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CHAPTER 5
ENVIRONMENTAL CONSEQUENCES

This chapter describes the potential environmen impacts associated with the various altematives

No Action Altemative (status quo)

- DARHT Baseline Altemative [complete and operate the Dual Axis Radiographic Hydrodynamic
Test (DARHT) Facility]

- Upgrade Altemative [upgrade the Pulsed High Energy Radiation Machine Emitting X-Rays

(PHERMEX) Facility to DARHT capabilities]

- Enhanced Containment Altemative (operate the DARHT Facility with containment options)
— Vessel Containment Option ‘"

— Building Containment Option
- Phased Containment Option (preferred altemative)
~ Plutonium Exclusion Altemative (no experiments with plutonium at the DARHT Facility)

' Single Axis Altemative (operate only one axis of the DARHT Facility)

This chapter describes the potential environmental impacts, or changes, which would be expected to occur
over the next 30 years if any of the altematives analyzed in this EIS were implemented. Environmental
impacts are described in terms of the various aspects of the affected environment which would be expected
to change over time. The environmental impacts expected fi'om the No Action Altemative are those
associated with maintaining the status quo. The impacts from the N0 Action Altemative are discussed first
to provide a basis of comparison for the impacts expected firom the other altematives. The environmental
impacts that would be expected if any other altemative were to be implemented are described as a
comparison to the impacts of No Action — whether the impacts would be the same or different. The
discussion in this chapter is augmented by the classified supplement for this EIS.

Aspects of the environment which would not be expected to be affected (changed) as a result of
implementing any of the six altematives analyzed are not discussed in this EIS. In most cases, impacts
among the six altematives are similar, and are cross-referenced but not repeated in detail. The analyses in
this EIS indicate that there would be very little difference in the environmental impacts among the
altematives analyzed. The major discriminators among altematives would be: 1) potential impacts fi'om

depleted uranium contamination to soils, which would be substantially less under the Enhanced

Containment Altemative, and 2) commitments of construction materials, which would be substantially
greater under the Upgrade PHERMEX Altemative. A summary table of impacts is provided at the end of
chapter 3 (table 3-3). The table provides direct comparisons of expected consequences for each
environmental factor across the altematives.

The evaluation of potential environmental impacts addresses those of the new Phased Containment Option,
included under the Enhanced Containment Altemative. Other altematives and options previously evaluated
in the drafi EIS encompass and bound potential impacts from the Phased Containment Option. The
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Phased Containment Option is identical to the Vessel Containment Option for most (20 years) of the
30-year plarmed operation period for DARHT.

Sums and products of numbers in the chapter may not appear consistent because of rounding. Unless
otherwise stated, the word dose refers to the effective dose equivalent.

5.1 NO ACTION ALTERNATIVE

This section presents the expected environmental consequences associated with the No Action Altemative.

5.1.1 Land Resources

5.1.1.1 Land Use

Continued dedication of about 11 ac (4 ha) in Technical Area (TA) 15 of the 28,000-ac (11,300-ha) Los
Alamos National Laboratory (LANL) site for use of the PHERMEX Facility and 8 ac (3 ha) previously
disturbed for DARHT construction would be consistent with current and past land uses at LANL and
would have no reasonably foreseeable impact on established local land-use pattems.

5.1.1.2 Visual Resources

The PHERMEX Facility is an unobtrusive facility located in an isolated pifion/ponderosa pine forest area
and is not accessible or readily visible from offsite; therefore, its continued use would have no impact on
visual resources.

5.1.1.3 Regional Recreation

Although a variety of recreational opportunities are offered in the vicinity of LANL, only those individuals
in areas relatively near TA-15 might be negatively impacted on occasion by noise associated with
uncontained test firings at the PHERMEX site. Otherwise, no impacts on regional recreation would be
expected.

5.1.2 Air Quality and Noise

Impacts on nonradiological air quality and the potential for noise impacts associated with the No Action
Altemative of continued operation of PHERMEX are discussed in this section.

5.1.2.1 Air Quality

Air quality impacts in this section are presented for the maximally impacted point of unrestricted public
access. These impacts were determined using methods described in appendix C, Air Quality and Noise.
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5.l.2.l.1 Construction

Under the No Action Altemative, construction of the DARHT Facility would not be completed for its
intended use. However, the structure would be completed in some fashion for other uses. It was assumed

that any altemate construction activities would be less extensive and have no more than one-half of the
potential air quality impacts of those for the DARHT Baseline Altemative. Air quality impacts from
construction under the DARHT Baseline Altemative are presented in section 5.2.2.l.1. Construction
impacts of the altematives on air quality are compared in table 3-3.

5.l.2.l.2 Operations

Pollutant emissions are primarily from hydrodynamic testing, in particular, the detonation of high
explosive materials and suspension of associated test materials. High explosives would emit NO2 and
particulate matter (all of the aerosolized material is assumed to be respirable, i.e., classed as PMIO). The
explosives used in testing do not contain sulfur compounds; however, minor amounts of S02 would be
released fi'om diesel-powered forklifls or other equipment used in setting up the tests. Estimates of air
quality impacts from operations are provided in table 5-1. The standards for N02 and SO2 are adjusted
for elevation, based on the New Mexico Air Pollution Control Bureau Dispersion Modeling Guidelines.
This adjustment provides an extra measure of conservatism.

The annual usage of depleted uranium, lead, and beryllium are shown in table 3-4 and were assumed to be
1,540 lb (700 kg), 30 lb (15 kg), and 20 lb (10 kg), respectively. Twenty-five percent of this inventory
was assumed to be released during the 30-day averaging time for beryllium and heavy metals, and
50 percent was assumed released during the calendar quarter averaging time for lead. Analysis

assumptions are shown in appendix C, table C1-8. Concentrations of beryllium and heavy metals are
regulated by the New Mexico Ambient Air Quality Standards, and concentrations of lead are regulated
under the National Ambient Air Quality Standard. Average concentrations of these metals and the fraction
of the applicable standards are shown in table 5-1. The ambient air concentrations for uranium, lead, and
beryllium are for the maximally exposed individual (MEI) located 0.9 mi (1.5 km) southwest of the site.
Impacts on ambient air from testing operations are considered minor. See table 4-3 for a listing of the
nonradiological ambient air quality standards.

Increases in the annual concentrations of NO2 and PM") over ambient would be small; concentrations of
these pollutants would remain well within the applicable standards. Maximum offsite 24-h PM“,
concentration would be on the order of the average ambient air concentration of PM"), but the
combination of the two (P1-IERMEX-related concentration plus ambient air concentration) would be less
than five percent of the most stringent air quality standard.

Although the accelerator is pulsed about 25,000 times per year, the duration of the pulse is about
200 nsec. Hence, the total operating time would be about 5 thousandths of a second per year, suggesting
that fonnation of ozone would be negligible.

Waste wood fiom the platfonns used to support the experiments is taken to TA-36 for disposal in an open
bum pennitted by the New Mexico Environment Department (NMED). This wood is potentially
contaminated with high explosives and/or depleted uranium. Dose dispersion calculations performed in
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TABLE 5-l.—Impacts on Air Quality from Operations under
the N0 Action Alternative

Concentration at

Averaging Maximally Impacted
Percent of

P°mmm Point of Unrestricted Reguhtory

Publlc Access (pglma) Limit‘

0.06

1.4

0.02

2.2

0.0005

0.003

0.003

Beryllium 0.00005

Heavy Metals” 0.005

Lead 0.001

' Uses the applicable regulatory limit shown in Table 4.3.
° Sum of the air concentration of uranium and lead.

Note: Applies to all altematives except the Enhanced Containment Altemative.
lncludee impacts from hydrodynamic testing and boiler emissions.

N02 and PM“, are from hydrodynamic testing and boiler emissions.

S02 is from boiler emissions.

Beryllium, heavy metals. and lead are from hydrodynamic testing.

support of the permit
application

estimated the effective dose equivalent at the nearest resident of
l x 10's rem to 3 x 10' rem (DOE 1993). The NMED Air Quality Bureau concluded that there would be
no health effects fiom this source (NMED 1993).

Other radiological impacts on air quality are described in section 5.1.8, Human Health.

5.1.2.2 Noise

Noise predictions were based on measurements made March ll, 1995, during a series of test explosions
designed to investigate noise and shock wave behavior. Uncontained hydrodynamic testing, using high

explosives similar to those used in the past at PHERMEX [150 lb (70 kg) maximum] would not exceed
daytime standards for noise at nearby locations, such as Los Alamos or White Rock (appendix C, Air
Quality and Noise). To be within Los Alamos County residential noise guidelines, propagated levels
between 65 and 75 dBA are prohibited to exceed a duration of 10 min for a given hour between 7:00 am
and 9:00 pm. Operating procedures and safety concems limit the number of detonations to no more than
three in one hour period; hence, it is not possible to exceed this limit. Noise exceeding 75 dBA is not
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permitted. However, because blast noise is sensitive to meteorological conditions, peak daytime standards

of 75 dBA may be exceeded for large tests under unfavorable weather conditions, particularly at the ranger
residence at Bandelier National Monument. For other than small tests close to the facility, nighttime
standards (53 dBA) probably would be exceeded.

The general good health and abundance of wildlife in the Bandelier National Monument and on the LANL
site indicate no impact on populations of wildlife from operations at the site. However, during the
previously mentioned tests, browsing mule deer exhibited a startle and flight response on the first test,

indicating that wildlife have not become indifferent to firing noise. On the other hand, birds did not

appear to be disturbed by the noise.

Worker protection from noise would be provided in the form of ear muffs or ear plugs depending on the
expected noise levels associated with PHERMEX activities.

Because of the limited amount of vehicular traffic associated with the operation of PHERMEX, traffic
would not be a significant source of additional noise. Vehicular noise is exempted fi'om Los Alamos
County noise regulations.

5.1.3 Geology and Soils

Impacts of the No Action Altemative on geology and soils are described in the following subsections.

5.1.3.1 Geology

Continued operation of the PHERMEX facility would incur no new geologic hazards. PHERMEX has
more than 30 years of operations history without site stability problems (see section 4.3.4, Site Stability).

5.1.3.2 Seismic

Seismically induced rockfalls could occur at the mesa rims, but the armual probability for earthquakes is
low, and the PHERMEX facility has sufiicient setback fi'om the mesa rim to be unaffected by these
rockfalls during its design life (see section 4.3.4, Site Stability). Vibratory ground motion resulting from
the detonation of high explosives is small, in general, being less than the ground motion pulse caused by
the air wave from the same detonation.

Although seismic events damaging buildings would have an impact on mission goals, no scenarios were
identified wherein a seismic event could trigger an action at the PHERMEX Facility that would result in
any offsite environmental impacts.

5.1.3.3 Soils

Operating PHERMEX for an additional 30 years at a moderately higher level of testing, as compared to
that of the last 32 years, would result in soil contamination levels approximately double those observed
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today at PHERMEX. Under the No Action Altemative, maximum average depleted uranium soil
contamination in the vicinity of the firing point is not anticipated to be greater than about 9,000 ppm
uranium after 30 more years of operation (see appendix D.6). The present PHERMEX firing site has a
soils contamination circle around the firing point of about a 460-it (140-m) radius. Inside this circle, soils
are at or above the background concentration for uranium; outside this circle, soils exhibit background
concentrations. Because the variety and magnitude of explosive charges to be used in future tests will
resemble those previously tested at PHERMEX, the area around the firing point where soils would exhibit
uranium concentrations above background is anticipated to remain approximately the same, i.e., a circle
with a 460-ft (140-m) radius. The area of land contaminated above background would be about 15 ac

(6 ha). Soils sampling has shown that beryllium and lead contamination falls to background levels much
closer to the firing point than uranium contamination. Thus, the soil contamination circle defined for
uranium would apply to the other metals of interest. Concentrations of metal contaminants in sediments
within drainage channels may approximately double; however, depleted uranium concentrations have been
observed to significantly decrease with increasing distance from the firing point. Contaminants within the
soil contamination circle would be available for migration in surface runoff to the canyons and deep
drainage through the mesa.

5.1.4 Water Resources

Water resources examined for impact in the No Action Altemative are:

~ Surface water and sediment in Potrillo and Water canyons, which discharge into the Rio Grande

~ The main aquifer underlying Threemile Mesa

The water quality of surface water entering the discharge sink in Potrillo Canyon (see appendix E3) is
assumed to be an estimate of the quality of water that may ultimately recharge the main aquifer from this
area Stream losses to the bed of Water Canyon are analyzed for their potential to migrate through the
vadose zone to the main aquifer. Infiltration is examined for its ability to carry metals in solution into the
mesa top at the firing point and communicate contaminants through the unsaturated zone to the main

aquifer. Supporting infonnation on deep drainage, the geochemistry of metals in LANL waters and
sediments, surface water modeling, and vadose zone and ground water modeling as applied in this EIS can
be found in appendix E.

A combination of data review and geochemical analysis was used to determine the solubility and sorption
characteristics of several metals in the LANL water and soil/sediment environment (see appendix E2).
Because they represent the largest fiaction of expended materials in the tests to be conducted, depleted
uranium, beryllium, lead, copper, and aluminum were all studied. The study revealed that a realistic value
of solubility for beryllium in LANL waters was at its drinking water standard of 4 pg/L [40 CFR 141.62].
A realistic value for lead solubility in LANL waters was at its maximum concentration level (MCL) of 50
pg/L [40 CFR 141.11] and approximately a factor of three above its action level of 15 pg/L [40 C1-‘R

141.80]. Values of solubility for both copper and aluminum were both found to be substantially below
their secondary drinking water standards. Thus, while the analysis examines the migration of beryllium
and lead to gain insight into their migration and behavior in the environment, there is no need to simulate

beryllium, copper, or aluminum. The solubility of uranium in LANL waters appeared to be substantially
above its proposed MCL value, and therefore its migration was modeled to estimate impact on the water
resource.
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5.1.4.1 Surface Water

The hydrology-sediment-contaminant transport modeling procedure described in appendix E3 was applied
to assess the potential impacts of the No Action Altemative. In this altemative, the transport by surface
runoff during the past 32 years for releases of depleted uranium, beryllium, and lead and for releases
during the next 30 years from the PHERMEX site was analyzed. Table 5-2 shows the simulated peak
concentration of contaminants in the infiltrated water at the discharge sink in Potrillo Canyon and at Water
Canyon channels below the source. Details of the analysis and the treatment of runoff, stonn water, and
cooling water blowdown discharge at the DARHT site are described in appendix E3.

Because of their low solubility, the concentrations of beryllium and lead reach a plateau in their release to
Potrillo and Water Canyons but still remain well below drinking water standards. Drinking water

standards for beryllium and lead are 4 and 15 pg/L, respectively. Depleted uranium has a relatively high
solubility in LANL surface and ground waters. While releases of depleted uranium to the discharge sink
of Potrillo Canyon are an order-of-magnitude below the proposed MCL (20 |.i.g/L), simulations reveal that
concentrations of depleted uranium in surface waters released to Water Canyon immediately below
PHERMEX could be slightly above the proposed MCL. The Rio Grande is the nearest off-LANL access
point for surface water carrying contamination from the firing point. As shown in table 5-2, the quality of
surface water entering the Rio Grande is forecast to be more than an order-of-magnitude below the
drinking water standard for uranium and several orders-of-magnitude below the drinking water standards
for beryllium and lead.

5.1.4.2 Ground Water

Two analyses of depleted uranium, beryllium, and lead migration were conducted. Stream losses into the
bed of Water Canyon were analyzed to estimate the migration of contaminants through the vadose zone to
the main aquifer. Similarly, infiltration carrying metal in solution into the mesa top at the PHERMEX
firing point was analyzed to estimate contaminant migration to the main aquifer.

The peak concentrations of contaminants in infiltration to Threemile Mesa and in surface water losses
fiom the uppermost reach of Water Canyon opposite the PHERMEX facility are shown in table 5-3. For
those cases where the drinking water standards (shown in bold) are exceeded, analyses are necessary.
Only three cases must be modeled: depleted uranium in the uppermost reach of Water Canyon and
depleted uranium and lead on the mesa top at the firing point. However, all releases of beryllium and lead
were analyzed to better understand the influence of dispersion and sorption on the migration of these and
less mobile metals.

Analysis of depleted uranium migration through the vadose zone arising from releases to the stream bed of
Water Canyon showed a peak concentration of about 0.02 pg/L after nearly 20,000 years in soil water
being delivered to the main aquifer. Simulation of depleted uranium migration through the mesa to the
main aquifer showed a peak concentration of about 150 pg/L afier approximately 40,000 years. Water
Canyon stream losses yield soil water entering the main aquifer at concenhations well below the proposed
MCL for uranium (20 pg/L); however, releases fi'om the firing point on the mesa top yield soil water
concentrations approximately eight times the MCL. Simulation of lead migration through the mesa to the
main aquifer showed a peak concentration of 26 pg/L in soil water entering the aquifer, nearly double the
drinking water standard. Upon entering the main aquifer, the small-scale and low-volume releases from
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TABLE 5-2.—Contaminant Concentrations and Tirne-to-peak for the No Action Alternative

Peak Concentration
Depleted

Uranium

Beryllium

Lead

Time, years

Depleted

Uranium

Beryllium

Lead

' Concentration of surface water entering Rio Grande; bold number in this column is basis for water resource number in tables S-1
and 3-3.

Note: Drinking Water Standards:

Uranium, 20 pg/L [56 FR 33050]
Beryllium, 4 pg/L [40 CFR 141.62]
Lead. 15 [IQ/L [40 CFR 141.80]

Table 5-3.—Peak Input Concentrations under No Action Alternative to Water Canyon Reaches
and Threemile Mesa Predicted by Surface Runofi-sediment-contaminant Transport Model

Uranium Beryllium Lead
W

(nail) (well-) (nail)

20 4 15

[56 FR 330501 [40 CFR 141.62] [40 CFR 141.301
Drinking Water Standards

Threemile Mesa 300,000 4 50

Water Canyon Reach 12 28 0.002 0.004

Water Canyon Reach 13 5.9 0.0007 0.002

Water Canyon Reach 14 . 0.0003 0.0005

Water Canyon Reach 15 . 0.0002

the mesa top would be dispersed in the aquifer and further mixed either with ground water (if it were
recovered in the municipal water supply well), or with the waters of the Rio Grande. The average yield of
the Pajarito Field wells of 2.7 R3/s (7.7 x 10'2 m3/s) is assumed to be representative of a water supply
well which could be developed in the vicinity of Threemile Mesa (see

apgendix
E4). The total flow rate

of contaminated water fi'om the mesa top firing point would be 1.1 x 10' R3/s (3.2 x 10's m3/s). This
gives a concentration reduction factor greater than 2,000, more than sufiicient to reduce the concentrations
of depleted uranium and lead in municipal water supplies to levels well below the drinking water
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standards. Based on the average annual flow rate of the Rio Grande [~l,500 113/s (~42 m3/s) at Otowi],
the reduction factor would be even greater for ground water release to the Rio Grande.

Both beryllium and lead releases to the stream bed of Water Canyon and the mesa were analyzed for
migration to the main aquifer. The quality of surface water infiltrating the stream bed and mesa is initially
below drinking water standards for both these metals (i.e., 4 and 15 pg/L respectively); therefore, releases
to the main aquifer will be well below the drinking water standards after undergoing dispersion and
sorption in the vadose zone. After 100,000 years in the canyon, beryllium release is less than 0.001 pg/L,
and the lead release is less than 1.0 x 10'5 pg/L. From the mesa, the beryllium release is less than
4 pg/L.

Releases to the ground water pathway from operation under the No Action Altemative would not

adversely impact ground water quality.

5.1.5 Biotic Resources

Biotic resources examined for impact in the No Action Altemative include terrestrial resources, wetlands,

aquatic resources, and threatened and endangered species.

5.1.5.1 Terrestrial Resources

Both construction and operation impacts were evaluated for terrestrial resources.

5.1.5.1.] Construction Impacts

Under the No Action Altemative, no further construction-related impacts to terrestrial biological resources
would be expected at the P1-IERMEX or DARHT sites. Impacts for small and large mammals and birds
would continue from construction that has already altered approximately 8 ac (3 ha) of pifIon-juniper/
ponderosa pine habitat (Risberg 1995). Further losses of habitat and harassment to biota from noise and
human activities would not occur. Populations of plants and animals from surrounding areas may reinvade
the site and colonize those parts of the site that provide habitat. Habitat destruction has already caused
small mammals fonnerly occurring there to disperse into similar surrounding habitat. Some small losses

may have occuned due to increased vulnerability to predation or absence of suitable habitat. It is not
known if the increased density of small mammals resulting from this emigration would have any impacts
on populations already inhabiting the surrounding area. There likely would have been a population
readjustment based on habitat availability.

5.l.5.1.2 Operation Impacts

Test fiagments originating from continued use of PHERMEX are highly unlikely to further impact
tenestrial biota; however, tests often start grass fires. These fires are quickly controlled by the firefighters
who are stationed outside the exclusion fence at the time of the tests. However, some disturbance, and
possibly mortality, with respect to some individual plants and animals might occur. Confirmed nesting

5-9
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sites and hunting areas for the red-tailed hawk and the Cooper’s hawk have been documented in the

PHERMEX site vicinity; other raptors, such as the American kestrel, the flarnmulated owl, and the
great-homed owl use the area. Although not listed as threatened or endangered, these species are

protected fiom collection and maiming under the Migratory Bird Treaty Act (Risberg 1995). No

additional impacts to these species are expected under this altemative.

The concentration of depleted uranium and metals in the soil and plants is expected to remain negligible.
Consequently, no additional impacts to biotic resources due to biological uptake of these substances is
expected to occur under this altemative.

5.1.5.2 Wetlands

Although floodplains lie at the bottom of Potrillo Canyon and Cation de Valle, no wetlands lie within
TA-15; thus, no impacts to wetlands would occur (Risberg 1995).

5.1.5.3 Aquatic Resources

No additional impacts to the aquatic resources located within the canyons surrounding TA-15 are expected.

5.1.5.4 Threatened and Endangered Species

It is unlikely that ongoing activities at PHERMEX would change the attractiveness of the area for potential
use by threatened or endangered species. The concentration of depleted uranium and metals in prey or
food of threatened and endangered species is expected to remain negligible. Ingestion of these substances
is not expected to have any consequences to these populations. Ongoing activities should have no adverse

impacts to the nesting Mexican spotted owls in the vicinity.

5.1.6 Cultural and Paleontological Resources

Impacts on cultural and paleontological resources from the No Action Altemative are described in the
following subsections.

5.1.6.1 Archeological Resources

Continuation of nonnal operations of the PHERMEX Facility would not change any direct or indirect
impacts on known archeological sites eligible for the National Register. Debris fi'om 30 years of testing at
PHERMEX is observable in the immediate vicinity of archeological sites, especially those sites within the
490-ft (150-m) blast radius. This debris, however, has not changed the research potential of any of the
identified archeological sites. As stated, an additional archeological survey is under way in those areas

unsurveyed. A minimal number of new archeological sites is expected to be found as a result of this
survey, but any new sites would be expected to be similar in nature to those already recorded. Impacts to
any new sites are therefore expected to be the same as for the sites previously identified.
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Seismic tests conducted on March ll, 1995 (Vibronics 1995) indicated that potential impacts due to the air
waves is a greater concem than vibratory ground motion. An explosion of 150 lb of TNT at PI-IERMEX
would give an overpressure of 0.02 psi (12 kg/m2) at Nake’muu. This overpressure, 0.02 psi (12 kg/m2),
is approximately one-tenth the amount for window breakage and would not affect the standing walls at
Nake’muu (DOE 1992, table D.4-4).

5.1.6.2 Historical Resources

No direct or indirect impacts on historic structures are anticipated.

5.1.6.3 Native American Resources

There would be essentially no impacts on Native American cultural resources.

5.1.6.4 Paleontological Resources

Because of the nature of the soil and geological substrate, the occurrence of paleontological resources is
not anticipated; no potential efiects are postulated.

5.1.7 Socioeconomics and Community Servic

Environmental impacts on socioeconomics and community services for the No Action Altemative are
presented in the following subsections.

5.1.7.1 Demographic Characteristics

The No Action Altemative would not stimulate any change in the existing demographic characteristics of
communities within the region-of-interest, as described in section 4.7.1.

5.1.7.2 Economic Activities

The No Action Altemative is not expected to have a significant impact on the level of economic activity
in the region-of-interest. Under this altemative, the PI-IERMEX facility would continue operations while
DARHT-related capital funding would be phased out during FY 1995 and FY 1997, as indicated in
table S-4. Under the No Action Altemative, the DARHT Facility, which is currently 34 percent complete
and under a stop-work court injunction, would be completed for some other use. This construction will
not disturb any additional area, but does represent economic activity under the altemative. The funding of
PI-IERMEX operations would continue to support a variety of personnel, including operations support
staff, physics support staff, security clearance staff, and a firing crew. The operations funding also covers
the costs of facility scheduling, facility space tax, and safety and environmental compliance.

5—ll
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TABLE 5-4.—Capital-funded Construction and Operating Costs

for the No Action Alternative (in millions of I995 dollars)

Yeart
'1 I

196 1991 1s9a1sss*A
S if

Total

Operations and

Maintenance

The underlying cost data in table 5-4 were provided by LANL (Bums 1995a; Burns 1995b). The costs do
not include any expenses associated with site cleanup, nor do they include any decontamination or

decommissioning costs associated with either the proposed DARHT or PHERMEX facilities. The
construction and operations costs were adjusted for future price escalation based on the escalation price

change index for U.S. Department of Energy (DOE) defense-related construction projects (Pearman 1994;
Anderson 1995). A discussion of the analytical model, assumptions, and procedures underlying the
economic impact analysis of the various DARHT altematives relative to the No Action Altemative is
provided in appendix G, Socioeconomic Environment.

5.1.7.3 Community Infrastructure and Services

The existing community infrastructure in the region-of-interest under the No Action Altemative would be
the same as described in section 4.7.3. No significant change in the existing community infrastructure

under the No Action Altemative is expected.

5.1.7.4 Environmental Justice

No significant adverse environmental impacts are identified with the continued operation of the
PHERMEX Facility. Specifically, these environmental impacts include offsite air emissions and noise
caused by the detonation of high explosives (section 5.1.2) and surface or underground water
contamination (section 5.1.4). Also, no significant human health impacts appear to exist from either the
release of radioactive or hazardous material or from exposing receptors onsite (workers) or offsite

(section 5.1.8). Continued PHERMEX Facility operations would have no known disproportionate adverse
health or environmental impact on minority or low-income populations in the region-of-interest

[populations residing within 50 mi (80 km) of the site].

5.1.8 Human Health

This section presents the impacts to the health of the public and workers from routine operations that
would be conducted at the PHERMEX Facility under the No Action Alternative. Impacts may potentially
result from routine release and atmospheric transport of radioactive and hazardous material from the
facility firing site as a result of planned detonations. Detailed results and methods and assumptions used
in calculating potential impacts are described in appendix I-I, Human Health.
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Radiological impacts may result from exposure to depleted uranium and tritium released to the atmosphere
from detonations at the PHERMEX site.

Depleted
uranium would be the principal contributor to radiation

dose; tritium would contribute about 1 x 10' the dose of depleted uranium for chronic releases. The
major exposure pathway would be inhalation of material released to the atmosphere, which would
contribute more than 99 percent of the dose. Potential human health impacts may be over-estimated by a
factor of 100 because of the simplified, elevated point-source atmospheric dispersion model used, rather
than an explosive atmospheric dispersion model (see appendix H, Human Health).

DOE plans to perfonn dynamic experiments that would involve high-explosive driven mixtures of
plutonium isotopes and alloys, which would be chosen for the purposes of the experiment. DOE has
analyzed the impacts of dynamic experiments with plutonium that would be expected to occur under all
six altematives analyzed in the DARHT EIS. All such experiments would be conducted inside double
walled steel containment vessels. All experiments would be arranged and conducted in a marmer such that
a nuclear explosion could not result.

5.1.8.1 Public

Potential impacts to the MEI were evaluated at three locations in the vicinity of the PHERMEX site: Los
Alamos, White Rock, and Bandelier. These locations are representative of the neighboring residential
clusters in close proximity to LANL. Potential impacts to the surrounding population were also
calculated. Potential radiological and nonradiological impacts are presented in the sections below.

5.1.8.1.! Radiological Impacts

The maximum armual radiation dose to any nearby resident from routine operations would not exceed
2 x l0'5 rem EDE. Using a risk conversion factor of 5 x 10" latent cancer fatalities (LCFs) per
person-rem for members of the public, the estimated maximum probability of a latent fatal cancer from
this dose would be about 1 x 10's. The estimated maximum cumulative dose to an individual over the

anticipated 30-year life of the project would be about 7 x 10" rem. The estimated maximum probability
of a latent cancer fatality from this dose would be about 4 x 10'7.

The armual collective dose to the population residing within 50 mi (80 km) of the PHERMEX site would
be about 0.9 person-rem EDE. Latent cancer fatalities would not be expected among the population fi'om
this dose (5 x 10" LCFs). Over the 30-year operating lifetime, the population dose would be about 30

person-rem (1 X 10-1 LCFs).

The contribution fi'om plutonium to the maximum annual individual dose would be about 2 x 10'") rem
over the 30-year lifetime of the project. The maximum probability of an LCF would be about 8 x 10'".
The contribution from plutonium to the population dose would be about 3 x 10'7 person-rem over the
lifetime of the project. Latent cancer fatalities would not be expected (1 x 10'“) LCFs).
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5.1.8.1.2 Nonradiological Impacts

Members of the public might also be exposed to heavy metals and other materials released during the
detonation, including uranium, lead, beryllium, and lithium hydride. The maximum probability of a
beryllium-induced cancer would be about 4 x 10'“. Toxicological effects fi'om releases of uranium,
beryllium, lead or lithium hydride would not be expected (maximum Hazard Index of 1 x l0'7). The
cumulative probability of a beryllium-induced cancer over the anticipated 30-year life of the project would
be about I x l0'9. The maximum Hazard Index expected in the first year immediately after 30 years of
operations, accounting for any toxicological effects fiom buildup of hamrdous material in soil, would not
exceed 1 x l0'7. Toxicological efiects would not be expected.

Cancer from exposure to beryllium released during a year of normal operations (total incidence of
4 x l0'7 cancers) would not be expected in the population in a 50-mile (80-km) radius.

5.1.8.2 Noninvolved Workers

A noninvolved worker is defined as a LANL employee who works in TA-15, but is not directly involved
with the facility operations. This worker would be assumed to work continuously 2,500 fi (750 m) distant
from the firing site. This distance would be based on a hazard radius that would typically be put in place
for hydrodynamic testing. LANL implements this administrative exclusion area based on explosive safety
principles (DOE 1994).

The armual dose to a nearby noninvolved worker would be 2 x 10's rem EDE. Using a risk conversion
factor of 4 x 10"‘ LCFs per rson-rem for workers, the maximum probability of an LCF from such a
dose would be about 9 x 10' . Over the 30-year anticipated operating life of the facility, the same
noninvolved worker’s cumulative dose would be about 7 x 104 rem. The maximum cumulative

probability of contracting a fatal cancer from this dose would be about 3 x l0'7.

A noninvolved worker could also be exposed to heavy metals and other materials released during the
detonation, including uranium, lead, beryllium, and lithium hydride. The maximum probability of a
beryllium-induced cancer would be about 3 x 10'". Toxicological efi'ects from releases of uranium,
beryllium, lead, or lithium hydride would not be expected (maximum Hazard Index of 2 x l0'7). The
probability of a beryllium~induced cancer over the anticipated 30-year life of the project would be about
9 x 10'“). The maximum Hazard Index expected after 30 years of operations, accounting for any
toxicological effects fiom buildup of hazardous material in soil, would not exceed 1 x l0'7. Toxicological
effects would not be expected.

The estimated dose to a noninvolved worker over the 30-year project life from hypothetical routine
releases of plutonium would be 6 x 104° rem. The maximum probability of an LCF from such a dose
would be about 2 x l0"3.

5.1.8.3 Workers

Average dose to workers at the facility was estimated to be no more than 0.01 rem EDE annually. The
maximum probability of such a worker contracting a latent fatal cancer would be 4 x 10". Over the
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30-year operating life of the facility, an involved worker’s maximum probability of contracting a latent
fatal cancer would be about 1 x 104. The annual collective worker dose was estimated to be about

0.3 person-rem/year. No LCFs would be expected among the worker population fi'om this dose

(1 x 10" LCFs). The cumulative worker dose over the anticipated 30-year life of the project would be
about 9

person-rem.
No LCFs would be expected among the worker population from this dose

(4 x 10' LCFs). There would be no routine exposure to plutonium; therefore, these dose estimates

include potential exposures to plutonium and were based on past PHERMEX operating experience. No

operating information was available on exposure to chemicals or metals. The risks of exposure to these
materials would be expected to be similarly low to those for radiation exposure.

Worker exposures to radiation and radioactive materials under normal operations would be controlled

under established procedures that require doses to be kept as low as reasonably achievable. Any potential

hazards would be evaluated as part of the radiation worker and occupational safety programs at LANL,
and no impacts outside the scope of normal work activities would be anticipated.

5.1.9 Facility Accidents

This section presents the impacts from postulated facility accidents to members of the public, nearby
noninvolved workers, and workers at the facility. The bounding accident evaluated under the No Action
Altemative was the inadvertent detonation of a test assembly on the PHERMEX firing site. Accident
initiation events are not addressed; instead, the accidents were evaluated on a “what if’ basis even though
the likelihood of occurrence is very small. More detailed results, identification of postulated facility
accidents, and methods of analysis are described in greater detail in appendix I, Facility Accidents. Much
of the technical basis for the health impact of the accident analysis is included in appendix H, Human
Health. Transportation-related accidents are described in section 5.7, except for plutonium transportation
accidents, which are included under accidental detonations below.

Radiological impacts may result from exposure to depleted uranium and tritium released from the

PHERMEX site. Depleted uranium would be the principal contributor to radiation dose; tritium would
contribute about 1 x l0'8 the dose of depleted uranium for acute releases. The major exposure pathway
would be inhalation of material released to the atmosphere, which would contribute more than 99 percent
of the dose. Potential human health impacts may be over estimated by a factor of 100 because of the
simplified, elevated point-source atmospheric dispersion model used, rather than an explosive atmospheric

dispersion model (see appendix H, Human Health).

In the past, DOE has conducted dynamic experiments at LANL with plutonium. Future experiments with
plutonium would always be conducted in double-walled containment vessels, and these experiments could

not reasonably be expected to result in any release of plutonium to the environment. However, for
purposes of this EIS, health consequences of hypothetical accidental releases of plutonium have been
estimated and are provided below and in appendix I. Potential health consequences of exposure to
plutonium are well understood (Sutcliffe et al. 1995).
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5.1.9.1 Public

Potential impacts to individual members of the public from accidents involving depleted uranium were
evaluated for three nearby points of public access — State Road 4, Pajarito Road, and the Bandelier
National Monument. The MEI was located at the State Road 4 location, approximately 0.9 mi (1.5 km)
southwest of the site. An individual at this location under the assumed accident and exposure conditions
would receive a radiation dose of about 6 x 104 rem EDE. The maximum probability of an LCF from
such a dose would be about 3 x l0'7. The maximum probability of a beryllium-induced cancer would be
about 4 x 10'“). Toxicological effects would not be expected, as no more than 0.01 mg of any of the
released constituents (uranium, beryllium, lead, lithium hydride) would be inhaled, and these inhalation
intakes would be less than 0.] percent of the applicable immediately dangerous to life and health (IDLH)
equivalent intake values. Additional results are presented in appendix I, Facility Accidents.

Population impacts of acute accidental releases were evaluated for the direction that would result in the
highest impact. Population in the maximally exposed, 22.5-degree sector (east through southeast) out to
50 mi (80 km) is about 50,000 (appendix I-I, Human Health, table H-6). The maximally exposed
population sector in relation to distributions of minority and low-income populations within 30 mi (48 km)
of DARHT is shown in Figures 5-1 and 5-2. Dose to the population in the maximally exposed direction

(east-southeast) would be about 1.9 person-rem. Latent fatal cancers among the population would not be

expected from this dose (9 x 104 LCFs). Cancer would not be expected among the population from

exposure to beryllium (total incidence of l x l0'6 cancers).

Accidents involving plutonium were evaluated on a “what-if’ basis, assuming the accident did occur
without considering the very low probability of occurrence. It is important to note that any accidents
involving plutonium would ggt be nuclear detonations, but rather detonations of the high explosive that
could disperse particles of plutonium. Potential dose to an MEI of the public from accidental detonation
of a plutonium-containing assembly was estimated to be about 76 rem. The maximum probability of an
LCF from this dose would be about 0.04. Potential dose from a containment breach was estimated to be
about 14 rem to the MEI. The maximum probability of an LCF from this dose would be about 0.007.

Population impacts of hypothetical acute releases of plutonium were evaluated using both 50th and 95th
percentile atmospheric dispersion factors. Plume depletion due to natural settling and deposition processes

and diffusion of released material across an entire exposed sector were considered. Dose in the maximally
exposed sector from an accidental detonation was estimated to range from 9,000 to 24,000 person-rem.

Latent cancer fatalities in the population would be expected to range from 5 to 12. Dose from a
containment breach was estimated to range from 210 to 560 person-rem. No LCFs would be expected
among the population from this dose (0.1 to 0.3 LCFs).

In addition to calculating the potential dose to the population in the hypothetical maximally-exposed
sector, at the request of the State of New Mexico Environment Depamnent and various American Indian
pueblos, the potential dose to the populations of a number of individual communities in the vicinity of
LANL were calculated. The communities included in this evaluation and the results of calculations are
presented in appendix I.
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Percent Minority

25.0 to 49.9

0 to 24.9

-"— County Boundaries
Source: Bureau of the Census 1994

FIGURE 5-1.—Maximally Exposed Population Sector Overlain on Distribution

ofMinority Population within a 30-mi (48-km) Radius of the DARH T Site.
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Percent Less Than $15.0

. 15.0 to 29.9
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---— County Boundaries
Source: Bureau ol the Census 1994

FIGURE 5-2.—Ma.xirnally Exposed Population Sector Overlain on Distribution

of Low-income Population within a 30-mi (48-km) Radius of the DARH T Site.
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5.1.9.2 Noninvolved Workers

For the bounding accident analysis, a noninvolved worker was assumed to be outside the facility hazard
radius, at a distance of 2,500 ft (750 m), and exposed to the plume of material released from the
detonation during the entire period of passage. This distance was based on a hazard radius that would
typically be put in place for hydrodynamic tests. LANL implements this administrative exclusion area
based on explosive safety principles (DOE 1994). This worker would receive a radiation dose of about
7 X 10*‘ rem EDE. The maximum probability of LCF from this dose would be about 3 X 10". The
maximum probability of a beryllium-induced cancer would be about 5 x 10'“). Toxicological effects
would not be expected, as no more than 3.5 x 10'7 oz (0.01 mg) of any of the released constituents
(uranium, beryllium, lead, lithium hydride) would be inhaled, and these inhalation intakes would be less
than 0.1 percent of the applicable IDLH equivalent intake values. Additional results are presented in
appendix I, Facility Accidents.

Potential impacts to noninvolved workers from hypothetical accidents involving plutonium were evaluated
at 2,500 it (750 m) and 1,300 tt (400 m) from both the inadvertent detonation and containment breach
accidents. Potential impacts from the inadvertent detonation were estimated to be 90 rem and 160 rem at

2,500 it (750 m) and 1,300 it (400 m), respectively, with corresponding maximum probabilities of LCF s
from these doses of 0.04 and 0.06. Potential impacts from the containment breach were estimated to be
20 rem and 60 rem at 2,500 ft (750 m) and 1,300 it (400 m), respectively, with corresponding maximum

probabilities of LCFs from these doses of 0.09 and 0.02. These are substantially less than the potential
impacts to the public because the plutonium would largely disperse up and over noninvolved workers.

5.1.9.3 Workers

Workers may be subject to explosive, radiological, chemical, and industrial hazards while working at the
PHERMEX Facility. These hazards are typically expected within normal industrial or laboratory
workplaces and are controlled by worker protection programs in place at LANL. High explosives and
radioactive material are not allowed in PHERMEX; therefore, only ordinary industrial and laboratory
hazards are present inside the P1-IERMEX Facility. The firing site is where accidents outside the scope of
normal industrial or laboratory accidents (that is

,

those involving high explosives and direct exposure to

high levels of ionizing radiation) might occur.

Accidents on the PHERMEX firing site could range from those with trivial consequences to those that
could be fatal to involved workers. Of greatest consequence would be the inadvertent detonation of high
explosives on the firing site when workers are present, which, if it were to occur, might result in up to 15
worker fatalities. This accident is considered unlikely because of comprehensive training requirements,
strict procedural control, physical interlocks and control of the fireset (detonating equipment), and limited
personnel access. In the late 1950s, an explosives accident resulted in the deaths of four LANL workers
(not associated with PHERMEX operations). That accident caused an extensive overhaul and upgrade of
the explosive safety program. Since that accident, LANL has not experienced a high-explosive-related
fatality, and such accidents are no longer considered reasonably foreseeable.

A possible second accident on the firing site with serious consequences outside the scope of ordinary
industrial or laboratory hazards would be the direct exposure of a worker to the ionizing radiation pulse
produced by the PHERMEX accelerator. Although this accident would be extremely unlikely, a worker
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could receive a very high acute radiation dose, delivered over a fraction of a microsecond, to a localized
portion of the body. The potential for occurrence is reduced by physical lockout of accelerator controls
when personnel are present on the firing site, high training requirements, strict procedural control, access
control, and the fact that the accelerator beam pulse is very short-lived, lasting less than a microsecond.

Direct exposure of workers to the accelerator beam has never occurred at LANL firing sites.

Impacts to workers from accidents involving plutonium would be essentially the same as those discussed
above. An inadvertent detonation could result in up to 15 fatalities from blast effects, while no impacts
would be expected from a containment breach, since all involved workers would be inside the facility and

protected from material releases.

5.1.10 Waste Management

Wastes generated under the No Action Altemative would be subject to treatment, storage, and/or disposal
in other LANL Technical Areas. Transportation of these wastes would be conducted following U.S.
Department of Transportation (DOT) guidelines and using DOE- or DOT-approved containers carried on
govemment vehicles using public roads between LANL facilities, as needed.

Mixed waste would consist of depleted uranium contaminated with lead. The amount of mixed waste to
be stored would be small and not expected to exceed one 55-gal (0.2-m3) drum or 220 lb (100 kg) per
year. The volume of nonhazardous solid sanitary waste would be approximately one dumpster load per
week.

During the two-year period fi'om March 1992 through February 1994, the PHERMEX Facility disposed
approximately 6,700 R3 (190 m3) of low-level radioactive waste (LLW), representing up to four percent of
the total LLW volume disposed at LANL during that period. Using depleted uranium usage as an
indicator of overall program activity and LLW generation rates, estimates can be made of future waste
generation levels. Since approximately 880 lb (400 kg) of depleted uranium were used at PHERMEX
during this two-year period, approximately 1,800 R3 (so m3) LLW would be generated per 220 lb
(100 kg) of depleted uranium used per year.

Yearly usage of depleted uranium under the No Action Altemative would be about 1,500 lb (700 kg).
Applying the r.r.w generation rate of 1,s0o R3 (so m3)/220 lb (100 kg), the estimated total r.r.w
generated and disposed under the No Action Altemative would be about 12,500 ft

3

(350 m3). The bulk of
this waste would be the gravel and soil that is removed with the detonation debris. Total volume of waste
generated would depend on the frequency of the firing-site detonations and periodic cleanup. Assuming
the total LANL LLW disposal volume in future years will be 1.8 X 10’ 1

1
3

(5,000 oi’)/yr (Bartlit et al.
1993), the No Action Altemative would contribute no more than seven percent of the total LANL LLW
volume. (The LANL Sitewide EIS will address the near-terrn waste management matter at LANL. The
long-terrn strategy for waste management throughout the DOE-complex, including LANL, will be
analyzed in the Departrnent’s Drafl Waste Management Programmatic EIS [DOE/EIS-0020D], to be
released in September 1995.) Approximately 310 lb (140 kg) of solid hazardous waste and 2,500 lb

(1,100 kg) of liquid hazardous waste would be disposed. This is based on estimated historical hazardous
waste generation rates at the PHERMEX Facility of 220 lb (100 kg) of the solid hazardous waste and
1,800 lb (800 kg) of liquid hazardous waste disposed for every 1,100 lb (500 kg) of depleted uranium
used in normal PHERMEX operations.
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DOE estimates that up to two double-walled vessels per year would be used in support of the dynamic
experiments involving plutonium that could be conducted at LANL. Two vessels would weigh
approximately 26,000 lbs (11,820 kg); this steel may be contaminated to a level requiring handling and

disposal as TRU waste. These vessels would either be cut into pieces for size reduction or disposed intact;
however, the final waste configuration of the vessels has not been determined. The maximum volume of
TRU waste would be equal to one TRUPACT-H container per year if the vessels are cut into pieces or
two TRUPACT-II containers per year if the vessels are disposed intact.

5.1.11 Monitoring and Mitigation

5.1.11.1 Monitoring

Environmental monitoring currently performed at LANL would continue under the No Action Altemative.
Existing stations for monitoring extemal penetrating radiation and radioactive and hazardous substances in
air, water, soil, and sediment would be used to monitor the environmental impacts of the facility. Air
monitoring stations added in 1993 would serve as an enhanced air-monitoring network for the PHERMEX
Facility.

5.1.11.2 Mitigation

Consequences of activities under the No Action Altemative were not considered to be of sufiicient
magnitude to warrant mitigation measures that would differ significantly from the measures currently
applied as part of nonnal operations at PHERMEX. However, the DARHT Facility would be completed
for other uses to be determined. Construction noise associated with the completion of the facility would
be mitigated to minimize noise impacts on the surrounding environment as much as possible.

5.1.12 Decontamination and Decommissioning

After continued operations for an indefinite period, the PHERMEX facility would become a candidate for
decommissioning. While a decontamination and decommissioning (D&D) plan and NEPA review would
be conducted at that time, the activities and impacts associated with D&D can be summarized as:

- Conversion of about 15,200 flz (1,400 m2) of ofiice and laboratory space, or its demolition and
disposal of the rubble as sanitary waste

~ Salvage of useable items of equipment, instruments, machined parts, etc. to other LANL uses

' Characterization of wastes and treatment, storage and disposal of nonhazardous solid waste,
hazardous, radioactive, and/or mixed wastes from the facilities and support equipment, containment

vessels, and testing instrumentation

Nonhazardous solid waste would be expected to be disposed at the Los Alamos County landfill.

Appreciable waste volumes could result if buildings are demolished. Radioactive wastes are expected to
be disposed in Los Alamos low-level waste facilities; however, the volumes would be expected to be

negligible compared to LANL annual low-level waste volumes.
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Hazardous and mixed-waste disposal requirements are expected to not exceed two to five times the annual

PHERMEX generation rates, the higher value reflecting negotiated cleanup levels meeting RCRA “clean
closure” criteria. These wastes would be treated and disposed in accordance with LANL RCRA permit
requirements. It is not determined at this time whether onsite or offsite disposal would be chosen. The

quantities would not be expected to appreciably impact existing treatment or disposal capacities.

5.2 DARHT BASELINE ALTERNATIVE

This section presents the expected environmental consequences associated with the DARHT Baseline
Altemative.

5.2.1 Land Resources

5.2.1.1 Land Use

Dedication (facility is already partially consmrcted) of about 8 ac (3 ha) in TA-I5 of the 28,000-ac
(11,300-ha) LANL site for completion of construction and operation of the DARHT Facility would be
consistent with cunent and past land uses at LANL and would have no reasonably foreseeable impact on
established local land-use pattems. The disposition of the ll ac (4 ha) associated with PHERMEX is
unknown at this time.

5.2.1.2 Visual Resources

The DARHT Facility, partially constructed, would be an unobtrusive facility located in an isolated
piiion/ponderosa pine forest area and would not be accessible or readily visible from ofi'site; therefore, its
use should have no impact on visual resources.

5.2.1.3 Regional Recreation

Although a variety of recreational opportunities are available in the vicinity of LANL, only those
individuals in areas relatively near TA-15 might be negatively impacted (startled) on occasion by noise
associated with uncontained test firings at the DARHT site. Otherwise, no impacts on regional recreation
would be expected.

5.2.2 Air Quality and Noise

Impacts on nonradiological air quality and the potential for noise impacts associated with the DARHT
Baseline Altemative are discussed in this section.
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5.2.2.1 Air Quality

Air quality impacts for the DARHT Baseline Altemative in this section are presented for the maximally
impacted point of unrestricted public access. These impacts were determined using methods described in
appendix C, Air Quality and Noise.

5.2.2.1.! Construction

Air quality impacts for the DARHT Baseline Altemative were evaluated for emissions during both
construction and operation phases of DARHT. Construction activities would emit N02, S02, and
respirable particulates (PMIO). As a by-product of construction activities, PMIO would be emitted in the
form of fugitive dust from moving earth. Table 5-5 presents air quality impacts from construction
activities to complete the planned DARHT construction activities. It includes impacts fi'om fugitive dust

(PMIO) and construction equipment emissions (N02 and S02). Section 3.3.6 provides additional
discussion of prior impacts associated with DARHT construction.

During the construction phase, the maximum offsite increases in ambient N02, S02, and PM“) fi'0m
construction equipment would be very small, producing impacts well within the air quality standards. The
ofi'site impact of fugitive dust emissions would also be small; the maximum increase in the 24-h average

PM") concentration would be about l0 percent of the Federal standard. The use of standard dust
suppression measures would further lower projected impacts.

5.2.2.l.2 Operations

Impacts on air quality from routine operations in the DARHT Baseline Alternative would be substantially
the same as in the No Action Alternative, described in section 5.l.2.l.2.

Although DOE estimates that the accelerators are pulsed about 25,000 times per year, the duration of the
pulse is about 60 nsec. Hence, the total operating time would be less than about two thousandths of a
second per year, suggesting that formation of ozone would be negligible. Even if the estimate of the
number of pulses per year was low by a factor of ten, this conclusion would not change.

5.2.2.2 Noise

Noise in the DARHT Baseline Altemative would not be significantly different from that described for the
No Action Alternative in section 5.1.2.2.

5.2.3 Geology and Soils

Impacts of the DARHT Baseline Altemative on geology and soils are described in the following
subsections.
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TABLE 5-5.—Impacts on Air Quality from Construction Activitiw

N02

' Uses the applicable regulatory limit shown in table 4-3.

Note: These impacts from construction activities apply to all altematives except the No Action Altemative. which
is assumed to have impacts about one-half of those listed. PM", is a measure of fugitive dust while S02
and N02 are construction equipment emissions.

5.2.3.1 Geology

Geotechnical investigations (Sergent 1988) found no potential problems for the DARHT Facility.
PHERMEX has over 30 years of operation history without site stability problems (see section 4.3.4, Site
Stability). It is the best analogue for future DARHT operation.

5.2.3.2 Seismic

Seismically induced rockfalls could occur at the mesa rim, but the annual probability for earthquakes is
low, and the DARHT Facility has sufiicient setback from the mesa rim to be unaffected by these rockfalls
during its design life (see section 4.3.4, Site Stability). Vibratory ground motion resulting fi-om the

detonation of high explosives is small, in general, being less than the ground motion pulse caused by the
air wave from the same detonation.

Although seismic events that damage buildings would have an impact on mission goals, no scenarios were

identified wherein a seismic event could trigger an action at the DARHT Facility that would result in any
ofi'site environmental impacts.

5.2.3.3 Soils

Operating DARHT for the next 30 years at a moderately higher level of testing, as compared to that of the
last 32 years of operating the PHERMEX Facility, is anticipated to result in soil contamination levels
somewhat above, but not greatly above, those observed today at PHERMEX. Under the DARHT Baseline
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Altemative, maximum average depleted uranium soil contamination in the vicinity of the firing point is
not anticipated to be greater than about 5,000 ppm after 30 years of operation (see appendix D.6). The
present PI-IERMEX firing site has a soils contamination circle around the firing point of about a 460-ft

(140-m) radius. Inside this circle, soils are at or above the background concentration for uranium; outside

this circle, soils exhibit background concentrations. Because the variety and magnitude of explosive
charges to be used in future tests at DARHT will resemble those previously tested at PHERMEX, the area
around the firing point where soils would exhibit uranium concentrations above background is anticipated
to remain approximately the same, i.e., a circle with a 460-ft (140-m) radius. The area of land
contaminated above background would be about l5 ac (6 ha). Soils sampling has shown that beryllium
and lead contamination falls to background levels much closer to the firing point than uranium. Thus, the
soil contamination circle defined for uranium would apply to the other metals of interest. Concentrations
of metal contaminants in sediments within drainage charmels are expected to be similar to those seen today
in drainage channels at PHERMEX. Contaminants within the soil contamination circle would be available
for migration in surface runoff to the canyons and deep drainage through the mesa.

5.2.4 Water Resources

Water resources examined for impact in the DARHT Baseline Altemative are:

- Surface water and sediment in Water Canyon, which discharges into the Rio Grande

- The main aquifer underlying Threemile Mesa

Stream losses to the bed of Water Canyon are analyzed for their potential to migrate through the vadose
zone to the main aquifer. Infiltration is examined for its ability to carry metals in solution into the mesa
top at the firing point and to communicate through the unsaturated zone to the main aquifer. Supporting
information on deep drainage, the geochemistry of metals in LANL waters and sediments, surface water
modeling, and vadose zone and ground water modeling as applied in this EIS can be found in appendix E.

A combination of data review and geochemical analysis was used to determine the solubility and sorption
characteristics of several metals in the LANL water and soil/sediment environment (see appendix E2).
Because they represent the largest fraction of expended materials in the tests to be conducted, depleted
uranium, beryllium, lead, copper, and aluminum were all studied. The study revealed that a realistic value
of solubility for beryllium in LANL waters was at its drinking water standard of 4 pg/L [40 CFR 141.62].
A realistic value for lead solubility in LANL waters was at its MCL of 50 pg/L [40 CFR 141.1 l] and
approximately a factor of three above its action level of 15 ug/L [40 CFR 141.80]. Values of solubility
for both copper and aluminum were both found to be substantially below their secondary drinking water
standards. Thus, while the analysis examines the migration of beryllium and lead to gain insight into their
migration and behavior in the environment, there is no need to simulate beryllium, copper, or aluminum.
The solubility of uranium in LANL waters was found to be substantially above its proposed MCL value,
and therefore its migration was modeled to estimate impact on the water resource.

5.2.4.1 Surface Water

The hydrology-sediment-contaminant transport modeling procedure described in appendix E3 was applied

to assess the potential impacts of the DARHT Baseline Altemative. In this altemative, the transport by
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surface runoff during the next 30 years for releases of depleted uranium, beryllium, and lead from the
DARHT site was analyzed. Table 5-6 shows the simulated peak concentration of contaminants in the
infiltrated water in Water Canyon below the source. Details of the analysis and the treatment of nrnoff,
stomt water, and cooling water blowdown discharge at the DARHT site are described in appendix E3.

Because of their low solubility, the concentrations of beryllium and lead reach a plateau in their release to
Water Canyon but still remain well below drinking water standards. Drinking water standards for

beryllium and lead are 4 and 15 ug/L, respectively. Depleted uranium has a relatively high solubility in
LANL surface and ground waters. Simulations reveal that concentrations of depleted uranium in surface
waters released to Water Canyon immediately below DARHT could be slightly above the proposed MCL
(20 pg/L). The Rio Grande is the nearest off-LANL access point for surface water carrying contamination
from the firing point. As shown in table 5-6, the quality of surface water entering the Rio Grande is
forecast to be more than an order-of-magnitude below the drinking water standard for uranium and several

orders-of-magnitude below the drinking water standards for beryllium and lead.

5.2.4.2 Ground Water

Two analyses of depleted uranium, beryllium, and lead migration were conducted. Stream losses into the
bed of Water Canyon were analyzed to estimate the migration of contaminants through the vadose zone to
the main aquifer. Similarly, infiltration carrying metal in solution into the mesa top at the DARHT firing
point was analyzed to estimate contaminant migration to the main aquifer.

The peak concentrations of contaminants in infiltration to Threemile Mesa and in surface water losses
from the uppermost reach of Water Canyon opposite the DARHT Facility are shown in table 5-7. For
those cases where the drinking water standards are exceeded (shown in bold), analyses are necessary.
Only three cases were modeled: depleted uranium in the uppermost reach of Water Canyon, and depleted
uranium and lead on the mesa top at the firing point. Releases of beryllium and lead from Water Canyon
sediments and releases of beryllium from the mesa to the soil column were not analyzed in this case
because the solution concentrations entering the soil column are at or below the drinking water standards.
Similar releases to the uppennost reach of Water Canyon were analyzed in the No Action Altemative and
were shown to be negligible (see section 5.1.4.2). Because of sorption and dispersion within the vadose
zone, and solubility limits in Los Alamos waters, the metals beryllium, copper, and aluminum would not

represent a hamrd through the ground water pathway.

Analysis of depleted uranium migration through the vadose zone arising from releases to the stream bed of
Water Canyon showed a peak concentration of about 0.02 ug/L after nearly 20,000 years in soil water
being delivered to the main aquifer. Simulation of depleted uranium migration through the mesa to the
main aquifer showed a peak concentration of about 80 pg/L afier approximately 40,000 years. Water
Canyon stream losses yield soil water entering the main aquifer at concentrations well below the proposed
MCL for uranium (20 pg/L); however, releases from the firing point on the mesa top yield soil water
concentrations approximately four times the MCL. Simulation of lead migration through the mesa to the
main aquifer showed a peak concentration of approximately 6 ug/L in soil water entering the aquifer, less
than half the action level of 15 pg/L in the drinking water standard. Upon entering the main aquifer, the
small-scale and low-volume releases from the mesa top would be dispersed in the aquifer and further
mixed either with ground water (if it were recovered in the municipal water supply well), or with the
waters of the Rio Grande. The average yield of the Pajarito Field wells of 2.7 fi3/s (0.07665 m3/s) is
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TABLE 5-6.—Contaminant Concentrations and Time-to-peak for the DARHT Baseline Alternative

Rlo
Grande

(on
eedlment)

Peak Concentration

Depleted Uranium

Beryllium

Lead

Tame (yr)

Depleted Uranium

Beryllium

Lead

' ConeentmionofsurteeewaterenteringRloGmnde;boldnumberlnthiscolurnnisbeeia|orweterreeourcenumberintablesS-1and
3-3.

Note: Drinking mm Standards:
Uranium, 20 uqIL, [so FR 33050]
Beryllium. 4 uglL [40 cm 141.521
Lead, 15 pg/L [40 CFR 141.ao]

TABLE 5-7.—Peak Input Concentrations for the DARHT Baseline Alternative to Water Canyon Reacha
and Threemile Mesa Predicted by Surface Runoff-sediment-contaminant Transport Model

Contaminant

Uranium Beryllium Lead

(#9/L) (#9/Ll (#9/L)

20 4 15
D"""'"9 Wale’ s“’"d°'ds

[56 FR 330501 [40 CFR 141.62] [40 CFR 141.ao1

Threemile Mesa 300,000 4 50

Water Canyon Reach 12 30 0.003 0.008

Water Canyon Reach 13 6.3 0.001 0.004

Water Canyon Reach 14 . 0.0006 0.001

Water Canyon Reach 15 . 0.0003

assumed to be representative of a water supply well which could be developed in the vicinity of Threemile
Mesa (see appendix E4).

The total flow rate of contaminated water from the mesa top firing point would
be l.l x 10' fi3/s (3.2 x l0'5 m3/s). This gives a concentration reduction factor greater than 2,000, more
than sufficient to reduce the concentration of depleted uranium in municipal water supplies to levels well
below the proposed MCL. Based on the average armual flow rate of the Rio Grande [~l,500 ft3/s

(~42 m3/s) at Otowi], the reduction factor would be even greater for ground water release to the Rio
Grande.
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Releases to the ground water pathway fi-om operation under the DARHT Baseline Altemative do not
adversely impact ground water quality.

5.2.5 Biotic Resources

Biotic resources examined for impacts under the DARHT Baseline Altemative include terrestrial resources,
wetlands, aquatic resources, and threatened and endangered species.

5.2.5.1 Terrestrial Resources

Both construction and operations impacts were evaluated for terrestrial resources.

5.2.5.1.! Construction Impacts

Under the DARHT Baseline Altemative, further construction at the DARHT site would have little, if any,
further impact on vegetation. Ground clearing and initial construction has already disturbed approximately
8 ac (3 ha) of mixed pifion-juniper/ponderosa pine habitat used by various species, and only about 0.25 ac

(0.1 ha) would be further disturbed. Erosion control and revegetation of disturbed areas implemented
during construction would be completed. These actions would minimize soil erosion. Section 3.3.6

provides additional details of the DARHT site.

Further construction at the DARHT site would have little, if any, further impact on the populations of
small mammals that formerly inhabited the site. It is also likely that some small mammals, especially
mice, would reinvade the disturbed area associated with the buildings.

Large mammals (deer, elk, coyote, bear, raccoon) use the DARHT site as habitat, mostly in a transient
fashion, and it is unlikely that further construction would add to the present disruption of their use of this
site (Risberg l995).

Further construction at the DARHT site would not change the area of piflon-juniper/ponderosa pine habitat
used by birds for roosting, feeding, and reproduction.

Some piiion-juniper/ponderosa pine habitat has already been disturbed by previous construction, and any

reptiles and amphibians inhabiting the DARHT site have either been killed or displaced. Further impacts
fi'om completing the construction of DARHT would not be expected.

5.2.5.l.2 Operation Impacts

Further impacts to the DARHT site vegetation would be limited to effects from fires occurring during
testing operations. These fires are quickly controlled by the firefighters who are stationed outside the
exclusion fence at the time of the tests.
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Impacts upon wildlife would be caused by repetitive, short-term disturbances from site activities. These

impacts would be insignificant to overall population levels of common species, individuals, and thus
populations of rare species such as the Mexican spotted owl, would not be adversely affected. DOE and
the U.S. Fish and Wildlife Service (USFWS) have negotiated mitigation measures to reduce operational
impacts to any threatened or endangered species in the vicinity of the DARHT and PHERMEX facilities

(see section 5.1] and appendix K). Evidence from PHERMEX demonstrates that pollutant contamination
of soil and plants outside the blast area is not above background levels.

5.2.5.2 Wetlands

Although floodplains lie at the bottom of Potrillo Canyon and Cafion de Valle, no wetlands lie within
TA-15; thus, no impacts to wetlands would occur (Risberg 1995).

5.2.5.3 Aquatic Resources

No additional impacts to the aquatic resources located within the canyons surrounding TA-15 are expected.

5.2.5.4 Threatened and Endangered Species

It is unlikely that completion of DARHT construction would change the attractiveness of the area for
potential use by threatened or endangered species. Completion of construction and operations of the
DARHT Facility would not cause any adverse impacts to the nesting Mexican spotted owls in the vicinity.
DOE and the USFWS have negotiated a plan to eliminate the potential for adverse impacts to these birds

(see section 5.11 and appendix K).

5.2.6 Cultural and Paleontological Resources

Impacts on cultural and paleontological resources from the DARHT Baseline Alternative are described in
the following subsections.

5.2.6.1 Archeological Resources

Archeological resources were evaluated from both construction and operations perspectives.

5.2.6.1.1 Construction

Completion of the DARHT Facility construction under the DARHT Baseline Altemative would not be
expected to have any direct or indirect impacts on known areheological sites eligible for the National

Register. Existing TA-15 security measures that restrict general access would continue to provide
protection for possible intentional or incidental impacts from human activities.
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5.2.6.l.2 Operations

Potential impacts related to detonation of high explosives at the designated firing point could result from

l) vibratory ground motion, 2) air waves, and 3) dispersal of metal fiagments and other airbome debris.

Vibratory ground motion could induce structural instability to standing walls but would not affect other

attributes of archeological sites which contribute to their research potential. Since none of the known
archeological sites in the area of potential effects has standing walls, with the exception of Nake’muu,
ground wave motion has the potential to affect only Nake’muu. This potential is minimal because the

location of Water Canyon between the firing point and Nake’muu serves as a barrier which absorbs most
of the motion. As stated, seismic tests conducted on March ll, 1995 (V ibronics 1995) indicated that
potential impacts due to the air waves is a greater concem than vibratory ground motion.

Air waves would have no effect on those archeological sites whose eligibility for the National Register is
based solely on their research potential. Air waves would have minimal effect on the structural stability of
standing walls at Nake’muu. An air wave of 0.08 lb/in2 (0.6 kPa) from a test blast at the PHERMEX
firing point was measured at Nake’muu on March ll, 1995, from an explosion of 150 lb (70 kg) of TNT.
This pressure is approximately one half of the air pressure required for window breakage (DOE I992,
table D.4-4). Although no structural damage resulted from this particular test, the cumulative impacts
from similar air waves are unknown. In general, quantitatively assessing the effects air waves and ground
motion could have on prehistoric structures is difficult because the baseline structural integrity of these
sites is unknown. This site would be monitored for any adverse effects, and mitigation measures would be
taken if necessary.

Flying debris would have no impact on those archeological sites whose eligibility for the National Register
is based solely on their research potential. Flying debris, depending on the size and velocity, could impact
those cultural resources which are eligible for the National Register for additional reasons (Criteria A, B,
or C). No known prehistoric cultural resources in the area of potential effects have been identified as
eligible under Criteria A or B (association with important events or people).

Because Nake’muu is eligible for the National Register under Criterion C based on its well-preserved
standing walls, flying debris of sufficient size and velocity could result in an adverse effect. This potential
was mitigated in the design stage of the project by aligning one wing of the DARHT building itself
between the blast area and Nake’muu so that most blasting debris on a trajectory towards Nake’muu
would be deflected away from Nake’muu. Using the height of the DARHT building alone as a barrier
wall, some particles would be projected over that wall in the direction of Nake’muu. However, the only
particles which would have the velocity to reach Nake’muu would be less than one inch in diameter. By
the time they reach Nake’muu, they would no longer be propelled by the force of the blast itself, but
would be falling to the ground by gravity alone. Based on the number of shots anticipated for the life of
the DARHT Facility, the probability that any particles would reach Nake’muu was determined to be small
and they would fall without sufficient force and size to affect the site. Constructing an additional ban'ier
on top of the building would decrease even further the number of particles with the potential to reach
Nake’muu. In a February 21, 1989, correspondence between the NM SI-IPO and the DOE, the SI-IPO
concurred that “it is unlikely that the proposed activity will have any effect on the values for which
LA 12655 [Nake’muu] is considered significant. However, I do agree that test activities should be
monitored by a LANL Archaeologist, as discussed in your letter, to ensure that this assessment of eflbrt is
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correct. If site damage to important site values is observed during the monitoring visits, further
consultation will be necessary to detennine appropriate measures to reduce adverse effects of test
activities” (SHPO 1989).

The calculations above were made for explosions up to 150 lb (70 kg) of TNT originating specifically at
the dual-axis firing point. Explosions exceeding this weight, anticipated to be about 500 lb (230 kg) TNT,
require relocation of the firing point away from the dual-axis spot. In this situation, the shielding efiect of
the DARHT building would be reduced. The potential for blast debris from the larger explosions reaching
Nake’muu would be mitigated by temporary construction of a sand bag revetment to create a blast shield.
The blast overpressure measured during the March ll, 1995, tests scaled for 500 lb (230 kg) indicate a
pressure of 0.12 lb/inz (0.8 kPa) at Nake’muu, which is still below the value of 0.2 lb/inz (1.4 kPa)
required for window breakage (DOE 1992, table D.4-4). This overpressure, 0.12 lb/inz (0.8 kPa), is very
conservative since the mitigating effects of the canyon are not included. Other data suggest that the
canyon can reduce overpressure by as much as one half (V ibronics, 1nc., 1995).

If determined to be desirable, additional characterization of the potential impact of DARHT operation on
Nake’muu may be conducted. For example, options include design and implementation of a long-tenn
monitoring procedure at Nake’muu and/or completion of a structural assessment of architectural elements.
If necessary, several mitigation options are available, such as stabilization of standing masonry walls.

5.2.6.2 Historical Resources

No direct or indirect impacts on historic structures are anticipated.

5.2.6.3 Native American Resources

There would be essentially no impacts on Native American cultural resources.

5.2.6.4 Paleontological Resources

Because of the nature of the soil and geological substrate, it is unlikely that paleontological resources exist
at the DARHT site; no potential effects are postulated.

5.2.7 Socioeconomic and Community Services

Environmental impacts on socioeconomics and community services for the DARHT Baseline Altemative
are presented in the following subsections.

5.2.7.1 Demographic Characteristics

The DAR1-IT Baseline Altemative would not have any significant impact on the existing demographic
characteristics of communities in the region-of-interest, as described in section 4.7.1.
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5.2.7.2 Economic Activities

The DARHT Baseline Altemative encompasses completing construction and operation of the dual-axis
facility. The DOE would complete construction and begin operation of the first axis of the proposed
DARHT Facility by FY 1999. At that time, the operating costs of DARHT would replace PHERMEX
operating costs, although construction expenditures would continue until the completion of the second
DARHT axis in FY 2001. For the purpose of estimating the economic impacts (employment, labor
income, and output) of the DARHT Baseline Altemative, the analysis recognizes the incremental
construction and operating expenditures associated with the DARHT Baseline Altemative, relative to ones
associated with the No Action Altemative. The estimated capital construction expenditures, shown in
table 5-8, do not include any site cleanup nor decommissioning and decontamination of the dual-axis
facility at the end of its lifetime. The direct and indirect economic impacts of the proposed altemative are
described below.

TABLE 5-8.—Capital-funded Construction and Operating Costs

for the DARHT Baseline Alternative (in millions of I995 dollars)B@TEflE
Capital 17.9 26.8 0.6 0

4.1 4.0 5.8 5.7Operations and

Maintenance

Over the period FY 1996 to FY 2002, the DARHT Baseline Altemative is estimated to generate 191 full
time equivalent jobs in the regional economy, 80 directly related to project construction and operating
expenditures, and ll] indirectly generated by subsequent indirect spending and income generation within
the regional economy. Over the same time period, the DARHT Baseline Altemative is estimated to
generate an armual average of $4.1 million of regional labor income, $1.7 million directly related to the
project, and $2.4 million indirectly generated through subsequent indirect spending in the regional
economy. Finally, the DARHT Baseline Altemative is estimated to generate an armual average of
$6.8 million of goods and services in the regional economy, $3.4 million directly generated by the project,
and $3.4 million indirectly generated by subsequent indirect spending within the regional economy.

The underlying cost data were provided by LANL (Bums 1995a; Burns 1995b). The costs do not include
any expenses associated with site cleanup nor decontamination and decommissioning at either the DARHT
or PHERMEX facilities. These relevant data were adjusted using an escalation price change index for
DOE defense-related construction projects (Peannan 1994; Anderson 1995).

5.2.7.3 Community Infrastructure and Services

The DARHT Baseline Altemative would not have any significant impact on the existing community
infiastructure in the region-of-interest, as described in section 4.7.3.
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5.2.7.4 Environmental Justice

Referring to other sections of the EIS, no significant adverse environmental impacts are identified with the
construction or operation of the DARHT Facility under the DARHT Baseline Altemative. The impacts
considered include air and noise emissions caused during facility construction and subsequent operations

(section 5.2.2), and the potential for surface or ground water contamination (section 5.2.4). Any
foreseeable impacts on air, noise, or water quality during the course of normal operations would not pose
significant health impacts on human populations (section 5.2.8) and would fall within regulatory

compliance requirements. Accordingly, DARHT Facility construction and planned operation under the
DARHT Baseline Altemative would have no known disproportionate adverse health or environmental
impact on minority or low-income populations in the region-of-interest [populations residing within 50 mi

(80 km) of the site].

5.2.8 Human Health

Potential human health impacts under the DARHT Baseline Altemative would be essentially the same as
for the No Action Altemative, described in section 5.1.8.

5.2.9 Facility Accidents

Potential impacts of facility accidents under the DARHT Baseline Altemative would be essentially the
same as for the No Action Altemative, described in section 5.1.9.

5.2.10 Waste Management

Potential impacts of the DARHT Baseline Altemative on waste management would be essentially the same
as for the No Action Altemative, described in section 5.1.10.

5.2.11 Monitoring and Mitigation

5.2.11.1 Monitoring

Potential impacts that would need to be monitored under the DARHT Baseline Alternative would be
essentially the same as for the No Action Altemative, described in section 5.1.11.

5.2.1 1.2 Mitigation

Under normal operating conditions, two potential impacts would appear to warrant mitigation. Specific
actions would be taken to minimize disturbance of the Mexican spotted owls inhabitating canyons near the
DARHT site. Noise from construction equipment and activities would be minimized as much as possible.
Operational noise from detonations would also be conducted to minimize disturbance. Facility lighting
would be placed to direct illumination away from the canyons at night.
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Protection of the Nake’muu archeological site might be necessary under certain detonation test
configurations. Detonations would be shielded, if necessary, to avoid fiagrnent impact to the site. No
other archeological sites in the hazard radius have standing walls that would require mitigation activities.
Other mitigation measures taken would not differ significantly from measures currently taken as part of
normal operations at the PHERMEX Facility. Mitigation activities for cultural resources are presented in
section 4.6. Construction noise associated with completing the facility would be mitigated to minimize
noise impacts on the surrounding environment as much as possible.

5.2.12 Decontamination and Decommissioning

Potential impacts of decontamination and decommissioning under the DARHT Baseline Alternative would
be similar to those described for the No Action Altemative in section 5.1.12. The following differences
from D&D activities and impacts for the No Action Altemative would be expected:

' Increased salvage and conversion to other uses because of the presence of two accelerator facilities
and their buildings

- Increased soil, gravel, and debris resulting from the repositioning of the firing site from the
PHERMEX location

5.3 UPGRADE PHERMEX ALTERNATIVE

This section presents the expected environmental consequences associated with the Upgrade PHERMEX
Altemative.

5.3.1 Land Resources

Potential impacts on land resources in the Upgrade PHERMEX Altemative would be essentially the same
as those for the No Action Altemative, described in section 5.1.1.

5.3.2 Air Quality and Noise

5.3.2.1 Air Quality

Potential impacts of the Upgrade PHERMEX Alternative on air quality essentially would be the same as
those for the No Action Altemative for operations, described in section 5.l.2.1.2, and the DARHT
Baseline Altemative for construction activities, described in section 5.2.1.1.

5.3.2.2 Noise

Because the period of construction would be somewhat longer and some construction would probably take
place to convert the existing DARHT Facility to other uses, construction noise would be generated for a
period longer than in the DARHT Baseline Altemative. However, construction noise would not be
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expected to be noticeable away fi'om the construction site. Disturbance of wildlife during operations
would be about the same as with the No Action Altemative, described in section 5.1.2.2.

5.3.3 Geology and Soils

Potential impacts of the Upgrade PHERMEX Altemative on geology and soils would be essentially the
same as those for the No Action Altemative, described in section 5.1.3.

5.3.4 Water Resources

Potential impacts of the Upgrade PHERMEX Altemative on surface and ground water would be essentially
the same as those for the No Action Altemative, described in section 5.1.4.

5.3.5 Biotic Resources

Impacts on biotic resources in the Upgrade PHERMEX Altemative would be essentially the same as those
for the No Action Altemative, described in section 5.1.5.

5.3.6 Cultural and Paleontological Resources

Potential impacts on cultural and paleontological resources in the Upgrade PHERMEX Altemative would
be essentially the same as those for the No Action Altemative, described in section 5.1.6.

5.3.7 Socioeconomic and Community Services

Environmental impacts on socioeconomics and community services for the Upgrade PHERMEX
Altemative are presented in this section. Potential impacts on demographic characteristics, community
infiastructure and services, and environmental justice would be essentially the same as the No Action
Altemative and are described in sections 5.1.7.1, 5.1.7.3, and 5.1.7.4, respectively. Potential impacts on
economic activities are presented in the following paragraphs.

The Upgrade PHERMEX Altemative involves upgrading the present PHERMEX Facility to accommodate
new technology developed for DARHT. Under this altemative, the DOE is expected to complete
construction and begin operation of the upgraded PHERMEX Facility in FY 2002. During the upgrade of
the PHERMEX Facility, construction costs would be incurred along with PHERMEX operating costs (see
table 5-9). To estimate the regional economic impacts of the Upgrade PHERMEX Altemative, the
analysis recognizes additional construction and operating expenditures under the Upgrade PHERMEX
Altemative, relative to those associated with the No Action Altemative. The estimated capital construction

expenditures do not include any site cleanup nor D&D of the dual-axis facility at the end of its lifetime.

Over the period FY 1996 to FY 2002, the Upgrade PHERMEX Alternative is estimated to generate
199 firll-time equivalent jobs in the regional economy, 82 directly related to project construction and
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TABLE 5-9.—Capital-funded Construction and Operating Costs for
Upgrade PHERMEX/llternative (in millions of I995 dollars)Efiflfi C@ *°“"

33.7 21.1 14.a

4.1 4.0 4.0

Capital

Operations and

Maintenance

jl
126.7

34.3

operating expenditures, and 117 indirectly generated by consecutive rounds of spending and regional
income generation. The Upgrade PHERMEX Altemative is also estimated to generate an armual average
of $4.3 million of regional labor income, $1.8 million directly related to the project, and $2.5 million
indirectly generated through consecutive rounds of spending in the regional economy. Finally, the
Upgrade PHERMEX Altemative is estimated to generate an annual average of $6.9 million of goods and
services in the regional economy, $3.3 million directly generated by the project, and $3.7 million

indirectly generated by consecutive rounds of spending in the regional economy.

The underlying cost data were provided by LANL (Bums 1995a; Bums 1995b). The costs do not include
any expenses associated with site cleanup nor D&D of either the proposed DARHT or PHERMEX
facilities. These relevant data were adjusted using an escalation price change index for DOE defense
related construction projects (Peannan 1994; Anderson I995).

5.3.8 Human Health

Potential impacts of the Upgrade PHERMEX Altemative on human health would be essentially the same
as for the No Action Altemative, described in section 5.1.8.

5.3.9 Facility Accidents

Potential impacts of facility accidents under the Upgrade PHERMEX Altemative would be essentially the
same as for the No Action Altemative, described in section 5.1.9.

5.3.10 Waste Management

Potential impacts of the Upgrade PHERMEX Altemative on waste management would be essentially the
same as for the No Action Altemative, described in section 5.1.10.

5.3.11 Monitoring and Mitigation

Monitoring and mitigation measures taken under the Upgrade PHERMEX Altemative would be essentially
the same as the No Action Altemative, described in section 5.1.11.
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5.3.12 Decontamination and Decommissioning

Impacts of decontamination and decommissioning under the Upgrade PI-IERMEX Altemative would be
essentially the same as in the No Action Altemative described in section 5.1.12; however, the buildings
partially constructed for DARHT would also be subject to D&D evaluation.

5.4 ENHANCED CONTAINMENT ALTERNATIVE

This section presents the expected environmental consequences associated with the Enhanced Containment

Altemative. Three options were analyzed under this Altemative, as described in section 3.7: the Building
Containment, Vessel Containment, and Phased Containment (preferred altemative) options. No significant
differences in potential environmental impacts were determined among the three options; in many cases

(see tables S-1 and 3-3) potential impacts would be essentially identical. Minor differences were

determined in impacts to, or caused by air quality operations, noise, soil contamination, biotic and cultural

resources (without mitigation), socioeconomics, human health, low-level waste generation, and

commitment of resources. These are discussed below.

5.4.1 Land Resources

5.4.1.1 Land Use

The Vessel Containment, Building Containment, and Phased Containment (preferred altemative) options
under this altemative require a building addition for the cleanout facility. To accommodate all of these
options, it is anticipated that 1 ac (0.4 ha) of land would have to be cleared for construction, in addition to
the 8 ac (3 ha) of land previously disturbed by DARHT. Under the Vessel Containment and Phased
Containment (preferred altemative) options, an existing 0.25-mi long (0.4-km long) firebreak road would
be improved by widening, grading, and paving to provide access to the proposed vessel cleanout facility.
This would lead to the potential for about 0.5 ac (0.2 ha) additional disturbance on either side of the
existing road. Dedication of land for the cleanout facility or access road would be consistent with current
and past land uses at LANL and would have no reasonably foreseeable impact on established local land
use pattems.

5.4.1.2 Visual Resources

The proposed DARHT Facility and the cleanout facility under any of the containment options would be
unobtrusive and located in an isolated piflon/ponderosa pine forest area. The buildings would not be
accessible or readily visible from otfsite; therefore, they should have no impact on visual resources.

5.4.1.3 Regional Recreation

Although a variety of recreational opportunities are available in the vicinity of LANL, only those in areas
relatively near TA-15 might be negatively impacted by noise associated with test firings at the proposed
DARHT site. Test firings within the containment building would be expected to have no impacts on
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recreational resources. Under the Vessel Containment and Phased Containment (preferred altemative)
options, it is possible that some tests would be conducted without using a containment vessel. These tests

would have the same small potential for impacts on nearby recreation as other altematives using
uncontained test firing.

5.4.2 Air Quality and Noise

Impacts on nonradiological air quality and the potential for noise impacts associated with the Enhanced

Containment Altemative are discussed in this section.

5.4.2.1 Air Quality

Air quality impacts for the Enhanced Containment Altemative are presented in this section for maximally
impacted point of unrestricted public access. These impacts were determined using methods described in
appendix C, Air Quality and Noise.

5.4.2.1.! Construction

Pollutant emissions during the construction phase of all three options of the Enhanced Containment
Altemative would be essentially the same as those for the DARHT Baseline Altemative. Pollutant
emissions associated with constructing a containment structure (Building Containment Option) or the
vessel cleanout facility under the Enhanced Containment Altemative have not been quantified. However,
additional impacts from the construction of either structure would be expected to be minimal.

5.4.2.l.2 Operations

Potential air quality impacts from operations under the Enhanced Containment Altemative would be very
similar for all three of the options analyzed. As shown in table 5-10, the calculated values for nitrogen
dioxide and sulfur dioxide are essentially the same for all options gn_d altematives, while PM“) values vary
slightly among altematives. Annual PM10 air concentrations for the Enhanced Containment Altemative

options are about the same among these options but are about 20 percent lower than those for other

altematives. The maximum short-tenn (24-h) of PM“, concentrations would difi‘er among the enhanced
containment options. The Vessel Containment and Phased Containment options would have short-term

releases from uncontained detonations; potential short-terrn air quality impacts would be higher than the

Building Containment Option and similar to those of the other altematives analyzed.

Calculated values for beryllium, heavy metals, and lead for all of the enhanced containment options are
essentially the same when analyzed over the 30-year project life because of the greater impact of
containment releases on air quality. The Phased Containment Option would have less impact during the

early years of the option because of the greater fraction of uncontained detonations. Although somewhat
counter intuitive, the major reason for this is because uncontained detonations under these options allow
for greater atmospheric dispersion with subsequently less air quality impact than releases from
containment. The uncontained detonations were modeled as elevated releases [325 fi (99 m)] simulating
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TABLE 5-l0.—Irnpaas on Air Quality from Operations under the
Enhanced Containment Alternative

7

Concentration at
A

Public Access (pglma)

no,

PM1o

Beryllium 30 days

Heavy Metals” 30 days

Lead Calendar Quarter

' Uses the applicable regulatory limit from table 4-3.
b Sum of the air concentration of uranium and lead.
°
Building Containment Option
'1 Vessel Containment and Phased Containment options.

Note: N02 and PM“, are from hydrodynamic testing and boiler emissions.

S02 is from boiler emissions.

Beryllium, heavy metals, and lead are from hydrodynamic testing. Includes impacts from hydrodynamic
testing and boiler emissions.

explosive dispersion, while containment releases were modeled as near ground level releases. Additional
discussion of atmospheric releases and modeling is provided in appendix Cl, Air Quality, and appendix H,
Human Health.

5.4.2.2 Noise

Under all options of the Enhanced Containment Altemative, impacts associated with noise and blast
pressure waves would be reduced compared to the No Action Altemative. Uncontained detonations under
the Vessel Containment and Phased Containment options could potentially have noise and blast wave

impacts of the same magnitude as for the No Action Altemative. The number of detonations would be
reduced by 75 percent under the Vessel Containment Option and from 5 to 40 to 75 percent under the
different phases of the Phased Containment Option.

Noise associated with construction and construction worker trafiic would occur until completion of the
DARHT Facility and the containment building or cleanout facility under all of the containment options.
However, construction noise would not be expected to be noticeable away from the construction site.
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Disturbance of wildlife during operations would be about the same as with the No Action Altemative
(appendix C, Air Quality and Noise).

5.4.3 Geology and Soils

Impacts of the Enhanced Containment Altemative on geology and soils are described in the following
subsections.

5.4.3.1 Geology

Geologic impacts under the Enhanced Containment Altemative would be similar to those under the

DARHT Baseline Altemative, described in section 5.2.3.1.

5.4.3.2 Seismic

Seismic impacts under the Enhanced Containment Altemative would be similar to those under the DARHT
Baseline Altemative, described in section 5.2.3.2.

Although seismic events that damage buildings would have an impact on mission goals, no scenarios were
identified wherein a seismic event could trigger an action at the proposed DARHT Facility that would
result in any ofi°site environmental impact.

5.4.3.3 Soils

The three options under the Enhanced Containment Altemative present lower soils contamination levels

than the No Action and DARHT Baseline altematives. The three options are the Vessel Containment
Option, the Building Containment Option, and the Phased Containment Option (preferred altemative).

Under the Vessel Containment Option, an estimated maximum of 12 percent of the DARHT Baseline
Altemative inventory could be released in the vicinity of the firing point if highly unlikely events were to
occur. This 12 percent is made up of two types of releases. Under the Vessel Containment Option some
uncontained detonations would be conducted, up to 25 percent of the total annual depleted uranium
expenditures of 1,540 lb (700 kg) or a maximum of 385 lb (175 kg) per year. Of this depleted uranium
inventory, 70 percent would be removed from the firing point during routine cleanup activities leaving 30

percent for migration in the enviromnent. To be conservative, it is assumed no beryllium or lead would
be removed from the firing point during routine cleanup. Of the remaining 75 percent of the inventory
shot in containment, releases are assumed to occur in no more than 6 percent of the cases. Note that total
release from these 6 percent of contained tests would be highly unlikely; however, to be conservative
complete release is assumed. Thus, 7.5 percent (i.e., 0.25 x 0.30) release occurs during uncontained

experiments and up to 4.5 percent (0.75 x 0.06) release occurs during contained experiments; a total of
l2 percent. Assuming no cleanup of beryllium or lead, their percentage of inventory remaining in firing
site soils is estimated to be no more than 29.5 percent of their original inventory. Thus, annual releases of
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depleted uranium, beryllium, and lead would be 185, 6.5, and 10 lbs (84, 3, and 4.4 1(8), respectively.
These annual releases would occur for 30 years.

Soil contamination under the Building Containment Option would be somewhat less than that under the

Vessel Containment Option. Under the Building Containment Option, 6 percent of the annual inventory
will be released to the environment under highly unlikely circumstances. It is further assumed that none
of the contamination will be removed from the soils through routine cleanup activities. Thus, armual
releases of depleted uranium, beryllium, and lead would be 92, 1.3, and 2 lbs (42, 0.6, and 0.9 kg),
respectively. These armual releases would occur for 30 years.

Soil contamination under the Phased Containment Option would be somewhat more than under the Vessel

Containment Option. Releases would be characterized by decreasing uncontained experiments in three

phases over two 5-year periods, finally decreasing to about 25 percent uncontained experiments level after

10 years. For the three time periods (i.e., 5, 5, and 20 years), over the 30-year operation of the facility,
the uncontained to containment percentages of annual inventory expended would be 95 and 5, 60 and 40,
and 25 and 75. Under cleanup and operational assumptions identical to those under the Vessel and

Building Containment Options, the percentages of annual inventory for depleted uranium deposited in the
firing site soils for the three periods are 28.8, 20.4, and 12 percent. The percentages of armual inventory
deposited in firing site soils for beryllium and lead for the three periods are 95.3, 62.4, and 29.5. During
the first 5-year period, annual releases of depleted uranium, beryllium, and lead would be 444, 21, and 31
lbs (200, 9.5, and 14 kg), respectively. During the second 5-year period, the armual releases of depleted
uranium, beryllium, and lead would be 315, 14, and 21 lbs (143, 6.2, and 9.4 kg), respectively. During
the final 20-year period, the armual releases of depleted uranium, beryllium, and lead would be 185, 6.5,
and 10 lbs (84, 3, and 4.4 R8), respectively.

For each of the options of the Enhanced Containment Altemative, the circle of contaminated soil at the
firing point under the Enhanced Containment Altemative is assumed to be no greater than that for the No
Action and DARHT Baseline altematives. Thus, the circle of soil centered on the firing point exhibiting
uranium concentrations above background would be no greater than a 460-ft (140-m) radius. The area of
land contaminated above background for uranium, beryllium, and lead would be no greater than 15 acres

(6 ha).

5.4.4 Water Resources

Water resources examined for impact in the Enhanced Containment Altemative are:

~ Surface water and sediment in Water Canyon, which discharges into the Rio Grande

~ The main aquifer underlying Threemile Mesa

Stream losses to the bed of Water Canyon are analyzed for their potential to release contaminants through
the vadose zone to the main aquifer. Infiltration is examined for its ability to carry metals in solution into

the mesa top at the firing point and to transport contaminants through the unsaturated zone to the main

aquifer. Supporting information on deep drainage, the geochemistry of metals in LANL waters and
sediments, surface water modeling, and vadose zone and ground water modeling as applied in this EIS can
be found in appendix E.
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A combination of data review and geochemical analysis was used to determine the solubility and sorption
characteristics of several metals in the LANL water and soil/sediment environment (see appendix E2).
Because they represent the largest fraction of expended materials in the tests to be conducted, depleted
uranium, beryllium, lead, copper, and aluminum were all studied. The study revealed that a realistic value

of solubility for beryllium in LANL waters was at its drinking water standard of 4 ug/L [40 CFR 141.62].
A realistic value for lead solubility in LANL waters was at its MCL of 50 pg/L [40 CFR 141.11] and
approximately a factor of three above its action level of 15 ug/L [40 CFR 141.80]. Values of solubility
for both copper and aluminum were both found to be substantially below their secondary drinking water

standards. Thus, while the analysis examines the migration of beryllium and lead to gain insight into their
migration and behavior in the environment, there is no need to simulate beryllium, copper, or aluminum
because their solute concentrations at the source are at or below their respective drinking water standards.
The solubility of uranium in LANL waters was found to be substantially above its proposed MCL value,
and therefore its migration was modeled to estimate its potential impact on the water resource.

5.4.4.1 Surface Water

The hydrology-sediment-contaminant transport modeling procedure described in appendix E3 was applied
to assess the potential impacts of the three options under the Enhanced Containment Altemative. In this
altemative, the transport by surface runoff of the 30 years of future releases of depleted uranium,
beryllium, and lead from the DARHT site was analyzed. Table 5-ll shows the simulated peak
concentration of contaminants in the infiltrated water in Water Canyon below the source. Details of the
analysis and treatment of runoff, stonn water, and cooling water blowdown discharge at the DARHT site
are described in appendix E3.

Because of their low solubility, the concentrations of beryllium and lead reach a plateau in their release to
Water Canyon but still remain well below drinking water standards. Drinking water standards for
beryllium and lead are 4 and 15 pg/L, respectively. Depleted uranium has a relatively high solubility in
LANL surface and ground waters. Depleted uranium in surface water released to Water Canyon
immediately below DARHT is slightly above the proposed MCL of 20 pg/L for the Vessel Containment
and Phased Containment options, and slightly below the proposed MCL for the Building Containment
Option. The Rio Grande is the nearest offsite access point for surface water carrying contamination fiom
the firing point. As shown in table 5-l 1, the quality of surface water entering the Rio Grande under each
of the options is forecast to be over an order-of-magnitude below the drinking water standard for uranium
and several orders-of-magnitude below the drinking water standards for beryllium and lead.

5.4.4.2 Ground Water

Two analyses of depleted uranium, beryllium, and lead migration were conducted for the three options of
the Enhanced Containment Alternative. The two analyses involved 1) infiltration canying contaminants
into the mesa top at the DARHT firing point and 2) infiltration of contaminants from the stream bed of
Water Canyon. Both sources of infiltration and contamination were analyzed to estimate contaminant
migration into the main aquifer.

The peak concentrations of contaminants in infiltration to Threemile Mesa and in surface water losses
from the uppermost reach of Water Canyon opposite the DARHT Facility are shown in table 5-12. For
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TABLE 5-ll.—Contarninant Concentrations and Time-to-peak for the
Enhanced Containment Alternative

Reach 14 Reach 15 Rio Grande
7

Rio Gra

(Water (Water
Canyon) Canyon)

Vessel Containment Option

Peak Concentration

Depleted Uranium

Beryllium

Lead

Time, years

Depleted Uranium

Beryllium

Lead

Building Containment Option

Peak Concentration

Depleted Uranium
Beryllium

Lead

Tine. years
Depleted Uranium

Beryllium

Lead

Phased Containment Option

Peak Concentration
Depleted Uranium

Beryllium

Lead

Time. years
Depleted Uranium

Beryllium

Lead

'
Concentration of surface water entering Rio Grande; basis for water resource number in tables and S-1 and 36.

Note: Drinking Water Standards:

Uranium, 20 pg/L [56 FR 33050]
Beryllium, 4 |,rgIL [40 CFR 141.62]
Lead. 15 pgIL [40 CFR 141.80]

those cases where the drinking water standards are exceeded (shown in bold), analyses were conducted.

Only three cases must be modeled - depleted uranium and lead on the mesa top at the firing point and
depleted uranium in the uppermost reach of Water Canyon. Other metals and locations were not analyzed
because sorption and dispersion within the vadose zone would only further reduce soil water

concentrations that enter the soil column at concentrations at or below the drinking water standards.
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TABLE 5-l2.—Peak Input Concentrations for the Enhanced Containment Alternative to Water Canyon
Reaclrm and Threemile Mesa Predicted by Surface Runo_fi"-sediment-contaminant Transport Model

Beryllium Lead

(#911-1 (nail-)

Drinking Water Standards
[56 FR 33°50]

Vessel Containment Option

Threemile Mesa 142,000

Water Canyon Reach 12 25.3

Water Canyon Reach 13 4.8

Water Canyon Reach 14 1.4

Water Canyon Reach 15 0.5

Building Containment Option

Threemile Mesa
Water Canyon Reach 12
Water Canyon Reach 13
Water Canyon Reach 14
Water Canyon Reach 15

Phased Containment Option

Threemile Mesa
Water Canyon Reach 12
Water Canyon Reach 13
Water Canyon Reach 14
Water Canyon Reach 15

For the Vessel Containment Option, analysis of depleted uranium migration through the vadose zone
arising from releases to the stream bed of Water Canyon showed a peak concentration of about 0.05 ug/L
afier 18,000 years in soil water being delivered to the main aquifer. Analysis of the migration of depleted
uranium and lead through the mesa to the main aquifer showed a peak concentration of 32 and 1 x 10'3
pg/L alter approximately 42,000 and 100,000 years, respectively. Thus, while releases of lead in soil
water are well below the drinking water standard action level of 15 pg/L, the release of depleted uranium
from the mesa top yields soil water entering the main aquifer at concentrations less than twice the

proposed MCL.

For the Building Containment Option, analysis of depleted uranium migration through the vadose zone
arising from releases to the stream bed of Water Canyon showed a peak concentration of about 0.04 pg/L
afier 18,000 years in soil water being delivered to the main aquifer, well below the proposed MCL for
uranium (20 pg/L). Analysis of the migration of depleted uranium and lead through the mesa to the main
aquifer showed a peak concentration of 16.1 and 1.5 x 10'7 pg/L atter approximately 42,000 and
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100,000 years, respectively. Thus, the release of lead in soil water is well below the drinking water
standard action level of 15 pg/L, and the release of depleted uranium fi'om the mesa top yields soil water
entering the main aquifer at concentrations below the MCL.

For the Phased Containment Option, analysis of depleted uranium migration through the vadose zone
arising from releases to the stream bed of Water Canyon showed a peak concentration of about 0.06 pg/L
after 18,000 years in soil water being delivered to the main aquifer. Analysis of the migration of depleted
uranium and lead through the mesa to the main aquifer showed a peak concentration of 43 and 2 x 10'3
pg/L after approximately 42,000 and 100,000 years, respectively. Thus, while releases of lead in soil
water are well below the drinking water standard action level of 15 pg/L, the release of depleted uranium
from the mesa top yields soil water entering the main aquifer at concentrations about twice the proposed

MCL.

Upon entering the main aquifer, the small-scale and low-volume releases from the mesa top would be

dispersed in the aquifer and further mixed either with ground water (if it were recovered in the municipal
water

supply)
or the waters of the Rio Grande. The average yield of the Pajarito Field wells of 2.7 113/s

(7.7 x 10' m3/s) is assumed to be representative of a water supply well that could be developed in the
vicinity of Threemile Mesa (see A pendix E4). The total flow rate of contaminated water from the mesa
firing point would be 1.1 x l0'3 /s (3.2 x 10'5 m3/s). This gives a concentration reduction factor greater
than 2,000, more than sufficient to reduce the concentration of depleted uranium in municipal water
supplies to levels well below the proposed MCL. Based on the average annual flow of the Rio Grande at
Otowi (Graf 1993) between 1910 and 19as of 1.1 X 10° ac-fi [1.5 X 103 ft3/s (42 m3/s)], the reduction
factor would be even greater for ground water release to the Rio Grande.

Releases to the ground water pathway from operation under the Enhanced Containment Altemative would
not adversely impact ground water quality.

5.4.5 Biotic Resources

Biotic resources examined for impacts under the Enhanced Containment Altemative include terrestrial
resources, wetlands, aquatic resources, and tlneatened and endangered species.

5.4.5.1 Terrestrial Resources

Both construction and operations impacts were evaluated for terrestrial resources.

5.4.5.l.l Construction Impacts

All of the containment options under the Enhanced Containment Altemative would necessitate the
construction of either a containment building or a vessel cleanout facility in TA-15. For the containment
and cleanout buildings, an additional removal of pifion-juniper/ponderosa pine habitat of about 1 ac

(0.4 ha) would be incurred with a resulting disturbance and displacement of associated wildlife. Under the
Vessel Containment and Phased Containment (preferred altemative) options, an existing 0.25-mi long

(0.4-km long) firebreak road would be improved by widening, grading, and paving to provide access to
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the proposed vessel cleanout facility. This would lead to the potential for about 0.5 ac (0.2 ha) additional

disturbance on either side of the existing road. See section 5.1.5.1 for a description of these types of
impacts.

5.4.5.1.2 Operation Impacts

Impacts would be essentially the same as the DARHT Baseline Altemative (section 5.2.5.l.2) except that
disruption of wildlife from noise associated with detonations would likely be lessened, considerably so for
the Building Containment Option. Noise associated with operation of the cleanout facility would be
minimal.

5.4.5.2 Wetlands

Although floodplains lie at the bottom of Potrillo Canyon and Canon de Valle, no wetlands lie within
TA-15; thus, no impacts to wetlands would occur (Risberg 1995).

5.4.5.3 Aquatic Resources

No additional impacts to the aquatic resources located within the canyons surrounding TA-15 are expected.

5.4.5.4 Threatened and Endangered Species

Potential impacts on threatened and endangered species under the Enhanced Containment Altemative
would be essentially the same as those for the DARHT Baseline Altemative, described in section 5.2.5.4.

5.4.6 Cultural and Paleontological Resources

Impacts on cultural and paleontological resources under the Enhanced Containment Altemative are
described in the following subsections.

5.4.6.1 Archeological Resources

5.4.6.1.l Construction

Completion of construction of the proposed DARHT Facility and the containment building, cleanout
facility, or access road under any of the proposed containment options, would not be expected to have any
direct or indirect impacts on known archeological sites eligible for the National Register. Existing TA-15

security measures that restrict general access would continue to provide protection for possible intentional
or incidental impacts fi'om human activities.
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5.4.6.l.2 Operations

Any uncontained detonations conducted under the Vessel Containment or Phased Containment option
would have impacts described under the DARHT Baseline Altemative in section 5.2.6=l.2. Potential
impacts from contained detonations would be minimal, limited to vibratory ground motion.

5.4.6.2 Historical Resources

No direct or indirect impacts on historic structures are anticipated.

5.4.6.3 Native American Resources

There would be essentially no impacts on Native American cultural resources.

5.4.6.4 Paleontological Resources

Because of the nature of the soil and geological substrate, the occurrence of paleontological resources is
not anticipated; no potential effects are postulated.

5.4.7 Socioeconomic and Community Services

Environmental impacts on socioeconomics and community services for the Enhanced Containment

Altemative are presented in the following subsections.

5.4.7.1 Demographic Characteristics

The Enhanced Containment Altemative would not have any significant impact on the existing
demographic characteristics of communities in the region-of-interest, as described in section 4.7.1.

5.4.7.2 Economic Activities

The Enhanced Containment Altemative would involve construction and operation of the DARHT Facility
but with some modification to contain airbome emissions of fragments or other debris - either a
containment vessel or a containment building. Under the Vessel Containment Option, the DOE would
complete construction and begin operation of the dual-axis facility in FY 1999. At that time, DARHT
operating costs would replace PI-IERMEX operating costs. Under the Building Containment Option, the
DOE would complete construction and begin operation of the dual-axis facility in FY 2002, at which time
DARHT operating costs would replace PHERMEX operating costs (table 5-13).

For the purpose of estimating the regional economic impacts of the two containment altematives, the
analysis illustrates their respective levels of construction and operating expenditures relative to those



CHAPTER 5 DARHT EIS

TABLE 5-13.—Capital-funded Construction and Operating Costs for the
Enhanced Containment Alternatives (in millions of I995 dollars)

Building (150 lb)
Building (500 lb)
Phased

Operations and

Maintenance

Vessels
Building (150 lb)
Building (500 lb)

associated with the No Action Altemative. These estimated costs do not include any site cleanup, nor
D&D of the dual-axis facility at the end of its lifetime.

Over the period FY 1996 to FY 2002, the Vessel Containment Option is estimated to generate 321 full
time equivalent jobs in the regional economy, 137 directly related to project construction and operating
expenditures, and 185 indirectly generated by consecutive rounds of spending and income generation
within the regional economy. This altemative is also estimated to generate an annual average of
$6.8 million of regional labor income, $2.9 million directly related to the project, and $3.9 million
indirectly generated through consecutive rounds of spending in the regional economy. The altemative is
estimated to add an annual average of $12.0 million of goods and services to the regional economy,
$6.2 million directly generated by the project, and $5.8 million indirectly generated by consecutive rounds
of spending within the regional economy.

Altematively, the 150-lb (70-kg) Building Containment Option is estimated to generate 209 full-time

equivalent jobs in the regional economy, and the 500-lb (230-kg) Building Containment Option is
estimated to generate 238 full-time equivalent jobs. Of these totals, for the smaller and larger buildings,
respectively, 87 and 99 jobs would be directly accounted for by project construction and operating
expenditures. The other 122 or 139 jobs for the two building sizes would be indirectly accounted for by
consecutive rounds of regional spending and income generation.

Correspondingly, the Building Containment Option is estimated to add armual averages of $4.5 million and
$5.1 million in regional labor income, with $1.9 million and $2.1 million directly related to the project,
and $2.6 million and $3.0 million indirectly generated by consecutive rounds of spending in the regional
economy. Relative to these impacts, the Building Containment Option is estimated to generate armual

averages of $7.6 million [150 lb (70 kg)] and $8.4 million [500 lb (230 kg)] of goods and services in the
regional economy, $3.6 million [150 lb (70 kg)] or $4.0 million [500 lb (230 kg)] directly generated by
the project, and $4.0 million [150 lb (70 kg)] or $4.4 million [500 lb (230 kg)] indirectly generated
through consecutive rounds of spending in the regional economy.
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The Phased Containment Option (preferred alternative) involves construction and operation of the DARHT
Facility, but with modifications to phase in the containment of airbome emissions of fiagments or other
debris. The DOE would be expected to complete construction and begin operation of the dual axis facility
in FY 1999. During this phase, construction and operations and maintenance costs are similar to the
vessel containment option and reflect those of the DARHT Baseline Altemative (table 5-13). These
estimated costs do not include any site cleanup, decommissioning, or decontamination of the dual axis
facility at the end of its lifetime.

In the period FY 1996 to FY 2002 the preferred altemative is estimated to generate 253 FTE-equivalent
jobs in the regional economy, 106 being directly related to project construction and O&M expenditures
and the other 147 being indirectly generated by consecutive rounds of spending and income generation
within the regional economy.

Corresponding to these employment impacts, the Phased Containment Option (preferred altemative) is
estimated to generate an annual average of $5.4 million dollars of regional labor income in the period
FY 1996 to FY 2002: $2.3 million being directly related to the project and the other $3.1 million being
indirectly generated through consecutive rounds of spending in the regional economy.

Finally, the Phased Containment Option (preferred altemative) is estimated to generate an armual average
of $9.0 million dollars of goods and services in the regional economy during the period FY 1996 to
FY 2002: $4.4 million of these being directly generated by the project, and the other $4.6 million being
indirectly generated by consecutive rounds of spending within the regional economy.

The underlying cost data were provided by LANL (Burns 1995a; Bums 1995b). The costs do not include
any expenses associated with site cleanup nor D&D of either the proposed DARHT or PHERMEX
facilities. Those relevant data were adjusted using an escalation price change index for DOE defense
related construction projects (Pearrnan 1994; Anderson 1995).

5.4.7.3 Community Infrastructure and Services

The Enhanced Containment Altemative would not have any significant impact on the existing community
infiastructure in the region-of-interest, as described in section 4.7.3.

5.4.7.4 Environmental Justice

Referring to other sections of the EIS, the construction and operation of the DARHT Facility under any of
the containment options of the Enhanced Containment Altemative would pose no significant environmental
impacts. The foreseeable impacts include fugitive air and noise emissions during facility construction and

operations (section 5.3.2), and potential surface or underground water contamination (section 5.3.4). No
significant human health impacts appear to exist fi'om either radioactive or hazardous material released or
fi'om exposing receptors onsite (workers) or offsite (section 5.1.8). Accordingly, DARHT Facility
construction and planned operations under the Enhanced Containment Altemative options would not pose a

disproportionate adverse health or environmental impact on minority or low-income populations in the

region-of-interest [populations residing within 50 mi (80 km) of the site].
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5.4.8 Human Health

This section presents the impacts to the health of workers and the public from routine operations that
would be conducted at the DARHT Facility under the Enhanced Containment Altemative. Impacts may
potentially result from release and atmospheric transport of radioactive and hazardous material from the
facility firing site as a result of planned detonations. Methods and assumptions used in calculating
potential impacts are described in appendix I-I, Human Health.

Radiological impacts may result from exposure to depleted uranium and tritium released to the atmosphere
from detonations at the DARHT site. Depleted uranium would be the principal contributor to radiation
dose; tritium would contribute about 1 x l0'7 the dose of depleted uranium for chronic releases. The
major exposure pathway would be inhalation of material released to the atmosphere, which would
contribute more than 99 percent of the dose. Potential human health impacts may be over estimated by a
factor of 100 because of the simplified, elevated point-source atmospheric dispersion model used rather
than an explosive atmospheric dispersion model (see appendix H, Human Health). Potential impacts from

any uses of plutonium would be essentially the same as for the No Action Altemative, described in
section 5.1.8.

5.4.8.1 Public

Potential impacts to the MEI were evaluated at three locations in the vicinity of the DARHT site — Los
Alamos, White Rock, and Bandelier. These locations are representative of the neighboring residential
clusters in close proximity to LANL. Potential impacts to the surrounding population were also
calculated. Potential radiological and nonradiological impacts are presented in the sections below.

5.4.8.1.] Radiological Impacts

Estimated radiological impacts to the public under the three options would be very similar. The maximum
annual dose to any nearby resident under the Vessel Containment, Phased Containment, and Building
Containment options would be about 2 x l0'5 rem. Using a risk conversion factor of 5 x 10" LCFs per
person-rem for members of the public, the estimated maximum probability of a latent fatal cancer would
be less than 1 x l0'8 for all three options. The estimated cumulative dose to an individual over the

anticipated 30-year life of the project would be about 6 x 10" rem under the Phased Containment Option,
and about 5 x 10" rem under the Vessel Containment and Building Containment options. The estimated
maximum probability of a LCF from this cumulative exposure would be about 3 x l0'7 under the Phased
Containment Option, and about 2 x l0'7 under the Vessel Containment and Building Containment options.

The annual collective dose to the population of 290,000 individuals living within 50 mi (80 km) of
DARHT fi-om the Vessel Containment, Phased Containment, and Building Containment options would be
about 0.44, 0.57, and 0.27 person-rem, respectively. No LCFs would be expected among the population
from these population doses (2 x 104, 2 x 104, and l x l0'4 LCFs, respectively). Over the anticipated
30-year operating life of DARHT, the potential impacts for the Vessel Containment, Phased Containment,
and Building Containment options would be about 13, 17, and 8 person-rem, respectively. LCFs would
not be expected (6 X 10-3, s X 10°, and 4 X 104 LCFS, respectively).
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5.4.8.1.2 Nonradiological Impacts

Members of the public might also be exposed to heavy metals and other materials released during the
detonation, including uranium, lead, beryllium, and lithium hydride. Potential impacts from these

exposures would be very small under all tluee options. The maximum probability of a beryllium-induced
cancer would be about l x 10'“. Toxicological efiects from releases of uranium, beryllium, lead, or
lithium hydride would not be expected (maximum Hamrd lndex of 5 x 10's). The probability of a
beryllium-induced cancer over the anticipated 30-year life of the project would be about 3 x 104°. The
maximum Hazard Index expected in the first year immediately after 30 years of operations, accounting for
any toxicological effects from buildup of hazardous material in soil, would not exceed 4 x 10's.
Toxicological effects would not be expected.

Cancers would not be expected in the population in the surrounding 50 mi (80 km) fi'om exposure to

beryllium released during a year of normal operations under any of the enhanced containment options.
The estimated total incidence would be about 1 x l0'7 under the Vessel Containment and Phased
Containment options, and about 5 x 10's under the Building Containment Option.

5.4.8.2 Noninvolved Workers

A noninvolved worker is defined as a LANL employee who works in TA-15, but would not be directly
involved with the proposed facility operations. Nearby workers not involved with the proposed DARHT
detonation process would not likely be afi'ected by detonations occurring within containment. It was
assumed that access control would still be in place for the Enhanced Containment Altemative.

Uncontained detonations could still occur under this altemative [Vessel Containment and Phased
Containment (preferred altemative) options], as well as potential breaches of the containment vessels or
releases from the containment building. To evaluate potential impacts from these occunences, a
noninvolved worker is assumed to work continuously 2,500 ft (750 m) distant fiom the firing site. This
distance is based on a hazard radius that would typically be put in place for hydrodynamic test. LANL
implements this administrative exclusion area based on explosive safety principles (DOE 1994).

The annual dose to a noninvolved worker is estimated to be about 2 x 10'5 rem EDE under the Vessel
Containment and Phased Containment Options and 1 x 10's rem under the Building Containment Option.
The maximum probability of an LCF from these doses would be about 6 x 10'9 and 5 x 10'9, respectively.
Over the 30-year anticipated operating life of the facility, a noninvolved worker’s cumulative dose would
be about 5 x 104 rem and 4 x 10" rem, respectively. The maximum probability of LCF from these doses
would be about 2 x l0'7 for both.

A noninvolved worker could also be exposed to heavy metals and other materials released during the
detonation, including uranium, lead, beryllium, and lithium hydride. The maximum probability of a
beryllium-induced cancer would be about 2 x 10'" under the Vessel Containment and Phased Containment
options and 1 x 10°“ under the Building Containment Option. The probability of a beryllium-induced
cancer fi'om exposure over the anticipated 30-year life of the project would be about 5 x 104° and
3 x l0"°, respectively. Toxicological effects from exposure to releases of uranium, beryllium, lead, or
lithium hydride would not be expected (maximum Hazard Indexes of 9 x 10's and 6 x 10's, respectively).
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5.4.8.3 Workers

Impacts to workers under the Enhanced Containment Altemative could be somewhat higher than those

observed under previous PHERMEX operating experience or projected for the uncontained altematives
because cleanup of contained space (vessels or buildings) could involve exposure to greater quantities and
concentrations of materials. The average annual worker dose would probably not exceed 0.020 rem. The
maximum probability of LCF from this dose would be 8 x 10". The annual collective worker dose,
assuming a maximum of 100 workers, would probably not exceed 2 person-rem. Latent cancer fatalities
would not be expected from this dose (8 x 104 LCFs). The cumulative worker dose over the assumed

30-year lifetime of the facility would probably not exceed 60 person-rem. Latent cancer fatalities would
not be expected from this dose (2 x 10'2 LCFs).

Involved worker exposures to radiation and radioactive materials under normal operations would be

controlled under established procedures that require doses to be kept as low as reasonably achievable.

Any potential hazards would be evaluated as part of the radiation worker and occupational safety programs
at LANL, and no impacts outside the scope of normal work activities would be anticipated.

5.4.9 Facility Accidents

This section presents the impacts from postulated facility accidents involving depleted uranium to
individual members of the public, noninvolved workers nearby, and workers at the facility. The bounding
accident evaluated under the Enhanced Containment Altemative differed for the Vessel Containment,

Phased Containment, and Building Containment options. Under the Vessel Containment and Phased
Containment options, the bounding accident is the catastrophic failure of a containment vessel. Under the
Building Containment Option, the bounding accident is the cracking and loss of integrity of the
containment walls or major failure of the HEPA-filtered overpressure release system. Both of these
bounding accidents would result in greater potential consequences to members of the public and
noninvolved workers than inadvertent uncontained detonation of a test assembly. This is because the
hypothetical release of materials would be at ground level rather than at a higher elevation, resulting in a
more dense dispersion plume closer to the ground. The inadvertent detonation would be the bounding
accident for workers at the facility. Accident initiation events were not addressed; accidents were simply
evaluated on a “what if’ basis even though the likelihood of occurrence is very small.

Radiological impacts may result from exposure to depleted uranium and tritium released to the atmosphere
from detonations at the DARHT site. Depleted uranium would be the principal contributor to radiation
dose; tritium would contribute about 1 x 10's the dose of depleted uranium for acute releases. The major
exposure pathway would be inhalation of material released to the atmosphere, which would contribute
more than 99 percent of the dose.

More detailed results, identification of postulated facility accidents, and methods of analysis are described
in greater detail in appendix 1, Facility Accidents. Much of the technical basis for the health impact of the
accident analysis is included in appendix H, Human Health. Transportation-related accidents are described
in section 5.7.

In the past, DOE has conducted dynamic experiments at LANL with plutonium. Any future experiments
with plutonium would always be conducted in double-walled containment vessels, and these experiments

5-52



DARHT EIS CHAPTER 5

would not be expected to result in any release of plutonium to the environment. Potential impacts from
facility accidents involving any use of plutonium would be essentially the same as for the No Action
Altemative, described in section 5.1.9.

5.4.9.1 Public

As in the uncontained altematives, potential impacts to members of the public were evaluated for three
nearby points of public access: State Road 4, Pajarito Road, and the Bandelier National Monument. The
MEI would be located at the State Road 4 location, approximately 0.9 mi (1.5 km) southwest of the site.
An individual at this location under the assumed accident and exposure conditions would receive a

radiation dose of about 0.01 rem EDE under the vessel containment failure scenario and about 0.001 rem
under the building containment breach scenario. The maximum probability of a LCF from these doses
would be about 6 x l0'6 and 6 x 10'7, respectively. The maximum probability of beryllium-induced
cancers would be about 8 x l0'9 and 8 x 10'“), respectively. Toxicological effects would not be expected,
as no more than 0.2 and 0.02 mg, respectively, of any of the released constituents (uranium, beryllium,
lead, lithium hydride) would be inhaled. The intakes are less than 2 percent of the IDLH equivalent
intake values. Additional results are presented in appendix 1, Facility Accidents.

Maximum population dose would occur under the containment vessel breach scenario, in the east-through
southeast direction, with a population dose of about 17 person-rem. Population dose under the building
containment breach scenario would be about 1.7 person-rem. Latent cancer fatalities among the

population would not be expected from either of these doses (9 x 10'3 and 9 x 104 LCFs, respectively).
Cancer would not be expected among the population from exposure to beryllium (total incidence of
1 x 10's cancers and l x 10'6 cancers, respectively).

5.4.9.2 Noninvolved Workers

As in the No Action Altemative, nearby workers not involved with the detonation process would be
affected to a lesser extent than involved workers because of their distance from the firing point. Under the
Vessel Containment and Phased Containment (preferred altemative) options, access control and other area

restrictions would be maintained for plarmed uncontained detonations that could take place. Other

precautions taken under the No Action Altemative would also be maintained. However, for contained
detonations, it was assumed that the hazard radius would be lessened, to 1,300 feet (400 m), and that a
noninvolved worker would be at this distance and exposed to the material released fi'om the detonation

during the entire period of passage.

A noninvolved worker would receive a radiation dose of about 0.05 rem EDE under the vessel
containment failure scenario and a dose of about 0.005 rem under the building containment breach _

scenario. The maximum probability of an noninvolved worker contracting a fatal latent cancer from these
doses would be about 2 x l0'5 and 2 x l0'6, respectively. The maximum probability of beryllium-induced
cancers would be about 3 x l0'8 and 3 x 10'9, respectively. Toxicological effects would not be expected,
as no more than 0.7 mg of any of the released constituents (uranium, beryllium, lead, lithium hydride)
would be inhaled. The inhalation intakes for LiH is the largest fraction of IDLH equivalent intake values
at less than 8 percent. Additional results are presented in appendix I, Facility Accidents.
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5.4.9.3 Workers

Impacts to involved workers would difi'er little from those described under the No Action Altemative in

section 5.1.9.3. During completion of DARHT construction and the associated containment building or
vessel cleanout facility, normal construction-type hazards would be encountered. During operations, the

accident of greatest consequence would be the inadvertent detonation of high explosive on the firing site
or in the containment building when workers are present. This accident is considered unlikely, but it

could result in the deaths of all workers (a maximum of 15) in the immediate area.

Also, like the No Action Altemative, another possible accident on the firing site with serious consequences
outside the scope of normal industrial or laboratory hazards would be the direct exposure of a worker to
the ionizing radiation pulse produced by the DARHT accelerator. Although this accident would be
extremely unlikely, a worker could receive a very high acute radiation dose, delivered over a fraction of a
micro-second, to a localized portion of the body.

5.4.10 Waste Management

Under this altemative, debris from the majority of detonations at the facility would be contained either by
vessels or inside a containment building. Volumes of nonhazardous solid waste, solid and liquid
hazardous waste, mixed waste, and TRU waste generated under the Enhanced Containment Altemative for
the Vessel Containment, Building Containment, and Phased Containment options would be essentially the

same as those for the N0 Action Altemative, described in section 5.1.10. Wastes generated under the

Enhanced Containment Altemative, as for other altematives, would be subject to treatment, storage, and/or

disposal in other LANL Technical Areas. Transportation of these wastes would be conducted following
DOT guidelines and using DOE- or DOT-approved containers carried on govemment vehicles using public
roads between LANL facilities, as needed.

5.4.10.1 Vessel Containment Option LLW

Under the Vessel Containment Option, some uncontained detonations would be conducted, up to

25 percent of total annual depleted uranium expenditures of 1,540 lb (700 kg) or a maximum of 385 lb

(175 kg) per year. The total estimated LLW generated and disposed from uncontained detonations would
be less than 3,000 tt

3

(90 m3), based upon a u.w generation rate of 1,800 0
’

(so m3) LLW per 220 lb
(100 kg) of depleted uranium used, as developed for the No Action Altemative (section 5.1.10). The bulk
of this waste would be the gravel and soil that is removed with the detonation debris. Total volume of
waste generated would depend on the number and frequency of the firing-site detonations and periodic
cleanup.

For contained detonations, a reasonably predictable amount of waste would be generated each time. For
contained major (hydrodynamic) detonation, the waste volume generated would be about 36 R

3

(I m3) or
up to five 55-gal drums. Some of the waste would be finely divided debris containing uranium, other
metals, and occasionally lead. Much of this material would be separated out in the associated recovery
facility and either recovered or disposed of separately, so that a reduced volume of LLW would remain for
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disposal. Assuming 50 percent recovery or separation of contained detonation material, and 20 major
contained detonations per year, no more than 360 1

1
3

(10 m3) of LLW would be generated per year from
contained detonations.

Total LLW generation is expected to be no more than 3,600 R
3

(100 m3) of LLW per year under the
Vessel Containment Option. Assuming the total LANL LLW disposal volume in future years would be
180,000 réyr (5,000 m3/yr) (Bartlit et al. 1993), the Enhanced Containment Altemative, Vessel

Containment Option would be projected to contribute no more than two percent of the total LANL LLW
volume.

Given a bounding failure rate of five percent and 20 shots per year, one vessel may be projected to fail
each year. The failed vessels would be decontaminated and decommissioned and reused as scrap metal so
that they would not enter the waste management program.

5.4.10.2 Building Containment Option LLW

All detonations under the Building Containment Option would be conducted inside the containment
building. Under this option, no uncontained detonations would occur, and therefore none of the large
volumes of contaminated gravel and soil would be generated from cleaning the firing site of debris. LLW
generation would be limited to that from contained detonations. As described above under the Vessel
Containment Option, this would typically be no more than about 36 R

3

(1 m3) or up to five 55-gal drums

per major hydrodynamic detonation. Assuming 50 percent recovery or separation of contained detonation
material and 20 major contained detonations per year, no more than 360 R

3

(10 m3) of LLW would be
generated per year under the Building Containment Option. Assuming the total LANL LLW disposal
volume in future years would be 180,000 fr,’/yr (5,000 m3/yr) (Bartlit et al. 1993), the Enhanced
Containment Altemative, Building Containment Option would be projected to contribute no more than
0.2 percent of the total LANL LLW volume.

5.4.10.3 Phased Containment Option LLW

Under the phased Containment Option, the following three distinct phases would occur: 1
) containment of

5 percent of the materials used during the first five years of operation, 2) containment of 40 percent of the
materials used during the second five years of operation, and 3) beginning in the llth year of operation,
containment of at least 75 percent of the materials used. Under these distinct phases, there would be
approximately 12,000 R3/yr (350 m3/yr) of LLW generated durin the first 5- ear period, approximately
1,500 ft3/yr (210 m3/yr) in the second 5-year period, and 3,600 /yr (101 m /yr) during the last 20 years
of the design life of the facility. The amount of LLW generated is reduced as the percentage of
containment increases due to a lesser volume of soil removal.

Assuming the total LANL LLW disposed volume in future years would be 180,000 1
1
3

(5,000 m3/yr)

(Bartlit et al. 1993) the volume of LLW generated under the Phased Containment Option would contribute

7 percent in each of the first five years, 4 percent in each of the second five years, and 2 percent in each
of the last 20 years. Again, failed vessels would be decontaminated, decommissioned, and designated as
scrap metal.
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5.4.11 Monitoring and Mitigation

5.4.11.1 Monitoring

Monitoring under the Enhanced Containment Altemative would be essentially the same as that undertaken

for the No Action Altemative, described in section 5.1.11.

5.4.1 1.2 Mitigation

Under nonnal operating conditions, two potential impacts would appear to warrant mitigation. Specific
actions would be taken to minimize disturbance of the Mexican spotted owls inhabitating Canon de Valle
and Water Canyon near the DARHT site. Noise from construction equipment and activities would be
minimized as much as possible. Operational noise from detonations would also be conducted to minimize

disturbance. Facility lighting would be placed to direct illumination away from the canyons at night.

Protection of the Nake’muu archeological site may be necessary under certain uncontained detonation test
configurations of the Vessel Containment and Phased Containment (preferred altemative) options.
Mitigating measures similar to those of the other altematives (e.g., blast shielding) may be necessary to
avoid fragments reaching the site. No other areheological sites in the hazard radius have standing walls
that would require mitigation activities. The containment structures used in this altemative would reduce
the environmental consequences of operating DARHT and the need for mitigation for detonations
performed in containment. Mitigation activities for cultural resources are presented in section 4.6 and

5.11.

5.4.12 Decontamination and Decommissioning

Decontamination and decommissioning under the Enhanced Containment Altemative would be essentially
the same as described for the DARHT Baseline Altemative in section 5.2.12. In addition to those D&D
activities and impacts, this altemative would result in decommissioning of a containment building and/or
an undetermined number of vessels used for a 20- to 30-year design life. However, the amount of soil
cleanup would be substantially less (25 to 90 percent) because of containment of wastes within the vessels
or building.

5.5 PLUTONIUM EXCLUSION ALTERNATIVE

This section presents the expected environmental consequences associated with the Plutonium Exclusion
Altemative.

5.5.1 Land Resources

Potential impacts of the Plutonium Exclusion Altemative on land resources would be essentially the same
as for the DARHT Baseline Altemative, described in section 5.2.1.
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5.5.2 Air Quality and Noise

Potential impacts of the Plutonium Exclusion Altemative on air quality essentially would be the same as
those for the No Action Altemative for operations, described in section 5.1.2.l.2, and the DARHT
Baseline Altemative for construction activities, described in section 5.2.1.1. Potential noise impacts would

be essentially the same as for the DARHT Baseline Altemative, described in section 5.2.2.

5.5.3 Geology and Soils

Potential impacts of the Plutonium Exclusion Altemative on geology and soils would be essentially the
same as for the DARHT Baseline Altemative, described in section 5.2.3.

5.5.4 Water Resources

Potential impacts of the Plutonium Exclusion Altemative on surface and ground water would be essentially
the same as for the DARHT Baseline Altemative, described in section 5.2.4.

5.5.5 Biotic Resources

Potential impacts of the Plutonium Exclusion Altemative on biotic resources would be essentially the same
as for the DARHT Baseline Altemative, described in section 5.2.5.

5.5.6 Cultural and Paleontological Resources

Potential impacts of the Plutonium Exclusion Altemative on cultural and paleontological resources would
be essentially the same as for the DARHT Baseline Altemative, described in section 5.2.6.

5.5.7 Socioeconomic and Community Services

Environmental impacts of socioeconomics and community services for the Plutonium Exclusion
Altemative are presented in sections 5.5.7.1 through 5.5.7.4.

5.5.7.1 Demographic Characteristics

The Plutonium Exclusion Altemative would not have any significant impacts on the existing demographic
characteristics of communities in the region-of-interest, as described in section 4.7.1.
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5.5.7.2 Economic Activities

Under the Plutonium Exclusion Altemative, the DOE would continue operating the PHERMEX Facility on
a full-time basis while construction is completed on the DARHT Facility. Once construction of the dual
axis facility is completed, the DOE would begin operating the DARHT Facility on a fllll-tirne basis and
operate the PHERMEX Facility on only a standby basis. The DOE expects to complete construction and
begin operation of the DARHT Facility in FY 1999. At that time the present analysis assumes full-time
operation of the DARHT Facility would begin, while fllll-time operation of the PHERMEX Facility would
be scaled back to half time.

Table 5-14 illustrates the combined costs of operating and maintaining PHERMEX along with
constructing, operating, and maintaining the DARHT Facility. These combined costs are expressed relative
to ones that would be incurred under the No Action Altemative. The estimated costs do not include any
site cleanup or D&D of the DARHT or P1-IERMEX Facilities at the end of their lifetimes. The economic
impacts of these expenditures are described in terms of the number of regional jobs, labor income, and
goods and services produced in the regional economy.

TABLE 5-14.—CapitaI-funded Construction and Operating Costs for
the Plutonium Exclusion Alternative (in millions of I995 dollars)fig???

Capital 17.9 26.8 24.0 0.6 O 0 105.3

Operations and 4.1 4.0 7.9 7.8 7.8 7.6 47.4

Maintenance

The Plutonium Exclusion Altemative would generate 233 FTE jobs in the regional economy. Of this
total, 99 would be directly accounted for by project construction and varying levels of operation and
maintenance of the PHERMEX and DARHT Facilities. The remaining 134 FTE jobs would be indirectly
accounted for by consecutive rounds of regional spending and income generation.

Conespondingly, the Plutonium Exclusion Altemative is estimated to generate an annual average of
$4.9 million in regional labor income. Of this total, $2.1 million is directly related to project construction
and facility operation and maintenance. The remaining $2.9 million is indirectly generated by consecutive
rounds of spending in the regional economy.

Meanwhile, the Plutonium Exclusion Altemative is estimated to generate a total of $8.6 million of goods
and services in the regional economy, with $4.5 million directly accounted for by project construction and
facility operations and maintenance. The remaining $4.1 million is indirectly accounted for by consecutive
rounds of regional spending and income generation.

5.5.7.3 Community Infrastructure and Services

The Plutonium Exclusion Altemative would not have any significant impact on the existing community
infrastructure in the region-of-interest, as described in section 4.7.3.
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5.5.7.4 Environmental Justice

The construction and operation of the DARHT and PHERMEX facilities under the Plutonium Exclusion
Altemative would pose no significant environmental impacts. The foreseeable impacts include fugitive air

and noise emissions during facility construction and operations (section 5.2.2), and potential surface or

underground water contamination (section 5.2.4). No significant human health impacts appear to exist
from either radioactive or hazardous material release or from exposing receptors onsite (workers) or offsite

(section 5.1.8). Accordingly, DARHT Facility construction and planned operations under the Plutonium
Exclusion Altemative would not pose a disproportionate adverse health or environmental impacts on

minority or low-income populations in the region-of-interest [populations residing within 50 mi (80 km) of
the site].

5.5.8 Human Health

Potential impacts of the Plutonium Exclusion Altemative on human health would be essentially the same
as for the No Action Altemative, described in section 5.1.8.

5.5.9 Facility Accidents

Potential impacts of facility accidents under the Plutonium Exclusion Altemative would be essentially the
same as for the No Action Altemative, described in section 5.1.9.

5.5.10 Waste Management

Potential impacts of the Plutonium Exclusion Altemative on waste management would be essentially the
same as for the No Action Altemative, described in section 5.1.10.

5.5.11 Monitoring and Mitigation

Potential impacts that would need to be monitored or mitigated under the Plutonium Exclusion Alternative
would be essentially the same as for the DARHT Baseline Altemative, described in section 5.2.11.

5.5.12 Decontamination and Decommissioning

Impacts of D&D under the Plutonium Exclusion Altemative would be essentially the same as for the
DARHT Baseline Altemative, described in section 5.2.12.

5.6 SINGLE AXIS ALTERNATIVE

This section presents the expected environmental consequences associated with the Single Axis
Altemative.
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5.6.1 Land Resources

Potential impacts on land resources in the Single Axis Altemative would be essentially the same as those

for the DARHT Baseline Altemative, described in section 5.2.1.

5.6.2 Air Quality and Noise

Potential impacts of the Single Axis Altemative on air quality essentially would be the same as the No
Action Altemative for operations, described in section 5.l.2.1.2, and the DARHT Baseline Altemative for
consfluction activities, described in section 5.2.1.1.

Potential noise impacts would be essentially the same as for the DARHT Baseline Altemative, described in
section 5.2.2.

5.6.3 Geology and Soils

Potential impacts of the Single Axis Altemative on geology and soils would be essentially the same as
those for the DARHT Baseline Altemative, described in section 5.2.3.

5.6.4 Water Resources

Potential impacts of the Single Axis Altemative on surface and ground water would be essentially the
same as those for the DARHT Baseline Altemative, described in section 5.2.4.

5.6.5 Biotic Resources

Impacts on biotic resources in the Single Axis Altemative would be essentially the same as those for the
DARHT Baseline Altemative, described in section 5.2.5.

5.6.6 Cultural and Paleontological Resources

Impacts on cultural and paleontological resources from the Single Axis Altemative would be essentially
the same as those for the DARHT Baseline Altemative, described in section 5.2.6.

5.6.7 Socioeconomic and Community Services

Environmental impacts on socioeconomics and community services for the Single Axis Altemative are

presented in this section. Potential impacts on demographic characteristics, community infrastructure and

services, and environmental justice would be essentially the same as the DARHT Baseline Altemative and
are described in sections 5.2.7.1, 5.2.7.3, and 5.2.7.4, respectively. Potential impacts on economic

activities are presented below.
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5.6.7.1 Economic Activities

Under the Single Axis Altemative, the DOE is expected to complete construction of the facility by
FY 1999. At that time, DARHT operating costs would replace PHERMEX operating costs (see
table 5-15). For purposes of estimating the impacts of the Single Axis Altemative on the regional
economy (employment, labor income, and output), the analysis shows the construction and operating

expenditures under the Single Axis Altemative relative to those under the No Action Altemative. The

estimated capital construction expenditures do not include any site cleanup nor D&D of the dual-axis
facility at the end of its lifetime.

TABLE 5-15.—Capital-funded Construction and Operating Costs for
the Single Axis Alternative (in millions of I995 dollars)—@@T@fl

Capital 6.6 17.9 5.7 0 0 59.6

Operations and 4.2 4.1 4.0 52 5.2 37.2

Maintenance

Over the period FY 1996 to FY 2002, the Single Axis Altemative is estimated to generate 104 FTE jobs
in the regional economy, 44 directly related to project construction and operating expenditures, and the

other 60 indirectly generated by consecutive rounds of spending and income generation within the regional
economy. The Single Axis Altemative is also estimated to generate an annual average of $2.2 million of
regional labor income, $0.9 million directly related to the project, and $1.3 million indirectly generated
through consecutive rounds of spending. Finally, the Single Axis Altemative is estimated to generate an
annual average of $3.8 million of goods and services in the regional economy, $1.9 million of these
directly generated by the project, and $1.9 million indirectly generated by consecutive rounds of spending
in the regional economy.

The underlying cost data were provided by LANL (Bums 1995a; Bums 1995b). The costs do not include
any expenses associated with site cleanup, nor D&D of either the DARHT or PHERMEX facilities. These
relevant data were adjusted using an escalation price change index for DOE defense-related construction
projects (Pearman 1994; Anderson 1995).

5.6.8 Human Health

Potential impacts of the Single Axis Altemative on human health would be essentially the same as those
for the No Action Altemative, described in section 5.1.8.

5.6.9 Facility Accidents

Potential impacts of facility accidents under the Single Axis Altemative would be essentially the same as
those for the No Action Altemative, described in section 5.1.9.
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5.6.10 Waste Management

Potential impacts of the Single Axis Altemative on waste management would be the same as those for the
No Action Altemative, described in section 5.1.10.

5.6.11 Monitoring and Mitigation

5.6.11.1 Monitoring

Potential impacts that would need to be monitored under the Single Axis Alternative would be the same as
those for the No Action Altemative, described in section 5.1.11.

5.6.11.2 Mitigation

Mitigation measures taken under the Single Axis Altemative would be the same as those for the DARHT
Baseline Altemative, described in section 5.2.11.2.

5.6.12 Decontamination and Decommissioning

Potential impacts of D&D under the Single Axis Altemative would be essentially the same as under the
DARHT Baseline Altemative, described in section 5.2.12, except that there would be only one accelerator
hall and support equipment for D&D evaluation.

5.7 TRANSPORTATION OF MATERIALS

This section presents the results of an analysis of incident-free (routine operations) and accident
consequences associated with transportation of materials, details of which are given in appendix J,
Transportation of Materials. For purposes of this EIS, one transportation analysis applies to the No Action
Altemative and the Upgrade Altemative (associated with PHERMEX); another analysis applies to the
remaining altematives (associated with DARHT).

All transportation would be in LANL-controlled areas. The analysis presented in appendix J is based on
the assumption that the test device would be secured to a flat-bed truck and transported to the receiving
facility. The assembled test device would be transported from TA-16-410 to the PHERMEX or the
DARHT Facility using roads intemal to TA-l6 and TA-l5 (see figure 3-1). The truck would be loaded at
TA-16-410 and transported nonstop approximately 4.7 mi (7.5 km) to the magazine (Building R-242).
From the magazine, the test device would be transported nonstop approximately 1.2 mi (2 km) to the
PI-IERMEX gate or 0.9 mi (1.5 km) to the DARHT gate. At each of the facilities, the test device would
be transported approximately l,000 it (300 m) from the facility gate to the firing site. Because the total
distances are so similar, less than 0.3 mi (0.5 km) difference, the longer distance to PHERMEX is used for
data presented here.
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For purposes of this analysis, 20 shipments per year were assumed. Although 150 lb (70 kg) high
explosive is the normal maximum at the firing points, three hypothetical test devices were assumed for

analysis to cover a range of high explosive content, including the maximum sizes for the firing points,
500 lb (230 kg) (see sections 3.4.2 and 3.5.2). The three hypothetical test devices are: Test Device 1

with 22 lb (10 kg) high explosive, Test Device 2 with 500 lb (230 kg) high explosive, and Test Device 3

with 1,010 lb (460 kg) high explosive.

Contrary to intuition, Test Device 1 would produce the worst-case worker doses because the device

materials would be less dispersed in an accidental explosion. The worst-case results, Test Device 1, are

presented in this section unless otherwise stated.

5.7.1 Incident-free Transportation

Potential impacts of routine transportation are discussed in the following sections.

5.7.1.1 Nonradiological Impacts

Nonradiological impacts of routine transportation would result principally from pollutants emitted from the
vehicles. The estimated number of fatalities due to vehicle emissions from routine transportation was
found to be essentially zero (2.4 x 10" LCFs over the life of the project).

5.7.1.2 Radiological Impacts

Radiological doses to the truck crew, onsite workers, and the public, resulting from transportation
activities, were calculated using methods described in appendix J, Transportation of Materials. Results of
the analysis are provided in table 5-16. The calculated dose is based on 20 shipments per year. The dose
to truck crews over the life of the project would be about 1 x 104 person-rem. The calculated dose to the
public over the life of the project would be less than 3 x 10'9 person-rem. The total dose to the onsite
worker population over the life of the project for the No Action Altemative would be about
0.004 person-rem.

The potential LCFs were calculated using dose conversion factors given in ICRP 60 (ICRP 1991), i.e.,
0.0004 LCFs/person-rem to the onsite worker and truck crew and 0.0005 LCFs per person-rem to the
general public, res tively. Cancer would not be expected to occur for the life of the project (workers
and crew, 2 x 10 LCFs; onsite worker, 5 x l0'5 LCFs; public, less than 4 x 10'“ LCFs).

5.7.2 Impacts of Transportation of
Materials Under Accident Conditions

Potential impacts of transportation of materials under accident conditions are discussed in the following
subsections. If an accident occurs, the resulting debris and contamination, if any, would be removed and
taken to appropriate LANL facilities as is done for firing-point debris.
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TABLE 5-l6.—Sununruy ofAnalyses for Routine Transportation
for the No Action Alternative and DARHT Baseline Alternative

—m¢nl*
I~

P°pu|au°n Group. HQ.lth HQIIUI
Dose Effects Dose Effects

(person-rem) (LCFs) (person-rem) (LCFs)

Radiological Impacts”
Truck Crew
Onsite Worker
Total

Nonradiological Impacts
Onsite Worker

Total Radiological and
Nonradiological Impacts
Truck Crew
Onsite Worker

' The calculated dose to the public is less than 1 x 1o"° person-rem and for this analysis is
considered essentially zero.
b The mexinum individual in-transit dose is 6 x 1O'9 person-rem per shipment Truck crew doses
for the DARHT Baseline Altemative are slightly lower.

5.7.2.1 Nonradiological Impacts

Transport vehicle speed is limited to 35 mph; therefore, vehicle collisions with other vehicles on the

transportation route are not considered severe enough to cause fatalities to the truck occupants or

occupants of the other vehicles involved in the accident. For the purposes of the analysis in appendix J,
the transport vehicle is assumed to impact a stationary object with sufficient force to detonate the high
explosive.

Impacts due to explosions are modeled based on accidental detonation of high explosive in each of the
hypothetical test devices. Assuming that a peak overpressure of 30 psi (186 kpa) is fatal, all individuals
within an approximate radius of 15 ft (5 m), 43 fi (13 m), and 53 ft (16 m) for test devices 1, 2, and 3,
respectively, would be subjected to potentially fatal overpressures. The truck crews are assumed to be
located within 30 ft (10 m) of the accident. Additionally, approximately 50 percent of the individuals at
distances up to 80 ft (24 m) might be killed because of the blast wave. Injuries and fatalities to
bystanders from flying shrapnel have not been estimated. There have been no such transportation
accidents during more than 30 years of firing activities at TA-15.

In addition to evaluating the impacts fiom a detonation of the high explosives, an assessment of the
consequences of a release of the hazardous materials associated with the devices was performed. It was
assumed that 10 percent of the material released would be respirable (see appendix C). The results, based
on the meteorological data for the LANL site, are shown in table 5-17. For comparison, although plume
passage times are very short in duration, the IDLH exposure limits are also provided in table 5-17.
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TABLE 5-l7.—Nonradiological Transportation Accident Impacts to the Public
_. ___ _ ‘

B. "
Hm‘.

Population Group
(mrglmtjv

Allowable Limit‘

Onsite Worker”

Oflsite Individual‘

Lithium Hydride

(ma/tn’)

' IDLH lrnits taken from NIOSH 1990.
° Assumed to be located 0.5 mi (0.75 km) northwest.
° Assumed to be located 1 mi (1.5 km) southwest

5.7.2.2 Radiological Impacts

The analyses of radiological impacts evaluates the impacts to MEI and the public because of a release of
radioactive material. The analysis is based on the assumption that the transport vehicle would impact a

stationary object, and the high explosive would be detonated. The accident rate used, about 4 accidents

per 10 million mi (2 accidents per 10 million km) (Saricks and Kvitek 1994), is a combination of accident
rates for rural and urban federally aided highway systems.

Radiological doses were calculated for two population densities of interest [i.e., laboratory 0 n space,
about 5 WOl’Itct'S/0.4 miz (1 kmz); and occupied buildings, about 360 Workers/0.4 miz (1 km )1

. It was

assumed that 10 percent of the material aerosolized was respirable. The calculated dose, on a per
shipment basis, to the two populations is estimated to be 0.2 person-rem and 17 person-rem, respectively.

The integrated risk to the public (i.e., consequences times accident fiequency integrated over the entire

shipping distance) was estimated to be less than 1 x l0'4 person-rem.

Radiological doses were also calculated for the MEI, located about 300 it (100 m) from the release, the
onsite MEI, located at the nearest occupied facility, and the offsite MEI, located at the site boundary. For
this analysis, based on the location of the site boundary and the nearest public roadway, and the
meteorological data, the offsite MEI was assumed to be located approximately 0.9 mi (1.5 km) to the
northwest. The onsite MEI is assumed to be located 2,500 it (0.75 km) to the northwest. The results of
the radiological analyses for the MEI are
PY°$°"l°d in table 5-18- TABLE 5-18.—Radiological Accident Impacts

to the Maxirnally Exposed Individuals
The largest dose among the groups investigated __-_-.*i.__._
was calculated to be to the onsite worker and

amounted to 4.1 x 10" rem. The dose to the
ofi'site MEI would be 3.7 x 10" rem. The
maximum probability of LCF from this dose Maximum Onsite Worker’

would be about 2 X 10"’ fOl' both the onsite
worker and the ofi'site individual. The dose to
the individual at 300 it (100 m) was calculated to

be essentially zero; the radioactive cloud was

lofled well above and over the individual.

Maximum Offsite lndividualb

' Assumed to be located 0.5 mi (0.75) km northwest.

° Assumed to be located 1 mi (1.5) km northwest.
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5.8 UNAVOIDABLE ADVERSE INIPACTS AND IRREVERSIBLE AND/OR IRRETRIEVABLE
COMMITMENT OF RESOURCES

The following subsections address unavoidable adverse environmental impacts and irreversible and/or

irretrievable commitment of resources.

5.8.1 Unavoidable Adverse Impacts

Potentially unavoidable adverse impacts associated with the No Action Altemative, DARHT Baseline
Altemative, Upgrade PI-IERMEX Altemative, Plutonium Exclusion Altemative, and Single Axis
Altemative were identified as follows:

' Contaminating soils with various materials, including depleted uranium, beryllium, lead, copper,
aluminum, and other metals within approximately 460 ft (140 m) of the firing point during testing

' Disturbing wildlife as a result of blast noise from detonation of high explosives. DOE and the
USFWS have negotiated to reduce noise impacts to any threatened or endangered species in the
vicinity of the DARHT and PHERMEX facilities (see section 5.11).

' Initiating small fires as a result of explosives testing.

Unavoidable adverse impacts identified with the Enhanced Containment Altemative would be limited to
destruction of a small amount [about 0.25 ac (0.1 ha)] of piiion/ponderosa pine forest habitat for the
construction of the cleanup/recycle facility. Any tests which are uncontained may result in the same
unavoidable adverse impacts listed above.

5.8.2 Irretrievable and/or Irreversible Commitment of Resources

Irretrievable and/or irreversible commitment of resources associated with the various altematives are
presented in table 5-19.

5.9 CUMULATIVE IIVIPACT S

The following discussion of cumulative impacts addresses the potential for impacts that are insignificant,
when viewed separately, but may become significant when viewed together. Cumulative impacts include

impacts on the affected environment of the proposed activities over the life of the project, in addition to
past and reasonably foreseeable future activities, whether onsite or offsite and public or private. The only
measurable cumulative impacts are those discussed in this section.

As cunently projected for the foreseeable fixture, concentrations of metal contaminants (depleted uranium,
beryllium, lead, and other metals) in soil would approximately double for the TA-15 PHERMEX test area
under the No Action Altemative or the Upgrade PI-IERMEX Altemative. For the DARHT Baseline
Altemative, Plutonium Exclusion Altemative, and the Single Axis Altemative, an area equivalent to that of
the PHERMEX test area would be contaminated at the DARHT test site to approximately the current level
of the PI-IERMEX test area. In the Enhanced Containment Altemative, if the vessel approach were used
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for uncontained tests, the DARHT test site would be contaminated to approximately 10 percent of the
current contamination level of the PHERMEX test area. All of these areas could in time (centuries to
millennia) contribute to contamination of ground water; however, the contamination levels were estimated
through model simulations over 30 years and were found to be lower than drinking water standards.

LANL has contaminated soils in other areas that might contribute to ground water contamination.
Although these other potential sources have not been quantified, the contribution of any of the altematives
is not expected to increase the cumulative effects to ground water.

Collective worker dose for the LANL site for 1993 amounted to 239 person-rem, with approximately
0.3 person-rem attributable to testing at the PHERMEX Facility. Because the future testing program is
expected to be roughly the same under all altematives, and worker dose is related to operations, worker
dose would be expected to be roughly the same 0.1 percent regardless of the altemative analyzed. Testing
at PHERMEX or DARHT would be expected to contribute the same, about 0.1 percent, to LANL worker
dose and would be inconsequential in terms of cumulative impacts.

Collective dose for the population within 50 miles (80 km) of the LANL site was 1.4 person-rem for
1992. Under the various hydrodynamic testing altematives addressed here, the collective dose would be

expected to range from 0.13 to 0.32 person-rem/yr. Thus, at a maximum for foreseeable conditions,

hydrodynamic testing at TA-15 would continue to contribute roughly 10 to 25 percent of the reported
collective population dose from LANL operations. Assuming the last 32 years of hydrodynamic testing to
have resulted in about 10 person-rem and that an additional 30 years would double that, the cumulative
collective dose from hydrodynamic testing at LANL would be about 20 person-rem out of an approximate
90 person-rem for all site sources (based on constant 1992 level). Cancer would not occur fi'om such a
cumulative collective dose since the calculated risk is 0.05 LCFs. The annual collective population dose
for the same population from natural background radiation would be about 110,000 person-rem/yr. Hence,
over the 30-year period, the collective population dose from natural background radiation would be about
3,200,000 person-rem, for which, using the same conversion factor, about 1,600 LCFs would be inferred.

5.10 IMPACTS ON LONG-TERM PRODUCTIVITY

This section addresses the relationship between short-terrn uses of the environment and the maintenance of
its long-term productivity.

Based on the analyses perfonned in this EIS, impacts on long-term productivity at Area III of TA-15
would be limited to consequences of deposition of depleted uranium and other metals on the soils of the
site fi'om continued testing and the potential of such metals for affecting the pifion/ponderosa pine forest
habitat. However, no adverse effects on the pifion/ponderosa pine forest habitat over the last 32 years of
operations similar to those proposed have been observed. Therefore, no impacts are expected on long
terrn productivity of the site from implementation of any of the altematives.

5.11 MITIGATION MEASURES

One purpose of an EIS is to identify measures that could be taken to mitigate any adverse impacts that are
disclosed through the impact analysis. Mitigation measures can be those that are required by law or

regulation, those that are built into a project from the start, or those that are developed in response to
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adverse effects identified in the impact analysis. This section summarizes the mitigation measures that

might be applied for any altemative analyzed in this EIS. Mitigation measures required by law or

regulation are not discussed in this section. Routine mitigation measures that would be taken as part of
standard operating practices for construction or operation, such as providing silt fences mound the

construction site to reduce soil transport or operating sirens to warn personnel and wildlife of tests, are not
included.

The mitigation measures discussed here are of three types. Some are common to all altematives analyzed.
Others are engineered design features that have been made part of the DARHT Facility, and would be
common to all altematives that would use that facility (all altematives except the No Action and Upgrade
PHERMEX altematives). The third type are those that were identified for a specific altemative. Although
these are included earlier in this chapter under each altemative, they are summarized here.

5.11.1 Mitigation Common to All Alternatives

Some mitigation measures would apply to all altematives, regardless of what course of action the DOE
would select. References to the DARHT Facility would apply to actions taken to complete the building
for other uses as well as actions taken to complete the DARHT Facility for the proposed use.

~ DOE will continue to consult with the four Accord tribes (Cochiti, Jemez, Santa Clara and San
Ildefonso Pueblos) to ensure protection of cultural resources in the vicinity of the DARHT and
PHERMEX sites (section 4.6.3), and will periodically (at least once a year) anange for Tribal
officials to visit cultural resource sites within TA-15 that are of particular interest to the Tribes.

~ Evaluation of cultural resources in the vicinity of TA-15 will be coordinated with the New Mexico
State Historic Preservation Ofiicer for concurrence of eligibility determinations and potential
efiects (see section 4.6.1).

~ DOE will periodically (at least once a year) pick up metal fragments in the area, and will invite the
local tribes to participate so that they can observe whether there has been damage to any cultural

resource sites.

' DOE will develop a way, possibly in conjunction with the State Historic Preservation Oflicer, the
National Park Service, or the local Tribal govemments, to periodically photograph or otherwise
record the condition of the Nake’muu ruin to determine if activities at TA-15 are causing any
structural changes to the ruin over time.

- DOE and LANL have developed a Stom1 Water Pollution Prevention Plan for the DARHT Facility
which was implemented before construction activities began. The plan includes measures for
erosion control, sedimentation control, surface restoration and revegetation, stonn water retention,

and a general housekeeping plan (see appendix K).

- DOE and LANL will develop a habitat management plan for all threatened and endangered species
occurring throughout LANL. This plan would be used to determine long-range mitigation actions
to protect the habitat for these species (see appendix K).

- DOE and LANL will take specific mitigation actions to protect the nesting habitat of the Mexican
spotted owl, such as not disturbing habitat within 0.25 mi (0.4 km) of known nesting habitat (see
appendix K).
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- Construction activities will be restricted at the DARHT site during the breeding season for the
Mexican spotted owl (March 1 to August 31). These measures include limits on light sources,

noise, and restricted access for personnel and equipment (see appendix K).

' To protect the habitat for many wildlife species, including Mexican spotted owls, raptors, and
salarnanders, DOE will not remove trees or dead snags without contacting the LANL ecological
studies team (see appendix K).

~ To protect the habitat for many wildlife species, including threatened and endangered species,
LANL ecological studies team will conduct field surveys to check for the presence of these species
prior to site activities such as collecting metal fragments; an appropriate vegetation buffer zone will
be maintained between facilities and the canyon rims to minimize erosion from site activities (see
appendix K).

- Native trees will be planted, as appropriate, for erosion control and landscaping to provide
additional wildlife habitat (see appendix K).

- Waterflow from the facilities will be monitored to ensure compliance with pennitted outfalls (see
appendix K).

~ Any permanent or temporary fencing or other barriers will be constructed so as to minimize the
effects on large mammal and predator species movements (see appendix K).

~ The LANL ecological studies team will collect baseline data on any contaminants present, and will
monitor contaminants by sampling soils, plants, animals, and roadkill at the TA-15 facilities.

s Construction noise would be minimized as much as possible to mitigate adverse impacts to site
workers and the general public.

5.11.2 Mitigation by Engineered Design Features

These mitigation measures have been engineered into the DARHT Facility. The facility was desigrled and
(partially) constructed to incorporate many features that would limit potential adverse environmental

impacts.

~ Orienting the two accelerator halls of the DARHT Facility to provide a “blast shadow” to minimize
the possibility of flying fiagments reaching the Nake’muu ruin.

~ Providing radiation shielding around the accelerators to limit radiation exposure to workers in the
facility.

- Construction of an earthen benn to limit radiation exposure beyond the firing site.

~ Providing spill containment (physical barriers or sills) inside the facility, with sufficient capacity to
contain all hazardous material spills that could conceivably occur in the facility.

- The DARHT site layout includes mitigation to specific cultural resource sites. The access road
was routed to avoid two cultural resource sites, and the sites were fenced to protect them from

disturbance during construction. At the request of the San Ildefonso Pueblo, a third site was
capped and covered by the earthen radiation shielding berm instead of excavating the site. See
section 4.6.1.
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5.11.3 Mitigation By Alternatives

For the DARHT Baseline Altemative and all altematives that would involve operating the DARHT
Facility (all altematives except the No Action Altemative and the Upgrade PHERMEX Altemative), glass
plates, sandbags, or other shielding material would be used for mitigation during large uncontained shots
to:

~ Deflect metal fragments and protect cultural resource sites from being reached by flying shrapnel

- Break up fragments, bufi'er noise, and limit contaminant releases to the Mexican spotted owl
habitat

For the Enhanced Containment Altemative the following mitigation measures would apply.

' The method of enhanced containment, under the Building Containment, Vessel Containment, or
Phased Containment options, would mitigate soils contamination and other adverse impacts from

flying shrapnel for those tests that would be contained.

~ Under any option, the cleanout facility would mitigate adverse impacts fi'om cleaning out the
containment vessel or building by means of recycling materials and the processes used. See
section 3.7.1.3.
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CHAPTER 6
REGULATORY REQUIREMENTS

This section discusses the significant Federal, State, and local permit and approval requirements required
for construction and operation of the DARHT Baseline Altemative and the other analyzed altematives.
Names of outside agencies and individuals contacted during preparation of the drafi EIS are also included.

6.1 RADIOACTIVE AIR EMISSIONS

Radioactive emissions fiom LANL facilities are subject to the Environmental Protection Agency (EPA)
National Emission Standards for Hazardous Air Pollutants at 40 CFR Part 61. In particular, Subpart A,
“General Provisions,” and Subpart H, “National Emission Standards for Emissions of Radionuclides Other
Than Radon From Department of Energy Facilities,” are applicable. Emissions of radionuclides to the
ambient air from a DOE facility are not to exceed those amounts that would cause any member of the
public to receive in any year an effective dose equivalent of 10 mrern/yr [40 CFR 61.92]. DOE submitted
an application to construct the DARHT Facility, as described in the DARHT Baseline Altemative, to the
Region VI Office of EPA in 1988. In a letter to DOE, dated August 2, 1988, that approved the
construction, EPA determined the projected dose to the nearest offsite resident from DARHT operations
and other activities conducted at LANL would be well within the 10 mrem/yr standard.

Subpart H of 40 CFR Part 61 [40 CFR 61.93] prescribes emission monitoring and test procedures to
determine compliance with the 10 mrem/yr standard at DOE facilities. By letter dated June 25, 1991,
DOE infonned EPA that LANL was not in full compliance with Subpart H. Although DOE monitors
LANL’s radionuclide emissions, LANL’s monitoring program does not meet the requirements of
Subpart H. EPA subsequently issued a Notice of Noncompliance to DOE on November 27, 1991.
Shortly thereafter DOE and EPA entered into discussions to execute a Federal Facilities Compliance
Agreement to bring LANL into compliance. The EPA issued the draft agreement for public comments on
June 5, 1995 [60 FR 29594]; the comment period closed on August 4, 1995. Although the Agreement has
not yet been finalized, DOE has been working in the interim to bring sources which emit radionuclides
into compliance. The source that emits 95 percent of the radionuclides at LANL, the Los Alamos Meson
Physics Facility, is in full compliance, and DOE anticipates full compliance for all sources by the end of
I997. On September 13, 1994, the Concemed Citizens for Nuclear Safety brought a civil action against
DOE under the Clean Air Act to enforce the 40 CFR Part 61 requirements at LANL. That matter is still
in litigation.

6.2 NONRADIOACT IVE AIR EMISSIONS

Nonradioactive emissions from LANL facilities are subject to the regulatory requirements of the New
Mexico Environment Department (NMED) established under the New Mexico Air Quality Control Act.
The NMED Air Quality Control Regulation requires a pemrit for constructing stationary sources or
modifying existing sources in the event that the source would have potential emission rates greater than
10 lb/h (4.54 kg/h) or 25 ton/yr (22.67 metric ton/yr) of any regulated air contaminant subject to a Federal
or New Mexico ambient air quality standard [NMED Air Quality Control Regulations §702 Part
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Two.A(l)]. The PHERMEX Facility has not been subject to this requirement because its construction and
operation preceded the effective date of §702 Part Two. The DARHT Baseline Altemative and the
altematives other than the No Action Altemative could be subject to the §702 Part Two permit
requirement if they are classified as new stationary sources or modified stationary sources. The NMED
regulations give a research facility, such as LANL, the opportunity to group its sources for the purposes of

§702 at NMED’s discretion [NMED Air Quality Control Regulations §702 Part One.33]. Consequently,
the DARHT Facility could potentially be grouped with PHERMEX and not classified as a new stationary
source. The DARHT Facility would be a “modification” to the PHERMEX Facility if l) potential
emissions of any regulated air contaminant increase in the event that DARHT became operational and
PHERMEX were closed, or 2) new contaminants would be emitted by the DARHT Facility [NMED Air
Quality Control Regulations §702 Part One.l9].

NMED regulations also require a permit prior to the construction of new or modified sources with
potential emissions of toxic air pollutants exceeding specified quantities [NMED Air Quality Control
Regulations §702 Part Three.C]. The term new source is defined to be any source for which construction
commenced afier 1988, but not including any new source which is integrally related with and connected to
the process of an existing source [NMED Air Quality Control Regulations §702 Part Three.B.(4)]. All
altematives analyzed except the No Action and PHERMEX Upgrade altematives are, consequently,
potentially subject to the permit requirement. However, the rule exempts from the permitting requirements

activities such as those analyzed in this EIS (except for the Enhanced Containment Altemative) which are
classified as “non-process fugitive emissions of toxic air pollutants from stationary sources” [NMED Air
Quality Control Regulations §702 Part Two.C(3)(j)]. The Enhanced Containment Altemative, if
implemented, would not be automatically exempt fi'om the air toxic permit requirements since emissions
from containment structures would pass through a vent and, therefore, not be classified as fugitive
emissions under the definition of this term in §702 Part One.16. Appendix A to §702 Part Three of the
NMED Air Quality Control Regulations contains the threshold quantity emission limits that would trigger
the need for a toxic air emissions permit. The air pollutants from the altematives under consideration with
the greatest likelihood of triggering the permit requirement are uranium and lithium hydride. Appendix A
specifies that a pennit would be needed if emissions of natural uranium exceed 0.0133 lb/h (6 g/h) and
emissions of lithium hydride exceed 0.00167 lb/h (0.76 g/h). (The DARHT Baseline Alternative and the
altematives use depleted uranium; however, the toxicity of depleted uranium is similar to natural uranium.)

If the Enhanced Containment Altemative were to be implemented, a vessel cleanout facility would be built
to handle the debris resulting from cleaning the containment structure or vessels afier each use. Air
emissions for this facility are not cunently defined. The need for an emissions permit under §702 will be
evaluated when information becomes available.

NMED regulations require owners of sources with potential emissions greater than 10 ton/yr (9.1 metric
tons/yr) of any regulated contaminant or 1 ton/yr (0.91 metric tons/yr) of lead to file a Notice of Intent
with NMED, whether or not a perlnit is required, as a condition of construction [NMED Air Quality
Control Regulations §703.1 Part Two.A]. Emissions from the DARHT Baseline Altemative or the other
altematives would be within these levels; consequently, a Notice of Intent would not be needed.

All of Los Alamos County has attainment status for the National Ambient Air Quality Standards listed at
40 CFR Part 50. Consequently, a written determination indicating that implementing any altemative
analyzed in this EIS would conform to the New Mexico State Implementation Plan does not need to be
prepared [20 New Mexico Administrative Code 2.98(2)]. Major new sources of pollutants in attainment
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areas are subject to prevention of significant deterioration (PSD) permit requirements. None of the
altematives analyzed would by themselves trigger the need for a PSD permit because they are not major

stationary sources (as that term is defined in the NMED Air Quality Control Regulations §707.P.26) of
regulated air pollutants. Projected emissions from any altemative selected for implementation would be

combined with other emissions from LANL to determine whether total sitewide emissions would trigger
the need for a sitewide PSD.

The DARHT Baseline Altemative and the other altematives would not be included within the source
categories subject to new source performance standards [NMED Air Quality Control Regulations §750].

Emissions of hazardous air pollutants from the DARHT Baseline Altemative or its altematives would be
less than l0 tons/yr (9.1 metric tons/yr) for a single hazardous air pollutant and 25 tons/yr (22.7 metric
tons/yr) for any combination of two or more hazardous air pollutants. Consequently, the DARHT Baseline
Alternative and the other altematives would not be major sources of hazardous air pollutants subject to the
requirements covering the construction or modification of major sources of hazardous air pollutants at 20
New Mexico Administrative Code 2.83.

Nonradioactive emissions from implementing the DARHT Baseline Altemative or another altemative
would eventually be covered in an operating permit issued under NMED Air Quality Control Regulations
§770 for the entire LANL site. DOE expects to submit an operating permit application to NMED in late
1995.

6.3 LIQUID DISCHARGES TO SURFACE WATER AND THE GROUND

The three sources of liquid discharges from the DARHT Baseline Alternative and all but the No Action
Altemative are cooling tower blowdown, septic tank sanitary waste effluent, and storm water runoff.

Although these sources would discharge to the ground, the discharges may enter Water Canyon, an

ephemeral tributary to the Rio Grande. The State of New Mexico Enviromnental Improvement Division
issued DOE a septic tank permit (number SF890589) for the DARHT Facility on October 30, 1989. Other
septic tank permits have been issued for the Radiographic Support Laboratory and the PHERMEX Facility.
EPA issued to LANL on December 29, 1994, a National Pollutant Discharge Elimination System
(NPDES) pennit (number NMRIOAZ36) covering storm water discharges from construction activity at the
DARHT site. A storm water pollution prevention plan for the construction activity was completed and
implemented. The cooling tower blowdown from the DARHT Baseline Altemative would have an
average flow of 2,000 gaVd (7,600 L/d). This discharge is incorporated into the LANL sitewide NPDES
permit (pennit number NM0028355) issued to DOE and LANL by EPA Region VI on June 24, 1994.

6.4 CHEMICAL AND MATERIAL STORAGE

Chemical and material storage at a LANL facility would be conducted according to DOE Orders and
Manuals. In particular, DOE Orders 5480.4 (Environmental Protection, Safety, and Health Protection

Standards) and 5480.7A (Fire Protection) require compliance by DOE and its contractors with National
Fire Protection Association Codes and Standards, the Occupational Safety and Health Standards at 29 CFR
Part I910 established by the Occupational Safety and Health Administration (OSHA), and the DOE
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Explosives Safety Manual. In addition, DOE rules in 10 CFR Part 835 establish radiation protection
standards and program requirements to protect occupational workers at DOE facilities.

6.5 WASTE MANAGEMENT

If implemented, the DARHT Baseline Altemative or the other altematives would produce five categories
of regulated waste: solid waste, hazardous waste, mixed radioactive and hazardous waste (mixed waste),
low-level radioactive waste, and TRU waste.

Solid waste that is not classified under Subtitle C of the Resource Conservation and Recovery Act (RCRA)
as a hazardous waste would be disposed at the LANL Area J landfill in TA-54 or sent offsite to an
approved disposal facility. The Area J landfill is operated according to the requirements in Subtitle D of
RCRA, the New Mexico Solid Waste Act, and regulations issued under each Act.

Waste that is classified as hazardous waste under Subtitle C of RCRA would be taken to TA-54 for
temporary storage. Ultimate treatment and disposal would occur at RCRA interim status or permitted
facilities at LANL or ofisite. Hazardous waste storage areas in TA-54 are operated according to the
requirements of Subtitle C of RCRA, the New Mexico Hazardous Waste Act, and regulations issued under
each Act.

Mixed waste would be treated and disposed according to the site treatment plan for LANL developed in
response to the Federal Facility Compliance Act [42 U.S.C. 6939c(b)]. The availability of proposed site
treatment plans for various DOE sites, including LANL, was armounced April 5, 1995 [60 FR 17346].

Low-level radioactive waste would be disposed at the LANL low-level radioactive waste disposal site in
TA-54. This site is operated according to the requirements in chapter III of DOE Order 5820.2A
(Radioactive Waste Management).

Materials required to be disposed as TRU waste would be size reduced, as appropriate, to minimize
volumes of waste sent to the Waste Isolation Pilot Plant (WIPP). TRU waste would be stored at LANL
Area G in TA-54 prior to packaging and certification for shipment to the WIPP.

6.6 NOISE

If implemented, the DARHT Baseline Altemative or the other altematives would create substantial noise
during those times when explosions occur as discussed in section 5.2.3.

Federal efforts to regulate noise largely derive from the Noise Control Act of 1972 [42 U.S.C. 4901

4918]. Under the Act, Federal agencies such as DOE are to carry out their programs to further the Act’s
purpose of promoting an environment for all Americans that is free from noise that jeopardizes health or
welfare [42 U.S.C. 4903(a)]. DOE seeks to meet this obligation by placing high explosives test areas,
such as PI-IERMEX or the DARHT Facility, away from populated areas, localizing the noise impacts to
the extent practicable, and conducting operations involving explosives during hours when most people
within hearing distance are not sleeping. Beyond the general obligation in the Noise Control Act, no
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specific requirements in the Noise Control Act or in any regulations implemented under the Act prohibit or

regulate the activities conducted at the DARHT Baseline Altemative and its altematives [42 U.S.C. 4309].

OSHA has established regulations to regulate the noise exposure of occupational workers

[29 CFR 1910.95]. DOE Order 5480.4 specifies that DOE contractor operations, such as those to be
conducted under the DARHT Baseline Altemative or an altemative, are to meet all OSHA standards in
29 CFR Part 1910.

The Noise Control Act requires Federal agencies to meet State and local requirements relating to the

abatement of noise [42 U.S.C. 4903(b)]. No State requirements would prohibit or regulate the noise
associated with operation of the DARHT Baseline Altemative or the other altematives. The Los Alamos
County Code does have noise restrictions. It is a violation of the code to cause noise levels exceeding 65
dBA in residential areas of the county between 7 a.m. and 9 p.m. and 53 dBA between 9 p.m. and 7 a.m.

(Los Alamos County Code, Ch. 8.28.030). Between 7 a.m. and 9 p.m., the permissible noise level can be

increased to 75 dBA in residential areas provided the noise is limited to 10 minutes in any l hour.
Persons who cannot meet the preceding requirements can request a pennit from the county for noise

generating activities of a temporary nature [Los Alamos County Code, Ch. 8.28.060(d)].

6.7 FLOODPLAINS AND WETLANDS

DOE’s policy is to avoid, to the extent possible, the long- and short-term adverse impacts associated with

the destruction of wetlands and the occupancy and modification of floodplains and wetlands

[10 CFR 1022.3]. Executive Order 11988, issued by President Carter in 1977, requires Federal agencies
to avoid direct or indirect support of floodplain development when there is a practicable altemative.
Executive Order 11990, also issued by President Carter in 1977, directs Federal agencies to minimize the
detrimental impact of their actions on wetland areas and avoid new construction on wetlands unless no
practicable altemative exists. DOE has determined no floodplains or wetlands are present on land which
would be affected by the DARHT Baseline Altemative or the other altematives.

6.8 THREATENED AND ENDANGERED SPECIES
AND MIGRATORY BIRDS

The Endangered Species Act of 1973 requires that Federal agencies not take any action that is likely to
jeopardize the continued existence of any endangered species or threatened species or result in destruction
or adverse modification of their habitat [16 U.S.C. 1536]. Unless otherwise permitted by regulation, the
Migratory Bird Treaty Act makes it unlawful to pursue, hunt, take, capture, kill (or to attempt any of the
preceding) any migratory bird or nest or eggs of such bird [16 U.S.C. 703]. The Bald and Golden Eagle
Protection Act [16 U.S.C. 668] protects bald and golden eagles. The Fish and Wildlife Coordination Act

[16 U.S.C. 661] provides other requirements for protecting wildlife. DOE has reviewed the preceding
authorities and has determined that construction and operation of the DARHT Baseline Altemative or
another altemative would be consistent with the authorities through implementation of appropriate
mitigating measures.

DOE has determined, and the U.S. Fish and Wildlife Service (USFWS) has concurred, that the preferred
altemative analyzed in the EIS will not adversely affect any tlueatened or endangered species or their
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habitat. DOE and the USFWS have completed informal consultation under Section 7 of the Endangered
Species Act; see appendix K. Mitigation measures have been negotiated and are discussed in section 5.11
and appendix K.

6.9 NATIVE AMERICAN, ARCHEOLOGICAL,
AND HISTORIC PRESERVATION

DOE’s American Indian Tribal Govemment Policy is in DOE Order 1230.2, issued April 8, 1992. DOE
commits in the Order to consult with Tribal govemments to assure that Tribal rights and concems are

considered prior to DOE taking actions that may affect Tribes. DOE also has committed to avoiding
unnecessary interference with traditional Tribal religious practices.

The August ll, 1978, American Indian Religious Freedom Act (AIRFA) [42 U.S.C. 1996] establishes that
it is United States policy to protect and preserve for American Indians their inherent right of freedom to
believe, express, and exercise their traditional religions, including access to sites, use and possession of
sacred objects, and the freedom to worship through ceremonies and traditional rites. The Native American
Graves Protection and Repaniation Act provides that Tribal descendants shall own Native American
human remains and cultural items discovered on Federal lands afler November 16, 1990 [25 U.S.C. 3002].
When items are discovered during an activity on Federal lands, the activity is to cease, and appropriate

Tribal govemments are to be notified. Work on the activity can resume 30 days after receipt of
certification that notice has been received by the Tribal govemments.

During the NEPA process for DARHT, DOE has consulted with local American Indian Tribes regarding
sites in the vicinity of DARHT and PHERMEX. These consultations are summarized in section 4.6.3, and
they are expected to continue in a similar manner through the life of testing activities at DARHT and
PHERMEX.

During May, June, and July of 1995, DOE consulted with representatives of the four Accord Tribes,
Cochiti, Jemez, Santa Clara and San Ildefonso Pueblos, which have identified themselves as the Tribes
most affected by activities at LANL. Meetings included discussions conceming AIRFA matters, on a
govemment-to-govemment basis following the publication of the draft EIS. Based on general and specific
comments provided by Tribal govemment representatives, DOE has made changes in the content of the
final EIS with respect to traditional cultural properties and mitigation measures to protect cultural resource
sites. DOE will continue regular consultations with Tribal govemments throughout the life of the DARHT
project to ensure protection of traditional properties.

The Archaeological Resources Preservation Act prohibits the excavation of material remains of past human
life that have archeological interest and are at least 100 years old without a permit from the appropriate
Federal land manager or an exemption [16 U.S.C. 470bb, 470ee]. The Federal land manager for LANL is
DOE.

The National Historic Preservation Act authorizes the Secretary of the lnterior to maintain a National
Register of Historic Places [16 U.S.C. 470a(aX1)]. Federal agencies cannot approve projects that would
affect properties listed, or eligible for listing, on the Register without considering the effect on the listed or
eligible properties [16 U.S.C. 470i]. For proposed actions at LANL, DOE consults with the New Mexico
State Historic Preservation Ofiice and the Advisory Council on Historic Preservation, as necessary. DOE
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consulted with these offices and with the San Ildefonso Pueblo prior to initiating construction at the

DARHT site, and employed the mitigation measures agreed to at that time to protect archeological sites.

DOE has reviewed the preceding authorities and has determined that construction and operation of the
DARHT Baseline Altemative or another altemative would be consistent with the authorities through
implementation of appropriate mitigating measures.

6.10 SITING AND PLANNING

All of the altematives under consideration, including the No Action Altemative, involve land in TA-15 at
LANL. The IANL Site Development Plan provides that existing and planned land uses for TA-15 are for
high explosives research, development, and testing (LANL 1994). All alternatives analyzed in the EIS are
consistent with the planned land uses for TA-15.

6.11 OTHER AGENCIES AND INDIVIDUALS CONSULTED

In addition to the agencies discussed above, during the preparation of the drafi EIS the following outside
govemmental agencies and individuals were consulted:

John L. Temple, Assistant Director, Bureau of Business and Economic
Research, University of New Mexico, 1920 Lomas NE, Albuquerque, NM
87131-6021 (505-277-2216).

Karma A. Shore, Economist, Bureau of Business and Economic Research
Data Bank, University of New Mexico, 1920 Lomas NE, Albuquerque,
NM 87131-6021 (505-277-8300).

Gerry Bradley, Labor Economist Supervisor, New Mexico Depar1ment of
Labor, Economic Research and Analysis, P.O. Box 1928, Albuquerque,
NM 87103 (505-841-8645).

Jim Greenwood, Los Alamos Economic Development Corporation, 901
18th St., Los Alamos, NM 87544 (505-662-0001).

6.12 REFERENCE CITED IN CHAPTER 6

LANL (Los Alamos National Laboratory), 1994, Environmental Surveillance at Los Alamos During 1992,
LA-12764-ENV, Los Alamos, New Mexico.
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Access Control Ofiice

aerosolize

air quality

air quality standards

alluvium

ambient air

aquifer

aqueous

atmosphere

background radiation

beryllium (Be)

bound, bounding

breccia

°C

C8l'lCC1'

GLOSSARY

LANL offce that monitors activities and controls access within TA-15.

The process of converting a solid or a liquid into a gaseous suspension of
fine particles (an aerosol).

A measure of the quantity of pollutants in the air.

The prescribed quantity of pollutants in the outside air that cannot be
exceeded legally during a specified time in a specified area.

Clay, silt, sand, and/or gravel deposits found in a stream channel or in low

parts of a stream valley that is subject to flooding.

The surrounding atmosphere, usually the outside air, as it exists around

people, plants, and structures. It is not the air in immediate proximity to
emission sources.

Geologic material that contains sufficient saturated permeable material to
conduct ground water and to yield worthwhile quantities of ground water to
wells and springs.

Containing or dissolved in water.

The layer of air surrounding the earth.

Nonnal radiation present in the lower atmosphere from cosmic rays and
earth sources. Background radiation varies with location, depending on
altitude and natural radioactivity present in the surrounding geology.

A rare metal (average atomic mass of about 9 atomic mass units) used
most commonly in the manufacture of beryllium-copper alloys for
numerous industrial and scientific applications. It is on the EPA’s list of
priority metals for hazardous air pollutants.

A description of the evaluation process that provides a reasonable upper
limit to potential consequences or impacts.

A coarse-grained rock composed of angular broken rock fragments held
together by a naturally occurring mineral cement.

Degree Celsius. °C = 5/9 x (°F - 32).

Any malignant new growth of abnormal cells or tissue.

GL—l
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capable (fault)

carcinogenic

cavate

collective dose

community

concentration

conglomerate

control and accountability

criteria pollutants

criticality

cumulative efiects

cumulative impacts

curie (Ci)

dBA

decay, radioactive

A term defined by the Nuclear Regulatory Commission to indicate that a
fault is a hazard to be considered in safety analyses.

Adjective describing an agent that is capable of producing or inducing
cancer.

A hand-dug cavity in the tuff cliff face.

The sum of the individual doses to all members of a specific population.

A group of people or a site within a spatial scope exposed to risks that
potentially threaten health, ecology, or land values, or exposed to industry
that stimulates unwanted noise, smell, industrial traffic, particulate matter,

or other nonaesthetic impacts (environmental justice definition).

The amount of a substance contained in a unit quantity (mass or volume)
of a sample.

A coarse-grained sedimentary rock composed of rounded fragments larger
than 2 mm in diameter set in fine-grained sand or silt. It is commonly
cemented naturally by a mineral cement.

Continuing control and accountability, particularly of special nuclear
materials such as plutonium and highly enriched uranium.

Six pollutants (ozone, carbon monoxide, total suspended particulates, sulfur
dioxide, lead, and nitrogen oxide) known to be hazardous to human health
and for which the EPA sets National Ambient Air Quality Standards under
the Clean Air Act.

A state in which a self-sustaining nuclear chain reaction is achieved.

Additive environmental, health, and socioeconomic effects that result fi'om
a number of similar activities in an area or over time.

The sum of environmental, health, and socioeconomic impacts that result
from a number of activities in an area or over time.

A unit of radioactivity equal to 31,ooo,ooo,ooo(3.7 x 10"’) decays per
second.

Decibel on the A-weighted scale (see also decibel and decibel,

A-weighted).

The spontaneous transformation of an unstable atom to a lower, more
stable energy state, ofien with the emission of particulate or
electromagnetic radiation (alpha, beta, gamma, or x-radiation).
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decibel

decibel, A-weighted

(<13-4)

decommissioning

depleted uranium

design life

detonation

disablement

dose rate

dynamic experiment

E/Q (E over Q)

ecology

An expression of sound pressure level that is referenced to a pressure of
20 micropascals expressed on a logarithmic scale, 1 dB = 20 logw (p/20)
where p is the sound pressure in micropascals. Twenty micropascals

approximates the minimum audible sound pressure level in humans (see
also decibel, A-weighted).

The A-weighted decibel (dBA) is an expression of adjusted pressure levels
by frequency that accounts for human perception of loudness.
Consequently, dBA is most often used when evaluating human noise
disturbance. For example, at a frequency of 500 H7, 60 dB are reduced by
3.2 dB to give an A-weighted pressure level of 56.8 dBA. Lower
fiequencies are reduced more because they are less of an annoyance to
humans, and higher frequencies are reduced less because they are more of
an armoyance (see also decibel).

The removal from service of facilities such as processing plants, waste
tanks, and burial grounds, and the reduction or stabilization of radioactive
contamination, if present.

A mixture of uranium isotopes where uranium-235 represents less than
0.7 percent of the uranium by mass.

The estimated period of time that a component or system is expected to
perform within specifications before the effects of aging result in
performance deterioration or a requirement to replace the component or

system.

See explosion.

A means to render a nuclear weapon so that it cannot be detonated.

The radiation dose delivered per unit time (e.g., rad/h).

An experiment to provide information regarding changes in materials under
conditions caused by the detonation of high explosives.

A measure of atmospheric dispersion for short-terrn (acute) atmospheric
releases using Gaussian dispersion plume modeling, with units of s/m3.
For a given point or location at some distance from the source, it

represents the tirne-integrated air concentration (Ci-s/m3 ) divided by the
total release from the source (Ci). Integrated air concentrations used are

usually plume centerline values. E/Qs are typically used for release lasting
no longer than 8 to 24 hours.

The science dealing with the relationship of all living things with each
other and with the environment.
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ecosystem

GCOIOHC

Ector

effective dose equivalent

effluent

efiluent standards

EIS

electron accelerator

element

emission standards

endangered species

energy

A complex of the community of living things and the environment fonning
a functioning whole in nature.

A transition zone that exists between two ecologic communities.

An existing x-ray diagnostic machine scheduled to be moved to

PHERMEX in mid-1995.

A concept used to estimate the biological effect of ionizing radiation. It is
the sum over all body tissues of the product of absorbed dose, the quality
factor (to account for the different penetrating abilities of the various types
of radiation), and the tissue weighing factor (to account for the different
radiosensitivity of the various tissues of the body).

Liquid or airbome material released to the environment. In common

usage, however, the term “eflluent” implies liquid release.

Defined limits of effluent in terms of volume, content of contaminants,
temperature, etc.

Environmental impact statement; a document required by the National
Environmental Policy Act (NEPA) of 1969, as amended, for proposed
major Federal actions involving potentially significant environmental

impacts.

A device which uses intense electrical and magnetic energy to increase the
velocity of electrons, thereby increasing their energy.

One of the known chemical substances that cannot be divided into simpler
substances by chemical means. All isotopes of an element have the same
atomic number (number of protons) but have a different number of
neutrons, and thus different atomic weights.

Legally enforceable limits on the quantities and kinds of air contaminants
that can be emitted into the atmosphere.

Plants and animals that are threatened with extinction, serious depletion, or
destruction of critical habitat. Requirements for declaring a species
endangered are contained in the Endangered Species Act.

The capacity to produce heat or do work.

A radiography technique for producing extremely high-resolution, time
phased, photographic images of an opaque object (see also radiography).

enhanced radiography

environment The sum of all extemal conditions and influences affecting the life,
development, and ultimately the survival of an organism.
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environmental monitoring

ephemeral stream

epicenter

equation-of-state

erosion

evapotranspiration

exclusion zone

explosion

exposure to radiation

fallout

fault

fissionable

The act of measuring, either continuously or periodically, some quantity of
interest, such as radioactive material in the air.

A stream charmel which carries water only during and immediately after
periods of rainfall or snowmelt.

The point on the earth’s surface directly above the focus of an earthquake.

A mathematical expression which defines the physical state of a
homogeneous substance by relating volume to pressure and absolute

temperature for a given mass of the material.

A general term for the natural processes by which earth materials are
loosened, dissolved, or wom away and moved from one place to another.

Typical processes are wind and water as they carry away soil.

Loss of water from the earth’s surface to the atmosphere by evaporation
from the soil, lakes, streams, and by transpiration from plants.

The area surrounding the firing point that is cleared of all personnel for a
test shot. The radius of this area is determined by the size of the shot.

An extremely fast chemical reaction producing high temperatures and a

large amount of gs. The terms explosion and detonation (also explode
and detonate) are used interchangeably here; but to a specialist, they are

distinct terms and depend on reaction rates.

The incidence of radiation on living or inanimate material by accident or
intent. Background exposure is the exposure to natural background

ionizing radiation. Occupational exposure is the exposure to ionizing
radiation that occurs during a person’s working hours. Population exposure
is the exposure of a number of persons who inhabit an area.

Degree Fahrenheit. F = (°C x 9/5) + 32.

Radioactive material that has been produced and distributed through the

atmosphere as a result of aboveground testing of nuclear devices.

A fiacture or a zone of fiactures within a rock fonnation along which
vertical, horizontal, or transverse slippage of the earth’s crust has occurred
in the past.

Atoms capable of being split or divided (fissioned) by the absorption of
thermal neutrons. The most common fissionable materials are
uranium-233, uranium-235, and plutonium-239.
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fission

forb

formation

fugitive emission

GENII

geology

ground water

EPWP

habitat

half-life (radiological)

Hazard Index (I-II)

hazard zone

He-Ne Laser

The splitting of a heavy nucleus into two approximately equal parts, which
are nuclei of lighter elements, accompanied by the release of energy and
generally one or more neutrons. Fission can occur spontaneously or can be
induced by nuclear bombardment.

A general term for a weed or broad leaf flowering plant as distinguished
from grasses and sedges.

A body of rock identified by lithic characteristics and stratigraphic position.
Formations may be combined into groups or subdivided into members.

Those emissions which could not reasonably pass through a stack,

chimney, vent, or other fundamentally equivalent opening.

A computer program used to estimate doses to individuals and populations
from releases of radioactive materials.

The science that deals with the earth; the materials, processes,
environments, and history of the planet, especially the lithosphere,
including the rocks, their fonnation, and structure.

All subsurface water, especially that part that is in the zone of saturation.

The geological term for the rock layer next in rank above formation.

The part of the physical environment in which a plant or animal lives.

The time in which half the atoms of a radioactive substance disintegrate to
another nuclear form. Half-lives vary from millionths of a second to
billions of years.

An indicator of the potential toxicological hazard from exposure to a
particular substance. The HI is equal to an individual’s estimated exposure
divided by the U.S. EPA’s substance-specific reference dose. An 1-II of 1.0
would indicate an expectation of the health effect upon which the reference
dose is based. No toxicological effects would be expected where the HI is
less than 1.0.

A circular area in which personnel are not allowed outside the control
rooms during tests involving high explosives. The area is centered on the
firing point and its radius is determined fi'om the amount of explosives to
be used.

A device which uses a gaseous mixture of helium (He) and Neon (Ne) to
produce an intense beam of light.
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HEPA filter

historic resources

Horizon A (soil)

hydrodynamic test

hydrodynamic testing

facility

hydronuclear experiment

intensity (earthquake)

interbed

interfingers

interflow breccias

ion

ionization

ionizing radiation

High-efliciency particulate air filter designed to remove greater than 99.9

percent of particles fiom a flowing air stream. Efiiciency is determined at
0.3 tr; efficiency increases for particles larger and smaller than 0.3 p..

The sites, districts, structures, and objects considered limited and

nonrenewable because of their association with historic events, persons, or
social or historic movements.

The top-most layer of soil distinguishable by color, texture, or structure.

A dynamic integrated systems test of a mock-up nuclear package during
which the high explosives are detonated and the resulting motions and
reactions of materials and components are measured. The explosively
generated high pressures and temperatures cause some of the materials to
behave hydraulically (like a fluid).

A facility in which to conduct dynamic and hydrodynamic testing for
nuclear and conventional weapons research and assessment. Fast

diagnostic systems that are available include radiographic, electrical,

optical, laser, and microwave.

Very-low-yield experiment (less than a few pounds of nuclear energy
released) to assess primary perfonnance and safety with normal detonation.

A numerical rating used to describe the efiects of earthquake ground
motion on people, structures, and the earth’s surface. The numerical rating
is based on an earthquake intensity scale such as the modified Mercalli
Scale commonly used in the United States.

A typically thin bed of one kind of rock material occurring between or
altemating with beds of another material.

The combination of markedly different rocks through vertical succession of
thin interlocking or overlapping of wedge-shaped layers.

A breccia that occurs in or between volcanic flows.

An atom or molecule that has gained or lost one or more electrons to
become electrically charged.

The process that creates ions. Nuclear radiation, x-rays, high temperatures,
and electric discharges can cause ionization.

Radiation capable of displacing electrons from atoms or molecules to
produce ions.
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irradiation

lSC2

isotope

laser

latent cancer fatalities

(LCFs)

lineament

linear accelerator

lithic

low-income communities

low- level waste

lystric fault

The process of exposing a material to radiation.

A computerized dispersion program used to calculate ground-level
concentrations of air pollutants.

An atom of a chemical element with a specific atomic number and atomic
weight. Isotopes of the same element have the same number of protons but
different numbers of neutrons. Isotopes are identified by the name of the
element and the total number of protons and neutrons in the nucleus. For
example, uranium-238 is a uranium atom with 238 protons and neutrons.

An active electronic device that converts input power into a very narrow,

intense beam of light.

Deaths that were ultimately caused by a radiation-induced cancer. The

cancer became evident years after the radiation exposure. LCFs can be
calculated for the public by using the risk conversion factor of 5 x 10"
deaths per person-rem and for the worker by using the risk conversion
factor of 4 x 10" deaths per person-rem.

A geological term for straight or gently curved alignments of topographic
features such as depressions, streams, or changes in surface slope.

A device in which atomic particles travel in a straight line as their velocity
is increased. A particle accelerator that accelerates electrons, protons, or
heavy ions in a straight line by the action of altemating voltages.

The description of rocks on the basis of such characteristics as color,
mineralogic composition, and grain size.

A community where 25 percent or more of the population is identified as
living in poverty.

Radioactive waste not classified as high-level waste or TRU waste; for
DARHT and PHERMEX it would consist mainly of solid material
contaminated with low levels of depleted uranium.

The fault that is steep at the ground surface and becomes less and less

steep as its depth increases. It eventually becomes horizontal or nearly
horizontal.

mass balance error The difference between two estimates of the change in water stored; the
difference between infiuent and effluent, and the difference between initial
and final stored water.
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maximum contaminant

levels (MCLs)

maximally exposed
individual (MEI)

member

MEPAS

migration

mitigate

National Register
of Historic Places

natural background

radiation

noninvolved worker

NEPA

nonproliferation

NOX

The maximum permissible level of a contaminant in water that is delivered
to a user of a public water system.

A real or hypothetical person located to receive the maximum possible
dose fi'om a given hazardous material release.

A geological tenn for a layer of rock that includes some specially
developed part of a formation.

Computer code used to estimate the toxicological hazards resulting from
releases of hazardous materials.

The movement of a material through the soil or ground water.

To take practicable means to avoid or minimize environmental harm from a
selected altemative.

A list maintained by the National Park Service of architectural, historic,
archeological, and cultural sites of local, State, or national importance.

Radiation that is ubiquitous and generated in naturally occurring materials

or through naturally occurring processes. Principal sources of background
radiation are primordial radionuclides such as uranium, thorium, and

potassium-40 and cosmic radiation. In contrast, radiation may be produced
or enhanced by man-made means such as activation or nuclear fission.

For this EIS, a worker who is not involved in the operation of a facility
when a radioactive release occurs, and who is assumed to be 2,500 it

(750 m) or 1,300 fi (400 m) from the point of release, depending on the
exposure scenario and altemative.

National Environmental Policy Act of 1969 as amended; it requires the
preparation of an EIS for Federal projects that could present significant
impacts to the environment.

The restriction of ability to easily access fissile material in concentrations
sufficient to assemble a nuclear weapon.

Oxides of nitrogen, primarily nitrogen oxide (NO) and nitrogen dioxide

(NO2). These are produced in the combustion of fossil fuels, and can
constitute an air pollution problem.

nuclear radiation See radiation.
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nuclear reaction

nuclear stockpile

nuclear weapon

nuclear weapons primaries

nuclide

organic compounds

outfall

oxide

OZOIIC

particulates

passive safety system

perennial stream

perched aquifer

people of color communities

permeability

person-rem

GL—l0

An interaction between a photon, particle, or nucleus and a target nucleus,
leading to the emission of one or more particles and photons.

The total aggregation of the Nation’s nuclear weapons that are in the
custody of the Department of Defense. This quantity is defined in the
nuclear weapons stockpile memorandum.

The general name given to any weapon in which an explosion can result
from the energy released by reactions involving atomic nuclei, either
fission, fusion, or both.

Those components of a nuclear weapon involved in the reaction up to the
point where nuclear criticality is achieved.

A species of atom, characterized by its nuclear constitution (number of
protons and number of neutrons).

Carbon compounds which are, or are similar to, compounds produced by
living organisms.

Place where liquid effluents enter the environment and are monitored.

A compound in which an element chemically combines with oxygen.

A molecule of oxygen in which three oxygen atoms are chemically
attached to each other.

Solid particles and liquid droplets small enough to become airbome.

A system that provides safety features requiring no human intervention or
adverse condition to actuate.

A stream that contains water at all times except during extreme drought.

A body of ground water separated from an underlying body of ground
water by an unsaturated zone.

A population classified by the U.S. Bureau of the Census as Black,
Hispanic, Asian and Pacific Islander, American Indian, Eskimo, Aleut, and
other nonwhite persons, the composition of which is at least equal to or
greater than the state minority average of a defined area or jurisdiction.

Ability of liquid to flow through rock, ground water, soil, or other
substance.

Unit of radiation dose to a given population; the sum of the individual
doses received by a collection of individuals.
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pH

physiographic

plutonium (Pu)

PMro

pollution

pI'Og€l‘ly

pulse width

Puye Formation

radiation

radioactive waste

radioactivity

radiography

radionuclide

reach

recharge

F6111

A measure of the hydrogen ion concentration in aqueous solution. Pure
water has a pH of 7, acidic solutions have a pH less than 7, and basic
solutions have a pH greater than 7.

Pertaining to the physical features of the earth’s surface, such as land forms
or bodies of water.

A transuranic, heavy (average atomic mass ranging from about 237-244
atomic mass units), silvery metallic element with 15 isotopes that is

produced by the neutron inadiation of natural uranium.

Particulate matter with a 10 micron or less aerodynamic diameter.

The addition of an undesirable agent to the environment in excess of the
rate at which natural processes can degrade, assimilate, or disperse it

.

Stable or radioactive elements formed by the radioactive decay of another
nuclide, which is the “parent.”

The duration of a brief burst of energy, such as x-rays or direct current
electricity.

A stratigraphic unit composed of basalts, interflow breccias, conglomerates,
sandstones, and siltstones that underlies Los Alamos National Laboratory.

The emitted particles or photons fiom radioactive atoms.

Materials from nuclear operations that are radioactive or are contaminated

with radioactive materials and for which there is no practical use or for
which recovery is impractical (see low-level waste).

The process of radioactive decay (see decay, radioactive)

The technique of producing a photographic image of an opaque specimen
by transmitting a beam of x-rays or gamma rays through it onto an
adjacent photographic film; the image results fi'om variations in thickness,

density, and chemical composition of the specimen.

A nuclide that emits radiation.

A continuous and unbroken expanse or surface of water (used in

hydrologic contexts).

The processes involved in the absorption and addition of water to an
aquifer.

The unit of effective dose equivalent.
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render safe

Richter Scale

risk

runoff

Santa Fe Group

Stockpile Stewardship and

Management Program

seismicity

shield

short-lived

solid state laser

spallation products

stabilization

static testing

stockpile management

A means to make a nuclear weapon secure fiom unwanted detonation.

A numerical scale of earthquake magnitude that represents the size of an
earthquake at its source.

In accident analysis, the probability weighted consequence of an accident,
defined as the accident frequency per year multiplied by the dose. The
term “risk” is also used commonly to describe the probability of an event
occuning.

The portion of rainfall, melted snow, or irrigation water that flows across
the ground surface and eventually retums to streams.

The name applied to a sequence of geologic formations that have been
deposited mostly in the Rio Grande rift. These deposits are primarily
sediments with some lirnestones, volcanic tufi's, and basalts.

The DOE program to develop a new approach, based on scientific
understanding and expert judgement, to ensure continued confidence in the

safety, performance, and reliability of the nuclear weapons stockpile.

The way earthquakes of various sizes occur geographically and temporally.

Material used to reduce the intensity of radiation that would irradiate
personnel or equipment.

A designation for radionuclides with relatively short half-lives.

A device which uses a semiconductor to produce an intense beam of light.
This term is often used to distinguish a device from gas lasers.

Products that result from a nuclear reaction in which the energy of the
incident particle is so high that more than two or three particles are ejected
fiom the target nucleus, and both its mass number and atomic number are

changed.

The action of making a nuclear material more stable by converting its
physical or chemical form or placing it in a more stable environment.

Using radiographic equipment to make an x-ray image of a test assembly
before other testing is done.

Maintenance, evaluation, repair, or replacement of weapons in the existing
stockpile.
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stockpile stewardship

strata

SIl‘3t1.l1'11

stratigraphy

surface water

threatened species

transuranic elements

tritium

TRU waste

Tshirege member

tuff

uranium (U)

welding

it/Q’

A program of activities to maintain the technical competence and capability
for the Nation to continue to have confidence in the safety, reliability, and

performance of our nuclear weapons.

Layers of rock usually in a sequence.

A single layer of rock, usually one of a sequence.

The science of rock strata, or the characteristics of a particular set of rock
strata.

All bodies of water on the Earth’s surface (e.g., streams, lakes, reservoirs),
as distinguished from ground water.

Any species which is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range.

Elements that have atomic numbers greater than 92; all are radioactive, and

are products of artificial nuclear changes.

A radioactive isotope of hydrogen; its nucleus contains one proton and two
neutrons.

Material contaminated by alpha-emitting radionuclides, which are heavier
than uranium, with half-lives greater than 20 years and in concentrations

greater than 100 nCi/g of material.

Layer of volcanic rock that is a member of the Bandelier tuff. It is
composed of multiple flow units of tuff.

A type of rock formed of compacted volcanic fragments.

A heavy (average atomic mass of about 238 atomic mass units), silvery
white metal with 14 radioactive isotopes.

Consolidation of sediments by pressure resulting fi'om weight of material or
from earth movement.

(Chi-bar over Q-prime) A measure of the average atmospheric dispersion
for long-term (chronic) atmospheric releases using gaussian dispersion

plume modeling, with units of s/m3. For a given point or location at some
distance from the source, it represents the average air concentration in

Ci/m3 divided by the release rate in Ci/s. Typically the concentration used

I/Q’ is the average centerline value for individuals and is averaged over a
specific sector of a polar grid surrounding the release point for populations.
is used for long-term (chronic) releases, ofien on the order of months or
years.
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x-ray

GL— l4

A penetrating electromagnetic radiation, which may be generated by
accelerating electrons to high velocity and suddenly stopping them by
collision with a target material.
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