disposal. Arid sites have many 
fragile characteristics; the fact that you have only 
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The existing large waste disposal facilities at Hanford are shown in Figure 3.12, and the 
amounts of existing wastes are summarized in Section 3.2.7. The addition of the NFSS wastes 
and residues, which resulted from federal activities similar to those at Hanford, would not 
add significantly to the existing waste inventory on the Hanford Reservation. 

As noted in the EIS, the arid conditions at Hanford offer a potential advantage in terms of 
groundwater contamination (Section 4.2.2) but a disadvantage in terms of airborne radio
active releases (Section 4.1.2). 
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Barbara Ritchie 
October 1, 1984 
Page 2 

WEFS-Z l 
WEFS-3 

WEFS-4 

WEFS-5 

W£FS-6 

a little water makes it all the more valuable. 

(3) Ongoing intensive investigations of ground water 
movement, surface water, seismic and other similar 
issues in connection with the high-level radioactive 
waste repository program lead me to believe that 
there is much more to learn about these issues. 
The assumptions on these points which are expressed 
in the DEIS and which appear to be passed on from 
one federal environmental analysis to another, re
quire careful reexamination in the light of these 
more recent studies. 

(4) I am disappointed to note the failure of the DEIS 
to carefully consider alternate storage methods for 
wastes at Hanford. The use of vaults or other 
devices should be given a great deal of serious 
attention. The use of trenches for waste disposal, 
allowing pollutants to reach the accessible environ
ment even in any quantity simply because it's a 
less costly solution, is open to serious question. 

(5) The section of the DEIS on transportation is seri
ously deficient. Transportation of large volumes 
of waste from one side of the country to another is 
a serious matter and requires a great deal of care
ful attention. Transportation appears to be dealt· 
with as a side issue when, in fact, if Hanford is 
to be considered it constitutes a major issue. 

(6) The DEIS sections on economics, community impacts 
and similar matters are very deficient with regard 
to the Hanford site. Sweeping assumptions in the 
document that because nuclear materials and radio
active wastes are presently at Hanford, a large in
crease in waste disposal would not create a negative 
impact are simply not acceptable. As noted aoove, 
a substantial shift in the program mission of Hanford 
from research and production to waste disposal may 
have profound impacts on the community and state 
which require careful analysis. 

The failure to consider other sites (G.3) because 
Hanford and Oak Ridge are considered typical is 
unacceptable. Given the prominence with which these 
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Recent studies at Hanford do not contradict the basic assumptions in th'e EIS, such as the 
relatively great depth to groundwater and the small amount of precipitation, which lead to 
the conclusion that groundwater contamination at Hanford will occur much later than at the 
humid Niagara Falls and Oak Ridge sites, 

Design options at Hanford are discussed in Appendix C, Section C,3. Although vaults are not 
specifically mentioned, they would offer the following disadvantages: (a) airborne gaseous 
radioactive releases might be higher unless a deep earthen cover was placed over the vaults, 
(2) long-term contamination of groundwater would not be significantly affected because the 
vaults would not exclude infiltrating water for thousands of years, (3) the likelihood of 
human i ntrus i on mi ght be i ncre-ased if the vaults were above-ground structures or decreased 
if they were below-ground structures, and (4) costs would be higher. Given that the Hanford 
alternative is the most costly, has the largest potential for environmental impact, and is 
not preferred, more detailed analysis of management of the residues in vaults at Hanford is 
not reasonable at this time. (See also Topical Response 1.) 

No specific deficiencies in the transportation analysis are noted. The radiological impacts 
are analyzed in detail in Section 4.1, the nonradiological impacts are discussed in Sec
tion 4.6, and other transportation considerations are detailed in Appendix 0, In the summary 
comparison of alternatives in Section 2, it is noted that implementation of Alternative 3a 
(all wastes and residues removed to Hanford) is expected to result in significant risk of 
injury and death (p. 2-12). (See also Responses NCEMC-3; USDOI-7; VCE-l, -2; WOES-I.) 

There is no statement in the EIS that because nuclear materials are currently at Hanford, a 
large increase in waste disposal would not create a negative impact. The commenter's state
ment about profound impacts on the community and state are not supported. 

DOE has not selected either Oak Ridge or Hanford. The preferred alternative is to leave 
both the wastes and residues at NFSS (Alternative 2). 
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two sites are treated in the DEIS. one can only 
assume that they in fact constitute the sites under 
active consideration. It is difficult to see how 
the federal government .could select an alternate 
site without an extensive environmental analysis~ 

Thank you for the opportuni'ito provide these comments. 

NDL:lm 

SinCerelY.",. ~ . 

uLLct-~~ 
Nicholas D. Lewis 
Chairman 
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STATE Of WASHNGTON 

OffiCE Of ARCHAEOLOGY AND HISTORIC PRESERVATION 
111 W~I TWff'lly-i101 AIIt'tlUE'. ICL·ll • O/y~. W"shmglon 98504 • (206) 753-4077 

Ms. Barbara Ritchie 
HEPA Coordinator 
Dept. of Ecology 
Hail Stop PV-ll 
Olympia, WA 98504 

Dea r Hs. Ri tchie: 

September 4, 1984 

Log Reference: 556-F-DOE-Ol 

Re: Long-Term Management of the 
Existing Radioactive Wastes 
and Residues at the Niagara 
Falls Storage Site DEIS 

[

A staff review has been completed of the above referenced draft envi
ronmental impact statement. We will reserve specific comments until 
we have received and reviewed the results of the on-the-ground survey 
of the project impact area. 

Thank you for this opportunity to comment. 

dw 

Sincerely, 

Robert G. Whitlam, Ph.D. 
State Archaeologist 
(206) 753-4405 

- ... , 
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WOAHP-l DOE does not prefer the Hanford alternatives. As noted, if DOE decides to implement one of 
the Hanford alternatives, an archaeological survey would be performed and reviewed by the 
State of Washington Office of Archaeology and Historic Preservation. 
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STAn Of WASHINGTON 

WASHINGTON ST ATE PARKS AND RECREATION COMlvYSSION 
7750CIt'.In ... .It('fL.I~. /cY-l1 • ~. W.lshingron 965O-f • (1aJ)75J-5755 

September 10. 1984 

TO: Barbara Ritchie. NEPA Coordinator 
Department of Ecology - PV-ll 

/ 
FR01·I: David I~. Heiser. LIV:A1t2i.l. 

Chief, Environmenta~o~rdination 

SUBJECT: 35-2650-1820 
Department of Energy Draft EIS 

RECEIVED 

~[P 11 198" 
Ol·'~:"'{l;T 01 [co.ne' 
[N'·,;")N"'£N!A~ P.E~lr'" 

"long-Tern Uanagement of the Existing Radioactive Wastes and 
Residues at the Niagara Falls Storage Site" (E-2707) 

(
The staff of the Wa$hington State Parks and Recreation Commission has re
viewed the above-noted document and does not wish to make any co~nt_ 

Thank you for the opportunity to review and comment. 

at 

-r.:_ :I 
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W$PRC-l No response necessary. 
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Environment Envlronnement 
canada Canada 

Environmental Protection de 
Protection I'envlronnement 

Mr. Robert 1. Stern 
Director 
Office of Environmental Compliance 
Department of Energy 
Washington, D.C. 20585 
U.S.A. 

Dear Mr. Stern: 

25 St. Clair Avenue East 
7th Floor 
Toronto, Ontario M4T 1 M2 

Telephone: (416) 966-5840 

4359-1 

September 13, 1984 

Re: Long-Term Management of the Existing Radioactive 
Wa stes and Residues at the Ni aga ra Fa 11 s Storage Site 

Thank you for providing this office with a copy of the above 
referenced dra ft En vi ronmenta 1 Impact Statement. The i nformat i on 
provided has been reviewed with particular attention to potential for 
transboundary impacts. 

From this perspective, we would hae no objection to the removal 
of all or part of the contaminanted material for transfer to either 
the Hanford or Oak Ridge sites (alternatives 3a and 3b). As both 
Canada and the U.S.A. are Signatories of the London Dumping 
Convention, we would anticipate receiving additional information 
should a decision be made to further pursue options invol ving ocean 
di sposa 1 (a 1 ternat i ves 4b and 4d). 

We are confident that long term management at the Niagara Falls 
Storage Site, of 180,000 m3 wastes as defined in the report, is 
un 1 ike ly to pose any si gnifi cant threat to the Canadi an en vi ronment 
(alternatives 4a, 4b, 4c and 4d). However, should any alternative 
involving the long term on site management of the 11,000 m3 of 
residues at the NFSS be selected by US-DOE for further consideration 
(alternatives 1, 2 and 2b), we would request that this office be given 
an opportunity to conduct a more detaning review of the pathways 
analysis work. 

Yours truly 

~ 
........... ~~ ... ,...-~, .... 

,,'---,..,-.-
_~_I_''''''''_' 

~
. 

Shi kaze 
egional Director 

EPS-Ontario Regin .,." ... _-.". ..... _ ....... s,.._,....,., __ 
,..,~,.,.. ---1693(MG) 
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No objection to Alternatives 3a, 3b, 4a, 4b, 4c; and 4d is noted. This comment, along with 
those from other commenters, was taken into consideration in determining the preferred 
alternative. 

ENCAN-2 Ocean disposal is not DOE's preferred alternative at this time. If ocean disposal is 
selected, Canada will be kept informed. 

ENCAN-3 Long-term management at NFSS (Alternative 2) is now DOE's preferred alternative. The 
pathways analysis is presented in Section 4.1. If any further analysis is conducted, 
Environment Canada will be provided with copies of any reports. (See'also Responses ONT-l 
to -6.) 
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STATE BOARD OF HEALTH 

AN EQUAL OPPORTUNITY EMPLOYER 

September 11, 1984 

INDIANAPOLIS 

Add, ... Rq>ly 10: 
Indion. SII'O Boa,d of Htalth 

1330 West Michipn S" .. t 
P.O. Bo" 1964 

Indionapo\i$ •• " 46206·1964 

Mr. Lowell F. Campbell. Deputy Director 
Technical Services Division 
U.S. Department of Ene~gy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge. TN 37831 

Dear Mr. Campbell: 

Re: Comments on Draft Environmental 
Impact Statement 

A detailed review by myself and my staff reveals that the 
problem involved with "Long-Term Management of the Existing Radioactive 
Wastes and Residues at the Niagara Falls Storage Site" is social or 

[

political and not technical. There is overwhelming evidence that the 
waste could be stored where it is for 200 years with a near zero chance 
for any individual to incur any measurable radiation dose. The solution 
to this pToblemis not by moving the waste elsewhere. thereby incurring 
far greater risks than those involved in leaving it in place, but in 
implementing an effective public education program that would reduce the 
emotionalism involved in this and all other radioactive and toxic waste 
sites. 

Sincerely. 

A~r. ,b.J ___ 
alph C. Pickard 

Assistant Commissioner for 
Environmental Health 

1881 - A CENTURY OF SERVICE - 1981 
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Preference for Alternative I, 2a, or 2b and oplnlon about the need for public education 
programs are noted. This comment, along with those from other commenters, was taken into 
consideration in determining the preferred alternative. 
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Environment 

Ministere 
de 
l'Environnement 

February 5, 1985 

Mr. Lowell F. Campbell 
Deputy Director 
Technical Services Division 
US Department of Energy 
Oak Ridge Operations 
P.O. Box: E 
Oak Ridge. Tennessee 
37830 

Dear Mr. Campbell 
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West 
Central 
Region 

119 Kmg $IW 
121h Floor - 80. 2112 
Ham"ton Ontano 
L81\13Z9 
416/521,7640 

Region 
du 
Centre-Ouest 

119 oue-51. rue King 
12. el.ge - Casler 2112 
Harn)l\on 'On1'aftO) 
1.81\13Z9 
4116/521-7640 

Re: Long-Term Management of Existing Radioactive Wastes and 
Residues at the Niagara Falls Storage Site. 

From discussions with Mr. J. Alexander 
Janua'ry 31. 1985. I unders tand tha t the 
Impact Statement is not yet completed. 
like to raise a few pOints which could be 

of your staff on 
final Environmental 
Therefore. I would 
addressed. 

At the publ ic meeting of September 19, 1984. 1 obta ioed a 
copy of the draft, "Environmental Impact Statement for the 
Niagara Storage Site". The concern I have relates to the 
possibi Ii ty 01 contaminants migra ting transboundary through 
air, direct run-off and indirect migration through the 
shallow groundwater to local streams and eventually to -Lake 
Ontario and lor the Niagara River. 

~
ln the summary of the Draft EIS on page vii. it is stated 
that "groundwater will eventually be unavoidably contaminated 
to some extent In all alternatives". This acknowledges the 
potential for contamination but does not describe the extent. 
The extent of the contamination and degree should be 
evaluated. 

Further, at the bottom of page 4-60 in the DEIS, it is 
speculated that "there is probably little potential for 
undetected underground piping to facilitate the migratJon of 
contaminated groundwater from the wastes/residues at NFSS". 
This emphasises the minimal likelihood but still leaves the 
possibility open for contamination to migrate from the site. 
Again, the extent and degree of contamination should be 
assessed. 
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The concerns about potential migration of contaminants into Canada are noted. This subject 
is discussed more extensively in Section 4.1, in Topical Response 2 (groundwater), and in 
Response USDOI-3 (surface water). As noted in Section 4.1, the major pathway for potential 
exposure of the Canadian population is the air pathway. The expected radiation doses are 
insignificant compared to the doses from natural background sources of radiation. The 
various pathways are addressed in detail in Section 4 and are summarized in Section 2. DOE 
intends to take perpetual care of the site and no offsite releases of contaminants to surface 
waters or groundwaters are expected. Releases of radioactive substances to the air are 
expected to be insignificant, whether from the containment area under interim conditions (no 
action--Alternative 1) or the preferred alternative (improved containment--Alternative 2) as 
discussed in Section 4.1. 

The extent and degree of predicted groundwater contamination at NFSS is discussed in detail 
in Sections 4.2.2 and 4.4.3.1. This analysis is based on several conservative assumptions 
(see Topical Response 2). Even with these conservative assumptions, no contamination beyond 
the site boundary is expected within 1,000 years for preferred Alternative 2. Furthermore, 
the upper soil aquifer has limited potential use. 

Discussion of the underground pipes relative to potential for groundwater contamination is 
given in Section 4.2. During the interim remedial actions within the past few years, all 
known pipes were removed or grouted so that there is no known penetration through the waste 
containment system. Any undetected pipe would have to discharge into a sand lens that would 
have to be tapped by a well in order for these to be a potential risk to humans. DOE intends 
to continue contr911ing the site to preclude any drilling of drinking water wells into the 
near surface aquifer near the containment area. 
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-2-

There is a finite statement made on page 4.-73, "Leachate from 
the NFSS wastes and residues will eventually contaminate the 
groundwater.", this sentence is followed by a qualifier which 
states "this contamination will occur Booner and reach higher 
levels if the caps are not maintained and infiltration 
----increases". The question arises as to what steps are 
proposed to prevent this infiltration from occurring and 
preventing or reducing the contamination potential. 

Considering all of the potential water contamination 
inferences. we would appreciate being kept informed of the 
DOE's choice of alternatives and monitoring. for the long 
term management of the existing radioactive wastes and 
residues at the Niagara Falls Storage Site. We would like to 
know the monitoring installation details. sampling frequency 
and other control measures proposed to make this a safe site 
and thus prevent contaminants from migrating from the site to 
Lake Ontario or the Niagara River. 

In reviewing material for the NFSS. have been led to 
believe that as part of the Manhattan project and subsequent 
activities. there was some refining done at facilities 
in the Tonawanda area. At that location. some radioactive 
wastes were apparently disposed. I would like to know the 
impact that radioactive waste disposal has had on the 
sub-surface environment. as well as the potential for 
radioactive waste and other waste to migrate through the 
surface or the ground-water system to the nearby Niagara 
River. 

I trust that your office will address the concerns outlined 
above and decribe the control measures proposed at the NFSS 
site as well as the impact of the Tonawanda operation on the 
Niagara River. I would also appreciate comments on any other 
site containing radioactive materials which may be located on 
the Niagara Frontier and which may have the potential for 
tr~ns-boundary migration of contaminants • . yourS;2 

aVlhl:d 
Niagara River Co-ordinator 

cc: Environment Canada 

JV/kt 

John Spagnoli. Regional Director. New York DEC 
Norman Nosenchuck. Director, Solid and Hazardous Waste, 
New York DEC 
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Although infiltration cannot be prevented, it is expected 
for preferred Alternative 2 will minimize infiltration. 
care and maintain the cap. Even if it is conservatively 
tained, no offsite contamination is expected for at least 

that a multilayered cap as desigped 
DOE intends to provi de perpetual 
assumed that the cap is not main-
1000 years (Section 4.2). 

Details of the monitoring program are not yet available. They will be summarized in the 
Record of Decision. The Ontario Ministry of the Environment has been placed on the mailing 
list for the Final EIS,' the Record of Decision, and the annual monitoring reports. 

The site at Tonowanda, New York (now occupied by the Linde Air Products Division of Union 
Carbide Corporation), is being dealt with as a separate project under DOE's Formerly Utilized 
Sites Remedial Action Program. The Ontario Ministry of the Environment will be informed of 
any DOE plans to take remedial actions at that site. From 1943 to 1946, a uranium extrac
tion process was operated by the Linde Air Products Company (now Linde Air Products Division 
of Union Carbide Corporation), Tonawanda, New York. Onsite wells and sewers were used for 
disposing of effluents containing above-background concentrations of radionuclides. There 
is no indication that the discharge resulted in any radiation-associated hazards during or 
following the operation of the facility. Radiological surveys of the disposal pathways at 
the facility and vicinity properties did identify some above-background concentrations of 
uranium, radium. and thorium and their decay products. However, the concentrations are so 
low that any incremental radiation exposure to workers or the general public, as well as any 
added health risk, is negligible. 
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COMI\IONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF £l'Ii\!IRONMENTAL RESOURCES 

P.o. Bo'l 2063 
Harrlsbufl. PA 17120 

Lowell F. Campbell 
Department of Energy 
Oak Ridge Operations 
P.o. Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Campbell: 

September 28, 1984 

[

We have reviewed the Draft Environmental Impact Statement for the Long
Term Management of the Existing Radioactive Wastes and Residues at the 
Niagara Falls Storage Site. 

We have no comments on the Draft EIS at this time. Thank you for 
allowing us to review this project. 

Sincerely, 

~~ 
William A. Cook 
Acting Director 
Secretary's Office of Policy 
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PDER-l No response necessary. 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

Lowell F. Campbell, Deputy Director 
Technical Services Division 
U.S. Department of Energy 
Oak Ri~e Operations 
P.O. Box E 
Oak Ridge, Tennessee 37831 

Dear Mr. Campbell: 

NOV 2 '984 

Thank you Cor your letter of August 17, 1984, transmitting copies of the draft 
environmmtal impact statemmt Ca Long-Term Managemmt of the Existing Radioactive 
Wastes and Residues at the Niagara Falls Storage Site, Niagara County, New York, for 
review. Our commmts are presented according to the fa mat of the statement a by 
subject. 

Summary Description 

[

The extent of the "gray clay layer" under the Niagara Falls Storage Site (NFSS), and into 
whic:tJ the subsurface cutoff wall is keyed, should be determined in evaluating impacts 
from the use of the site. The effects from possible gaps in the impermeable layer should 
be evaluated, and appropriate mitigation should be presented elsewhere in the document. 

Fish and Wildlife 

The fish and wildli fe resources at the NFSS, the Hanford Reservation, the Oak Ridge 
Reservation, and the Ocean Disposal Site are described briefly in the statement. As 
acknowledged in the draft statement, the radioactive materials to be disposed are also 
toxic and will remain dangerously radioactive fa thousands of years. The disposal 
methods discussed in the document will not isolate these hazardous wastes from the 
environment, and contaminated materials will likely be dispersed from the sites via both 
physical (e.g., leaching, groundwater contamination, erosion) and biological (e.g., plant 
roots, burrowing animals, ~take by microorganisms) transpat pathways. Once taken up 
by living aganisms, these wastes are likely to become incorporated in a variety of food 
webs, where bioaccumulation may occur. Numerous fish and wildlife species, as well as 
man, could be adversely affected through these pathways. Burrowing animals and plant 
roots are briefly m mtioned as possible agmts penetrating the storage sites. Although 
section 4 contains a general discussion of the problem, it is not clear that this issue has 
bem considered in the risk calculations. Further consideration i5 needed in this area, 
including better information on species likely to pmetrate each site, and an assessment 
of the likely dispersal of the radioacti.ve rna terials Crom these species. . 

rThe Niagara River and Lake Ontario are in close proximity to the Niagara Falls site and 
could receive contaminated surface and groundwater flows from the site. The Niagara 
River and Lake Ontario contain significant international fish and wildlife resources that 
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USDOI-l As noted in Section 4.2.2, the cutoff wall is conservatively assumed to have no beneficial 
effect relative ~o long-term migration of contaminants. It is also conservatively assumed 
that the average hydraulic properties of the existing clayey soils beneath the containment 
area are between the properties of clay and sand (Table 4.39). The effect of a possible 
"gap" in the clay layer is analyzed by assuming that there is a large sand lens immediately 
adjacent to the containment area and that a well is drilled into that lens. Impacts will be 
less than predicted if the properties of the wastes and underlying geological formations are 
better than those assumed for the analysis (e.g., lower hydraulic conductivity or higher 
distribution coefficient), the sand lenses are small or do not exist, or no one drills such 
a well. (See also Topical Response 2.) 

USDOI-2 As noted in the introduction to Section 4, uncertainties increase significantly beyond 
1000 years. At this time, it is not possible to predict the impacts of eventual dispersion 
into the envi ronment. The future meteoro 1 ogi ca 1 condi t ions, rate of di spers i on, nearby 
population size and distribution, and other critical factors cannot be estimated with any 
accuracy for thousands of years into the future. The worst-case resident-intruder scenario 
is analyzed in Section 4.1.2.3. (See also Responses NYDEC-19, -20, -22; USEPA-8; WDSHS-2.) 

USDOI-3 Even if the NFSS. wastes and residues were exposed, no impact on the fish and wi ldl ife 
resources of the Niagara River and Lake Ontario are expected. If the rate of erosion of the 
NFSS wastes and residues is similar to the rate of erosion of the natural soils in the Lake 
Ontario watershed, the incremental contribution of the naturally occurring radionuclides 
from the NFSS wastes and residues would be equal to that normally contributed by the soil 
eroded from 65 km2 (25 mi 2 )--or that natura lly contri buted by eros i on from the Town of 
Lewiston. The contribution from the same area of the granitic-derived soils in Canada 
(~hich have a higher concentration of the naturally occurring radionuclides than the soils 
in the Niagara Falls area) would be higher than the contribution from the eroded NFSS wastes 
and residues. The total load of naturally occurring radionuclides on Lake Ontario would not 
be significantly increased if the NFSS wastes and residues were exposed and eroded into the 
lake. (See also Response BROSS-5.) 
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LoweD F. Campben, Deputy Director 2 

USDOI-3lare protected by the Migratory Bird Treaty Act, the Great Lakes Fisheries Act, the 
Endangered Species Act, and by other international acts. . 

USDOI-4 

USDOI-5 

USDOI-6 

USDOI-7 

USDOI-8 

[

At Oak Ridge, the Clinch River is the major water body draining the Reservation, and 
the area of this river just below Melton HiD Dam near Oak Ridge· is a significant 
spawning area for striped bass. Migra tory birds frequenting the Oak Ridge Reservation 
include Canada geese, wood ducks, mallards, and canvasbacks. 

Similar problems exist at the Hanford site. We note that even le$ attention is given to 
wildlife resources at this site than at the other two. The draft sta tern ent suggests that 
this might be the safer site for storage because of its lower rainfall, but that the cost 
and safety problems of transferring material to the site might make it a le$ likely 
choice. A brief discussion of previous dispersal of stored radioactive wastes at this site 
by burrowing animals, is found on page 3-24. Should further consideration be given to the 
Hanford site, it is e$ential that coordination be carried out with the FWS Field 
Slpervisor at Olympia, Washi~ton. 

Mitigating Measures 

(

The discu$ion of mitigating measures on page 4-64 should include engineering a other 
remedial methods that could be used in the event that movement of contaminants in the 
shallow aquifers exceeds predictions. 

[

The pO$ibility of a transpcrtation accident leading to exposure of the radioactive 
wastes/residues may be low as noted on Table 3.5 and the dispersal of such materials to 
surface water from burial even lower, but the mechanisms to deal with the pO$ibilities 
should be discussed. . 

Alterna tives 

[

All alternatives could involve dispersion of wastes/residues to surface water through 
erosion, runoff, and sedimentation by natural processes occurring while the interim cap is 
off or as the result.of a transpcrtation accident. It is stated on page 4-15 that "Effective 
implementation of erosion, runoff, and sedimentation controls can mitigate" the adverse 
impacts of exposure particularly fa a thunderstorm during interim cap removal. These 
con trols should be identi fied. 

USDOI-9 (we also recommend that serious attention be givm to transpcrtation by rail, which would 
minimize truck transpcrtation of the radioactive materials. 

Groundwater 

USDOI -10 fIt is assumed on page 4-62 that ID shallow wells will ever be allowed near the NFSS. 
However, under alternatives 2a, 2b, 4a,. and 4c the NFSS site, including a buffer area, 
will be redJced to 39 acres as IDted on)Table 4.58. The other pcrtions of the property 
would then be released (pages 4-86 and 4-87). The final statement should include a 
worst~ase analysis to indicate the time required fa hazardous a maximum 
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U5DOI-4 The information is noted. If one of the Oak Ridge alternatives is selected (not preferred 
at this time), DOE will further coordinate with the Asheville FWS Field Office. 

U5DOI-5 If one of the Hanford alternatives is selected (not preferred at this time), DOE will 
further coordinate with the Olympia FWS Field Office. 

U5DOI-6 The only mitigative measure contemplated at this time is to prohibit the use of groundwater 
from shallow wells located onsite near the containment area. A monitoring program is 
intended to detect movement of contaminants in groundwater. If unexpected movement is 
found, appropriate mitigative measures will be taken. (See also Topical Response 2.) 

U5DOI-7 Transport of the contaminated materials to another site is not preferred at this time. If 
DOE decides to implement such an alternative, detailed plans for dealing with transportation 
accidents will be developed. Likewise, plans for surveying, cleanup, and dispersal to 
surface water sediments will be developed. (See also Responses NCEMC-3; VCE-l, -2; WDES-l; 
WEFS-5.) -

U5DOI-8 Identification of specific erosion-control measures would be part of the detailed engineer
ing effort prior to actual implementation of one of the removal alternatives. It is 
expected that the controls would be similar to those that have been effective during the 
interim remedial actions at NFSS (U.S. Dep. Energy 1982a, 1982b, 1983a, 1983b). Removal of 
the wastes and residues to another site is not the preferred alternative at this time. (See 
also Response PEELE-4.) 

USDOI-9 Detailed consideration of rail transportation is given in Appendix D, Section D.5. 

USDOI-I0 A conservative analysis, assuming a well is located immediately next to the containment 
area, is presented in Section 4.2.2 (see Tables 4.40 and 4.42). Concentrations of 
radium-226 (the radionuclide of most concern with respect to groundwater contamination) at
various locations downstream of NFSS are shown for each alternative in Table 4.41. For 
preferred Alternative 2, radium-226 concentrations in the onsite well are expected to peak 
in 3,600 years. At a point halfway to Lake Ontario (4,000 m), no contamination is expected 
for at 1 eas t 32,000 years (the poi nt at whi ch the computer program was aborted). At 
1,000 years, the time for which EPA has determined it is reasonable to design the contain
ment system, it is predicted that contaminants will not have migrated to the site boundary_ 
(See als6 Topical Response 2.) 
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Lowen F. Campben, Deputy Director 

USDOI-IO lconcentrations of radionuclides and other contaminants to reach the revised boundary. 
We suggest that at least representative analyses from the existing monitaillr wells 
should be included in the final impact statement to aid in evaluation of impacts from the 
proposal. 

Endangered Species Act 

USDOI-ll Except fa' occasional transient species, no federally listed or proposed endangered or 
threatened species under our jurisdiction are known to exist in the Niagara Falls Storage 
Site area. Therefore, no Biological Assessment a further Section 7 consuitation under 
the Endangered Species Act (87 Stat. 884, as am ended; 16 U.S.C. 1531 et seq.) is required 
with the U.S. Fish and Wildlife Service (FWS) for wa'k at that site. Should project plans 
change, a if additional infamation on listed or proposed species becomes available, this 
determination may be reconsidered. 

USDOI-12 As roted on page 3-36 of the draft statement, endangered species observed on a near 
the Oak Ri~e Reservation include the Indiana bat, gray bat, bald eagle, peregrine 
falcon, and red-eockaded woodpecker. Two status review plant species potentially 
occulTirg on the site are the Appalad"iian bugbane (Cimicifuga rubifolia) and Carey's 
saxifrage (Saxifraga careyana). Information contained in the draft statement is 
insufficient to meet the requirement fa a Biological Assessment for the Oak Ri~e site, 
as described in the letter of September 28, 1983 (pages J-4 and J-5) from our Endangered 
Species Field Office in Asheville, Nath Carolina. Fa further consideration of this site, 
it is essential that you prepare a Biological Assessment and consult further with the 
Stperviser, Endangered Species Field Office, Plateau Building, Room A-5, 50 South 
French Broad Avenue, Asheville, North Carolina 28801 (phone 704 258-2850, ext. 321; FTS 
672-0321). 

USDOI-13 On page 4-67 is the statement that "There are ro endangered or threatened species at 
the NFSS a Hanford sites." This conflicts with the observation on page 3-26 that "some 
endangered or threatened raptors use the [Hanford) site." In addition, certain plant 
species that are being reviewed for potential listing may occur on a near the Hanford 
site. Appendix J contains letters from FWS concerning endangered species at the other 
two sites, but rone fer the Hanford site. Should the Hanford site continue to be 
considered seriously for this project, you will also need to meet the Biological 
Assessment requirement for that site. Fer a list of species that may be present in the 
action area, and for guidance on the Biological Assessment reqUirement and other 
possible requirements, it is essential that you consult directly with the Stpervisa, 
Endangered Species Field Office, Building A, 2695 Park mont Lane, Olympia, WaShington 
98502 (phone 206 753-9444; FTS 434-9444). 

Fish and Wildlife Coordination Act 

USDOI-14 During the construction phase of this project, aa-rerse impacts on fish and wildlife 
resources should be minimized as much as possible, and appropriate mitigation should be 
provided for unavoidable adverse impacts. Strict erosion, sedimentation and air quality 
control measures should be utilized dJring construction. A carefully designed monitering 
program should be followed throughout the project, including the monitoring of fish and 
wildlife resources prior to, dJring, and after construction. The FWS should be involved in 
the development and implementation of this program. 

3 
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USDOI-11 Information is noted. No response necessary. 

USDOI-12 DOE agrees that the information contained in the EIS is insufficient to meet the requirement 
for a Biological Assessment at Oak Ridge. As noted in Section 4.3.1, before DOE could 
implement any of the Oak Ridge. alternatives, surveys would have to be conducted to determine 
the presence of threatened or endangered species. The Oak Ridge alternatives are not 
preferred at this time. 

USDOl-13 The Olympia FWS Field Office was contacted during the scoping process, both by letter and by 
phone, and had no comments to offer regarding endangered species at the Hanford site. The 
particular site considered in the EIS is an extension of an existing waste-burial area on a 
large plateau. No existing impacts on endangered species, including the bald eagle, have 
been identified by either FWS or DOE. The Hanford alternatives are not preferred at this 
time. If DOE decides to implement one of the Hanford alternatives, the Olympia FWS Field 
Office will be contacted again. 

USDOI-14 If DOE decides to implement any of the removal alternatives where there would be potential 
for impacts on fish and wildlife at other sites, the Department of the Interior will be 
contacted relative to detailed planning and mitigation. These alternatives are not 
preferred at this time. 
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LoweD F. Campbell, Deputy Director 

USDOI-15 While the draft statement does indicate the possible need for other interrelated Federal 
actions, sum as u.s. Army Cerps of Engineers Section 404 permits, insufficiBlt 
information, including site-specific location, design, and measures to minimize harm, is 
provided fer a full understaooing aoo an evaluation of how the proposed action and 
interrelated Federal actions may affect fish and wildlife resources. The FWS will 
evaluate and repert on each of the permit applications pursuant to the Fish aoo Wildlife 
Coordination Act. During the review of these applications, the FWS would most likely 
recommeoo that adverse environmBltal impacts be avoided as much as possible. Strict 
erosion and sedimentation control measures and time-of-year construction restrictions 
may be recommended. Because of these concerns, you are urged to further coordinate 
project planning with the Field Slpervisor, U.S. Fish and Wildlife Service, 100 Grange 
Place, Room 202, Certlaoo, New York 13045 (phone 607 753-9334; FTS 882-4246). 
Further planning at the Oak Ridge site should be coordinated with the Field Slpervisor, 
U.S. Fish aoo Wildlife Service, P.O. Box 845, Cookeville, Tennessee 38502 (phone 615 528-
6481; FTS 852-5057), and at the Hanford site with the Field Slpervisor, U.S. Fish and 
Wildlife Service, Building B-3, 2625 Park mont Lane, Olympia, Washington 98 502 (phone 
206753-9440; FTS 434-9440). 

We hope these com men ts will be helpful to you in the pre para tion of a final sta te men t. 

Sincerely, 

A::.~'I/u/J 
Bruce Blanchard, Director 
EnvironmBltal Project Review 

4 
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USDOI-15 See Responses USDOI-5, -8, -12, -13, and -14. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

RtGION II 

2:1 OCT S84 

26 F"EOERAL PLAZA 

NEW YORK NEW YORK 10279 

HI". !.owell F. Carrpbell, Deputy Director 
Technical Services Division 
Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oalt Ridge, 'lennessee 37831 

Dear Me. Canq:bell: 

We have revi~ the draft envirorJnental irrpact statement (ElS) for the Long
Term Managerent of Existing Radioactive Wastes and Residues at the Niagara 
Falls Storage Si te (NFSS), located near lewiston, New York. In the interest 
of providing a comprehensive review of the draft EIS, the Environmental Protec
tion Agency's (EPAs) Office of Federal Activities in Headquarters has requested 
that we coordinate our response with EPA's Region IV and Region X offices since 
the draft EIS proposes different disposal options at the Department of Energy 
(OOE) Oak Ridge Reservation near Oak Ridge, Tennessee, and the OOE Hanford 
Reservation near RictInond, Washington. Co!llrents fran EPA Region's II, IV, and 
X are provided on the draft EIS and included as attachments for your considera
tion. 

USEPA-l '!he draft EIS defines and analyzes nine potential alternatives for the long-term 
m:magerrent of radioactive residues (produced fran the processing of uranil.JTl ores) 
and wastes (primarily existing in the form of contaminated soils). However, the 
draft EIS does not present a selected or preferred alternative(s). According to 
the Council on Environm:!ntal (Xlality (em) regulations irrplerrenting the National 
Environmental Polic:y Act (NEPA), a preferred altemative(s) should be identified 
by the lead agency in the draft ElS [40 CFR Part 1502. 14 (e) ] • 

BCMever, when an agency fails to identify a preferred alternative in the draft 
EIS, EPA rates each alternative according to the analyses provided. 'lhe rating 
for each of the nine alternatives are discussed below. Specific technical can
ments regarding each of the alternatives are provided in separate attachments. 

USEPA-2 In general, we would reccmrend that a cost-effectiveness screening procedure 
be used to eliminate certain alternatives as described in section 300.68 of 
the Canprehensive Envirormental Response, Carpensation, and Liability Act 
(CmcIA) National Oil and Hazardous SUbstances Contingenc:y Plan. '!he procedure 
eliminates alternatives that are an order to magnitude IOOre costly through a 
least-cost analysis where significant environmental or public health protection 
can not be distinguished. EPA is currently developing guid~ for inplenenting 
this procedure. Al~h unpublished, Region II has had experience in utilizing 
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In subsequent correspondence EPA indicated that: 
"In general, we are encouraged by DOE's decision to identify its preferred alternative 
in the final EIS for NFSS. We believe that making its recommendations known prior to 
the Record of Decision will enhance the National Environmental Policy Act (NEPA) review 
process for thi s project." 

The CEQ regulations state that the agency [DOE] shall "identify the agency's preferred 
alternative or alternatives, if one or more exists, in the draft statement and identify such 
alternative in the final statement unless another law prohibits the expression of such 
preference" [40 CFR lSo2.14(e)). DOE did not have a preferred alternative at the time of 
pUblication of the Draft EIS. Now that the Draft EIS has been reviewed by federal, state 
and local officials and the general public, DOE has selected Alternative 2 as the preferred 
alternative, and it is so identified in this Final EIS. (See also Response NYDEC-2.) 

USEPA-2 DOE appreciates EPA's offer to informally apply its CERCLA 300.68 screening procedure to the 
range of possible project alternatives at NFSS. If this"project were in the early phases of 
development, EPA's assistance in applying the screening procedure would be considered. 
However, it is believed that the information and analyses currently contained in the EIS, 
along with other information available to the Department, are sufficient to support identifi
cation of the preferred alternative in this Final EIS. (See also Responses WDEC-4, WDSHS-3.) 
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ldraft guidance to carry out similar analyses at other cmplex, hazardous waste 
sites. Our Emergency Response and Remediation Division has offered to assist 
the OOE in applying this screening procedure for this aspect of the project. 

Rating of each Alternati'lle 

USEPA-3 Alternative 1: No Action - Class EC-2. 

- Alternative 1 involves the continued storage of all residues and wastes 
wi thin the diked containment area in the southwest corner of NFSS. 'lhe 
contai!'lrent areas is surrOWlded l¥ a dilce and subsurface clay cutoff wall 
and is capped with 1.5 m (5 ft) of clay, sand, and soil. '!he entire NFSS 
site will retain under OOE oo..nership and control. 

Alternative 2a: long-Term Management at NFSS, MJdified Containment - Class EC-2. 

- Under Alternative 2a, further acticns will be taken to inprove the long-term 
containment of the wastes and residues at NFSS. SUch actions include removal 
and tenporary storage of the ~r layers of the interim cap and construction 
of a long-term cap. 'lhe long-term cap is 1. 7-m (5.s-ft) thicker than the 
interim cap and will have extra clay and a layer of riprap (graded layers of 
gravel and rock). Only the containment area and a small buffer zone will be 
retained under DOE ownership and control. 

Alternative 2b: Long-Term Management at NFSS, Modified Contairunent Plus 
Modified Form - Class EC-2. 

- Under Al ternati ve 2b, in addition to the irrproved contairunent system described 
for Alternative 2a, the residues will be modified physically and chemically 
to reduce the rate of long-term migration of contaminated materials fran 
NFSS. The residues will be renoved fran the contai/'lllE!Ilt area and processed 
to extract valuable constituents (e.g., uraniun, cobalt, nickel, molybden\J1l, 
and lead). Once processed, the vitrified (glass) residue slag and some pre
cipitates will be reburied in the diked contairunent area, the processing 
facili ties will be decontaminated and demolished, and the entire waste-con
tainment area will be covered with the long-term cap. Only the contairunent 
area and a small buffer zone will be retained under DOE ownership and control. 

Alternative 3a: long-Term Management at an Arid Site (Banford) - Class EO-2 

- Under Alternative Ja, both the residues and the wastes will be excavated from 
the containment area at NFSS and transported l¥ truck to a radioactive waste
management site (21&015 Area) on the OOE Hanford Reservation near Richland, 
Washington. '!he residues will be packaged in large metal containers and 
transported on either flat-bed trailers or in shielded vans. '!he wastes 
are classified as non-radioactive under current transportation regulations 
and will be shipped in large dl.lTp trucks. About 16,000 truckloads will be 
needed to transport the wastes and residues over 4000 Jan (2500 mil to Hanford. 
FollOloling transport of the wastes and residues to the Hanford site, the exca
vated areas will be filled and regraded and NFSS will be released for other 
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USEPA-3 The EPA has identified environmental concerns for Alternatives I, Za, and Zb and environ
mental objections for Alternatives 3a, 3b, 4a, 4b, 4c, and 4d. The primary reason for the 
ratings is the potentially significant environmental impacts if the wastes and residues are 
transported offsite. These impacts are discussed in the EIS and DOE will take them into 
consideration in making the decision on long-term management of the NFSS wastes and residues. 
Only the residues would be classified as radioactive for transportation purposes (Sec
tions 4.7.3 and 0.2). DOE agrees with EPA's concern about the risk of transporting 
16,000 truckloads of wastes and residues. The"EPA's environmental ratings were taken into 
consideration in deciding to identify Alternative 2 (leave contaminated materials at NFSS) 
as the preferred alternative. 

In subsequent discussions with EPA, it became clear that EPA believes that more information 
than is available in the EIS is necessary to ensure that all reasonable steps will be taken 
to ensure the continued integrity of the containment system at NFSS and to minimize the 
potential for release of contaminated materials to the environment. DOE will send EPA the 
additional documents noted in Figure 1.3 (Niagara Falls Storage Site: DOE Decision-Making 
Process) when such documents are available. 
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use. At Hanford, the contaminated materials will be buried in 42 burial 
trenches in a manner similar to current practices for burial of other types 
of solid radioactive wastes at the Hanford Reservation. '.!he residues and 
wastes will be covered with 3 m (10 ft) of local earthen materials, inclooing 
a layer of riprap. 

Alternative 3b: lDrq-Term Management at a Humid Site (oak Ridge) - Class £0-2 

- Under Alternative 3b, all the NFSS wastes and residues will be excavated and 
transported t¥ truck to the Pine Ridge Knolls site on the DOE cak Ridge Reser
vation near oak Ridge, Tennessee. AboUt 16, 000 truckloads will be required, 
with a transportation distance of about 1200 kw (750 mi). Following transport 
of the wastes and residues to the oak Ridge 51 te, the excavated areas at NFSS 
will be filled and regraded and NFSS will be released for other use. At oak 
Ridge, the wastes and residues will be stabilized in several mounds. The 
mounds will be covered with a long-term cap similar to the cap at NFSS for 
Alternatives 2a and 2b. 

Alternative 4a: Storage of Residues 'at Hanford/'Long-Term Management of Wastes at 
NFSS - Class EO-2 

- Under Alternative 4a, the residues will be excavated, packaged, and trans
ported to Hanford as in Alternative la. About 1,600 truckloads will be 
needed. '!be residue packages will be buried in 10 trenches at Hanford. '!be 
wastes will l'etlBin at NFSS and will be covered with a long-term cap identical 
to that described for Alternative 2a. '!be containment areas and snall buffer 
zones at NFSS and Hanford will be maintained and monitored. 

Alternative 4b: Offsite Storage of Residues at Hanford/Ocean Disposal of 
Remin1ng Wastes - Class EO-2 . 

- Under Alternative 4b, the residues will be excavated, packaged, and trans
ported to Hanford as described for Alternative 4a. All rerna.ining wastes 
will be excavated, transported in bulk in d\:ll1P trucks to a dock in the New 
York/New Jersey harbor area, loaded onto barges, and transported to the 
l06-t-tile Ocean Waste Disposal Site (Site 106) for dispersal. After removal 
of all wastes and residues from the site, NFSS will be released for other 
use •. ~ly the residue containment area and a snall buffer zone at Ranford 
will be naintained and monitored. 

Alternative 4c: Offsite Storage of Fesidues at Oak lUdge/Long-'I'erm Management 
of Waste at NFSS - Class EO-2 

- Under Alternative 4c, the residues will be excavated, packaged, and trans
ported to Oak Ridge as in Alternative lb. About 1,600 truckloads will be 
needed. 'lhe residue packages will be stabili~ in mounds and covered with 
a long-term cap similar to that described for Alternative 3b. The wastes 
will remain at NFSS and will be covered with a long-term cap identical to 
that described for' Alternative 2a. '!be containnent areas and small buffer 
zones at NFSS and oak Ridge will be maintained and moo! tored. 
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USEPA-3 Alternative 4d: Offsite Storage of Residues at Oak Ridge/Ocean Disposal of 
Remaining wastes - Class EO-2 

USEPA-4 

- Alternative 4d is identical to Alternative 4c except that the NFSS wastes 
will be disposed in the ocean instead of remaining at NFSS. O::ean disposal 
will be the same as for Alternative 4b. After removal of all wastes and 
residues from the site, NFSS will be released for other use. Oo1y the 

. residue contaiMlent area and a snall blffer zone at Oak Ridge will be main
tained and monitored. 

Explanation of Ratings 

In accordance with EPA policy, we have rated alternatives as either Ee-2 or 
ECr2, iooicatingthat we have either environnental. concerns (Ee) or environ
mental objections {EO) to the proposed actions and that in all cases that we 
require more information (2) to better evaluate potential enviroMlental inpacts. 
'!he primary reason that EPA has differentiated between the EC and EO ratings is 
that significant environmental inpacts nay result if any of this IMterial is 
transported off-site. Sufficient information has not been provided Which justi
fies the potential risk of transporting 16,000 truckloads of radioactive nate
rial to the Hanford or Oak Ridge facilities or an ocean dll11Ping site. Please 
be advised that we also naintain concern for the proposed NFSS alternatives (2a 
& 2b). Additional variations of these alternatives should also be examined in 

(depth, incltrling deep-well injection and above-grow-rl storage usio:! concrete 
l..modules. 

At this t~ I would like to thank you for this OfPOrtunity to CO'I11leI'lt and if you 
have any questions please feel free to contact me or Mr. Olristopher Militscher 
of ~ staff at (212) 264-1892 or 264-0522, respectively. 

W? have also inchx3ed a list of EPA contacts should you have qoostions concern
in9 the specific caments that have been provided in the attachm€nts. 

Sincerely yours, 

~a;.1~~~rJj;;, 
Environmental Inpa..4:S Branch 

Attacl'ments 

cc: Mr. :&Jward G. De laney; roE 
Mr. Jake Alexander, OOE 
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In subsequent correspondence, EPA indicated that: 
"EPA remains concerned that DOE has not yet adequately demonstrated that any of the 
containment alternatives evaluated to-date present the most environmentally acceptable 
management option. All of the on-site alternatives identified in the draft EIS would 
result in adverse impacts to groundwater from migration of radioactive contaminants 
into the underlying aquiferes). For this reason, we strongly recommend that DOE 
evaluate additional engineering enhanced disposal options (e.g., the 'French' system) 
which have the potential to reduce groundwater and radiological impacts. Additional 
engineering-enhanced barriers such as a concrete bunker should also be evaluated." 

EPA provided the following comments in this correspondence. 
"Hydrofracture for the purpose of injecting hazardous material is a relatively new· 
technique. Hydrofracture, .when used for injection purposes, must" be carefully 
evaluated and engineered in order to avoid fracturing confining zones. If this alterna
tive were selected, future drilling activities for hydrocarbons, wellwater, etc., would 
have to be banned in the immediate area of the injection site at NFSS. Existing wells 
in the area of the injection site would also have to be inventoried, monitored, and 
tested periodically for mechanical integrity. Any wells which were found to be 
potential conduits for the migration of contaminants would have to properly plugged and 
abandoned .... Upon review, we concur with DOE that hydrofracturing and grout disposal 
has several disadvantages (e.g., residues would be in an irretrievable form). Site
specific geologic and seismic activity considerations increase the inappropriateness of 
using this method at NFSS. The proximity of the NFSS to a public drinking water supply 
(i.e., the Niagara River) also makes this disposal method less acceptable because of 
the potential for contami nat i on resulting from 1 eakage of a shale bed. ... In the 
context of the above discussion, EPA recommends that hydrofracture be addressed in the 
final EIS as an alternative that was considered during the EIS process. However, we 
would concur with DOE's determination that this alternative does not appear to be 
feasible because of the reasons discussed above and in Topical Response 2. 

Although deep-well injection does not appear to be a feasible alternative for semi
solid and solid radioactive wastes at NFSS, injection of the wastes in a fluid form 
into a formation underlying a competent confining zone may be a potentially viable 
alternative. The EIS should discuss whether an underlying competent confining zone is 
present at NFSS and should identify whether, from a strict hydrogeologic standpoint, 
this option is feasible. This issue should be discussed in the final £IS. '" In 
general, we recognize that permanent disposal of these alternative wastes and residues 
may make retrieval infeasible or impractical if leakage is detected at some point in 
the future .... However, deep-well injection of the radioactive wastes may be a more 
viable disposal option in the future as the technological aspects of retrievability 
become better known. The final EIS should discuss the deep-well injection alternative 
in light of its present and future viability, and provide a cost-risk assessment if it 
is selected as the preferred alternative. 

Storage in concrete bunkers or vaults is a method of long-term management that offers 
several important advantages, as outlined in Topical Response 2. The ability to collect 
and monitor leachate from the vaults or bunkers makes it attractive from the standpoint 
of limiting migration of radionuclides off-site. One important disadvantage, also 
discussed, is the increased potential for airborne release of radioactive gases (radon). 
However, if the vaults were covered with a thick clay/soil layer, as shown on page 6-15 
of the Engineering Evaluation Report [Bechtel Natl. 1984J, this potential release could 
be minimized .... The suggested disadvantage of higher costs to construct and maintain 
this disposal method has not been documented in detail. The disadvantage of increased 
likelihood of human intrusion is reasonable, provided that the vaults are above 
ground .... One possible variation on this option, which was not discussed in the 
engineering report or in DOE's draft response to EPA's comments, is the alternative of 
a modified concrete containment structure with an earthen cap. This structure could be 
constructed below ground level, such that the top is at ground level and capped with 
the clay/soil layer, as described for the other on-site containment options in the 
draft EIS. We believe that this alternative could reduce, and possibly eliminate, 
vertical migration of contaminants from the waste containment area; it would also 
provide for a more permanent, resistent structure. Other advantages include the 
ability to collect and monitor leachate, and the fact that containment of the wastes 
and r.esidues in the concrete would prevent increased volumes of soi l/material from 
becoming contaminated. The final EIS should provide a cost-risk assessment for this 
variation of on-site containment. 

EPA be 1 i eves that of a 11 the materi a 1 stored at NFSS, K-65 res i dues present the mos t 
significant environmental threat to human health. Furthermore, we maintain our concern 
that DOE has not yet adequately demonstrated that any of the on-site containment alter
natives are environmentally acceptable. As suggested at the EPA/DOE meeting on March 2:. 
1985, a more acceptable on-site containment system may be provided at NFSS by employing 
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Attactment No. 1 

EPA Region II Catments 

EPA Region II has reviewed the Niagara Falls Storage Si te Draft Environmental 
Inpact Statement (lEIS) and we offer the following caments. 

USEPA-5 1. '!he DEIS gives no historical background of the site at NFSS. As of late 
spring 1984, much of the residue was still contained in a concrete silo on 
the site. Part of the ongoing interim remedial action involves relocating 
these residues to the bottom of building 411. The silo will then be demol
ished and the rubble moved inside the containment area. The wastes will then 
be used to cover building 411 and the ground in the diked area.. The interim 
cap of clay, sand, soil, and grass will then be put· in place. Information 
concerning these ongoing interim actions should be provided in the final EIS. 

USEPA-6 2. Several of the long-term management alternatives inclooe disturbing the cap 
for movement of material or vitrification of residue. Even long-term man
agement at NFSS with modified containment (alt. 2a) inclooes removing the 
upper layers of the interim cap. The cap material is stored terrporarily 
while additional barrier layers are added and the site work completed. A 
rationale should be included which would indicate Why this extra movement 
of materials is warranted in view of the potential for dust and worker 
exposure with each movement. 

USEPA-7 3. '!he properties bordering the NFSS include two landfills and a hazardous 
waste disposal facHi ty. The EIS contains no determination of what effect 
~se facilities and their operation might have on the integrity of NFSS 
site or vice versa. The possible synergistic effects of chemdcals involved 
in these areas should be covered in the final EIS. '!hat docunent should 
also address the effect that an emergency at one of these sites would have 
on the other. '!he EIS should detail any possible restriction on plans for 
expanding or upgrading the hazardous waste facility due to its proximity 

USEPA-B 

to the NFSS site. 

4. While there are no standards or guidance formally adopted or in place fran 
which to assess the adequacy of the possible alternatives (EPA'S standard 
setting program for residual radioactivity currently has a 1987-8 target 
date for standard/guidance issuance) the urani In Mill Tailings Radiation 
Control Act standards do address similar issues for similar materials. 
Therefore, 40 CFR 192 Sub-part A - "Standards for the Control of Residual 
Radioactive Materials fran Inactive uraniun Processing Sites" was used for 
guidance in reviewing the proposed alternatives. 

a. Alternative 1 

The cap utilized in this alternative could experience a failure as early 
AS 650 years. This falls short of the reasonably achievable 1000 year 
time span for control listed in the regulations. All of the. other caps 
proposed would be expected to last for at least 1300 years. 
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a stabilized matrix for the K-65 residues. This engineering-enhanced technique would 
require additional analysis by DOE. In particular, the "French-system", which utilizes 
a concrete matrix to stabilize radioactive materials, could provide improved containment 
of the radioactive residues in a more permanent form. We strongly recommend that the 
DOE evaluate this option, both from a technical feasibility standpoint and with respect 
to cost-risk assessment, prior to selection of the preferred alternative and issuance 
of the final EIS. 

As an ongoing effort during the long-term management of radioactive wastes and residues 
at NFSS, the DOE should reevaluate off-site disposal options at periodic intervals 
(e.g., every 5 to 10 years). Because DOE is stressing the management of this material 
for a period of 200 years, the reevaluation of viable off-site disposal options may. 
present more cost-effective and environmentally sound methods of dealing with this 
material in the future. This approach implies that the technology for transporting and 
disposing of radioactive wastes and residues may be significantly improved at some 
point in the future." 

Several variations of the basic alternatives are-discussed in Appendix C. DOE's selection 
of basic alternatives for detailed analysis in this EIS was based on public and technical 
scoping input. The range of alternatives chosen is consistent with the tentative listing 
included in the Notice of Intent (U.S. Dep. Energy 1983c), except that Alternative 4 involv
ing separate handling of the residues has been added. The alternatives are consistent with 
EPA regulations for uranium mill tailings (40 CFR 192) that DOE is using for guidance. 

Management concepts involving greater isolation, particularly for the residues, were also 
considered in less detail in Appendix C. As a result of further discussions with EPA, DOE 
has given further consideration to two options that EPA suggested for greater isolation of 
the residues: (1) an additional intruder barrier (additional to the 1-m layer of rock 
riprap in the cap), and (2) the "French system". These are discussed in Topical Response 1. 

The detailed information in the main body of the EIS regarding potential environmental 
impacts associated with the various alternatives involving near-surface management of the 
NFSS wastes and residues, as well as the less detailed information on other designs, will be 
considered in reaching the major decision. Further detailed engineering and supporting 
analyses will be considered at the time of implementation of the selected alternative. If a 
decision is made to implement the preferred Alternative 2, later implementation decisions 
will include details of the final cap, the additional intruder barrier, and the residue form 
(see Figure 1.3). 

USEPA-5 Historical background of NFSS is given in Sections 1.1 and 1. 2. As required by the CEQ 
regulations (40 CFR 1502.21), several documents giving more detailed historical information 
are incorporated by reference. These documents are available in the public reading rooms 
and libraries that have the EIS. The projected results of the interim actions (e.g., all 
wastes and residues consolidated within the containment area) are important as the baseline 
for analysis of the long-term management alternatives in the EIS and are, therefore, 
summarized in Section 1. The no-action alternative (1) is based on the assumption that all 
interim remedial actions are completed. 

USEPA-6 The interim cap is being constructed as part of maintenance operations to protect the wastes 
from erosion. DOE believes that it would not be responsible to delay the interim cap con
struction until a decision regarding long-term management of the wastes and residues could 
be reached and implemented. Therefore, partial or total removal of the interim cap will be 
necessary for the preferred Alternative 2 (about 0.9 m [3 ft] of clay would be left intact) 
and total removal would be necessary for any of the alternatives involving complete removal 
of the wastes and residues from NFSS. 

USEPA-7 One effect that operations at SCA or other nearby developments may have on the integrity of 
the NFSS site is the possible change of drainage patterns upstream or downstream of NFSS, 
resuiting in flooding of the NFSS containment area. This potential impact is discussed in 
Section 4.2.1.2. It is noted in this section and in the summary of· impacts in Section 2.1.2 
that the drainage system (ditches) above and below NFSS will need to be controlled so that 
the containment system is not jeopardized. Implementation of the various alternatives 
relative to surrounding land uses at NFSS are discussed in Section 4.6.2.1. An emergency at 
one of the surrounding sites could adversely affect one of the action alternatives at NFSS 
by causing NFSS operations to .be suspended because of potential danger to NFSS,workers from 
the other sites. However, it is anticipated that an emergency at NFSS (e.g., a spill of 
residues--Section 4.1.2) would not affect activities at surrounding sites. DOE has no plans 
that would restrict expansion of the SeA hazardous waste site. (See also Responses BROSS-7, 
and USEPA-31.) . 

USEPA-8 In the analysis in Section 4.2.1, two extreme land uses were assumed in order to bound the 
probable erosion rates. The cap in Alternative 1 would fail in 650 years only in the 
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b. Alternatives 3a, 4a, 4b 

Due to the drier concU tion and sandy soil at Hanford, these al ternati ves 
fail to meet the Radon-222 release rate criteria of less than 20 picD
curies per square reter Per second specified in 192.02(b). 

c. '!he other alternatives a~ar to conform to the standards. '!'he least 
expensive alternative which meets the guidelines is alternative 2a which 
is storage at NFSS with a long-term cap. The natter of going directly to 
a long-term cap should be reviewed, especially in light of the cost-effec
tiveness of alternative 28. 

In Table 4.2 of the DEIS, a statement is made that "C\lmulati ve doses to the 
general public below 0.001 person - or organ - rem are not given because 
doses this snall are iJmeasurable and meaningless with regard to predicting 
detrimental health effects". While it is a snall dose to an individual, it 
may not be meaningless when a large population may be exposed. Addition
ally, the measurability of the dose also has no bearing on the meaningful-_ 
ness of a committed population dose. 'lhe infornation should be presented 
for comparison without this value judgment. 

It is our understanding that the population dose was based on the inter
gration of individual doses for an 80 km radius around the site. This 
methodology should be discussed further and be subject to review. It is 
EPA's experience that a substantial portion of the committed dose fram a 
uranilJ'l\ tailings pile can occur to a population at sane distance fram the 
pile. 

'lhe potential for air quality impacts were not addressed in the DEIS. Justi
fication as to why this analysis is not provided should be clarified. 

Pegarding the disposal of radioactive materials (high or low level), the EIS 
(Section 4.7.2 - Ocean Disposal Regulation) should specifically reference 
the Marine Protection, Research and Sanctuaries Act of 1972 (MP~) and the 
Ocean Dlm'ping Regulations (40 CFR Part 227). 

'!'he MP~ was revised in 1974 to incorporate provisions of the 1.oooon D.Jmp
ing Convention (LOC) of 1972. However, the MPRSA does not re flect all parts 
of the LOC. Additionally, the EIS references definitions of the Interna
tional Atamc Energy hJency (e.g. "deminimls" levels on page 4-105) which 
have not been adopted by the LOC or incorporated into the ~. 

Currently, ocean disposal of radioactive waste, both high-level and low
level, is prohibited. 'lhe ~ and EPA's Regulations specifically prohibit 
disposal of high-level radioactive material (Section 102 (a) and 40 CFR 
227.5). Disposal of low-level wastes is prohibited by Congressional mora
tori In, which is in effect until January 1985. If this moratorilJ'l\ is not 
reissued, any ocean disposal of low-level radioactive material rust be Tn 
accordance with the MFRSA. '!he following inaccuracies are noted in the EIS: 

'lhe MP~ requires a special permit be issued for disposal of such mate
rial. 'lhe DEIS references a General Permit which allows bulk dispersal 
of wastes of less than "deminimis" levels of-radioactivity (currently an 
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unlikely event that all controls were lost and the containment area was used for row-crop 
agriculture. As noted in Section 4.3.2. crop production on the cap would be poor. If 
land-use controls are not lost. the erosion rates are expected to be very small. (See also 
Responses NYDEC-19, -20, -22; USDOI-2; WDSHS-2.) 

The failure of the Hanford alternatives to meet the 20 pCi/m2/s radon-222 release rate and 
measures to mitigate this impact are discussed in Section 4.1.2.2 of the EIS. To meet the 
criteria, the trenches would have to be deeper (about 7.5-in [25-ft] deep) .. This is tech
nically feasible, and if one of the Hanford alternatives were· selected, the radon release 
rate of 20 pCilm2/s would be met. The Hanford alternatives. are not preferred. 

The text in Section 4.1.2.2 has been changed to indicate that if DOE decides to implement 
any of the Hanford alternatives, the containment system would be designed to meet the 
20 pCi/m2/s radon emission criterion. For Alternative 3a (wastes and residues removed to 
Hanford), a release rate of 20 pCi/m2/s would result in approximately the same dose as is 
calculated for the 29 pCi/m2/s release estimated for the conceptual design given in this 
EIS. For Alternatives 4a and 4b (residues only to Hanford), the dose would be approximately 
10 times less than that calculated for the 300 pCi/m2/s release; however, the total dose 
would still be sev~ral orders of magnitude higher than any of the alternatives involving 
long-term management at either of the humid eastern sites (NFSS or Oak Ridge). 

USEPA-I0 See Response USEPA-6. 

USEPA-ll The doses given in Table 4.2 are cumulative population doses. A cumulative population dose 
of 0.001 rem is meaningless considering the approximately 100,000 rem/yr the same population 
of one million people will receive from natural background sources of radiation. 

USEPA-12 Although it is true that the theoretical world-wide committed dose will be higher if the 
population beyond 80 km is considered, it is also true that the incremental commitment as a 
fraction of natural background will decrease. Based on the very small commitment to the 
population at 80 km, further analysis is unwarranted. The relative comparison between the 
a lternat i ves woul d rema in the same and the doses woul d become even more ins i gnifi cant. 

USEPA-13 Radiological impacts associated with airborne releases are analyzed in Section 4.1. The 
potential for nonradiological air quality impacts associated with transportation is given in 
Section 4.6.3.3. It is noted that NfSS traffic could be a significant contribution to air 
quality degradation during peak traffic periods in the valleys at Oak Ridge on days when 
there were severe weather inversions. (See also Response TOHE-l1). 

USEPA-14 The Marine Protection Research and Sanctuaries Act of 1972 and the ocean dumping regulations 
are specifically referenced in Section 4.7.2. Reference to 40 CFR 227 has been added to 
this section. (See also Responses USEPA-15, -16, -17, -18.) 

USEPA-15 It is noted in Section 4.7.2 that if the International Atomic Energy Agency (IAEA) defines 
de minimis levels and if the EPA adopts the IAEA definition, it is expected that the NFSS 
wastes will be able to be disposed by bulk disposal under a general permit according to 
Annex III of the London Dumping Convention. It is also noted that it is anticipated that 
the IAEA will submit a proposed de minimis definition to the London Dumping Convention 
within the next year. (See also Responses USEPA-14, -16, -17, -18.) 

USEPA-16 A discussion of high-level radioactive waste disposal and the Congressional moratorium is 
given in Section 4.7.2. It is also noted that if Annex II of the London Dumping Convention 
(governing dumping of radioactive wastes other than high-level wastes) applies, the NFSS 
wastes would have to be disposed in containers. This option is not addressed in the EIS 
because DOE would not, at this time, consider applying for a permit for containerized 
disposal of the NFSS wastes. Bulk dispersal is currently authorized by the London Dumping 
Convention under a general permit, as noted in Section 4.7.2. The EPA issues general and 
special permits for ocean disposal of wastes under the provisions of its ocean dumping 
regulations (40 CFR Part 227). Known or suspected carcinogens, mutagens, or teratogens are 
prohibited from ocean dumping, unless they are present only as trace contaminants. Radio
active materials must be containerized before disposal, and the life expectancy required for 
the container is the time it takes the wastes to become environmentally innocuous. The 
moratorium on ocean disposal of low-level radioactive wastes does not include an operational 
definition of low-level radioactive wastes. The NFSS wastes are classified as nonradioactive 
for purposes of transportation. The NFSS wastes are natural geologic materials, contaminated 
with elevated levels of naturally occurring radionuc1ides that are normally present in soils 
and ocean sediments. A request for a permit to dispose of NFSS wastes in the ocean would 
require EPA to determine if this material is low-level radioactive waste. Until the EPA has 
made a specific determination with regard to classification of the NFSS wastes, it is not 
possible to determine the regulatory status of the NFSS wastes with respect to ocean disposal. 
(See also Responses USEPA-14, -15, -17, -18.) 
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International Atanic Energy Agency rule). fIc:1..Iever, neither this concept 
nor definition is currently in the LDC or MmSA. Presently, disposal 
of lew-level radioactive material, if not prohibited l:¥ Congressional 
IOOratoriun,mlstneet Special permit requirements (Subparts B-E), IlUSt 
be containerized (40 eFR 227. (6), and mlst be dunped at a site desig
nated specifically for this type of waste. '!be DEIS does not address 
disposal of containerized wastes, which is the only option currently 
authorized by the Ocean Dmping Regulations. 

Appendix E provides an in depth technical analysis of pennanent disposal of 
radioactive wastes (non-containerized) at the 106-Mile Site. '!be major pro-

. blem with this approach is that, at this time, the l06-M.ile Site is speci
fically designated only for disposal of aqueous industrial wastes. Also, 
the analysis is based on the historically used 106-Mile Site, which has 
actually been re-designated to a moch snaller area (May 1984). Use of 
this site for another type of wastes requires site designation in accor~ 
dance with section 228 of the Ocean Dumping Regulations. '!be DOE should 
address site designation procedures prior to stating they will ·seek a per
mit fran the EPA to dispose of NFSS wastes at the 106-Mile SiteW (p.E-6). 
The DEIS should also address possible alternate sites to the l06-Mile Site. 

Another major concern left unresolved is that groundwater will inevitably 
becare contaminated, regardless of the alternative disposal process irrpl~ 
mented at the NFSS. 'Ibis contamination will occur sooner and reach higher 
levels if the caps are not maintained and infiltration of water through 
the cap and into the wastes and residues increases. 

One alternative that mlst be explored in detail is the disposal of the radi
oactive wastes/residues via deep-Nell injection. It is quite possible that 
the disposal of these wastes by means of injection wells may prove to be 
IOOre environmentally sound and effective. 

Groundwater flew directions and hydraulic head relationships between the 
aquifers in the overburden zone are not completely addressed in the DElS 

~cific locations of aquifer recharge zones (both areally and vertically) 
have not been clearly delineated. 1Idditional water quality data, es~ 
cially pertaining to total dissolved solids (Ta:;) levels in the aquifers, 
is needed to evaluate pOtential inpacts and movanent of radioactive mate
rial. 

Radiun-226 is the radionuclide of most concern at the NFSS. A worst case 
ass~ion that was made in the report using a centrally located well 
may not be a true representation of the possible contamination scenarios. 
Additional analyses should be performed using several other well sites. 

For all alternatives in which the residues will remain at NFSS, the con
centrations of radi~226 in the onsite wells are predicted to be greater 

:.'.1 
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USEPA-17 Section 4.7.2 has been modified to indicate that EPA will (rather than may) need to desig
nate a particular part of an existing ocean disposal site or a new site for disposal of the 
NFSS wastes and that the site designation process will entail extensive environmental review 
and participation. The 106-mile site (Site 106) is used as an example of a nearby deepwater 
ocean disposal site because site designation and monitoring studies for.aqueous industrial 
waste disposal have provided baseline environmental data on which an assessment of disposal 
of the NFSS wastes can be based. (See.also Responses USEPA-14, -15, -16, -18.) 

USEPA-18 A discussion of possible alternative ocean disposal sites would be included in a disposal 
permit application. Given the predicted lack of any significant impact associated with 
dispersal of the NFSS wastes at Site 106, analysis of other possible alternative sites is 
not warranted at this time. (See also Responses USEPA-14, -15, -16, -17.) 

USEPA-19 In subsequent correspondence, EPA indicated that: 
"In addition, DOE should provide more information on the groundwater monitoring/ 
mit i gat ion plans that woul d be requi red if an on-site contai nment option were 
selected .... We continue to believe that the proposed on-site containment alternatives 
(i.e., alternative I-no action, and alternatives 2a and 2b) are environmentally unaccept
able from the standpoint of potential groundwater impacts. The discussion regarding 
existing and future conditions if an on-site alternative is selected, leads EPA to 
conclude that significant adverse environmenal impacts to groundwater resources and 
human health in and around NFSS may result. If wastes and residues remain at NFSS, the 
DOE suggests the likelihood of significant future impacts if drinking water wells are 
drilled and utilized in the NFSS vicinity. The suggested prohibition of water usage 
adjacent to NFSS may be impracti~al to implement or enforce .... DOE has stated that 
additional groundwater modeling, in conjunction with the development of detailed 
engineering designs, will be incorporated in the Waste Containment Design Report. This 
information is essential for EPA to complete its review of potential groundwater 
impacts. Information on aquifer recharge zones should also be presented in this design 
report, and it should be demonstrated that the selected alternative would not result in 
the contamination of recharge water in and around NFSS. We are concerned that the 
on-site alternatives, as proposed, will result in contamination to the lower aquifer 
which flows north toward Lake Ontario. We believe that mitigation measures should be 
provided in the final EIS that would effectively eliminate all potential impacts to 
aquifer recharge zones, including the Queenston aquifer .... A leachate collection 
system should be required for on-site containment alternatives because of the potential 
for migration of radioactive contaminants .... We are aware that the "Waste Containment 
Design Report" being prepared by DOE may resolve some of EPA's informational require
ments about groundwater impacts and offsite migration/contamination. Accordingly, we 
request that a copy of this report be presented to EPA for review prior to issuance of 
the final E1S. As indicated in the attached comments, EPA is unable to complete its 
review of the DOE's disposal options without the level of technical detail anticipated 
to be available in this report. (Please note that the "Engineering Evaluation of 
Alternatives" report did not provide sufficient technical detail for EPA)." 

The rates of groundwater migration and contamination levels, assuming loss of maintenance, 
are discussed in Sections 4.2.2 and 4.4. Offsite contamination is not expected at any of 
the alternative sites within the 1000-year design goal set in the EPA mill tailings regula
tions. Only at a theoretical onsite well in the near· surface unconsolidated aquifer (with 
limited potential yield or use) would the groundwater become contaminated. This prediction 
is based on some very conservative assumptions about the nature of the wastes and residues, 
the groundwater condition (see Topical Response 2), and cap erosion. As noted in 
Section 2.1.2, this potential impact can be eliminated by instituting controls against the 
use of water from the near-surface aquifer on the NFSS site. Land records will note the 
presence of the radioactive waste containment area and the need to control use of the site. 
A groundwater monitoring program will be implemented and further actions will be taken, if 
necessary, to ensure that offsite concentrations of radionuclides and other chemicals are 
not elevated above applicable standards. As noted on Figure 1.3, DOE will have detailed 
monitoring plans by the time a Record of Decision is published. EPA will be provided with 
copies of all the major documents, including the Waste Containment Design Report, that will 
be used in reaching a decision. Our calculations indicate that there will be no offsite 
contamination of groundwater within the 1000-year time frame that is recommended by EPA and 
is being used by DOE as a reasonable basis for this decision. Thus, a leachate collection 
system is not needed. 

USEPA- 20 See Response USEPA-4. Conventi ona 1 deep-well inject i on (as opposed to hydrofracture/grout 
injection), is not feasible for disposal of the solid NFSS wastes and residues. (See 
detailed discussion in Topical Response 1.) 

USEPA-21 Existing information on groundwater flow directions and hydraulic head relationships is 
summari zed and referenced inSect i on 3.1. The ana lys i sin· Sect i on 4.2.2 of groundwater 
impacts at all sites is adequate to allow reasonable comparison between alternatives. (See 
detailed discussion in Topical Response 2.) 



USEPA-
24l 

USEPA-25' 17. 

USEPA-26 lB. 

USEPA- 27 19. 

USEPA-28 20. 

USEPA-29 ( 

USEPA-30 21 

K-180 

than the current federal drinking water standard of SpCi/L (picocuries 
per liter). If only the wastes and not the residues renain, then the 
concentrations of radium-226 are predicted to,meet the federal standard, 
but exceed the New York state standard of 3pCi/L. Shallow wells should 
not be perndtted in the NFSS area, especially in the near-s~rface aquifers. 

With regard to the NFSS's hydrologic characteristics (e.g. snall hydraulic 
conductivities and gradients, depth to the deeper aquifers, direction of 
flow, and slow groundwater velocities), it is unlikely that radiological 
contamination of the deeper aquifers will occur in the long-term period 
(up to 32,000 years). The information presented in the [)ElS appears to 
substantiate this fact; however, there is not enough data provided to 
fully support this conclusion. 

There. are at least three ·studies dealing with geology and groundwater at 
the site, yet no detailed geologic sections or site plan is shown; there 
are no water table maps nor any other information relating to moisture in 
the ground. While reference is made to the reports, information of this 
level of importance should be included. . 

There is no information provided relating to the chemical character of the 
wastes, especially with respect to water content, solubility, reactions, 
etc. This information should be included to perndt a comprehensive review 
of options. The validity of the transport model presented cannot be evalu
ated without this data. 'n1e [)ElS should inclu::1e the entire flow field 
around the site and its residence time. Residence time may be relatively 
brief or it may be on the order of 1000 years. This variation can make a 
significant difference in considering and evaluating alternatives. 

Consideration should be given to the use of a cement cap, rather than a 
soil cap, on the residues. Use of the soil cap has been shown, in areas 
within fifty ndles of the site (which have sirrUlar climate); to be inef
fective even for relatively short periods (e.g., 10 years or less). Even 
without climatological factors, the presence of snall burrowing animals 
at the site may affect the intergrity of the soil cap over a relatively 
brief period, without an appropriate operations and maintenance plan. In 
addition, the applicability of CERCLA to all Federal facilities would also 
require that appropriate coordination with the procedures of the Resource 
Conservation and Recovery Act (ReM), which calls for Use of a synthetic 
liner and a soil/clay cap designed to last a ndnimLJll of 35 years. 

Figure 2.1 of the DEIS depicts a true scale for the conceptual design of 
the no-action alternative at NFSS. The 40% side slopes would be unaccept
able for establishing and maintaining adequate vegetative cover (i.e. 
grass) • Similarly, Figure 2.3 presents the conceptual design for al terna
tives 2a and 2b. The end slopes of the soil cap are shown to be at a 20% 
slope. Again, this grade may be too severe to properly maintain vegeta
tive cover for a long duration. Therefore, it is reccmrended that other 
feasible alternatives be considered for this design of the cap. This ana
lysis of more permanent cover should include evaluating rip rap, gabions, 
or, as mentioned above, concrete. 
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USEPA-22 The entire area on and around NFSS is a recharge zone. Existing information on all aquifers 
is summarized and referenced in Section 3.1. It is expected that infiltration of water 
through the final cap (preferred Alternative 2) will be less than through surrounding soils; 
therefore, recharge through the NFSS containment area will be less than through surrounding 
areas. (See detailed discussion in Topical Response 2.) 

USEPA-23 Thethree-dimensi onal sol ute transport model was used for projecting contami nant concen
trations at specific locations in'the aquifer (i.e., onsite well, nearest major surface 
water bodY"and half way between the two--Section 4.2.2>'. The results indicate that for the 
ass,umed model i ng condi t ions, maximum contami nant concentrations woul d occur ina well 
located next to the waste/residue containment area. 

After further discussions with EPA, another theoretical well point was located at the edge 
of the NFSS property. Within the time period specified in the mill tailings regulations as 
being the desired minimum duration of containment (at least 200 years and, to the extent 
practiab1e, for 1000 years), it is predicted that there would be no offsite groundwater 
contamination at NFSS (see further discussion in Topical Response 2 and Section 4.2.2.3). 

USEPA-24 DOE agrees that use of water from shallow wells on the NFSS site should not be permitted. 
The hypothetical impact analyzed in the EIS will not occur if no such sand lens exists, no 
one drills such a well, or no one uses the groundwater. Land records for the site will note 
the presence of the waste containment area and the need to control use of the site. (See 
more detailed discussion in Topical Response 2.) 

U~EPA-25 No other data are available. The contaminant concentrations at theoretical onsite wells are 
presented for comparison of the conceptual designs for the various wa~te-management alterna
tives. Detailed analyses of potential contaminant migration patterns for specific contain
ment designs for whichever alternative is selected will be conducted and will be available 
to support decisions on final design. (See more detailed discussion in Topical Response 2.) 

USEPA-26 Figure 3.1 is the only figure available showing the geologic formations at NFSS. Because of 
the noted high degree of variability, no cross section would be representative of the site. 
As noted in Section 3.1.1, no yearly seasonal data on the near-surface aquifer in the uncon
solidated glacial deposits are available. Existing hydrogeologic studies at NFSS indicate 
that the groundwater in the upper "aquifer" has a small hydraul ic gradient and conductivity. 
Based on information gained during excavations for the dike around the containment area 
during 1982-1984, it is known that the groundwater elevations in the upper aquifer at a 
given point in time can vary greatly from one spot to the next--indicating that the various 
sand lenses may not be interconnected. For the contaminant migration study, it is con
servatively assumed that the soils are completely saturated year-round (see Table 4.39) and 
that the overlying NFSS wastes and residues are also saturated. (See more detailed discus
sion in Topical Response 2.) 

USEPA-27 In subsequent correspondence, EPA indicated that: 
"The results of the three-dimensional transport model used by DOE for predicting contami
nation concentrations at specific locations in the nearest aquifer are provided in the 
[previous] response[s). Contamination to an off-site well, a major surface water body, 
or at a half-way point between the two are not expected to peak for radium-226 concen
trations for at least 3,600 years. While radium-226 concentrations are of the most 
concern to the DOE with respect to groundwater contamination, predicted values for the 
other radioactive contaminants should be addressed in the final EIS." 

The chemical content of the wastes is given in Section 3.1.8. In the EIS analysis, the 
initial water content of the wastes and residues is assumed to be approximately 30% because 
they will be damp. Depending on the success of residue dewatering during interim remedial 
actions, the water content may be as low as 20%. However, over time, infiltrating water is 
expected to raise the moisture content to near saturation of about 30%. The amount of water 
contri buted by bi 0 1 ogi ca 1 degradat i on of the trace amounts of organi c const i tuents is 
expected to be insignificant~ 

The hydrological model is discussed in Section 4.2.2.1. As noted, the two most sensitive 
parameters are distribution coefficient and hydraulic conductivity. Many variable parameters 
that may affect the mobility of a given contaminant (such as solubility) are subsumed into 
one variable parameter, the distribution coefficient. For the analyses, conservatively low 
distribution coefficients and conservatively high hydraulic conductivities were input to the 
model (Sections 4.2.2 and 4.4)--resulting in conservatively high predictions of groundwater 
impacts. All available data for each alternative site were used to determine reasonable 
values for the various input parameters for the hydrological modeling. Discussion of why 
the use of more sophisticated groundwater models is unwarranted and would not result in more 
accurate prediction of impacts for the purpose of comparing the conceptual alternatives is 
given in Section 4.2.2.1. 
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'lheNFSS is in a location Iobere other envirol'lTlentalinpacts fran chemical 
and other types of adverse environrrental conditions exist. '!'here is a 
hazardous materials storage- si te inrnediately adjacent to the NFSS property. 
This situation should be given more consideration when evaluating the
overall goals of the project.'lhe presence of a disposal site adjacent 
to the NFSS would bring into question the justification for expending 
relatively large sums of money to reduce the effect of one type of material 
while leaving in place on the adjacent property another, possibly greater, 
hazard. 

In connection with other projects, EPA has investigated the possibility of 
long-term storage of radioactive materials of similar character at the Oak 
Ridge Reservation. CUr inquiries have received the response that no fur
ther long-term storage of any radioactive materials was planned for that 
site due to a mlllber of containment problems. Is there sane mechanisn or 

-approach envisioned which would permit the use of the Oak Ridge site for 
storage of this 'type? What further modifications of the site or of its 
institutional requirements would be necessary? Are these all factored 
into the cost of the presentation? 

EPA is in the process of ranking all Federal facility sites for inclusion 
on the National Priorities List. EPA will be contacting you to assemble 
data and other pertinent information which will be required in the eval
uation process for the NFSS. 
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Chemical contaminatio-n of groundwater within the 1000-year design goal specified in the EPA 
mill tailings regulations is expected only at a theoretical onsite well at NFSS. As noted 
in Section 4.4.3.1, background well water concentrations for the various chemicals are 
expected to be larger than those contributed by leachate from the NFSS contaminated 
materials. (See more detailed discussion in Topical Response 2.) 

As noted in Section 4.3.2.2, the riprap layer at NFSS for the long-term management alterna
tives at NFSS (2a and 2b) is expected to initially deter burrowing animals from intruding 
into the buried wastes and residues. As long as the cap is mOnitored and maintained, it is 
expected that animals will not be able to burrow through the total of about 6 m (20 ft) of 
cap and underlying wastes down to the residues. If it is assumed that con.tro1s cease, an 
additional barrier of a concrete cap on top of the residues could serve to further delay' 
human or animal intruders. DOE is considering this additional option (see Topical 
Response 1). EPA does not consider such an addit i ona 1 barri erto be necessary for the mi 11 
tailings that are similar to the NFSS wastes and residues .. 

The -failure of nonengineered soil-only caps over buried wastes at other nearby sites was 
taken into consideration in developing the conceptual design for the long-term containment 
system at NFSS. The wastes and residues are compacted to minimize future slumping. It is 
expected that most settlement will take place within a few years of construction of the 
interim cap. Repairs will be made, as necessary, before construction of the final cap 
(preferred Alternative 2). The various layers, slopes, and thicknesses of the final cap are 
designed to balance considerations of (1) minimization of erosion, frost heave, infiltration 
of water, and exhalation of radon, and (2) maximization of runoff and cap drainage. As 
noted throughout the EIS, maintenance and monitoring plans specific to the selected alterna
tive will be developed and will be summarized in the Record of Decision, as required by the 
CEQ regulations. (See more detailed discussion in Topical Response 1.) 

USEPA-29 Based on site-specific considerations guided by the requirements of 40 CFR 192, and consis
tent with the gui dance in DOE Order 5480.2 (Hazardous and Radi oact ive Mi xed Waste 
Management), DOE will ensure a degree of protection of the environment and the safety of the 
public equivalent to that afforded under 40 CFR 260-265, even though NFSS is not subject to 
the permitting requirements of RCRA. The cap in preferred Alternative 2 is predicted to 
last at least 200 years. A synthetic liner with a life of 20 years would offer no signifi
cant long-term barrier to the migration of contaminants. In EPA guidance documents, it is 
noted that synthetic liners are intended to provide protection only during burial operations 
and a 3D-year post-closure period, not the 1000 years for which containment systems for mill 
tailings and the NFSS wastes and residues are to be designed. 

USEPA-30 The 40% side slope is for the interim (Alternative 1--no-action). Potential gully erosion 
of the slopes and potential slope and cover failure are discussed in Sections 4.2.1.3 and 
4.2.1.4. Further reduction of the side slopes (to less than 20%) in preferred Alternative 2 
would result in decreased erosion and, therefore, decreased maintenance costs. Based on the 
analysis in this EIS, it appears that a 20% slope would provide reasonable ensurance that 
the integrity of the confinement system could be maintained for 1000 years. Riprap is 
included in the long-term conceptual designs at these sites (Section 2). The exact per
centage of side slope, as well as any additional land requirement associated with slopes 
less than 20%, will be considered as part of detailed engineering that will be available 
after the Record of Deci s ion: (See also Response USEPA- 28 regardi ng a cement cap on the 
residues.) 

USEPA-31 DOE is considering the presence of the adjacent hazardous materials storage site in making 
its decision on long-term management of the NFSS wastes and residues. Comment is noted. 
(See also Responses BROSS-7, USEPA-7.) . 

USEPA-32 DOE has informed EPA that there are no "open" low-level waste disposal facilities in opera
tion at DOE's Oak Ridge Reservation--i.e., there are no facilities intended to receive 
wastes other than those from current DOE production and research activities at Oak Ridge_ 
For the DOE-owned NFSS wastes and residues, a DOE programmatic decision was made to consider 
the Oak Ridge and Hanford reservations as alternative long-term management sites. Subsequent 
to this decision, the Pine Ridge Knolls site was designated by DOE Oak Ridge Operations as 
the specific location to be considered for the NFSS alternative. Conceptual design features 
for long-term management of the NFSS wastes and residues at Oak Ridge were then developed 
and comparative environmental analyses were performed. Use of the Pine Ridge Knolls site 
has been considered only for the NFSS wastes and residues. No wastes are currently stored 
at this location, and no future DOE waste management activities are currently envisioned for 
this particular site. (See also Responses RYMAN-4; TDHE-5, WALK-I, -3; YAGER-2.) 

USEPA-33 In response to EPA's request, DOE has provide-d EPA with the relevant information on NFSS. 
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Attactment No. 2 

EPA Region IV Ccmnents 

EPA Region IV Associate Review of the Niagara Falls Storage Sites Draft 
Environmental Inpact Statement (lEIS) 

U5EPA-34 [1. '!he waste source and characteristics should be described adequately in order 
that pathway analysis and radiation dose estimates can be made for the basic 
alternatives and the additional action alternatives of a partial decontamina
tion approach. The most commonly occurring long-lived radionuclides of the 
NFSS wastes and residues should be specified (e.g. uranhJII 238 and 234; 
thorium 230, radium 226, etc.). 

U5EPA-35 2. 

U5EPA- 36 3. 

U5EPA-37 4. 

USEPA- 38 ['" 

U5EPA-39 ( 

USEPA-40 [ 

Soil concentration limits should be derived that are applicable to the actU31 
sites listed for the alternatives. Site specific application of the pathway 
analysis and radiation estimates should provide the required concentration 
limits at the individual option sites, and hopefully, the basis for public 
acceptance of the alternative chosen. '!he relative inportance of the differ
ent pathways based on models and assurrptions should be developed for each 
of the alternatives, including hydrological and drinking water aspects of the 
proposed si tes. 

'!he derived soil concentration limits for the NFSS waste and residues at the 
various alte'rnative sites should provide that individual radiation dose 
limits do not exceed the accepted radiation protection standards. Other 
important areas of consideration for each site alternative are state and 
local goverrYnent issues, transportation, actual errplacement methodology 
(particulary in regard to assurance of no water table involvement), drainage 
of the excavation, and monitoring of the sll11p and the areas water supply 
~lls for compliance. 

Long-term measures for the NFSS radioactive wastes and residues should provide 
information on the design, monitoring, and interpretation assumptions under
lying the mcrlels; such as those which relate to the derived soil nuclide 
concentrations or air gamna readings to hl.IlWl dose carmi tment. The inform
ation should be realistic relative to the individual site containment options, 
so that cost effectiveness, potential hazard to the public, monitoring and 
inspection requirements, real versus perceived risk, and application of the 
AlARA tec~ology (as lCM as reasonably achieveable) is demonstrated with a 
reasonable margin of safety. 

'!he discussion of the hydrology, water use, and water quality for the 
alternatives regarding the Oak Ridge site should inclu:3e: (1) The inter
relationship between groundwater and surface water in the vicinity of the 
proposed disposal site with respect to the rate and vol\Jlle of discharge to 
the surface stream. (2) dCMnstream water supplies of the Clinch River, 
inclu:3ing location, distance downstream, population served, and potential 
inpact fran the radioactive residue disposal site. (3) An evaluation of 
soil penreability and the rate of grouna..ater movement. '!his evaluation 
should take into account the fracture flCM system including the limited 
effect of dispersion and dilution in this type of flCM system. 
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USEPA-34 This information is provided in Sections 3.1.7 and 4.1. 

USEPA-35 Residual soil concentration limits at NFSS for those alternatives involving removal of the 
NFSS wastes and residues to other sites would have to be determined at the time such an 
action was taken. The guidel ines given in Appendix H are identical to those given in~the 
EPA mill tailings regulations. The soil concentration guidelines are applicable to areas 
that are cleaned up, not to areas where wastes are contained. The relative importance of 
pathways, models, and assumptions for these guidelines are given in the documents referenced 
in Appendix H. As noted in Appendix G, development of DOE orders is not part of the 
currently proposed site-specific action and ;s therefore beyond the scope of this EIS. (See 
also Responses NYDEC-10, -26; USEPA-36.) 

USEPA-36 See Responses NYDEC-10, NYDEC-26, and. USEPA-35 concerning residual soil contamination guide
lines. The other important areas of consideration are thoroughly discussed in Sections 3 
and 4, and are summarized in Section 2. 

USEPA-37 These issues are discussed throughout the EIS, particularly in Section 4. DOE is considering 
all of them in making its decision. 

USEPA-38 At the Oak Ridge alternative site, discharge of site groundwater occurs commonly in the form 
of springs and seeps (Section 3.3.2.2). Most of the springs are in small valleys along the 
southeast flank of Pine Ridge. At one time, weirs were installed at selected locations 
within the site to measure the flow rate of groundwater discharge (Exxon Nucl. Co. 1977); 
except for one measurement, results are not available. (See also Responses TDHE-8, 
USEPA-40.) 

USEPA-39 Two pumping stations for the Oak Ridge Gaseous Diffusion Plant are located on the Clinch 
River downstream of the Pine Ridge Knolls site. One of these stations withdraws makeup 
water for the recirculating cooling system; the other, located immediately downstream of the 
confluence of Grassy Creek and the Clinch River, withdraws water for potable and process 
purposes. Of the nine public water systems (serving about 91,500 people) that withdraw 
surface water within a 32-km (20-mi) radius of the site (Boyle et al. 1982), only one--at 
Kingston--is located downstream of the Grassy Creek discharge. However, the Kingston intake 
is actually on the Tennessee River upstream from the confluence with the Clinch River. The 
average withdrawal rate at Kingston is about 0.014 m3 js (0.31 Mgd). Within the 1000-year 
time frame considered in the EIS analysis, no significant adverse impact on surface water 
supplies is predicted. 

USEPA-40 The discussion of soil permeability and groundwater movement is presented in Section 3.3.2.2. 
The effect of the fractured flow system on contaminant transport at the Oak Ridge site was 
considered in the selection of hydrogeologic parameters for the contaminant migration 
analysis (Section 4.2.2). For example, the average hydraulic conductivity at Oak Ridge was 
set at 0.03 cmls, whereas at NFSS it was set at 0.000011 cm/s (see p. 4-58). (See also 
Responses TDHE-8, USEPA-38.) 
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U5EPA-41 6. '!he discussion of the envirorrnental consequences should include· an evaluation 
of the cumulative effect of radioactive disposal actions at the Hanford and 
Oak Ridge site!:! fran all other contributing waste sites should monitoring, 
maintenance, and corrective actions be terminated. 'nle additional effect 
fran the residue and/or soil disposal area could represent an unacceptable 
impact on the environment in combination with environmental releases from 
the other disposal areas o~site. 

U5EPA-42 7. '!he DEIS indicates that the radiological health impacts will be smaller than 
the risks of occupational and transportatio~related injuries and deaths. 
Noting· that the long-term radiological risks to the general public are also 
expected to be small for all alternatives, it appears that further consider
ation of storage or stabilization in place at NFSS should be considered the 
primary technique for managing the residues and wastes. 
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USEPA-41 The cumulative radiological effects (with existing operations) at Hanford and Oak Ridge, as 
well as .existing background radiation sources, are discussed in Section 4.1.2.1. The incre
mental impact associated with management of the NFSS wastes and residues is insignificant at 
all sites for all alternatives. Long-term impacts associated with the NFSS wastes and 
residues, including impacts if controls cease are given in Section 4.1.2.3. No existing 
predictions of future impacts if controls cease at other sites are available. 

USEPA-42 EPA's comment regarding the preferability of stabilization in place at NFSS is noted. DOE 
will take this into consideration in reaching a decision. (See also Response USEPA-3.) 
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AttactJnent No. 3 

Em Region X Ccrrrrents 

EPA Region X Associate Review of the Niagara Falls Storage Site Draft 
Environnental Irrpact Statenent (OOlS) 

USEPA-43 (1. 'lhe DElS should discuss the relative capacity for radioactive wastes for 
each of the sites considered. 

,/ 

USEPA-44 l2• 

USEPA-45 [ 3. 

U5EPA-46 [ •• 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Truck movement rates along transportation routes proposed for each of the 
alternatives should be carpared to the truck moverent rates of radioactive 
materials that would occur with no-action taken along the same routes. 

'Ihe OOlS carrnonly uses pCi/g Rirlium 226 as the treasuresrent of radionuclide 
concentration. Bow does this relate to dosages (mrem) used in Table 4.127 

How is this project related to the effort each state is required to initiate 
for low-level radioactive wastes under the Low-Level Radioactive waste Policy 
Act (PL 96-573)7 'Ihls act is not trentioned in Table 1.2. 

List of Contacts 

Mr. Frank Giaccone, 2AWM-AC 

Mr. Robert Vaughn, 2WM-wPC 

Mr. Paul A. Giardina, 2AWM-RAD 

Mr. Robert Ogg, 2OERR-flW 

Mr. Pete r Acke r, :a+HX;P 

Mr. William S. Baker, 2AWM-AP 

Mr. Edward T. Heinen, 4Ro\-F1\B 

Mr. Ronald A. Lee, 1Qo/H-EEB 

FTS 264-9627 

FTS 264-1302 

FTS 264-4418 

FlS 264-2647 

FTS 264-1347 

FTS 264-2517 

FTS 257-3776 

FTS 399-1728 
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USEPA-43 At NFSS and Hanford, the NFSS wastes and residues can be managed within the existing sites. 
At Oak Ridge, there is adequate space at the Pine Ridge Knolls site to handle the NFSS 
residues. However, as noted in Section 2.5.1, a major technical uncertainty in implementing 
Alternative 3b (both residues ~nd wastes at Oak Ridge) is whether or not there will be 
enough space on top of the knolls. This uncertainty will be taken into consideration in 
making the decision on where and how to manage the NFSS wastes and residues for the long 
term. 

USEPA-44 No compilations of existing or projected truck movements of radioactive materials along the 
transportation routes (in addit~on to the NFSS shipments) are available. 

USEPA-45 The relationship between radionuclide concentrations, release rates, exposures, and resulting 
doses to the public and workers are given in Section 4.1. 

USEPA-46 The low-level Radioactive Waste Policy Act (Pl 96-573) is not applicable to the NFSS project 
because it does not apply to DOE wastes. (See also Response NYDEC-3.) 

USEPA-47 In subsequent correspondence, EPA indicated that: 
"In addition, the c~ntral drainage ditch located near the waste containment area at 
NFSS is within the 100-year floodplain. Measures should be proposed which ensure that 
increased off-site migration does not occur in the event the waste containment area is 
inundated during 100-year flood conditions. Adequately designed flood prevention 
structures should be described in the waste containment report and final EIS. Also, 
because the long-term management plan provides for a 200 year planning period, the 
flood prevention structures should be designed to the conditions of, at least, a 
200-year level." 

See Response NYDEC-l. 
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U.S. HOUSE OF REPRESENTATIVES 

COMMITTEE ON SCIENCE AND TECHNOLOGY 
... fIlT GOq .JfIi _ Tf"" 
IIOtrlll~ It. YOUNG..1iIO 
IUJIOLD t. 'IOL"II"- MO. 
I'Ll NUSO'f 'LA. 
STAN LUHDttfL II Y 
.... "' ...... IlALI,.'nX 

SUITE 232' RAYBURN HOUSE OFFICE BUILDING 

WASHINGTON. ~.C. 205'5 
DAVE .. C CU"DT, OCLA 
M!~"" D""AUY.~. 
PAUl sruo,. ILL 
1itO'I ..... "',. .. IN" ... ~. 
.'CMAIID J DuQrN LL • 
"'CNAiL'" AJlOIIllWS. lU. 
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MAlHI, .. 111'0 lilY 
1II0.11ff G 70M1C1UlIU. 
INDtItlt& It lOUCNIIt. VA. 

James Vaughlln 
Acting Asslstllnt Secretllry 

for Nuclellr Energy 
u.s. Department of Energy 
WlIshlngton, D.C. 20585 

Dear Mr. Yllughlln: 

(2021 22&-e37t 

October 5. 1984 

u.,IIIIrfMMf ..... UJtI 
..... .. ulLUL.IoUI JIll." MDl 
.,11," I WAlKI!!"-",, 
WlU.IA" c ....... ,.,.,.". 
f, ~IIIIIiISI"MI ..... Il ... WIS 
.lUDD GII'GG N 1'1 
"'''''OIllQ J Me ""'Tlt.. Y. 
oIOflllf"" II MU 
ClAUD""![ ICHIiI'lOU. A.l 
'~L LOWlllty, CAul. 
.,0 C"'''DLIIII. WAIN • •• ,ItT .... "TI ......... IIA 
'''111'''''000 L IOIMLI"'. II Y 
",,"IUD" Me tAHDl.III. CAuf 
'OM~'MS.'LA. 

JlAN)LDP" .... SOlif 

..~-.,..,.,. c _nCMAM 
"--," c:.--. 

DAVID" A"11tt 
......".,11aII'*--

The Department recently requested our comments on the draft environmen
tal Impact statement entItled, "Long-Term f,lanagement of the Existing 
Radioactive Wllstes lind Residues lit the Nlllgarll Fill Is Storllge SIte." We 
continue to believe thllt the Department should cllrry out Its mandllte to 
clean up this site In the most cost-effective mllnner. 

USHR-l 

[

We have reviewed the eight clellnup IIlternatlves suggested In the report 
ona nave concluded that alternlltlve 2(a) (stabilization In-pillce) would 
IIccompl Ish the clellnup effort lit the least cost to the government. We, 
therefore, recommend It to the Department. 

We IIppreclllte III I of your efforts In keeping the Subcommittee fully lind 
currently Informed on the IIctlvltles of the Department. Our stllff con
tacts on the Subcommittee lire Mr. Louis Ventre, Jr. (225-2981) for Mrs. 
Lloyd lind Mr. Dllvld Clement (225-8152) for Mr. Wlliker. 

~ MARILYN LLOYD, Chllirman 
Subcommittee on Energy 

Resellrch & Production 

LW:Ydm 

s~~ 
ROBERT S. WALKER 
Ranking Republ IClln Member 
SubcommIttee on Energy 

Resellrch & Production 
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Recommendation for Alternative 2a is noted. This comment, along with those from other 
commenters, was taken into consideration in determining the preferred alternative. 
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COMMON\VEALTH 0/ VIRGINIA· 
KEITM J. aUTTL.E.1U.N 

AOilINlSTllATo.. 
Council on the Environment 

Mr. L.F. Campbell 
Deputy Director, Technical 
Services Division 

Oak Ridge Operations Office 
U.S. Department of Energy 
P.O. Box E 
oak Ridge, Tennessee 37830 

Dear Mr. Campbell: 

October 12, 1984 

ICO NIN1'H STREIET ()ItFICE. eUILOIHQ 
IIIICHUONO 2321' 

.... _6500 

~he Commonwealth of Virginia has reviewed the Draft 
Environmental Impact Statement for Long-Term Management of the 
Existing Radioactive Wastes and Residues at the Niagara Falls 
Storage Site. The Council on the Environment is responsible for 
coordinating Virginia's review of federal environmental documents 
and responding to appropriate federal officials on behalf of the 
Commonwealth. The following agencies took part in this review: 

Department of Health 
Department of Highways and Transportation 
State Air Pollution Control Board 
State Water Control Board 
Office of Emergency and Energy Services 
Solid Waste Commission 
Mount Rogers Planning District Commission. 

Our interest in the subject of this document stems from the 
possibility that radioactive waste will be transported by truck 
through Virginia on its way to Oak Ridge, Tennessee (Alternatives 
3b, 4c, 4d).. If such transportation is contemplated, it would be 
advisable for you to coordinate truck movements with the 
Department of Highways and Transportation, particularly in regard 
to highway tunnels, of which there is at least one on the proposed 
route (Interstate Routes 77 and 81). 

VCE-l r We recommend that the Department of Energy consider carefully 
the implementation of transportation alternatives to Oak Ridge, 
since the passage of many heavy trucks through the mountainous 
terrain in southwestern Virginia would create potential hazards to 
the environmen~ of the area and the health and safety of its 

')')"-, , 
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The Oak Ridge alternatives are not preferred at this time. If DOE decides to implement one 
of the Oak Ridge alternatives, transportation through the mountainous terrain of southwestern 
Virginia would be carefully considered. As noted in the EIS, it is assumed that transport 
would take place only during the 6-month summer construction season, not during the winter 
when road conditions are more hazardous. DOE would clean up any spilled material. (See 
also Responses NCEMC-3, USOOI-7, VCE-2, WDES-I, WEFS-5.) 
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VCE-l citizens. Specifically, we would like the Final EIS to indicate 
an affirmative commitment on the part of DOE to assume financial 
and technical responsibility for the recovery after any accidents 
or clean-up of spilled material. In the absence of such a 
commitment, we urge that the wastes and residues be shipped so as 
not to traverse Virginia. 

Thank you for the opportunity to review this document. We 
look forward to reviewing the Final EIS. 

sin2'j ~.JJL ___ 
Keith J. Buttleman 

Enclosures 

cc: The Honorable Betty J. Diener 
Mr. R.E. Wilkinson, DHT 
Mr. Thomas Taylor, Mount Rogers PDC 
Ms. Barbara M. Wrenn, SWC 
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CO~1l\10N'VEALTH 0/ VIRGINIA 
l([rtH J rmTtU,'U,H 

AD»:NI:>TAAT"R 
Council on the Environment ICO NIN1:H S.T~f fT cS"',e£ .... 'LDINO 

III'Ct·u,Io,o 1311) 
. .,...,".:,(0 

folEMORANDUH 

TO: Keith J. Buttleman 

FROM: Charles H. Ellis II~ /&:g:!!-£~ .. 
SUBJECT: u.s. Department of Energy Draft EIS on Long-Term 

Management of the Existing Radioactive Wastes·and 
Residues at the Niagara Falls Storage Site 

I have reviewed portions of this document and discussed it 
~ith people from other Virginia agencies, and my comments follow. 

The document presents a "range of nine alternatives in four 
groups. The groups are: 

'1- no action (continued storage at Niagara Falls, 
New York): 

'2- modified containment alternatives at Niagara Falls; 

'3- long-term management of wastes and residues at 
Hanford, Washington or Oak Ridge, Tennessee; 

'4- long-term management of residues at Hanford or 
Oak Ridge, with wastes staying at Niagara Falls or 
going to an ocean disposal site about 120 miles 
east of Cape May, New Jersey. 

Alternatives 3b (long-term management of wastes and residues at a 
humid site) and 4c (off-site storage of residues at Oak Ridge and 
long-term management of wastes at Niagara Falls) i~plicate 
Virginia since both assume shipment of the wastes and residues by 
truck (page 0-2) through Virginia by way ot Interstate Routes 77 
and 81 (page 3-42). (Appendix 0 reviews~and rail transportation 
possibilities and alternative truck routes, some of which would 
skirt the State, pp. 0-8, 0-18, 0-21.) With this implication in 
mind, we took the document under review. 
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The Department of Energy indicated that it has not chosen a 
preferred alternative yet in this process. The preferred 
alternative is to be announced in the Final EIS (page i). Thus we 
may have some opportunity to influence the COUf"!:;e of action that 
DOE will take in this matter. 

I have talked with Mr. Thomas Taylor of the Mount Rogers 
Planning District Commission. Mr. Taylor, whose Planning District 
covers the portion of the preferred truck route that is within the 
Commonwealth, indicated that there is no commitment by the 
Department of Energy to take responsibility for any accid~nts or 
Iea~age of radioactive material that might occur in transit. Some 
mention of the likelihood of deaths or inju~ies Is m~de on p~ges 
4-93 and 4-95, together with an indication that state emergency 
preparedness capabilities would bear the brunt of any clean-up 
action since DOE is exempt from state laws including those with 

VCE-2 [finanCial responsibility requirements. Mr. Taylor's concern that 
localities would be burdened with clean-up costs appears 
well-founded since the discussion of mitigation measures (pages 
4-99 and 4-100) is limited and non-committal. 

With" all this is mind, I recommend that we indicate concern 
over the focus of responsibility for mishaps and suggest that a 
more affirmative stance toward that responsibility be taken. 
Under the circumstances, we are under no moral obligation to 
accept the transportation of wastes through Virginia unless the 
responsibility issue is resolved in a manner more to our liking, 
e.g., unless DOE accepts responsibility for clean-up of any spills 
or recovery for any other mishaps. Thus we should recommend 
implementation of any alternative other than those invol~ing truck 
transit to Oak Ridge. 



VCE-2 

K-197 

Transport to other sites is not preferred at this time. As noted in Section 4.6.7, if DOE 
decides to transport the NFSS materials to another site, the mitigative measures discussed 
will be coordinated with the affected states. (See also Responses NCEMC-3, USDOI-7, VCE-I, 
WDES-I, WEFS-5.) 
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Mr. Charles H. Ellis III 
Environmental Im~~ct Coordinator 
Council on the Environment 
9th Street Office Building 
Richmond. Virginia 23219 

Dear Mr. n 1 is: 
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Long-Term Management of Existing 
Radioactive Wastes at Niagara Falls 
Storage Site 
U.S. Department of Energy 

We have reviewed the above noted document and would like the 
Department of Energy to coordinate with the Department of High~/ays 
and Transportation if any hazardous wastes are to be transported 
through highway tunnels. 

Thank you for the opportunity to review this material. 

KEW:snun 

R. L. Hundl ey 
Environmental Engineer 

TRANSPORTATION - AMERICA'S LIFELINES 
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K.4 ORAL COMMENTS AND RESPONSES 

Public meetings regarding the DEIS were held in the following locations: (1) Lewiston, New York, 
September 19, 1984; (2) Oak Ridge, Tennessee, September 20, 1984; and (3) Richland, Washington, 
September 24, 1984. Transcripts of the public meetings (U.S. Dep. Energy 1984c, 1984d, 1984e) can be 
found in public libraries near Lewiston, New York; Richland, Washington; and Oak Ridge, Tennessee; as 
well as in the Department's public readings· rooms in Richland, Oak Ridge, and Washington, ~C. Follow
ing are summaries of the oral comments and responses to those comments. Some oral comments were read 
from written copy; in these cases, the written copy is reproduced in Section K.3 (Written Comments and 
Responses) and responses also appear in that section. The IDs for the oral comments are listed below 
in the order that they appear in the document. 

Letter 
10 

Lewiston, 

BROSS 

KAOR 

KLAB 

LAFAL 

LOMB 

NCEMC 

OGG 

PILLI 

RAUCH 

SIMON 

WILLD 

New York, September 19, 1984 

Irwin D. Bross, Biometatechnology, Inc., Eggertsville 

Kathy Kadrid 

Walter Klabunde, Lewiston 

John LaFalce, Congressman, 32nd District 

James Lombardi, Supervisor, Town of Lewiston 

Niagara County Environmental Management Council 

Alvin Ogg, Town of Lewiston 

Joseph Pillittere, New York Assemblyman 

James Rauch, Williamsville 

Lee Simonson, Niagara County Legislator 

Duke Williams, Town of Lewiston 

Oak Ridge, Tenneessee, September 20, 1984 
} 

BEND F. Delmar Bender, Oak Ridge 

FORD 

LUCKE 

MCNAL 

PEELE 

WALK 

WILLS 

YAGER 

YOUNG 

Walter Ford, Kingston City Council 

Rubey G. Luckey, Mayor, Kingtston 

Rand McNalley, Tennessee State Representative 

Robert Peele, Roane County Legislator 

Mike Walker, Research and Budget Director, City of Oak Ridge 

Suzanne Williams, Anderson County Resident 

Ken Yager, Roane County Executive 

James Young, Roane County Resident 

Richland, Washington, September 24, 1984 

CALO 

FERG 
Larry Caldwell, Hanford Oversite Committee 

Robert Ferguson, Tri-Cities Nuclear Industrial Council 

Page 
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Dr. Irwin D. Bross, Biometatechnology, Inc., Eggertsville, New York 

BROSS See Section K.3. 

Ms. Kathy Kadrid 

KADR-l Suggests investigatlng a process, possibly being developed by a Canadian firm, to treat 
wastes by electrical methods, which in some way or other changes the molecular structure (no 
specifics given). 

Mr. Walter Klabunde, Resident, Town of Lewiston, New York 

KLAB-l Suggests adding another alternative--disposal of the NFSS wastes and residues in the caves 
that were created by atomic bomb tests at the Nevada Test Site. 

Mr. John LaFalce, Congressman, 32nd District (by Mr. Richard Lee), New York 

LAFAL See Section K.3. 

Mr. James Lombardi, Supervisor, Town of Lewiston, New York 

LOMB See Section K.3. 

Niagara County Environmental Management Council (by Ms. Bonnie W. Soley) 

NCEMC See Section K.3. 

Mr. Alvin Ogg, Town of Lewiston, New York 

OGG-l Persona 1 preference is for A lternat i ves 3a or 3b. Be 1 i eves that A lternat ive 4c is the 
correct solution for the problem. 

Mr. Joseph Pillittere, New York Assemblyman (by Mr. David Mcquade) 

PI LLl See Section K.3. 

Mr. James Rauch, Williamsville, New York 

RAUCH See Section K.3. 

Mr. Lee Simonson, Niagara County Legislator 

SIMON See Section K.3. 

Mr. Duke Williams, Resident, Town of Lewiston, New York 

WILLD-l Has been involved with two bomb tests and is concerned about his health. 

WILLD-2 Notes that NFSS has not been maintained in the past and thinks that it will not be properly 
maintained in the future. Would therefore like to see the wastes and residues, or at least 
the most hazardous stuff (residues), removed from the site. 

Mr. F. Delmar Bender, Resident, Oak Ridge, Tennessee 

BENO· See Section K.3. 

Mr. Walter Ford, Member, Kingston City Council, Tennessee 

FORD-l There is enough nuclear waste already stored in Oak Ridge. The mercury pollution is with 
us. Opposed to the idea of bringing any nuclear waste from the Niagara area or any other 

- area of the United States and storing it in.Roane County. 

Ms. Ruby G. Luckey, Mayor, Kingston, Tennessee 

LUCKE See Section K.3. 

Mr. Randy McNalley, State Representative, State of Tennessee 

MCNAL-l Opposes the transfer of the radioactive wastes from their present storage site in Niagara 
Falls, New York, to a site on Oak Ridge's DOE Reservation. Astronomical cost, no real 
benefit, runs contrary to the intent of Public Law 96-573 which recognizes that the manage
ment of low-level radioactive wastes is handled most efficiently on a regional basis. 
Should not be forced to take the radioactive wastes of other states or other regions. 
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See Section K.3. 

The only processes for treating the wastes by electric methods of which the staff is aware 
are: processing of the residues to recover valuable metals, electric furnace fusion of the 
residues, and in-situ vitrification 'of the residues and wastes. These methods change the 
structure of the radioactive materials in that they are changed from a loose sand/soil/clay 
material into a vitreous (glass) slag. These methods are discussed further in Appendix C. 
(See also Responses NCMEC-2, RAUCH-7.) 

At the Nevada Test Site, wastes are buried in trenches in a manner similar to that analyzed 
for the Hanford site. (See also Response BEND-3.) 

See Section K.3. 

See Section K.3. 

See Section K.3. 

Recommendation for Alternative 4c is noted. This comment, along with those from other 
commenters, was taken into consideration in determining the preferred alternative. 

See Section K.3. 

See Section K.3. 

See Section K.3. 

WILLD-l Concern is noted. DOE will take this into consideration in reaching a decision. 

WILLD-2 Recommendation for Alternat'ive 3a, 3b--or at least 4a, 4b, 4c, or 4d--is noted. This 
comment, along with those from other commenters, was taken into consideration in determining 
the preferred alternative. 

BEND See Section K.3. 

FORD-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

LUCKE See Section K.3. 

MCNAL-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 
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Mr. Robert Peele, Roane County Legislator 

PEELE-1 Thinks the nElS is a good report and will help the decision-makers come to a reasonable 
conclusion. Questions further consideration of long-distance transport of the wastes and 
residues when it would cost several million dollars, cause death for some transport workers, 
and the only gai n wou1 d be to remove ore treatment tail i ngs from an area adjacent to a 
hazardous materials site in Niagara Falls and put them on a clean, rural hillside drained .by 
one of the few remaining pristine streams on the Oak Ridge Reservation. 

PEELE-2 The report should add the cost of the transportation deaths. Usually it is some millions of 
dollars per life. It should also estimate the value of retaining unpolluted land on the 
Reservati on. 

PEELE-3 The conceptual designs for waste storage areas at Oak Ridge show long, unbroken slopes; this 
is usually not done to help control erosion. Perhaps that's a detail that should be revised 
in the final design. 

PEELE-4 No details are given of what monitoring would be required other than visual inspection of 
erosion of the waste site during the 200 years. This should be elaborated a little in order 
to see what institutions will be required. 

PEELE-5 It is necessary to identify the cost for perpetual care for the assumed 200-year maintenance 
and monitoring period. 

PEELE-6 The statement is made twice that health and emergency services in the surrounding county 
areas are more than adequate. Roane County does not have pol ice and fi re protect i on that is 
adequate by any written standards ever seen by this commenter. 

Mr. Mike Walker, Research and Budget Director, City of Oak Ridge, and Staff Representative to the 
City's Environmental Quality Review Advisory Board (EQAB) 

WALK-1 

WALK-2 

WALK-3 

WALK-4 

EQAB found the statement to be a useful evaluation of the relative merits of the alternative 
sites. The scale of the inquiry seems adequate. However, concerned about the appropriate
ness of selecting specific sites within the Oak Ridge Reservation, particularly in relation 
to soils, drainage, other DOE facilities, and private sector industrial development. If 
Oak Ridge were selected as the preferred alternative, the city would expect a more thorough 
treatment of these topics. 

The DEIS does not include the cumulative impacts of the proposed facility and existing 
Oak Ridge waste storage facilities. 

Beyond a mere statement of preemption, the environmental statement does not explore the 
consequences to the Oak Ridge area of removing the Pine Ridge Knolls site from other 
potential uses. Subdividing the original Exxon tract may reduce its attractiveness for 
other job-producing facilities. The statement does not explore the compatibility of storing 
offsite waste with long-range plans for Oak Ridge self-sufficiency. 

The Oak Ridge National Environmental Research Park is a designated use for 13,000 acres of 
the Oak Ridge Reservation. This fact is not acknowledged in the report. 
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PEElE-1 Opposition to Alternatives 3b. 4c. and 4d is noted. This comment. along with those from 
other commenters. was taken into consideration in determining the preferred alternative. 

PEELE-2 There is no acceptable method for assigning a dollar value to human life or for retaining 
land in a given condition. 

PEElE-3 It is noted in Section 4.2.1.3 that drainage control measures·such as drainage swales to 
collect runoff from the pile and riprapped channels down the side slopes can be used to 
minimize gully development (severe erosion). However, it is also noted that without main
tenance, the effectiveness of drai nage control measures wi 11 decrease duri ng the long-term 
period. A modification such as having less steep side slopes, thus decreasing the average 
slope, could decrease erosion rates (see Appendix C). This will be considered in developing 
the detailed design for whichever alternative is chosen. 

PEElE-4 Mitigative measures and monitoring for other parameters are discussed in general terms under 
each type of potential impact. Di scussi on of the envi ronmenta 1 regu1 at ions concerni ng 
monitoring requirements is provided in Section 4.7.1. More detailed discussion of mitiga
tive measures and monitoring to which DOE will be committed for the specific alternative 
chosen for implementation will be given in the Record of Decision, as required by the CEQ 
regulations for implementation of the National Environmental Policy Act. (See also 
Responses lAFAL-3; NYDEC-S, -24; USDOI-8; USEPA-28.) 

PEELE-S These costs are detailed in Appendix F and are presented in terms of annual cost, total 
payout (for 200 years), and a sinking fund (see Table F.1). 

PEELE-6 A statement about the concern regarding the adequacy of health and emergency services has 
been added to Section 3.6.6.3, p. 3-38 (see Section K.5). 

WALK-l Oak Ridge was not selected as the preferred alternative. The concern about site selection 
within the Oak Ridge Reservation is noted. (See also RYMAN-4, TDHE-5, USEPA-32, WALK-3, 
YAGER-2.) 

WAlK-2 Cumulative radiological impacts are discussed in Section 4.1. 2.1 (p. 4-18). During the 
action period when the greatest radioactive releases are expected to occur, the predicted 
16-rem whole-body dose to the general public near Oak Ridge compares to the 200-rem dose 
that is predicted to occur over the same 10-year period because of other existing nuclear 
activities on the Reservation. Comparison is also made to the several million rem to the 
same population from natural background radiation over the same period of time. Other 
cumulative impacts are also covered, particularly transportation impacts (Section 4.6.3). 

WALK-3 More discussion of the potentially significant impact of preemption of land at Oak Ridge is 
given in Section 4.6.1 wherein it is noted that the Pine Ridge Knolls site is considered to 
be a prime potential industrial site in a hilly region where such sites are scarce. It is 
also noted that there is a scarcity of waste-management and landfill sites in the area and 
that dedication of the Pine Ridge Knolls site to management of the NFSS contaminated 
materials will lessen the amount of land available for disposal of other wastes. The 
Planning Director for the City of Oak Ridge (Lucien Faust) has indicated that although land 
is available within the city for industrial development for the next few years, land that 
could be developed for industrial purposes will become scarce; more land outside the city 
boundaries (e.g., along the Pellisippi Parkway) might be developable (personal communication 
to G. Williams, Argonne National Laboratory, June 5, 1984). 

WALK-4 

Use of the Pine Ridge Knolls site would remove about 24 ha (60 acres) from potential develop
ment if all the NFSS wastes and residues were brought to Oak Ridge (Table 4.S8). The land 
in the valley along Bear Creek Road would still be available for potential industrial develop
ment. One measure of the potential impact of the preemption of the knolls for management of 
the OnE-owned NFSS wastes and residues is the potential income that might accrue to local 
governments if the site were someday developed for commercial waste management. Based on a 
recent proposal to the city of Oak Ridge by Westinghouse/Hittman (January S, 1984), the city 
would collect $27 million if the same amount of commercial waste were disposed at the Pine 
Ridge Knolls site ($4/ft3 ). (S2e also Responses RYMAN-4, TDHE-S, USEPA-32, WALK-l, YAGER-2.) 

The information in Section 3.3.5 has been corrected to include this fact (see Section K.S). 
Designation of other portions of the Reservation as a National Environmental Research Park 
is compatible with use of the Pine Ridge Knolls site for waste disposal. 
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Mr. Mike Walker (Continued) 

WALK-5 The text promises a discussion in Appendix D of offsite sources for fill to cover the wastes, 
yet. the: appendix does not include it> 

WALK-6 Chemi'cal modification of the wastes and residues was considered for the Niagara Falls site, 
but not the Oak. Ridge site. 

WALK-7 Geological faulting on the Oak Ridge Reservation is mentioned. but faults are not located 
nor is their capacity indicated. 

WALK-8 The population area; of Oak Ridge is underestimated in figures such as Figure 3.13. The 
southwest Quadrant contains residences and these may be closest to the proposed disposal 
site. 

WALK-9 Oak Ridge is located in both Anderson and Roane counties, not just Anderson. 

WALK-IO Believes that the Norfolk-Southern Railway has access to the Oak Ridge Gaseous Diffusion 
Plant as well as to the city of Knoxville. 

Ms. Suzanne Williams, Resident. Anderson County 

WILLS-I Opposed to the option of bringing the Niagara Falls Storage Site low-level radioactive waste 
to Oak Ridge. People do not want more waste brought here. . 

WILLS-2 Suggests that the taxpayer's money would be much better spent in cleaning up the sites on 
the Oak Ridge Reservation, that it will be difficult to attract other industries if the area 
becomes known as a nuclear waste dump, and that the Oak Ridge area is a very poor area for 
waste disposal because of its geology and hydrology. 

Mr. Ken Yager, Roane County Executive 

YAGER See Section K.3. 

Mr. James Young, Resident, Roane County 

YOUNG-l Opposes this proposal [to possibly bring NFSS wastes and/or residues to Oak Ridge] vehemently 
because there are enough problems in this area without importing any more. The past history 
of DOE [Oak Ridge] operations should be taken into consideration. This state is in trouble. 

Mr. Larry Caldwell, Hanford Oversight Committee, Washington 

CALD-I The Manhattan Engineer District ~as not formed to win the war for Washington State alone. 
The fruits of victory over the Axis powers were enjoyed by all of the states and regions. 
Therefore, sincerely believes that the burdens should be shared in an equitable manner. The 
people of the Northwest are tired of acting as the nation's garbage dump. They do not want 
the Niagara Falls wastes or residues. They want Hanford cleaned up. 

Mr. Robert Ferguson, Tri-Cities Nuclear Industrial Council, Washington 

FERG-I 

FERG-2 

FERG-3 

Suggests presenting the radon information so that it can be related to common doses that 
people experience in their everyday living. 

Be 1 i eves that the state of Washi ngton shoul d not be the di sposa 1 site for a 11 radi oact i ve 
wastes and strongly opposes the transfer of the wastes from NFSS. Believes that other 
regions, too, should bear a similar obligation to assume their fair share of responsibility, 

Hanford clearly stands out as the most expensive and impractical alternative. Expenditure 
of over a Quarter of a billion dollars when compared to the much smaller costs of other 
workable alternatives would be a gross insult to the American taxpayers. 
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WALK-6 
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It is noted in Section, 4.2.3 that limited supplies of sand and gravel may be availab1e in 
Roane and Anderson counties and that the requirements for the cover system atthe Oak Ridge 
site may strain existing supplies or may compete with existing or future demands for these 
materials. Ffll requirements are given in Table 0.10. Specific sites for sources of fill 
materials would be identified at a much later stage in the decision-making pro¢essas part 
of procurement efforts after a Record of Decision is reached and-after detailed design 
engineering is completed. .. , 

Only modification of the residues at NFSS was considered. Analysis showed that modification 
of the residue form provided little benefit with respect t,o either radon emanation or con'" 
taminant migration in groundwater (Section 4.1.2.2 and 4.2.2.3), so it was not considered 
further. 

This information is summarized in Section 3.3. More detailed information can be found in 
the referenced reports. 

WALK-S Figure 3.13 is not meant to show population distribution; rather it is meant to show relative 
locations of various developments. The locations of nearby individuals for which specific 
radiological doses were calculated are shown in Table 4.S and include a residence located 
south-southwest of the Pine Ridge Knolls site. 

WALK-9 The first paragraph of Section 3.3.5 has been corrected to include Roane County. 

WALK-I0 Section 0.5.4.1 has been corrected to include the Norfolk Southern connection. 

WILLS-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

WILLS-2 Opinion is noted. DOE prefers to manage the NFSS wastes and residues at NFSS and not remove 
them to Oak Ridge. DOE is also conducting extensive studies- to define the extent of contami
nation at Oak Ridge, and plans are being prepared to take appropriate remedial actions at 
Oak Ridge. 

YAGER See Section K.3. 

YOUNG-l Opposition to Alternatives 3b, 4c, and 4d is noted. This comment, along with those from 
other commenters, was taken into consideration in determining the preferred alternative. 

CALD-l Recommendation against Alternatives 3a, 4a, and 4b is noted. This comment, along with those 
from other commenters, was taken into consideration in determining the preferred alternative. 

FERG-l Comparisons to everyday living are given in several parts of the EIS. In Section 4.1.2.1, 
doses during the action period are compared to doses from natural background radiation. The 
doses at Niagara Falls are compared to having each member of the exposed population spend 
the lO-year action period at a 3.5-cm (1.4-in.) higher elevation. Comparisons are also 
given in Section 4.1.2.2 and 4.1.2.3. 

FERG-2 Recommendation against Alternatives 3a, 4a, and 4b is noted. This comment, along with those 
from other commenters, was taken into consideration in determining the preferred alternative. 

FERG-3 Recommendation against Alternatives 3a, 4a, and 4b is noted. This comment, along with those 
from other commenters, was taken into consideration in determining the preferred alternative . 

. c-."::. 
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POR IMMEDIATE RELEASE 
April 18, 1986 

OAK RIDGE, TN -- The U.S. Department of Energy (DOE) has published 
the final environmental impact statement (EIS) on the long-term 
management of low-level radioactive wastes and resi6~es stored at its 
Niagara Palls Storage Site (NFSS) in Lewiston, New York. 

The EIS outlines the environmental impact of various alternatives 
that were considered for long-term management and disposition of lS,OOO 
cubic yards of residues and about 2S0,000 cubic yards of contaminated 
soils at the site. The residues resulted from uranium processing at 
the site during World War II. The slightly contaminated soils were 
a.ccumulated during cleanup work at the site and nearby properties. 

DOE's preferred option, outlined in the EIS, is to leave the 
wastes and residues temporarily at the site and improve their 
containment. Other options are to ship all the materials to either the 
DOE reservation at Oak Ridge, Tcnnezzee, or the DOE Hanford site near 
Richland, Washington: dispose of the residues at Oak Ridge or Hanford 
and leave the contaminated soils at the New York site, or remove all 
the contaminated soils for ocean disposal. 

DOE will continue to maintain and monitor the NFSS interim storage 
system until a long-term management program is implemented. 

An official notice of availability of the EIS was published in the 
April 17, 1986 Federal Register. The DOE's record of decision 
documenting the selected long-term management option also will be 
published in the Federal Register no less than 60 days from the date of 
publication of the notice of availability. Timing for implementation 
of the program will be addre~sed frt the record of decision. 

DOE"published a draft EIS for public comment in August 1984. Both 
written and oral comments on the draft were considered in preparing the 
final EIS. An appendix to the final EIS contains the comments and 
responses reeeived in the public review process for the draft EIS. 

The single-volume final EIS is available for public review at DOE 
reading rooms in Richland, Oak Ridge, and DOE headquarters in 
Washington, D.C. It also is available at the Multomah Public Library 
in Portland, Oregon: the public libraries in Richland, Seattle, and 
Spokane, Washington: and Oak Ridge, Clinton, and Kingston, Tennessee: 
the Lewiston town h~ll and Lewiston-Porter Central High School library. 
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Sino1e copies of the EIS may be obtained by writino to Lowell P. 
Campbell, Deputy Director, Technical Services DiVision, U.S. Department 
of Energy Oak Ridoe Operations Office. P. o. Box E, Oak Ridoe, 
Tennessee 37831. 

News Media Contact: Jim Alexander, (615) 576-0885 
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