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4.0 Environmental Consequences

This chapter describes the short- and long-term impacts that would result from implementing the
alternatives discussed in Chapter 2.0. It addresses the impacts of the on-site disposal alternative
and three off-site disposal alternatives for contaminated materials at the Moab site, remediation of
vicinity properties, and ground water compliance at the Moab site. The alternatives and sections in
which they are fully discussed are

On-site disposal at the Moab site (Section 4.1)

Off-site disposal at the Klondike Flats site (Section 4.2)
Off-site disposal at the Crescent Junction site (Section 4.3)
Off-site disposal at the White Mesa Mill site (Section 4.4)
Borrow area impacts (Section 4.5)

No Action alternative (Section 4.6)

As characterized in Chapter 2.0, each alternative except the No Action alternative would include
both on-site and off-site activities. In the following sections, impacts of the alternatives are
broken down by activity under each environmental resource area:

e Construction and operations at the Moab site—these activities would include those needed
for surface remediation, ground water compliance, and reduction of the influence of ground
water on the Colorado River. These activities would also include construction and operation
of any transportation facilities needed at the site to either dispose of the contaminated
material on the site or remove the materials from the site for off-site disposal.

e Characterization and remediation of vicinity properties—these activities would include
surveying, sampling soil, removing contaminated materials, and restoring landscaping.
Contaminated materials from vicinity properties would first be transported to the Moab site
under all remediation alternatives. These activities would be the same under all the
alternatives and thus are addressed only once, under the on-site disposal alternative.

e Construction and operations at one of the three off-site disposal sites—these activities are
addressed only for the off-site alternatives and would include construction and operation of
any transportation facilities needed at the off-site disposal sites for the handling and disposal
of contaminated materials.

e Construction and operations relating to transportation—these activities would include
(1) transportation of contaminated materials from vicinity properties to the Moab site (the
estimated volume of contaminated materials from vicinity properties is included as part of
the total volume of contaminated materials to be disposed of under all alternatives),
(2) transportation of materials from borrow sites to the Moab site and to one of the three oft-
site disposal sites, and (3) transportation of contaminated materials from the Moab site to
one of the three off-site disposal sites (where applicable). For the off-site alternatives, this
section addresses impacts of truck, rail, and slurry pipeline transportation of contaminated
materials from the Moab site to the off-site locations.
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e Monitoring and maintenance—these activities would include inspections and sampling
conducted in accordance with the site’s Long-Term Surveillance and Maintenance Plan,
which would be approved by NRC.

As applicable, the impacts from these activities are summarized for each resource. Impacts at the
10 borrow areas analyzed are addressed in Section 4.5. The No Action alternative is discussed in
Section 4.6.

Consistent with DOE and Council on Environmental Quality NEPA guidance, the analysis of
impacts in this chapter focuses on those areas in which impacts may occur from any action
proposed by the alternatives assessed in this EIS. For this reason, the level of detail and analysis
varies among the resource areas according to the duration and degree of the expected impact.

4.1 On-Site Disposal (Moab Site)

This section discusses the short-term and long-term impacts associated with the on-site disposal
alternative. The impacts are based on the proposed actions described in Section 2.1 and the
affected environment described in Section 3.1. This alternative would result in impacts at the
Moab site, vicinity properties, and borrow areas, and transportation impacts associated with
commuting workers and the transport of vicinity property material and borrow material. The
combined impacts that may result from these activities are summarized for each assessment area
(e.g., Geology and Soils) at the end of each subsection.

4.1.1 Geology and Soils

4.1.1.1 Construction and Operations Impacts at the Moab Site

Geology

Proposed surface or ground water remediation at the Moab site would not be affected by seismic
factors. The Moab site is located in an area where evidence indicates that significant earthquakes
are rare. The Moab Fault lies deep beneath the site, but it does not pose a significant earthquake
or surface-rupture threat to the tailings pile and is not a capable fault under NRC siting criteria.
The site lies within Uniform Building Code 1, indicating the lowest potential for earthquake
damage.

Two geologic processes, subsidence (basin settling) and incision (cutting into bedrock by the
Colorado River), would affect the tailings pile very slowly over very long periods of time. These
processes are discussed in Section 3.1.1.4. Incision and subsidence rates indicate that the impact
to a disposal cell at the Moab site over the 1,000-year regulatory design period would be to lower
the elevation of the cell by approximately 1.4 ft in relation to the Colorado River. This would
place the 100-year floodplain of the Colorado River about 1.4 ft higher on the east toe of the cell,
creating a higher probability for flooding over time. This potential impact would be very long
term, and the potential hazard would be reduced by the proposed buried riprap diversion wall
(see Figure 2—3). The proposed ground water remediation would not be affected by these long-
term geologic processes. Subsidence would result in the tailings coming into permanent contact
with the ground water in approximately 7,000 to 10,000 years.
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Several geologic resources exist beneath the disposal cell, including sand and gravel, saline
minerals, and brine. The sand and gravel resource would be adversely affected by the proposed
on-site disposal alternative because it provides a foundation for the disposal cell and would have
to remain undisturbed in perpetuity; therefore, this resource would be unavailable for
commercial exploitation. Saline minerals and brine resources would not be affected because they
could be physically accessed and recovered by slant drilling from areas adjacent to the site.
However, past mill operations have likely introduced sufficient quantities of contaminants to
these resources to prohibit future use under any alternative.

Soils

The major impact on soils at the Moab site under the on-site disposal alternative would be the
excavation and relocation onto the tailings pile of approximately 234,000 tons (173,000 yd®) of
off-pile contaminated site soil and the backfilling (replacement) of these soils with
approximately 320,000 yd® of clean reclamation borrow soil to a depth of approximately

6 inches. These would be short-term impacts that would result in some potential for soil erosion
due to the site soil characteristics discussed in Section 3.1.2. The potential for erosion would
continue until the cover was installed, the reclamation soil emplaced, and vegetation established.
The potential for erosion would be reduced through implementation of the Fugitive Dust Plan for
the Moab, Utah, UMTRA Project Site (DOE 2002a) and Utah Pollutant Discharge Elimination
System storm water discharge requirements. Soil subsidence, a form of subsidence associated
with surface flow and erosion processes, could occur at the site through the development of soil
pipes, or voids in the soil. However, no soil pipes have been discovered to date, and the
engineered cell would control surface flow to prevent the development of soil pipes and
subsequent soil subsidence adjacent to the cell. Ground water remediation would not affect soils.
Reclamation and revegetation, the final proposed construction phase (Section 2.1.1.4), would
leave the soils on and surrounding the tailings impoundment less vulnerable to erosion than they
are today.

4.1.1.2 Impacts from Characterization and Remediation of Vicinity Properties

Soil impacts at the vicinity properties would be qualitatively similar to those for the Moab site,
but on a much smaller scale. The average area of disturbance at a vicinity property is expected to
be 2,500 ftz, less than 6 percent of an acre, and the total area of soil disturbance to all vicinity
properties is expected to be approximately 6 acres. As necessary and appropriate, erosion control
measures would be implemented as described for the Moab site. Remediation of vicinity
properties would not be affected by geologic features or processes. It is highly unlikely that any
geologic resources exist at any vicinity properties in quantities or locations that would justify
commercial interest.

4.1.1.3 Impacts from All Sources

The loss of potential commercial availability of sand and gravel resources underlying the tailings
pile could be a negative long-term impact to geologic resources. However, it is likely that these
resources are contaminated from previous mill operations and are therefore unusable under any
alternative. There would be a negative long-term impact on the disposal cell due to a very slow
subsidence of the cell (1.4 ft over 1,000 years) into the 100-year floodplain of the Colorado River
on the east toe of the cell, but this impact would not result in collapse of the pile. Negative, short-
term impacts on soils would result from excavating contaminated soils, conducting construction
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activities, depositing contaminated materials in the tailings pile, recontouring, and capping the
tailings pile. These activities would affect approximately 439 acres of the Moab site and 6 acres
of vicinity properties. There would be no geologic or soils-related impacts associated with
transportation, ground water remediation, or monitoring and maintenance activities under the on-
site disposal alternative.

4.1.2 Air Quality
4.1.2.1 Construction and Operations Impacts at the Moab Site

During surface and ground water remediation (described in Sections 2.1.1 and 2.3.2), heavy-duty
diesel equipment such as excavators, scrapers, and dozers would emit pollutants. Fugitive dust
emissions would also occur. However, emission of fugitive dust would be minimized by using
control measures, such as applying water or chemicals and covering truck beds. As shown in
Table 4-1, the concentrations of criteria pollutants from the Moab site emissions are below the
primary and secondary NAAQS in 40 CFR 50. The estimated concentrations of criteria air
pollutants from emissions shown in Table 4—1 were derived by applying tailpipe emission factors
provided in Compilation of Air Pollutant Emission Factors (EPA 2000) to the estimated
construction fleet composition and duration of construction operations. With respect to PSD, and
as noted in Section 3.1.4, the Moab site is in a Class II area but shares a common boundary with
Arches National Park, a Class I area where maximum allowable increases in PM; are limited to
4 ug/m3 (annual arithmetic mean) and 8 ug/m3 (24-hour maximum). However, Utah PSD
regulations provide that concentrations of PM attributable to the increases in emissions from
construction or other temporary emission-related activities shall be excluded in determining
compliance with the maximum allowable increase (UAC 2000).

Table 4-1. Criteria Pollutant Concentrations from Emissions at the Moab Site

Averaging Standard Concen?rat.lon
Pollutant . 3 from Emissions
Period (ug/m”) 3
(ug/m’)
Carbon monoxide 1-hour 40,000 31
8-hour 10,000 22
Nitrogen dioxide Annual 100 7.0
Sulfur dioxide Annual 80 0.71
24-hour 365 3.6
3-hour 1,300 8.0
PM;o? Annual 50 3.0
24-hour 150 15

¥PMyg includes fugitive dust emissions from construction activities.
pg/m3 = micrograms per cubic meter.

In addition to the short-term criteria air pollutant emissions shown in Table 4—1, some long-term
air emissions would be associated with ground water extraction and treatment activities.
Emissions from ground water extraction would be expected to be minor because the system
would probably use electric pumps. Emissions from treatment activities would depend on the
treatment technology used. As noted in Section 2.3.2, operation of an evaporation pond,
particularly spray evaporation, or ammonia-stripping treatment technology would probably be
the alternatives with the highest potential for air emissions. Potential impacts from these
emissions are discussed in Section 4.1.15, “Human Health,” subsection 4.1.15.1, “Construction
and Operations Impacts at the Moab Site.”
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4.1.2.2 Impacts from Characterization and Remediation of Vicinity Properties

During the remediation of vicinity properties, heavy-duty diesel trucks used to haul materials,
automobiles used by workers, and backhoes or scrapers used to excavate, load, and unload
materials would emit pollutants. Fugitive dust emissions would also occur, but they would be
small because of the small acreage disturbed at each vicinity property (estimated to average
0.06 acre) and the relatively high moisture content of the material (DOE 1985). In addition,
emission of fugitive dust at vicinity properties would be minimized by using control measures,
such as applying water or chemicals and covering open truck beds.

During remediation of a typical vicinity property, an estimated 12.9 pounds of hydrocarbons,
23.6 pounds of nitrogen oxides, 0.7 pound of sulfur oxides, 157.6 pounds of carbon monoxide,
and 0.5 pound of total suspended particulates would be emitted (DOE 1985). For remediation of
98 vicinity properties, a total of about 1,300 pounds of hydrocarbons, 2,300 pounds of nitrogen
oxides, 70 pounds of sulfur oxides, 15,000 pounds of carbon monoxide, and 50 pounds of total
suspended particulates would be emitted from vehicles. These emissions would be distributed
geographically and temporally and would not cause any permanent air quality impacts

(DOE 1985).

4.1.2.3 Construction and Operations Impacts Related to Transportation

The air quality impacts of transportation under the on-site disposal alternative are discussed in
Section 4.1.15, “Human Health,” subsection 4.1.15.3.

4.1.2.4 Monitoring and Maintenance Impacts

During monitoring and maintenance activities, there would be minimal use of heavy equipment
on the Moab site. Therefore, concentrations of criteria pollutants would be similar to the
background concentrations shown in Table 3—5, “Air Quality in the Moab Region.”

4.1.2.5 Impacts from All Sources

Emissions of criteria air pollutants, including carbon monoxide, nitrogen dioxide, sulfur dioxide,
and PM,y, would occur at the Moab site and at vicinity properties because of the operation of
heavy construction equipment and ground water remediation equipment. No criteria air pollutant
emission concentrations at the Moab site, where concentrations are expected to be highest, would
exceed NAAQS.

4.1.3 Ground Water

This section describes the short-term and long-term impacts to ground water that would result
from on-site disposal of contaminated site and vicinity property materials. Ground water impacts
would directly affect surface water. Impacts are assessed assuming that the final disposal cell
would be in the same location as the existing tailings pile. The impacts analysis is based on the
proposed action and alternatives described in Sections 2.1 and 2.3 and the affected environment
as described in Section 3.1.6. No impacts to ground water at the site would result from
remediation of vicinity properties, transportation activities, or monitoring and maintenance.
Therefore, no further discussion for these activities is included in this section.

According to the most recent site conceptual model, three discrete mechanisms for contaminant
transport are affecting the site ground water system: (1) downward seepage of contaminated
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fluids from the tailings pile to the ground water, (2) upward flux of contaminants from the brine
interface to the freshwater layer, and (3) lateral movement of the legacy plume in the upper
alluvial aquifer. All three are contributing ammonia to the Colorado River. Ground water
potentially migrating beneath the Colorado River from the site is not anticipated to affect surface
waters or aquatic communities on the east side of the river, in the vicinity of the Matheson
Wetlands Preserve.

The naturally high salt content in the ground water prevents it from being a potential source of
drinking water. Contaminated ground water would not be made available to the public and
therefore would not pose a risk to public health. The impact analysis in this section addresses
contaminants in ground water that influence surface water quality and subsequently aquatic
receptors. Previous studies, recent DOE evaluations (DOE 2003a), and Chapter 3.0 indicate that
ammonia is the primary contaminant of concern in ground water and could pose a risk to aquatic
receptors in surface water. Active remediation of ground water would reduce the mass of
ammonia discharging to the Colorado River and would prevent long-term adverse impacts to
surface water and aquatic receptors. Active remediation would also ensure long-term protection
of surface water and ecological receptors from risk that may be caused by other contaminants.

4.1.3.1 Construction and Operations Impacts at the Moab Site

For purposes of this EIS, short-term impacts to ground water would include the period from
completion of the remedial action plan until concentrations in the surface water were protective
of aquatic species, as described in Section 2.3. Therefore, short-term impacts would include
those that would occur to ground water during surface remediation and during preparation of the
site for active ground water remediation. Long-term impacts to ground water would be those that
would occur during and after active remediation.

Although short-term impacts would not adversely affect human health, ground water impacts are
discussed to provide an explanation of potential effects on surface water. In the short term, the
potential exists for ammonia concentrations to increase slightly in the river as a result of tamarisk
removal during surface remediation. If tamarisk were reestablished, phytoremediation would
likely augment ground water and contaminant mass removal in ground water through root
uptake. This, combined with active ground water remediation, would likely decrease ammonia
concentrations affecting surface water. Tailings seepage and ammonia flux are all expected to
decrease gradually both in the short and long term. Installation of extraction wells and trenches
necessary for active remediation would not adversely affect ground water. Applications of clean
water (discussed in Section 2.3.2.4) would not adversely affect ground water quality, as such
applications are designed to enhance the quality of surface water.

In the long term, capping the tailings pile would reduce concentrations of ground water
contaminants, including ammonia, to levels well below those currently existing, because
decreased infiltration rates of precipitation through the tailings would reduce tailings pore fluid
seepage. The seepage rate of tailings pore fluids would decline from the current rate of 20 gpm
until consolidation of the tailings was complete and the steady-state condition of 0.8 gpm was
reached in approximately 130 years. Ammonia flux from the brine and the legacy plume would
decrease gradually through the action of natural processes (e.g., adsorption, geochemical
degradation, dispersion) to background concentrations, as fresh ground water entered the site
from recharge areas in the vicinity of Moab Wash and flowed beneath the tailings pile toward the
Colorado River and as the contaminant mass in the brine was depleted.
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Assumptions for tailings drainage and ammonia concentrations are presented in Table 4-2.

Table 4-2. Assumptions for Liquid Drainage and Ammonia Concentrations From the Tailings Pile for the
On-Site Disposal Alternative

Parameter Value

Infiltration rate 1 x 107" cm/s before construction and 1 x 107® cm/s after
construction

Gravity drainage Rate would decay from 8 gpm at present to 0.8 gpm at
130 years

Transient drainage Rate would decay from 12 gpm at present to 0 gpm at
20 years

In!tllal ammonia concentration seepage from base of 1,100 mglL

tailings pile

Breakthrough ammonia concentration from upper salt 18,000 mg/L

layer

Arrival time 1,100 years

Final concentration 1,100 mg/L

Exit time 1,540 years

cm/s = centimeters per second; gpm = gallons per minute; mg/L = milligrams per liter

Limited data suggest that there may be significantly higher ammonia concentrations in the upper
10 ft of tailings related to a 3- to 6-inch salt layer (DOE 2003a). In the future, as water infiltrates
the upper portion of the tailings, it may dissolve the salt deposits, and pore fluid concentrations
seeping from the base of the tailings could have up to 18,000 mg/L ammonia. These high
concentrations would persist as long as salt deposits remain in the tailings. If the salt deposits
become depleted by dissolution from infiltrating water, pore fluid concentrations would
decrease. It is estimated that it would take approximately 1,100 years (longer than the disposal
cell design life) for the relatively high ammonia concentrations to reach the ground water, and
dissolution would continue for approximately 440 years until the salt layer was depleted. It is
assumed that after the salt layer was depleted (in approximately 1,540 years), ammonia
concentrations in the pore fluids would return to 1,100 mg/L (DOE 2003a).

If the on-site disposal alternative were selected, DOE would conduct more detailed field studies
to confirm or refute the existence of the salt layer. Likewise, if the on-site alternative were
selected, and if the existence of the salt layer were confirmed, additional field studies would then
be conducted to characterize and map the salt layer. On the basis of these characterizations, DOE
would conduct more reliable transport modeling and, based on the results, make a decision
regarding the need for mitigation measures. If found to be necessary and appropriate, mitigation
measures could include excavation and treatment of the salt layer, which could eliminate the
concern over a secondary pulse of ammonia that might occur in the year 3100 time frame.
However, given the still-unconfirmed presence of the salt layer and the nature of its possible
future impacts, DOE has not conducted additional characterization of the potential impacts and
associated mitigation measures or evaluated costs beyond the material presented here because
DOE has determined that such information is not essential to a reasoned choice among the
alternatives.

4-7



Remediation of the Moab Uranium Mill Tailings, Grand and San Juan Counties, Utah
Final Environmental Impact Statement

Available information is insufficient to reliably estimate the inventory of soluble mineral salts in
the tailings, estimate the time for the salts to be completely depleted, or predict the future
geochemical transformations that may occur. However, mineral depletion would trigger rapid
decreases in pore water dissolved solids and ammonia concentrations. Because of the slow flow
of water through the tailings, it is unlikely that mineral depletion would occur in any reasonable
time period. In addition, the chemistry of the pore fluid would likely change as it percolated
down through the tailings. Pore water pH would increase, and some minerals would form from
reaction with minerals such as calcium carbonate. As acidic, high-concentration ammonia pore
water moved down through high-pH, carbonate-bearing tailings, chemical precipitation would
occur, and concentrations of some constituents would decrease. Thus, the ammonia
concentration estimated at 18,000 mg/L (ammonia-N) could be significantly lower.

Ground water flow and transport modeling described in the SOWP (DOE 2003a) was performed
to evaluate the impact of the on-site disposal alternative to the ground water system near the
Colorado River from the three contaminant transport mechanisms (brine flux, legacy plume, and
tailings seepage) over a period of 200 years. The modeling results, presented in Figure 41,
indicate that most of the ammonia flux from the brine layer and the legacy plume in the alluvial
aquifer would naturally flush to the river in approximately 80 years. At the end of the 80-year
period, seepage of 1,100 mg/LL ammonia from the base of the tailings pile would continue to
decline until it reached a steady-state rate of 0.8 gpm; ground water concentrations near the river
would decline below 0.7 mg/L ammonia after 200 years but remain above background. Predicted
concentrations plotted in Figure 4—1 represent the maximum ammonia-N concentrations for a
series of observations located along a transect parallel to the Colorado River downgradient from
the toe of the tailings pile along a flow path near the center of the plume.

The target goal of 3 mg/L for ammonia in ground water, as discussed in Chapter 2.0, provides
reasonable assurance of meeting the surface water remediation objective to provide protection of
aquatic species. Modeling results indicate the ammonia concentrations in ground water near the
bank of the Colorado River would be expected to decline from the current 500 to 1,000 mg/L to
a maximum of approximately 3 mg/L in 80 years, and less than 0.7 mg/L at steady state in

200 years. Predicted concentrations in the ground water at 80 and 200 years in the future are
summarized in Table 4-3. Predicted concentrations after 80 years and 200 years are illustrated in
Figure 4-2 and Figure 4-3, respectively. As evident from the data presented in Table 4-3 and
Figure 4-2, the on-site disposal alternative would meet the 3-mg/L target goal in ground water
adjacent to the backwater habitat area.

Concentrations of treated ground water that would be reinjected into the aquifer would depend
on the treatment options, as discussed in Section 2.3.2.1, but would not adversely affect ground
water quality or human health. If reinjection were selected, contaminated ground water would be
disposed of in accordance with state underground injection control regulations.
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Figure 4-1. Predicted Maximum Ammonia Concentrations in Ground Water Adjacent to the Colorado
River for the On-Site Disposal Alternative

Table 4-3. Predicted Ammonia Concentrations in the Ground Water Adjacent to the Colorado River
Resulting From the On-Site Disposal Alternative

Maximum Ammonia Concentration (mg/L) in| Time (years) to Achieve 3.0 mg/L
Ground Water Adjacent to Backwater Habitat Reach Target Goal With No
Area Concentrations® Dilution
3.0 80 Yes
0.7 200 (steady-state) Yes

Time to reach predicted concentration rounded to nearest 5-year increment.
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Figure 4-2. Predicted Ammonia Concentrations in the Ground Water After 80 Years for the On-Site
Disposal Alternative
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Figure 4-3. Predicted Ammonia Concentrations in the Ground Water After 200 Years for the On-Site
Disposal Alternative
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The potential exists in the long term (during and following active remediation) for ground water
contaminant concentrations to be affected by a 100-year flood, similar to a flood that occurred in
1984, which was simulated to evaluate the impact of ammonia released to the Colorado River. A
simplified analysis in the SOWP (Section 7.5.4) based on surveyed elevations of the tailings
profile, river stage elevation measurements obtained during the 1984 flood, and physical
properties of the tailings indicates that the drainage volume is approximately 591,250 ft’

(4.4 million gallons). An average concentration of the tailings pore fluid of approximately

1,100 mg/L and an average drainage rate of the pore fluid of 307 gpm for 10 days would produce
a source of approximately 1.8 million grams of ammonia per day. Model results suggest that near

the bank of the Colorado River, the maximum ammonia concentration in ground water would
increase ambient concentrations by just over 2 mg/L in approximately 10 years after a 100-year
flood. However, effects of the tailings inundation would decline rapidly over a period of
approximately 20 years after the flood event. After the estimated 80-year active remediation
effort for the on-site disposal alternative, even during episodic flood events, water quality would
remain protective of aquatic organisms at the point of exposure. Therefore, the on-site remedy
could satisfy the requirements of 40 CFR 192.

This simplified analysis was performed as a screening step to evaluate the potential magnitude of

a significant ground water rise caused by flooding in the Colorado River to determine if
additional analysis would be warranted. Because the analysis was a worst-case scenario, and the
ammonia concentrations were predicted to only slightly exceed 2 mg/L at the river, no additional
analysis was deemed necessary.

Results of the simplified analysis probably overestimate the 2 mg/L. ammonia concentration by
one to two orders of magnitude for two reasons: (1) the actual drainage rate would be much less
than the 307 gpm and (2) the ammonia concentrations in the seepage water would be much less
than the assumed 1,100 mg/L. The actual drainage rate is overestimated because the analysis
does not account for the low permeability of the sides of the pile that would be protected by a

1 x 10°® centimeters per second (cm/s) clay layer and the low permeability of the dense basal
layer of the tailings. These low permeabilities would limit the volume of water that enters into
the pile. The analysis also conservatively assumes that the entire volume of water would
equilibrate instantaneously to 1,100-mg/L ammonia while in contact with the tailings before
draining. Therefore, it is very unlikely that the ammonia concentrations would approach 2 mg/L
at the river.

4.1.3.2 Impacts from All Sources

Implementation of ground water remediation with application of supplemental standards would
result in no adverse impacts to ground water and therefore would not adversely affect human
health. In the long term, active remediation would reduce ammonia concentrations in ground
water that are adversely affecting the Colorado River.

4.1.4 Surface Water

This section describes the short-term and long-term impacts to surface water that would result
from on-site disposal of contaminated site and vicinity property materials. Impacts that could
occur from remediation of surface materials and ground water are assessed assuming that the
final disposal cell would be in the same location as the existing tailings pile. The impacts
analysis is based on the proposed action and alternatives described in Sections 2.1 and 2.3 and
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the affected environment as described in Section 3.1.7. Section 4.1.4.1 discusses the impacts that
would result from construction and operations. Section 4.1.4.2 discusses impacts associated with
remediating vicinity properties. No impacts to surface water at the Moab site are anticipated as a
result of transporting vicinity property materials to the site, or as a result of maintenance and
operations following surface remediation. Therefore, these aspects are not discussed further.
Section 4.1.4.3 summarizes the impacts from all sources for later comparison of impacts between
the alternatives. Section 4.1.17 discusses potential impacts as a result of a post-remediation
catastrophic event.

4.1.4.1 Construction and Operations Impacts at the Moab Site

In the short term, surface-disturbing activities, including removing tamarisk, excavating
contaminated soils, regrading the disposal cell, realigning Moab Wash, and placing vicinity
property materials on the site, present the potential for increased contamination and sediment
runoff to the Colorado River and Moab Wash. However, no significant adverse impacts to
surface water are anticipated because site controls and a storm water management plan would be
implemented as described in Chapter 2.0. Enforcement of the plan would be shared jointly by
DOE, the State of Utah, and, when applicable, the Corps of Engineers. Likewise, fuel storage
areas would be managed and controlled in accordance with state regulations to prevent the
release of petroleum products to surface waters. Withdrawal of surface water for clean water
applications, as described in Section 2.3.2.4, and for dust control would be within the water
rights granted by the State. Any work within Moab Wash or the Colorado River high water mark
would be completed in accordance with a Clean Water Act Section 404 permit.

Concentrations of ammonia in surface water can exceed federal and state ambient water quality
criteria in some locations at certain times. Contaminated ground water could continue to
adversely affect surface water for up to 5 years after implementation of active ground water
remediation (see Figure 2—42). However, interim actions, including DOE’s proposed clean water
application (Section 2.3.2.4), are being implemented and could be implemented periodically to
reduce ammonia concentrations and minimize adverse effects to surface water quality.

An analysis of ground water impacts (Section 4.1.3) shows that ammonia concentrations in
ground water would decrease through natural processes (e.g., adsorption, geochemical
degradation, dispersion) until a steady-state concentration was reached. Surface water
concentrations should decrease as well. For the on-site disposal alternative, this steady-state
concentration is predicted to be approximately 0.7 mg/L, which is approximately a factor of
1,000 less than current concentrations. The correlation between ground water and surface water
concentrations is expected to result in a similar decrease in surface water concentrations as well.

Long-term impacts to surface water as a result of active ground water remediation would depend
on the extraction, treatment, and disposal options selected. The proposed active remediation
would control ground water discharge to the river while natural processes reduced ammonia
concentrations in the ground water to levels protective of aquatic species. After completion of
active remediation, the potential does exist for a flood to slightly increase ammonia
concentrations in ground water (Section 4.1.3.1), but this should have minimal impact to surface
water concentrations.

Any treatment of contaminated ground water and discharge to surface waters, as described in
Section 2.3.2, would be in accordance with state permitting requirements and therefore would
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not result in an adverse impact to Moab Wash or the Colorado River. Other treatment and
disposal methods would also not adversely affect surface water.

Active remediation would be discontinued when ammonia concentrations in ground water
reached acceptable levels that allow resumption of discharge to surface water (estimated at

80 years). At that time, discharge of ground water to the surface would have no discernible
impact. However, concentrations of ammonia in surface water would probably remain above
surface water background concentrations because of steady-state concentrations in ground water.

Storm water management during site reclamation would include berms between the site
operational areas and the Colorado River and Moab Wash to ensure that the site is not inundated
from flood events up to the magnitude associated with 100-year return intervals. Should a flood
event of greater magnitude than this occur, there is a potential for tailings to be transported off
the site and into the Colorado River and Moab Wash. Disposal alternatives that could involve on-
site drying of tailings (i.e., off-site disposal via truck or rail haul) would have the potential for
supplying a greater amount of tailings to floodwaters than alternatives that do not involve on-site
drying (i.e., off-site disposal via slurry pipeline or on-site disposal) should a flood greater than a
100-year return interval occur. However, a substantial failure of the storm water pollution
prevention system would reasonably occur only from a flood event greater than the 100-year
return interval. As indicated by a recent USGS study (USGS 2005), the overbank flow velocities
associated with an event of this magnitude would be less than 2 ft/s. There would be very limited
ability to transport contaminants from the site due to the low velocity of the floodwaters, and the
overbank flows would likely result in net deposition of sediment. The impact of these limited
quantities of contaminants would be mitigated by mixing with the large volumes of floodwaters
(72,000 cfs). The minimal amount of contaminants that may become suspended or dissolved into
these floodwaters during the completion of on-site disposal would be dispersed and diluted in the
floodwaters such that there would be no significantly measurable contamination in off-site
sediment or river water.

4.1.4.2 Impacts from Characterization and Remediation of Vicinity Properties

Surface water located close to vicinity properties could be affected by sedimentation and
possibly by contaminant runoff. DOE would implement a storm water control plan for those
properties.

4.1.4.3 Impacts from All Sources

Short-term impacts to surface water as a result of construction and operation at the site and from
characterization and remediation of vicinity properties would not be expected to be adverse.
However, elevated contaminant levels in ground water would continue to adversely affect
surface water in the short term until active remediation of ground water reduced concentrations.
Once active remediation was implemented, contaminant concentrations in ground water
discharging to surface water would decrease to levels that would be protective of aquatic species.
Following completion of active remediation, levels would be expected to remain protective.

4.1.5 Floodplains and Wetlands

Impacts that could result from surface remediation are assessed with the assumption that the final
disposal cell would be in the same location as the existing tailings pile. The impacts analysis is
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based on the proposed alternative action described in Section 2.1 and the affected environment as
described in Sections 3.1.8 and 3.1.9. Impacts for this alternative are more thoroughly discussed
in the floodplain/wetlands assessment (Appendix F).

4.1.5.1 Construction and Operations Impacts at the Moab Site

Soil excavation and removal of contaminated materials during surface remediation of the former
millsite would occur within the 100- and 500-year floodplains. Removal of soils may
permanently lower the elevation of the floodplain, resulting in greater exposure of the base of the
pile (currently underground) to floodwaters, increased capacity of the floodplain, and possible
changes to flooding patterns at the Matheson Wetlands Preserve.

Rechanneling Moab Wash would affect the floodplain in the short term by changing drainage
patterns and the river discharge point and by increasing runoff to the river. However, storm water
management measures could also decrease the amount of water and sediment entering Moab
Wash. In the long term, the realignment of Moab Wash would reduce the potential for storm
water to affect the disposal cell. The wash would still enter the river upstream of endangered fish
habitat, but its rechanneling could alter flow patterns and disrupt downstream wetlands. These
effects would be long-term, and such action would require federal and state permits.

The proposed removal of the tamarisk and other vegetation adjacent to the river would be an
adverse, short-term impact to the stability of the floodplain and wetlands until revegetation was
complete.

The buried riprap wall would stabilize the soil in the floodplain. Therefore, an adverse impact
would not be expected.

4.1.5.2 Impacts from Characterization and Remediation of Vicinity Properties

Vicinity properties may be located within the Colorado River, Pack Creek, or Mill Creek
floodplains. If these sites are located within floodplains or wetlands, short-term impacts could
result. Remediation would include excavating and transporting contaminated materials from
vicinity properties to the Moab site. Because DOE would implement site controls (e.g., storm
water management) and obtain necessary federal and state permits to control potential impacts
during remediation, any short-term impacts to floodplains or wetlands would be expected to be
minimal. Reconstruction and revegetation at vicinity properties would be consistent with the
existing use of the property. Therefore, there would be no long-term impacts to floodplains or
wetlands.

4.1.5.3 Construction and Operations Impacts Related to Transportation

Because existing roads would be used to transport contaminated materials from vicinity
properties to the Moab site, no adverse impacts to floodplains and wetlands would be expected.
New proposed routes from borrow areas would be investigated for wetlands prior to
construction. Impacts would be avoided wherever possible by rerouting roads to bypass these
areas. In the long term, disturbed areas would be restored to their previous condition, or as
agreed to with the appropriate land management agency.
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4.1.5.4 Impacts from All Sources

Long-term and short-term impacts would be associated with rechanneling Moab Wash and with
remedial activities at the Moab site. Only short-term impacts would occur from characterization
and remediation of vicinity properties and from constructing or updating transportation routes.

4.1.6 Aquatic Ecology

The aquatic resources within the vicinity of the Moab tailings pile are associated with the
Colorado River. This assessment of environmental consequences focuses on the aquatic plants
and animals in the river and on the shore between the site and the river. Potential impacts are
discussed in terms of direct and indirect effects to individuals and populations, and the potential
impacts to their habitat.

This section describes the short-term and long-term impacts to aquatic ecology, including
receptors, which could result from on-site disposal of contaminated site and vicinity property
materials. Section 4.1.17 discusses potential post-remediation impacts to aquatic species as a
result of a catastrophic event. Adverse impacts could be a result of physical (e.g., mechanical
disturbance, habitat alteration), chemical (e.g., ammonia contamination), and radiological
influences. Of these, chemical influences from the adjacent ground water plume would be of
greatest concern in the short term until active remediation reduced risk to aquatic species,
especially endangered species. Federally listed species that could be potentially affected by both
surface and ground water remedial actions include the endangered Colorado pikeminnow,
razorback sucker, humpback chub, and bonytail.

Detailed discussion of impacts to endangered species is presented in Appendix Al, “Biological
Assessment.”

Impacts in this section are assessed with the assumption that (1) the disposal cell would be
located in the same place as the existing tailings pile, and (2) the location of the legacy plume
would not be affected by surface remediation activities. The impacts are based on the proposed
action and alternatives described in Sections 2.1 and 2.3 and the affected environment as
described in Section 3.1.10. Adverse impacts to surface water would not be expected to occur
from transportation activities or monitoring and maintenance. Therefore, these activities are not
discussed further in this section. It is expected that active remediation would be protective of
aquatic species at the individual, population, and community levels of the Colorado River
ecosystem.

4.1.6.1 Construction and Operations Impacts at the Moab Site

Mechanical Disturbance. The impact to aquatic species due to construction and operations at the
Moab site would be from mechanical disturbances and loss of vegetation along the shoreline of
Moab Wash and the Colorado River. Activities at the Moab site would likely disturb about

8,100 ft of Colorado River shoreline. The vegetation along the shoreline, consisting primarily

of tamarisk, would be removed in order to excavate and remove contaminated soils (RRM). The
tamarisk along the banks of Moab Wash as it enters the Colorado River would likely be removed
as well.
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The effects of mechanical disturbance would include the loss of shade and cover over the
shoreline and potentially a loss of surface stability that could lead to increased erosion and
siltation into the wash and river. Impacts to aquatic species due to these changes would be
minimal. The shade and cover provided by the tamarisk is only along the edge of the river during
high and moderate flows of the river. At low river flows, the shoreline vegetation provides no
shade, and the flow into the wash is cut off. The potential also exists for water intake structures
in the river to result in mortality to eggs, larvae, young-of-the-year, and juvenile fish life stages.
DOE would minimize this potential by using one-quarter to three-eighths inch screened mesh on
water intake structures.

Effects from siltation and erosion into the river and wash could fill in backwater areas that may
be important to macroinvertebrates and fish. Moab Wash has been documented as potential
pikeminnow nursery habitat that could be affected by siltation and erosion (NPS 2003). Erosion
along the river shoreline could create new backwater areas, but these would likely be temporary
and depend on river stage.

Federally listed species that could be potentially affected by the changes to the shoreline include
the endangered Colorado pikeminnow, razorback sucker, humpback chub, and bonytail. The
Colorado River reach near the Moab site has been designated as critical habitat (50 CFR 17.95)
for all four federal endangered fish species. Juvenile and adult Colorado pikeminnow, stocked
adult razorback sucker and bonytail have been collected near the Moab site. Moab Wash and the
riparian vegetation adjacent to the Colorado River potentially provide nursery habitat for young-
of-the-year fish (NRC 1999, NPS 2003, UDWR 2003). Erosion and siltation events that change
the depth and configuration of these backwater areas are likely to affect the extent of nursery
habitat for endangered fish. Other fish, macroinvertebrates, and emergent plants associated with
the backwater areas are also likely to be affected by erosion and siltation. The effects of erosion
and siltation would be prevented or reduced by minimizing shoreline disruption, replacing
vegetation, and installing erosion control devices.

Noise. Noise from site construction and operations is not expected to affect the aquatic
environment. Activities along the shoreline are likely to be of short duration and are not likely to
cause macroinvertebrate or fish communities to avoid the area.

Other Human Disturbances. Aspects of human presence such as personnel or vehicle movement
and supplemental lighting are not expected to affect the aquatic environment.

Water depletion in the Colorado River as a result of remediation of the Moab site would be in
accordance with the Cooperative Agreement to implement the Recovery Implementation
Program for Endangered Fish Species in the Upper Colorado River Basin (USF&WS 1987). The
Cooperative Agreement was signed by the Secretary of the Interior and by the governors of the
states of Colorado, Utah, and Wyoming. The Recovery Program requires that all Section 7
consultations address depletion impacts. A key element of the program requires a one-time
contribution of $10 per acre-foot (adjusted annually for inflation) based on the average annual
depletion through activities at the site, to be paid to USF&WS. The balance of the payment
would be due at the commencement of construction at the site. The impacts due to water
depletion can be offset by the one-time contribution, appropriate legal protection of instream
flows pursuant to state law, and accomplishments of activities necessary to recover the
endangered fish as specified in the Recovery Plan (NRC 1999). Further consultation would be
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necessary to determine any required permits and the financial contribution based on water
depletion.

Effects of Flooding on Ground Water Remediation. Although effects of catastrophic flooding to
the pile are considered in Section 4.1.17, there is also the possibility that flooding could affect
the aquatic environment by interrupting ground water remediation. The interim action and
proposed ground water remediation includes wells and pumps, or shallow trenches located
between the foot of the pile and the river’s edge (Section 2.3). Impacts to the aquatic
environment could occur because of flooding of the remediation systems. As discussed in
Section 3.1.8, the location for these systems is in the 100-year floodplain. If a flood were to
inundate the remediation systems, contaminated ground water from the wells or trenches could
be carried into the river. DOE expects that remediation systems would be quickly restored after
the floodwaters receded. USF&WS would be notified if ground water remediation systems were
shut down because of flooding, and monitoring of the river environment would take place to
determine if the concentrations of contaminants of concern exceed aquatic benchmark values.

Temperature. Temperature can influence the development, metabolism, motility, and mobility of
fish; affect the expression of other environmental factors; and destroy the integrity of a fish,
causing its death (Beitinger et al. 2000). Impacts associated with activities related to remediation
would not be expected to influence the temperature of the Colorado River. Leachate from the
tailings pile travels through ground water into the river, and the temperature gradient is not
expected to affect the aquatic environment.

Chemical Impacts to Aquatic Species. The tailings pile on the Moab site is the source of
chemical contamination to ground water, which in turn is the source of contamination in the
Colorado River.

The aquatic environment near the site has been characterized in Chapter 3.0. Characterization
has included sampling sediment, fish tissue, and surface water near the Moab site and upstream
background surface water. Sediment samples of the Colorado River were collected from 1995
through 1997; however, these samples were not considered in this analysis because of comments
in the Final Biological Opinion in NRC’s final EIS (NRC 1999) concerning the quality of the
data for evaluation of impacts. Concerns for the quality of the sediment data include
inappropriate procedures and protocols for sample collection and inadequate collection of
samples for statistical evaluation. Fish were collected for tissue analyses from 1995 through
1997, and results of the fish tissue analyses also were not considered in this analysis because of
comments similar to those made about the data quality of sediment samples (NRC 1999). An
evaluation of the means and standard deviations for all the combined fish tissue data does not
show a strong statistical difference in concentrations in the tissues collected upstream of the
Moab site compared to those collected downstream.

The screening of contaminants is presented in Appendix A2 of the EIS and summarized here.
The screening is based on surface water samples collected by Shepherd Miller, Inc. (SMI), DOE,
and USGS. Samples were collected by SMI and DOE from 2000 through 2002. These data are
presented in Appendix D of the Site Observational Work Plan for the Moab, Utah, Site

(DOE 2003a). Water sample data were collected by USGS from 1998 through 2000 and are
presented in A Site-Specific Assessment of the Risk of Ammonia to Endangered Colorado
Pikeminnow and Razorback Sucker Populations in the Upper Colorado River Adjacent to the
Atlas Mill Tailings Pile, Moab, Utah (USGS 2002). Many of the samples from other studies were
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considered, but quality issues were discovered during the evaluation of data for surface water
samples taken prior to 2000. These issues included insufficient information to determine the
location of the analyzed sample and laboratory quality control and quality assurance questions.
Contaminants of potential concern for the Moab site were identified from institutional
knowledge about the uranium milling processes used during operation of the Atlas mill and from
the NRC EIS (NRC 1999). Surface water monitoring data were evaluated to determine if
maximum concentrations were above detection limits, background levels, and federal and state
criteria (i.e., benchmarks) for surface water quality.

Impacts to aquatic organisms can result from either acute or chronic exposures to contaminants of
potential concern (Appendix A2). An acute exposure is defined as “the highest concentration of a
material in surface water to which an aquatic community can be exposed briefly without resulting
in an unacceptable effect” (EPA 2002). A chronic exposure is defined as “the highest
concentration of a material in surface water to which an aquatic community can be exposed
indefinitely without resulting in an unacceptable effect” (EPA 2002). Currently, the State of Utah
criteria include an acute, 1-hour exposure and a chronic, 4-day exposure. Suter and Tsao (1996)
were used where state and federal standards were not available. However, they used a method,
referred to as Tier II, to establish criteria for aquatic benchmarks using fewer data than required
by EPA in the NWQC. Also, they developed estimated lowest chronic values for fish extrapolated
from laboratory studies. The standards are discussed further in Appendix A2 of the EIS.

Based on the evaluation of contaminants of potential concern in Appendix A2, the contaminants
that would require further assessment and continued monitoring during ground water
remediation for the Moab site are ammonia, copper, manganese, sulfate, and uranium. If active
ground water remediation near the Colorado River were conducted, the maximum concentrations
of these contaminants of concern where the ground water enters the river (nearshore
environment) would decrease to levels below acute and chronic benchmarks. It is DOE’s
position that if acute criteria can be met everywhere, then chronic criteria can be met outside the
mixing zone (Section 2.3.2). In addition, available data regarding interaction of ground water and
surface water indicate that concentrations of most constituents decrease significantly as ground
water discharges to and mixes with surface water (a 10-fold decrease is observed on average).

Consequently, there is a reasonable assurance that protective surface water concentrations could
be achieved by meeting less conservative goals than chronic standards in ground water. DOE
believes that a target goal of 3 mg/L in ground water (the low end of the reasonable acute range)
would provide adequate surface water protection. The 3-mg/L concentration represents a 2- to
3-order-of-magnitude decrease in the center of the ammonia plume and would be expected to
result in a corresponding decrease in surface water. Coupled with the average 10-fold dilution
and the tendency for ammonia to volatilize, this value should result in compliance with both
acute and chronic ammonia standards in the river everywhere adjacent to the site. Therefore,
DOE proposes to use the 3-mg/L concentration of ammonia as a target goal for evaluating
ground water cleanup options. Potential synergistic effects between contaminants would be
reduced through ground water remediation. Continued monitoring during ground water
remediation would be necessary to verify that contaminant concentrations remained below both
acute and chronic benchmarks for aquatic species.

Radiological Impacts to Aquatic Species. The primary source of radioactive contamination in the
aquatic environment at the Moab site is ground water. The routes of exposure for the radioactive
contaminants are the same as those for chemical contaminants. The contributors to radiological
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dose to the aquatic organisms at the Moab site that have been monitored include lead-210,
polonium-210, radon-222, radium-226, radium-228, thorium-230, uranium-234, and
uranium-238, and the general indicators of radionuclides, gross alpha and gross beta.

The RESRAD Biota Code (Version 1.0 Beta 3, June 3, 2003) was used to screen the dose rate to
aquatic organisms based on the maximum observed concentrations of uranium-238,
uranium-234, and radium-226 (DOE 2002b). These isotopes represent the highest values
analyzed for radionuclides from 2000 to 2002. The protocol for screening assessment includes
multiple tiers. The first-tier screening assessment using the maximum observed concentrations
had a sum of fractions that equaled 3.16, which exceeded the DOE guidance level of 1.0 for
aquatic biota. A second-tier analysis based on mean concentrations of these three radionuclides
of those values above detection resulted in a sum of fractions value of 0.29. The results of the
second-tier analysis indicate that dose rates are below the 1.0-rad-per-day guidance level adopted
by DOE for screening dose rates to aquatic organisms.

Results of the RESRAD assessment indicate that the actual dose rates to aquatic organisms are
below a population effect level. There are no guidelines for radiological effects to individuals,
which is important in evaluating impacts to threatened and endangered species. The studies that
were completed for the 1.0-rad-per-day criterion were based on exposures to organisms for

1 year, and then normalized to a dose rate based on a day. One can interpret these results to mean
that a dose rate of 1.0 rad per day, if sustained for a year, would have an effect on some
individuals but not on the population as a whole. Based on monitoring results from 2000 to 2002
and on the life styles of the endangered fish around the Moab site, radi